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U.S. antarctic research, 1974-1975 austral summer

This is the 10th annual Antarctic Journal of the
United States review of the previous austral summer's
U.S.-related field activities in Antarctica. The 57
science papers in this issue, written by principal
investigators or their field representatives, bring to
442 the number of similar papers that have ap-
peared on these pages during the AntarcticJournal's
10 years of publication. Also in each year's review
issue, papers have discussed logistics and other sup-
port that enabled the science projects to take place;
six logistics papers are in this year's review.

The number of science papers generally has
grown with each passing year: 36 appeared in the
uly/August 1966 Antarctic Journal. The number of
apers contributed or coauthored by non-U.S. or-
anizations affiliated with the U.S. program has
rown faster: an average of 2.8 such papers ap-
eared in each of the first five review issues, while
n average of 11.4 have appeared in each of the
econd five review issues.

These simple statistics suggest, if they do not con-
rm, that more science is being performed in Ant-
rctica with each succeeding year. They also suggest
hat international cooperation in Antarctica is help-
ng to increase the production of scientific results.
hey lead one to make expansive statements,

among them that the Antarctic Treaty, which en-
tered into force in 1961 and which specifically en-
courages international cooperation in the peaceful
pursuit of science, works.

International cooperation in Antarctica takes
several forms, many illustrated in this issue. There
ire formal arrangements, such as the Dry Valley
Drilling Project (pages 166-177), which bind nations
in a single complex or technological task, each
contributing different talents. There is less formal
pooling of scientific talent to scrutinize a particular
geographic area during an intensive logistics pre-
sence; the Ross Ice Shelf Project (pages 146-155) is
an example. Individual scientists or small groups
from two or more countries may focus their talents
on a specific problem: a senior Soviet geologist
working with geologists from the University of
Maine participated in the work reported on page
160. And, of course, investigators simply use facili-
ties of another nation's station; examples appear on
pages 130 and 159.

International cooperation is effective in resupply
nd in such ventures as research ship operation.

Argentine operation of the U.S. research ship
Itanin (now Islas Orcadas) is an example (see page

141); British resupply of the U.S. station Palmer on

uly/August 1975

the Antarctic Peninsula is another (see page 199).
Often budgetary limitations in participating nations
have hastened international arrangements; the re-
sulting friendly and productive ties are no less real.

Readers are reminded that these reports were
prepared shortly after the return of investigators
from the field and that they are not intended to
disseminate final research results. Final results are
likely to appear in standard, refereed journals.

In addition to research reported on the follow-
ing pages, other U.S. projects took place in the
1974-1975 austral summer season. They were:
"transfer of organochloride pollutants to antarctic

Average U.S. antarctic station populations,
1974-1975 austral summer.*

Station	Military**	Civilian***	Total

Byrd	 6	0	6
McMurdo	598	169	767
Palmer	 0	10	10
Siple	 0	10	10
South Pole	10	61	71

Totals:	614	250	864

*Highest summer populations were: Byrd, 7; McMurdo,
838; Palmer, 26; Siple, 26; South Pole, 87. "Includes
civilian employees of the military organizations involved.
***Includes civilian support employees of Holmes and
Narver, Inc.

ecosystems" (Robert Risebrough, Bodega Bay Insti-
tute of Pollution Ecology, NSF grant opp 74-21254),
"genetic studies on adaptation in Belgica antarctica"
(William R. Atchley, Department of Biology, Texas
Tech University, NSF grant opp 72-00475), "seismic
reflection and refraction studies of McMurdo
Sound" (H. K. Wong, Department of Geology,
Northern Illinois University, NSF contract C-642),
and "solar electric power monitoring" (Joseph W.
Lindmayer, Solarex Corporation, NSF grant GI-
43090).

As in past years, the September/October and
November/December issues of A ntarctic Journal will
contain reviews of year-round field activities and
Stateside research and support activities.

—Guy G. GUTHRIDGE
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declined dramatically in early December, wheu
the colony dispersed.

Population studies of Weddell
seals in eastern McMurdo Sound

D. SINIFF, I. STIRLING, R. HOFMAN, D. DEMASTER,
R. REICHLE, and R. KIRBY

Department of Ecology and Behavioral Biology
University of Minnesota, Twin Cities

Saint Paul, Minnesota 55108

A project to study the population dynamics of
Weddell seals in eastern McMurdo Sound has con-
tinued each year since 1968. This program is de-
signed to elucidate factors affecting population
numbers and distribution patterns. Investigations
during the 1974-1975 field season (October 8 to
December 15, 1974) concentrated on the following
four areas: (1) continuation of an extensive tag-
resighting program to estimate the number of seals
in various age-sex classes; (2) radio telemetry and
underwater television studies to delineate activity
patterns, movements, and behavioral interactions;
(3) establishment of artificial colonies on the un-
broken sea ice to study the effects of density
manipulation; (4) histological and hamatological
studies to quantitatively characterize the estrous
cycle and deduce the most probable time of ovula-
tion.

Results of the tag-resighting program, along with
similar data from previous years, suggest that the
eastern McMurdo population of Weddell seals has
stabilized at about 1,500 adult individuals. The
annual pup production within the study area is
between 400 and 600 individuals. Examination of
annular increments in the toenails of these seals
indicates that animals less than 6 years old are
generally not found in the traditional pupping
colonies, and young seals (1 to 3 years old) are
present very infrequently within the study area. A
significant proportion (approximately 40 percent)
of mature females fail to pup each year, and we
feel that this nonproductivity plays an important
role in population regulation.

Results from radio telemetry and television
studies confirmed the suggestion of previous re-
sults, that male territories are discretely spaced
under annual tide cracks where parturient females
are concerned. Radio-tagged females were ap-
parently able to move freely among adjacent male
territories. Vocalizations seemed to play an impor-
tant role in maintaining the social structure of the
breeding colony, as the frequency of vocalizations

120

Because copulation occurs underwater, it i
difficult to observe. To attack the problem of
breeding time, vaginal smears were taken to de-
termine when breeding takes place relative to
parturition. Smears were collected at 3-day inter-
vals from a sample of 12 adult females that had
produced pups. Analysis of these slides should
show changes in the vaginal epithelial lining that
can be used to deduce the time when estrous most
probably occurred. Serial blood samples were taken
from these same females, and estrogen and pro-
gesterone assays are being carried out to deter-
mine if these parameters can be used to predict an
individual's relative status with respect to the re-
productive cycle. Additional blood samples wer
collected from 30 adult females, 15 adult males,
and 24 pups. This sampling was designed to answ4
specific questions concerning growth, develop-
ment, and maintenance during the whelping an
breeding season.	 T

Twelve females with newborn pups were move4l
from the pupping colonies to two experimental
colonies located on the unbroken sea ice about
kilometers from the western Ross Island coastline.
Four 100-centimeter holes were drilled throug
the sea ice at each location to provide access to
the water, and an electric wire cattle fence was
positioned around these sites to prohibit seals from
escaping across the ice. Pups at both experimental
sites grew at rates similar to control animals at the
Hutton Cliffs colony; adult females at the experi-
mental sites, however, did not seem to lose weight
in the same pattern as control animals. At the ex-
perimental colony, pups had difficulty getting out
of the water, a problem that has seldom been ob-
served at natural pupping colonies. We found it
necessary to chip away ice and form extensive
sloping ramps at water level. It was clear to us that
these pups would not have survived had we not
modified the holes to facilitate pup egress. The
predictable location of natural pupping colonies
and the relationship of exit holes to ice thickness
has probably been instrumental in the evolution of
traits that made egress from holes with ledges be-
yond these seals' capability.

This research was supported by National Scienc
Foundation grant opp 73-09316.
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Lactation and anatomy of the
integument in Weddell seals

M. M. BRYDEN, R. A. TEDMAN, and
G. S. MOLYNEUX

Department of Anatomy
University of Queensland

Saint Lucia, Queensland, 4067
Australia

This work, which built on our preliminary ob-
servations made during 1973-1974 (Bryden and.
Tedman, 1974), developed along three major lines:
field observations of suckling behavior, examina-
tion of the gross and microscopic structure of the
mammary gland, and a study of the structure, dis-
tribution, and density of arteriovenous anasto-
moses in the skin of Weddell seals (Leptonychotes
zveddelli).

(1) Suckling behavior. Further details of suckling
behavior and mother-pup interactions at Turtle
Rock, McMurdo Sound, were recorded. One con-
tinuous 24-hour observation period was com-
pleted weekly for 8 weeks, covering the full
duration of lactation (6 weeks) in 13 cow-pup
pairs. Detailed observations of individual pairs
also were made.

(2) Anatomy of the mammary gland. There are two
ellipsoidal glands lying immediately under a 10- to
15-centimeter thick blubber layer on the caudo-
ventral aspect of the abdominal region. Each gland
is enclosed in a dense connective tissue sheath and
is about 31 centimeters long and 22 centimeters at
its greatest width in both nonlactating and lactating
animals. The gland is about 3 centimeters thick in
nonlactating cows, compared with about 7 centi-
meters in lactating cows. The lactating gland has
an approximate wet weight of 3.5 kilograms. The
two nipples are approximately 13 centimeters
apart, one on each side of and caudal to the um-
bilicus. The nipples may be inverted or semipro-
truded, protruding fully only when suckled by the
PUP.

Whole mammary glands were collected to esti-
mate total volume and to observe the duct system
of and blood supply to the gland. Tissue samples
were fixed for later examination using light and
electron microscopy.

Milk samples were collected for analysis from 11
cows with pups ranging in age from 12 hours to
45 days.

(3) Arteriovenous anastomoses. Samples of mid-
dorsal, lateral, and mid-ventral skin, and skin from
various parts of the fore flippers and hind flippers,
were fixed in 10 percent neutral buffered formalin.
Small pieces of body and flipper skin were fixed in
3 percent glutaraldehyde in phosphate buffer. Skin
samples were sectioned serially, and observations
of arteriovenous anastomoses of epithelioid type
were made. Preliminary results of these findings
are being published elsewhere (Molyneux and
Bryden, in press). Examination of the arterio-
venous anastomoses are continuing, with particular
reference to their ultrastructure and details of their
innervation.

This work is partially supported by a grant from
the Australian Research Grants Committee. Field
support was provided by the National Science
Foundation. We thank W. Davies for his assistance
in the field.
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Feeding territories of south
polar skuas at Cape Crozier

D. MULLER-SCHWARZE, R. BUTLER, and
P. BELANGER

Department of Zoology
College of Environmental Science and Forestry

State University of New York, Syracuse
Syracuse, New York 13210

M. BEK0FF and A. BEKOFF
Department of Environmental, Population,

and Organismic Biology
University of Colorado

Boulder, Colorado 80302

Small segments of south polar skua (Catharacta
maccormicki) breeding populations tend to divide
Adélie penguin (Pygoscelis adeli€e) rookeries into
feeding territories in which the skuas scavenge and
actively prey on Adélie eggs and chicks. Each
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feeding territory is defended against conspecifics
by a breeding pair of skuas, and active territorial
defense is most pronounced at the onset of Adélie
chick hatching. Among other factors, the spatial
pattern of the feeding territories depends on the
size of the penguin rookery; while the small rookery
at Cape Royds (approximately 1,400 breeding
pairs) is completely divided into skua feeding ter-
ritories (Young, 1963), the much larger Adélie
rookery at Cape Crozier (approximately 175,000
breeding pairs) supports stabile, functional feeding
territories only at its periphery (Müller-Schwarze
and Müller-Schwarze, 1973).

During the 1974-1975 field season we examined
the following aspects of skua feeding territories
at the Cape Crozier rookery:

(1) the extent of the feeding territories, the num-
ber of penguins breeding in each, and the poten-
tial amount of food available to each pair of terri-
torial skuas;

(2) a comparison of the breeding success of skuas
that do maintain feeding territories with those that
do not;

(3) a comparison of the breeding success of
Adélie penguins nesting in skua feeding territories
with those that nest elsewhere in the rookery.

Some of the preliminary results obtained this
season follow:

(1) Skua feeding territories extended from 31.7
to 91.1 meters into the penguin rookery, and
ranged in area from 726.3 to 2,870.7 square meters.
In late December the number of penguin nests in
skua feeding territories ranged from 179 to 711.
From these data we can determine the potential
food supply available to a skua pair by utilizing
estimates of penguin egg and chick production,
chick growth, and egg and chick mortality. Pre-
liminary calculations indicate that under optimum
conditions a feeding territory must contain a mini-
mum of 230 penguin nests to completely support
a pair of skuas incubating a chick.

(2) The breeding success of skuas that defend
feeding territories tended to be slightly greater
(.647 chicks per pair) than that of nonterritorial
skuas (.591 chicks per pair) at the last census on
January 10, 1975. However, the true adaptive ad-
vantage of territoriality may be more accurately
revealed in comparisons of chick weights of terri
torial and nonterritorial skuas. The skua chicks
that maintained feeding territories tended to weigh
more on several weighing dates during January
than those of nonterritorial birds.

(3) The breeding success of penguins living with-
in skua feeding territories was not lower than that
of conspecifics elsewhere in the rookery. This
demonstrates that the existence of feeding terri-
tories does not mean a disadvantage for penguins
breeding within them, as might be expected. Sur-

prisingly, scavenging and predation pressure aie
actually lower in feeding territories than elsewhere
in the rookery (Müller-Schwarze and MU1le-
Schwarze, 1973).

In summary, last season's field work at Care
Crozier gave new insight into some aspects of ftc
intricate predator-prey relationships of antarctic
vertebrates.

This research was supported by National Science
Foundation grant oii 74-08677.
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Blood plasma proteins of
antarctic birds

DAVID E. MURRISH and BERNADETTE F. MCMAHON
Department of Biology

Case Western Reserve University
Cleveland, Ohio 44106

The temperature of the legs and the feet of ant-
arctic birds exposed to cold often approaches that
of the environment. The blood flowing into these
limbs is cooled and its viscosity increases 2 to 3
percent for a decrease of each degree Centigrade
of temperature (Merrill et al., 1963; Guard and
Murrish, 1975). Other factors that affect the vis-
cosity of blood are hematocrit, erythrocyte size,
and plasma protein concentration. We have deter-
mined the effect of these parameters on the vis-
cosity of blood from several species of antarctic
birds (Block and Murrish, 1974). In this study we
have examined the plasma of six species of polar
birds by means of disc electrophoresis to determine
the role of various blood proteins on the viscous
behavior of blood.

The birds used were gentoo penguin (Pygoscelis
papua), chinstrap penguin (Pygoscelic antarctica),
Adélie penguin (Pygoscelis adeliae), blue-eyed shag
(Phalacrocorax atricips), south polar skua (Catharacta
skua mccormicki), and giant petrel (Macronectes gi-
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gantelLs). Blood samples were taken by venipuncture
into heparinized syringes from animals captured in
the vicinity of Palmer Station, Antarctic Peninsula.
Blood was centrifuged and the fractions separated.
The plasma was placed in sealed plastic vials and
quickly frozen. Some of the erythrocytes were
frozen to be used as hemoglobin markers. The
samples were sent to our laboratory at Case West-
ern Reserve University where the work was com-
pleted.

Total protein concentration was determined by
either Lowry or biuret methods. Protein fractions
were determined by disc electrophoresis in a con-
tinuous, glycine-tris buffer system at pH 8.3. Gels
were prepared with 7.5 percent polyacrylamide in
6-millimeter (inside diameter) by 120-millimeter
tubes. Plasma samples of 2 microliters (approx-
imately 100 micrograms of protein) were layered
under glucose on the gel surface. Bromophenol
blue served as a tracking dye.

The standard for protein concentration, 70
micrograms of bovine albumin fraction V, was run

with each set of tubes. Electrophoresis was per-
formed at 10°C. with a constant voltage of 150 volts
and a starting current of 5.5 milliamperes per tube
for 3.5 hours. Gels were stained with 1 percent
fast green dye, washed in 7 percent acetic acid,
and scanned on a Gilford 2400-S recording spectro-
photometer at 650 nanometers. The concentration
of protein in each peak was integrated gravimetri-
cally. Values for relative mobility (RM) were calcu-
lated by dividing the migration distance of each
protein peak by the migration distance of bovine
albumin standard and then multiplying by 100.

Pherograms of plasma proteins for the six species
of antarctic birds are shown in figures 1 and 2.
The electrophoretic patterns vary considerably
because of the taxonomic separation of the birds.
However, the overall patterns compare favorably
with those of the chicken and of other penguins
(Allison and Feeney, 1968). The protein fraction of
all birds, which was most acidic and showed the
greatest concentration (table), was peak 6. This
peak was identified tentatively as albumin by corn-

o io 20 30 40 50 60 70 80 90 100
RELATIVE MOBILITY, Rm

Figure 1. Pherograms for the blood plasma of three species
of antarctic penguins. Numbers for reference to only the

major electrophoretic peaks.

0 10 20 30 40 50 60 70 80 90 100
RELATIVE MOBILITY, Rm

Figure 2. Pherographs for the blood plasma of three species
of antarctic birds. Numbers refer to major peaks, and

homology between numbers is not necessarily implied.
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parison with the pattern of purified chicken al-
bumin.

One-way analysis of variance indicated significant
statistical differences in the RM of peaks 3 and 4
for the penguin plasma. The RM values (mean
±SEM) for peak 3 from gentoo, chinstrap, and
Adélie penguins were 22.4 ±0.2 (N= 10), 20.2 ±0.1
(N=9), and 20.9 ±0.3 (N=9), respectively. Values
for peak 4 are 32.2 ±0.2, 21.1 ±0.2, 30.5 ±0.3.
Scheffe analysis revealed that the RM values for both
peaks from the gentoo penguins were significantly
different from the other two species (P<0.05) and
that there are no significant differences between
these peaks for the chinstrap and the Adélie pen-
guin.

As a group, the penguins had a greater total pro-
tein concentration in their plasma than the other
birds (table). This has been correlated with the
greater apparent viscosity of the blood of the pen-
guins at blood temperatures below the body core
(Block and Murrish, 1974).

When values for protein concentration for the
three pygoscelid penguins were analyzed statisti-
cally, wide variations were noted between the gen-
too penguins and the other two species. However,
there were no significant differences between the
protein concentrations of the chinstrap and the
Adélie penguins. The following were found to be
significantly different when the gentoo was com-
pared to chinstrap and Adélie penguins: total
plasma protein (P<0.01), electrophoretic peak 2
(P<0.05), peak 3 (P<0.01, peak 4 (P<0.01, and
area 5a (P<0.02). The albumin concentration (peak
6) of the gentoo penguins was significantly different
from that of the Adélie penguins (P<0.03) but was
not different from the chinstrap penguins (P>0.05).

The close correlation in both the relative mobility
and concentration of the plasma proteins of the
chinstrap and Adélie penguins and the profound
differences that exist between these parameters for
the gentoo penguins and the other two pygoscelids
suggests that chinstrap and Adélie penguins are
taxonomically much more closely related to each
other than they are to gentoo penguins.

Purified avian fibrinogen was run simultaneously
with the albumin standard. Ninety percent of the
fibrinogen was within an RM range of 5 to 12. The
RM of fibrinogen and other avian proteins of low
mobility is sufficiently different to allow the pro-
visional identification of peak 2 as being primarily
fibrinogen. The mean protein content of peak 2 for
the six antarctic birds is 10.3 percent (range 8.7 to
12.1 percent). Values for fibrinogen content of
birds from temperate regions are: for the duck 15.5
percent, the pheasant 16.3 percent, the pigeon 17.4
percent (Deutsch and Goodloe, 1945), and the
chicken 14 percent (Saunders et al., 1944).

The larger, asymmetrical protein molecules such

as fibrinogen and some globulins give rise to the
yield shear stress observed in the blood of verte-
brates (Chien et al., 1971). The yield stress is a shear
force that is a measure of the static structure within
a stationary fluid. It represents the forces that must
be overcome within the fluid for it to begin to flow.
At low temperatures, yield stress for antarctic birds
is considerably lower than that for temperate birds
(Guard and Murrish, 1975). Presumably this is a re-
sult of the reduced fibrinogen content of the plasma
of antarctic birds. This reduction in yield stress
allows the continuous flow of blood at low velocity
during the cold tissue temperatures experienced by
the legs and feet of these birds. This flow is essen-
tial to prevent the freezing of tissue.

Dr. Murrish was at Palmer Station from January
10 to March 10, 1975. This work was supported
by National Institutes of Health grant HL-14640
and National Science Foundation grants GV-35343
and Opp 74-18368.
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Ornithological investigations at
Palmer Station

DAVID F. PARMELEE, WILLIAM R. FRASER, and
DAVID R. NEILSON

Field Biology Program
University of Minnesota

Minneapolis, Minnesota 55455

An early attempt by Dr. Parmelee to reach his
study area near Palmer Station failed when ice pre-
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vented the British ship RRS John Biscoe from enter-
irg Arthur Harbor on November 10, 1974. As a
giest of the British Antarctic Survey, and later of
the Swedish-American ship Lindblad Explorer, Dr.
Parmelee visited the Falkland Islands (Islas Malvi-
nas) three times, South Georgia twice, and the Ork-
neys once, in addition to numerous stops at the
Suth Shetlands and along the Antarctic Peninsula.
Many observations of birds were made during these
travels, especially at South Georgia where a number
oF tern and other specimens were obtained.

Although study of charadriiform birds at Palmer
had been delayed nearly 6 weeks by the time Dr.
Parmelee arrived there on December 24, it was still
possible to work with breeding pairs on Bonaparte
Point and outlying islands, including several of the
J oubin group. Quite a few terns had renested fol-
lowing loss of early clutches and young, and the
breeding cycle of many skuas was not far advanced.
Gulls, however, were far along in their nesting.

Our initial work was concerned with marking ter-
ritories, banding and color coding breeding adults
and their young. The banding program proceeded
well, especially following the arrival of Messrs.
Fraser and Neilson at Palmer on January 11, 1975.
To date we have marked 120 terns, 188 gulls, 435
skuas of both forms (lonnbergi and maccormicki), in-
cluding 13 F 1 hybrid young. Also banded was a pair
o American sheathbills at their nest on Cormorant
I land, the first recorded nesting of the species in
ti te Palmer area and outside of the Joubin Islands.
Other species being banded at present are giant
p trels, and Wilson's and black-bellied storm

trels.
Dr. Parmelee left Palmer on January 26, and Mr.

F raser left on February 27. Mr. Neilson is carrying
oan ornithological program at Palmer this austral
winter.

This research was supported by National Science
Fundation grant o pp 74-21374.

Behavioral studies of
Adélie penguins

DAVID G. AINLEY
Point Reyes Bird Observatory
Bolinas, Cal[ornia 94924

Our research at Cape Crozier during 1974-1975
wts successful beyond expectations. The work on

Adélie penguins (Pygoscelis adelia) was conducted
from October 22, 1974, toJanuary 27, 1975. Rather
mild weather allowed observations to be made al-
most daily, which is somewhat unusual for Cape
Crozier. Because the project is scheduled for com-
pletion during the 1975-1976 field season, what
follows is a report on trends apparent from a pre-
liminary and superficial review of the data collected.

Our observations centered on Adélie penguins
banded as chicks during the 1961-1962 through
1969-1970 field seasons (Wood et al., 1970) by re-
searchers from The Johns Hopkins University. We
located about 1,700 of these birds, ages 5 to 13
years, during 1974-1975. When finished we hope to
compare the population dynamics of Adélies with
those of the yellow-eyed penguin (Megadyptes anti-
podes) of New Zealand. The latter species is one of
the few seabirds whose population biology has been
studied (Richdale, 1957). The yellow-eyed penguin
is a sedentary, noncolonial subantarctic species,
but the Adélie penguin is a migratory colonial
species of the Antarctic. The contrast should be
interesting and instructive.

It appears that Adélies do not live as long as the
17 to 19 years (or more) reported for yellow-eyed
penguins. Only three 13-year-olds remained in the
banded Adélie population, one of which disap-
peared (assumed to have died) during 1974-1975.
Thus 18 of the 20 oldest banded Adélies disap-
peared since my last visit to Cape Crozier in 1969-
1970. Another readily apparent difference between
the two penguin species relates to the sex of the
oldest birds. Richdale (1957) reported that the old-
est birds were females, but in Adélies almost all
birds older than 11 years are males. It is still too
early to speculate on specific reasons for these dif-
ferences, but in general they may relate to the more
rigorous environment of the Adélie, including pre-
dation by leopard seals (Hydrurga leptonyx).

We also sought to learn more about why certain
members of an Adélie penguin population fail to
breed or even to pair. The very youngest of these
birds, both males and females, are physiologically
immature (Ainley, 1974a); some of the older ones,
almost all males, behave inappropriately during
social interaction (Ainley, 1974b). In 1974-1975 the
nonbreeders included birds as old as 11 years but
mostly included males 5 and 6 years old. We found
that these physiologically mature males that do not
pair were less active socially than those that did
eventually pair. This helps to explain why the non-
breeders are unsuccessful in the competition for
mates, but we may never learn the reasons for their
inactivity.

I gratefully acknowledge the help of Steve Mor-
rell during our 1974-1975 field work. The aid, com-
radeship, and cooperation of Ann Bekoff, Marc
Bekoff, Paul Belanger, and Ron Butler made our
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Radiograph of spinal thermode and hypothalamic thermoC
in an Adélie penguin. Spinal thermode Is  PE 50 poiyethyle
tubing inserted between the second and third thoracic ver
brae and extending to a hairpin bend at the second cervi
vertebra (tubing filled with mercury to render It opaque
X-rays). Two pairs of stainless steel thermodes straddle I

anterior hypothalamus.

4-month tenure at Cape Crozier that much more
pleasant. This research was supported by Na-
tional Science Foundation grant Opp 74-15582.
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Thermal stimulation of the spinal
cord and hypothalamus in

Adélie penguins

H.T. HAMMEL, E. SIMoN, C. SIMON-OPPERMANN,
R. KAUL, and J . MAGGERT

Scripps Institution of Oceanography
La Jolla, California 92037

and
Max Planck-Intitut

fur Physiologische and Klinische Forschung
Bad Nauheim, West Germany

ture decreased, vasoconstriction of skin vessels
induced by spinal canal cooling seemed to be is
proportion to the drop of spinal thermode tempera-
ture. Heating the spinal cord above normal core
temperature reduced vasoconstrictor tone in the
skin.

In a 10°C. environment, cooling the hypothala-
mus 2° to 5°C. below normal temperature either did
not affect oxygen consumption and vasoconstric-
tion or reduced oxygen consumption by a few per-
cent and reduced vasoconstriction appreciably
depending on the extent of cooling. Heating the
hypothalamus at this ambient temperature marked-
ly decreased vasoconstrictor tone and increased
wing temperature to above 30°C. At an ambient
temperature of —200C., and while the penguin
was shivering, cooling the hypothalamus lessened
or inhibited shivering for 15 minutes depending on
the extent of cooling. Cooling the hypothalamus
to below 33°C. could reduce vasoconstriction re-
sulting in an increase in wing temperature even
at —20°C. Heating the hypothalamus to about
40°C. increased shivering and oxygen consump-
tion by a few percent whereas stronger heating to
41 0 to 41°C. was able to reduce or inhibit shiver-
ing.

These results are as we anticipated. Neurones
in the spinal cord can transduce temperature in
the hypo-, normo-, and hyperthermic range with
the effect of negative feedback control of deep
body temperature. However, the magnitude of the,
response to a given alteration in spinal cord
temperature seems to be less than the response

Under anesthesia, a thermode was placed in the
spinal column and thermodes were implanted
around the rostral brainstem of Adélie penguins
(figure 1). By controlling the temperature of water
circulating through these thermodes the tempera-
tures of the hypothalamus and the spinal cord
could be varied independently between 32° and
42°C. After 1 week, shivering and blood flow to the
wing was investigated in these penguins in response
to altering spinal and hypothalamic temperatures.

In an environment at —201C., the Adélie penguin
usually shivers. Cooling the spinal canal increased
shivering and oxygen consumption, and heating
the spinal cord decreased shivering and oxygen
consumption, or inhibited shivering for up to 15
minutes. Heating the cord at this ambient tempera-
ture also decreased vasoconstriction as it occasional-
ly induced a small increase in the wing temperature.

In a 10°C. environment, cooling the spinal cord
slightly increased oxygen consumption by shivering
and increased vasoconstriction. As flipper tempera-
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to an alteration of the same degree in the tempera-
ture of the core. This suggests that other nervous
elements in the core of the penguin are capable of
transducing temperature into neurological signals
that appropriately affect thermoregulatory re-
sponses.

These results, particularly the responses to cool-
ing, contrast markedly with the results obtained in
all mammals investigated. However, results on the
Pigeon (Rautenberg et al., 1972) are similar to our
esults to the extent that hypothalamic temperature
ad no influence on shivering and only slight in-
uence on vasoconstriction. The paradoxical ef-
ects of lowering hypothalamic temperature (that
s, reduction of shivering and vasoconstriction by
yen slight hypothalamic cooling) have not been
eported heretofore.

Heating and cooling hypothalamic tissue alters
he rate of secretion of the nasal salt gland, con-
rming previous observations that cooling inhibits
nd heating enhances secretion of sodium chloride
Hammel et al., in press).

This research was supported by National Science
Foundation grant BMS 73-00706.
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Emperor penguins:
thermoregulation and locomotion

BERRY PINSH0w, DONALD R. BATTLES,
HANA PINSH0w, and KNUT SCHMIDT-NIELSEN

Department of Zoology
Duke University
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Estimated energy budget for starving emperor penguins.*

LABORATORY CONDITIONS (—I O*C.,  no wind)
Maintenance, 100 days	 10	kg
Walking, 200 km	 1.3 kg

Total: 11.3 kg fat

ACTUAL CONDITIONS (-25°C., wind 7 mlsec 50 percent of time)
Maintenance and thermoregulation, 100 days 14.7 kg
Walking, 200 km	 1.3 kg

Total: 16.00kgfat

*Initial body mass of 35 kilograms, including 15 kilograms
of fat.

time they return to the water. For the male, who
incubates the single egg without the help of his
mate, the fast often lasts over 100 days. The walk
from the sea to the rookery and back may be 200
kilometers. The male's body mass may be 35 kilo-
grams at the start of the breeding season, and it
may be 20 kilograms at the end.

Our study was concerned with the demands made
by thermoregulation and locomotion on the energy
reserves of emperor penguins. We investigated the
relation of metabolic rate and thermal conductance
in emperor penguins to a broad range of ambient
temperatures, and we measured the energy cost of
locomotion. Field work began during the 1973-
1974 season (Pinshow et al., 1974; Fedaketal., 1974)
and ended during the 1974-1975 season.

The metabolic response curve in figure 1 shows
the data for three penguins whose mean body mass
was 23 kilograms. Between 20° and — 10°C. the
metabolic rate remained constant (standard meta-
bolic rate). Below — 10°C. the metabolic rate in-
creased linearly with decreasing ambient tempera-
ture. At —47°C. the metabolic rate was 73 percent
above the standard rate. The measured standard
rate is 16 percent higher than that predicted for a
23-kilogram nonpasserine bird by the Lasiewski-
Dawson equation (Lasiewski and Dawson, 1967).

Figure 2 shows thermal conductance as it changes
with ambient temperature in the same three birds.*
Thermal conductance remained constant from
—47° to -10'G, the mean being 1.34 kcal m2
°C.-' h-1.

The energy requirements for locomotion in em-
peror penguins were measured at McMurdo Sta-
tion during the 1973-1974 season (Fedak et al.,
1974). The data show that an emperor penguin
fasting for 100 days at its standard metabolic rate

Emperor penguins are unique in that they breed
during the extremely cold antarctic winter at rook-
eries on the ice, far from the open sea. Since the
birds can feed only at sea, they must fast from the
time they begin to migrate to the rookery to the

*Thermal conductance is the rate of dry heat transfer per
unit area to or from the animal per degree of temperature dif-
ference between animal and environment (Dawson and Schmidt-
Nielsen, 1967).
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for emperor penguins, a
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and walking 200 kilometers would use 11.3 kilo-
grams of fat (table). This estimate is based on
laboratory conditions that were less severe than ant-
arctic winter conditions. The mean temperature
during the winter months of June and July may
be —25°C. with a minimum of —50°C., and the
mean wind speed may be 7 meters per second with

gusts to 43 meters per second. Taking such condi-
tions into account suggests that the energy require-
ment of a lone emperor penguin fasting for 100
days would exceed its reserves (see table). How-
ever, the incubating males spend much of their
time huddling together, thus reducing the body
surface area exposed to the extreme environment.

Figure 2. Relationship be-
tween conductance and
ambient temperature (°C.)
for emperor penguins.
Points correspond to those
In figure 1. C=conduc-
tance. HM =rate of meta-
bolic heat production.
H E W L = rate of heat loss
by evaporation. S=caicu-

-50 -40 -30 -20 -10	0

AMBIENT TEMPERATURE

lated surface area (0.51
tO 20 30 square meters). TB=deep

body temperature (37.80C.).
TA =ambient temperature.
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)bviously less heat is lost to neighboring penguins
han to the environment; in fact, if the body tem-
)eratures are equal no heat would flow across the
:ontact surfaces.

We conclude that most of an emperor penguin's
nergy reserves are required for temperature regu-
ation, and only about 8.5 percent of the total is
ieeded to make the 200-kilometer walk. The ques-
ion of why these penguins choose to breed under
:onditions that we as humans consider so severe is
nteresting and remains to be answered.

This research was supported by National Science
'oundation grant GV-39 184A.
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Control of oxyhemoglobin
dissociation in antarctic fishes

during acidosis and thermal
acclimation

J . QvisT, M.D.
Department of Anesthesia

Gentofte Hospital
Copenhagen, Denmark

W.M. ZAP0I., M.D.
Department of Anesthesia

Massachusetts General Hospital
Boston, Massachusetts 02114

A. L. DEVRIES
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92037

Deep hypothermia (temperatures around 20°C.)
is frequently used for corrective cardiac surgery in

human infants with congenital heart disease, as well
as to preserve kidneys For homotransplantation.
Because tissue oxygen requirements are reduced
at low temperatures, in certain cases hypothermia
could be used to treat patients suffering from acute
respiratory failure. It therefore is necessary to
understand the effects of low temperatures on the
affinity of hemoglobin for oxygen and on the meta-
bolism of the red cells if we are to apply hypo-
thermia to patients.

The control of oxyhemoglobin dissociation ap-
pears to play a role in the survival of most species.
Some stenothermal poikilothermic vertebrates are
excellent subjects for studies of the effects of ex-
tremely low temperatures on the binding affinity
of hemoglobin for oxygen. The large antarctic
cod, Dzssostichns mawsoni, is ideal for such investi-
gations because it lives continually at - 1.9°C. and
survives without difficulty in the laboratory. Fur-
ther, its circulatory system can be easily implanted
with a small tube allowing repeated blood sampling
without disturbing the fish.

Using equipment provided by Radiometer, Inc.,
Copenhagen (Denmark), we measured blood pH
and oxygen tensions directly at - 1.9° and 4°C. on
several specimens of D. mawsoni and Trematomus
borchgrevinki. Oxyhemoglobin curves were con-
structed by measuring oxygen pressures of samples
made from various proportions of oxygenated and
deoxygenated blood. 0. Siggaard Andersen, M.D.,
Rigs-hospital, Copenhagen, kindly provided Dr.
Qvist with a specially designed apparatus for mix-
ing deoxygenated and oxygenated blood.

Blood pH was precisely determined for eight
chronically catheterized D. mawsoni at temperatures
of - 1.9° and 4°C. These fish were held in aquariums
at McMurdo Station's Eklund Biological Center.
The in vitro effects of temperature (- 1.9° and 4°C.)
and pH variation on oxyhemoglobin affinity were
examined. Attempts were also made to define the
chemical modulator (nucleotide triphosphate) of
oxyhemoglobin affinity in D. mawsoni, and changes
in red cell nucleotide triphosphate (NTP) concentra-
tion were followed during metabolic acidosis and
thermal acclimation.

Briefly, our results demonstrated that the blood
pH of chronically catheterized fish is about 8.2 at
- 1.9°C. and 8.1 at 4°C. The P50 value (partial
pressure of oxygen at which 5 percent of the hemo-
globin is saturated) at - 1.9°C. was 12.5 torr at a pH
of 8.2, and after the fish was stressed by capture on
the set-tine it was 15.8 at a pH of 7.7. No differences
in pH or P50 values were found with time of stress
(i.e. 1 hour versus 24 hours on the hook). The in
vitro P50 value was 20.9 torr at a pH of 7.75. NTP
(probably adenosine triphosphate) was present in
high concentrations in D. mawsoni red blood cells
(about 475 micromoles per 100 milliliters of red
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blood cells). Only trace amounts of 2,3-diphospho-
glycerate, the chemical modulator in all mammal
red blood cells, were present. Chromatographic
separation of red cell nucleotides is under way.
Rapid decreases in red cell NTP concentrations com-
pensating for decreased oxyhemoglobin affinity
occurred either after temperature increases or lac-
tic acidosis. As lactic acid was slowly metabolized
there was a progressive increase in cell NTP levels.
The time course of these changes (P50 , NTP, pH,
and lactate) is documented in the figure.

Our collaborative research on this low tempera-
ture vertebrate has advanced our understanding of
the modulation of oxyhemoglobin dissociation in a
species that does not employ 2,3-diphosphogly-
cerate as a modulator. We have also confirmed
Rahn's concepts of pH regulation in marine fishes,
and have suggested future arterial pH modifica-
tions that might be used during clinical therapy
with induced hypothermic states. Our research also
indicates that experiments should be done with
humans to ascertain whether 2,3-diphosphogly-
cerate is active in modulating oxyhemoglobin dis-
sociation in clinical hypothermia (to our knowledge
this has not been explored in humans). It would be
most valuable to learn if such adaptive capacities
exist in humans during hypothermia.

This research was supported by the Arvid Nilsson
Foundation, Denmark, and by National Science
Foundation grant oPP 74-0797.
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Low temperature nerve function
in antarctic marine poikilotherms

JOHN A. MACDONALD
Department of Zoology

DONALD R. ENSOR
Department of Anatomy
University of Auckland

Auckland, New Zealand

Cold-blooded animals in antarctic seas live under
a stable low temperature regime, which contrasts
sharply with the seasonal fluctuations of temperate
waters. The long evolutionary time of physiological
cold adaption in antarctic animals may be expected
to produce compensatory changes incompatible
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with short-term, reversible adaptation. Since the
nervous system is profoundly affected by tempera-
ture changes, the degree of neural cold compensa-
tion and the mechanisms for such compensation
are of interest.

During the austral summer of 1974-1975, the
authors examined the function of peripheral nerves
in fishes and invertebrates from McMurdo Sound.
Two species of Nototheniid fish, Trematomus borch-
grevinki and Dissostichus mawsoni, were caught
through the sea ice by handline and winched set-
line, respectively. Large isopods, Glyptonotus antarc-
ticus, and a large pycnogonid (sea spider), Colossen-
deis robusta, were captured by hand by scuba divers.
Animals were held until use at about — 1.5°C. in
running seawater. Whole nerves were excised from
freshly killed animals packed in ice, and placed over
electrodes in a refrigerated copper chamber filled
with an appropriate physiological solution. For each
species of fish, solutions were made up to reproduce
the major cationic constituents of fresh serum
(Dobbs and DeVries, 1974). Fresh seawater was
used for the invertebrate preparations. Chamber
temperature was regulated by varying the flow of
coolant through coils in the chamber. Nerves were
timulated at one pair of electrodes with brief
quare-wave electrical pulses, and compound action

tentials were recorded from a second pair with
n oscilloscope. Determinations of threshold, re-
ractory period, and conduction velocity were made
ver a range of temperatures between —5° and
0°C Due to space limitations, only conduction

'velocity is reported here.
The most consistent preparations were made with

ong lengths of lateral line nerve and fourth spinal
erve from the antarctic cod, D. mawsoni. Both
erves had conduction velocities of 12 to 15 meters
er second at their normal ambient temperature of
1.9°C. (figure 1). The velocity/temperature plots

xtrapolate to zero conduction velocity near a tem-
rature of — 15°C. (range: — 11° to —23°), whereas

erve conduction in temperate fishes normally falls
jvery close to 0°C. As in most other animals, conduc-
ion velocity increases linearly with temperature;
iowever, the rate of increase in antarctic fish is less
han that found in temperate animals. The tern-
erature coefficient (Qio, — 2 0 to 80) for D. mawsoni

nerves has a mean value of approximately 1.7 (stan-
dard deviation = 0.28). A decreased slope (clock-
wise rotation) of the velocity/temperature curve also
occurs in other cases of cold adaptation (figure 1.).

With the smaller fish, T. borchgrevinki, only the
fourth spinal nerve was used. Results were much
the same as for D. nawsoni, but were more variable.

A particularly interesting feature of nerves from
both species of fish is that the fish themselves die
at temperatures above 5° or 6°C., while their peri-
pheral nerves continue to function up to about

- TEMPERATURE (oc)

Figure 1. Neural conduction velocity as a function of
temperature. Heavy regression lines represent data from a
single specimen of antarctic cod (Dissostichus mawsoni):
fourth spinal nerve (circles), V = 15.94 + 0.93T; lateral line
nerve (triangles), V = 12.99 + 0.70T. For comparison, three
additional regression lines are shown, recalculated from data
in the literature. Catfish spinal cord (- -), V = 1.11 + 1.43T
(Bass, 1971). Beaver tibial nerve (- ), V = 2.08 + 1.20T
(Miller, 1970). Rat tibial nerve (-), V = 3.72T - 36.38
(Chatfield et al., 1948). Note clockwise rotation of plots for
cold-adapted animals: D. mawsoni versus catfish; beaver

versus rat. (V = velocity, m/sec; T = temperature, °C.).

30°C., then fail suddenly and do not recover.
Failure of conduction of peripheral nerves thus
may be ruled out as a direct cause of heat death
in antarctic fishes.

Conduction velocity plots for isopods and a pyc-
nogonid are illustrated in figure 2. Both arthropods
have low conduction velocities. The velocity for the
slowest fibers in the pycnogonid leg, at its normal
ambient temperature, is close to the rate of propa-
gation through a coelentrate nerve net: approxi-
mately 0. 03 meter per second (or about 110 meters
per hour, in contrast to fast mammalian fibers, which
conduct at about 120 meters per second). Isopod
and pycnogonid velocity/temperature plots seem to
be linear, with low slopes, and extrapolate to zero
velocity over a wide range from 7° to 23°C. Qio
values (-2° to 8°C.) range between 1.5 and 3.2, with
higher values appearing in slower fibers (a mathe-
matical consequence of linear functions).

The upper temperature limit for one pycnogonid
leg nerve was 28°C., while isopod nerves functioned
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Figure 2. Arthropod nerve,
conduction velocity versus
temperature. Combined re-
gression for isopod (Glyp-
tonotus ant arcticus) leg
nerves (circles) and ventral
nerve cord (hexagons): V
1.06 + 0.063T. Pycnogonld
(Colossendels robusta) leg
nerves show extremely loi
velocities: fast flber$
(squares), V = 0.33 + 0.0141;
slow fibers (triangles), V

0.04 + 0.007T.

up to 34° (leg nerve) and 3 8°C. (ventral nerve cord).
Isopod nerves showed some recovery on cooling,
particularly in the ventral nerve cord. As leg nerves
were very fragile, the observed limits may be too
low. Following failure at high temperatures, both
fish and invertebrate nerves contract and become
relatively stiff and inelastic, suggesting collagen
denaturation.

This work was funded partially by a grant from
the Auckland University Research Council. Trans-
portation and accommodation in the Antarctic were
furnished by the National Science Foundation. The
Antarctic Division, N.Z. Department of Scientific
and industrial Research, helped to plan and coordi-
nate the project. The authors are especially grate-
ful for assistance and advice freely given by A.L.
DeVries, Scripps Institution of Oceanography.
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Foraminiferal ecology: R/V Hero
cruise 75-1a

NIcoLAs K. TEMNIKOw and JERE H. Lis
Department of Geology

Institute of Ecology
University of California, Davis

Davis, California 95616

The main goals of our program aboard k/V Herc
during the 1974-1975 austral summer were to com-
plete a sampling program for zoogeographk
studies of benthic shallow-water foraminifera along
the western coast of the Antarctic Peninsula, to
ascertain the relationship between the shallow-
water and deep-water assemblages, and to deter-
mine the spatial and vertical distribution of living
foraminifera found in soft-bottom communities.
These goals were accomplished by scuba diving
and bottom sampling with van Veen, orange peel,
and Dietz-Lafond grabs.

During the season our group participated in
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three legs of Hero cruise 75-la. Two were north of
Palmer Station to sample in the South Shetland
Islands, and one was in the southern part of Mar-
guerite Bay.

During the two legs north of Anvers Island
(January 19 to 30 and February 28 to March 4),
many bottom samples were collected. The earlier
leg was shared with three Chilean biologists
(Gallardo, 1975). Port Foster (Deception Island)
was resampled (see figure 2 of Lipps and DeLaca,
1974) to determine the yearly succession of fora-
minifera since the recent volcanic eruptions, and
to provide further data on the distribution of fora-
minifera. Bottom samples collected during 1974-
1975 from Deception Island have been processed
(Finger, 1975). Detailed sampling was done in
Discovery Bay (Greenwich island) and Admiralty
Bay (King George island). One transect was done
in the sound off Omega Island (Melchior Islands).
Samples were taken with Dietz-Lafond, orange
peel, or van Veen grabs (deeper stations). A new
and improved method of preserving and staining
the foraminifera, described in detail by Walker et
al. (1974), was used with success.

During a February 8 to 20 leg, bottom samples
were taken as far south as Terra Firma Island at
Mikkelsen Bay (Marguerite Bay). Continuation of
the leg southward was halted because of impene-
trable pack ice. The van Veen grab was occasionally
used to obtain relatively undisturbed mud samples,
which were immediately subsampled with Thiel's
"Meiostecher" cores (Hulings and Gray, 1971). M.
Erskian, Bodega Marine Laboratory, University of'
California, is using these samples to determine the
horizontal and vertical distribution of foraminifera
and the effects of bioturbation of these distribu-
tions. All Meiostecher cores were frozen aboard
ship and later X-rayed at Palmer Station. in general,
samples shallower than 200 meters showed both
vertical and horizontal burrows, mostly made by
worms or bivalves, whereas deeper samples were
less disturbed by burrowing organisms. Fish were
also collected with an otter trawl for R. Daniels'
studies of their food preferences.

In addition to remote sampling, we routinely did
scuba dives at various places along the Peninsula
during the three legs to complete our studies
of the biogeography and vertical distribution of
shallow-water marine communities. Sediment and
algal samples were collected by hand, and each site
was photographed to document the organisms pres-
ent. These dives confirmed the impression we had
from last year's work that the vertical zonation of
rocky assemblages varies considerably depending
on the degree of exposure to ice abrasion. Severe
abrasion affecting the entire nature of the assem-
blages was noted to depths over 40 meters on coasts
that were congested with large, deep icebergs.

Hero was used almost daily between legs by
our group in the vicinity of Palmer Station. Recon-
naissance dives, which included collection of sedi-
ment, invertebrates, and macroalgal samples. were
made in the Joubin islands, near the British bases
on Galindez Island (Argentine Islands), and at Port
Lockroy. Detailed sampling was done in the Arthur
Harbor vicinity to obtain more data on the distribu-
tion of foraminif era and to determine the possible
relationship between the foraminiferal fauna and
the type of substrate. Over 255 bottom samples
were successfully collected during 1974-1975 and
returned to the University of California, Davis, for
later study. A total of 19 scuba dives were made
from Hero at 17 locations.

This research was supported by National Science
Foundation grants GV-31162 and o pp 74-12139.
We thank Captain Pieter Lenie,j. Mosher, and the
rest of the Hero crew for their excellent support.
We also thank the other members of our group who
aided us on one or more of the cruises: R. Moe,
D. Lame, W. Showers, and Messrs. Daniels and
Erskiari.
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Benthic foraminifera from
Deception Island

KENNETH L. FINGER
Department of Geology

University of California, Davis
Davis, California 95616

One of the South Shetland Islands, Deception
Island is a caldera formed by a series of volcanic
episodes (Hawkes, 1961). Cinder cones arose most
recently in August 1970 off Telefon Ridge at the
north end of the island (Baker and McReath, 1971).
Gallardo and Castillo (1968) have shown that pre-
vious eruptions and extensive debris and ashfalls
had a devastating effect on the macrobenthos within
Port Foster. The present study is concerned with
the distribution of foraminifera and how recent
eruptions have shaped this pattern.

In January 1974, a team headed by Jere H. Lipps
aboard the research ship Hero made a detailed
sampling of the Deception Island area (figure 1)
as part of a large-scale study of the distribution of
foraminifers along the Antarctic Peninsula (Lipps
and DeLaca, 1974). The samples were sent to the

University of California, Davis, for later study.
The compiled Port Foster fauna (stations 2 to 58)

consist almost entirely of, in order of relative
abundance, Fursenkoina fusiformis, Nonionella bradyii,
Miliammina arenacea, Trochammina malovensis, and
Globocassidulina crassa. Other locally abundant spe-
cies are Hippocrepinella hirudinea, H. alba, and Sac-
cammina sphaerica. Diversity tends to increase in the
vicinity of Neptunes Bellows, where strong currents
probably mix the more diverse fauna of Bransfield
Strait with those within Port Foster. The Bransfield
Strait fauna is comprised mostly of Globocasidulinh
crassa, Rosalina globularis, Cribrostomoides jeffreysi,
Pseudo parrella exigua, Trochammina malovensis, T.
ochracea, Trifarina angulosa, Cibicides lobatulus, Fur-
senkoinafusiformis, and Adercotryma glomeratum. Local
concentrations of Fursenkoina earlandi, Bolivina paci-

/1 Ca, and Haplophragmoides parkerae were also found.
Twelve of the 85 species present comprise approx-
imately 95 percent of the total foraminiferal popu-
lation from the Deception Island area.

A number of environmental parameters, includ-
ing depth, substrate grain-size and texture, cur-
rents, and temperature are being investigated to
determine whether they can be correlated with,
and attributed to, the distribution of foraminifers.

Support for this research was provided by Na-
tional Science Foundation grant GV-3 1162.

Sampling stations occu-
pied by RJV Hero at Decep-
tion Island. Samples were
taken with a Dietz-Lafond

grab.
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Benthic community studies in the
South Shetland Islands

V. A. GALLARDO
Woods Hole Oceanographic Institution

Woods Hole, Massachusetts 02543

J . G. CASTILLO
School of Oceanography
Oregon State University

Corvallis, Oregon 97331

M. A. RETAMAL, J . HERMOSILLA, and R. TRUCCO
Departamento de Biologia Marina y Oceanografla

Universidad de Concepcion
Concepcion, Chile

Since 1967, under the sponsorship of the Insti-
tuto Antártico Chileno and the Universidad de
Concepción, our team has been studying the soft-
bottom macroinfauna of antarctic ba ys. with both
quantitative and qualitative gear. Plankton and
hydrograph y observations have been performed
concurrently whenever possible. Until now our ef-
forts have been limited to the summer season, but
we plan to expand them soon to year-round work
from existing Chilean antarctic bases.

Normally, the work has been done from Chilean
navy ships during their routine summer tasks in
the Antarctic. Field support by the Chilean navy has
not been possible on two occasions (now and in the
1968-1969 summer) and the National Science
Foundation has in these cases been kind to provide
the opportunity for us to work on board R/V Hero,
although transportation of the science team to and
from Antarctica has been by Chilean navy units.

The work in 1975 comprised revisiting and samp-

ling at standard stations in Port Foster (Deception
-Island), Chile Bay (Greenwich Island), and Ad-
miralty Bay (King George Island) in the South
Shetlands.

The benthic fauna of Port Foster was altered dras-
tically during the 1967 eruption (Gallardo and
Castillo, 1968, 1969, and 1970), and by two subse-
quent eruptive events (1969-1970), giving a good
opportunity for study of the reestablishment of
the benthic fauna. Observations there (24 orange-
peel grab samples, seven dredges, and 24 horizon-
tal plankton samples) during January 20-21, 1975,
showed that in general the benthic fauna of the bay
has diversified, although the substratum has
changed drastically because of continuing secon-
dary ash deposition in the basin.

Admiralty Bay was sampled primarily to obtain
sponges and tunicates to implement a new program,
at the Laboratorio de Productos Naturales, Univer-
sidad de ConcepciOn, whose purpose is to isolate
substances with possible antitumoral activity. Eight
dredge samples were secured here on January 22.

Chile Bay, unaffected by past eruptive events at
Deception Island, has been sampled almost every
summer since 1967 as a reference point for our
Port Foster study. In 1975, 15 orange-peel grap
samples, one dredge haul, and 13 horizontal plank-
ton tows were taken on Janury 25-26. Analysis of
these collections is giving insight into the complexity
and the stability of antarctic level-bottom communi-
ties, as well as the stages of recovery of Port Foster's
benthic fauna. The infauna of Chile Bay has been
observed to have assemblages of high diversity.

The field team in 1975 consisted of Messrs.
Retamal. Hermosilla, and Trucco. We extend our
appreciation to our North American colleague,
J . H. Lipps, for sharing his cruise time with us,
and to Pieter Leme, Hero's master, for valuable
help in the field.
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Benthic communities of
McMurdo Sound

PAUL K. DAYTON
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, Calfornia 92037

The extremely predictable nature of the
McMurdo Sound marine environment emphasizes
the importance of biological interactions to the
evolution of long-lived benthic species. This com-
munity may thus have parallels with such obviously
different communities as those of the deep sea and
some tropical habitats.

While the specific objectives of this research pro-
gram are to design and execute carefully controlled
experimental tests of specific hypotheses, the gen-
eral goal is directed toward an evolutionary evaiva-
tion of types of selective pressures at work in such
a biologically accommodated marine community in
hopes that enlightening parallels can be made with
other similarly controlled communities. In addition
to establishing several new programs, our field work
from September to December 1975 included moni-
toring and expanding an ongoing experimental
investigation of the dynamics of the McMurdo
Sound sponge community.

Photos by author

Figural. Rack of experimental containers with different sedi-
ment types. This rack is set off the bottom to test hypotheses
regarding the demersal habitats of larvae. Other racks were

set on the bottom and had various types of cages.

The predator exclusion cages and their controls
established in 1967 at Hut Point and Cape Armitage
showed measurable growth of only three sponge
species (Mycale acerata, Haliclona dancoi, and Isodictya
erinacea), with very little change in the volume of
other species.

These generally low growth rates add to the pic-
ture of very slow growth discussed earlier (Dayton
et al., 1974). The only exception to this was
a dramatic proliferation of the sponge Homaxinella
sp., which was very rare in 1968 and now dominates
50 to 75 percent of the space in zone II, north of
Hut Point (Dayton et al., 1970). It is interesting to
note that by 1974 three species of carnivorous star-
fish were beginning to decimate the Homaxinella. We
established many permanently marked transects in
zone II and in the main Cape Armitage study area
to investigate rates of survivorship, recruitment,
and individual growth of the various sessil or-
ganisms. Several experiments were established to
study the encrusting association of hydroids and
bryozoans that settled on the cages. These expei-
mnents test hypotheses about interactions between
these encrusting species, and the possible effects f
such other environmental parameters as predation
and sedimentation. The same association of en-
crusting species occurs on a rock wall, where we also
are doing experiments and long-term baseline
monitoring.

Jeff Rude, Scripps Institution of Oceanography,
began a Ph.D. program designed to evaluate r -
productive and defense strategies of selected,

onge species, especially those that are not prey
Latrunculia apicalis, Dendrilla membranosa, and Leu-

cetta leptorhapsis), those that have high recruitment
and growth rates (Mycale acerata, Homaxinella sp.,
Isodictya erinacea), and representative rosselid spe-
cies (Rossella racoritzae, R. nuda, and Scolymastra
joubini), which contribute most of the community's
structure and biomass. This research involves his-
tological analysis of reproductive patterns and phy-
sical and chemical resistence to predation, anl
detailed in situ analysis of growth patterns of man:
colonies of each species.

A new program was initiated to study the mecF-
anisms that determine patterns of distribution and
abundance of species in the McMurdo Sound r-
gion's soft-bottom community. Soft-bottom samples
were collected from in front of McMurdo Statiop
and along the west side of Hut Point Peninsula,
and from Turtle Rock, Hutton Cliffs, Cape Evans,
Cape Royds, and New Harbor. Samples were alsq
taken in areas subject to such natural disturbances
as underwater landslides and very recent iceberg
scars, to such pollution as diesel oil in Winter Quar-
ters Bay, and to many types of experimental per-
turbations. John S. Oliver, Scripps Institution of
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Oceanography, will include aspects of this research
in his Ph.D. program.

Several components of all of these programs are
integrated by the common denominator of larval
settling behavior and subsequent survival. To this
end much effort has been spent devising and test-
ing hypotheses regarding aspects of larval ecology.
1riplicated sediment traps have been established at
three depths (15, 30, and 40 meters) at eight stations
between Cape Armitage and Cape Royds, and at
three stations in New Harbor. Established adjacent
to each sediment trap array were several types of
settling plates and other material such as tuffy
scrubbers designed to offer various types of habitat
to settling larvae. In each case these larval habitats
were placed on the bottom and at heights of 50
centimeters and 1 meter above the bottom in order
to evaluate hypothesized demersal larval habits.
Larva distribution in the water column is also
being investigated by suspending various settling
surfaces beneath subsurface floats. Finally, almost
300 experiments were established above the sponge
and soft-bottom communities to test larval selec-
tivity of different habitats such as sponge spicules,
various marine sediments subject to several treat-
ments, and nonmarine sediments from the dry val-
leys. The effects of several levels of enrichment as
well as fish, asteroid, and ophiuroid cropping are
being tested.

This research was supported by National Science
Foundation grant Gv-3251 1.

Figure 2. Heavily encrusted panels from cages established
in 1967. These panels were manipulated to test various hypo-
theses regarding the effects of cropping, sedimentation, and

competition betwaoi encrusting speci.
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Lake Bonney ecosystem

BRUCE C. PARKER, ROBERT A. PATERSON, and
ARTHUR F. LINKINS
Biology Department

ROBERT C. H0EHN
Civil Engineering Department

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

From November 5, 1974, to January 17, 1975,
two faculty and student held teams* continued to
collect information pertinent to understanding car-
bon flow through the Lake Bonney ecosystem. Spe-
cial emphasis in this third consecutive field season
at Lake Bonney was given to correlations of solar
radiation induction of glacier melting, to input of
meltwater carrying nutrients into the lake, and to
measurements of photosynthetic production of
phytoplankton and attached algal mats.

This season's analytical chemical data on alka-
linity, dissolved oxygen, ortho- and condensed
phosphates, nitrate, nitrite, ammonia nitrogen, and
sulfate, probably are the best ever collected for the
Lake Bonney water column. Many algaewere identi-
fied: the two dominant phytoplankton algae are
Chiorella vulgaris and Chiamydomonas sp., both now
in axenic clonal culture. These two green algae also
occur in attached algal mats along with the blue-
green algae Schizothrix calcicola, Phormidium frig-ida,
Nostoc sp., Oscillatoria sp., the diatom Navicula sp.,
etc.

Many planktonic bacteria also were identified to
genus, and select aspects of their physiological
ecology were explored. For example, approx-
imately 30 percent of all bacterial isolates are nitrate
reducers, while about 20 percent are sulfate re-
ducers. At least one bacterium from Lake Bonney
is a psychrophile. Bacterial counts and some chemi-
cal data for this field season, as with the 1973-1974
austral summer, point to a major influence on the
lake metabolism by nleltwater input to the lake's
east lobe from Soilas and LaCroix glaciers. The
probable input of subterranean water also is impli-
cated. Ammonia nitrogen and orthophosphate, two

*Team I: Gary Crouch, Steven Hash, Larry Lane, Julie
Petruska Robert Stavros, Barry Weand (team leader), and Gary
Winter, Team 2: Joseph Baranowski, Phillip Brown, James
Craft (team leader). Mr. Crouch, Carol McIntyre, Ms. Petruska,
Mr. Stavros, and Sally Woods.
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Figure 1. Tracks and sta-
tion positions for the 1973
and 1975 IWSOE; dots Indi-
cate hydrographic stations;
triangles indicate currelit

meter moorings.
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of the potential nutrients entering Lake Bonney
during the period of meltwater inflow, have been
shown in culture to stimulate select bacterial iso-
lates under simulated conditions.

Many data from the 1974-1975 season still need
to be amassed or analyzed, including carbon-14
primary productivity measurements for phyto-
plankton, carbon-14 and oxygen primary produc-
tivity measurements for algal mats, and phyto-
plankton counts. When completed, we anticipate
having a good information base for developing
a model of the Lake Bonney ecosystem.

This research was supported by National Science
Foundation grant GV-35171.

International Weddell Sea
Oceanographic Expedition, 1976

THEODORE D. FOSTER
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92037

During February 1975 USCGC Glacier continu
the International Weddell Sea Oceanographic
pedition (IwSoE) with a physical oceanographic
investigation of the northwestern Weddell Sea.
This work supplemented investigations of the
southern and eastern parts of the Weddell Sea
done during the 1973 IwS0E, with the overall aim
of increasing our understanding of the formation
of Antarctic Bottom Water. Due to a delay in the
start of the expedition and to two diversions to aid
other vessels, the time for scientific work in the
Weddell Sea was reduced to about 15 days. Figure
1 shows the track of the Glacier and the positions



Figure 3. Preliminary eval-
uation of potential tempera-
ture for section running
south from the South Ork-
ney Islands to the central

Weddell Sea.
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Figure 2. Preliminary evaluation of potential temperature for
section in northwest bight of Weddell Sea.

of stations made during both the 1973 and 1975
phases of IWSOE.

Thirty-three hydrographic stations and three
current meter moorings were carried out. On each
station an electronic salinity-temperature-depth

(STD) recording instrument was used to measure
the vertical temperature and salinity structure. On
most stations the STD was positioned to within about
20 meters of the bottom with the aid of an acoustic
pinger. The STD was standardized against reversing
thermometers and salinity determinations of water
samples taken with Nansen bottles placed on the
STD wire. On 16 of the stations complete Nansen
casts were made, and the water samples obtained
were analyzed for salinity, oxygen, phosphate, sili-
cate, nitrate, and nitrite. Also, 52 water samples
were sent to the United States for tritium analysis.
On 15 stations the high-resolution conductivity-
temperature-depth (cTD) instrument developed by
Neil Brown was used to measure the microstruc-
ture in the upper 600 meters of the water column.
One 6-meter and one 1-meter ice cores were ob-
tained for analysis of salinity and tritium. Finally,
the underside of a thick ice floe was photographed
by divers using scuba gear.

Although the data have not yet been completely
evaluated, some preliminary results have been ob-
tained. As can be seen in figure 1, the stations were
arranged along three lines so that vertical sections
of properties could be drawn. Figure 2 shows the
potential temperature for the short section in the
northwest bight of the Weddell Sea. This section
shows that the Scotia Ridge effectively separates
the water of the circumpolar current in the north
at station 1 from the Weddell Sea water in the south
at stations 3 to 8. The relatively uniform water at
station 2 may be indicative of intense mixing over
the ridge crest. Very cold bottom water may be seen
at stations 6, 7, and 8.

Figure 3 shows the section of potential tempera-
ture running south from the South Orkney Islands
to the center of the Weddell Sea. The lens of Warm
Deep Water can be seen clearly from depths of
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Figure 4. Preliminary evaluation of potential temperature for
section running west from the central Weddell Sea toward

the Larsen Ice Shelf.

about 500 to 1,000 meters, as can the very cold
bottom water up against the ridge from stations 12
to 19. The slope of the isotherms near the bottom
is indicative of flow of the bottom water toward the
east.

Figure 4 shows the potential temperature for a

section running from station 24 in the central
Weddell Sea toward the Larsen Ice Shelf in the
west. Heavy pack ice in the west and the shortened
time allotted for the science program prevented
penetration to the continental shelf, as had been
planned. The very cold bottom water that was
found at stations 28 and 29 in the west indicates
that active bottom water formation may be taking
place farther west, probably in the vicinity of the
shelf break.

The current meters, which were moored near the
sea floor at stations 13, 16, and 21, were equipped
with acoustic releases that, it is hoped, will enable
the meters to be retrieved during the 1976 IWSOE.
The current meters record temperature and con-
ductivity as well as current speed and direction. In
this way we hope to monitor the flow of bottom
water out of the Weddell Sea for a whole year.

Sir George Deacon collaborated with the authot
in the physical oceanographic work. Robert Michel
was in charge of the tritium sampling program.
The technical group, under the direction of David
Muus, included James Costello, John Jain, H. Ros$
Kaye, and R. Alan Rowe. The aole assistance of the
captain and the crew of uscoc Glacier is gratefully
acknowledged. This work was supported by Na-
tional Science Foundation grant GA-41578.

F DRAKE, 1975

In January, February, and March 1975, three re-
search ships jointly studied aspects of the Drake
Passage-Scotia Sea oceanography. The project, en-
titled the First Dynamic Response and Kinematics
Experiment (F DRAKE), is sponsored by the National
Science Foundation Office for the International
Decade of Ocean Exploration. F DRAKE 15 a compo-
nent of the International Southern Ocean Studies
(National Academy of Sciences, 1974; Neal, 1974).

The vessels engaged in the experiment were RIV
Melville of Scripps Institution of Oceanography,
WV Conrad of Larnont-Doherty Geological Obser-
vatory, and the Argentine-operated ship ARA Islas
()rcadas (formerly USNS Eltanin).

The F DRAKE project has as primary goals.
(Neal. 1974) study of the detailed thermohaline and
chemical distribution of the waters of the Antarctic
Circumpolar Current and associated Polar Front
Zone within the Drake Passage and the western
Scotia Sea, and the long-term monitoring of water
temperature and flow by a current meter array in
the Drake Passage.

The following three articles present the accomp-
lishments of the three cruises.

--ARNOLD L. GORDON

References
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Contributions of ARA
as Orcadas to F DRAKE, 1975

RICHARD B. WEARN, JR.
Department of Oceanography

University of Washington
Seattle, Washington 98195

P. KILH0 PARK
Department of Oceanography

Oregon State Universzt'v
Corvallis, Oregon 97331

As part of the First Dynamic Response and Kine-
Itics Experiment (F DRAKE) of the International
uthern Ocean Studies (Isos) project, scientists
oard the Argentine research ship ARA Islas Orca-

This article describes cruise 4 o ARA [skis Orcadas (formerly
USNS Ellanzn), which is operated jointly by Argentina and the
United States. Cruise 3, in December 1974, jnvoived sea trials
of the newly refurbished ship and the relief of Palmer Station's
1974 winter crew. Also during cruise 3, Iclas Orcadas evacuated
128 persons from aboard ARA Bahia Aguirre after their ship had
run aground off the South Shetland Islands. Cruises 1 and 2
were cancelled due to mechanical difficulties.

das spent January 10 to March 3 1975, studying
the physical and chemical properties of the Drake
Passage and the western Scotia Sea. Represented
institutions included the University of Washington,
Oregon State University, Texas A&M University,
Instituto Antártico Argentino, and Catholic Uni-
versity of Valparaiso (Chile). Other scientists aboard
WV Conrad and WV Melville carried out com-
plementary parts of the expedition in February
through April.

Islas Orcadas was the first of the ships to arrive in
the study area. Our mission was to study thermo-
haline and nutrient distributions in close-spaced
sections across the Drake Passage and in the Scotia
Sea. A total of 85 salinity-temperature-depth(STD)
profiles and 34 Nansen bottle hydrographic stations
were completed between January 18 and the end of
February. Expendable bathythermographs (xBT's)

also were made between stations, and surface tern-
erature and ocean depth were recorded continu-

ously along the cruise track. The Nansen bottle
samples were processed aboard ship to obtain tem-
perature and salinity, oxygen, phosphate, silicate,
and nitrate concentrations. The nutrient analysis
was carried out by a shipboard autoanalyzer-11
system. All STD profiles were made with a Plessey
model 9006 system. Approximately one-half of the
profiles were to within a few meters of the bottom;
the rest were to a depth of 1,200 meters. Data were
recorded on anaiog chart traces and in digital form
on magnetic tape at 0.45-second intervals. As a
backup system, mt analog signals from the STD
were recorded continuously on audio tape.

70
	 60	 500	 409

PT,	
Ap.
	

9 50

N'

55.
	 55.

.	-
L	/

J.
H

0	ç.	
0

Positions of stations occu-
pied by ARA Islas Orcadas
during F DRAKE, 1975. Al-
so shown Is the 3,000-meter

contour.

July/August 1975

60

FDRAKE 75	 .
ARA ISLAS ORCADAS

HVOROGRAPHIC/STD STATKN	 J-'STD STATION	 /	F

IE 910 STATIONS 75-83

4 yp,
650

80	 70	 60

c7s

L
65

50	 40

141



The cruise (figure) began with a close-spaced sec-
tion of 30 STD casts and 14 hydrographic stations
on a line across the Drake Passage from Cape Horn
to Livingston Island. The return section sampled
the structure of the deeper water region in an arc
to the west of the Drake Passage. These two sections
will complement the moored instrument array set
by Melville. The density data will be analyzed for
geostrophic estimates of the velocity structure and
baroclinic transport through the Drake Passage.
The chemical data provide additional information
on regional circulation and the origin of water
masses. The raw data show four distinct tempera-
ture-salinity regions across the section. Transitions
between these regions occur abruptly over north-
south distances of less than 25 kilometers.

Much of the cruise's second leg was devoted to
a joint study with Conrad across the polar front
region in the western Scotia Sea. The two ships
rendezvoused near 57°S. 55°W. for a simultaneous
series of close-spaced STD's and XBT's (one station
every 16 kilometers). The data will be used to de-
lineate the space and time scales on which the inter-
leaving of water masses characteristic of the frontal
region occurs.

At the end of the second leg, Islas Orcadas re-
turned to the northern part of the Drake Passage
for a series of eight STD profiles at the same sta-
tion (57.7°S. 65.6°W.) over a 17-hour period to look
at time development in the region of watermass
interleaving north of the polar front. Significant
structure changes occur over several hours, sug-
gesting advection of small interleaving features with
space scales on the order of 10 kilometers.

This research was supported by National Science
Foundation grant IDO 75-09525.

Contributions of R/V Conrad to
F DRAKE, 1975

ARNOLD L. GORDON
Lamont-Doherty Geological Observatory

Department of Geological Sciences
Columbia University

Palisades, New York 10964

The Lamont-Doherty Geological Observatory re-
search ship Conrad participated in the First Dy-
namic Response and Kinematics Experiment (F

DRAKE) from February 2 to March 12, 1975. The
40-day cruise began and ended in the Argentine
port of Ushuaia. The primary task of the Conrad
cruise was to obtain data pertaining to the thermo
haline (density) and chemistry distribution for the
eastern part of the F DRAKE data network, that is,
the Scotia Sea and the Falkland Plateau. Oceano-
graphic elements included in this area are the Pola
Front Zone, the Antarctic Circumpolar Current,
and the Weddell-Scotia Confluence.

I supervised the scientific activities. Two repre-
sentatives of the Instituto Antártico Argentino
joined the Lamont group for the cruise. Fifty-nine
hydrographic stations were obtained with a Plessey
9040 STD (salinity-temperature-depth meter)
equipped with a 12-bottle rosette sampler. Bottles
often were added to the line to increase the number
of samples for chemistry. In addition to the deter-
mination of temperature, salinity, oxygen, silicate,
and phosphate, samples were collected for carbon
dioxide studies, tritium, and transition metals. The
thermal structure along the ship's track was moni-
tored by expendable bathythermograph (xBT) ob
servation at 10 to 20 nautical-mile intervals between
the hydrographic stations; surface water samples
were taken for salinity and silicate determinations.

The Conrad station distribution (figure 1) was
designed to study a number of oceanographic
features. Stations 312 to 321 and 350 to 368 were
obtained to study the thermohaline structure of the
region containing the Polar Front Zone and the
Antarctic Circumpolar Current, where significant
northward displacement and meandering of these
features occurs. Station 364, near the easternmost
extent of the polar front, represents repeated lower- ,
ings of the STD for 15 hours, approximately an
inertial period. Stations 322 to 336 within the polar
front region south of the Burdwood Bank were
taken as part of a joint study with ARA Islas Orcadas.
The aim of that operation was to obtain detailed
data in a short time within a limited segment of the
polar front. The group of stations south of the polar
front, stations 337 to 349, were obtained to study
the Weddell-Scotia Confluence (the boundary be-
tween Pacific-derived water and water derived from
the western Weddell Sea), where the data show
significant decreases in thermohaline stratification,
and within the Bransfield Strait, where the low
salinity suggests that the deep and bottom waters
attain their characteristics by local processes rather
than by direct advection of open ocean deep and
bottom waters.

The Conrad STD and wr data suggest a highly
convoluted polar front in the Scotia Sea (figure 1).
This is consistent with the polar front positions
given by Mackintosh (1946), which show great de-
viations from a well-behaved, smooth line. While
the polar front often doubles back on itself (or
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Figure 1. Hydrographic sta-
tion distribution (large dots)
and XBT observations
(small dots) obtained during
F DRAKE R/V Conrad
cruise 18-01. The solid line
indicates the position of the
polar front based on the
Conrad data. The 3,000-

meter isobath is shown.

breaks into eddies) and penetrates well eastward of
its Scotia Sea exit point near 48°W., it maintains its
basic thermohaline "banding." That is, any particu-
lar crossing of the polar front in the Conrad working
area shows a sequence of similar stratification re-
gimes. Of particular interest is the regime found
immediately north of the polar front (figure 2).
Within this zone is a thick stratum extending from
100 to 500 meters, identified with a slight decrease
in salinity with depth, accompanied by a strong
temperature gradient, which culminates in a pro-
nounced temperature and salinity minimum at the
base of the layer. This temperature and salinity
minimum is colder and fresher than Antarctic
Intermediate Water but occurs on the same sigma-t
surface (27.3) as the intermediate water to the north
and shallower temperature minimum to the south.

The Conrad work is supported by grant IDO 74-
15062 from the National Science Foundation.
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Figure 2. STD station 325, indicating typical stratification ob-
served immediately north of the polar front. The STD salinity
standardization to water bottle data has been approximated

for the purpose of the figure.
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Figure 1. The 75-meter,
1 9638-metric-ton R/V Mel-

ville.
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Contributions of R/V Melville
to F DRAKE, 1975

WORTH D. NOwLIN, JR., and
STEVEN L. PATTERSON

Department of Oceanography
Texas A&M University

College Station, Texas 77843

R. DALE PILLSBURY
School of Oceanography
Oregon State University

Corvallis, Oregon 97331

GEORGE C. ANDERSON
Scripps Institution of Oceanography
University of Ca4fornia, San Diego

La Jolla, Ca4fornia 92037

One of the initial phases of the International
Southern Ocean Studies (isos) was successfully
completed on March 31, 1975, when RIV Melville
(figure 1) of Scripps Institution of Oceanography
returned to Ushuaia, Argentina, after 41 days of
hydrographic and current meter work in Drake
Passage and the western Scotia Sea. The positions
of the hydrographic stations and the moored cur-

rent meter arrays and tide gages are shown in
figure 2.

The overall scientific program aboard Melville
was under Dr. Nowljn's direction. He was one of
seven scientists aboard from Texas A&M Univer-
sity. The scientific party also included six scientists
from Oregon State University, five from Scripps,
two from Instituto Hidrográfico de la Armada de
Chile, and one from the Servicio de Hidrografla
Naval de Argentina.

Melville departed from Ushuaia on February 19
to begin the first of six crossings of Drake Passage.
During the cruise the weather and sea state, al-
though frequently unpleasant, were never bad
enough to prevent the science program from pro-
ceeding as planned (see Neal, 1975).

Fifteen current meter moorings and four inter-
nally-recording tide gages were deployed by five
Oregon State scientists under Dr. Pillsbury's direc-
tion. The configuration of these moorings, which
included 43 current meters, is shown in figure 3.
Of these 43 meters, 27 were equipped with tem-
perature recorders. Deployment was slowed some-
what by a lack of adequate information about the
bathymetry of Drake Passage.

Seven of the current meter moorings and two
tide gages were designated as short-term moorings
and were retrieved about 3 to 4 weeks after de-
ployment. The remaining eight current meter
moorings and two pressure gages were left in Drake
Passage to obtain year-long records. They are
scheduled to be retrieved and replaced during the
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Passage. Data from the short-term records will
used to begin these studies and to plan the ar
to be deployed during F DRAKE, 1976.

An extensive hydrographic survey of Drake F
sage and the western Scotia Sea was conducted
manly to determine the density structure and (
tribution of chemical properties in the vicinity of
the current meter array. This survey also included
one line through the Bransfield Strait for a brief
look at this region of possible deep convection
and water mass formation. Two hydrostations (62
and 63) were occupied at the southern end of the
ridge that exists in the southeastern part of Drake
Passage (see figure 2) to examine the effect this
ridge may have on property distributions. During
our final crossing of Drake Passage, a section of 20
closely-spaced (approximately 4 to 5 kilometers
apart) salinity-temperature-depth (STD) stations
spanning the Polar Front Zone was made to pro-
vide a very detailed look at this important feature.

Altogether the hydrographic survey consisted o
90 stations. This included 63 where both STD anj
Nansen bottles were used to obtain physical (tern
perature, salinity, oxygen, and depth) and chemica
(phosphate, silicate, nitrite, and nitrate) measure
ments extending to near the bottom. The hydro
graphic work was carried out under the directior
of Dr. Anderson, and the nutrient analyses were
done by a team of three Oregon State scientists
working under the direction of Louis I. Gordon.

This research was supported by National Science
Foundation grant IDO 74-14941.
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Ross Ice Shelf Project, 1974-1975

ROBERT H. RUTFORD*
Ross Ice Shelf Project Management Office

The University of Nebraska, Lincoln
Lincoln, Nebraska 68508

The second year of field work for the Ross ice
Shelf Project (RIsP) was marked by increased ac-
tivity and participation. A meteorological program
under the direction of Joseph Warburton, Desert
Research institute, University of Nevada, Reno,
was a valuable addition. The number of participants
working on the Ross Ice Shelf increased to 28, rep-
resenting eight institutions and three nations. Ac-
tivities related to RISP involved another five scien-
tists from still another three countries. Finally, a
N.Z. party led by Peter Barrett investigated the
ice rise southwest of the RISP base camp and found
tidal cracks with ocean waters in them (Barrett, per-
sonal communication).

On November 3, 1974, the first field parties were
placed at three locations on the ice shelf by U.S.

*Dr . Rutford was director of the Ross Ice Shelf Project
Management Office until April 1975, when he became head of
the National Science Foundation's Office of Polar Programs.

Navy Antarctic Development Squadron Six LC-
130s. The largest group reoccupied the 1973-1974
base to resurvey the strain nets emplaced there in
1973-1974 (Thomas, 1974). This group was sup-
ported from November 18 to December 18 by a
Twin Otter made available to RISP by the British
Antarctic Survey.

In late November a fourth camp was established
at J-9, the site selected for drilling during the 1975-
1976 season. Detailed radio-echo soundings of the
ice were made and a 100-meter ice core was ob-
tained. The borehole temperature profile was of
particular value to those planning the drilling
operations.

In December two more camps were established
south of Roosevelt Island. and a Twin Otter under
contract from Bradley Air Services, Ltd., arrived
to support the continued geophysical and glaciolo-
gical survey of the ice shelf's northeast portion.
Poor flying conditions plagued the operation, how-
ever, and fewer stations were occupied than had
been planned.

Activities in the Roosevelt Island area ended in
late January 1975, and moved to McMurdo Station
to do additional work from Williams Field. Weather
problems again forced cancellation of this part of
the program.

In addition to activities on the Ross ice Shelf,
itself, two groups (one Australian and the other
Soviet) visited McMurdo to test equipment de-
signed especially for use in the RISP access hole.
Also, two Norwegians worked with the shallow drill
and core processing team (U.S. Army Cold Regions
Research and Engineering Laboratory) that drilled
100-meter holes at the South Pole and at site J-9.
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The season's preliminary results are summarized
in the articles that follow. The RISP drill was suc-
cessfully tested in Greenland in late May and early
Tune.
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Influence of precipitation-forming
mechanisms on the chemistry of

the Ross Ice Shelf

A. WARBURTON, G. 0. LINKLETTER,
M. S. OWENS, and D. A. TRACHTE

Desert Research Institute
University of Nevada System

Reno, Nevada 89507

Natural precipitation-forming processes, as they
relate to the removal of chemical substances from
the air, are being investigated as part of the Ross
Ice Shelf Project (RIsP). The low temperatures of
the polar atmosphere restrict atmospheric scaveng-
ing processes to those related to the ice phase. A
preliminary study of replicated snow crystals falling
over Antarctica, from the coast at McMurdo Station
to Siple, Byrd, and South Pole stations, indicated

that the relative proportions of diffusional and ac-
cretional growth change with distance from the
ocean, with diffusional processes becoming domi-
nant in the more inland regions. It was proposed
that variations in the chemistry of antarctic snow
and ice that have been observed in samples collected
during traverses (for example, Boutron et al., 1972)
and from deep ice cores (Ragone and Finelli, 1972)
may, in part, be accounted for by the temporal and
spatial distributions in the atmospheric growth
mechanisms of snow.

These phenomena were investigated at two
camps located 65 kilometers (site C-7) and 400 kilo-
meters (RIsP base camp) from the barrier of the
Ross Ice Shelf. The camps were located to allow
sequential sampling of snowfall as storms moved
inland from the Ross Sea. Bulk samples of rime,
hoar frost, and falling snow were collected for
chemical analyses. A continuous collection of indi-
vidual snow crystals was made by formvar replica-
tion techniques. Detailed meteorological observa-
tions were made during all precipitation events. In
addition, surface and near-surface snow samples
were collected at 45 locations in a 100,000-square-
kilometer section of the ice shelf's western half.

We are presently studying over 300 hours of rep-
licator record, classifying and measuring individual
snow crystals. Precipitation and surface snow
samples are being analyzed by flameless atomic
absorption spectrophotometry for a variety of
major and trace cations. The results of these analy-
ses will be compared in studying the relationships
between precipitation processes and snow chemis-
try in time and space over the Ross Ice Shelf.

This research was supported by National Science
Foundation grant Opp 73-05843.

The Desert Research Institute camp at site C-7 on the Ross
Ice Shelf.
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RISP drill site survey

J . W. CLOUGH, K. C. JEZEK, and J . D. ROBERTSON
Department of Geology and Geophysics
Geophysical and Polar Research Center
The University of Wisconsin, Madison

Madison, Wisconsin 53706

A camp was operated at the proposed Ross Ice
Shelf Project (RISP) drill site (28°22'30"S. 168°37'
33"W.) from November 22 to December 4, 1974,
in part to conduct geophysical measurements in
advance of the drilling program scheduled for
1975-1976. Measurements included radio-echo and
seismic reflection soundings, seismic refraction
profiles, and a radar survey of bottom crevasses.

The ice thickness determined by radio-echo
sounding is 420 ±10 meters. Seismic reflection
measurements indicate a water layer thickness of
238 meters, corresponding to an ocean bottom
depth of 600 meters below sea level.

A single seismic long refraction shot yields an
apparent velocity for the crystalline basement of
6.8 kilometers per second between two geophone
spreads spaced 2 kilometers apart; this is much
higher than the average cross-spread velocity (5.4
kilometers per second). The difference in apparent
velocities suggests irregularities in the basement
topography and permits considerable variation in
the "true" velocity (and consequently in the thick-
ness of the sediment layer) (Bentley and Clough,
1972). The average cross-spread velocity of 5.4
kilometers per second is in fair agreement with a
velocity of 5.7 kilometers per second (Bentley et
al., 1974) found nearby on the ice rise at 7°S. M.
(air navigation grid coordinates) and elsewhere in
the Ross Sea Embayment (Houtz and Davey, 1973;
Bentley and Clough, 1972). Assuming a sediment
velocity of 2.0 kilometers per second, a minimum
sediment thickness of 1.0 kilometers is indicated.

A survey of bottom crevasses (Clough, 1974)
was conducted to help select the exact drill site.
Profiles were made along a series of parallel, color-
coded flag lines to determine the position of bottom
crevasses in the area. The crevasses, which are

shown in figure 1, presumably are thin cracks ex-
tending up into the shelf and filled with frozen
brine. Reflections from the top of the crevasses arc
recorded as hyperbolic arcs, as shown schematically
in the lower portion of figure 1. The general agree-
ment between the shape of the recorded signal
arriving after the bottom echo, and the arcs com-
puted for reflection from the lips of an infinitely
thin crevasse, suggest that these crevasses are nar-
row. There are no obvious surface topographic
features corresponding to the crevasses. A map of
the survey area (figure 2) shows two distinct cre-
vasses (heavy solid lines) running through the sur-
vey area.
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This is contribution number 325 of the Geophysical and Polar
Research Center, Department of Geology, University of Wiscon-
sin, Madison.

Figure 1. Three parallel radio-echo profiles In the drill site
area. Crevasses extending vertically up from the bottom of
the shelf are shown schematically at the bottom of the figure,

along with the resulting radio-echo signal pattern.
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line on either side of the central bottom crevasse.

This geophysical survey was supported by Na-
tional Science Foundation grant Gv-36963X.
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this program, which aims to measure ice strain
rates, snow accumulation rates, 10-meter tempera-
tures, and ice velocities at a network of stations 50
kilometers apart over the entire ice shelf. These,
together with results from other RISP programs,
will be used to formulate a dynamic model of the
ice shelf to aid interpretation of borehole results
and to provide insight into the history of the ice
shelf. The 1974-1975 glaciological party consisted
of P. Gurling and P. Burton, both of the British
Antarctic Survey (BAs), and L. Gibson, V. Petrosky,
and ourselves, all of The University of Nebraska,
Lincoln.

The first part of the 1974-1975 season was de-
voted to remeasurement of strain networks al-
ready planted in the grid northwest part of the ice
shelf (figure). With the help of a BAS Twin Otter,
41 of the 47 Kehle-type strain rosettes (Zumberge
et al., 1960) were located and successfully re-
measured using Wild T-16 theodolites and Telluro-
meter CA-1000 distance measurers. During periods
of cold weather (less than —18°C.), the Telluro-
meters were unreliable; for future measurements
we intend to enclose the instruments in electrically
heated jackets. For part of the season, malfunction
of the Otter's inertial guidance system delayed the
work, and although rosette remeasurement took
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Glaciological measurements on
the Ross Ice Shelf

R. H. THOMAS and D. H. EILERS
Ross Ice Shelf Project Management Office

The University of Nebraska, Lincoln
Lincoln, Nebraska 68508

As part of the Ross Ice Shelf Project (RISP), a pro-
ram of glaciological measurement was begun dur-
ng the 1973-1974 austral summer (Thomas and
aylord, 1974). Our 1974-1975 work continued
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Bits

only an hour, we often spent up to 5 hours search-
ing for the station.

Strain networks covering larger areas near the
RISP base camp and sites J-9, H-5, and G-11, were
remeasured, and a 40-kilometer two-way level tra-
verse between the base camp and site J-9 was com-
pleted (figure).

Accurate positions of 15 stations were obtained
by M. Crutcher, M. Voight, and R. Worcester, all
of the U.S. Geological Survey. Comparison with
1973-1974 data reveals annual ice shelf velocities
of between 200 and 400 meters.

During the second half of the season, 34 new
strain rosettes were planted near Roosevelt Island
in the grid southwest part of the ice shelf, and ac-
curate geoceiver fixes were made at 10 of these
stations. An extensive strain network was estab-
lished near the Roosevelt Island camp to study a
40-kilometer section of the local How line. J . Niel-
sen, University of Copenhagen (Denmark), ob-
tained firn cores to 10-meter depths at 14 of the
new stations, and these will be analyzed for oxygen
isotope concentrations and total beta particle ac-
tivity in order to identify the 1954-1955 hydrogen
bomb layer and eventually to deduce average accu-
mulation rates.

Ten-meter firn temperatures measured in 1973-
1974 and 1974-1975 have been compared with
those measured by Crary et al. (1962). They show
an increase of 1°C. between 1958 and 1974. Possible
causes for the increase are discussed by Thomas (in
press).

This research was supported by National Science
Foundation grant opp 74-00475.
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100-meter ice cores from the
South Pole and the Ross Ice Shelf

JOHN H. RAND
U.S. Army Cold Regions Research

and Engineering Laboratory
Hanover, New Hampshire 03755

During its first season in Antarctica, the U.S.
Army Cold Regions Research and Engineering
Laboratory's (CRREL) shallow drill successfully
drilled at the South Pole and at site J-9 on the Rose
Ice Shelf. Depths of 100 meters were reached at
both sites, with continuous core being obtained;

Termination 
N4 -

	Armored Cable

Anti-torque	 -
Ska

Sep

NyIoi
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Figure 1. Schematic of the
U.S. Army Cold Regions
Research and Engineering
Laboratory's shallow drill.
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Robert Rutford,* University of Nebraska, Lincoln,
and director of the Ross Ice Shelf Project, and I
operated the drill, and Chester Langway and Jim
Craig, both of CRREL, processed core. Olav Liestl
and Olav Orheim, both of the Norsk Polarinstitutt,
observed the drilling at the South Pole.

This electromechanical drill weighs 65 kilograms
and is designed for continuous core drilling in firn
and ice to a depth of 100 meters (figures 1 and 2).
The drill bores a 14-centimeter-diameter hole while
obtaining a 10-centimeter-diameter core at a pene-
tration rate up to 1 meter per minute in —20°C.
ice. The cuttings are transported by a spiral Right
to a container above the core storage section. The
core and cuttings are removed from the drill after
each 1-meter run in a cyclic operation. Additional
components include 100 meters of a 7-conductor
electromechanical cable, a 6.8-meter tower, ski-
mounted hoist, and a 3-phase 220-volt (alternating
current) gasoline generator. The equipment was
designed to be transported in a ski-equipped Twin
Otter airplane and to be assembled and operated by
two people.

The first 100-meter hole was started on Novem-
ber 19, 1974, at the South Pole. The —30°C. tem-
peratures experienced during this operation spread
the drilling over a 2.5-day period. Actual drilling
time was just under 15 hours. A relatively slow start
was due to the cutting bits, which had to be re-
worked in the field. Heaters were added to the
winch to keep the motors and gear boxes from
freezing. The drill motor was stored each night
in a heated shelter. The excellent core obtained
from this site had very little surface scoring. The
core was retrieved in average sections from 30 to
40 centimeters long. The hole was completed on
November'" 1. The drill was taken apart and crated
for transportation to J-9.

Drilling at J-9 started on November 27 after a
phort wait at the South Pole. Problems with the core
etrieval mechanism after reaching the firn-ice
ransition slowed progress, and 100 meters was
eached on November 30. Core from this site was
ess than perfect and continuous; the problem that
aused this condition has been corrected. A tern-
erature profile was taken of the 100-meter hole,

and a graph of the temperatures recorded is in
figure 3. Upon completion of the temperature
measurements, the hole was used for seismic studies
by John Clough, University of Wisconsin.

A third 100-meter hole, scheduled for Siple Sta-
tion, was cancelled due to mechanical problems,
bad weather, and a lack of time remaining in the
season.

'I

Figure 2. Shallow drill in use during the 1974-1975 austral
summer field season.

This work was supported by National Science
Foundation contract C-726.
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Antarctic ice core studies

CHESTER C. LANGWAY, JR.
Department of Geological Sciences

State University of New York at Buffalo
Amherst, New York 14226

and
U.S. Army Cold Regions Research and

Engineering Laboratory
Hanover, New Hampshire 03755

A newly designed ice coring auger recently was
developed by John Rand and colleagues at the U.S.
Army Cold Regions Research and Engineering
Laboratory (CRREL). The original intent was to de-
velop a shallow (less than 100 meters), light-weight
(less than 750 kilograms) mechanical coring device
to recover rapidly (within 3 to 5 days) 10-centimeter-
diameter ice cores from polar and alpine glaciers.
The prototype shallow drilling rig was field-tested
at station Crete, Greenland, in June 1974, and at
Dye-2, Greenland, in September 1974. The results
were satisfactory, and the rig was returned by air
to Hanover, New Hampshire, and then sent to
McMurdo Station for use in Antarctica in the 1974-
1975 austral summer. The antarctic schedule called

for core augering to the 100-meter depth at the
new Amundsen-Scott South Pole Station and at site
J-9 on the Ross Ice Shelf. Selection criteria for these
sites was based upon the lack of any core material
(to 100-meter depths) from these sites, and the de-
sirability of obtaining rapid and preliminary data
from J-9 to assist in detailed planning to core
through the shelf.

Core drilling by Mr. Rand and Robert Rutford,*
University of Nebraska, Lincoln, and core process-
ing by J . Cragin, CRREL, and I, were observed dur-
ing the South Pole operation by two persons from
the Norsk Polarinstitutt (0. Liestl and 0. Orheim).

The South Pole core drilling took place under

Core log data related to percent ice core recovery for the
1974-1975 drilling operation at the South Pole (SP) and on

the Ross Ice Shelf (J-9).

Depth	Amount of core	Recovery
(meters)	(meters)	(percent)

SP
0-50	 0.02	 99.96

50-75	 0.0	 100.0
75-100	 0.03	 99.98

Total core (0-100 meters): 99.95 percent recovery
J-9

0-50	 0.02	 99.96
50-75	 0.02	 86.8
75-100	 8.64	 52.0

Total core (0-100 meters): 88.04 percent recovery

Depth-density profiles from the South Pole (SP) and the Ross
Ice Shelf (J-9). Bulk density determinations were performed
on core segments of approximately 500 to 1,000 grams as the

core was recovered.

the new geodesic dome near the science building
within a 3-day period between November 17 an
24. Ambient air temperature ranged from —P35°
to —30°C. The drill operated very well, with just
minor mechanical adjustments and modifications
required. Core recovery was rapid, with excellent
and continuous core obtained from the surface tq
the 100-meter depth at the South Pole (table). Th
J-9 operation took place near a University of Wis-
consin field camp between November 26 and De
cember 1. Drilling to the 100-meter depth wa
accomplished within a 4-day period, November 27
30, at which time the ambient air temperatur
ranged between - 15° and —6°C. in the drillin
shelter. Core recovery was less satisfactory here
(table). It appears that with the present configura-
tion of the cutting teeth the CRREL shallow drill
augers better in firn than in ice. The firn-ice transi-
tion (density of 0.83 grams per cubic centimeter)
was not quite reached at the South Pole, whereas

*Presently head of the Office of Polar Programs, National
Science Foundation.
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the boundary was reached at 47 meters in depth at
J-9 (figure). As shown in the table, below 50 meters
at J-9 core loss amounted to between 13 and 48
percent of the core, becoming progressively worse
as depth increased.

With such rapid core recovery little was or can
le done with the core in the field but to record gross
tratigraphic features, determine bulk densities,

and label, package, and store the core for shipment.
n addition to processing the two 100-meter cores,

We conducted surface pit investigations at both loca-
tions. These studies included detailed density
measurements, temperature profiles, stratigraphic
observations, and bulk firn collections for chemical
analyses.

Planned and approved laboratory studies on the
ice cores and surface samples include detailed phy-
sical property determinations (State University of
New York at Buffalo), and bulk and trace chemistry
analyses to determine baseline and past precipita-
tion chemistry records (State University of New
York at Buffalo, and CRREL). The concentrations
of sodium, potassium, magnesium, calcium, iron,
aluminum, and lead will be measured by flame and
flameless atomic absorption. Chlorine and bromine
will be analyzed by neutron activation analysis.
Additional studies include oxygen isotope analyses
for climatic records (University of Copenhagen),
tritium background measurements (University of
Bern), and microparticle concentration variations
for atmospheric dust considerations (Ohio State
University).

The cores are now in central storage and are
available for distribution for other research pur-
poses to qualified investigators. Interested scientists
should write to the program associate for glaciology,
Office of Polar Programs, National Science Founda-
tion, Washington, D.C. 20550.

This work was supported by National Science
Foundation contract C-726.

RISP geophysical survey

J . W. CwuGii and J . D. ROBERTSON
Department of Geology and Geophysics
Geophysical and Polar Research Center
The University of Wisconsin, Madison

Madison, Wisconsin 53706

Geophysical work in the Ross Ice Shelf Project
(RIsP) during 1974-1975 began in late November

1974 with measurements at the proposed drill site
(Clough et al., 1975). On December 5 a camp was
established near Roosevelt Island (9.5°S. 3.25°W.)*
as a base station for aerial survey operations (figure
1). Work at remote field sites began after the Twin
Otter airplane arrived on December 16, and con-
tinued until January 27, 1975, when all personnel
returned to McMurdo. Surveying during this
period was hampered by fog and whiteouts. Aerial
operations thus were conducted only during 35
percent of the field season.

The survey included measurement of ice thick-
ness and gravity at 37 sites, measurement of the
horizontal gradients of ice thickness and gravity at
12 sites, seismic sounding of water depth beneath
the ice at 36 sites, and studies of seismic and radio-
wave velocities within the ice shelf at a few sites.
Local geophysical investigations around the Roose-
velt Island camp included 50 kilometers of radio-
echo and gravity profiling, a 28-kilometer seismic
refraction profile that successfully recorded energy
along paths through bedrock, studies of seismic
velocity and of radio-wave velocity in the ice, and
an electrical resistivity profile. A total of 4,200
kilometers of airborne radio-echo sounding was
completed using the Twin Otter; this work has pro-
vided a significant improvement in details of some
shelf regions, and it is of particular importance in
analyzing surface measurements.

Maps of ice thickness, ocean bottom depth, and
water layer thickness (figures 2, 3, and 4) have been
prepared from 1974-1975 data, from 1973-1974
RISP geophysical data (Bentley et al., 1974), from
previous work by Crary et al. (1962), and from the
results of the Roosevelt Island surveys of 1961-1962
and 1962-1963 (Hockstein, unpublished manu-
script). Airborne radio-echo sounding information
has been used to construct the ice thickness map;
the remaining two maps have been contoured using
only spot soundings.

Major ice streams showing relatively thick ice
enter the ice shelf between 9°S. 5°W. and 8°S. 4°W.,
at 6.5°S. 3°W., and between 5°S. 3°W. and 4°S. 3°W.
Between the ice streams, ice less than 550 meters
thick extends downstream from the grounding line.
Thin ice also extends downstream from such
grounded regions in the ice shelf as the ice rise at
705, 1°W. Thick ice flows past Roosevelt Island, but
the ice thins substantially in the shear zones on
both sides of the island.

This is contribution number 326 of the Geophysical and
Polar Research Center, Department of Geology, University of
Wisconsin, Madison.

*Air navigation grid coordinates and directions are used
throughout this report.
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	Figure 3. Map of seafloor elevation (depth of bottom below
sea level). The contour interval is 50 meters (100 meters on

Roosevelt Island).

The most striking features of the sea bottom are trench reaching a depth of more than 700 meters
a pair of ridges that extend from the Siple Coast below sea level. A second deep trench more than
for 300 kilometers toward the center of the ice shelf.	900 meters below sea level lies between the north-
The highest portion of the northern ridge is the	ern ridge and the Transantarctic Mountains. A
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large subglacial and submarine elevation gradients.
There is good correlation between troughs in the
ocean bottoms and ice streams.

The most prominent features of the map of water
layer thickness are the thinness of the layer over
the two major ridges and the relatively thick water
layer beneath the thicker ice of the ice streams.
This, together with the sea floor topography, sug-
gests that when the grounding line was advanced
in previous time the coastline was similar in appear-
ance to the present coastline and that ice flow was
dominated by ice streams, as it is today.

In addition to the authors, the RISP geophysical
field Party included Messrs. D. Borowski, K. Jezek,
J . Kirchner, T. Kolich, and L. Whiting. This re-
search was supported by National Science Founda-
tion grant GV-36963.
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Southern Ross Sea tides

E. S. ROBINSON, R. I. WILLIAMS,
H. A. C. NEUBERG, C. S. ROHRER, and R. L. AYERS

Department of Geological Sciences
Virginia Polytechnic Institute and State University

Blacksburg, Virginia 24061

Since 1957, measurements of southern Ross Sea
Lides have been made at six locations (figure 1).
During the 1973-1974 and 1974-1975 austral sum-
mers we made tidal gravity measurements at four
Df these sites to determine the ocean tide beneath
the Ross Ice Shelf.

Geodynamics tidal gravimeters were operated in
5- by 5-meter Jamesways on platforms mounted on
10- by 10-centimeter timbers set 3 meters into firn.
Portable electrical generators were used for 110-
volt, 60-hertz line power. Each of our sites was main-

870 S

85°S

83°S

810S

790S

77°S

/	160°E
Figure 1. Locations of tide measurements in the southern

Ross Sea.

DAY S

Figure 2. Tidal variations of gravity for 29 day periods at
four sites on the Ross Ice Shelf. Starting times for these
records follow: Base, 0100 hours Greenwich Mean Time
(GMT), January 1, 1974; C-13, 0000 hours GMT, November
10, 1974; C-36, 0000 hours GMT, December 29,1974; RI, 1800

hours GMT, December 29, 1974.
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tamed by a technician who made frequent instru-
ment beam and level adjustments and calibration
tests.

Tidal variations of gravity (figure 2) were pre-
pared from values taken at hourly intervals from
continuous charts. Amplitudes of Fourier series
constituents calculated from these tide records are
shown in figure 3. The observed tidal variation of
gravity is caused by a periodic change in elevation
and mass related to the ocean tide, and the gravity
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Figure 4. Vectors indicating the principal diurnal constituents
of (C) the observed gravity tide, (L) the iunisolar gravity tide,
and (0) the gravity variation related to the ocean tide at site

C-36.

tide is related to masses and motions of the moon
and sun.

Thiel et al. (1960) showed that a tidal change in
water level Ah (centimeters) will cause a change in
gravity zg (microgais) measured on a floating ice
shelf, as expressed in the equation: zh = .3765 ig.

It is necessary to subtract the direct lunisolar ef-
fect from the observed gravity tide before the ocean
tide can be calculated. This was done by calculating
the observed tidal gravity harmonic constituents,
and adjusting the values by vector subtraction of the
lunisolar constituents. A representative example of
vector subtraction is shown in figure 4. Using the
above equation, amplitudes of ocean tidal constitu-
ents were then computed (table) from vector dif-
ferences. We emphasize that these are preliminary
values that are subject to revision after a more
thorough analysis of instrument calibration data.
Also included in the table are data from tidal water
level measurements in McMurdo Sound (Heath,
1971), and values determined from International
Geophysical Year gravity measurements at Little
America (Thiel et al., 1960). We are using the values
in the table to obtain solutions to the Laplace Tidal
Equations by a finite difference scheme. These re-
suits will be used to prepare cotidal-corange charts
and tidal current information for the southern part
of the Ross Sea.

This effort, which is supported by National
Science Foundation grant GV-40434, is part of a
continuing study of the tide beneath the Ross Ice
Shelf, in conjunction with the interdisciplinary Ross
Ice Shelf Project.
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Harmonic constituents of the tide beneath the Ross Ice Shelf.

OBSERVATION SITES

C-13	 C36**	 RI***	 BASE+	 LAS ++	McMuRDo+l

Harmonic Amplitude Phase Amplitude Phase Amplitude Phase Amplitude Phase Amplitude Phase Amplitude Phase
constituent	(cm)	(deg)	(cm)	(deg)	(cm)	(deg)	(cm)	(deg)	(cm)

	
(deg)	(cm)	(deg)

01	35	188	32
K!	30	199	37
P1	10	199	12
M2	 3
S2	 6
N2

148	32	144	37
160	37	159	45
160	12	159	15

87	4	132	8
25	7	3	11

7	356	9

172	25
188	34
188	11
187	3
109	5
98	5

141	21	195
154	23	212
154	8	213
35	4	242

342	2	327
344	2	263

Phase angles are relative to the Greenwich Meridian. *79.3°s. 189.7°W. (11/10/74-12/8/74). **79 . 8°s. 169.1°W. (12/29/74-1/31/75).
***802 0S 161.6°W. (12/23/74-1/27/75). + 82.50S. 166.0°W. (12/19/73-2/2/74). ++ 78.20S.  162.30W. (6/57). +++77.90S.  193.40W.
(1/71).

Thiel, E. C., A. P. Crary, R. A. Haubrich, and J . C. Behrendt.
1960. Gravimetric determination of the ocean tide, Weddell
and Ross seas. Journal of Geophysical Research, 65(2): 629-636.

Radio-echo sounding of the
antarctic ice sheet

GORDON DE Q . ROBIN
Scott Polar Research Institute

Cambridge, England CB2 1ER

The 1974-1975 austral summer marked our
fourth season of radio-echo sounding of the antarc-
tic ice sheet. Most sounding equipment this year
was designed and built by the Technical University
of Denmark, with additional items being supplied
by the Scott Polar Research Institute (sPRI). The
National Science Foundation made available an
Lc-130 Hercules airplane—flown by U.S. Navy Ant-
arctic Development Squadron Six (vxE-6)—for
radio-echo sounding flights throughout most of the
season.

Airborne trials of the radio-echo equipment were
made in early November 1974 at the U.S. Naval Air
Development Center, Warminster, Pennsylvania.
From November 29, 1974, to January 19, 1975,
about 135,000 kilometers of profiling were com-
pleted during about 332 hours of flight (figure 1).
The airplane's age resulted in a weight restriction
that was about 4,500 kilograms below the 1973-
1974 season's. To reach distant objectives it was

Dr. Robin is director of the Scott Polar Research Institute

necessary to fly at high altitudes to and from the
sounding area; this practice saved fuel and in-
creased the airplane's range.

The main areas covered this season supple-
mented previous flight lines (Evans and Robin,
1972; SPRI, 1974). Figure 2 gives a statistical break-
down of regional operations discussed below.

International Antarctic Glaciological Project area.
(a) In the dome C area, the previous sounding net-
work of a 100-kilometer square grid was increased
in density to a 50-kilometer square grid to assist
surface and sub-ice geological interpretations. (b)
Additional flight lines in the dome B area made
possible a better definition of this dome's shape.
(c) Good flying weather and forecasting services
made it possible to map the surface and underlying
topography in coastal areas from 135 0 to 1550E.
on a grid scale of 50 to 100 kilometers. (d) Sound-
ings were made along the entire French traverse
route from Dumont d'Urville to dome C. (3) Other
gaps in the radio-echo mapping of East Antarctica
were filled, especially from Vostok to the South Pole
and beyond. (0 The closely spaced grid of flight
lines inland from the McMurdo/dry valley area
should provide new details on the sub-ice topog-
raphy and structure in this region. (g) More data
on sub-ice lakes were collected, with one flight being
specifically devoted to such studies. (h) A detailed
experiment on the parameters of the radio-echo
system and their effect on the recording of internal
layering within ice was carried out on one flight.

Marie Byrd Land. Work in this region was done
in view of current interest in the stability of the west
antarctic ice sheet and in the interpretation of ice
cores from Byrd Station. (a) A 50-kilometer square
net was flown to cover the area between the Trans-
antarctic Mountains, the Ross Ice Shelf, Rockefeller
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Plateau, and Byrd Station. The data should provide
much better control of surface and bedrock topog-
raphy. (b) Special flight lines were made along the
Byrd Station strain network to help define surface
and bedrock topography in relation to strain net-
work studies and ice core interpretations.

Ross Ice Shelf. A survey was made of the bottom
roughness of the Ross Ice Shelf using new methods
devised at SPRI by C. S. Neal. This work will sup-
plement studies of thickness and flow, and it should
also aid other studies (including the Ross Ice Shelf
Project) aimed at defining conditions under the ice
shelf. Accurate Lc-130 inertial navigation this
season should help to check the existing maps of
thickness and flow.

Throughout the season the radio-echo group
worked very closely with the vxE-6 crews operating
Lc-130F number 148320. Use of vxE-6 laboratory
facilities was a great help. Considerable support
was also given by other components of the U.S.
Naval Support Force, Antarctica, especially in
weather forecasting. Special thanks are due to the
airplane commander, Lieutenant Commander A.
Herr, U.S. Navy, and to the commanding officer
and staff of vxE-6. The science team was comprised
of D. J . Drewry, N. D. Hargreaves, D. J . Mackie,
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D. T. Meidrum, K. Rose, Mr. Neal, and myself, all
Of SRPI, and M. Pallisgaard and N. Skou, both of the
Technical University of Denmark.
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Glaciological studies at dome C

CLAUDE LoRIus
Laboratoire de Glaciologie du CNRS

38031 Grenoble, France

From December 27, 1974, to January 15, 1975, a
camp was established at dome C (74°39'S. 123°10'E.,
elevation 3,200 meters) to collect information in
anticipation of planned drilling at the site.

The science program, which was fully accom-
plished despite two U.S. LC-130 airplane accidents

(see page 61, March/April 1975 Antarctic Journal),
involved meteorological observations and sampling
(pit and shallow drill) of snow layers deposited dur-
ing the last century. Although most of the samples
were left in the field, preliminary results show a
mean annual temperature of —53.5°C., an annual
snow accumulation of 3.7 grams per square centi-
meter (value calculated from the 2.1-meter depth
of the 1955 radioactive fallout layer), and a mean
isotopic content value of 8D = — 390 parts per mil-
lion.

The low accumulation value and the fact that
both accumulation and mean isotopic content values
are in line with the general decrease observed
from the coast along the flow line ending at dome C
reinforce the interest in drilling at this site.

Another aspect of this program involved geo-
ceiver determinations carried out by a U.S. Geologi-
cal Survey engineer; the results will help to evaluate
U.K.-U.S. radio-echo soundings. Stratigraphic
studies and sampling were done by a scientist from
the Arctic and Antarctic Research Institute, Lenin-
grad (Soviet Union), who also made available core
samples from the 1,000-meter Vostok Station drill
hole.

Geochemistry at the South Pole
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Jean Carnpin

Dome C field camp, 1974-1975. A U.S. Geological Survey geo-
ceiver is in the foreground.

JOSEPH SANAK
Centre des Faibles Radioactivités
Laboratoire Mixte CNRS-CEA
91190 G[-sur-Yvette, France

CLAUDE LoRIus
Laboratoire de Glaciologie du CNRS

38031 Grenoble, France

Lead-2l0, a solid decay product of radon-222,
can be used as a natural atmospheric tracer. Meas-
urements of its concentration variations in antarctic
firn enable us to compute the snow accumulation
rate and to study the movements of air masses.

In order to continue the work we began 3 years
ago at Amundsen-Scott South Pole Station, during
the 1974-1975 field season we collected snow
samples in a pit at depths between 0 and 5.2 meters,
and ice cores at depths between 5.0 and 17.0 meters.

Many of these snow samples were chemically
processed at the station to collect their cation con-
tents on small ion exchange resin-loaded papers.
After verification of the results, this method could
prove useful in avoiding the problems of ice sample
transportation for our kind of work.
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Other aspects of our program included setting
up stratigraphy and sampling markers for various
analyses, including radioactive fallout, trace ele-
ments, microparticles, and stable isotopes.

N. Barkov, Arctic and Antarctic Research Insti-
tute, Leningrad (Soviet Union), participated in
these 1974-1975 studies.

335 meters to east at 1,027 meters to northeast at
1,474 meters.

In addition to the hole survey, all of the remain-
ing ice cores (approximately 300 meters) stored at
Byrd were recovered and sent to McMurdo for ship-
ment to the United States. Since there was not suf-
ficient time to prepare the cores for shipment and
load them on board the supply ship, the cores were
stored at McMurdo for shipment next season.

This work was supported by National Science
Foundation contract C-726.

Resurvey of Byrd Station drill hole
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A survey to determine amount and direction of
inclination of the Byrd Station drill hole was con-
ducted in the 1974-1975 austral summer. The data
from this survey, when compared to similar data
obtained during drilling of the hole, provide infor-
mation for determining subsurface ice flow patterns
at this location.

The Byrd hole, originally drilled to a vertical
depth of 2,141 meters below the casing in 1968, is
now accessible only to a depth of 1,537 meters be-
cause sub-ice water upwelled into the hole, and the
drill was lost in 1969 during clearing attempts
(Hansen, 1970; Ueda, 1968). The survey was con-
ducted using a multiple-shot inclinometer, , which
was housed in a sealed chamber and lowered into
the borehole by an electrohydraulic winch located
in the Byrd Station main tunnel. The inclinometer,
which was actuated from the surface, photographi-
cally recorded the inclination magnitude and mag-
netic bearing. Measurements were taken from a
vertical depth of 1,474 meters to 91 meters near the
bottom of the hole casing, with measurement inter-
vals of 15 meters near the bottom and 30 meters
in the upper portion of the hole. Measurements -
below the 1,474-meter depth could not be obtained
since the inclination was beyond the range of the
multiple-shot instrument. Attempts to use another
instrument with a greater range were unsuccessful.

Other investigators have reported a complex ice-
flow pattern at Byrd Station (I. M. Whillans, 1975,
personal communications). Preliminary results of
our survey confirm this. The results indicate a pro-
gressively increasing velocity with depth, with the
direction of movement relative to the surface vary-
ing from southwest to 91.5 meters to northeast at

Glacial history of the Ross Sea
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Reconstruction of Late Würm ice sheets in the
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floored below sea level on continental shelves in the
Barents Sea, the North Sea, the eastern Norwegian
Sea, and the Arctic Ocean. Moreover, smaller seg-
ments were grounded off Alaska, British Columbia,
Greenland, Iceland, and the British Isles. Hence,
the former existence of grounded ice on antarctic
continental shelves should not be unexpected, par-
ticularly in view of the extensive ice sheet now
grounded below sea level in West Antarctica. In
fact, Hollin (1962) gave one theoretical reason for
the possible existence of grounded Late Würm ice
in the Ross Ice Shelf area. Denton and Armstrong
(1968) and Denton et al. (1970, 1971) later sug-
gested, based on evidence from the McMurdo
Sound region, that the Ross Sea was recently filled
with grounded ice. Further, Mercer (1968, 1972)
interpreted field data near the mouths of the Reedy
and Beardmore glaciers in terms of substantial
grounding of the Ross Ice Shelf.

An ongoing project to map and date moraines
deposited by a succession of grounded ice sheets
that filled McMurdo Sound continued during the
1973-1974 field season (Denton and Borns, 1974).

Surface contours of the youngest ice sheet to oc-
cupy the sound can be reconstructed from the dis-
tribution of its widespread moraines and drift.
Results show that the sheet in McMurdo Sound
was not fed by east antarctic ice dammed behind
the Transantarctic Mountains in the dry valley
region, nor by local glaciers, but rather by grounded
ice that flowed into the sound from an area to the
east and southeast that is now covered by the Ross
Ice Shelf. Denton and Borns (1974) pointed out,
however, that local grounding cannot be differen-
tiated from the presence of a widespread ice sheet
in the Ross Sea on the basis of evidence from
McMurdo Sound alone. In order to determine the
extent of grounded ice, field work in 1974-1975
was done on islands in the Ross Sea and on the coast
of northern Victoria Land (figure 1) from aboard
the USCGC Burton Island. Extensive (as opposed to
local) grounded ice would have affected these areas
that are far from McMurdo Sound.

Beaufort Island, about 24 kilometers north of
Ross Island, is composed of Late Cenozoic volcanic
rocks. Precipitous cliffs nearly encircle the island,
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and very steep slopes rise from these cliffs to an
ice-capped summit. Despite this rugged terrain, the
southwest portion of the island exhibits erratics and
raised beaches, both indicative of former grounded
ice. We found fresh erratics of granite and dolerite
up to 320 meters above sea level; this altitude is
minimum for ice that abutted the island, because
terrain higher than 320 meters appears too steep to
retain erratics. Raised beaches occupy a narrow
platform backed by steep cliffs that produce exten-
sive talus aprons over the uppermost beach ridges.
This topographic situation severely limits the alti-
tude to which raised beaches are exposed. Thus we
could measure only minimum uplift. The highest
continuous beach ridge occurs 3.1 meters above sea
level, whereas the highest beach ridge obscured
by talus may extend to as much as 9.9 meters above
sea level.

Franklin Island, in the Ross Sea about 125 kilo-
meters north of Ross Island, also is composed of
Late Cenozoic volcanic rocks and is ringed with
steep cliffs. Its top is relatively flat and largely ice-
covered. However, we examined several small, ice-
free areas that extend to altitudes of 300 meters
and found fresh granite, sandstone, and dolerite
erratics. The island's actual summit is about 20
meters above the highest erratic, but it is too steep
to retain erratics or drift. The height of the erratics
therefore affords only a minimum value of surface
altitude for the youngest grounded sheet. A plat-
form made up of subhorizontally bedded sand and
gravel occurs on the eastern side of the island. Steep
cliffs again fringe the platform and supply debris
that partly covers it. This situation severely limits
the height to which beach ridges occur. The north-
ern half of the platform exhibits raised beaches.
The highest continuous ridge is 7 meters above sea
level, although ridge segments may occur at higher
altitudes. The southern portion is covered with
debris from adjacent cliffs, and here distinct beach
ridges do not occur on the platform surface; an
exposure through the platform in a sea cliff, how-
ever, reveals a thickness of 19 meters of horizon-
tally bedded sand and gravel. The lower 13 meters
are gray and unweathered, whereas penguin re-
mains have made the upper 6 meters brown. The
lowermost penguin remains gave a carbon-14 date
of 5,340 ±70 years before present (QL-141), and
thus provided a minimum age for deglaciation of
Frankin Island by grounded ice. The uppermost
portion of this exposure reveals in cross section
the remnants of a possible beach that now is 18
meters above sea level and covered by debris from
nearby cliffs.

Terra Nova Bay, on the west coast of the Ross
Sea in northern Victoria Land, shows evidence of
at least two glaciations (figure 2). Drift of the
younger glaciation shows poorly developed soil,

exhibits hummocky topography, contains numer-
ous striated clasts, and lacks cavernous weathering
of clasts. Bedrock covered during this glaciation
commonly is striated and polished. On Tarn Flats,
well-preserved eskers are common (see also Skinner
and Ricker, 1968). Near the top of Inexpressible
Island and near Mount Gerlache, a thin mantle of
young drift overlies cavernously weathered granitic
bedrock. Fresh and striated glacial clasts rest on the
weathered surface and in some cases are lodged in
cavernous hollows. Moreover, the cavernously
weathered surface commonly is striated and pol-
ished. In the western portions of this field area,
young drift extends to more than 900 meters above
sea level, an altitude that is at least 180 meters above
adjacent ice surfaces. The upper limit of young
drift could not be determined here because the
higher terrain was too steep to retain glacial de-
posits. The upper surface of this drift, however,
can be determined in the Northern Foothills adja-
cent to Terra Nova Bay. Here the young drift ex-
tends to altitudes of about 320 to 360 meters, where
its upper limit is bounded by a sharp transition to
older drift that is characterized by cavernously
weathered granite and gneiss clasts, by lack of
striated clasts, by lack of constructional topography,
and by soil development. This older drift extends
up to an altitude of about 685 meters. In the North-
ern Foothills, peaks higher than about 685 meters
show no evidence of glaciation and are character-
ized by extensive cavernous weathering of granitic
bedrock.

The distribution of the young drift, as well as
the striation trends associated with it (figure 2), sug-
gest that the lower portions of the Reeves and
Priestley glaciers thickened considerably during
the last glaciation. Grounded ice flowing eastward
around and over Inexpressible Island was deflected
northward parallel to the coast of the Northern
Foothills. Deglaciation was accompanied by uplift,
for raised beaches up to 30.5 meters above sea
level occur at several localities between Inexpres-
sible Island and Campbell Glacier Tongue (figure
2).

Franklin and Beaufort islands afford rather com-
pelling evidence for recent grounded ice in the Ross
Sea. This evidence, when considered with similar
data of grounded Ross ice of recent age from
McMurdo Sound (Denton et al., 1970, 1971),
Beardmore Glacier (Mercer, 1974), Scott Glacier
(Katz and Waterhouse, 1970), and Reedy Glacier
(Mercer, 1967), suggests to us that a widespread
grounded ice sheet recently filled much of the Ross
Sea. Data from Terra Nova Bay do not indepen-
dently compel such a conclusion but are compatible
with it, for the thickening and northward deflec-
tion of ice probably were caused by a grounded
sheet in the Ross Sea. Reconstruction of surface
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Figure 2. Glacial geology of
the Terra Nova Bay region.
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ice contours from data points in all of these areas
suggests that the grounded sheet represented es-
sentially an expansion of west antarctic ice onto the
Ross continental shelf. At its maximum, of course,
this sheet was also fed by outlet glaciers from East
Antarctica that today drain into the Ross Ice Shelf
and Ross Sea. This interpretation is also consistent
with the studies of Mercer (1968, 1974), Mayewski
(1972), and Denton et al. (1970, 1971), which point
to little, if any, rise in the level of east antarctic ice
dammed behind the Transantarctic Mountains dur-
ing the last glaciation.

Several carbon-14 samples that will afford limit-
ing ages for recession of grounded ice from the
Ross Sea have been collected from Terra Nova
Bay, Franklin Island, and McMurdo Sound. Most
are being dated, and only some results are avail-
able. None has been corrected for the deficiency
of carbon-14 in antarctic marine waters. One date
from Franklin Island already has been mentioned.
Several others from the McMurdo region date the
upper limit of marine features. The foreset beds

of a delta at South River, near Marble Point, gave
dates of 6,350 ±60 and 6,430 ±70 carbon-14 years
before present (QL-46 and QL-72) on Adamussium
colbecki shells. These foreset beds appear to be
graded to the local marine limit of 12.5 meters.
Further, raised silt occurs up to altitudes of at least
7.5 meters in New Harbor, at the mouth of Taylor
Valley. Adamussium colbecki shell samples collected
from deposits that were in place at or near the
upper marine limit gave dates of 6,050 _t70  and
5,800 ±70 carbon-14 years before present (QL-137
and QL-138).

This research was supported by National Science
Foundation grant o pp 75-20044.
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Glacial geologic investigation
of upper Rennick Glacier region,

northern Victoria Land

P. A. MAYEWSKI*
Department of Geological Sciences
Institute for Quaternary Studies

University of Maine
Orono, Maine 04473

The 1974-1975 field season was spent investigat-
ing the upper Rennick Glacier area (figure) for (1)
the relationship between the glacial history of the
study area and the glacial histories already defined
for more southerly sectors of the Transantarctic
Mountains, (2) the history and dimensions of for-
mer fluctuations of the east antarctic ice sheet,
Rennick Glacier, and its tributaries, as recorded in
glacial deposits, and (3) the significance of this area
in paleoclimatic reconstructions of Antarctica and
the world.

* Present affiliation: Department of Earth Sciences, University
of New Hampshire, Durham, New Hampshire 03824.

The Rennick Glacier region was chosen because
(1) air photo inspection and flight reconnaissance
indicated that the area provides the best inland ex-
posure of glacial deposits in northern Victoria
Land, (2) Rennick Glacier is the largest outlet gla-
cier in northern Victoria Land and as such could
record the glacial history of several interconnected
ice masses, namely the east antarctic ice sheet, the
Evans Névé, Gressitt Glacier, and Canham Glacier,
and (3) unlike outlet glaciers farther south along
the Transantarctic Mountains it drains into the
open ocean and not into the Ross Sea. Drainage
into the open ocean allows Rennick Glacier to .re-
spond directly to east antarctic ice thickness changes
and to sea level changes. Rennick Glacier also pro-
vides a potentially wide avenue for the inland trans-
port of moisture at times when the ocean is ice-free.

Fieldwork was done over 59 days (from Novem-
ber 10, 1974, to January 7, 1975) by a four-person
motor toboggan party operating from two main
tent camps (figure). The party consisted of Sergei
Aleksandrovich Abakumov, Arctic Geological Re-
search Institute (Soviet Union), who conducted
bedrock investigations, John W. Attig, Jr., and
Robert D. Slocum, University of Maine, who as-
sisted in the glacial geology, and myself. Snow-
mobile traverses of 2 to 14 days were made from
the main camps, with duration depending on sur-
face conditions en route (figure). Although the
Alpine 440 ER Ski Doo snowmobiles proved ef-
ficient field vehicles, their gas mileage varies with
snow surface changes. This variation, combined
with a limitation as to quantity of fuel carried,
largely dictated routes and traverse times. Field
flights were made, courtesy of the U.S. Navy's
Antarctic Development Squadron Six (vxE-6), using
Lc-130 Hercules airplanes, and were shared with
N.Z. geological parties led by Malcolm Laird and
Roger Cooper.

Detailed glacial histories were determined for
several areas (figure) in the upper Rennick Glacier
area. Preliminary interpretation of results reveals a
history punctuated by four glacial episodes, with all
but the oldest two being separated by identifiable
periods of glacier recession. The glacial episodes,
defined by moraines, drift sheets, and erratics, were
differentiated in the field by (1) elevation, con-
tinuity, and distribution of glacial deposits, (2) litho-
logic and mineralogic components of the deposits,
(3) weathering of surficial clasts capping the de-
posits, and (4) directional indicators recording dif-
ferent flow paths of the ice masses responsible for
the deposition of the glacial materials.

Laboratory analyses are being made to differen-
tiate between soils developed on the various glacial
deposits. Once the glacial episodes are spatially re-
fined-, -ice surface reconstructions will be made. The
glaciaLevents and ice surface reconstructions then
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Two findings to date relate to the youngest gla-
cial episode (which by definition continues to the
present). First, observations of lateral and terminal
glacier margins point to recent readvance of these
margins. Observation of the readvance is confined
to interior northern Victoria Land and most likely
represents an advance of less than several tens of
meters. Evidence for the readvance includes steeply
cuffed ice margins, locally advancing over pre-
viously developed ice-cored moraines. An apparent
incongruity exists between the noted readvance of
inland ice and the recent collapse of a formerly ex-

panded ice sheet in the Ross Sea (Hughes, 1973;
Denton and Borns, 1974).

Substantiating the suggestion of recent collapse,
during reconnaissance flights along the northern
Victoria Land coast, we saw, in places, intensely
crevassed ice draped over highlands above the
present glacier network. The topographic anomaly
of these crevasses may be the result of response to
a recent drop in ice level and consequent change in
ice flow around coastal peaks. This event occurred
recently enough to prevent disintegration of rem-
nant crevassed ice on these high coastal peaks. The
former higher ice level may have been maintained
by the grounded ice sheet suggested by Denton
and Borns (1974).
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The readvance noted in the interior of northern
Victoria Land may therefore represent (1) an in-
terior redistribution of ice in response to the drop
in ice surface level along the coast or (2) an interior
buildup of ice as a function of an enlarged moisture
source in response to the collapse of ice in the Ross
Sea and the enlarged open ocean area.

A second finding to date is that the character and
the distribution of snow patches on the interior
massifs of the upper Rennick Glacier area provide
further evidence as to recent ice regimes in this
area. Photographs taken in December 1962, com-
pared to those supplied by vxE-6 in November
1974, demonstrate marked recessions of highland
snow patches. The apparent decrease in moisture
available to localized snow patches is being eval-
uated and will be compared to climatic parameters
in the area and the noted readvance of nearby ice
margins.

Thanks are extended to the flight crews and

photographic staff of vxE-6 for invaluable service,
and to Scott Base and the N.Z. parties led by Drs.
Laird and Cooper, with whom our party had re-
warding radio exchanges.

This research was supported by National Science
Foundation grant opp 74-15210.
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Dry Valley Drilling Project,
1974-1975

L. D. MCGINNIS
Department of Geology

Northern Illinois University
DeKaib, Illinois 60115

Despite postponement of the first two Dry Valley
Drilling Project (DVDP) sites in McMurdo Sound be-
cause of an early ice breakup in August 1974, which
later became an advantage to the marine seismic
program, DVDP had a very successful season of drill-
ing and auxiliary science programs. Five holes total-
ing 872 meters of penetration were completed with
better than 95 percent recovery. A total of 795
meters of core weighing 8,989 kilograms has been
shipped to the Antarctic Marine Geology Research
Facility and Core Library, Florida State University.
Hole 14 core was not returned from the field in
time for loading aboard the ship.

Great sediment thicknesses in Taylor Valley were

Dr. McGinnis is U.S. coordinator of the Dry Valley Drilling
Project.

confirmed with holes 10, 11, and 12. Hole 10 was
terminated when groundwater under hydraulic
head rose up into the hole and froze. Prior to
freezing, samples of this water were found to have
salinities near that of seawater. Hole 11 was termi-
nated because of high fluid loss at 328 meters. Be-
cause of this site's higher elevation, it is probable
that the base of the permafrost was penetrated near
the elevation found at New Harbor, with a resultant
loss of diesel drilling fluid into the substratum.
Glacial till was found resting directly on rough,
unweathered basement at site 12 below Nussbaum
Riegel. Much of the sediment from the New Harbor
core was found to be fossiliferous, whereas that
of the other two holes has not yet been examined
extensively.

Although sedimentary thicknesses were consider-
ably less in Wright Valley, the subsurface physical
system was equally interesting. Sediment and base-
ment beneath Don Juan Pond were unfrozen to the
total depth drilled, with a slight hydraulic head
rising to a static level 12 centimeters above ground
surface after drilling. This was the only site where
local water was used for drilling fluid; all others
were drilled with diesel fuel arctic (DFA). Secondary
mineralization in the highly jointed Ferrar dolerite
basement beneath Don Juan Pond was ubiquitous.
The final hole, in a small basin 1.5 kilometers west
of Lake Vanda in Wright Valley's North Fork, was
selected after hopes of drilling on Black Island were
abandoned due to insufficient time remaining in
the season. A lake and possible fjord history of
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Dry Valley Drilling Project sites, 1974-1975.

Hole	 Site	 South
	

East	 Elevation*
	

Depth
number	 latitude*

	
longitude*
	

(meters)
	

(meters)

10
	

New Harbor	 77034143fl	163°30'42"
	

2.8
	

206
11
	

Commonwealth Glacier	 77°35'24"
	

163°24'40"
	

80.2
	

328
12
	

Lake Leon	 77°38'02"
	

162051'13"
	

75.1
	

185
13
	

Don Juan Pond
	

77°33'20"
	l6l009t53	 118.4

	
75

14
	

North Fork Basin	 77°32'23"
	

161024'22"
	

68.4
	

78

*Obtained by a N.Z. survey team. **Unofficial name; Lake Leon is immediately east of Lake Chad in Taylor Valley.

Wright Valley was evident from the appearance of
the core.

Other dry valley programs affiliated with DVDP

included extensive geochemical studies of soils,
geothermal measurements in boreholes, a hydro-
geological program in the boreholes and lakes, ad-
ditional lake geochemistry, and a feasibility study
for an earthquake seismology program.

Of major significance to next year's drilling pro-
gram in McMurdo Sound was the successful com-
pletion of approximately 1,600 kilometers of
marine seismic reflection profiling from aboard
USCGC Burton Island. Sedimentary basins over 1,000
meters deep were discovered, along with horst-
graben structures, and a rather pervasive uncon-
formity. The marine study covered an area along
the coast extending from McMurdo Sound to In-
expressible Island.

DVDP personnel for the final season will include
S. Treves, project manager, and P. Barrett, project
scientist.

This research was supported by National Science
Foundation contract C-642.

N.Z. activities in DVDP, 1974-1975

ROBERT B. THOMSON
Antarctic Division

N.Z. Department of Scientfic and Industrial Research
Christchurch, New Zealand

New Zealand's main contribution to 1974-1975
Dry Valley Drilling Project (DVDP) operations was
to provide the drill crew and the field camp staff.

Mr. Thomson is superintendent of the Antarctic Division,
N.Z. Department of Scientific and Industrial Research.

A number of N.Z. scientists were involved in logging
core on site and preliminary analysis and packing
core in McMurdo Station's Thiel Earth Sciences
Laboratory, while others were involved in the seis-
mic profiling survey of McMurdo Sound.

The coring of bottom sediments in McMurdo
Sound was given top priority by N.Z. scientists
whose interest had been stimulated by the core
sequence obtained at New Harbor holes 8 and 9
in 1973-1974, and by the success achieved in the
south central Ross Sea by the Glomar Challenger,
which established that ice rafting began there 25
million years ago.

The major breakout of ice from McMurdo Sounu
in August 1974 eventually forced postponement
of the high-priority McMurdo Sound holes. Early-
season traverses reported marginal sea ice condi-
tions around the breakout, which extended across
New Harbor and cut off surface access to the hole 8
site and the rig and equipment stored there. In mid-
September 1974, a tracked vehicle managed to
negotiate the Bowers Piedmont, and this party
reached the New Harbor site only to find the drill
shack wrecked and the equipment and rig covered
by sand and snow. On October 11 a traverse party
made a detailed inspection of the rig and equip-
ment and reported that the rig was fit to run and
that no major problems had resulted from the wind
damage. A series of holes drilled in the sea ice
south of the breakout indicated a marginal thick-
ness for safe operation of heavy equipment, and
with so much time now lost the decision was made
to abandon attempts to drill in McMurdo Sound
during 1974-1975.

Drilling of the season's first hole, number 10,
began on October 28, 1 meter away from hole 8,
and ended in mid-November.

The drill camp near Commonwealth Glacier was
established at 77°35'24.2"S. 163°24'40.3"E. on No-
vember 19, and drilling ended on December 8 due
to a loss of circulation fluid. In attempting to with-
draw the NW casing, the drill mast collapsed and
some damage to equipment resulted; fortunately
there was no harm to the crew. Further damage to
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the mast and equipment occurred while attempting
to haul the mast clear by helicopter. New hydraulic
hoists were promptly obtained, and good work by
driller Max Williams in welding and strengthening
the mast had the rig operational again within 2
weeks, which was in time to start drilling hole 12
near "Lake Leon" (unofficial name) at 77°38'01.8"S.
16205 1'! 2.9"E. This site had recently been selected
by a ground party. Drilling at Lake Leon ended on
January 2, 1975.

At this time it was decided to eliminate Black
Island from the program. The advantages of con-
centrating activities within the dry valleys led to the
selection of an additional site in the North Fork,
Wright Valley, to follow the drilling that started in
the South Fork, near Donjuan Pond (77°33' 19.7"S.
161 009'53.3"E.) on January 7.

After ending drilling at the South Fork site, the
rig was shifted to the North Fork site (hole 14) at
77032'23.2"S. 161 024'22"E., where drilling began
on January 15 and ended on January 19.

N.Z. surveyors completed their topographic sur-
veys on January 25 to provide accurate fixed posi-
tions of 1974-1975 DVDP holes. The season's drilling
activities ended February 1 with the departure of
the drillers. DVDP operational activities ended on
February 3 with the completion of the seismic pro-
filing survey from aboard USCGC Burton Island.

Reference

Barrett, P. J . 1974. Prospects for the McMurdo Sound drill
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Foraminifera from DVDP holes
8, 9, and 10, Taylor Valley

P. N. WEBB and J . H. WRENN
Department of Geology

Northern Illinois University
DeKaib, Illinois 60115

Three holes were drilled in Taylor Valley by the
Dry Valley Drilling Project (DVDP) late in the 1973-
1974 and early in the 1974-1975 austral summers.
Hole 8 was drilled vertically to 157.06 meters. Hole
9 was drilled at the same site but to a depth of 38.34
meters, so as to obtain a more complete record of

an interval of poor recovery in hole 8 (Chapman-
Smith and Luckman, 1974). Hole 10 was drilled
close to holes 8 and 9 in an attempt to penetrate
sediments below 157.06 meters. It was terminated
at 185 meters.

A total of 102 samples were examined for fora-
minifera, ostracods, and macrofossil debris. Unless
otherwise stated, the following comments pertain to
hole 8 material.

The uppermost 13 meters of hole 9 consist of
coarse sand and gravel. It was not sampled. The
13.0- to 45.51-meter interval consists of coarse
sands and gravels with interbedded finer intervals.
Foraminifera were recovered from the 13.0- to
37.46-meter interval. Well-preserved, abundant,
and quite diverse faunas occur at 16.0 meters, 23.6
meters, and 24.3 meters. Diversities do not exceed
18 species. All three faunas consist of a wide
variety of test sizes, varying from extremely robust
to very fragile. They are considered to be near
natural assemblages. Common taxa include Mil-
liammina arenacea (Chapman), Lagena sp., Oolina sp.,
Fissurina sp., Epistominella exigua (Brady), Pullenia
subcarinata (d'Orbigny), Fursenkoina earlandi (Parr),
Anglogerina earlandi Parr, Astrononion sp., Nonionella
iridea Heron-Allen and Earland, Rosalina sp., Ehren-
bergina cf. glabra Heron-Allen and Earland, Cibici-
des sp., Cassidulinoides parkeriana (Brady), Globocassi-
dulina biora (Crespin), and Globocassidulina crassa
(d'Orbigny). The three latter taxa dominate the as-
semblages. An extremely abundant occurrence of
ophiuroid ossicles and spines was recorded at 23.7
meters in hole 9, and Adamussium colbecki (Smith)
occurs at 23.79 and 23.46 meters; also in hole 9 a
few ostracod carapaces are present. Sponge spicules
occur throughout.

The 37.46- to 146.84-meter interval consists of
pebbly silty sands (diamictons) alternating with
stratified sands and silts, all horizontally bedded.
Most of the samples from these sediments were
barren. Where present, tests are generally large,
contain matrix in chambers, and are commonly
damaged. Eight species were recorded in a sample
from 125.15 meters. Foraminifera from this inter-
val are certainly reworked. A single test of Trochoel-
phidiella onyxi Webb was noted at 98.15 meters and
is considered to be reworked. Sponge spicules occur
in most residues.

The 146.84- to 157.06-meter interval, the lower-
most sediments penetrated in hole 8, consists of
sands, silts, and gravels with plane-horizontal and
cross-bedding. The 153.88- to 154.51-meter inter-
val contains abundant but poorly preserved fora-
miniferal faunas with diversities ranging between
16 and 25 species. They are considered to be near
natural assemblages. Taxa present include Lenticu-
lina sp., Dentalina sp., Lagena sp., Angulogerina cf.
earlandi Parr, Eponides cf. tumidulus (Brady), Pullenia
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subcarinata (d'Orbigny), Melonis sp., Ehrenbergina
glabra Heron-Allen and Earland, Cibicides grosse-
punctatus Heron-Allen and Earland, Cassidulinoides
parkeriana (Brady), Globocassidulina crassa (d'Or-
bigny), and Trochoelphidiella onyxi Webb. The latter
three taxa dominate these faunas. Sponge spicules
are again present throughout the interval.

Three samples from the 157- to 185-meter inter-
vall of hole 10 were examined. A sample at 163.7
meters contained a small fauna, with Ehrenbergina
glabra Heron-Allen and Earland, Globocassidulina
crassa (d'Orbigny), and Cassidulinoides parkeriana
(Brady).

The foraminiferal results suggest that the 13- to
37-meter interval sediments are of marine origin.
These microfaunas are similar to Taylor Formation
microfaunas from other localities around McMurdo
Sound (Speden, 1962). The 153- to 168-meter in -
terval, the lowest sampled, is also marine. Faunas
from the 153- to 155-meter interval are tentatively
correlated with those of the Pecten gravels fauna
of Wright Valley (Webb, 1972, 1974) and the Scal-
lop Hill Formation of White Island (Speden,
1962). The diamicton succession that dominates
the greatest part of the New Harbor holes is dif-
ficult to interpret. Preliminary investigations pro-
vide no convincing in situ assemblages; therefore
environmental interpretation is not attempted at
this time. Obviously reworked bioclastic debris in
these diamictons will be examined in detail for
traces of late Mesozoic-early Tertiary taxa. Webb
and Neall (1972) reported reworked late Mesozoic
from this general area of Taylor Valley.

Webb (1974) suggested that the Pecten gravels-
Scallop Hill Formation microfaunas are in the re-
gion of 3.7 to 3.8 million years in age (i.e. early
Pliocene) or slightly younger. This age is tentatively
adopted for the hole 8 153- to 155-meter interval
in which a similar fauna occurs. The age of the 13-
to 38-meter interval is more problematical. The
presence ofAdamussium colbecki (Smith) has general-
ly been taken to indicate a Pleistocene age. It was
noted above that Globocassidulina biora (Crespin)
occurs in these upper sediments in close association
with the pectinid. Fillon (1974) has stated that G.
biora is a major constituent of Gauss faunas (2.4
to 3.4 million years) and occurs only in the younger
Bruhnes sediments (0 to 0.7 million years) as a re-
sult of reworking. If Fillon's observation on the
stratigraphic range of this taxon is correct, this
uppermost interval of hole 8 would be middle to
late Pliocene rather than Pleistocene. These diver-
gent paleontological interpretations have an impor-
tant bearing on interpreting the glacial chronology
of Taylor and Wright valleys. A considerable thick-
ness of sediments lie below those penetrated during
the drilling of hole 8. It seems reasonable to ex-
pect them to be Miocene or even earlier in age.

The authors acknowledge the laboratory assis-
tance of Jody Devera. This research was supported
by National Science Foundation grant opp 74-
22 894.
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Stratigraphy of DVDP sites
10 and 11, Taylor Valley

B. C. MCKELVEY
University of New England
New South Wales, Australia

and
Department of Geology

Northern Illinois University
DeKaib, Illinois 60115

Dry Valley Drilling Project (DVDP) sites 10 and 11
penetrated 185.47 and 327.96 meters of well-strati-
fied flat-lying sediments mantled by less than 1
meter of ablated valley floor moraine. The altitude
of site 11 is approximately 78.3 meters above that
of site 10, and so the sequence recovered from the
former includes horizons both younger and older
than those penetrated in site 10. Neither hole
reached crystalline basement.

Both cores show the same irregular sedimentary
transition, with basal pebble diamictites and asso-
ciated mudstones passing up to sandstones and
pebbly sandstones, with minor pebble conglomer-
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ates. The diamictites are indistinctly stratified
marine tillites resulting from suspension current
sedimentation combined with profuse glacial raft-
ing. None appear to be mass movement deposits
or alternatively terrestrial subglacial moraines. The
sandstones, pebbly sandstones, and conglomerates
are traction current marine and fluvioglacial de-
posits.

Sparse Neogene microfaunas (P. N. Webb, per-
sonal communication) occur within mudstones as-
sociated with the tillites, and scattered bivalve
debris is present in some of the younger sandstones.
Bioturbation, usually in the form of horizontal
burrows, is common though never prolific in mud-
stones and fine sandstones. Diatom and sponge
spicule debris is present, particularly in many of
the younger sandstones.

Although both cores reflect the same transition
from marine tillites to younger traction current
deposits, and both contain the same sediment
types, the stratigraphies of sites 10 and 11 differ
considerably in detail. This suggests considerable
local facies change between the two sites. The site
10 core contains five major lithostratigraphic units.
Approximately 21.1 meters of unit I sandstones,
pebbly sandstones, and minor pebble conglomer-
ates overlie 13.96 meters of conglomerates that
make up unit II. Units III and IV are strikingly
varied, and consist of over 104 meters of diamic-
tites and interbedded pebbly sandstones and sand-
stones with minor pebble conglomerates, breccias,
and laminated sandy mudstones. The basal unit V
consists of at least 36.6 meters of mudstones and
diamictites.

Site 11 core contains eight major lithostratigra-
phic units. The youngest four, totaling 127.45
meters, consist of sandstones, pebbly sandstones
and conglomerates. Units VII and VIII, totaling
139.5 meters, are predominantly diamictites and
minor sandy mudstones. The intervening units
V and VI, totaling 61 meters, comprise a transi-
tional sequence with interbedding of all of the
above rock types.

The petrography of the sand-grade and coarser
sediments in both cores shows their derivation to
be overwhelmingly from the surrounding lower
Palaeozoic basement complex, and to a much less
extent from the Jurassic Ferrar dolerites. Pebbles
of the basement Vida granite and of the Beacon
sandstone were not observed, although disaggre-
gated detritus of the latter presumably contributes
to sandstones within the cores. Neogene basaltic
debris in very small amounts is present throughout
both cores. In site 11 core, marine mudstones of
unit VII contain, at approximately 205 meters, at
least two basaltic tuffs each only a few centimeters
thick. In both cores the younger sandstones also
contain a small but persistent component of inter-

formational mudstone debris.
Considerable lithification of both cores is

apparent, especially in older units where the mud-
stones show increasingly better developed conchoi-
dal fracture. At least partial carbonate cementation
of sandstones is widespread and is particularly
noticeable beneath 47 and 84 meters in cores 10
and 11, respectively.

Geology of DVDP holes 12 and 14

MICHAEL CHAPMAN-SMITH
Antarctic Division

N.Z. Department of Scientfic and Industrial Research
Christchurch, New Zealand

While participating in the Dry Valley Drilling
Project (DVDP) during 1974-1975, and with the
assistance of Messrs J . Jackson, J . Kilbourne, and
D. Read, all of the Department of Geology, North-
ern Illinois University, I geologically logged core
from holes 12 and 14. The former was beside Lake
Leon (unofficial name), Taylor Valley, and the
latter was in the North Fork, upper Wright Valley.

Detailed drill logs and summary drill logs of the
two holes have been prepared and are available
from the DVDP Coordinating Office, Department
of Geology, Northern Illinois University, DeKaib,
Illinois 60115. Core from hole 12 was shipped
frozen to the United States. Core from hole 14,
which was completed late in the season, remains
at McMurdo for shipment next summer.

Hole 12 (Lake Leon). This vertical hole was drilled
to 184.65 meters; 165.02 meters of sediment were
penetrated. Basement contact, which was the first
ever intersected in Taylor Valley, was at 165.02
meters; it is sharp, nonstriated, and along a high-
angle joint in unweathered granite. Both the con-
tact and overlying till are believed to be the products
of a wet-based, eroding glacier that gouged out
the floor of Taylor Valley over 5 million years ago.
Core recovery was 98.5 percent, with 181.80 meters
of sediment and basement lithologies recovered.

Diamicton units comprise the bulk (58 percent)
of the 165.02 meters of sediments. A wide variety
of lacustrine, fluviatile, and terrestrial lithologies
make up the remaining 42 percent of the sediments,
which include graded beds, varved muds and silts,
weathered iron-oxidized horizons and lenses, and a
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holes 12 and 14.

DIAMICTON :TILL

"SUBAQUEOUS" DIAMICTON

MUD SANDY MUD, MINOR SAND

SANDS,FINE TO MEDIUM, MINOR COARSE

COARSE SANDS, GRAVEL

13I COMPLEX IGNEOUS BASEMENT

"carbonate-evaporite" bed. In short, the products
of an intriguing period of fluvioglacial sedimenta-
tion have been drilled and recovered.

The figure (a) shows an attempt to classify the
sediments encountered into environments of de-
position. This classification is based solely on pre-
liminary work done at McMurdo Station's Thiel
Earth Sciences Laboratory, and is presented here
as a working hypothesis to aid those engaged in
later detailed sedimentary analyses of selected

samples from the core.
Some 25 diamicton units were intersected; the

uppermost is the moraine in which hole 12 was
collared. Seven of the 25 diamictons exhibit charac-
teristics that make one suspect they are glacial
debris dropped through ice-covered water. These
are the sediments labelled "subaqueous" diamictons
in the figure. The remaining 17 diamicton units
appear to be normal tills. Further work, however,
probably will indicate that some of these may be
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subdivided into the deposits of several glacial
events. Basalt clasts are present in all diamictons
except the basal till, which thus predates the
eruptions of basaltic rocks of the McMurdo vol-
canics into the dry valleys.

Six periods of lacustrine deposition seem ap-
parent from the core. In some cases fluviatile de-
posits occur stratigraphically between lacustrine
sediments and the diamicton deposited by subse-
quent glacial advance. Rare dropped pebbles and
associated contorted and laminated muds are evi-
dence of ice-covered water and support the tenet
of subaqueous diamicton deposition. The sedi-
ments are calcareous, some noticeably so. A few
discrete crystals of calcite occur, but the carbonate
is predominantly crypto-crystalline. One thin car-
bonate-evaporite band was intersected. Similar
lithologies crop out farther inland at Lake Bonney.
The carbonate-evaporite band is considered to be
in situ and to have been precipitated beneath an
ancestral Lake Leon.

Macrofossils and foraminifera were identified
during the logging of sediments from holes 8 and
9, which were at New Harbor (at the mouth of
Taylor Valley). No fossils were seen during the de-
tailed logging of core from hole 12. It thus is pos-
tulated that the sediments penetrated at Lake Leon,
midway up Taylor Valley, are nonmarine in origin.
Perhaps ancestors of Commonwealth and Canada
glaciers prevented marine waters and faunas from
penetrating into the Lake Leon area.

Hole 14 (North Fork). This was the final DVDP hole
on land. It penetrated 78.13 meters vertically into
the North Fork, Wright Valley. The site is in a
depression below the water level of nearby Lake
Vanda. As anticipated, the sediments encountered
in hole 14 are predominantly lacustrine. Three
diamicton units were intersected. One of these is
a till, but the other two are believed to be sub-
aqueous in origin. The inferred sedimentary
regimes for the 27.94 meters of sediment pene-
trated are given in the figure (b). A total of 85 per-
cent of the sedimentary core was recovered. These
sediments are similar to those of hole 12: carbo-
nate is widespread, for example, and two muddy
carbonate-evaporite beds were intersected.

The basement contact that was intersected at
27.94 meters is crenulated and is at 83° to the core
axis. Presumably it is the product of erosion by
water. In all, 50.19 meters of basement lithologies
were drilled and recovered. Basement consists of a
fine- to medium-grained massive granite that has
complexly intruded a foliated mafic gneissic grano-
diorite with large rectangular feldspar crystals up
to 41 by 18 millimeters in size. The granite is foliated
adjacent to the rafts and xenoliths of the grano-
diorite.

Basement geology of OVOP
boreholes in Taylor and

Wright valleys

M. G. MUDREY,JR.
Department ofGeology

Northern Illinois University
DeKalb, Illinois 60115

The last three of the five 1974-1975 Dry Valley
Drilling Project (DVDP) boreholes successfully pene-
trated basement: "Lake Leon,"*Don Juan Pond,
and North Fork Basin. In addition, circulating sub-
surface saline brine was recovered from fractured
basement 75 meters below Don Juan Pond.

I report the basement lithologies penetrated at
Lake Leon and North Fork Basin, and sediments
and basement recovered at Don Juan Pond. Chap-
man-Smith (1975) describes the sedimentary se-
quences at Lake Leon and North Fork Basin.

Lake Leon. Hole 12 at Lake Leon encountered
migmatite basement at 165 meters. The migmatite
consists of meter and thicker alternating bands of
leucocratic gneiss and biotite schist of upper-
amphibolite facies metamorphic grade. The schist
is grayish red, fine-grained, with millimeter- to
centimeter-scale bands. Essential mineralogy in-
cludes biotite, garnet, and locally clinopyroxene,
with uncommon porphyroblasts and pseudoaugen
of bull quartz and feldspar. The gneiss is white,
fine-grained, and highly cataclasized. It is biotite-
bearing with accessory pyrite and feldspar augen.
The hole was terminated at 184.65 meters, with
98.5 percent recovery of the basement rocks.

Don Juan Pond. Hole 13 (Don Juan Pond) was
cored successfully well into basement. Vertical con-
tinuous core was taken by dry drilling in sediment
wih 72 percent recovery, and in basement below
12.7 meters by circulation of formation water with
95 percent recovery. The core consists of three
units: 0.00 to 12.67 meters, sands and silt; 12.67
to 52.20 meters, diabase; 52.20 to 74.98 meters,
cataclasized migmatite.

The sediment is moderate-brown and unconsoli-
dated. It consists of subrounded to subangular
mineral grains and rock fragments that range from

*Unofficial name. "Lake Leon" is immediately east of Lake
Chad in Taylor Valley.
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0.1 to 1.5 millimeters in diameter. A 4-centimeter-
thick pebble bed is found at 5.92 meters, and a
boulder at 9.22 meters. The sand is similar to that
recovered in 1973 from hole 5. At levels deeper
than 10 meters, the sediment is a darker moderate-
brown than the overlying sands. Silt and silt beds
are more common and have an earthy smell. Dis-
tinct bedding is absent. A few zones, notably 11.33
to 11.53 meters, are cemented with calcareous
material. No secondary salts were observed.

Organic bands recognized in hole 5A were not
recognized in hole 13. Because these bands occur
in the upper 2 meters, and were only recognized
when cored with a split-spoon sampler (hole 5A)
and not with the rotary equipment (hole 5), their
absence in hole 13 is not surprising.

Basement was penetrated at 12.67 meters. All
rocks in the basement are highly cataclasized, and
through many intervals pieces larger than 5 centi-
meters are rare. Both the horizontal and vertical
fractures are mineralized with several millimeters
of calcite and locally with adularia in the migmatite.
To a depth of 52.20 meters, the basement is a
medium-grained diabase, with a contact chill de-
veloped in the lower 2 meters. Below the sill is a
complex migatite of amphibolite gneiss, leucoflaser
gneiss, and cataclasized biotite gneiss.

Fracturing within the basement is pervasive,
suggesting that Don Juan Pond basin lies in an
east-west trending fracture zone. Is it possible that
the secondary calcite and adularia were deposited
in the recent past, and represent hydrothermal
deposition under cryogenic conditions?

The diabase represents the lower 50 meters of a
Ferrar sill in the basement. Detailed work by Gunn
(1962) and Hamilton (1965) did not include de-
tailed examination of the lower parts of the base-
ment sill. Usually this interval is covered by debris,
and it is generally not accessible for direct sampling.
Drilling, augmented by surface samples, has thus
returned a more complete section of the Ferrar
basement sill.

The country rock below the sill probably repre-
sents migmatite of the Olympus gneiss.

Preliminary data on subsurface water geochem-
istry and interstital water geochemistry (Toni,
written communication; Friedman, oral communi-
cation; Harris, oral communication) suggest saline
waters, although considerably less saturated than
Don Juan Pond itself. The general absence of
secondary minerals in sediments in the core may
be a function of leaching by the less saline upward-
moving groundwater.

North Fork Basin. Basement was encountered
27.94 meters below the surface at North Fork Basin
in hole 14. Meter and thicker bands of tonalite
gneiss intrude a porphyritic granodiorite gneiss.

Foliation in the tonalite is accentuated adjacent to
rafts and xenoliths of granodiorite. I correlate the
porphyritic granodiorite with the Dias granite, and
the tonalite gneiss with the Olympus granite gneiss.
The hole was terminated at 78.13 meters, with 99.6
percent recovery of the basement rocks.

This work was supported by National Science
Foundation contract C-642.
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Palynologic investigation of
Quaternary sediment from

Lake Vanda

STEPHEN A. HALL
Department of Geology

Northern Illinois University
DeKaib, Illinois 60115

Sediment samples from Dry Valley Drilling
Project (DVDP) core 44A through the deepest part
of Lake Vanda, Wright Valley, were analyzed for
spores, pollen, and other organic-walled fossils.
The upper 5.4 meters of the Lake Vanda core are
barren of spores and pollen grains. The remaining
6+ meters of the core above granite bedrock con-
tain a few grains of Nothofagus (southern beech)
pollen, both N. fusca and N. menziesii types, and
monolete and trilete fern spores. The barren
samples correspond to bags 2-3, 2-4, 4-6, 5-9, 6-2a,
6-4, 9, 14-2, and 15-2, and the Nothofagus- bearing
samples to bags 16-1, 16-5a, 16-5b, 17-2, 19-1, 19-3,
21-1, and 21-3 of Cartwright and Reinhart (1974).

The Nothofagus grains occur in very low concen-
trations—less than one pollen grain per gram dry
weight of sediment processed; the fern spores have
an even lower concentration. Monolete spores oc-
cur in samples 16-5a, 16-5b, and 17-2; a single tn-
lete spore occurs in sample 16-5b. No other spore
or pollen types were seen in the samples except for
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1: monolete fern spore, Cf. Polypodlaceae, bag 16-5a, 33 by
20 Am. 2: Nothofagus sp., N. Menziesli-type, bag 16-5a, 42
Am greatest diameter. 3: sphere, smooth, thick wall, bag 16-
5a, 24 pm diameter. 4: sphere, smooth, thin wall, bag 16-5a,
18 pm greatest diameter. 5: sphere, smooth, thin wall, bag
16-5a, 14 /.Lm diameter. 6: sphere, granulate surface, thin wall,
bag 21-1, 12 Am diameter. 7 and 8: sphere, reticulate-like,
thin wall, bag 16-5a, 14 pm diameter (excluding ornamenta-

tion).

tance transportation by winds, then the absence of
these grains from the lacustrine beds may be due
to an ice cover on Lake Vanda as exists at present.
Dinoflagellates were not recovered from any of the
material analyzed.

A striking feature of the core is the presence in
every sample of thousands of organic spheres,
probably of algal origin (figure, 3 through 8); bag
21-1 contained 4,400 of these spheres per gram of
sediment. The spheres range in size from about 10
to 30 micrometers in diameter. The larger spheres
have thicker walls than the smaller ones, although
some large spheres also are thin-walled. Many of
the small spheres and a few of the larger ones have
a reticulate-like ornamentation (figure, 7 and 8).
All of the morphologic forms occur through the
entire length of the core in both lacustrine and
marine segments.

Analysis of DVDP core 44A has resulted in little
positive information that can be applied to other
investigations in the Lake Vanda area. However,
the presence of Nothofagus pollen grains indicates
that long-distance transportation is an active aero-
biologic process in Antarctica. Also, the investiga-
tion has shown that the presence of minor elements
in pollen assemblages in the Antarctic may be
attributed to long-distance transport.

This research was supported by National Science
Foundation grant 74-22894.

a broken and unidentifiable bissacate grain, prob-
ably a podocarp, in the lowermost sample (21-3).

The age or environment of deposition of the
Lake Vanda material cannot be determined on the
basis of the presence or absence of Nothofagus
pollen. Some of the Nothofagus grains are well pre-
served, while others are broken and degraded. The
absence of spores and pollen reworked from near-
by outcrops of the Beacon Supergroup (Devonian
to Jurassic) and the lack of any Cretaceous-Tertiary
rocks in Wright Valley as a source for reworked
pollen (McKelvey and Webb, 1962) suggest that
the Nothofagus grains were deposited contempo-
raneously with the sediment. This means that, as
Nothofagus probably has not inhabited Antarctica
since the Miocene, the pollen must have been car-
ried to Wright Valley by winds from Australia, New
Zealand, or South America.

Diatom assemblages in core 44A indicate that
the upper part of the sequence may be lacustrine
in origin and the lower part may be marine (Brady,
1974). The marine interval coincides with the sec-
tion containing Nothofagus pollen; the overlying
lacustrine material is barren of pollen. If the pre-
sence of the Nothofagus pollen is due to long-dis-
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Hydrogeological studies in the
dry valleys

KEROS CARTWRIGHT and HENRY HARRIS
Illinois State Geological Survey

Urbana, Illinois 61801

Hydrogeological studies during 1974-1975 were
made at all Dry Valley Drilling Project (DVDP) sites
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(holes 10 through 14) and at several other dry
valley locations. Our field party included Dr. Cart-
wright (October 15 to November 20, 1974), Leon
Folimer (November 2 to December 13, 1974), and
Mr. Harris (December 5, 1974, to February 14,
1975).

Drilling at New Harbor, Taylor Valley (hole 10),
encountered water at about 185 meters in depth.
This water rose up the borehole and rapidly froze,
blocking the hole from a depth of approximately
64 meters down. No hydrostatic water levels could
be obtained; samples of water and ice were taken
from the drill rods, however, for chemical analysis.
Comparison of this water's chemistry to that of sea-
water and other groundwaters should indicate its
origin.

Drilling at Commonwealth Glacier, Taylor Valley
(hole 11), terminated at 328 meters without dis-
covering substantial groundwater. Frozen sedi-
ments recovered from near the bottom of the hole
were noticeably less cohesive than sediments from
shallower intervals, a condition encountered in hole
10 prior to groundwater invasion. This suggests
that an interface between frozen ground and
groundwater may lie near the 328-meter depth in
hole 11. Chemical and geothermal records should
allow better calculation of the depth to the inter-
face.

No indications of groundwater were found in the
185 meters of drill hole at Lake Leon, Taylor Valley
(hole 12); water in the sediments and basement
was solidly frozen. Hole 12 is only a few meters
from and only slightly above the shore of Lake Leon
(unofficial name); this suggests that frozen ground
isolates the lake from any possible deep ground-
water source.

Seventeen piezometers were Set at depths from
0.5 to 2.2 meters at Don Juan Pond (with the
assistance of Keith Baker, University of Wyoming)
early in the field season. These piezometers were
read periodically throughout the season. January
drilling at the pond (hole 13) left a partially cased
hole about 75 meters deep; the hole penetrated
fractured basement at about 13 meters, where the
casing ended. Groundwater was encountered at all
levels in the hole; physical measurements and
samples for chemical analysis were taken during
drilling and at regular intervals until the end of
the season. Measurements and samples also were
taken from Don Juan Pond, from the streams feed-
ing the pond, and from several small bodies of
water upvalley from the pond. Water levels in the
hole were consistently higher than pond levels;
piezometer readings gave similar results. These
data confirm the conclusion drawn from 1973-1974
drilling (hole 5, 3.2 meters deep) that the pond
is receiving considerable groundwater discharge.

It appears that groundwater is the primary source
of salts found in the pond.

A level traverse to determine relative elevations
was made in the North Fork of Wright Valley from
Lake Vanda west through the Don Quixote Basin.
These data show that the only area lower than the
present level of Lake Vanda is the small basin
(North Fork Basin) approximately a half-kilometer
west of the lake; the lowest point in the Don
Quixote Basin is some 17 meters higher than Lake
Vanda. North Fork Basin, 19 meters lower than
Lake Vanda, is separated from the lake by a gap
only 2 meters above the present lake level. Drilling
in North Fork Basin (hole 14) ended in basement
rock at a depth of 78 meters; water in the sedi-
ments and basement was frozen solid. Subsequent
downhole tests at various times failed to yield any
indication of groundwater. All of this suggests that
no groundwater discharge from Lake Vanda occurs
west of the lake, as had been postulated following
1973-1974.

The level traverse located a small, unfrozen de-
pression in the Don Quixote Basin and 43.5 meters
above Lake Vanda. It appears to be a groundwater
discharge area similar to but much smaller than
Don Juan Pond. Four piezometers were set in this
area and a small test pit was dug; water samples
were obtained for chemical analysis and compari-
son to other groundwaters.

A reconnaissance of Wright and Taylor valleys
was undertaken to determine the contribution and
general significance of suprapermafrost ground-
water to the lakes and ponds of the dry valleys.
In Wright Valley, traverses were made around
Lake Vanda and up both the north and south forks
west of the lake; traverses were made around the
three major lakes and the whole valley was traversed
from Taylor Glacier to New Harbor. There is much
more suprapermafrost groundwater in Taylor Val-
ley than in Wright Valley. This water appears to be
directly related to sources in glaciers and surround-
ing mountains. Meltwater from the glaciers ap-
parently percolates into the soil and over several
seasons moves downslope on top of the permafrost.
It is not yet possible to assess the volume of water
entering the lakes and ponds of the valleys by this
means. Certainly this source of water is only minor
in the larger lakes; however, it may contribute a
significant portion of the water in some of the small
ponds.

This work was supported in part by National
Science Foundation grant opp 73-05917.
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Geothermal studies in the dry
valleys and on Ross Island

EDWARD R. DECKER and KEITH H. BAKER
Department of Geology
University of Wyoming

Laramie, Wyoming 82071

HENRY HARRIS
Illinois State Geological Survey

Urbana, Illinois 61801

Geothermal research during the 1974-1975 field
season involved temperature measurements in new
and previously drilled Dry Valley Drilling Project
(DVDP) holes. The field work, conducted by Messrs.
Baker and Harris and Dr. Decker, was done be-
tween October 1974 and mid-February 1975, under
National Science Foundation grant Gv-37517.
Highlights of the results follow.

Research at 1973-1974 drill sites. Results from this
year's field work are consistent with earlier esti-
mates (Decker, 1974; Pruss et al., 1974) for perma-
frost thicknesses near hole 3 (McMurdo Station),
hole 6 (Lake Vida), and hole 8 (New Harbor). If
permafrost is assumed to occur in regions with
earth temperatures below 0°C., its possible thick-
nesses are 440 to 500 meters near hole 3, 805 to
970 meters near hole 6, and 240 to 310 meters
near hole 8.

Decker (1974) and Pruss et al. (1974) suggested
that temperature measurements during the 1973-
1974 austral summer provided reliable estimates
for the "equilibrium" gradient in the deeper por-
tions (90 meters) of hole 3. The 1974-1975 meas-
urements support this suggestion. For example,
temperature measurements in hole 3 on November
1, 1973, and on February 1, 1975, yield least-
squares gradients for the 90- to 260-meter interval
that agree to within ±4 percent, with the average
being 36.3 ±0.6°C. per kilometer. A similar con-
clusion is implied by the data for hole 8. Here the
measurements on February 2 and November 30,
1974, and on January 23, 1975, yield gradients of
62.4°, 63. 1', and 66.0°C. per kilometer, respectively,
for the 30- to 135-meter depth interval.

Research at 1974-1975 drill sites. Hole 10 (New
Harbor) was logged three times after drilling and
casing. When the last measurements were made on
January 23, 1975, in situ temperatures ranged from
—16.6°C. at a depth of 10 meters to —6.9°C. at 160
meters. Like the temperature-depth curve for im-

mediately adjacent hole 8, the profile for hole 10 is
characterized by high and variable gradients (53° to
84°C. per kilometer) below 30 meters. As stated
above, the temperature and gradient data for holes
8 and 10 imply that the 0°C. isotherm exists in the
depth range of 240 to 310 meters.

Hole 11 (near Commonwealth Glacier) was also
logged three times after drilling and casing. the last
log was taken on January 24, 1975; observed tem-
peratures ranged from - 18.7°C. at 10 meters to
—5.4°C. at 300 meters. Based on these data and a
rather uniform gradient of about 47°C. per kilo-
meter in the 60- to 300-meter portion of the hole,
the 0°C. isotherm would occur at a depth of about
410 meters.

Hole 12 was logged twice. The last temperature
measurements ranged from - 14.5°C. at 10 meters
to —5.6°C. at 180 meters. Downward continuation
of the observed gradient in the basement rocks
below 165 meters suggests that the 0°C. isotherm
near this site could be as deep as 340 meters.

Holes 13 and 14 (DonJuan Pond and North Fork)
were logged once about 2 hours after drilling at
each site. Measured temperatures in hole 13 ranged
from - 8.9°C. at 10 meters to - 13.5°C. at 75 meters.
Hole 14 temperatures ranged from —9.6°C. at 20
meters to - 14.4°C. at 80 meters. Although reliable
modeling will require future measurements of equi-
librium temperatures, the nonuniform and nega-
tive gradients in both holes are consistent with
circulating groundwaters beneath each locality.
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DVDP environmental monitoring

BRUCE C. PARKER, R. V. HOWARD, R. DONLAN,
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Biology Department
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Environmental monitoring of the Dry Valley
Drilling Project (DVDP) was performed at the New
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Harbor, Commonwealth Glacier, "Lake Leon," Don
Juan Pond, and North Fork (Wright Valley) sites.
Monitoring consisted of pre- and postaudit air and
soil sampling, in addition to studies during drilling
operations. Three methods for sampling microbial
aerosols were compared at several sites: the Reynier
sampler used by previous workers (Lacy et al., 1970;
Cameron et al., 1971, 1972a, 1972b, 1973, 1974:
Behar et al., 1972; Horowitz et al., 1972; Morelli
et at., 1972), Millipore aerosol membrane impac-
tion, and a liquid impingement technique of our
own design, all using various media and culture
conditions. Gases and liquids also were sampled.
Joel Hedgpeth visited the monitoring operations
as a consultant to our field personnel.

Data are still being collected for analysis, which
we shall report in detail later. Two items of con-
siderable interest were direct microscopic obser-
vations of green and bluegreen algae (probably
nonmarine) in the saline water that entered the
New Harbor drillhole at great depth, and culturing
a variety of microorganisms for the first time from
surface water of Don Juan Pond.

Two experiments were run during the field sea-
son, one to further extend our understanding of
microbial aerosol spread and the other to restore
contaminated buildings to their former, relatively
clean condition. The first was an ice-sampling series
at Amundsen-Scott South Pole Station, during
which viable microorganisms may have been picked
up at least 3 kilometers from the main facility. The
second was a preaudit of the Lake Bonney hut's
interior and analytical chemistry laboratory, fol-
lowed by a postaudit after fumigation with burning
formaldehyde candles in the vacated and sealed
buildings. The second study showed that all aero-
sol contamination could be effectively eliminated
by simple formaldehyde candle fumigation.

This work was sponsored by National Science
Foundation grant GV-35171,
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DVDP personnel, 1974-1975

Core logging and processing.Japan: H. Kura-
sawa, T. Nishiyama. New Zealand: P. Barrett, M.
Chapman-Smith, R. Plume, R. Powell. United
States: K. Barnes, J . Jackson, B. McKelvey, M.
Mudrey, Jr., R. Pochon, D. Reed, D. Stilwell.

Drill team. New Zealand: E. Blackwell, M.
Billies, B. Graham, T. Griffith, J . Gupwell, B.
Haugh, J. Hoffman, D. McLeod, D. Murphy, D.
Murray, J. Oldredge, L. Oliver, E. Ramsden, N.
Stephenson, J. Starr, J . Tanner, 0. Todd, M.
Williams.

Environmental monitoring. New Zealand: J.Williams. United States: M. Compton, R. Donlon,
J . Gerhart, V. Howard, B. Parker, R. Smith.

Heat flow. United States: K. Baker, E. Decker.
Hydrogeology. United States: K. Cartwright,

L. Follrner, H. Harris.
Limnology. Japan: T. Toni, 0. Waguri. New
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Identification of hydrohalite

JAMES R. CRAIG and JAMES F. LIGHT
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Blacksburg, Virginia 24061

M. G. MUDREY, JR.
Department of Geology

Northern Illinois University
DeKaIb, Illinois 60115

In November 1973, a field team at Lake Bonney,
Taylor Valley (southern Victoria Land), recovered
hydrohalite (NaCl21-1 20) from three sites in the
east lobe of the lake (Craig et al., 1974). The identi-
fication of this mineral represented only its second
known mineralogical occurrence and its first find-
ing in Antarctica. Although the constituents that
form hydrohalite, NaCl and H 20, are nearly ubi-
quitous on Earth's surface, the mineral is among
this planet's rarest because it only forms and per-
sists below 0°C. There are, however, several hyper-
saline antarctic lakes in which hydrohalite likely
persists permanently, and many temperate lakes
in which hydrohalite probably forms on an annual
(winter) basis. Because of these likely occurrences,
and because there is not much information to aid
other workers in the identification of this elusive
mineral, we herein summarize what data exists and
supplement it with some new observations made
during the 1974-1975 austral "immer.

; PA

,".a	
tot' - A;.

Hydrohalite is a stable phase in the NaC1-H2
system below 0°C.; above this temperature it rnelt
incongruently to NaCl (halite) and a NaC1-saturate4
solution (Braitsch, 1961, 1971). We have found t 
hydrohalite, in the form of 1-centimeter long crys
tals, can be readily synthesized by evaporation o
a saturated salt solution at subzero temperature
in a frostless (air circulating) freezer. If tempera-
tures are held below —21.2'C., however, the solu
tion freezes, water loss is reduced to sublimation o
ice, and only extremely fine hydrohalite crystal
are formed.

Hydrohalite crystals, which form upon evapora
tion of a saturated salt solution, are readily recog
nized from halite by their noncubic morphology
Euhedral crystals are clear and colorless and corn
monly take on a monoclinic prism form reminis-
cent of gypsum. Hydrohalite displays moderate!
strong anisotropism, is length slow, and exhibit
an extinction angle of 35° from the prism face
This data is consistent with the suggestion i
Braitsch (1971) that hydrohalite is monoclinic.

Since X-ray data for hydrohalite are not available
in the literature, we have attempted to compile
standard X-ray powder diffraction pattern for this
mineral (table); we recognize the desirability of in
dexing all X-ray patterns, but this detail must awai
further work. Obtaining X-ray patterns of hydro
halite is complicated by having to maintain the
specimen at subzero temperatures during analysis
We have had moderate success in working wit
chilled glass and metal slides, with dry ice- and
liquid nitrogen-cooled chambers. A second prob
lem was mounting the powdered hydrohalite on the
slide. We found that the common aceton-based
mounting media apparently react with hydrohalite.
We established that X-ray powder diffraction is
most readily accomplished by using rough surface
slides without a binder.

Melting experiments on synthetic hydrohalite

Figure 1. Synthetic hydrohalite crystals grown by evapora-	Figure 2. Haute crystals pseudomorphus after hydrohailt..
tion of saturated salt solution at —10°C. The bar is 5 milli-	These were formed after dehydrating hydrohalite at —5°C.

meters long.	 The bar is 5 millimeters long.
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X-ray powder diffraction data for hydrohalite (NaC1 21-10);
monochromatized CuKa radiation.*

	

020 CuKa d,A	1/Jo	020 CuKa d,A	I/Jo

	

10.30	8.6	1	31.1	2.88	6

	

15.50	5.72	3	32.3	2.77	1

	

17.1	5.19	1	33.5	2.67	10

	

17.7	5.01	1/2	 34.7	2.59	5

	

23.0	3.87	8	35.0	2.56	4

	

23.3	3.82	9	35.6	2.52	10

	

24.2	3.68	2	37.1	2.42	4

	

24.5	3.63	5	37.7	2.39	'/2

	

27.7	3.22	½	40.2	2.24	9

	

28.2	3.16	'/2	 43.2	2.09	3

	

30.0	2.98	10	47.0	1.93	5

	

30.5	2.93	1	47.6	1.91	1

	

30.8	2.90	5	49.6	1.84	1

*Data taken on specimens at -5° ±2°C.

confirm the upper thermal stability of 0°C. The
liberation of water on decomposition results in par-
tial solution of the crystals. If the crystals are left
undisturbed during decomposition, the dried resi-
due is a polycrystalline aggregate of halite pseudo-
morphous after hydrohalite.

We gratefully acknowledge support of National
Science Foundation grant Gv-35171X1. Our pre-
liminary X-ray work was done at McMurdo Station's
Thiel Earth Sciences Laboratory.
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Geology of the Duncan Mountains

EDMUND STUMP
Institute of Polar Studies
The Ohio State University
Columbus, Ohio 43210

Our planned project in the Scott Glacier area
was forced to change location when our four-person
field party could not be landed in the proposed

area due to unfavorable surface conditions. An al-
ternate site was reconnoitered successfully, and in
early December the party was placed on the Ross
Ice Shelf at the foot of the Duncan Mountains (85°S.
166°W.), about 100 kilometers northwest of the
mouth of Scott Glacier (figure). This area was
chosen because it was known to be underlain by a
suite of rocks deposited during the late Precam-
brian and/or Cambrian, showing a variety of litho-
logic types and depositional environments. While a
number of parties, beginning with Roald Amund-
sen's, had visited this area, the first systematic treat-
ment of the geology was given by McGregor (1965),
who delineated three formations and mapped their
extent. Metamorphic petrology, as stated in McGre-
gor (1965), had shown the rocks to be of the horn-
blende-hornfels facies of contact metamorphism.
An extensive tract of granite separates these meta-
morphic rocks at the edge of the ice shelf from
other outcrops of volcanic and metamorphic base-
ment rocks.

The oldest rocks in the area compose the Duncan
Formation, a sequence of finely laminated, pelitic
hornfels and schist. These are overlain by the Fair-
weather Formation and by the Henson Marble.
Having visited the Duncan Mountains for 3 days
in 1971, I knew that volcanic rocks form a con-
siderable proportion of the Fairweather Formation,
but the variety of rock types found was beyond ex-
pectation. Occurring there are volcanic rocks rang-
ing in composition from basalt to rhyolite, and
metasedimentary rocks derived from cherts, vol-
caniclastic sediments, cross-bedded quartzites, brec-
cias, conglomerates, and carbonate sediments. The
Henson Marble is a prominent white marble at the
top of the sequence.

Structural studies this past season showed that the
contact between the Duncan and Fairweather for-
mations is everywhere a high-angle reverse fault,
and that the basic structure for the area is one of
faulted, isoclinal folds that are overturned toward
the southwest.

Four base camps were occupied during the sea-
son: two at the foot of the Duncan Mountains at
the edge of the ice shelf; one at Mount Henson,
which required crossing the mouth of Liv Glacier;
one near the ridge between the Duncan Mountains
and Mount Fairweather, which required traveling
up Strom Glacier. Transportation in the field was
accomplished by snowmobiles pulling Nansen sleds.
Logistics support from McMurdo was by LC-130
airplane. The initial party of Arthur Browning,
Philip Colbert, and myself was accompanied for the
first 2 weeks by Robert Oakberg, who examined
ogives at the foot of an ice fall in the area. After
this the party was joined by Charles Corbato for
the remainder of the season.
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Structural and petrologic studies
in the Scotia Arc

S.

S
-.

.l4JI;I'	.,: •:.:;.-

.7	 *"of

W,. 4t1::

IAN W. D. DALZIEL, MAARTEN J . DE WIT,
and CHARLES R. STERN

Lamont-Doherty Geological Observatory
Columbia University

Palisades, New York 10964

Geologic studies in the Scotia Arc tectonics
project were made in several geographic areas
during the 1974-1975 austral summer, from De-
cember 20, 1974, to March 11, 1975 (figure 1).

(1) South Shetland Islands and Antarctic Peninsula.
Dr. de Wit, accompanied by Steven Dutch and Roy
Kligfield, both of the Department of Geological
Sciences, Columbia University, and by Richardson
Allen, Columbia College, studied Gibbs Island and
western Livingston Island in the South Shetland
Islands group, and various localities along the Ant-
arctic Peninsula as far south as Marguerite Bay.
The party was supported by WV Hero..

Figure 2. The northwest-southeast lineament formed by the
Strait of Magellan, Seno Almirantazgo, and Lago Fagnano.
Bottom: view northwest toward the Strait of Magellan; from
the head of Seno Almirantazgo note how high cliffs in back-
ground continue into recent fault scarp in bottom right
corner. Top: view northward from the same location; note
how recent fault scarp is visible through the forest and sepa-
rates the forest from the marshy valley floor. Topographic
relief Is approximately 1 kilometer.
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Gibbs Island is significant as the only known 1-
cation of outcropping uitramaflc rocks in the Scotia
Arc. The party mapped all of Gibbs Island and
determined chat the ultramafics (massive and
schistose serpentinite) structurally overlie a belt of
low-grade metasediments, and that the emplace-
ment preceded the late Mesozoic Andean orogeny.
The results can be tied to earlier work on Elephant
Island and in the South Orkney Islands (Dalziel
et aL, 1970; Dalziei, 1971).

Significant results from the Antarctic Peninsula
include the recognition of the Marguerite Bay
"basement" complex as the probable roots of an
early Mesozoic caic-alkaline volcanic chain or arc,
and the discovery of zones of intense late Mesozoic
deformation, as manifested by large-scale folding
and a strong cleavage in Lemaire Channel. Late

Mesozoic deformation had been believed to be very
mild on the southern limb of the Scotia Arc (Dal-
ziel and Cortés, 1972; Dalziel, 1974).

(2) Cordillera Darwin, Tierra del Fuego. Work in
this area included a geologic traverse by Dr. Daiziel,
accompanied by Ronald Bruhn and Margaret Wins-
low, both of the Department of Geological Sciences,
Columbia University, from the Beagle Channel
northward across the Chilean part of the range to
Seno Almirantazgo, and detailed mapping by Mr.
Bruhn in the Argentine sector. There was evidence
of recent faulting along the northwest-southeast
trending Strait of Magellan-Seno Almirantazgo-
Lago Fagnano lineament (figure 2). The Upper
Jurassic volcanic rocks along the northern part of
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the range contain more rocks of intermediate com-
position than previously thought (Daiziel et al.,
1974a). The volcanics thus may represent a rem-
nant arc behind the Lower Cretaceous marginal
basin recently recognized in the Southern Andes
(Daiziel et al., 1974b).

(3) Andean Precordillera. Detailed structural map-
ping of the east-west trending part of the Precor-
dillera north of Cordillera Darwin was begun by
Ms. Winslow, assisted by Linda Raedeke, University
of Washington.

(4) Patagonian batholith. Dr. Stern, assisted by
Janet Stroup, Lamont-Doherty Geological Obser-
vatory, and by M. Alexandra Skewes, Universidad
de Chile, traversed the Patagonian batholith north
of the Strait of Magellan to collect samples for
later petrologic and geochemical studies.

(5) Cenozoic and Recent igneous bodies. Dr. Stern
and party also studied and collected from such late
Cenozoic plutons of the Andean Precordillera as
Cerro Paine, and the recently active volcanoes, such
as Monte Burney.

We thank Captain Pieter Lenie and the crew of
RIV Hero for their enthusiastic support of Dr. de
Wit's party. The work in Chile was supported by
the Empresa Nacional del Petróleo. The assistance
of Srs. Eduardo Gonzalez, Salvador Harambour,
Bernardo Bergman, and Raül Cortés was in -
valuable. Finally, we thank the Chilean navy for
transportation in the Beagle Channel.

This project is supported by National Science
Foundation grants Opp 74-21415, Gx-34410, and
DES 75-04076.

References

Daiziel, I. W. D. 1971. Structural studies in the Scotia Arc: the
South Orkney Islands. WV Hero Cruise 71-I. Antarctic Jour-
nal of the U.S., VI(4): 124-126.

Dalziel, I. W. D. 1974. Evolution of the margins of the Scotia
Sea. In: The Geology of Continental Margins (Burk, C. A., and
C. L. Drake, editors). New York, Springer-Verlag. 567-579.

Daiziel, I. W. D., R. Caminos, K. F. Palmer, F. Nullo, and R.
Casanova. 1974a. Southern extremity of the Andes: geology
of Isla de los Estados, Argentine Tierra del Fuego. Ameri-
can Association of Petroleum Geologists. Bulletin, 58(12):
2502-2512.

Dalziel, I. W. D., and R. Cortés. 1972. Tectonic style of the
southernmost Andes and the Antarctandes. 24th Internaitonal
Geological Congress, Montreal, August 1972. 316-327.

Dalziel, 1. W. D., M. J . de Wit, and K. F. Palmer. 1974b. A fossil
marginal basin in the southern Andes. Nature, 250: 291-294.

Dalziel, I. W. D., David P. Price, and Gerry L. Stirewalt. 1970.
Structural studies in the Scotia Arc: Elephant Island, Gibbs
Island, Hope Bay, and Livingston Island. Antarctic Journal
of the U.S., V(4): 100-101.

Geological investigations
on Seymour Island,*
Antarctic Peninsula
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and
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Buenos Aires, Argentina

Seymour Island, about 100 kilometers southeast
of the Antarctic Peninsula (figure 1), has the only
known exposed marine Lower Tertiary in Antarc-
tica. The island, first sighted by James Clark Ross
in 1843, has considerable historical interest. An
expedition under Norwegian whaling captain C. A.
Larsen visited the island in 1893 and made the first
collections of Tertiary fossils (Sharman and New-
ton, 1894, 1898); it was more extensively sampled
by the Swedish South Polar Expedition (1901 to
1903), which discovered fossil plants, penguins, and
Cretaceous invertebrates, and also established an
outline of the geologic history of the northern
Antarctic Peninsula (Andersson, 1906; Norden-
skjöld, 1905, 1913).

The island was examined briefly in 1953 and
1954 by members of the Falkland Islands Depen-
dencies Survey (now the British Antarctic Survey)
(Adie, 1958), but no extensive studies were con-
ducted until the 1973-1974 season when geologists
from the Instituto Antártico Argentino mapped
most of the island. Four geologists from the Insti-
tute of Polar Studies, The Ohio State University,
and from Northern Illinois University, were invited

* Isla Vicecomodoro Marambio is the name given on Argentine
maps.
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by the Instituto Antártico Argentino to participate
in their 1974-1975 field project on Seymour Island.
The U.S. group's objective was to do a detailed study
of the stratigraphy, sedimentary petrology, and
paleontology of the Tertiary strata to complement
studies made the previous year by Argentine
geologists.

Stratigraphy. Tertiary strata crop out on the north-
ern part of the island and are centered about a
meseta with an elevation of about 200 meters
(figure 2). The Tertiary is in fault contact with
possible Cretaceous beds at the island's northern
point. The contact with the Cretaceous south of
the meseta in Cross Valley is also faulted, though
in two places in a fault sliver an unconformity may
be exposed.

The Tertiary strata (figure 3) appear to be dis-
posed in a broad syncline with maximum dips on
the northeast limb attaining 10°; the syncline
plunges very gently to the southeast. The structure
is partly obscured by slumping. Probable Tertiary
strata also crop out in the fault slivers in Cross
Valley; their relation to the rest of the Tertiary
sequence is uncertain, although it seems likely that
they are older.

The older (?) Tertiary strata (figure 4, unit I) con-
sist of about 80 meters of immature, coarse sand
that passes up into prominent pebbly bluffs. Above
the coarse sand and pebbly unit there are about
22 meters of loose sand and clayey sand with
sparsely distributed resistant beds. The loose sand
has pronounced yellow limonitic (?) staining, con-
tains sparse concretions, and locally carries fossil
wood and coalified plant debris. The thin resistant
sandstone beds also contain plant and wood debris.

The remainder of the Tertiary sequence crops
out around the meseta. The oldest beds are exposed
along a coastal cliff at the northwest end of Cross
Valley, but because of faulting and the apparently
unfossiliferous character of the beds the thickness
there is difficult to determine. Much better expo-
sures occur at the northern end of the island where
about 150 meters of very poorly consolidated, thinly
bedded, fine-grained sand and silty sand (figure 4,
unit II) crop out below the lowest of the fossil shell
banks that characterize much of the overlying unit
(unit III). The remainder of the section, more
than 200 meters thick, can be divided into three
units (figure 4, units III, IV, and V). Unit III is
characterized by shell banks up to 1.5 meters thick
that have abundant and very well preserved inver-
tebrate faunas (figure 5). Unit IV lacks shell banks,
whereas unit V includes thin shell banks; the fossils
in unit V are less abundant, and in many cases more
restricted in type, than in unit III. The shell banks
in unit III are pebbly to cobbly, medium to coarse

sandstones in which fossils are concentrated; as ex-
pected, the shell banks are diachronous and die out
laterally. The shell banks of unit V do not appear
to differ except in their fossil content, and the inter-
vening sands may also contain scattered molluscs.
The bulk of the section is unconsolidated and con-
sists of the following: laminated, fine-grained, gray
sand alternating with dark, silty clay layers; light
gray, well-sorted fine sand; mottled brownish gray
to greenish gray bioturbated silty sand.

Throughout the section the loose sands contain
concretionary horizons that may be laterally very
extensive. The concretions range in size up to 1.5
meters across, and some contain shell fragments
in their centers. Sheet-like pebble beds are very
sparsely distributed throughout the section and
consist of well-rounded clasts of volcanic, plutonic,
and sedimentary rocks. The clasts range up to 30
centimeters across. The clasts indicate a provenance
similar to the terrain now exposed to the north-
west, on the Antarctic Peninsula: the upper Paleo-
zoic Trinity Peninsula Series, acidic volcanic rocks
probably of Late Jurassic age, and "Andean" plu-
tonic rocks that may range in age from Early Juras-
sic to Tertiary (Adie, 1972).

Sedimentary structures include ripple-drift
cross-lamination sets (figure 6), planar cross bed-
ding, oscillation ripple marks, and both small- and
large-scale cut and fill channels. Direction of sedi-
ment transport is inferred to have been south-
easterly and away from a northeast to southwest-
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trending shoreline. These clastic sediments were
probably deposited in a high-energy, nearshore
deltaic and shallow marine environment. Observa-
tions along the southeast-facing coastal cliffs sug-
gest periods of slumping of loose wet sediment
down the delta front, the formation of submarine
valleys up to 500 meters across and 100 meters
deep, and subsequent filling and repetition of the
process in adjacent locations.

The Cretaceous (?) strata at the north end of the

'. 4..,. . ,	.
All

,-

island were examined and consist of about 230
meters of very poorly consolidated sand with sparse
resistant sandstone beds and concretionary hori-
zons. Cross bedding on a 1-meter scale was ob-
served in the upper 110 meters. Resistant beds are
more abundant in the interval from 120 to 175
meters; above this a prominent interval of varie-
gated beds carries abundant wood and plant debris,
and is overlain by more loose sand. One Cretaceous
section south of the meseta was measured for petro-
logical sampling and comparison with the Tertiary.
The measured section lies stratigraphically above
the highest ammonite-bearing horizon and is itself
overlain by an uncertain thickness of unmeasured
Cretaceous. About 240 meters of section were meas-
ured and in the lower part consist of very poorly
consolidated sand with occasional concretionary
horizons and thin resistant sandstone beds, some
of which are glauconitic. The upper part consists
of similar loose sand with very sparse cross-bedded
units and resistant sandstone beds. Fossils through-
out this section and that at the island's north end
are confined to a few poorly preserved plant re-
mains and invertebrates.

-.-;

Figure 3. Tertiary strata cropping out on the southwest side
of the meseta (view toward the northwest).

Paleontology. Seymour Island contains an excep-
tionally abundant and diverse Upper Cretaceous-
Tertiary invertebrate fauna together with a limited
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flora and vertebrate fauna. The emphasis this
season was placed on the Tertiary exposed around
the meseta at the island's north end. Much effort
was placed on the accurate geographic and strati-
graphic location of all the fossil material collected.

Molluscs represent the most abundant inverte-
brate element in the Tertiary. The earliest data
concerning the molluscan fauna are recorded in
two short notes by Sharman and Newton (1894,
1898) on the material collected by the Larsen expe-
dition. A more extensive account of the molluscan
fauna was given by Wilckens (1912), who described
and figured the material collected by the Swedish
South Polar Expedition. He enlarged the known
fauna to a total of 28 species, of which 22 were
known only from the Antarctic. The remaining
members of the fauna were also known to occur in
South America. During 1974-1975, a large amount
of material was obtained. Preliminary examination
of the molluscan fauna reveals the following: (1)
molluscan fauna are considerably more diverse
than originally thought, (2) the fauna can be tenta-
tively divided into three biostratigraphic units
based on evolutionary changes within the gastro-
pod Struthiolarella nordenskjöldi lineage, and (3)
many of the new species are closely related to simi-
lar forms in the Lower Tertiary of New Zealand.
It is apparent that the faunal similarities in the Cre-
taceous between South America, Antarctica, and
New Zealand persisted well into the Tertiary.

The presence of an undescribed species ofAturia
similar to the Eocene A. bruggeni Ihering from
Tierra del Fuego tends to support the assignment
(Simpson, 1971) of an Eocene age for the marine
sequence on Seymour Island.

The precise field location of the sample from
which Granwell (1959, 1969) obtained plant micro-
fossils that have been assigned a possible Maastrich-
tian to Paleocene age remains uncertain, although
the Tertiary beds in the fault slivers are the likely
part of the section. Study of the foraminifera by
Peter Webb and the palynomorphs by Stephen
Hall, both of Northern Illinois University, may
resolve this point; more precise age determina-
tions for this and other parts of the section hope-
fully will be possible.

A small amount of fossil penguin, shark, and
whale bone material was collected incidentally to
the other studies. Most of this bone material ap-
pears to consist of the remains of penguins, and
it is presumed to be similar to that described by
Wiman (1905), Marples (1953), and Simpson
(1971). Penguin bones appear to be scattered
throughout the upper two-thirds of the section;
near the top of the section one loosely consoli-
dated sandstone contained a large number of bone
fragments. This fossiliferous horizon was en-
countered in several places. All material collected

Unit
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Shell bank
Pebble horizon
Conglomerate
Resistant sandstone
Unconsolidated sand
Unconsolidated sand,
silty clay, clayey sand
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Figure4. Generalized stratigraphic column for the Lowerler-
tiary strata on Seymour Island. Unit I has been recognized
only in the fault slivers in Cross Valley. The diagonal break in
unit II represents 100 meters of section that does not differ

from that illustrated.
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than previously thought; the contact relations with
the Cretaceous are complex; the section is Early
Tertiary in age and in part probably Eocene, as
suggested by Simpson (1971); the provenance of
the sediments was a terrain probably similar to the
present Antarctic Peninsula; the sediments were
deposited in a high-energy, shallow marine (pos-
sibly deltaic) environment.

The unusual combination of excellent exposures
and abundant fossil material from a number of dif-
ferent plant and animal groups on Seymour Island
should give important new data concerning the
Early Tertiary geologic history of the Antarctic
Peninsula.

Figure 5. Shell bank in unit lii of the Tertiary section; the large
bivalves all belong to the genus Cucullaea.

occurred as float, and no attempt was made to
quarry or to bring back large bulk samples. A small
whale skeleton (Zeuglodon) (?) was found, however;
fragments of the lower jaw containing teeth should
yield valuable information concerning the whale's
early evolution.

Large quantities of plant material occur near the
base of the Tertiary section (unit I) south of Cross
Valley. Most of the plant material consists of car-
bonized wood fragments. Several tree trunks in this
vicinity were 10 meters long; small fragments of
limbs and trunks occur throughout the entire sEc-
tion. Leaf material is locally abundant near the
base of the section.

Summary. The limited survey conducted in the
1974-1975 season and preliminary examination of
the field data has shown the following: the Ter-
tiary sequence is much thicker (about 500 meters)

V

Figure 6. Ripple-drift cross-lamination in the unconsolidated
sands of unit IV of the Tertiary section.

We express our gratitude to Argentina's Dirección
Nacional del Antártico and Instituto Antártico Ar-
gentino for the support that afforded us the oppor-
tunity to participate in the geological investigation
of Seymour Island. This research was also sup-
ported by National Science Foundation grants oii'
74-21509 to the Ohio State University and oii 74-
22 894 to Northern Illinois University.
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Topographic mapping
field operations

R. H. LYDDAN
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U.S. Geological Survey
Reston, Virginia 22092

The U.S. Geological Survey (usGs) 1974-1975
antarctic field operations consisted of two 1974
winter projects at South Pole and Casey stations
and three major austral summer projects. The sum-
mer projects were (1) geoceiver support for estab-
lishing geophysical site locations for the Ross Ice
Shelf Project (RIsP), (2) geoceiver support for estab-
lishing mapping control in the Sentinel Range dur-
ing a U.S./Norwegian expedition to the Ellsworth
Mountains, and (3) survey of Lindsey Island during
an expedition to the Pine Island Bay area.

The first summer operation commenced with
the deployment of Robin Worcester on November
4, 1974, to the RISP base camp at 80011 'S. 161°40'W.
This is the second year of USGS participation in a
geophysical and glaciological survey of the Ross Ice
Shelf. Mr. Worcester established precise positions
using geoceiver (satellite positioning) equipment at
remote sites in support of investigations by Robert
H. Thomas, University of Nebraska, Lincoln. Real-
time on-site navigation positions using one-pass
Navy navigational satellites accurate to within 100
to 200 meters also were to be provided, but the
inertial navigation system used in the Bradley Air
Services Twin Otter was considered adequate for
navigational purposes.

While operating out of the base camp during a
10-day field trip, logistically supported by a British
Antarctic Survey (BAs) Twin Otter, Mr. Worcester
reoccupied nine sites established during 1973-1974
and established one new site.

A second geoceiver team (Max Voight and Mont
Crutcher) was assigned to RISP for 2 weeks in early
December. With the BAS Otter providing support
from the base camp, Messrs. Voight and Crutcher
reoccupied an additional six stations, recording a
minimum of five passes of satellite 68 at each site.

Geoceiver operations terminated at the base
camp with the departure of the BAS Otter and com-
menced at Roosevelt Island with the arrival of the
Bradley Twin Otter. From December 26, 1974, to
January 28, 1975, Mr. Crutcher established 10 new
geoceiver fixes.

Geoceiver data for the first stations occupied
from the base camp were transmitted to the United

States for reduction. These data were processed,
and the resulting geographic positions were trans-
mitted to the field party. All remaining data were
mailed or handcarried to Virginia and have been
reduced and supplied to Dr. Thomas. In all, 15
stations established during 1973-1974 were reoc-
cupied, and 11 new stations were established. Plans
are to reoccupy the new sites in 1975-1976.

Owing to operational limitations, the USGS Ells-
worth Mountains project was cancelled. According-
ly, Mr. Voight was asked to establish precise posi-
tions at Byrd and Siple stations and at ice dome C
in East Antarctica. All three sites were occupied
successfully, and around-the-clock observations
were made on satellite 68 on Julian days 331-336,
361-364, and 08-13, 1975. The field data have been
reduced, and the resulting positional information
has been furnished to requesting investigators.

Our third major assignment was undertaken by
George Schirmacher and Antonio Malva-Gomes,
who arrived at McMurdo on January 12 to partici-
pate in the Pine Island Bay area reconnaissance. Be-
fore departing for Pine Island Bay, they (1) estab-
lished supplemental vertical control for large-scale
mapping of the McMurdo Station area, (2) located
the positions of two portable huts on the annual ice
of McMurdo Sound by intersection from three
monumented stations, (3) oriented two dual-air-
density experiment antennas at South Pole Station,
and (4) established an azimuth between stations
"salt" and "astro" and extended a traverse to the
geoceiver antenna at the new South Pole Station.
Also, Mr. Schirmacher coordinated the McMurdo
Station aerial photomapping requirements with a
Navy photographic officer. This photography was
flown successfully by a Coast Guard helicopter.
Messrs.. Schirmacher and Malva-Gomes departed
on the Coast Guard icebreaker Burton Island on
February 7, accompanied by Walter Seelig (Na-
tional Science Foundation) and Martin Curran
(Holmes and Narver, Inc.). After 9 days of sailing
eastward, Burton Island arrived in open water within
helicopter range of the Lindsey Islands. During the
2 days of operations in the area, two icebreaker
crewmen accompanied the USGS engineers as field
assistants, permitting two separate surveying par-
ties. Although lack of time prevented completion
of all intended work, the engineers did establish
six control stations; these stations should permit
photogrammetric compilation of the Lindsey Is-
lands. All control stations were panelled for identi-
fication purposes before the area was photographed
to mapping specifications by the icebreaker's photo-
configured helicopter. This photography has not
been evaluated.

During Burton Island's short stopover at Palmer
Station, Messrs. Schirmacher and Malva-Gomes
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established a control station near the southeastern
corner of the station complex. This station as well
as the four existing monumented stations were
appropriately panelled for aerial photography.
Coast Guard aerial mapping photography was done
at 600 meters elevation.

Winter assignments continued at South Pole and
Casey stations. Experiments at both stations are
being conducted in support of ice movement, scin-
tillation, and polar motion studies using doppler
data collected from Navy navigational satellites.

Ralph Boschert and Jon Sorensen are spending
the 1975 austral winter at South Pole Station.
They began operating geoceiver equipment at the
old station on November 18, 1974, replacing Mel-
vin Y. Ellis and Tony K. Meunier. On January 1,
1975, they moved to the new station location and
are continuing their observations. They also are
monitoring seismology equipment in cooperation
with the USGS Office of Earthquake Studies.

David L. Schneider completed his winter assign-
ment with the Australians at Casey in February
1975. He operated a geoceiver on field traverses
to support the International Antarctic Glaciological
Project (IAGP); during three field trips Mr. Schneider
established six geoceiver stations and reoccupied
eight geoceiver stations established by Robert F.
Wilson the previous year. All data have been re-
duced, and satellite-derived geographic positions
have been transmitted by teletype to Casey Station
as well as to the director of the Australian National
Antarctic Research Expedition. Mr. Schneider also
participated in a drilling project at Cape Folger
and a biological field trip to the Browning Penin-
sula. He also assisted Henry L. Edwards, University
of Texas, in operating the doppler master tracking
station.

On January 24, the relief ship Thala Dan arrived
with Mr. Schneider's replacement, Richard J. Neff.
Mr. Neff is continuing geoceiver support for IAGP
during the 1975 winter, investigations associated
with the master tracking station have been discon-
tinued, and the equipment was returned to the
United States.

This research is supported by National Science
Foundation interagency agreement opp 68-00484
(formerly AG-177).

Climatic implications of central
antarctic aerosols

GLENN E. SHAW
Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Aerosols interact with the radiative fluxes passing
through the atmosphere to cause a perturbation of
the heat balance. Depending upon the size distri-
bution and composition of the aerosols, the radia-
tive-aerosol interaction can lead to a net heating or
cooling of the surface and atmosphere. Since aero-
sols are thought to be the most variable constituent
in the atmosphere, it is entirely possible that changes
in polar climate may be triggered from changes in
the residual, or background, aerosol component.
In fact, there already is evidence from correlations
of the 8 oxygen-18/oxygen-16 isotope ratio (an indi-
cator of nucleation temperature) with dust features
found in the Byrd ice core (Thompson, 1973), that
aerosols may affect the polar climate.

Our studies of aerosols over central Antarctica,
carried out during the 1974-1975 austral summer,
consisted of high-precision measurements of the
diffuse sky radiation (in various pointing direc-
tions), and direct solar radiation, both being
measured at multiple narrow wavelength intervals
in the visible and near-infrared regions of the spec-
trum. By comparing results with calculations made
for atmospheres containing various types of aerosol
distributions, we were able to infer that: (a) the
aerosols are distributed in size with a Junge power
law distribution with power exponent v, equal to
3.2 ±0.3, and having a lower cutoff radius of
around 0.12g; (b) the aerosols are slightly absorb-
ing in the midvisible and near-infrared region (an
albedo of single scattering from a unit volume of
air is about 0.8); (c) the aerosols over Amundsen-
Scott South Pole Station are homogeneous in time,
having a net fluctuation of less than 10 percent
over a period of 14 days; (d) the aerosols probably
have a net heating effect on the earth-atmosphere
system; (e) the columnar mass loading is reckoned
to be in the order of 0.01 grams per square meter.

The results are thought to be typical of inter-
volcanic periods, since effects from the stratospheric
dust veil created by last autumn's eruption of Vol-
cano Fuego in Guatemala had not yet reached the
Southern Hemisphere (our measurements were
carried out before the February 19, 1975, eruption
of Nguaruhue in New Zealand). We speculate that
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the background values (Tm 0.020, X = 5,000 A)
found last austral summer may increase by a signifi-
cant amount next austral spring when the stratos-
phere debris from Fuego is transported into the
antarctic polar vortex.

This research was supported by National Science
Foundation grant O

pp 73-01782.
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Observations of an aerosol
enhancement in the antarctic

stratosphere

D. J . HOFMANN, J . M. ROSEN, and G. L. OLSON
Department of Physics and Astronomy

Universit-v of Wyoming
Laramie, Wyoming 82071

As reported in Rosen et al. (1974), antarctic stra-
tospheric aerosol levels had been decreasing an-
nually since initial measurements were made in
January 1972. This general decrease trend prior
to late 1974 appeared to be global in nature, as
indicated by our measurements from other stations
(Hofmann et al., 1974).

In October 1974 a Guatemalan volcano, Fuego,
had an extensive eruption and ejected matter,
which was detectable by laser radar (McCormick
and Fuller, 1975), into the stratosphere (Meinel and
Meinel, in press). A balloon-borne optical counter
used in our work and previously described in Hof-
mann et al. (1972) also detected these new stratos-
pheric particles (concentrations up by a factor of 10)
in December 1974 at the Laramie station. Much
interest evolved to learn the degree to which these
new particles could reach the Southern Hemisphere
by interhemispheric exchange, and the Antarctic
continent by further meridional transport. The
season and timing involved suggested that it would
be difficult for this to occur at all.

Enhanced red twilights in the Northern Hemis-
phere (since November 1974 over the United
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States) had indicated the presence of particles at
high altitudes. This red glow was thus very notice-
able after sunset between the United States and
Hawaii as observed during our flight to Antarctica
in early January1975. At sunrise the following
morning the red glow was conspicuously absent
between American Samoa and New Zealand, al-
though a narrow haze layer below the airplane's
altitude persisted over many kilometers. We ex-
pected that the aerosol levels over Antarctica there-
fore would be quite normal, i.e. very low (less than
1 particle per cubic centimeter for diameters great-
er than 0.3 micrometer).

Following our balloon soundings at McMurdo
and South Pole stations respectively on January 14
and 16, 1975, we were somewhat surprised to find
an enhanced aerosol layer at about 13 kilometers
at both stations. The concentration in the layer was
largest at the South Pole, exceeding 3 particles per
cubic centimeter. Figures 1 and 2 show a compari-
son of these soundings with those of previous years
at McMurdo and South Pole stations.

These data are being compared to soundings by a
University of Melbourne group under the direction
of Jean Laby at the Mildura, Australia, balloon
launch station (32°S.) to determine the extent of this
apparently new aerosol layer. Such analysis will be
important in assessing atmospheric transport
properties and the ability of the atmosphere to
disperse artificial pollutants.

This research was supported by National Science
Foundation grant Opp 71-04024.
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Aerosols and precipitation
at the South Pole

A. W. HOGAN
Atmospheric Sciences Research Center
State University of New York, Albany

Scotia, New York 12302

K. KIKucHI
Hokkaido University

Sapporro, Japan

Several exceptionally heavy periods of ice crystal
precipitation occurred during our stay at the South
Pole. One of the most notable of these occurred on
January 12, 1975, accompanied by a spectacular
optical display of circles, tangential arcs, parhelia,
and parhelic arcs.

The structures of these and subsequent precipi-
tating crystals were studied under polarized light.
Additional formvar replicas were made for later
study of surface features, and ice crystal sondes
were flown to 300 meters in an attempt to locate
areas of rapid crystal growth in the moist region
above the inversion.

As anticipated, the National Oceanic and Atmos-
pheric Administration (N0AA)-National Weather
Service radiosonde indicated ice-saturated air just
above the station on several occasions when no ice
crystal precipitation was observed. Dry ice was
introduced into this layer, less than 100 meters
above the surface, and ice crystal plumes formed
and persisted to visual limits. This verifies the hypo-
thesis that, although ice-saturated layers are com-
monly present above the South Pole, the proper
homogeneous or heterogenous ice nuclei are often
absent.

The snow surface became heavily coated with
hoar frost during a period of ground fog on Janu-
ary 18. Samples of this frost showed a mass deposi-
tion of 40 grams per square meter on level surfaces.
This is a significant moisture deposition for the
South Pole, and exceeds the ice crystal precipitation
of many days. Also, these hoar needles present a
great amount of surface area and may be efficient
collectors of other vapors and aerosols from the air.
Since crystals that originated as hoar can probably
not be separated from other drifted snow in snow
pack, the contribution of surface hoar and riming
to total precipitation has probably been underesti-
mated in the past.

The aerosol detection equipment previously in-
stalled at the original Amundsen-Scott South Pole
Station has been moved to a new clean air facility
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near the new station. It once again is operating
through the austral winter, with the generous as-
sistance of S. Kott and George Engeman, both of
rOAA. Data thus far obtained show a strong seasonal
variation; large increases in aerosol concentration
accompany mixing in lower layers.

Several papers describing our antarctic work
during 1974-1975 are appearing in Journal of Ap-
tlied Meteorology and in Journal of the Meteorological
Society of Japan.

This research was supported by National Science
Foundation grant opp 74-22534. Dr. Kikuchi's
travel from Japan to the United States was sup-
ported by the General Electric Foundation.

Ice crystal precipitation
at the South Pole

TAKESHI OHTAKE
Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

and averaged 60 microns. These ice crystals are
columnar and plate-shaped. They probably form
independently of the high cirrus clouds. These
small crystals may be insignificant to the antarctic
mass balance, but the study of these crystals may
be potentially important in their formation of ice
clouds in nonpolar areas. They also are important
in the study of their relationship to radiation
balance. The sharp-edged crystals appear to be pro-
duced in a water-saturated layer about 200 meters
from the ground, although clouds at this level are
invisible. These crystals form similarly to those in
the Arctic.

Both kinds of ice crystals were not found during
periods of the usually dry, warmer wind from the
east (the direction of the Polar Plateau).

This research was supported by National Science
Foundation grant o pp 74-04037.

Atmospheric acoustic echo
sounding investigations at

the South Pole

Studies of atmospheric ice crystals from a cloud-
less sky were carried out in December 1974 at
Amundsen-Scott South Pole Station to understand
their production mechanism and their influence on
climate. Sizes, shapes, and concentrations of ice
crystals were observed by means of an acoustic
sensor and a continuous snow crystal replicator.
Photographs of real ice crystals immersed in an
oil film also were taken.

A piece of dry ice was sent aloft daily under a
small balloon to detect humid air, which is respon-
sible for ice crystal formation. Cloud cover and
cloud shape were recorded by an all-sky camera and
an 8-millimeter movie camera to find any possible
sources of ice crystals in the clouds. These cloud
photographs also helped to determine wind direc-
tion at the cloud level.

Preliminary results reveal two different size
ranges of ice crystals. Bullet and columnar-type
crystals appear to be associated with high cirrus
clouds, which normally are in an evaporated stage
as indicated by a lack of sharp edges on the ice
crystal faces. This indicates probable crystal forma-
tion in the cirrus clouds. These crystals fell when
the air between the clouds and the ground was
moist enough for their survival.

Another type of crystal was as small as 30 microns

F. F. HALL, JR., and E. J . OWENS
Wave Propagation Laboratory

Environmental Research Laboratories
National Oceanic and Atmospheric Administration

Boulder, Colorado 80302

The objective of this investigation is to monitor
the structure of the planetary boundary layer at
the South Pole using a monostatic acoustic echo
sounder. An improved knowledge of the turbulent
mixing depth characteristics will allow better esti-
mates to be made of the atmospheric heat flux into
the ice. By comparing the turbulent and solar input
to the ice to the heat loss measured by spacecraft
radiometers, we may be able to understand long-
term variations in ice temperatures, and study the
effect of such variations on climate dynamics.

The typical facsimile recording of acoustic echo
intensity we obtained at the Pole shows rather
closely spaced, descending turbulent layers. The
Richardson numbers calculated from Pole radio-
sonde temperature and wind gradients in such
layers are of the order 1.0, whereas values less than
0.25 were to be expected. Based on some previous
prairie observations, we feel the waves observed
may be closely related to Tollmien-Schlichting
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waves, produced by the surface stress. A compari-
son of the depth of the "herringbone" pattern of
echoes with radiosonde ascents at the Pole shows
a strong correlation with the most stable portion
of the ground based inversion. From 431 hours of
acoustic sounder records obtained between January
20 and February 12 at the Pole, a surface based
inversion existed during 420 hours.

The mean depth of this turbulent inversion layer
was 114 meters, with a standard deviation of 59
meters. The potential temperature of an air parcel
at the top of this layer averaged 4°K. higher than
the surface shelter temperature during clear Janu-
ary conditions, but only 2°K. higher under cloud
cover. In early February the magnitude of the in-
version increased to 9°K.

Surprisingly, during 11 hours of the 431 for
which records are available, or for 2.6 percent of
the time, the sounder detected convective plumes
originating at the ice surface. Three separate such
events occurred, each during a rapid decrease in
surface shelter temperatures. We hypothesize that
relatively warmer air had heated the ice surface,
and the rapid intrusion of colder air found the ice
warmer than the atmospheric surface layer, thus
setting off the convection. The radiosonde ascent
at 1115 on February 9, 1975, showed a super-adia -
batic lapse rate in the lowest 138 meters of the at-
mosphere, but some of the plumes detected by the
sounder extended to more than 200 meters, un-
doubtedly because of convective overshoot. Other
types of atmospheric events observed with the
sounder include gravity waves in elevated inversion
layers and abrupt spikes in the turbulent return
(possible hydraulic jumps associated with frontal
passages?), rising from the surface based inversion
to heights of 200 meters or more. Approximately
6 hours of such transient spikes were detected.

Situation reports from the Pole indicate the
sounder was operating through June with mini-
mum down time. With the aid of the wintering
National Oceanic and Atmospheric Administra-
tion technicians, Kenton Martinsson and Richard
Maestas, we hope that the sounder will accumu-
late a 1-year record of surface structure character-
istics for further evaluation.

This research was supported by National Science
Foundation grant 74-24415.

Atmospheric electric program

WILLIAM E. COBB
Environmental Research Laboratories

National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

With the long-awaited opening of the new
Amundsen-Scott South Pole Station, the 1974-1975
austral summer was moving time for our program.
Atmospheric electric sensors at the original very
low frequency (VLF) site were moved, calibrated,
and reinstalled at a new clean air facility upwind
from the new station.

Nine atmospheric electric balloon flights were
made successfully during January 1975. A major
objective of the 5-year measurement program is to
gather sufficient data to establish an environmental
benchmark of the atmospheric electric climate both
at the surface and aloft at the South Pole. It then
will be possible, at about 5-year intervals, to com-
pare new measurements to the current benchmark
observations in order to detect any secular trends
in the electrical measurements. The existence of
secular changes, particularly in atmospheric con-
ductivity, would indicate corresponding and in-
verse changes in the level of suspended particulates
on the Polar Plateau.

Automatic meteorological station
at the South Pole

MICHAEL J . SITES and ALLEN M. PETERSON
Department of Electrical Engineering

Stanford University
Stanford, California 94305

A small automatic meteorological station specifi-
cally designed for operation in extremely cold cli-
mates is being tested this austral winter near
Amundsen-Scott South Pole Station. The station
design allows data to be retrieved either locally
by winterover personnel or by the polar-orbiting
satellite Nimbus-6, which was launched in early
June 1975. The local data readout allows compari-
son with National Weather Service data to deter-
mine the accuracy of station instrumentation. At
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the present time, the complement of instruments
includes only atmospheric pressure, temperature,
and wind speed and direction; additional low-
power sensors can easily be accommodated, how-
ever, since the station has 16 data channels.

The station has been transmitting data to Nim-
bus-6 since the activation of its transmitter on
July 17. Data quality has been excellent. Also,
because of its location close to the pole, the sta-
tion is able to access the satellite on virtually every
pass (at about 107-minute intervals).

The only problem encountered thus far is the
failure of one of the power sources, a propane-
cowered thermoelectric generator that failed some-
time after South Pole Station began its winter iso-
lation and before regular data-taking began. The
cause of failure was the propane flame going out,
possibly due to improper vaporization of the fuel
r  to contaminated fuel causing blockage of small

orifices. An alternate power source, a 10-watt radio-
sotope generator, continues to supply the auto-

atic station's required power.

This research is supported by National Science
oundation contract C-582.

Polar auroral radar system

J . C. HODGES
Stanford Research Institute

Menlo Park, California 94025

An oblique sounding auroral radar was operated
from near the magnetic center of both the northern
and the southern auroral zones. The two high-fre-
quency (6- to 32-megahertz) radars operated simul-
taneously for a period of time and the data can be
correlated.

One radar was operated at Resolute Bay, North-
west Territory, Canada, from June 1971 to March
1974. The McMurdo Station, Antarctica, radar
was operated from February 1972 to August 1973,
but very little data were collected until after
December 1972.

The radars each collected data from 12 different
azimuth positions, completing a 3600 coverage in 6
minutes. The data were photographed on 35-milli-
meter film; copies are available to other experi-
menters.

Auroras were detected from 45-to 72 percent of
the antenna rotations. When an aurora was detected

by one radar, simultaneous auroral echos were
found by the other radar over half of the time.

The two radars have been dismantled and re-
turned to California. A final report containing
complete data catalogs was published in April 1975
(Hodges and Bates, 1975).

This program was funded by National Science
Foundation grants Gv-3 1608 and GV-16269.
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Pine Island Bay survey

WALTER R. SEELIG
Office of Polar Programs

National Science Foundation
Washington, D.C. 20550

On February 7, 1975, E. George Schirmacher and
Antonio Malva-Gomes, both of the U.S. Geological
Survey, Martin Curran, Holmes and Narver, Inc.,
and I departed from McMurdo Station aboard
USCGC Burton Island for the eastern Amundsen
Sea. The object of this Pine Island Bay survey was
to carry out a reconnaissance of the Lindsey Islands
and to assess the area's potential as a logistics sup-
port site for the U.S. antarctic program.

Austral summer satellite photographs show a
large area of open water in the eastern Amundsen
Sea south of the wide ice pack that borders most
of the coast of West Antarctica. The reason for this
virtually ice-free area is not known. Within this open
area along the Walgreen Coast, just west of the
Canisteo Peninsula, are the seven Lindsey Islands.
These low-relief islands consist of heavily glaciated
igneous rock. The two larger Lindsey Islands are
partially ice free, and a number of small freshwater
lakes are present Skuas are numerous, and there is
a substantial Adélie penguin population.

An automatic weather station was installed on the
largest of the Lindsey Islands to record wind direc-
tion and speed, temperature, and atmospheric
pressure for a year. Horizontal and vertical control
points were established for mapping, and vertical
photography was obtained over the islands using
an aerial mapping camera mounted on a Coast
Guard HH-52 helicopter. Fuel and survival equip-
ment were left in a 5-meterJamesway on the south-
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U.S. Coast Guard

Jamesway and automatic weather station (left, behind hut)
erected on one of the Lindsey Islands during the 1974-1975

austral summer. The penguins are Adélies.

ern part of the largest island, near the automatic
weather station.

The aerial photography will be used for geologic
mapping and for engineering studies. A population
count of the Adélie rookery also will be made with
the use of these photographs.

Public works activities,
Deep Freeze 75

JOSEPH L. HENLEY
U.S. Naval Support Force, Antarctica

Fine weather and a reduced number of Seabees
marked the Deep Freeze '75 summer season for the
Public Works Department, U.S. Naval Support
Force, Antarctica. Beginning with the preseason
flights of early September 1974, 10 Seabees aug-
mented the Deep Freeze '74 winterover crew in pre-
paring McMurdo Station for austral summer
operations. Largely due to the exceptionally good
weather, the annual ice runway facilities were suc-

Lieutenant Commander Henley, Civil Engineer Corps, U.S.
Navy, is the Support Force public works officer.

cessfully prepared and opened on schedule for the
season's first U.S. Air Force C-141 flight on October
8. The 2 meters thick annual ice runway and adja
cent cargo areas, fuel pits, and aircraft servicing
areas were constructed under the leadership of
Lieutenant Chris Stockwell, U.S. Navy Civil Engin-
eering Corps, the 1974 austral winter Public Work!
Officer at McMurdo.

Although the frustrations of nearly continuous
snow removal experienced during the previous
season were avoided in 1974-1975, sunshine did
force an early closure (December 23) of the annual
ice runway complex due to surface flooding and
deterioration. Much effort had been expended pre
viously to maintain a smooth ice surface and to
prevent "greenhouse effect" melt holes.

Due to the eventual termination of Nucleai
Power Unit operations in Antarctica, operation and
maintenance of the McMurdo water desa1inizatior
plant was turned over in October to the Supporil
Force's Public Works Department. The three sea-
water evaporators, each capable of producing some
30,000 liters of fresh water daily, easily met the
McMurdo Station population's water requirements.

Electricity production in the diesel-electric power
plant was eased during 1974-1975 by two more 500-
kilowatt generators, both installed last year by Naval
Mobile Construction Battalion 71. With the gener-
ating capacity of six 500-kilowatt generators,
enough units are now available for regular over
haul and standby functions. During Deep Freeze '75
only one brief, unscheduled outage occurred. This
surpasses the record of on-line service provided by
many Stateside utilities..

Personal contact between Seabees and science
personnel was encouraged to insure that the
finished product met the research community's
needs. These numerous and diverse needs included
custom-made shipping crates, sophisticated samp-
ling collectors, repair of the damaged Dry Valley,
Drilling Project drill rig, and continuous local
transport of people and materials.

As in previous years, tremendous effort was re-
quired to prepare the waterfront to receive cargo
from ships. Seabees assisted in the face-straighten-
ing of the ice wharf, designed and built three steel
and timber bridges to the wharf, and maintained
access to the facility during the off-load period.
Unfortunately, late-season warm weather and a
violent sea swell cracked the wharf, which means
replacement of the off-load point during the com-
ing season.

At Williams Field, McMurdo Station, a small
group managed to maintain the air facility's physi-
cal plant throughout the summer. Substantial
flooding of subsurface berthing and operations
buildings underscored the pressing need to replace
the aged structures. Plans are under way for
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-lolmes and Narver, Inc., to prepare new kitchen
and toilet facilities for Williams Field, and the

upport Force Public Works Department is plan-
ing for a new generator plant. A completely new

and relocated Williams Field camp will follow in
Deep Freeze '77. At season's end, extensive calving
of the Ross Ice Shelf broke out large icebergs to
within 50 meters of the approach end of the Wi!-
jams Field skiway. The present camp, however, is

Iflot in any immediate danger.

Nuclear power plant removal,
Deep Freeze 75

J . V. Fii.so
Naval Nuclear Power Unit

Fort Belvoir, Virginia 22060

During Deep Freeze '75, work continued on dis-
mantling and removing the pM-3A nuclear power
plant from McMurdo Station, and returning to the
United States the disassembled sections of the plant
for disposal. Decommissioning of the PM-3A began
in October 1973 following the decision to end PM-
3A operations. Most of the secondary plant equip-
ment was removed during the 1973-1974 austral
summer, and the primary systems and containment
tanks were prepared for shipment. The Deep Freeze
'74 dismantling effort was completed on January
31, 1974. Operation and maintenance of the water
distillation plant and continued environmental
monitoring of the nuclear plant complex were
turned over to Master Chief R. Cox, U.S. Navy,
and his eight-person winter crew (crew XIII).

Throughout the winter, crew XIII provided un-
interrupted production of fresh water to McMurdo
Station by diesel-fired evaporators, and performed
assigned decommissioning projects. Crew XIII, as
the last Naval Nuclear Power Unit (NNPU) crew to
winter over, represented the end of an era that
spanned 13 years of PM-3A operations in the Ant-
arctic. In October 1974,, operation and maintenance
of the water desalinization plant were turned over
to the U.S. Naval Support Force, Antarctica, thus
ending NNPU involvement and leaving decommis-
sioning of the PM-3A as the remaining mission.

I relieved Master Chief Cox as officer-in-charge

of the PM-3A detachment on October 15, 1974.
During the Deep Freeze '75 austral summer, work
was completed on preparing the reactor contain-
ment tanks for shipment. This task included install-
ing a depleted uranium shield, placing reinforced
steel, and pouring 11 cubic meters of concrete
around the reactor pressure vessel for additional
shielding. In addition, 2,300 cubic meters of
crushed rock backfill was removed from around
the containment tanks. By mid-season all primary
systems had either been prepared for shipment or
were removed and packaged individually. The
roofing, side panels, structural framing, and foun-
dation supports of the reactor primary building
were removed, and the five large containment tanks
(which averaged 2.5 meters in diameter by 9
meters in height and weighed from 14 to 40 metric
tons) were lowered and removed. In all, over 365
metric tons of radioactive waste or radioactively
contaminated components were removed from the
PM-3A site. The effort was completed on January
24, 1975, when the last of the radioactive waste
prepared during the summer was loaded aboard
the resupply ship. To assure safety and compliance
with the Antarctic Treaty, radiation readings were
taken routinely during this summer's dismantling
operations; all readings were below the levels speci-
fied in Title 10, Part 20, U.S. Code of Federal
Regulations.

During the Deep Freeze '76 austral summer, all
of the remaining plant structures destined for re-
moval will be dismantled, and a final site cleanup
will be done. Structures that remain for removal
include the common support base for the contain-
ment tanks, the condenser building, the chemistry
laboratory building, and the decontamination pack-
age structure. The secondary building and main-
tenance and supply building are not radioactively
contaminated, and will be transferred to the Sup-
port Force.

Air operations, Deep Freeze '75

FRED C. HOLT
U.S. Navy Antarctic Development Squadron Six

With the arrival of three LC-130 airplanes at the
Naval Air Station, Point Mugu, California, in late

Lieutenant Filson, Civil Engineering Corps, U.S. Navy, was
officer-in-charge of the PM-3A detachment during the 1974-
1975 austral summer.

Commander Holt is commanding officer of U.S. Navy Ant-
arctic Development Squadron Six (vxE-6).
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A VXE-6 UH-1N and crew-
member atop Labyrinth
Dias, Wright Valley, in No-
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February 1975, U.S. Navy Antarctic Development
Squadron Six (vxE-6) completed its 20th season of
providing air support to the U.S. antarctic program.

The squadron has 65 officers, 3 technical repre-
sentatives, and 296 enlisted personnel. To support
U.S. science programs in the Antarctic, vxE-6 pilots
fly ski-equipped Lockheed C-130 Hercules air-
planes and twin-engined Bell uH-1'N helicopters.

Deep Freeze '75 support began in late August 1974
when three of the squadron's airplanes arrived at
Christchurch, New Zealand, for "Winfly" (winter
fly-in). The Winfly flights delivered 62 passengers
and 5.7 metric tons of cargo and mail to McMurdo
Station.

Late October flights from Christchurch to
McMurdo marked the beginning of the squadron's
support of Deep Freeze '75. Although the season's
air operations were initially delayed due to main-
tenance problems and bad weather on the Polar
Plateau, successful opening and closing operations
were conducted at Byrd, McMurdo, Siple, and
Amundsen-Scott South Pole stations.

During the 1974-1975 austral summer vxE-6 also
supported several Ross Ice Shelf Project (RIsP) field
camps, including the main RISP camp and the Roose-
velt Island camp. Several other science projects also
received the squadron's direct air support, includ-

ing those at Darwin Glacier and dome C, and in the
Ellsworth and Duncan mountains.

The season's air operations were completed suc-
cessfully despite the loss of two LC-130s (numbers
148319 and 159129 at dome C onjanuary 15, 1975
(see page 61, March/April 1975 Antarctic Journal).
A major goal of the 1975-1976 season will be to re-
pair and recover these damaged airplanes.

Outstanding weather in the McMurdo area dur-
ing November and December 1974 greatly aided
vxE-6 helicopter operations. Many of the helicopter
flights during these 2 months were in support of a
N.Z. Antarctic Research Program project to sample
and measure the lava and gases in the main crater
of Mount Erebus, an active volcano on Ross Island.
This project required 31 helicopter flights to trans-
port 44 passengers and 10.5 metric tons of cargo
to the campsite near the volcano's 3,794-meter
summit.

The Dry Valley Drilling Project (DVDP), which
required 417 flights during the season, claimed
most of the helicopter flight hours. Drilling equip-
ment and supplies, weighing about 36.7 metric tons,
were moved to five different sites in Taylor and
Wright valleys. VXE-6 1974-1975 helicopter flights
carried some 600 passengers and 295.5 metric tons
of cargo.
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From November 29, 1974, to January 19, 1975,
ngland's Scott Polar Research Institute once again
sed a vxE-6 Lc-130 for radio-echo soundings of
ie antarctic ice sheet. The airplane was equipped
rith an array of antennas—a bar-shaped trapeze
30 megahertz) and pylon-mounted disc (300-
iegahertz)—suspended under its wings. The an-
nnas were designed and manufactured by the
echnical University of Denmark, in consultation
rith the U.S. Naval Air Development Center. Pro-
ling was completed over about 135,000 kilometers
uring 332 flight hours.
Highlighting this season's operations was the

pening of the new South Pole Station. All materials
equired for the new station's construction were
Lelivered during previous seasons by vxE-6 air-
planes.

Operating in support of the 1974-1975 U.S. ant-
rctic program, vxE-6 aircraft flew over 4,500 flight
tours to deliver 3,364 metric tons of supplies and
,500 passengers to outlying research stations.

Ship operations, Deep Freeze '75

THOMAS W. KIRKPATRICK
U.S. Naval Support Force, Antarctica

Ships used during Deep Freeze '75 were the
ieteran cargo ship USNS Private John R. Towle, the
arge tanker USNS Maumee, and the U.S. Coast
uard icebreakers Burton Island and Glacier. Towle
'as able to complete the reduced cargo require-
rnents for this season in one call at McMurdo Sta-
ion rather than the two visits required in Deep
reeze '74. Other highlights of the season were a

;uccessful reconnaissance of Pine Island Bay by
urton Island, and the attempt to assist the Argen-

:ine icebreaker General San Martin. Both Coast
3uard icebreakers were committed to this effort,
.n the course of which Glacier suffered propeller
lamage and was itself beset.

Commander Kirkpatrick, U.S. Coast Guard, is ship opera-
ions officer for the Support Force.

U.S. Coast Guard helicopter hours flown during 1974-1975
antarctic deployment.

Purpose	Burton Island	Glacier

Enroute to Antarctica:
Test	 0.1	 1.5
Training	 9.5	12.5

In Antarctica:
Science support	 120.0	73.7
Ship support	 49.6	104.2

General San Martin support	89.7	25.0

The icebreakers proceeded to Antarctica by way
of New Zealand, with calls at Wellington by Glacier
and at Lyttelton by Burton Island. Glacier also called
briefly at Campbell Island to deliver stores and per-
sonnel. Channel-breaking began in McMurdo on
December 31, 1974, at a point 35 kilometers from
Hut Point. Early progress through its 100 centi-
meters thick ice was rapid, but after 19 kilometers
the ice thickness increased to 186 centimeters and
the winds became unfavorable in that they no
longer moved the broken ice out of the channel.
On January 11, 1975, the channel was completed
to the area of Winter Quarters Bay and required
only to be widened and cleared of broken ice. At
this time, Glacier departed McMurdo Sound for
operations along the Antarctic Peninsula and in the
Weddell Sea.

Burton Island now devoted its time to improving
the ship channel, but still was hampered by un-
favorable winds. On January 16, when Towle ar-
rived, the channel remained clogged with broken
ice and presented the most difficult conditions en-
countered in several years. These conditions caused
a minor collision between Towle and Burton Island
as the icebreaker endeavored to escort the cargo
ship through ice that completely filled the channel.
It was necessary for the icebreaker to tow the cargo
ship into Winter Quarters Bay using its heaviest
wire hawser. Once there, the ice pressure relaxed
enough for Towle to moor to the ice wharf. Burton
Island then supported seismic survey work and geo-
logical studies along the coast of Victoria Land as
far north as Terra Nova Bay, before returning to
McMurdo Station on January 25 to assist Towle in
departing.

Further work on the ship channel, together with
favorable winds, permitted easier access to
McMurdo Station for the tanker Maumee when it
arrived on February 4 to discharge over 16 million
liters of petroleum to the station and also to fuel
Burton Island. Maumee left McMurdo Station on

July/August 1975	 197



'GLACIER'- BURTON ISLAND- - -
21, DEC. 1974	23, DEC. 1974

U.S. Coast Guard icebreaker routes during the 1974-1975
austral summer.

February 1 in favorable weather; Burton Island as-
sisted in moving the tanker clear of the ice wharf.

Burton Island departed McMurdo Sound imme-
diately after Maumee and headed east toward the
Amundsen Sea for a reconnaissance of Pine Island
Bay, which took place February 13 to 21. Then the
icebreaker called at Palmer Station to deliver almost
300,000 liters of fuel and to load scientific samples
for shipment to the United States.

Meanwhile, Glacier had proceeded to Palmer Sta-
tion with a five-member U.S. antarctic inspection
team, and then to Ushuaia, Argentina. Departing
Ushuaia on February 2, Glacier proceeded to sup-
port an oceanographic investigation in the Weddell
Sea until February 20 when she broke off this effort
to carry medical assistance to Burton Island in the
vicinity of Pine Island Bay where a crewman was
suffering from appendicitis. Glacier then returned
to the Weddell Sea where on February 26 she di-
verted to assist General San Martin, beset at 63°55'S.
56°38'W. Burton Island joined this effort on March
1, but both icebreakers were frustrated by difficult,
quickly changing ice conditions. On March 3,
Glacier lost two blades from its starboard propeller
and thereafter directed its efforts toward reaching
open water, which it did on March 11. Glacier pro-
ceeded to its homeport by way of Ushuaia and
South America. Burton Island remained in the
vicinity of General San Martin to assist as feasible
until relaxation of the ice pack enabled the Argen-
tine icebreaker to work its way free on March 27,
at which time Burton Island began its homeward
voyage.

Contractor support operations:
McMurdo, Siple, and
South Pole stations

ROBERT J. BUETTNER
Holmes and Narver, Inc.

Anaheim, California 92801

Holmes and Narver, Inc., provided engineering,
construction, and general support services at
McMurdo, Siple, and South Pole stations during
1974-1975. Ancillary management and logistics
support services also were provided at Port Hue-
neme, California, and Christchurch, New Zealand.

At McMurdo, Holmes and Narver employees
managed and operated facilities that included the
Berg Field Center, the Eklund Biological Center,
the Thiel Earth Sciences Laboratory, and the
mechanical center. General support was furnished
to all U.S. Antarctic Research Program (USARP) field
programs operating out of McMurdo, Siple, and
South Pole stations. Austral summer field support
personnel also were employed at the Ross Ice Shelf
Project (RIsP) base camp, at Siple Station, and at the
new South Pole Station construction camp.

McMurdo-based construction personnel ex-
tended a water and sewer system, assembled and
installed facilities in a prefabricated building, re-
habilitated buildings 110, 111, and 112, and in-
stalled lavatory facilities in 15 buildings. A fuel
pumping station, originally scheduled for construc-
tion in 1976, was 80 percent complete by season's
end. Several maintenance, repair, and minor con-
struction projects (e.g., the Lake Bonney facility,
fishhouses, Building 166, and the RI5P base camp)
also were completed. Three surface traverses were
made to maintain the Cape Crozier hut and to sup-
port and resupply remote field programs.

Minor construction and repairs were made at
Siple Station. These included extending penetra-
tions through the arch and elevating entrances. A
survey was made to evaluate what repairs might be
necessary in 1976 to insure the station's use for
another year. The station engineer/station mana-
ger, communications coordinator, and paramedic
—all Holmes and Narver employees—continued to
maintain life support functions at Siple.

The entire construction program scheduled for
Amundsen-Scott South Pole Station was completed.
A clean air facility and an addition to Building 1
of the initial complex were completed. All life sup-
port systems were operated and maintained.

During the first week of November 1974, Holmes
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and Narver assumed responsibility for operating
and maintaining both the old and new South Pole
stations. These tasks, plus the movement of equip-
ment and supplies from the old to the new stations,
were carried out by Holmes and Narver support
and construction crews. The new station, which
was dedicated last January, is being maintained
and operated this winter by a Holmes and Narver
station manager and six others.

Over 675 persons were processed through
USARP'S Christchurch, New Zealand, forward stag-
ing area.'

An office in Christchurch, which is maintained
year-round for the National Science Foundation, is
a base for customs processing, cargo operations,
lodging reservations, and transportation arrange-
ments for persons in transit to and from Antarctica.
Emergency procurement of supplies and equip-
ment for research programs also was performed
in Christchurch.

Cargo for USARP was handled round-trip at Port
Hueneme, California. Nearly 295,000 kilograms of
surface and air cargo were processed. Personnel
processing, including physical examinations and
travel orders, was done at Anaheim, California, for
630 persons.

Contractor support operations:
Hero/Palmer Station

research system

LEWIS K. WORTHING
Holmes and Narver, Inc.

Anaheim, California 92801

In December 1973 Holmes and Narver, Inc., was
contracted to operate support activities of the Hero!
Palmer Station research system. Previously Palmer
had been operated by the U.S. Naval Support
Force, Antarctica, and WV Hero and the Palmer
biology laboratory were operated by another con-
tractor. Consolidation of these support responsi-
bilities into a single contract was done in the interest
of efficiency.

'This figure does not include U.S. Navy personnel, who were
processed separately.

During the 1974-1975 austral summer, we con-
tinued to provide support to Palmer Station and
Hero, and through Hero to other U.S. activities
along the Antarctic Peninsula. This support ex-
tended from Elephant Island, at the northern tip
of the Peninsula, southward to Marguerite Bay.
Ancillary logistics support services also were pro-
vided at the following locations: Anaheim, Califor-
nia; Norfolk, Virginia; Buenos Aires, Argentina;
Ushuaia, Tierra del Fuego, Argentina; Montevideo,
Uruguay; Punta Arenas, Chile.

In preparation for the 1974-1975 field season,
Hero was overhauled in Long Beach, California,
during the 1974 austral winter. The ship's material
condition was vastly improved, and an effort was
made to repair or replace all science equipment.
The laboratory was refurbished, and all trawl and
hydrographic equipment was put into operable
condition. The vessel's radio system was upgraded
to include voice communication with points in the
United States. Finally, the ice observation house
was completed.

While no new construction has taken place at
Palmer Station, steps were taken to improve its
environment. The trash dump has been moved to a
remote location, and excess debris has been re-
moved from station grounds. New equipment has
been added to the biology laboratory. Radio com-
munications facilities also were improved. Support
personnel installed new antennas that provide a
good local network for those working in the sta-
tion's general vicinity. New equipment and im-
proved antennas also have greatly enhanced com-
munication with points in the United States.

As part of our responsibility for supporting Hero
and Palmer, Holmes and Narver purchases and
ships science equipment and supplies, as well as
general materials and supplies. Most of these items
must be shipped from East Coast U.S. ports, and
during 1974-1975 the United Kingdom's RRs Brans-
field transported much of this cargo. Our Anaheim
office also arranges for transportation of U.S.
science and support personnel to and from the Ant-
arctic Peninsula, and provides for the return and
delivery of scientific specimens.

In early April 1975 the last of the 1974-1975
summer personnel returned from Palmer, and 10
persons remained for the winter. Hero continues
to operate in waters off southern South America
this winter.

A total of 48 researchers participated in the 1974-
1975 field program on the Peninsula. While this
is a relatively small number, it does represent
diversity in the kinds of science projects accom-
plished.
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Newsletter 4

International Antarctic Glaciological Project
This newsletter summarizes International Ant-

arctic Glaciological Project (IAGP) field activities
during the 1974-1975 austral summer. Related re-
ports appear elsewhere in this issue of Antarctic

Journal; some relevant page numbers are cited be-
low.

Australia. Two holes
were cored at Casey Sta-
tion to about 350 meters
in depth, which is close
to bedrock. The holes
are about 3 kilometers
upstream from the pre-
vious Cape Folger hole.
Most of the core from
one hole was sent to Aus-
tralia for analysis. One

temperature, inclination, and
filled with closure-preventing

nuiu to permit later reentry for further tempera-
ture and inclination measurements.

An autumn 1975 traverse resurveyed the first
70 kilometers of the 1973 trilateration net. With
U.S. help, geoceiver remeasurements were done at
three control sites along the net.

France (also see page 159, this issue). The main
1974-1975 field activity was a glaciological recon-
naissance of dome C (74°39'S. 123°10'E.), carried
out in collaboration with the United States.

At one end of the flow line near the Terre Adélie
coast, accumulation was measured from stakes
along the first 40 kilometers of a previous IAGP tra-
verse; ice flow was determined at the site (D-10)
of a previous 300-meter hole. At the United States'
Amundsen-Scott South Pole Station, a detailed
sampling program was carried out in pits and
shallow drill holes. Besides providing geochemical
information for the last century, the snow data can
be compared with atmospheric observations.

Soviet Union. A method for drilling holes filled
with nonfreezing liquid is being tested at Vostok
Station. The heat regime and rheological proper-
ties of the ice are being studied in the hole. A 105-

The International Antarctic Glaciological Project (IAGP) is a
cooperative venture linking Australia, France, the Soviet Union,
the United Kingdom, and the United States in a study of a large
part of the east antarctic ice sheet. Publication of this newsletter
series in Antarctic Journal is a U.S. contribution to the project.

meter hole for sterile microbiological research wai
drilled.

During a traverse along the Mirnyy-Vostok route
from February 2 to March 8, 1975, radio-echo
sounding of the ice cover started by the 17th Soviet
Antarctic Expedition was continued. Ice sheet
thickness was determined at 586 selected sites along
the 155 kilometers from Mirnyy.

In the Vostok area, a 105-meter hole was core-
drilled. Snow. depth measurements were made at
stakes placed along the traverse route and at snow
depth measurement sites. Aerological observations
also were made.

United Kingdom (also see page 157, this issue).
The previous radio-echo sounding network—a
100-kilometer square grid—over dome C was in-
creased in density to a 50-kilometer square grid to
assist in surface and subglacial geological interpre-
tations. Other IAGP regions covered were the area
around dome, B, coastal areas from 1350 to 1550E.,
and the entire Dumont d'Urville-dome C French
traverse route. Gaps in the radio-echo mapping of
East Antarctica were filled, especially from Vostok
to the South Pole and beyond, and more data were
collected on subglacial lakes. The United States fur-
nished Lc-130 airplane support.

United States. As part of the dome C reconnais-
sance effort, a four-person French team, a Soviet
exchange scientist with the U.S. antarctic program,
and a topographic engineer from the U.S. Geologi-
cal Survey were placed in the field on December 27,
1974. The party was transported to dome C aboard
an LC-130 Hercules airplane flown by U.S. Navy
Antarctic Development Squadron Six (vxE-6). The
engineer left 3 days later, after having successfully
determined the camp's location with the use of a
geoceiver. The rest of the party finished its work
on January 15, 1975, and returned to McMurdo
Station. Two U.S. Lc-130s were seriously damaged
during the evacuation, although there were no per-
sonal injuries to those aboard either airplane (see
page 61, March/April 1975 Antarctic Journal).

The United States is continuing to develop its ice-
drilling capabilities. A new electromechanical shal-
low drill developed by the U.S. Army Cold Regions
Research and Engineering Laboratory (CRREL)
reached 100 meters at two holes—one at the South
Pole and one on the Ross Ice Shelf. Continuous
cores were retrieved and shipped to CRREL for
later analysis (also see page 152, this issue).

hole was logged for
diameter, and it was
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News and notes

U.S. antarctic program science and support personnel,
winter 1975

At the close of the 1974-1975 austral , summer,
21 scientists—including one Soviet exchange
scientist—and 65 Deep Freeze and civilian support
personnel remained to winter at four U.S. ant-
arctic stations. Also, one U.S. researcher re-
mained at the Soviet Union's Molodezhnaya
Station, and another is wintering at Australia's
Casey Station.

In anticipation of Midwinter's Day 1975 (June
21), in mid-June President Gerald R. Ford tele-
graphed the following message to those of all na-
tions who are wintering this year in Antarctica:

"On behalf of the people of the United States,
I send greetings to the international community
in Antarctica at this mid-point in the 1975 austral
winter.

"Your pursuit of scientific knowledge under
the terms of the Antarctic Treaty has far-reach-
ing impact on individuals throughout the world.
Your efforts provide a splendid example of con-
structive international cooperation under diffi-
cult physical circumstances toward goals that will
benefit all mankind.

"I wish you success in your endeavors and a
safe return to your homelands. Gerald R. Ford."

Participants in the winter 1975 U.S. antarctic
program are listed below and on the next page.
The support units of U.S. Naval Support Force,
Antarctica, and Holmes and Narver, Inc., are
abbreviated NSFA and H&N.

Casey Station (Australia)

Neff, Richard, doppler
research, U.S. Geological
Survey

McMurdo Station

Alderidge, Bruce, geodesy
and upper atmosphere,
U.S. Geological Survey

July/August 1975

Arrington, Glen J . , UT2,
NSFA

Badger, Ashley, C., AG!,
NSFA

Barkov, Nartsiss I., glaciol-
ogy, Arctic and Antarctic
Research Institute
(U.S.S.R.)

Berry, Forrest I., HTS,
NSFA

Bonnell, Gregory W.,
CECA, NSFA

Borck, Jerome E., CMC,
NSFA

Boyd, Robert B., H&N
Boyda, John P., ET1,

NSFA
Brock, Daniel E., UTCN,

NSFA
Brown, Joseph L., EN2,

NSFA
Burkey, Steven J . , ETR2,

NSFA
Caton, Bernard W., II,

ETN2, NSFA

Champion, John C., ET2,
NSFA

Clark, Elmo, III, UT3,
NSFA

Dietz, William A., CE2,
NSFA

Finch, Daniel T., EN!,
NSFA

Gaboury, Robert J., CEC,
NSFA

Gruver, James M., CE2,
NSFA
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Hammersky, John E.,
E02, NSFA

Hammock, Edward C.,
UT2, NSFA

Hebert, James J . , E02,
NSFA

Hill, James L., MRC,
NSFA

Jones, George R., EN 1,
NSFA

Kaufman, Lee E., SKI,
NSFA

Kealaluhi, Phillip N.,
HTJ, NSFA

Lafyatis, Greg, upper
atmosphere, Bartol
Research Foundation

Landrum, William F., CEI,
NSFA

Lusk, George B., HMI,
NSFA

Mathews, James C., H&N
Masters, Richard L., CE1,

NSFA
Mendaros, Ernesto D.,

MS1, NSFA
Nash, Johnnie S., SW!,

NSFA
Pacheco, Daniel S., CM2,

NSFA
Penafeather, John E.,

ETC, NSFA
Price, Gregory L., UTCN,

NSFA
Reitenour, Craig J., CM3,

NSFA
Rogers, Thomas E., BT1,

NSFA
Roos, Barry S., SK2, NSFA
Schlesinger, Thomasl R.,

YN1, NSFA
Schultz, Robert L., LT,

NSFA, officer in charge

Sieber, Robert A., MS1,
NSFA

Steinman, Jack R., H&N
Taylor, Reginold, AC1,

NSFA
Thomas, Ralph G., BU1,

NSFA
Torr, George J., BTC,

NSFA
Trusler, Carl 0., LT,

NSFA, medical officer
Waldron, Raymond E.,

ETN2, NSFA
Wallace, James W., UTC,

NSFA
West, John L., RM1,

NSFA
*Wigginton, Larry,

geodesy and upper
atmosphere, University
of Texas, Austin

Wilson, Virgil E., UTCN,
NSFA

Zoesch, David C., AG2,
NSFA

Molodezhnaya (Soviet Union)

Sechrist, Frank S.,
meteorology, University
of Wisconsin, Madison

Palmer Station

Bennet, Gary, H&N
*Daniels , Robert,

biology, University of
California, Davis

Eisner, Glen, biology,
University of California,
Davis

Lame, Daren, biology
University of California,
Davis

Lincoln, Warren, H&N
Lokey, William, H&N,

station manager
Neilson, David, biology,

University of Minnesota
Smith, Allen, H&N
Tofani, Walter, M.D.,

H&N, station physician
Williams, Shane, H&N

Siple Station

Harbers, Jeffrey, H&N,
station manager

Isakson, Steven, upper
atmosphere, Stanford
University

Keegan, John, H&N
*Merrick , Dale, upper

atmosphere, Stanford
University

Ricks, William L., R. N.
H&N, station paramedic

Amundsen-Scott South
Pole Station

Boschert, R., doppler
research, U.S. Geological
Survey

Duckett, Larry, H&N

Engeman, George,
geophysical monitoring,
National Oceanic and
Atmospheric
Administration

Fitch, Bruce, meteorology,
University of California
Davis

*Hamilton, Robert,
meteorology, University
of California, Davis

Hummer, Michael G.,
M.D., biomedicine,
Oklahoma Medical
Research Foundation,
and station physician,
H&N

Kott, Stephen, geophysical
monitoring, National
Oceanic and
Atmospheric
Administration

Maestes, Richard,
meteorology, National
Weather Service

Martinsson, Kenton,
meteorology, National
Weather Service

Morley, Bruce, meteorology,
University of Nevada

Nunn, Carliss, H&N
Parr, Joe, H&N
Plyer, C. T., H&N
Rawlinson, Stuart, H&N
Smythe, William,

geophysics, University
of California, Los
Angeles

Sorenson, J., doppler
research, University of
Texas

Wolak, Richard J . , H&N,
station manager

*Station science leader.

Foundation
reorganized

A broad reorganization of the
National Science Foundation, an-
nounced July 10, 1975, by Foun-
dation Director H. Guyford
Stever, has placed the Office of
Polar Programs (o) in the newly
created directorate for astrono-
mical, atmospheric, earth, and
ocean sciences.

In addition to opp , the new

directorate includes the Office of
National Centers and Facilities,
the Office for the International
Decade of Ocean Exploration, the
Office for Oceanographic Facili-
ties and Support, and the Office
for Climate Dynamics, all compo-
nents of the former directorate
for national and international
programs, and the Division of En-
vironmental Sciences and the As-
tronomy Section, both from the
former directorate for research.

Robert E. Hughes is the Foun-
dation's assistant director for as-

tronomical, atmospheric, earth
and ocean sciences, and Edwarc
P. Todd is the deputy assistani
director. Thomas 0. Jones, for-
mer deputy assistant director fot
national and international pro-
grams, has become special deputy
for international affairs in the nev
directorate for scientific, techno-
logical, and international affairs.

The Foundation's new organi-
zation provides for seven direc-
torates that are structured tc
aline related offices on a func-
tional basis. The directorate for
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scientific, technological, and in-
ternational affairs, for example,
links offices that provide science
advisory support. The other di-
rectorates are: mathematical and
physical sciences, and engineer-
ing; biological and social sciences;
research applications; science
education; administration.

and the National Academy of
Sciences.

Raymond L.Bisplinghoff, the
Foundation's former deputy
director, resigned last fall to be-
come chancellor of the Univer-
sity of Missouri, Rolla. Lowell J.
Paige, assistant director for sci-
ence education, served as acting
deputy director in the interim.

of Nebraska, Lincoln, continues
as PRB chairman. Louis DeGoes
is executive secretary.

Brazil accedes to
Treaty

New deputy director

On June 2, 1975, Richard C.
Atkinson, a research psycholo-
gist with emphasis in the areas of
memory, learning, and be-
havior, was sworn in as deputy
director of the National Science
Foundation. The oath of office
was administered by the direc-
tor, H. Guyford Stever.

Dr. Atkinson, 46, was nomi-
nated by President Ford on
March 6 and confirmed by the
Senate on May 8. He was for-
merly chairman of the Depart-
ment of Psychology, Stanford
University, and associate dean
of Stanford's School of Humani-
ties and Science.

The new deputy director re-
ceived the Ph.B. from the Uni-
versity of Chicago in 1948, and
the Ph.D. from Indiana Univer-
sity in 1955. in addition to his
teaching career at Stanford,
from 1957 to 1961 he was an as-
sistant professor of psychology
at the University of California,
Los Angeles, and in 1963 he was
a visiting professor of psychol-
ogy at the University of Michi-
gan.

Dr. Atkinson has written or
edited 10 books and is the author
or co-author of more than 100
professional papers. He is a
member of the American Acad-
emy of Arts and Sciences, the
National Academy of Education,

Polar committee
changed to board

In April 1975 the National
Academy of Sciences-National
Research Council's Committee on
Polar Research, established in
1958 as an outgrowth of the 1957-
1958 International Geophysical
Year, became the Polar Research
Board (PRB).

The committee's change to a
board is part of a recent reorgani-
zation of the National Research
Council. The new board falls
under the Academy's assembly of
mathematical and physical sci-
ences, which comprises the for-
mer divisions of chemistry and
chemical technology, earth sci-
ences, mathematical sciences, and
physical sciences.

The PRB is charged with (1)
providing science advice upon re-
quest to the U.S. Government,
(2) providing leadership and
guidance in polar research, (3)
reviewing and recommending
polar science programs, and (4)
representing the United States on
the Scientific Committee on Ant-
arctic Research, International
Council of Scientific Unions. The
PRB is supported by a contract
from the National Science Foun-
dation.

The former chairman of the
Committee on Polar Research,
James H. Zumberge, University

On May 16, 1975, Brazil be-
came the seventh nation to accede
to the Antarctic Treaty. Its instru-
ment of accession was deposited
with the U.S. Department of State
on that date.

Under Article XIII of the Ant-
arctic Treaty, the United States
is the depository government for
instruments of accession to the
Treaty. There now are seven ac-
ceding nations in addition to the
12 signatories.

Siple Station research

The American Geophysical
Union devoted a full session of its
annual meeting (June 16 to 20,
1975, Washington, D.C.) to pre-
sentation of papers describing re-
sults of upper atmosphere physics
research at Siple Station.

Papers were presented by R. R.
Heer, Jr. (National Science Foun-
dation); J . P. Katsufrakis (Stan-
ford University); R. H. Helliwell
(Stanford University); T. J.
Rosenberg (University of Mary-
land); L. J . Lanzerotti (Bell
Laboratories); L. J . Cahill (Uni-
versity of Minnesota) and R. L.
Arnoldy (University of New
Hampshire); H. J . A. Chivers
(University of California, San
Diego); S. B. Mende (Lockheed
Palo Alto Research Laboratories)
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and R. H. Eather (Boston Col-
lege); D. L. Carpenter and T. R.
Miller (Stanford University); U. S.
man and T. F. Bell (Stanford Uni-
versity), R. R. Anderson (Univer-
sity of Iowa), and D. L. Carpenter
(Stanford University); J. C. Foster
(National Research Council, Ot-
tawa Canada); H. P. Lie and L. V.
Medford (Bell Laboratories).

Abstracts of the papers pre-
sented were published in the June
1975 issue of E&S, Transactions of
the American Geophysical Union,
56(6).

Polar literature
translated

Under the Special Foreign Cur-
rency Program (Public Law 480),
the following foreign polar litera-

ture has been translated into Eng-
lish for the National Science
Foundation. Photocopies or
microfiche of these typescripts are
available from the National Tech-
nical Information Service, Spring-
field, Virginia 22161 (citeTT num-
ber when ordering).

Academy of Sciences of the U.S.S.R. 1972
(translated in 1974). The Antarctic—Com-
mittee Reports No. 11. 535p. TT 74-53004
($15.50, paper; $3.75, microfiche).

Borisenkov, E. P., and I. A. Dyubokiz
(editors). 1972 (translated in 1975).
Automation of the Gathering and Analysis
of Sczentfic Information Related to the
Ocean/Atmosphere Interaction. Arctic and
Antarctic Research Institute. Lenin-
grad, Hydrometeorological Press. 248p.
TT 74-53002 ($8.50, paper; $2.25,
microfiche).

Chizhov, 0. P., V. S. Koryakin, et al. 1968
(translated in 1974). Glaciation of the
Novaya Zemlaya: Results of Researches on
the Program of the International Geophy-
sical Year. Glaciology. IX section of IGY
program, number 18. Moscow, Acad-
emy of Sciences of the U.S.S.R. 727p.
TT 70-59126 ($17.25, paper; $2.25
microfiche).

Derjugin, K. K. 1968 (translated in
Soviet Oceanographic Expeditions. Lenin
grad, Hydrometeorological Press. 197p
TT 73-58017 ($7.25, paper; $2.25, rnic
rofiche).

Egiazarov, B. Kh. (editor). 1972 (trans
lated in 1973). Tectonics of the Poi
Regions of the Earth. Leningrad, Minis
try of Geology, Scientific Research Insti
tute for Arctic Geology. 139p. TT 73
55112 ($5.75, paper; $2.25, microfiche).

Gavzilovoj, L. A. 1964 (translated in 1975).
Meteorological Conditions in the Arctic
During the ICY and the IGC. Leningrad,
Arctic and Antarctic Research Institute.
Transactions, 266. 186p. TT 73-58015
($7.00, paper; $2.25, microfiche).

Kornilova, N. A. 1971 (translated in 1974).
Fourteenth Soviet Antarctic Expedition,
1968-1969. Leningrad, Arctic and Ant-
arctic Research Institute. Transactions,
57. Hydrometeorological Press. 252p.
TT 72-58016 ($8.50, paper; $2.25, mic-
rofiche).

Mehshytkyh, V. V. 1971 (translated in
1973). Development Trends in Methods
Used to Model Populations and Communi-
ties. Leningrad, "Nauka" Publishing
House. 306p. TT 73-55111 ($9.25,
paper; $2.25, microfiche).

Treshnikov, A. F. 1972 (translated in
1974). Problems of the Arctic and the Ant-
arctic, 39. Leningrad, Arctic and Antarc-
tic Research Institute. 156p. TT 72-
58011 (prices pending).
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Monthly climate summary

Feature

Average temperature (°C.)

Temperature maximum (°C.)

Temperature minimum (°C.)

Average station pressure (mb)
Pressure maximum (mb)

Pressure minimum (mb)

Precipitation (mm)

Snowfall (mm)
Prevailing wind direction
Average wind speed (mlsec)
Fastest wind speed (mlsec)

Average sky cover (tenths)

Number clear days
Number partly cloudy days

Number cloudy days
Number days with visibility

less than 0.4 km

*Temperature data unverified.
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