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The U.S. antarctic program, 1973-1974
austral summer

From September 2, 1973, when arriving planes
broke the winter's isolation for McMurdo Station's
residents, to April 12, 1974, when the last ship of the
summer left Palmer Station, researchers carried out
projects in biology and biomedicine, upper atmos-
pheric sciences, geology, glaciology, meteorology, and
oceanography. Most of the work was done at the four
permanent U.S. stations: McMurdo, Palmer, Siple,
and Amundsen-Scott South Pole. Other projects took
place at field locations in Marie Byrd Land, in the
Pensacola Mountains, along the Antarctic Peninsula,
on the South Shetland Islands, and in southern Vic-
toria Land.

In xchanges with foreign stations, two U.S. geolo-
gists vorked at Casey (Australia) and an Australian
geophysicist worked at South Pole. Argentine and
Brazilan biologists carried out research at Palmer
and aboard the U.S. research vessel Hero. A Soviet
metea-ologist finished up a year at McMurdo during
the simmer and his replacement, a geologist, arrived.
A U.S. geophysicist began a year's residence at Vostok
(U.S.S.R.).

Researchers and logistics support personnel have
gener)usly prepared preliminary reports on their
1973-1974 work. The reports presented in this issue
of Ar.tarctic Journal give a virtually complete sum-
mary of U.S. antarctic activities during the past
sumrrier.1

Much of the season's science activities were done
under two large, multiyear programs: the Ross Ice
Shelf Project and the Dry Valley Drilling Project.
Activities of both programs are reported in sections of
this issue. These projects, involving researchers of
several institutions and nations, permit technological
tasks ithat otherwise would be impractical.

Tehno1ogica1 and logistical accomplishments, in
fact, were a large part of the season's work. All
three of the new LC-130 airplanes provided for the
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program were delivered, two of them ahead of sched-
ule. Their arrival permitted speedy delivery of build-
ing materials to the new station at the South Pole.
Construction there was nearly finished by season's
end and the new station will be opened next season.
The new South Pole Station will be operated by a
civilian contractor instead of the U.S. Navy, operator
of the old South Pole Station that has been continu-
ously maintained since just before the International
Geophysical Year (1957-1958). Palmer and Siple sta-
tions also are operated by a civilian contractor. These
changes in operation permit the Naval Support Force,
Antarctica, to give full attention to its primary role
of providing air and sea transport for the program.

Closer to home, agreement was reached with
Argentina for the shared use of Eltanin, a U.S.
antarctic ship that was idled by a budget cut in
December 1972. The Argentine navy operates the
ship, with the U.S. contributing toward the costs, and
has renamed the vessel Islas Orcadas. The two coun-
tries will share science berths and scientific objectives;
the first cruise begins later this year.

The heart of the U.S. antarctic program, of course,
is the advancement of scientific knowledge made by
the investigators whose reports appear below. These
reports, written soon after the researchers returned
from the field, are intended as preliminary accounts.
Final scientific results are likely to appear in standard
scientific journals.

'Other austral summer 1973-1974 research included a
project to model freshwater and terrestrial ecosystems at Lake
Bonney, Taylor Valley (Dr. Bruce C. Parker, Virginia Poly-
technic Institute and State University, principal investigator
under National Science Foundation grant Gv-35 171.1), and
a project on the status and population dynamics of antarctic
seals (Dr. Albert W. Erickson, University of Idaho, principal
investigator under National Science Foundation grant GV-
39829X).
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Metabolic response of starving emperor
penguins at low temperatures

BERRY PINsHow, MICHAEL A. FEDAK,
and KNUT SCHMIDT-NIELSEN

Department of Zoology
Duke University

Durham, North Carolina 27706

Emperor penguins spend up to 4 months fasting
through the antarctic winter. During this period of
starvation they court, mate, and incubate their eggs
while exposed to extreme cold weather conditions.
The object of our investigation is to gain insight into
how emperor penguins, from an energetic and thermo-
regulatory point of view, cope with their unique breed-
ing cycle.

During the 1973-1974 summer, measurements were
made of (1) the metabolic responses of adult emperor
penguins to low temperatures, and (2) weight loss in
starving emperor penguins.

The metabolic responses at ambient temperatures
of —6°C. and below were measured. To assure steady
state conditions the bird was kept at a constant low
temperature for a 12-hour period. Simultaneous
measurements then were made of oxygen consump-
tion, of carbon dioxide production, of change in body
mass, and of cloacal and environmental temperatures

during three 2-hour periods. Surface area was cal-
culated from their linear dimensions by assuming a
bird to be a prolate spheroid. From the above data,
metabolic rate, evaporative water loss and thermal
conductance were calculated. For measurements at
ambient temperatures above —6°C. the period of
acclimation was between 1 and 2 hours, the periods
of measurement were 1'/2 to 2 hours, and changes in
body mass were not measured.

The metabolic response curve in the figure shows
that the metabolic rate of two birds (mean body, mass
25.4 kilograms) increased steadily with decreasing
ambient temperature below —6°C. At temperatures
above +6°C. the birds grew restless and their meta-
bolic rate increased.

Conductance, the rate of heat transfer from the
animal to the environment, was calculated using the
equation

H—H

(Tc — TA)S

where C is conductance (cal CM-2 °C.' h-1 ), HM is the
rate of metabolic heat production (cal hr'), HE is
the rate of heat loss by evaporation of water (cal
h-1 ), T0 is cloacal (core) temperature (°C.), TA is
ambient temperature (°C.), and S is surface area
(cm').

Using data from measurements made at TA =
—6°C. and below, conductance was found o be



constant: C = 0. 151 ± 0.0053 cal CM-2 °C. h-1
(n = 29). Average weight loss for six birds (mean
starting weight was 26 ± 2 kilograms) starved in the
open for 19 days was 0.235 kilogram day-'.

It rust be stressed that the curve in the figure is
incomplete. The bulk of the data was collected in
Janua 1974 and the birds, therefore, were accli-
mated to summer conditions. We consider the curve
to bere1iminary; it will be completed in September
and October 1974 with winter-acclimated birds.

The field team for this study, at McMurdo Station
from Pctober 1973 to February 1974, included Dr.
Fedak, Mr. Pinshow, Ms. Hana Pinshow, and Ms.
Katherine Muzik. This research was supported by
National Science Foundation grant GV-39184A.

Emperor and Adélie penguins:
energy cost of walking

MICHAEL A. FEDAK, BERRY PINSHOW,
and KNUT SCHMIDT-NIELSEN

Department of Zoology
Duke University

Durham, North Carolina 27706

De pite their obvious adaptations to swimming, pen-
guins spend considerable time moving about on land.
Emperor penguin rookeries may be 80 kilometers from
the sea. Since emperors travel this distance at the
beginning and end of a long fast, the energy cost of
this trip may be important to their total energy budget.
Adélie penguins also often travel long distances over
land. The energy cost of locomotion in both these
birds therefore is important to our understanding of
their life history. Furthermore, penguins possess a
body geometry that is very different from other
animals in which the energetics of locomotion have
been studied; this presents an opportunity to test the

generality of the conclusions drawn about the ener-
getics of locomotion from studies of other animals.

During the 1973-1974 austral summer, we gathered
data on energy cost and stride frequency of walking
from emperor and Adélie penguins that were trained
to walk on a treadmill. The animals wore masks that
allowed us to continuously measure oxygen consump-
tion while the birds ran at known speeds (Fedak
et al., in press). Stride frequency was measured simul-
taneously. A "stride" is defined as a complete step
cycle, from the time one foot contacts the ground
until it contacts it again.

In both emperors and Adélies, steady state oxygen
consumption and stride frequency increased linearly
with running speed over the range of speeds the
birds maintained for 20 or more minutes. The table
lists the equations that describe these relations for
each species. By dividing the speed by the metabolic
rate of a walking animal we calculate the cost of
transport for that animal. This figure tells us the
amount of energy required by the animal to move one
unit of its body weight over one unit of distance.
From these equations we can calculate that the cost
of transport for an Adélie is about twice that of an
emperor. For both species the cost of transport is
over twice what would be predicted for two-legged
running for birds of similar body weight.

The amount of energy needed by an emperor to
travel the 160 kilometers to and from a rookery to
the sea is the equivalent of about 1 kilogram of fat.
Since emperors may use a total of 15 kilograms of
fat during the fast, the travel to and from the rookery
may account for about 7 percent of the energy used
during the fasting period.

One striking similarity between emperor and Adélie
penguins emerges from the data. Although emperors
weigh over five times as much as Adélies, the weight
specific energy cost of one stride is about the same
in both species. This can be calculated by dividing the

	

dV02	
dF

slope of	by the slope of --	thereby obtain-

	

dv	 dv
ing the energy used by emperors in terms of oxygen

Oxygen consumption and stride frequency of running penguins.

Species	Body mass	 Speed range	 Regression equation

Emperor penguin	20.79 kg	 0.8<v<2.7 km h-i
	 V02 = O.450+O.429 V	(1)

F 5 = (2.2+0.99 v)103 (2)

Ad Me penguin	3.89 kg	 0.9<v<3.9 km h-'
	 V02 0.940+0759v	(3)

F = (4.1+1.44 v)103 (4)

V02 is oxygen consumption in 1 02 kg' h; v is running speed in km h -i ; F is stride frequency in strides per hour.
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consumed per stride. This value is independent of
running speed. There is only a 17 percent difference
between the value for emperors (4.3 X 10 1 02 kg-'
stride ') and for that of Adélies (5.3 X 10 10, kg-'
stride-'). We are collecting stride frequency data from
other two-legged runners to see if energy cost per
stride is similar in these species as well.

The field team for this study, at McMurdo from
October 1973 to February 1974, included Dr. Fedak,
Mr. Pinshow, Ms. Hana Pinshow, and Ms. Katherine
Muzik. This research was supported by National
Science Foundation grant Gv-39184A.

Reference
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Viscous properties of bird blood
at low temperatures

GILBERT A. BLOCK and DAVID E. MuiuusH
Department of Biology

Case Western Reserve University
Cleveland, Ohio 44106

The blood flowing through the unfeathered feet
and legs of antarctic birds experiences a large change
in temperature (Murrish and Guard, 1973). Blood
may cool from body temperature to near the freezing
point of the tissues and then be rewarmed as it returns
to the body core. These alterations in temperature
have a profound effect on the flow properties of the
blood (Guard and Murrish, 1973). The viscosity of
whole blood may increase three to four times as
temperatures decrease from 38 0 to 0°C. The magni-
tude of the viscosity change observed in whole blood
cannot be accounted for merely by the effect of
temperature on the viscous properties of water. Other
factors present in whole blood consequently must be
involved. The most important among them are the
total plasma protein concentration, the volume and
shape of the erythrocytes, and the hematocrit. As
part of our continuing studies on the physical be-
havior of the blood of polar homeotherms, we ex-
amined the relationship of the size of erythrocytes and
plasma protein concentration with the viscosity of
blood from five species of antarctic birds at various
temperatures.

The birds used were the gentoo penguin (Pygoscelis
papua), the chinstrap penguin (Pygoscelis antarc-
tica), the Adélie penguin (Pygoscelis adélie), the

blue-eyed shag (Phalacrocorax atriceps), the south
polar skua (Catharacta skua mccormicki), and the
giant petrel (Macronectes giganteus). The animals
all were collected in the vicinity of Palmer Station.
Blood samples were obtained in the field by veni-
puncture into heparanized syringes. In the laboratory,
hematocrits were determined and red blood cell
counts were made on an improved Neubauer hema-
cytometer (American Optical). Measurementsof the
dimensions of wet red blood cells were made vith a
calibrated ocular-micrometer and the volume was
calculated from the equation for an ellipsoidS The
concentration of total plasma protein was determined
with the biuret method. Values for the above param-
eters are given in the table. Data for apparent vis-
cosity of blood at 50 percent hematocrit are from
Guard and Murrish (1973).

The two species of penguins had the greatest
apparent blood viscosity observed in the five species
at the four temperatures (fig. 1). The south polar
skua and the giant petrel had the lowest apparent
viscosity. Total plasma protein concentration have
little effect on the apparent viscosity of whole blood
of antarctic birds at 38°C. As blood temperatures
decrease, however, the apparent viscosity becomes
more dependent on protein concentration until at 0°C.
the apparent viscosity of the blood from the gentoo
penguin, with its high protein concentration, is 1.6
times greater than that of the giant petrel.

Erythrocyte volume has little effect on aparent
viscosity at 38°C. (fig. 2). The effect of a largr cell

I	0 Gentoo Penguin	 1 00
20'— S Addle Penguin

Lo Blue-eyed Shag
£ Giant Petrel

Skua

U 15
>:	I

£
W	 2001 L

5	 0 __380 i

30	 4.0	 5.0	 6.0
PLASMA PROTEIN CONCENTRATION, g/100 ml

Figure 1. Relationship between total protein concentration (g
proteinh1100 ml plasma) and the apparent viscosity (c.ntips.) of
blood of five species of antarctic birds. The apparent viscosity
was measured at 50 percent hematocrit and at four temperatures

(Guard and Murrish, 973).
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Erythrocyte dimensions, counts, and plasma protein concentrations of six species of antarctic birds.

	

Erythrocyte measurement	 Total
- plasma

RBC count	Hematocrit	Length	Width	Depth Volume protein
pecies	Number	(RBC/m13)	(percent)	(ii)	 (,.)	()	(.8)	(g/lOO ml)

o penguin	12
	

1 .8 X 106 +.5
	

52.6 ±2.4
	

15.2± .3
	

9.6±.2
	

3.7
	

284
	

5.98
:rap penguin	5

	
2. 1 X 106 -+.  1
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9.4± .1
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3.9
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4.14
polar skua	8

	
3.2X106 ± . 2
	

45.5 ±2.4
	

13.4± .2
	

8.4± .2
	

2.4
	

143
	

3.65
petrel
	

9
	

2.6X106 ± . 4
	

44.9 ±2.9
	

13.7±.4
	

8.5± .2
	

2.9
	

175
	

3.60
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0 Gentoo Penguin
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etrel
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E5

the loss of body heat. The blue-eyed shag is a diving
bird and also spends considerable time in the water.
Their plasma protein concentration, erythrocyte vol-
ume, and viscosity at low temperatures is intermediate
between the penguins and the giant petrel and skua,
neither of which spends much time in the water.

Mr. Block was in the field from December 16,
1973, to February 27, 1974. This work was supported
by National Institutes of Health grant HL-14640-02
and National Science Foundation grant Gv-35343.
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Figure 2. Relationship between the calculated erythrocyte volume
and apparent viscosity of blood from antarctic birds.

volume has a greater influence on apparent viscosity
as the temperature decreases. At 0°C., the apparent
viscosity of 50 percent hematocrit blood of the gentoo
penguin, with its large red blood cell volume, is 1.4
times that of the south polar skua.

Penguins can be considered aquatic birds since they
spend as many as 8 months of the year away from
land and in antarctic waters. The unfeathered legs
and feet and the poorly insulated flippers are areas
where considerable body heat could be lost to the
cold water. The high plasma protein concentration
and the large erythrocyte size may be an adaptation
of these birds to the cold acquatic environment. They
contribute to the high viscosity at low blood tempera-
tures in penguins. This would tend to increase the
vascular resistance and hence decrease the flow of
blood into cold extremities. The lower volume of
blood, coupled with the countercurrent vascular heat
exchanger in these extremities, would greatly reduce

Guard, C. L., and D. E. Murrish. 1973. Temperature de-
pendence of blood viscosity in antarctic homeotherms.
Antarctic Journal of the U.S., VIII(4)	197-198.

Murrish, D. E., and C. L. Guard. 1973. Peripheral vascular
control mechanisms in the giant petrel, Macronectes
giganteus. Antarctic Journal of the U.S., VIII(4): 199-
200.

Osmoregulation and thermoregulation
studies of the Adélie penguin

H. T. HAMMEL, J . A. MAGGERT, and R. KAUL
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92037

Altering the temperature of the rostral brainstem
in animals elicits thermoregulatory responses that
change the deep body temperature in the opposite
direction. Altering the temperature of the same neural
tissue in the Adélie penguin has almost no effect upon
its deep body temperature but it does elicit osmoregu-
latory responses. Two pairs of thermodes were
implanted stereotaxically to straddle the preoptic and
anterior hypothalamic (P0AH) nuclei of the penguin.
A reentrant tube also was implanted in the mid-line,
into which a thermocouple could be inserted to
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measure the temperature of the brainstem nuclei when
their temperature was altered by circulating water
through the thermodes. The temperature of the POAH
nuclei could be maintained in this way at tempera-
tures between 34° and 42° C. When heating this
neural tissue to 42 0 C., the penguins were induced to
eat snow or ice and the activity of the salt gland was
readily affected by heating or by cooling these nuclei.

Dr. Hammel and Messrs. Maggert, Kaul, and
F. Todd (of Sea World) were at McMurdo from late
October to early December 1973 and obtained 25
Adélie penguins from Cape Bird. Twelve of these
birds were implanted with thermodes while at
McMurdo. These prepared penguins were returned
to our California laboratory in December 1973 for
continuing thermoregulation and osmoregulation
studies.

In collaboration with Dr. L. Crawshaw, John B.
Pierce Laboratory, Yale University, heating and cool-
ing the POAH nuclei failed to alter oxygen consump-
tion. Even when shivering was induced by forced
ingestion of ice, the level of oxygen consumption could
not be increased by cooling and could not be decreased
by heating the POAH tissue. Only sometimes could
slight vasomotor responses be induced, and only
slight changes in core temperature were induced
thereby.

In collaboration with Dr. E. Simon, Kerckhoff
Institute, Bad Nauheim, Germany, penguins received
a continuous infusion of 1.0 molar sodium chloride
at a rate of 0.7 milliosmol per minute, into the gut.
The birds excreted sodium chloride from both orbital
salt glands at about the same rate at a normal POAH
temperature of 39°C. Increasing the POAH tempera-
ture to 41°C. increased the excretion rate to 1.1
milliosmol per minute, while cooling to 34'C. reduced
the excretion rate to nearly zero for periods of a half
hour. The sensitivity of the response was 0.1 to 0.15
milliosmol minute -10C.-1.

We suppose this osmoregulatory response to a local-
ized increase in temperature in neural tissue is un-
natural; it may be induced thermal activity of solutes
within neurones, while solutes diffuse from the extra-
cellular fluid of the heated tissue. These results compel
us to consider whether thermoregulatory responses
induced by localized altering of temperature in the
brain, in the spinal cord, and in other neural elements
in the core may also be attributed to osmotic effects
within the neural elements. Perhaps only the cutane-
ous temperature transducers are excited naturally by
this osmotic process.

This research was supported by National Science
Foundation grant GB-40176X.

Studies of the brain-blood barrier in
antarctic organisms

CARLOS E. TRADATTI, MIGUEL A. ESBRY,
RUBIN DIPAOLA, and EMANUEL LEVIN

Direccion Nacional del Antartico
Buenos Aires, Argentina

Brain-blood barrier phenomena (i.e. those ruling the
transport of substances to and from the encephlon)
in organisms of conventional habitats are influenced
by temperature. Hibernation is one method that not
only modifies the transport of substances into l the
central nervous system but also affects its normal
functioning.

It has been shown that many free amino cids
present in the central nervous system fulfill important
functions. This is the case for gamma-aminob tyric
acid and for glycine, both proposed as neurot ans-
mitters of an inhibitory type, and for others like
glumatic acid (an excitatory agent). The exist nce
of a barrier to the transport of these amino acid has
been determined in mammals.

Experimental studies, carried out during 197 in
Antarctica, established that the brain amino acid
content in some fishes of the Notothenidae family
have some peculiarities not present in other ani4ials.
Such peculiarities particularly referred to the brain
gamma-aminobutyric acid content in Trematmus
bernachii, which was found to be higher than that of
its metabolic precursor, glutamic acid; this suggests
that part of the brain gamma-aminobutyric acid
could be blood-transported. The presence of ganma-
aminobutyric acid in the blood, in the liver, in. the
gonads, and in the kidney was established and indi-
cates that the blood-brain barrier for gamma-amino-
butyric acid probably is not present.

Experiments were done on fishes and penguins
to determine how 3H-gamma-aminobutyric acid is
transported from blood to brain. Preliminary results
indicate a penetration of this amino acid in i the
central nervous system. At Palmer Station, during
January and February 1974, experiments concen-
trated on the blood-brain barrier to gamma-amino-
butyric acid in fishes of the Notothenidae family
(Notothenia gibberifrons, Trematomus bernachii,
and Trematomus newnesi) and in other homeo-
thermal organisms of the region such as the Adélie
penguin (Pygoscelis adéliae) and the blue-eyed bor-
morant (Phalacrocorax atriceps) . Experiments studied
the time course of gamma-aminobutyric acid pene-
tration into the brain in different species to see if
the preliminary results in fishes could be extended
to all antarctic organisms. Samples also were col-
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lected for studies of the activity of two main enzymes
in gamma-aminobutyric acid metabolism: glutamic
acid decarboxilase and gamma-aminobutyric acid
transaminase.

In these fishes the occurence of a glycoprotein in
blood, reducing the freezing point of biological fluids,
poses some questions regarding its possible influence
on the central nervous system and the blood-brain
barrier. Blood samples were taken from these fishes
to determine the presence of such protein.

The assistance and collaboration of personnel at
Palmer Station and of the crew aboard R/V Hero
is greatly appreciated.

Blood flow in the giant petrel

CHARLES L. GUARD and DAVID E. MURRISH
Department of Biology

Case Western Reserve University
Cleveland, Ohio 44106

The uninsulated feet and legs of birds commonly
are exposed to extremes of cold in polar regions.
Blood circulation through these extremities must
balance the demands of (a) tissue nutrition, (b) pre-
vention of tissue freezing, and (c) core body tempera-
ture regulation. The dense vascularization character-
istic of bird feet appears to provide blood flow capac-
ity i i excess of nutritional needs. Composed mostly of
bone and connective tissue, the non-feathered extremi-
ties iave low metabolic oxygen requirements and thus
havi little local heat production. Heat from the body
core must be supplied via blood circulation to main-
tain i tissue temperatures above ambient temperature.
During periods of intense activity the naked extremi-
ties serve to dissipate heat. Feet and legs are the
major avenue of heat loss in gulls, their importance
increasing with ambient temperature (Steen and
Steen, 1965).

The giant petrel (Macronectes giganteus) presents
an ideal and interesting model for study of the con-
trol mechanisms of peripheral circulation. Unlike the
gull, the giant petrel has a dual system of venous
return from the web and lower leg. One set of veins
returns to the body core as an anastomosing plexus
surrounding the single supplying artery. Another,
larger venous drainage, although spatially separate,
returns in parallel with the countercurrent veins. The
primary arterio-venous connections for the counter-
current veins are via capillaries. Conversely, non-
nuritive anastomoses connect the small arteries and
the other, more peripheral, venous return. The plantar

surface of ducks' feet also contain plentiful arterio-
venous anastomoses (Schumacher, 1916).

Fifteen giant petrels, each weighing from 3.4 to
5.4 kilograms, were captured in the vicinity of Arthur
Harbor, Anvers Island, during the 1973-1974 austral
summer. Birds were anaesthetized intravenously with
nembutal sodium for the implanting of electro-
magnetic blood flow probes, blood pressure and in-
fusion cannulae, and 45-gage copper-constantan
thermocouples. Blood flow was measured in the dorsal
pedal artery at the feather line and at points more
proximal along the femoral artery. Blood pressure
was recorded from the cartoid artery, from an artery
along a toe in the web, from the peripheral vein just
below the tibio-metatarsal joint, from the peripheral
vein in the web, and from the countercurrent vein
along the lower tibia. Thermocouples were placed in
contact with the walls of the arteries and veins at
various points in the feet and legs.

Light anaesthesia was maintained with valium and
nembutal sodium during the course of the experiment.
Vascular responses to immersion of the feet in ice-
water and to heat stress were recorded. The effects
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of the autonomic blocking and mimicking agents on
these responses also were evaluated. The drugs used
were propranolol (beta-adrenergic blocking agent),
isoproterenol (beta-adrenergic mimetic), phenoxy-
benzamine (alpha-adrenergic blocking agent), pheny-
lephrine (alpha-adrenergic mimetic), atropine (post-
ganglionic parasympathetic blocking agent), and
methacholine (postganglionic parasympathomimetic).

The normal response of the giant petrel to immer-
sion of its feet in icewater is an initial flush of warm
blood that may triple the preimmersion value (figure).
In a typical experiment, dorsal pedal artery blood
flow increased from 26 to 74 milliliters per minute.
Associated with this is a small increase in mean
systemic arterial blood pressure that usually persists
above preimmersion values after blood flow has
begun to decrease. Countercurrent vein pressure rises
slightly during the initial flush but peripheral vein
pressure increases greatly. In some preparations, the
central web vein pressure differed from web arterial
pressure by as little as 5 millimeters of mercury. Later,
during the early minutes of 0°C. icewater immersion,
the countercurrent vein pressures usually increase and
arterial blood temperatures along the tibia decrease.
In the experiment illustrated, tibial artery tempera-
ture was 26°C. after 5 minutes of immersion in ice-
water. Core body temperature usually decreases
initially then reaches a stable value after several
minutes of immersion.

Experiments in which the body temperature was
raised caused a vasodilation of the arterio-venous
anastomoses in an effort to dissipate heat. The web,
usually approximating ambient temperature, rises to
body temperature and the bird exposes maximal skin
surface for radiative heat loss. The vascular response
of the hyperthermic bird to immersion of the feet
in icewater is a maintained vasodilation of the arterio-
venous anastomoses and a massive, rapid ensuing heat
loss. This initial rapid rate of heat loss decreases as
body temperature returns to preheating values. One
bird (3.4 kilograms in weight) cooled from a core
temperature of 39.2° to 37.0°C. in 5 minutes and
then dropped only to 36.7°C. during the following 10
minutes of immersion.

Animals under beta-blockade showed very little
vasodilation of the arterio-venous anastomoses. The
initial flush upon immersion in icewater was reduced
or absent and the usual drop in body temperature
that accompanies 15 minutes of immersion also was
diminished or reversed. In one experiment, on a
4.5-kilogram bird, body temperature dropped by
3.15°C. during a control immersion period of 15
minutes. After injecting a beta-blocker, the hyper-
thermic bird cooled only 0.55°C. during a second
immersion. In the same experiment leg blood flow was

reduced from a pre-blockade value of 25 to 10 milli-
liters per minute and only reached a peak of 18
instead of the 74 milliliters per minute previously
stated. Isoproterenol, a beta-mimetic, infused at a
rate of 0.1 j.g per kilogram per minute, caused a
dilation of the arterio-venous anastomoses but not as
profound as that caused by either general body heat-
ing or by icewater immersion. Transient lowering of
systemic arterial blood pressure occurred simultane-
ously with an increase in peripheral vein pressure.

Alpha-blockaded animals had reduced systemic
arterial blood pressure and slightly increased leg
blood flow in air at 18°C. Upon immersion, a cold
flush occurred in the arterio-venous anastomoss, as
usual, but the countercurrent veins were acting to
cool arterial blood from the outset. This reduced
body heat loss, although blood flow through the
peripheral vein system was high. Alpha-adrenergic
mimetics caused constriction of the vascular pathways
leading to the countercurrent veins. During icewater
immersion, heat loss was accentuated due to lboth
increased systemic arterial pressure and to inhibited
countercurrent cooling of arterial blood.

Drugs acting on the postganglionic parasympathetic
nervous system have no specific effects on leg blood
flow. Neither atropine nor methacholine had any
specific effects on the arterio-venous anastomoses that
were distinguishable from systemic cardiovascular
effects. Methacholine produced slight vasodilation of
the countercurrent system.

The countercurrent return in the giant petrel unc-
tions primarily for tissue nutrition and heat conserva-
tion while the more peripheral return functions for
heat dissipation. Total leg blood flow depends cl sely
on ambient temperatures above freezing (Job nsen
and Millard, 1973). The prevention of tissuefre zing
results in a combined, graded response of both ye ous
return systems. The countercurrent veins cool the
arterial blood to minimize heat loss while the art rio-
venous anastomoses and peripheral veins mai tam
foot and leg tissue temperature just above the freezing
point.

The arterio-venous anastomoses leading to the
peripheral return vein were shown to be under beta-
adrenergic active vasodilatory control. This system
performs a function similar to the skin vasculature
of the muskrat tail that also has active vasodilation
(Johansen, 1962). In contrast, the capillaries connect-
ing the supply artery with its countercurrent plexus
were shown to be under alpha-adrenergic vasocon -
strictive control. This is the first good evidence of
dual sympathetic innervation of a peripheral vascular
bed.

Dr. Guard was at Palmer Station from Deceriber
16, 1973, to February 27, 1974. This research was
supported by National Institutes of Health grant
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HL-14640-02 and by National Science Foundation
grant GV-35343.
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Ornithological investigations of the
antarctic tern

DAVID F. PARMELEE and STEPHEN J . MAXSON
Field Biology Program
University of Minnesota

Minneapolis, Minnesota 55455

Plans to study birds of the antarctic pack ice in
conjunction with seal studies had to be abandoned
because of mechanical difficulties aboard R/V Hero.
While awaiting Hero's departure from Ushuaia,
Argentina, we made numerous observations of birds
on Islas Bridges, in the Beagle Channel. On Novem-
ber 15, many weeks behind schedule, Hero sailed for
the outh Shetland Islands.

From November 18 to November 21, in company
with seal investigators Messrs. Roberti. Hofman and
Nathaniel R. Flesness, University of Minnesota,
we visited the following sites: Stigant Point, King
George Island; Harmony Cove, Nelson Island; Water-
boat Point, on the Danco Coast. On November 22,
Hero arrived at Palmer Station. A large breeding
colony of antarctic terns (Sterna vittata) was located
on nearby Bonaparte Point, and we decided to re-
main at Palmer to study these terns following National
Science Foundation approval of the change in plans.
Messrs. Hofman and Flesness left Palmer the next
day aboard Hero on its originally scheduled return
trip to Ushuaia.

Study of the little-known antarctic tern (figure)
went well and we were able to gather much data on the
species breeding behavior. Preliminary findings indi-
cate that although its breeding biology (clutch size, egg
laying and incubation periods, role of the sexes in care
of eggs and chicks, etc.) is generally similar to that of
the arctic tern (Sterna paradisaea) and others of the
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Antarctic tern.

genus, it differs remarkably from the others in its
adaptations to its peculiar environment. The study
ended prematurely when Hero left Palmer for a
second time on December 12. The return trip to
Ushuaia included stops at Deception Island, at False
Bay (Livingston Island), and at Harmony Cove
(Nelson Island).

What first appeared to be a disappointing season
turned out to be a highly profitable one. With respect
to terns and other charadriiform species, the breed-
ing grounds near Palmer were by far the best of many
study areas assessed. The study initiated at Palmer
holds much promise for future investigation.

This research was supoprted by National Science
Foundation grant GV-36032.

Bird sightings in Marie Byrd Land

DAVID J . RUGH
Institute of Polar Studies

The Ohio State University
Columbus, Ohio 43210

Bird sightings are not expected deep in the antarctic
interior since there is no food source on the extensive
continental ice sheet. At a camp on the Hollick-

Mr. Rugh, in the Environmental Biology Program, The
Ohio State University, is doing doctoral research in avian
adaptations to polar environments. Last season he was with
an Institute of Polar Studies glaciology team that did re-
search reported on page 167 of this issue.
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Kenyon Plateau, Marie Byrd Land (1170 13'W.
79°42'S.), about 50 kilometers northeast of Byrd
surface camp, glaciological studies have been made
on alternate years since 1969 (Whillans and Thomp-
son, 1974). A flat plain of snow covers all of the
area; the nearest mountain is over 370 kilometers to
the north, and the Amundsen Sea lies 330 kilometers
beyond that. At an altitude of 1,800 meters, this
frozen desert is decidedly uninhabitable. Yet on several
occasions birds have been seen. In 1969 and 1971,
single snow petrels (Pagodroma nivea) were observed.
The 1971 sighting, on December 26, was of an ex-
tremely tired bird. It walked up to a surveyor behind
a wind screen and offered little resistance to capture.
Warming the petrel inside the surveyor's coat and
later taking it into a heated shelter may have resulted
in the bird's death several hours later. Much guano
was noticed where the bird had landed and in the
hut.

On December 5, 9, and 12, 1973, snow petrels
were seen flying over camp. The first two sightings
were of single birds; the December 12 sighting was of
a flock of nine. Perhaps these petrels were blown off
course while searching for inland nest sites. Continu-
ing in the direction they were going, they would not
find exposed terrain for over 600 kilometers. All of
the birds flew erratically, suggesting weariness. They
passed the camp or workers flying quite low. After a
few passes they generally moved on, although one
bird (on December 9) circled the camp several times
and rested nearby for a few minutes.

On December 28, skua tracks (Catharacta sp.)
were seen within 10 kilometers of camp. The tracks
were apparently of a tired, weak bird: surveyors'
flags had been pecked at and shredded, and the take
off apparently had been laborious. Only on this occa-
sion was there evidence of skuas in the area. Although
camp was not far away, the bird did not investigate.

The surveyors spent a major portion of their time
outside, sometimes going as far as 80 kilometers
northeast or southwest of camp. They occupied the
camp from early December to early February.
Although a number of birds may have passed un-
noticed, it is doubtful that there were many.
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Population dynamics of McMurdo
Sound's Weddell seals

D. B. SINIFF, D. DEMASTER, V. B. KUECILE,
A. WATSON, R. REICHLE, and G. KAUFMA

Department of Ecology and Behavioral Biology
University of Minnesota

Saint Paul, Minnesota 55101

During October, November, and December 11973,
this project concentrated on three areas of invetiga-
tion: (1) work at Hutton Cliffs using sonic tags to
determine the size of underwater territories of male
Weddell seals, (2) the nonproductive female seg-
ment of the population was estimated by using b-iark
recapture methods, and (3) blood samples from 35
adult Weddell seals were collected to determine the
relationships between blood parameters and various
biological conditions (i.e. ovulation, territorality).

The investigation of the underwater territory of the
male Weddell seal began in 1972 (Siniff et al., 1973).
During the 1973-1974 austral summer, the system
was modified and the hydrophone array was placed
completely around the colony area to more precisely
position males in their sub-ice territories. Sonic trans-
mitters were placed on 10 territorial males with about
six of these producing high quality data. These data
are being analyzed and preliminary analyses indicate
that the underwater territories are about 20 meters
across. This is in agreement with data from last year.
There also are indications that these territories shift
slightly depending on the activity patterns of adjacent
males.

Again during the 1973 field season we carriec out
tagging and estimation of the nonproductive fenale
segment of the population. Ninety-six nonprodutive
females were tagged in early November. These hon-
productive females plus females tagged in previous
years were used in a mark recapture study to esti-
mate the number of nonproductive females in the
McMurdo Sound population. Five censuses were con-
ducted at weekly intervals by traversing the McMurdo
Sound area. All of the seals of the ice were counted
and all tag numbers were recorded. In addition to the
nonproductive female estimate, such work will be
used to determine the total McMurdo Sound Weddell
seal population and to provide information about the
reproductive schedule, the movement, and the general
fidelity to pupping and rearing areas.

For the previous three seasons, blood samples have
been taken at random; these have been useful in
establishing ranges of variation and frequencies of
polymorphic characters. This year a sampling scheme
was designed to elucidate the effects of whelping, of
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Figure 2. Weighing a Weddell seal pup on McMurdo Sound.

lactation, and possibly of ovulation on certain blood
parameters. We obtained blood samples at 10-day
intervals from females with known age pups. These
blood samples are being analyzed.

This research was supported by National Sci-
ence Foundation grant ov-39 181.
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Studies of lactation in Weddell seals

M. M. BRYDEN and R. A. TEDMAN
School of Anatomy

University of Queensland
Saint Lucia 4067, Australia

The rapid growth of Weddell seal pups (Leptony-
chotes weddelli) during the lactation period is well
known (Lindsey, 1937; Mansfield, 1958). Little is
known, however, about the anatomy and physiology
of lactation in this species. We began our study of
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Figure 1. Map of study area.

lactation in Weddell seals of McMurdo Sound in
October 1973, and the study continued through De-
cember 1973. The project involved observations of
suckling behavior and pup growth, and collection of
tissue samples for processing, for examination, and for
evaluation at the University of Queensland.

Field observations of suckling behavior were made
at Turtle Rock, McMurdo Sound (fig. 1). Ten new-
born pups were tagged and seal mothers and their
pups were marked with paint to aid recognition from
a distance. The pups were weighed on a spring bal-
ance (500 pounds X 2 pounds) that was supported
by a tripod constructed at McMurdo Station (fig. 2).
All weight data subsequently were converted to metric
units. Linear measurements of pups were made to the
nearest 0.5 centimeter with a flexible 10-meter tape.
Whenever possible, weights and measurements of pups
were recorded weekly. Body weight increases for six
pups during lactation is shown in fig. 3.
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Figure 3. Body weight growth of six Weddell seal pups at
Turtle Rock, McMurdo Sound, during suckling period. The insert
shows the mean weight gain of the six pups compared to the

mean figure reported by Lindsey (1937).

Suckling behavior was observed from a small obser-
vation dome on top of Turtle Rock, about 25 meters
above the sea ice level. The seals observed were part
of a colony of about 70 cows and 40 pups on the south
side of the rock. Each individual pup was recogniza-
ble by a large letter painted on its back. We particularly
noted suckling frequency and duration, and mother-
pup interaction. Because of weather conditions and
other commitments in the early part of the season,
data were less complete for the first half of lactation
than the second half. Although further analysis of
data is required, there did not appear to be any
change in total time spent suckling in a given 8-hour
period (9:30 to 4:30 p.m.) throughout the lactation
period. Preliminary observations suggest a diurnal
pattern of haulout of adult females during the lacta-
tion period (fig. 4). Further data are required to
determine whether this phenomenon affects the suck-
ling pattern.

Four cows and their pups, at different stages of
lactation, were dissected at McMurdo. The pups,
ages 2.5, 7, 17, and 33 days, had been tagged and
growth data had been recorded up to the time of
death. Mr. Alastair Watson, Massey University, New
Zealand, assisted in the dissection program. Large
doses of a mixture of a promazine, phencyclidine and

pentobarbital sodium (e.g. 33 milligrams of prQma-
zine, 100 milligrams of phencyclidine, and 1.25 grams
of pentobarbital sodium) were injected intravenously
into the extradural vertebral vein to achieve a surgi-
cal anesthesia as quickly as possible. This procedure
allowed sufficient time to remove tissues for ultra-
structural observations before death occurred. The
following tissues were collected for light and electron
microscope study: mammary gland, nipple, skin, kid-
ney, endocrine glands, and alimentary system. We
perfused the head and neck of three cows and three
pups to preserve the brain, and particularly the hypo-
physis, the carotid bifurcation, and carotid body. All
tissues were fixed in either buffered formalin, or glutar-
aldehyde, or both, and returned to the University of
Queensland for processing and examination.

This project is supported in part by the Australian
Research Grant Commission. Field support was sup-
plied by the National Science Foundation.
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TIME OF DAY local

Figure 4. Numbers of adult fema'e Weddell seals on the sea icg in
the study area at Turtle Rock, McMurdo Sound, between 0930 hours,

December 3, 1973, and 0830 hours, December 4.
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Early summer seal studies near the	Studies of the antarctic cod,
Antarctic Peninsula	 Dissostichus mawsoni

R. HOFMAN and N. FLESNESS
Dpartment of Ecology and Behavioral Biology

University of Minnesota
Saint Paul, Minnesota 55101

The biology of seals in the antarctic pack ice is not
well cocumented because of the remote and inaccessi-
ble nature of the pack ice ecosystem. The crabeater
seal (Lobodon carcinophagus), the leopard seal (Hy-
drurga leptonyx), and the Ross seal (Ommatophoca
rossi) presumably whelp and breed in the pack ice
during the early austral spring (September and No-
vember), but historically there have been few ship-
supported investigations in the pack ice at that time
of year. Little is known, therefore, about the repro-
ductive or population parameters of these three species.
During the early 1973-1974 austral summer, R/V
Hero was scheduled to support seal research in the
pack ice near the Antarctic Peninsula. But unfore-
seen shipyard delays precluded the attainment of
most research objectives. The original sailing date
(October 10, 1973) was delayed until November 15;
the ship's later commitments necessarily were inflexi-
ble so the cruise-ended on December 1, according to
the original schedule.

N relevant data were collected on the aforemen-
tion d species but several short term observations of
soutfiern fur seals (Arctocephalus gazella) and of
We deli seals (Leptonychotes weddelli) are of general
inte est. A fur seal colony on King George Island
was observed on November 18; only adult bulls were
in residence at that time. Thirty-four adult males
appeared to be establishing territories and only a
single juvenile male was seen. This same rookery was
visi ed in February 1970, when fewer than 30 males
had established territories. It is apparent, therefore,
that this King George Island colony is viable and
probably is increasing in size. On November 19, about
100 Weddell seals were found hauled out on the beach
at Harmony Cove, Nelson Island. The sex ratio of
this group was near unity and most individuals were
judged to be adults. Twenty-two blood samples were
collected and these currently are being analyzed for
comparison with samples collected in other antarctic
areas.

Perhaps the most important result of this abbrevi-
ated cruise was the realization that R/V Hero can
operate effectively in the fringe of the antarctic pack
ice in support of early season investigations.

This research was supported by National Science
Foundation grant Gv-39181.

A. L. DEVRIES, YUAN LIN DEVRIES,
GARY H. DOBBS, III, and JAMES A. RAYMOND

Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92037

Season's activities for this project began with the
arrival of Drs. A. L. and Y. L. DeVries, and Messrs.
R. Lee and Raymond on a preseason flight that
landed at McMurdo on September 5, 1973. With the
help of U.S. Navy personnel, holes were drilled
through the 2 meters thick sea ice and heated shacks
were placed over them to permit an early start on our
fishing operations. Using an oceanographic winch and
set-line, 210 of the giant antarctic cod, Dissostichus
mawsoni (figure), were caught between September
11 and December 9, 1973. These fish were caught at
several sites between depths of 400 and 600 meters on
the McMurdo Sound ice 6 kilometers southwest of
McMurdo Station. Their average weight was about 35
kilograms, with the largest weighing over 65 kilo-
grams and the smallest weighing about 7 kilograms.
Most of the specimens were tagged, weighed, and re-
leased. The tags, inserted near the base of the left
pectoral fin, were yellow Anchor tags imprinted with
the letter "K" followed by a five-digit identification
number.

Fifteen of the smaller D. mawsoni specimens were
transported to a running seawater laboratory that
U.S. Navy men had erected on the shore during the
winter. The fish were kept in plastic swimming pools
2 and 3 meters in diameter during captivity and were
fed small fish (Trematomus borchgrevinki). These
specimens were used in the biochemical and physio-
logical studies described below.

D. mawsoni blood, as in other antarctic fishes, is
fortified with glycoprotein antifreezes (DeVries, 1971)
that prevent the fish from freezing at —1.9°C., the
water temperature of McMurdo Sound. Using radio-
active glycoprotein antifreezes of several sizes, pre-
pared in our laboratory at Scripps Institution of
Oceanography, the distribution of the glycoproteins
within the fish was determined. They were found in
the coelomic fluid, in the pericardial fluid, and in the
intracellular fluid, but not in the bile or in the urine.

The absence of the smallest glycoproteins (molecu-
lar weight of 2,600 daltons) in the urine is extremely
unusual. In most vertebrates, urine formation involves
filtration of water and of small solutes from the blood
into the urine at numerous filtration sites in the kid-
neys, called glomeruli. If inulin, a polysaccharide with
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This giant antarctic cod (Dissostichus mawson.) was caght
through the 2 meters thick ice of McMurdo Sound with a baited

set line at 500 meters in depth.

a molecular weight of 5,500 daltons, is introduced
into the blood, it is quickly filtered at the glomeruli
into the urine. In antarctic fishes, however, the inulin
always is retained in the circulatory system; this indi-
cates the absence of glomeruli. Light microscope ob-
servations of serial sections of kidney preparations
have confirmed that the kidneys are aglomerular. The
antarctic fishes' ability to retain high levels of glyco-
proteins in their blood (4 percent weight per volume)
probably is a result of the fact that no filtration occurs
in their aglomerular kidneys.

The nototheniid fishes of McMurdo Sound exhibit
a swimming pattern that differs from most other
fishes. At slow, sustained speeds, these fishes propel
themselves by articulating their large, fan-shaped
pectoral fins. They use their tails for steering. The tail
also is used for swimming in short, fast bursts to escape
from predators. The musculature that covers the
pectoral girdle and articulates the pectoral fins is red,
while the musculature associated with the tail is white.
In most other fishes, both red muscles and white
muscles occur in tails; their functions cannot be
separated easily. The distinct localization and specific
function of both red and white muscle masses in the
nototheniids is obvious and makes these fishes ideal
specimens for relating muscle function to metabolic
requirements. Measurements of oxygen consumption
of the red muscle and the white muscle from D.
mawsoni show that the red muscle consumed seven
times as much oxygen as the white muscle at the en-
vironmental temperature of —1.9°C. Electron micro-
graphs of the red muscle reveal that the interfibrillar
region is filled with large numbers of lipid droplets
that are surrounded by mitochondria and that very

few glycogen granules are present. This finding indi-
cates that lipid rather than glycogen is the riberimary
energy source for this muscle. The large  of
mitochondria and the complexity of their crista indi-
cate a high metabolic rate that agrees with the xygen
consumption data.

One D. mawsoni specimen used for our physiologi-
cal experiments was kept 5 months in a pool 3 neters
in diameter. It ate several kinds of small nototieniid
fishes and the hook wound in its mouth healed This
and the fact that several other fishes ate in captivity
suggest that the trauma experienced during 1 their
capture did not appreciably alter their feedirg be-
havior. It seems reasonable, therefore, to assum that
the chances of recapturing a tagged fish are not !eat
ly affected by their initial capture. If this is true then
it appears that this species is quite abundait in
McMurdo Sound because none of the 150 ttgged
fishes were recaptured.

No fish were caught after mid-December, sugest-
ing that they migrate from the sound and perhaps
go under the Ross Ice Shelf to escape from their preda-
tor, the Weddell seal. The drop in our catch also
corresponded to the onset of the plankton b1oori. It
is equally possible that, during the plankton boom,
food for these large fishes becomes so abundant: that
they no longer are attracted to the bait on the set-line.

If there are large stocks of this fish presext in
antarctic seas, commercial-scale fishing might ev ntu-
ally occur. It is quite possible, however, that hese
large fish are very old and that their stocks ould
quickly be reduced if fished in commercial pr por-
tions. We attempted to measure the age of some s eci-
mens by counting the groups of concentric rings res-
ent in otoliths that had been polished and et hed.
Although many rings are present, it is difficu t to
correlate them with seasonal patterns of growt be-
cause of the constant environmental condition of
McMurdo Sound. However, especially in the large fish,
the many rings and scarred dorsal fins do suggest that
these fish are old.

This research was supported by National
Foundation grant Gv-27327.
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Biological and geological sampling in
the Antarctic Peninsula area

ARISTIDES PINTO-COELHO
Inst it uto Brasileiro de Estudos Antarticos

Rio de Janeiro, Brasil

The Instituto Brasileiro de Estudos Antarticos was
invited to participate in 1973-1974 U.S. Antarctic Re-
search Program activities in the Antarctic Peninsula
area, My work was associated with that of Dr. Jere H.
Lipps, University of California, Davis, who studied
the biology and ecology of shallow-water benthic
foraminif era.

In addition to collecting ostracods and other bi-
ological specimens near the Beagle Channel Island,
Tierra del Fuego, Argentina, I collected biological and
geological materials near the following Antarctic
Peninsula locations: Deception Island (58 sites on the
island, including Port Foster, Whalers' Bay, Collins
Point, Telefon Bay, Fumarole Bay, and Neptune Bel-
lows, and 50 sites around the island); Livingston Is-
land (seabottom sampling at False Bay and sampling
of ce, rocks, and lichens from the island), King
Gerge Island (seabottom sampling) ; Elephant Island
(se bottom sampling). My work was conducted from
abcard R/V Hero. Fossils were collected at Hope Bay
on he return trip home aboard MS Lindblad Explorer.

lip uring sampling we were unable to determine the
pHj value of clay picked up from the seabottom,
the water temperature at the sampling point, the water
salinity at or near the sampling point, or the amount
of ight on spots of algae collected. Hopefully these
determjnations can be made in future studies.

he following materials were collected for later
analysis in Brazil:

Figure 1. Algae analysis (phycobilins) of Pantoneura plocamioides
Optical density is plotted against absorption wavelength.
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Figure 2. Algae analysis (phycobilins) of (?) rhodophycea.
Optical density is plotted against absorption wavelength.

(1) seawater from different depths (around and
near Deception Island), to determine the oxygen'8/
oxygen 16 content (Centro de Energia Nuclear na
Agricultura, Piracicaba, Sao Paulo);

(2) ice, also to determine oxygen' 8 /oxygen' 8 con-
tent (Centro de Energia Nuclear na Agricultura,
Piracicaba, Sao Paulo);

Maximum absorption of non-antarctic algae phycobilins compared
to maximum absorption of antarctic algae phycobillins

(Haxo and Norris, 955).

Algae	Chromoprotein	Maximum absorption
(mit)

Rhodymena	R-phycoerithrin	497, 537, 564
pert orata

Porphyra	R-phycoerithrin	497,	562
per forata

Phormidium	C-phycoerithrin	 560
persicinum

Porphyra	R-phycocianin	 555,617
perforata

Lyngbya	C-phycocianin	 620
lerheinii

Porphyridium	Allophycocianin	 650
cruentum

Antarctic algae
Pantoneura	R-phycoerithrin 290, 500

plocamioides
(?)	 R-phycoerithrin 325

rhodophycea
Delisea pulchra R-phycoerithrin 300
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Figure 3. Algae analysis (phycobilins) of Delisea pulchra. Optical
density is plotted against absorption wavelength.

(3) rocks (volcanic and others) from several islands
and from the continent, itself (Museu Nacional, Rio
de Janeiro);

(4) ice fish, rock fish, and krill (Museu Instituto
Brasileiro de Estudos Antarticos).

A lack of foraminifera samples made it impossible
to conduct analyses in the field. Therefore my studies
at the Palmer Station biological laboratory concen-
trated on algae. I noticed a strong and odd odor from
a special algae, classified by Dr. Ted deLaca as
Delisea pulchra. An extraction of that smell was done
with warm air (about 40°C.); the odor was extracted
on acetone (due to the lack of ether). The extract was
dried overnight and solubilized with acetone to 1
milliliter. Since the Palmer laboratory had no thin
layer chromatography system, I did not have enough
time to run a complete paper chromatogram; this
should be done in order to properly identify the sub-
stance(s) responsible for the algae's toxic (?) self-
protective (?) smell.

Since I was intrigued by the luminosity of ant-
arctic seas, my interest in energy uptake by photo-
synthetic organisms became stronger upon examining
algae samples collected by scuba divers. I established
the following procedures for this investigation:

(1) collect algae in seawater about 24 meters deep,
near Palmer Station;

(2) classify the samples as either (a) Pantoneura
plocamioides, (b) (?) rhodophycea, or (c) Delisea
pulchra;

(3) place about 30 grams of each in Erlenmeyer
flasks with 100 milliliters of water;

(4) boil for 3 hours;

(5) centrifugally separate the color extract;
(6) note reactions to confirm the presence of

phycobilins (with ammonium, color becomes bluish-
yellow; with hydrochloric acid, color intensity de-
creases; with tannic acid, a brownish blue complex
is formed);

(7) run the sample on the Beckman DB spectro-
photometer to determine absorption curves.

In the three figures, showing results of the above
procedures, optical density (OD) is plotted against
absorption wavelength. The peaks are very specific
for the antarctic algae, probably due to algae adpta-
tion to an environment in which light of low wave-
length is predominant. It is useful to compare the
value I obtained with results for non-antarctic algae
(table).	 I

Phycobilins are accessory pigments synthesized ex-
clusively by some algae for the photosynthetic system
II whose function is the generation of oxidizing power
as a prerequisite for the photoevolution of oxygen.
They are non-metallic pigments in which an open
tetrapirrolic chain (related to bile pigments) is asso-
ciated with a specific protein (molecular weight 75,-
000). The more common are phycobilins on red (R-
rhodophyta) and blue (C-cyanophita) algae.

These preliminary findings suggest that antactic
algae phycobilins and the strong smell of some ant-
arctic algae probably have some ecological mea1ing
and deserve careful attention, particularly when om-
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Argentine Antarctic Institute activities at
Palmer Station

RUBEN DIPAOLA and E. MARSCHOFF
Direccion Nacional del Antartico

Buenos Aires, Argentina

During the 1973-1974 austral summer, from Jaiiu-
ary 8 to February 15, 1974, we conducted bio1ogiaI
research at Palmer Station and aboard R/V Hero.
This research, to determine growth parameters and
to analyze trophic relationships of benthic fishes from
the Antarctic Peninsula area, is part of the Argentine
Antarctic Institute's (IAA) Bioantar program.

About 1,200 specimens were collected and put in
formalin. Of this number, 808 specimens were meas-
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ured 4nd weighed; otoliths were removed for later
analysis at IAA. The balance of specimens was fixed
in formalin and preserved in ethyl alcohol.

At LAA, the specimens will be analyzed to determine
variations resulting from different methods of fixation
and reservation, to adjust growth curves, and to
dete me stomach contents. We were unable to
obtai quantitative samples of benthic fauna. Speci-
mens for qualitative study are available, however, and
will fie used to identify stomach contents of the fish
samp es. These identifications will be used to define
the t ophic relations of different fishes and to dis-
tingu sh their age groups.

Al hough it is too early to report results of our
resea ch, we wish to express our appreciation to per-
sonn 1 at Palmer Station and aboard R/V Hero who
supported our project.

Foraminiferal ecology,
Antarctic Peninsula

JERE H. Lis and TED E. DELACA
Department of Geology and Institute of Ecology

University of California
Davis, California 95616

Studies of the role of foraminifera in shallow-water
marine ecosystems of the Antarctic Peninsula con-
tinued at Palmer Station and from R/V Hero during
the 1973-1974 austral summer. There were several
objectives in our work this summer. We intended to
continue detailed analyses of marine environments
adjacent to Palmer Station, using scuba gear, to com -
plete zoogeographic studies along the western coast
of the Antarctic Peninsula, and to conduct a series

Figure 1. Map of Antarctic
Peniiuula that shows locations
Of transects collected for
zoogeographic studies of fo-
raminifera. At each transect,
stations generally were occu-
pied at 20-meter intervals
from 20 to 200 meters. Scuba
reconaissance dives were
mad at most locations to a

depth of 33 meters.
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of reconnaissance dives along the peninsula. All objec-
tives were completed with the fine cooperation of
support personnel at Palmer and aboard Hero.

In late November 1973, Messrs. T. A. Kauffman
and P. H. Haley, members of our winter team,
boarded Hero and left Palmer. In Buenos Aires,
Argentina, they conferred with the new summer team
that was en route to the peninsula. The new group,
Messrs. DeLaca, R. Moe, N. Temnikow, and G. Zum-
walt, left Montevideo, Uruguay, on the British ice-
breaker Brans field and arrived at Palmer on Decem-
ber 17, 1973. The team, including Mr. A. P. Giannini
who spent the 1973 winter at Palmer and chose to
stay on for the summer, immediately resumed in-
vestigations of plant and animal associations on rocky
subtidal substrates that previously had been demon-
strated (DeLaca et al., 1973) to be important in the
distribution of benthic foraminifera. Mr. Temnikow
continued to investigate soft-bottom communities and
foraminiferal distributions that were studied by the
winter team. Within the general distribution patterns
of foraminifera in Arthur Harbor, detailed by Stock-
ton (1973), preliminary results show that foraminifera
are patchy and that most of them live within the top
several centimeters of sediment. The vertical zonation
of organisms on rocky cliffs noted previously (Lipps
et al., 1972) was studied in detail by Messrs. DeLaca
and Zumwalt, who harvested square-meter quadrants
from 2 to 32 meters in depth. Species composition and

biomass are being determined on the materia. Mr.
Moe directed his attention to marine algae, in order
to provide a catalog of species with and without
epiphytic foraminifera. Mr. Zumwalt also co lected
specimens of 18 species of invertebrates for genetic
studies using gel electrophoresis, to supplement data
gathered the previous summer (Ayala et al., inpress).

Dr. Lipps arrived on Hero in mid-January, a corn-
panied by Dr. A. Pinto-Coelho, Instituto Brasile ro de
Estudos Antarticos. Messrs. Giannini, Moe, and
Temnikow, and Dr. Lipps completed a sampling, pro-
gram (fig. 1) designed to provide data for zoo-
geographic study of foraminifera. Detailed sapling
was done at Deception Island (fig. 2) a d at
Admiralty Bay, King George Island. Dr. Pinto- oeiho
assisted in several ways (Pinto-Coelho, 1974).

As an extension of the detailed zonation studies that
were underway in the immediate Palmer vicinity,
diving transects were done along the peninsula and
at various islands in conjunction with deepwater
transects taken from Hero. Scuba divers documented
distributions on rocky substrates from the intertidal
to about 33 meters. The information gathered was
restricted to presence/ absence data, with reference to
depth, of various selected species of algae and in-
vertebrates that had been identified at Palmer. Great
variability was observed in the vertical distributions,
presumably because of the degree of exposure to
wave and ice action.

Figure 2. Sampling stti0ns
occupied from R/V Hato at
Deception Island. Samples
were taken with a Dietz
Lafond (orange peel) grab.
This sampling was designed
to investigate the eff.cs of
volcanic eruptions and ash
falls on the benthic bi to.

112
	

ANTARCTIC JOUR AL



At the end of January, Mr. T. Brand arrived and
began studies on predation by invertebrates on fora-
minifera. Mr. Giannini left Palmer at about the same
time. Dr. Lipps and Messrs. DeLaca and Zumwalt
completed their work and left in February, leaving
Messrs. Brand, Moe, and Temnikow to continue work
during the 1974 winter.

This research is supported by National Science
Foundation grant GV-31162.
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Viable microorganisms from ancient
Ross Island and Taylor Valley drill core

R. E. CAMERON and F. A. MORELLI
Darwin Research institute

Dana Point, California 92629

Aliquots of drill core segments were studied as part
of in situ environmental impact monitoring of the
Dry Valley Drilling Project (DVDP) (Cameron et al.,
1972 5 1973). The study was to determine whether
microbial contamination had occurred during drilling
and subsequent logging, photographing, and handling
of the cores before shipping them to repositories at
Northern Illinois University and at Florida State
University.

Aseptic methods and procedures for examining the
cores this year were similar to those followed in the
1972-1973 austral summer at McMurdo Station. Last
year a few grams of core were tested for microbes by
carefully and thoroughly flaming the outside of the
cores with a propane torch and drilling into the
center of selected core segments with a flame-heated

r

*

Figure 1. Short chains and packets of bacteria (unstained) from
hole 3 (68 meters in depth) (X 1,250).

drill bit. Core chips from DVDP hole 1, drilled on the
flanks of Ross Island's Twin Craters at depths of
80.7 and 80.6 meters, were tested by inoculation into
lactose broth, into nitrate reduction broth, into fluid
thioglycollate broth, and streaking onto the surface
of trypticase soy agar and Sabouraud dextrose agar.
The cultures were incubated at 20°C. for several
weeks without any indication of growth. After leaving
McMurdo Station, several more weeks of incubation
also failed to yield any growth of microorganisms.
The drill fluid used at hole 1 contained calcium
chloride with sodium dichromate additives and may
have inhibited or killed any microorganisms in the
core. Air, water, and soil at and near the drill site
were not sterile. An intermittent meltwater stream
near the site and across the road from it was a
favorable habitat for the growth of algae with result-
ant production of organic matter.

In September 1973, drilling resumed near
McMurdo's Thiel Earth Sciences Laboratory and
site 1. Core from holes 1 and 2 have been described
as undifferentiated basalt and pyroclastic breccia,
including some intermittent ice (Treves and Kyle,
1973a, 1973b; Wrenn and Mudrey, 1973). Aliquots
of core segments from DVDP hole 3 (beside Thiel
Earth Sciences Laboratory) were tested early in the
season by Messrs. Morelli, R. Donlan, and J.
Guilfoyle. Minute portions of drill chips taken from
approximately 10-, 100-, 200-, and 380-meter depths
were examined microscopically and were inoculated
with a sterile swab dipped in Eugon broth that was
placed in the center of each hand-drilled core seg-
ment. The inoculants included Eugon broth, Bushnell
Haas medium, API sulfate broth, and fluid thiogly-
collate medium for bacteria (including fungi) in-
cubated at 5°, at 37 0 , and at 55 0 C., and Thornton's
salt medium for algae illuminated at 20°C. The algal
incubations unfortunately could not be completed at
McMurdo's Eklund Biological Center because an
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Figure 2. Large coccoid green algal cell observed in core from
hole 3 (68 meters in depth) (X 1,250).

incubator overheated and killed the cultures. Experi-
ence has shown that algal cultures incubated in polar
regions may take months to complete, and there was
insufficient time left in the season to repeat these
incubations.

Microscopic examination of core specimens showed
bacteria-like microorganisms that were active by
means of flagella. The distinctive directional flow
and morphology of the observed microorganisms indi-
cated that they were not inanimate particles demon-
strating Brownian movement. These microorganisms
were observed in each of the aliquots of cores ex-
amined. Identical results were observed on five occa-
sions during the 6 weeks that tests were repeated on
core aliquots from the same depths and removed by
the same procedures and methods, and these and more
bacteria-like microorganisms were seen (fig. 1). Heat
shock from the hot drill bit and from the friction of
drilling into the core presumably revived the micro-
organisms from their former frozen and quiescent
state. Although some growth in liquid cultures was
noted, transfer of some inoculum to Eugon agar, to
trypticase soy agar, and to Sabouraud dextrose agar
did not result in observable growth of the predomi-
nately rod-shaped microorganisms.

This procedure was continued, however, following
the January arrival of Dr. Cameron and Messrs. B.
Markley and R. Smith. Isolants of yeast-like and
streptomycete-like microorganisms were obtained. It
may be significant that even these microorganisms
were not similar to on-site aerial, aquatic, and soil
microorganisms. They also were not similar to those
obtained by aerial sampling on modified corn starch
agar in Reynier slit samplers in the core storage
freezer and in the logging, work, and office areas of
Thiel Earth Sciences Laboratory. They definitely did
not resemble the flagellated, rod-shaped micro-
organisms originally observed microscopically in core
segments Microscopic examination also showed the
presence of centric diatoms (nonviable), usually

attributed to marine environments, and these as
well as the bacteria-like microorganisms—were ob-
served by several persons at Thiel Earth Sciences
Laboratory, including by Father Howard Brady,
Ph.D., a micropaleontologist from Chevalier College,
Bowral, Australia. Also observed were empty fila-
ments of a blue-green alga closely resembling
Galothrix sp., which is known to be found in fossilized
materials of ancient to recent times. This latter micro-
organism has several extant ecophenes that are widely
scattered in relatively dry to moist terrestrial and salt-
water environments ranging from the tropics to both
poles. Later examination of core chip materials also
showed the presence of coccoid green algae resembling
Chiovococcum sp. (fig. 2) and microfaunal cysts.

We also detected viable, bacteria-like micro-
organisms in one of five aliquots from glacial and
marine sedimentary core drilled at DVDP hole 8
(New Harbor, at the mouth of Taylor Valley, south-
ern Victoria Land). Using the same methods and
procedures as above, growth was obtained on the
surface of trypticase soy agar plates. These colonies
formed peculiar and distinctive translucent, dQugh-
nut-shaped arrangements that became confluent' with
age. A microscopic examination of the colonies showed
pleomorphic, rod-shaped microorganisms resembling
coryneform bacteria (a predominant group found in
more pristine areas of Antarctica) (fig. 3). Only one
other population of this nature was recovered from
hole 8: a single colony from a sample of sandy soil
that had been contaminated with circulating medium
(diesel fuel). No viable microorganisms were rcov-
ered from core aliquots taken from DVDP holes 4 and 6
(Lake Vanda, Wright Valley, and Lake Vida, Victoria
Valley).

These preliminary findings are not definitive, and
much additional work is needed to confirm and to
detail our findings. Microorganisms from hole 8 should
be reisolated, and so should predominant micro-
organisms from hole 3. Thorough morphological and
physiological identification of the core isolants should
be done and these results should be compared with
the several hundred associated aerial, aquatic, 'and
soil microorganisms found at the sites and at core
handling and work areas within Thiel Earth Sciences
Laboratory and Eklund Biological Center. Stateside
core storage facilities also should be examined' for
their microbial inhabitants. Cores should be i re-
examined for any microorganisms that may have been
picked up during transport to the United States. Any
indigenous and viable microorganisms hopefully were
not killed during logging procedures and shipping to
this country. Finally, drill fluid from hole 8 should
be reexamined for the presence of microorganisms,
although tests conducted at McMurdo and later at
Darwin Research Institute showed that drill fluid from
deep within the hole was negative (as at hole 3).
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These findings, if substantiated by further tests,
could have tremendous value for understanding the
ability of microorganisms to remain frozen in a state
of suspended animation for tens of thousands or even
more than a million years. These fossil microorganisms
could represent the world's oldest surviving life forms
since the materials from which they were recovered
date from the Recent to the Pleistocene (Speden,
1962). It is possible that these microorganisms could
have, remained viable for such a long period, especially
if the conditions were not aerobic, the Eh declined,
and the thermal reaction rate was below 0°C.
(Abelson, 1966). Drill hole temperatures of approxi-
mately —8° to —14°C., decreasing with depth, were
recorded (E. L. Decker, personal communication).
Conditions, including temperatures above -10'C.
and a slow rate of cooling (thereby reducing the
probability of intercellular freezing), also would maxi-
mize the survival rate (Mazur, 1966). The suspend-
ing medium and concentration of solutes, the con-
centration or abundance of microorganisms, the tem-
perature of long-term storage, the conditions of possi-
ble periods of freezing and thawing, and the nature
of the species also are important factors in survival
(Mazur, 1966). We realize that caution must be
expressed regarding these results, and that the possi-
bility of contamination or invasion of the subsurface
by microorganisms carried by liquid flow must be
considered, although later examination indicates mi-
crobial stratification consistent with geological strata.
But in view of the ice in the cores and the un-
likelihood of liquid water, even under pressures and
temperatures recorded at depths from which the
samples were taken (especially below 340 to 450
meters) (E. L. Decker, personal communication), the
probability of the presence of indigenous viable micro-
organisms in the cores is quite high. It also is possible,
as shown by the presence of thin paleosols, that when
the deposits were layed down (either by volcanic
action or by fluvio-glacial action in or near a marine
environment) that wind-borne microorganisms may
have been deposited and preserved in a frozen state
on the surface of exposed materials. The probability
of viable microorganisms in this core is much greater
than in the highly contested revival of bacteria pre-
ser'ied in Permian (180 million years ago) rock salt
(Dombrowski, 1960, 1961). Additional tests tend to
confirm our earlier findings. We need a more exact
age of the various core segments (both rocks and ice),
however, along with reliable evidence that the micro-
organisms are as old as the cores.

This microbiological examination of DVDP core
underscores the value of Antarctica as an area in
which to study biota and their environmental rela-
tionships within a simple, pristine, and delicately
balanced ecosystem. Our preliminary results point to
further understanding of basic factors that compose
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Figure 3. Pleomorphic cornyeform (club-shaped) bacteria from
hole 8 (86 meters in depth) (X 1,250).

more complex terrestrial ecosystems, and enhance the
idea that active or preserved life forms may exist in
extraterrestrial environments such as Mars. As pre-
viously indicated (Cameron, 1971; Cameron, 1972),
antarctic microbial ecology is in itself valuable. For
extrapolation to other terrestrial ecosystems, Antarc-
tica also is useful as a Mars model.

The possible presence of viable and endemic
microorganisms tolerant to cold temperatures and
recovered from much greater depths than before in
Antarctica, could indicate an even greater need to
recognize factors in the search for extraterrestrial
microorganisms. Although their importance now is
being recognized, unfortunately some earlier findings
in Antarctica were not incorporated into the design
of extraterrestrial life detection experiments and sam-
pling methods. Current discussions are considering
the possibility of finding cryophils on Mars. Planetary
quarantine measures perhaps should be reevaluated
in the light of our findings, and a former and higher
probability factor perhaps should be reinstated as a
precautionary measure (Cameron, in preparation).

Core samples used in this study were furnished by
the Dry Valley Drilling Project. This project was
done while in the course of pursuing investigations
under National Science Foundation grant ov-40602
to the Darwin Research Institute.
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Baseline analyses of soils from the
Pensacola Mountains

R. E. CAMERON
Darwin Research Institute

Dana Point, California 92629

A. B. Form
Alaskan Geology Branch
U.S. Geological Survey

Menlo Park, California 94025

While the U.S. Army Cold Regions Research and
Engineering Laboratory (CRREL) conducted a survey
(January 18 to 30, 1974) of potential blue ice runway
sites in the Pensacola Mountains, Dr. Ford used
aseptic techniques to collect six samples of the first
few centimeters of soil in the vicinities of Cordiner
Peaks (fig. 1) and of Mount Lechner (figs. 2 and 3).
The samples were taken because the areas arerela-
tively pristine and the areas' microbial populations
may be endemic in nature (unperturbed by extensive
animal and human activity); future plans call for
deep core drilling in the Dufek intrusion (Turner,
1974).

The Pensacola Mountains were visited briefly for
the first time in December 1957 on a traverse to the

Figure 1. Sample sites on
low morainal ridge of well-
developed polygons and vis-
ibly gypsic encrustations be-
neath cobble-strewn surface
above Jaburg Glacier on the
north side of Rosser Ridge,
Cordiner	Peaks	(82°48'S.

53°30'W.).
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Figure 2. Sample sites on
low moraine (number 4) and
ridge crest (numbers 5 and
6) of Mount Lechner (83°04'5.

50°55'W.).

Dufek Massif. Until the 1973-1974 austral summer,
the only others to visit the Pensacola Mountains were
those making extensive reconnaissance explorations
of the entire region between 1962 and 1966. In 1965-
1966, several helicopter landings were made near
Rosser Ridge and several others were made near
Mount Lechner. None of these landings, however,
involved foot travel near the sites sampled for this
study; therefore there is little likelihood of human
microbial contamination.

Bird visitations could occur in this region, although
non were seen from November 1965 to January 1966,
wheb numerous helicopter flights and landings were
made by U.S. Geological Survey (usGs) parties at Du-
fek Massif, at Cordiner Peaks, and at Forrestal Range.
None were seen this year by the CRREL survey team.
Much farther inland, however, at approximately
85°30'S. (in the southernmost nunataks of the Pensa-

cola Mountains), a solitary petrel was sighted in
January 1963. At the 1965-1966 USGS Jamesway
camp in the Neptune Range—approximately 90 kilo-
meters south-southeast of the Cordiner Peaks—several
groups of skuas were seen. The possibility of micro-
biological contamination by birds therefore cannot
be ruled out in any of these areas.

Upon return of the samples to McMurdo Station,
microbiological analyses were begun at the Eklund
Biological Center. Abiotic analyses (except for pre-
liminary x-ray diffraction analyses) were conducted
later on at our respective Stateside affiliations. These
results are summarized in tables 1 and 2 for site,
soil, and abundance of microorganisms. Distribu-
tion of the geologic formations and brief lithographic
descriptions have been given previously (Schmidt and
Ford, 1969).

In general, abiotic analyses of samples from the

Table 1. Abiotic properties of Cordiner Peaks and Mount Lechner soils.

J'1 30	 Eh (uncom- Electrical conductivity	Available (water-soluable) cations and anions*
Simple	weight	 pensated) EC X 10-6 mhos/cm
nimber (percent)	pH*	+mv*	at 25° C.)*	Ca'1' Mg'1' Fe'1'3	SO 4 2	Cl- NO 3-	04'8

	

1 (1022)	2.86	6,5	125

	

2 (023)	2.30	7.0	130

	

3 (:024)	3.97	6.7	135

	

4 ((025)	1.59	6.9	125

	

5 (:026)	0.45	6.8	130

	

6 (:027)	1.01	7.0	170

	

9,500	80	7	1

	

2,350	30	5	1

	

3,100	60	6	0.5

	

33	80	1	2

	

50	60	1	3

	

920	20	4	2

	

1,200	300

	

100	150

	

300	200

	

50	30

	

150	50

	

100	60

	

1,250	0.25

	

200	0.25

	

250	0.25

	

<1	0.5

	

<1	0.5

	

<1	0.25

*Determined on 1:5, soil:water extract; NO 2-, NH 4'1', and X'1', 1 part per million or less.
Samples 1 (1022) to 3 (1024) are loamy, light brown sand (7.5Y, 6/4) and consist, in predominant order, of quartz, gypsum,

thernardite, allite, plagioclase, and chlorite; the samples are from Cordiner Peaks, above Jaburg Glacier, beneath cobbles and
boulders on low morainal ridge with distinct polygons that include gypsic encrustations. Sample 4 (1025) is gravelly, pale brown
sand (IOYR, 6/3) and consists, in predominant order, of quartz, plagioclase, feldspar, chlorite, augite (or ferroaugite), magnetite,
and minor biotite; the sample is from Mount Lechner, below the west end of main ridge (low end moraine with coarse mudstone
fragments). Sample 5 (1026) is gravelly, light brownish-grey sand (2.5Y, 6/2), and consists of same minerals as sample 4, except
chlorite; the sample is from Mount Lechner (ridge crest covered by fragmented debris of quartzite and gabbro). Sample 6 (1027)
is gravelly, pale brown sand (10YR, 6/3) and consists of the same minerals as sample 4, plus accessory apatite; the sample is from
the same location as sample 5.

July–August 1974	 117



i .

Figure 3. Dislodged soil sample taken from surface-strewn site
of quartzite and gabbro (apparently derived from outcroppings
of Dover sandstone and gabbroic rocks higher on the ridge). This
habitat, lacking in visible gypsic encrustations, was not as fa-

forable for microorganisms as the other sites.

Cordiner Peaks indicates more extensive weathering
and soil formation and more favorable mineral con-
tent than for the Mount Lechner sites. Darker soil
colors, finer texture, presence of gypsum incrustations
formed under cold weather conditions (Gibson, 1962),
higher moisture content, electrical conductivity, and
available nutrients, all indicate a past history of soil
formation and presently a more favorable environment
for microorganisms (Cameron, 1971). Less extensive
weathering is in turn reflected in the lower abundances
(or absence) of microorganisms for the Mount
Lechner samples. But in neither area is the number
of microorganisms very high, even when compared
with other antarctic sites. The relative abundance and
kinds (or absence) of certain groups of microorga-
nisms is a response to the harshness of the environment
as well as the pristinity of the sites. Reproducible
abundances of microorganisms obtained under culture
conditions also tend to indicate the uneven distribution
of microorganisms or to indicate their response to re-
vival from dormancy conditions. These are important

similarities to earlier results obtained from relatively
undisturbed sites in the dry valleys, Victoria Land.

These results may be compared wth later studies to
show the influence of human activities in alteriiig, in
reducing, or even in eliminating endemic microbial
populations of the fragile antarctic terrestrial etosys-
tern (Cameron, 1972). Further human activities in
the Pensacola Mountains should be carefully con-
trolled and monitored as much as possible, as in the
Dry Valley Drilling Project. A record should be made
of the impact in these areas, especially in terms of
alterations of the endemic microbial populations (if
present), and introduction, survival and/or adapta-
tion of "carrier" microorganisms such as those that
have been deposited during human activities in the
dry valleys (molds, including Penicillium sp. and
Neurospora sp., and spore-forming bacteria, including
Bacillus sp.).

Messrs. Bruce C. Markley and Robert G. Smith, Jr.,
Department of Biology, Virginia Polytechnic Institute
and State University, Blacksburg, provided laboratory
assistance at McMurdo's Thiel Earth Sciences Labora-
tory. Mr. Frank A. Morelli, Darwin Research Insti-
tute, provided Stateside laboratory assistance. This
research was done while in the course of pursuing
investigations under National Science Foundation
grants Gv-40602 and AG-494.
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Table 2. Microbial abundances of Cordiner Peaks and Mount Lochner soil samples
(per gram of soil).*

Aerobic	Microaerophilic
bacteria	 bacteria	Coliforms	Fungi

	

1,800	 1,150	 0	 0

	

250	 600	 0	 0

	

50	 400	 0	 0

	

10	 50	 0	 0

	

<10	 100	 0	 0

	

0	 0	 0	 0

Sample
number	Location

1 (1022)	Cordiner Peaks
2 (1023)
	

it

3 (1024)
	

It

4 (1025)
	

Mount Lechner
5 (1026)
	

'F

6 (1027)

Culture medium
and conditions

Trypticase soy
agar, 20° C.

Trypticase soy
agar in GasPak:

reduced 02 tension
with H 2 20° C.

Desoxycholate	Sabouraud
agar, 20° C.	dextrose

agar, 20° C.1

*Results include sprinkling soil on surface of agar plates.
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Table 1. Neutrophil function assay: phagocytic killing of
Staphylococcus aureus.*

Winter 1973	 Winter 1974
End of isolation	Beginning of isolation

0	83	88
9	84	89
18	84	90
43	84	90
57	85	92
81	86	92
82	87	94

Average: 77 To

85	96
90	97
94	97
95	98
95	98
95	98
95
Average: 95 %

*Each number in the table represents the mean percentage
killing of three determinations for each volunteer in the study.
In the United States, normal volunteers show > 95 percent
killing by the method used.

250	WINFLY
225

cL 2000
a. 175
0

o 1500

CC 125
100
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ficrobiology and immunology of
South Pole antigen deprivation

HAROLD G. MUCHMORE, M.D.
Department of Medicine

Tniversity of Oklahoma Health Sciences Center
Oklahoma City, Oklahoma 73190

Table 2. Neutrophil function assay: nitroblue tetraxolium reduction.

NBT reduction
Personnel	 (percent)

Winter-over year	Pre isolation	Post isolation
JAY T. SHURLEY, M.D.

	

Behavioral Sciences Laboratories	 1972 (21)

	

Veterans Administration Hospital	 1973 (18)

	

Oklahoma City, Oklahoma 73190	 1974 (13)

-	 2.9
6.3	 3.7
7.9	 -

D Iring the 1973-1974 austral summer, the first
studies on living human phagocytes were carried out
at S uth Pole Station by a team from the University
of klahoma. These studies tested the ability of human
neu rophils (obtained from winter-over volunteers at
the time of the opening flight of the season, Novem-
ber 7, 1973) to engulf and destroy a common human
bac eria, Staphylococcus aureus. The results of these
pha ocytic studies are shown in table 1. These results,
offe ing comparisons between only two wintering
gro ps, are too early to allow conclusions but do
indcate a decrease in phagocytic function.

itroblue tetrazolium reduction (NBT) by neutro-
phi s was determined for the second year, providing
comparison of neutrophil function assay for the same
md vidual at the beginning and at the end of South
Pol 1 isolation. The result of the NBT tests are shown in
tab e 2.

Tabulation of sick call records for upper respiratory
inf ction visits to the medical dispensary at McMurdo
Station was extended. Utilizing total population fig-
ure (i.e. personnel strength), both Navy and civilian,
the l attack rate was calculated. These results are
shown in the figure which illustrates graphically the
higi incidence of upper respiratory infections in Mc-
Mi4rdo personnel, noted by Tyler (1968). Attempts
to discover the specific virus or viruses responsible for

The percentages shown are the average NBT values for
the total personnel tested for each year. The number of volun-
teers in each group is shown in parentheses after the year.
Normal NBT values by this test are <10 percent.

these infections are under way. If the viruses are
identified, specific immune assays related to them will
be carried out on wintering South Pole personnel.

The phagocyte studies were carried out by Dr.
Muchmore, Mrs. Donna M. Muchmore, and Miss

UPPER RESPIRATORY INFECTIONS
300E	 MC MURDO BASE ANTARCTICA
2751-	ISOLATION
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Nan Scott. The team spent 2 weeks at South Pole
Station.

This research is supported by National Science
Foundation grant Gv-36031X.
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Trace metals and halogens at the
South Pole, 1973-1974

R. A. CAHILL, G. J . MROZ, and W. H. Z0LLER
Department of Chemistry

University of Maryland
College Park, Maryland 20742

R. A. DUCE and IAN FLETCHER
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

Our 1973-1974 work consisted of setting up an air
sampling van at South Pole Station and collecting
atmospheric aerosol samples during the austral sum-
mer. The field party included Messrs. Gene Mroz,
University of Maryland, Robert Lorens, University of
Rhode Island, Robert Byrne, University of Rhode
Island, David Cole, Lawrence Livermore Laboratory,
and Dr. Fletcher and Mr. Cahill.

The first task was to get the van and all the
pumps, filters, and associated equipment to South
Pole Station, and to assemble the sampling station.
This took much time since cargo for the construction
of the new South Pole Station had top airplane
priority. All of our equipment arrived at the South
Pole in early December 1973. A site about one-quarter
kilometer northeast of South Pole Station was chosen
for the sampling van. At this location the van would
be well upwind of all local contamination from bull-
dozers, generators, and airplanes.

The van is specially designed for air sampling. A
4-meter intake stack goes into the building and joins
a manifold with nine fittings. Each fitting can be
used for a different filter or collection system, thus
allowing parallel sampling for up to nine collectors.
Because of the low particle concentration in the South
Pole atmosphere, contamination always is a potentially
serious problem. Several precautions were taken to
avoid any possible contamination of the filters. The
pumps are connected to an anemometer in such a

way that if the wind comes out of a direction other
than a preselected direction (generally 00 to 900E.)
they will automatically shut down. The pumps will
reactivate only when the wind returns to the pre-
selected sector. Since the particle concentration is
quite low (50 to 150 particles per cubic centimeter),
any large increase in particle counts is indicative of
local contamination. A condensation nucleus counter
is connected to the power distribution system sc that
if the number of condensation nuclei exceeds a ]naxi-
mum value (.-'400 particles per cubic centimeter)
the pumps will cease operation. They automacally
will reactivate when the number of condentjon
nuclei falls back to normal levels. In addition, a :lean
bench has been installed for changing samples, han-
dling filters, and any other sampling equipmeit or
samples that must be kept away from dust.

On December 12, Dr. Fletcher relieved Mssrs.
Mroz, Byrne, Lorens, and Cole who had ben at
South Pole Station since December 1. There were
four experiments being conducted at that time The
first consisted of collecting air particulate samps on
four filters. Two of the filters (Whatman rnnber
41) were mounted on 10- by 20- by 24-centieter
in-line polyethylene filter holders. The seconi two
filters were polystyrene (Delbag) that used theame
type of filter holders. The four filter sampleswere
collected for approximately 10 days using high vume
hurricane pumps.	 I

The second experiment was designed to mea ure
gaseous and particulate halogen concentrations.
Gaseous species were collected on activated cha coal
after particles had been removed by either an ele tro-
static precipitator or two 47-millimeter nude ore
filters that also were to collect particulates for hal gen
analyses.

The third experiment was to measure the size
distribution of particulate samples with a 6-s age
cascade impactor (Scientific Advances). The impactor
separates particles onto polycarbonate surfaces by
aerodynamic sizing. These samples will be used for
chemical analysis and for scanning elec ron
microscopy.

The fourth experiment attempted to measure the
concentration of chlorinated hydrocarbons and he vy
molecular weight hydrocarbons in the antarctic at os-
phere. The samples were collected outside the vanon
20- by 25-centimeter glass fiber filters with two p ly-
urethane foam plugs for gaseous species.

On January 11, 1974, Mr. Cahill relieved r.
Fletcher. A new experiment was initiated to meas ire
levels of 222 R in the atmosphere. Samples were
collected for 20 minutes to an hour on Gelman g ass
fiber filters. The samples were counted for the st ort
lived 222 R daughters. Very low levels were fo nd
during all sampling periods. On February 13, the an
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was Isecured and relocated outside of South Pole
Statin for next season's activity.

This research was supported by the National Sci-
ence l Foundation grants Gv-33335 and Gx-33777.

sols in the antarctic stratosphere

J . M. ROSEN, D. J . HOFMANN, G. OLSON
D. MARTELL, and J . KIERNAN

Department of Physics and Astronomy
The University of Wyoming
Laramie, Wyoming 82071

Ir January 1974, the University of Wyoming atmos-
phe ic physics group conducted stratospheric aerosol
sou dings from McMurdo and South Pole stations.
Thre soundings each were made for 2 consecutive
years at the South Pole, and two soundings each were
made for consecutive years at McMurdo. In addition
to Aerosol detectors, the balloon sounding package
measured ozone concentration, water vapor concen-
tration, temperature, pressure, and winds. These other
parameters frequently provide secondary or support-
ing information necessary for correct interpretations
of 2terosol profiles. A short description of the instru-
merit and of some of its features has been presented
elsewhere (Hofmann et al., 1973).

The January 1974 aerosol profiles are shown in
fig. 1. These data imply that there is very little dif-
ference in the general profile of stratospheric aero-
sols between McMurdo and the South Pole over the
perod of these soundings. The repeatability of the
antarctic soundings is consistent with the large amount
of lata collected in the Northern Hemisphere, which
indicates a quasi-stationary profile during the summer.

During the same period soundings were made from
Au tralia. The results of these soundings will constitute
a crude latitude survey of stratospheric aerosol in the
So,ithern Hemisphere. Comparing such data with sta-
tistically more significant data in the Northern Hemi-
sphere will give a rough picture of the global nature
of this important stratospheric constituent. Such an
analysis has been done for data collected during the
19Y2.-1973 austral summer; the results show that the
tw hemispheres are very similar during their respec-
tivesummers.

Aerosol profiles obtained during three successive
au tral summers are shown in fig. 2. There appears to
be a progressively decreasing concentration in the 80-
to I300-millibar layer, with the biggest drop occurring
diring the last year. The aerosol concentration in the
3O to 80-millibar layer, however, remains relatively
constant. At this altitude interval the spread in values

Figure 1. The profiles of aerosol concentration for particles .3 Am

and larger. The identification of the soundings is as follows, read-
ing from left to right at the 65-millibar level: McMurdo (January
31, 1974), South Pole (January 25), McMurdo (January 15). The
tropopausb level is at about 295 millibars at McMurdo and 315
millibars at the South Pole. The curved lines are mixing ratios in

units of number per milligram of air.

for the 3 consecutive years is about the same as that
for soundings conducted very close in time (fig. 1).
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Figure 2. The vertical profile of aerosols during 3 consecutive
years at the South Pole. The dates of the soundings are as
follows, reading from left to right at the 150-millibar level:
January 25, 1974, January 16, 1973, January 24, 1972. The
curved lines are mixing ratios in units of number per milligram air.
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The most recent soundings reported here were con-
ducted by Messrs. Olson, Martell, and Kiernan, who
were in the field from January 2 to February 8, 1974.
This research was supported by National Science
Foundation grant Gv-28077.
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Hofmann, D. J., R. G. Pinnick, and J. M. Rosen. 1973.
Aerosols in the south polar stratosphere. Antarctic Jour-
nal of the U.S., VIII(4): 183-185.

Atmospheric aerosol investigations

AUSTIN W. HOGAN
Atmospheric Sciences Research Center

State University of New York at Albany
Scotia, New York 12302

Antarctica provides many unique situations in which
to determine physical properties of the atmospheric
aerosol. During the 1973-1974 summer, several deter-
minations of the concentration and size of particles
in the antarctic atmosphere were done at McMurdo,
Siple, and South Pole stations. Data analysis con-
tinues with the cooperation of Mr. D. Nelson, National
Oceanic and Atmospheric Administration (NOAA),
and the voluntary efforts of Mr. M. Fussell, satellite
tracker at McMurdo.

The background aerosol concentration appears to
be about 50 to 75 particles per cubic centimeter on
the polar plateau, and about 125 particles per cubic
centimeter in Ellsworth Land. Maritime air, from
the Ross Sea, contains about 300 particles per cubic
centimeter; this amount is similar to more temperate
maritime regions.

Two interesting aerosol events occurred during the
field program. Aerosol concentration rose to about
500 to 1,200 particles per cubic centimeter, while the
apparent size decreased to less than 5x10 7 centi-
meters in radius during both of these occasions, and
returned to the original background levels within 48
hours. Each of these events accompanied a lowering
of the antarctic tropopause, and each ceased when the
tropopause level rose again. Similar events have been
reported in strong katabatic winds at Mirnyy Station
(Soviet Union).

Formvar replicas of precipitating ice crystals, ob-
tained at the South Pole, show the predominant crys-
tal types as columnar, as hollow columnar, or as pris-
matic columnar. Sometimes very small crystals of tri-
angular and of hexagonal form (often called "dia-
mond dust") were observed. NOAA soundings at the

South Pole show that a layer, saturated with ice, al-
most always is present at the 650- to 600-millibar level
over the polar plateau. Since ice crystal precipi ation
was observed only from this saturated layer hen
glaciated bands were present aloft, it is hypoth sized
that smaller crystals, descending from these higher
levels, nucleate these crystals, and that heterogeneous,
freezing nuclei were absent from the polar r ion.

A period of drifting snow acompanying winds of 48
kilometers per hour occurred at Siple Station. Visual
observations showed that the drifting snow was eing
intercepted by the roughened surface snow in the
camp area. Several formvar replicas were made of the
drifting snow grains at points upwind of the camF and
at the camp. Measurement of the volumes of now
replicated showed the camp was collecting 75 percent
of the snow passing over the area.

Vehicle tracks in the camp area apparently rou hen
the snow surface sufficiently to cause a slowing o the
near surface wind. This diminished wind speed al ows
the suspended snow grains to settle to the sur ace.
When sufficient snow is collected to smooth the sur-
face, the accumulation zone advances downwind.
Calculation shows that vehicle tracks can cause ac-
cumulation of 7 centimeters of snow per windy day;
this can be a relatively great source of snow accunu-
lation in the camp area as the surface is reroughned
between windy periods.

This research was supported by National Science
Foundation grant GA-032502.

Atmospheric processes and energ
transfers at the South Pole

JOHN J . CARROLL,
KINSELL L. COULSON, and

BRUCE W. FITCH
University of California
Davis, California 95616

The objectives of this project are to: (1) as
the extent to which Antarctica constitutes a heat s
for atmospheric circulation; (2) obtain informat
on the aerosol content of the atmosphere, and its
possible secular increase, by measurements of he
polarization of light from the sunlit sky. During 19 !3..
1974) the project's first year, a preliminary inst U-
mentation system was developed and tested in he
antarctic environment. A relatively large number of
preliminary data was obtained. The three participl its
spent January 10 to February 13, 1974, in Antarci ca
to make measurements.
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Si ce the data are being processed, it is too early to
discus the results. We have indications, however, that
the iistrumentation operated satisfactorily and that
even i these preliminary tests will yield valid informa-
tion. For instance, the experiment for energy balance
assessment was installed on the snow surface at a
location about a kilometer upwind of the old South
Pole Station and was operated continuously for 10
days during the last half of January. From these
measurements it will be possible to determine the
vertical flux of sensible and latent heat, and to
determine the momentum exchange between the snow
surface and atmosphere, the incident and reflected
solar radiation, the net flux of both short and long
wave radiant energy, and the transport of heat into
and out of the snow. Thus all vertical components of
the energy balance equation were measured during
the 10-day period at the South Pole.

The skylight polarization experiment was less suc-
cessful, but it did yield valid data. Because of shipping
problems, the polarimeter did not arrive at McMurdo
Station until early February. By this time it was too
late in the season to install the polarimeter at the
South Pole. Therefore we intercepted the instrument
at ?4cMurdo and set it up on the ice shelf near
Wiliams Field. The weather was satisfactory for sky-
light measurements during about 12 hours on one
occasion and during 4 hours on another occasion.
Mesurements were made continuously over a total
of 16 hours; the results appear to be satisfactory.
Despite the cancellation of polarization measurements
at the Pole during the 1973-1974 austral summer,
data obtained this year will provide a valuable check
on radiative transfer computations for the case of a
clear atmosphere overlying a highly reflective snow
surface.

This research was supported by National Science
Foundation grant Gv-40893.

Anisotropic reflection from sastrugi fields

M. KUHN
Institute for Meteorology and Geophysics

University of Innsbruck
Austria

In preparation for a larger study of Antarctica's
role as a cold source in the global circulation system,
the reflection characteristics of inland ice were investi-
gated in December 1973 at the South Pole.

The experiment was to classify parameters that
cause variations in the albedo (reflection coefficients).
Such variations can be related to the physical state

of snow (density, size, crystal shape and orientation,
degree of metamorphosis, or riming), to the change
of reflectivity with wavelength whenever the spectral
composition of incident light changes during a certain
period, and to the geometrical distribution of the re-
flective properties (diffuse or specular reflection and
their change with the angle of incidence) of surface
elements in combination with the orientation of such
elements in the terrain—ripples, dunes, sastrugi-
and the sun's position.

The understanding of these parameters is desirable
to interpret satellite photographs and to interpret the
surface energy budget where, for example, the small
change of albedo from .85 to .88 means a change of
20 percent in absorbed shortwave radiation.

South Pole Station was very favorable to these field
tests because solar elevation and, consequently, tem-
perature and humidity, change little and provide the
snow with a constant physical state over extended pe-
riods. A test site was chosen 1.5 kilometers upwind
of the station, where sastrugi were typically up to 0.5
meters high and were up to 10 meters long.

A pyrheliometer with an aperture of 110 in di-
ameter and equipped with filters with a range of 0.3
to 4 microns and 0.7 to 3 microns was used to deter-
mine the distribution of relative brightness of snow in
a ring between the horizon and a circle 110 below
the horizon. Measurements covering this ring in steps
of 10° of azimuth were repeated for nearly every sec-
tor of the solar azimuth and for old as well as new
snow.

The most remarkable result was a peak in bright-
ness in the sector below the sun, reaching intensities
of nearly twice the values found in the remaining
directions. This peak clearly demonstrates the aniso-
tropic nature of reflection from polar snow. The com-
parison of reflection curves of freshly fallen and week-
old snow (fig. 1) suggests that the peak is caused by
specular reflection from crystal surfaces that rapidly
deteriorate after deposition on the ground but retain
about half their original effect after a week of meta-
morphism. A specular contribution of only a few
percent in other than the subsolar directions must be
expected from Fresnel's law.

Apart from this microscopic effect, the anisotropy
introduced by the large scale features of the snow
surface is not less effective. As the sun travels through
all azimuths the sastrugi field decreases or enhances
the subsolar reflection at fixed azimuths. Fig. 2 shows
the change of maximum (subsolar), the average and
the minimum reflection with direction for old snow
(the maxima and averages for the 30° to 120° sector
are missing). Taking the average brightness of the 110
ring as proportional to the albedo, it was noted that
the shading influence of the sastrugi introduces a daily
variation of albedo even at a constant solar elevation.
Previous, similar measurements at Plateau Station
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Figure 2. Subsolar, average,
and minimum reflections from
old snow as a function of
solar azimuth. Values are for
the ring between 1 and 12
degrees below the horizon.
The dip in the subsolar reflec-
tion around the 240-degree
horizon is caused by shadows

in the sastrugi field.
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revea ed that the subsolar intensity decreases for
point farther below the horizon. Considering this in
the onversion from measured intensities to total re-
flected flux suggests that the daily variation of albedo
due io the sastrugi field at South Pole is about 2
percent.

TIie contribution of the near infrared (0.7 to 3.0

micribout

ns) to the total reflected intensity (0.3 to 4.0
micrns) also varies with azimuth. While this ratio
was  0.58 for direct solar radiation, its average
waspnly 0.45 for the diffuse reflected radiation but it
reached peaks in excess of 0.50 in the subsolar reflec-
tion. The low value of 0.45 in the diffusely reflected
light that emerges from snow crystals after several
internal reflections means that considerably more
enery is absorbed within the crystal, in the near in-
frared, than in the visible part of the spectrum (and
morèso in diffuse than in single, specular reflection).

This research was supported by National Science
Foundation grant Gv-40951 to the Institute of Polar
Studies, The Ohio State University.

Electron precipitation and radio
wave emissions

T. J . ROSENBERG
Institute for Fluid Dynamics and

Applied Mathematics
University of Maryland

College Park, Maryland 20742

rom December 10, 1973, to January 20, 1974,
ba loon launches from Siple Station carried aloft scm-
tillation counters to measure x-rays produced by high
enrgy electrons incident on the atmosphere and re-
ceivers for recording radio waves in a frequency range
of 0 to 5 kilohertz. Taking part in the field activities
at Siple, in addition to the principal investigator, were
Dx. John C. Foster and Mr. Carter C. Gibson, both
of the University of Maryland, and Dr. Jan A. Holtet,
Nrwegian Institute of Cosmic Physics.

A similar program of balloon x-ray measurements,
in I collaboration with the University of Houston, also
ws carried out in this interval from Roberval,
Qiebec, Canada, a site located close to the Siple
mgnetic conjugate point. The Roberval program was
directed in the field by Dr. David L. Matthews, Uni-
vrsity of Maryland, and by Dr. William R. Sheldon,

erIJnivsity of Houston.
The objective of this conjugate program was to

sarch for correlations between electron precipitation
aitld the natural and artificial stimulation of very low
frequency (VLF) radio wave emissions. The studies
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relating to artificial triggering were coordinated with
the operation of the Siple VLF transmitter. These
measurements were made to provide information on
wave-particle interactions in the magnetosphere and
on resulting ionospheric effects.

Six balloons were launched from Siple. Winds in
excess of 185 kilometers per hour above Roberval
limited that program to one balloon launch. A pre-
liminary assessment of the data is in progress. No
definite indications of artificially triggered electron
precipitation have been noted yet. However, at least
one event of natural origin was recorded and will be
examined further.

This research was supported by National Science
Foundation grant GV-28841X2.

Dry Valley Drilling Project, 1973-1974

L. D. MCGINNIs
Department of Geology

Northern Illinois University
DeKalb, Illinois 60115

Dry Valley Drilling Project (DVDP) operations for
the 1973-1974 season commenced in September 1973.
The New Zealand drilling team and management
personnel proceeded to drill hole 3 adjacent to the
Thiel Earth Sciences Laboratory, McMurdo Station.
Six more holes were drilled in the dry valleys at Lake
Vanda (hole 4), at Don Juan Pond (hole 5), at Lake
Vida (hole 6), at Lake Fryxell (hole 7), and at New
Harbor (holes 8 and 9) (table).

Completion of the first of two planned field seasons
of drilling in the dry valleys permits an interim evalu-
ation of results. Project evaluation described here is
based on: (1) adherence to the field operations plan,
(2) consideration of environmental constraints and
of application of guidelines expressed in the DVDP

environmental impact appraisal, (3) occupation of
preselected sites, (4) completion of recommended
drilling meterage, (5) observations of subsurface
geology based on geophysical predictions, and (6) ap-
plicability of retrieved core to solving problems ex-
pressed in the science plan.

The 1973-1974 field season in the McMurdo Sound
region was blessed with one of the mildest summers
on record. High temperatures, clear skies, and proper-
ly functioning aircraft and drilling equipment com-
bined to provide DVDP with every technical advantage.

Dr. McGinnis is U.S. coordinator of the Dry Valley Drill-
ing Project.
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A smoothly administered staff led by Dr. S. B. Treves
and later by Dr. M. G. Mudrey, Jr., permitted full
observation of the field operations plan and its con-
tingency programs. Where subsurface or environmental
considerations demanded alteration in the planned
program, the contingency plan enabled rapid selection
of alternatives.

Environmental constraints forced abandonment of
holes 5 and 7 (Don Juan Pond and Lake Fryxell)
before science goals could be completed. At Don
Juan Pond, a hydraulic head (artesian flow) was
encountered after 3 meters of penetration. Because of
the possibility of mixing surfacewater with ground-
water the hole was cemented and the site was aban-
doned. It had been hoped that 50 to 60 meters of
glacio-lacustrine sediment could be cored from this
hole. Electrical resistivity measurements made in the
pond basin indicate the sediment is not frozen. Aban-
donment of hole 7 occurred when calcium chloride
circulating fluid melted pore ice at the sides of the
hole, causing the hole to collapse. It was impossible to
contain the fluid in the casing.

Prior to the past season some apprehension had
been expressed regarding the ability of the U.S. Navy
Antarctic Development Squadron Six UH-1N heli-
copters to move 30,000 kilograms of drill rig com-
ponents and camp equipment to proposed sites within
allotted times. Only the 6-meter mast proved difficult
to airlift because it is aerodynamically awkward. No
serious transport problems were encountered, however.

Recommended drilling depths were not reached in
all cases (including, of course, at holes 5 and 7).
Holes 4 and 6 (Lake Vanda and Lake Vida) were
drilled to full depth and penetrated basement. Hole
8 (New Harbor), although drilled to 157 meters, did
not reach basement rock; this was due primarily to
late-season time shortages. Hole 8 will be deepened
to basement early in the 1974-1975 season. It is

expected that drilling to a total depth of 400 t 500
meters might be necessary.

Subsurface geology and the physical state of the
subsurface was predicted accurately at Lake Vinda,

tDon Juan Pond, and Lake Fryxell (McGinnis al.,
1973). Thick overburden (about 200 meters) was
expected on the basis of surface sediments and geo-
physical measurements at Lake Vida; whereas, ase-
ment was actually encountered at 10.5 meters. At New
Harbor, shallow basement (about 15 meters) was
predicted on the basis of geophysical measurements;
whereas, basement has not been reached after drilling
to a depth of 157 meters. The difficulty in identiying
crystalline basement in relatively unknown permfrost
terrain in the dry valleys lies in the similarity in both
seismic velocities, and resistivities between frozen ice-
cemented, glacal deposits, and basement rocks. Ac-
curate subsurface predictions have been made at 60
percent of the sites and these occurred near saline
lakes where frozen ground was thin or absent. Prdic-
tions made in the future should obtain a higher degree
of accuracy because of the past season's experince.

According to the DVDP science plan (outlined by
McGinnis et al., 1972), areas of study recommended
through collection of core are as follows:

(1) paleontological evolution of marine life as
Antarctica migrated poleward;

(2) frequency of glacial pulsations over McMurdo
Sound;

(3) volcanic evolution during polar migration of
Antarctica;

(4) paleomagnetic reversals of near axial, vol-
canic rock;

(5) hydrogeology of ice cap margins;
(6) geochemistry of polar desert soils and pe a-

frost;
(7) evolution of closed ecosystems in polar, sa me

lakes;

Sequences cored by DVDP during 1973-1974.

Elevation Penetration Recovery
Site	Number	Location	(meters)	(meters)	(meters)	Rock type	Date

	201.2	196.5

	

179.4	171.4

	

381.0	341.2
85.7

4 m of rock

	

3.5	3.2

	

305.8	302.6

	

11.1	2.9

	

157.2	130.4

	

38.3	33.3

Volcanics, pryoclastics
Volcanics, pyroclastics
Volcanics, pyroclastics
Lacustrine, glacial

sediments, crystalline
basement

Lacustrine sediments
Glacial sediments,

crystalline basement
Glacial sediments
Glacial and marine

sediments
Glacial and marine

sediments

Ross Island	 I	77°50'S. 166°40'W.	66.9
Ross Island	2	77051' S. 166 040' W.	47.2
Ross Island	3	77051' S. 166 040' W.	47.6
Lake Vanda	4	77032' S. 161 032' W.	83.6

3 m of ice, 65.3 m of water, 17

Don Juan Pond	5	77034'S. 161°10'W. 117.5
Lake Vid'	 6	77°08'S. 161°51'W.	349.2

Lake Fryxell	7	77°35'S. 163°05'W.	18.5
New Harbor	8	77°37'S. 163 0 31'W.	1.9

New Harbor

	

	 77°37'S. 163°31'W.	1.9
inclined 450 off vertical

1/73
2/73

9-10/73
11/73

12/73
12/73

12/73
1/74

1/74
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sea F

and
(9)

heat flow analyses of polar regions undergoing
rel changes, volcanism, isostatic fluctuations,
ciaI burial;
global tectonic significance of the McMurdo

volca ics;
(1 ) glacial loading effects on crustal bending, on

isosta ically induced mantle current, and on geo-
physi a! anomalies.

Alt ough these goals will not be fulfilled until core
is sub ected to intensive study, it is possible to indicate
wher goals may be reached based on preliminary
observations of core.

Because a complete geological record of rocks in
the region was not obtained, items (1) and (3) can
not be realized. Item 1 could be obtained from fur-
ther drilling at New Harbor and from drilling at the
proposed McMurdo Sound site next field season. Item
3 probably will not be achieved through DVDP; it best
woukl be realized from surface or near surface geo-
logical studies. The remaining goals have been com-
pletely or partially met. The nine holes thus far
drilled to various depths will be used as a basic guide
in planning the drill program during the final DVDP

field season (1974-1975).
This research was supported by National Science

Foundation contract C-642.
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eology of DVDP hole 3, Hut Point
Peninsula, Ross Island

PHILIP R. KYLE
Department of Geology

Victoria University
Wellington, New Zealand

SAMUEL B. TREVES

Department of Geology
University of Nebraska

Lincoln, Nebraska 68508

I5ry Valley Drilling Project (DvDP) hole 3 was
drilled 3 meters north of DVDP hole 2 (Treves and
Kyle, 1973) at the base of Observation Hill (adjacent

to the Thiel Earth Sciences Laboratory, Hut Point
Peninsula, Ross Island). The elevation of the drill site
is about 47 meters above sea level. Drilling started
on September 21, 1973, and continued until October
19. The hole was drilled to a depth of 381 meters
below the level of the drill platform and 341.16 meters
of core were recovered. The recovery rate was 99
percent. Coring started at a point 9.45 meters below
the level of the drill platform. Because of the difficulty
of drilling thick ice layers and because the core from
the upper 171 meters of hole 3 was duplicated by the
core of hole 2, several intervals in the overlap zone
were triconed and no core was recovered. Table 1
shows the geologic units cored.

The general geology of the core and the correla-
tion with hole 2 is presented below. Holes 2 and 3
are very similar. Treves and Kyle (1973) discussed
the correlation of holes 1 and 2; the correlation be-
tween holes 2 and 3 is shown in table 2.

Megascopic and microscopic examination of the
core resulted in the identification of 10 lava flow units
and of five pyroclastic units. These units, from young-
est to oldest, consist of hawaiite, of augite-kaersutite
basalt, and of olivine-augite basalt hyaloclastite. The
hawaiite lavas are 54.95 meters thick and consist of
six flow units. To facilitate drilling, several intervals
within this sequence were triconed and, therefore, no
core was recovered. Recovered intervals were num-
bered independently of units identified in hole 2.
Thus, units 2 to 6 of hole 2 are equivalent to units 1
to 5 of hole 3, as indicated in table 2. Descriptions
of the missing intervals and a detailed discussion of
these units is presented in Treves and Kyle (1973).

Eleven thin sections were examined and described.
All are characterized by andesine and are hawaiites.
Megascopically, the lavas are aphyric; microscopically,
they show microphenocrysts of kaersutite, augite, and
andesine. The kaersutite ranges from unaltered to
completely oxidized. The groundmass is hyalopilitic
and contains microlites of andesine, augite, and
opaque minerals. Some samples are spotted. Micro-
scopic examination of the spots indicates that they are
more glassy than the rest of the groundmass.

Augite-kaersutite basalt is characteristic of only
two units, a pyroclastic breccia and a flow, with a
total thickness of 30.76 meters. The pyroclastic unit
(unit 7) is 16.10 meters thick and is ice cemented.
The flow is 14.66 meters thick and has an oxidized,
scoriaceous base that is 0.64 meter thick.

In thin section and in hand specimen, the rocks are
porphyritic with phenocrysts of augite and kaersutite;
a feature that differentiates them from the overlying
hawaiites, which are generally aphyric. Preliminary
petrographic data suggests that the composition of the
blocks of the pyroclastic breccia (unit 7) represent a
transitional basaltic phase, intermediate between the
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Table 1. Geologic units cored in hole 3.

Unit	 Description

1	Hawaiite flow
2	Hawaiite flow
3	Hawaiite flow
4	Hawaiite flow
5	Hawaiite flow
6	Hawaiite flow
7	Uawaiite pyroclastic breccia
8	Augite-kaersutite basalt flow
9	Olivine-augite basalt pyroclastic
10	Olivine-augite basalt flow
11	Olivine-augite basalt pyroclastic
12	Olivine-augite basalt flow
13	Olivine-augite basalt pyroclastic
14	Augite-olivine basalt flow
15	Hyaloclastite

Depth	 Thickness
(meters)	 (meters)

9.45-20.48	 11.03
20.48-25.37	 4.89
32.31-35.36	 3.05
45.42-52.41	 6.99
52.41-55.78	 3.37
63.40-64.40	 1.00
64.40-80.50	 16.10
80.50-95.16	 14.66
95.16-99.60	 4.44
99.60-107.78	 8.18
107.78-109.14	 1.36
109.14-153.17	 44.03
153.17-155.42	 2.25
155.42-166.83	 11.41
166.83-381.00	 214.17

hawaiite of unit 6 and the augite-kaersutite basalt of
unit 8.

Correlation with hole 2 is shown in table 2. It
should be noted that hole 2, unit 9, was not identified
in the core of hole 3. This suggests that hole 2, unit 9,
may be a large block or bomb in the base of the
pyroclastic phase.

The olivine-augite basalt units are 71.67 meters
thick and consist of three flow units (units 10, 12, and
14) and three pyroclastic units (units 9, 11, and 13).
The flows range in thickness from 8.18 to 44.03
meters; the pyroclastic units are thinner, ranging from
1.36 to 4.44 meters in thickness.

Unit 9 consists of 3.24 meters of lapilli-crystal tuff
and lapilli tuff and 1.20 meters of ice cemented,
blocky, scoriaceous, pyroclastic breccia. Pyroclastic unit
11 is 1.36 meters thick and probably is the scoriaceous
top of flow unit 12. Unit 13 is a mixed unit consisting

Table 2. Correlation of holes 2 and 3.

Hole 2	 Hole 3	Difference
Unit	Height	Unit	Height	(meters)

(meters)	 (meters) Hole 3 to Hole 2

2	30.15 a.s.l.	1	27.15 a.s.l.	3.00*
5	1.23 a.s.l.	4	4.51 b.s.l.	5.24
7	10.41 b.s.l.	6	16.77	6.36
9	24.68	7	32.87	8.19
10	40.99	8	47.53	6.54
11	46.81	9	51.97	5.16
12	54.18	10	60.15	5.97
13a	55.29	11	61.51	6.22
13b	97.95	12	105.54	7.59
14	101.20	13	107.79	6.59
15	110.16	14	119.20	9.04*

Mean: 6.48

*Not included in calculating mean.
Above sea level = a.s.l.; below sea level = b.s.l.

of a pyroclastic flow-top and an olivine-augite basalt
flow.

The upper 1.46 meters of flow in unit 10 is brec-
ciated and oxidized; the remaining 6.72 meters con-
sists of massive olivine-augite basalt. Unit 12 is an
olivine-augite basalt that is 44.03 meters thick; it is
the correlative of unit 13, hole 2. The basal 5.35
meters of unit 12 shows some hydrothermal alteration,
a streaky texture, and some veins of secondary
minerals. Unit 14 is 11.41 meters thick; the basal 1.03
meters is oxidized and shows a chilled margin

In thin section, the rocks contain phenocrysts and
microphenocrysts of opaque minerals, plagioclase (la-
bradorite), and rhonite. The groundmass ranges from
partly glassy to intergranular and subophitic and con-
sists of olivine, augite, plagioclase (labradorite),
opaque minerals (oxides), and rare rhonite.

Unit 15 is the oldest and thickest unit penetr ted.
The first 20.62 meters of this 214.17 meters thick unit
consists of a mixed, volcanic breccia in which bI cky,
palagonitic, lapilli tuff predominates. Intercalated por-
phyritic olivine-augite basalt flows (?) or pillows (?)
show strongly shattered bases and, locally, chilled ar-
gins. The rest of the unit (193.55 meters) is comp sed
of lapilli tuff and blocky lapilli tuff with minor tuff
and black vitric tuff. A palagonitic matrix chara ter-
izes the lapilli tuffs; tuff bands often show laminat ons.
The whole unit is ice cemented except for the lower
10 meters, which is uncemented and rubbly.

Preliminary petrographic examination of 56 thin
sections indicates that the lapilli and blocks of the
hyaloclastite are almost all olivine-augite basalt. A
petrographic discontinuity occurs at about 218 meters.
Here, a lapilli tuff (3-218.47) shows a variet of
rock types and many of the lapilli show some rouncing,
a feature that probably indicates that they were trans-
ported some distance.
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Ice occurs throughout the core. It fills vesicles, cavi-
ties, and fractures, and cements the hyaloclastite. Sev-
eral areas of ice-free core were encountered below
370 meters, a feature that may indicate that the
permafrost boundary is nearby.

Secondary minerals occur throughout much of the
core. Their distribution is similar to that described by
Treves and Kyle (1973) for the core from holes I
and 2.

Holes 2 and 3 are only 3 meters apart and the cor-
relation of units, therefore, is obvious (table 2). It
also is obvious from table 2 that the match of units
is not perfect. This mismatch may be due to a minor
fault or may reflect differences in relief on flow sur-
faces.

M;.crofossils were discovered in rocks of the Hut
Point Peninsula pyroclastic sequence at depths of
198.42 and 378.23 meters by Mr. F. Morelli, Darwin
Research Institute, a DYOP environmental monitor,
while in the course of his sampling of the core for
microbiological monitoring purposes. The microfossils
have been tentatively identified as diatoms; those of
the upper portions of the core are freshwater forms,
and the lower portions of the core contain marine
forms.

Treves and Kyle (1973) tentatively correlated the
rocks of holes 1 and 2 with sequences related to vents
exposed at the surface. Some recent radiometric dates
(Kyle and Treves, 1974; Forbes et al., 1974), pre-
liminary geochemical work (Kyle, 1974), and detailed
petrographic studies (Treves and Au, 1974) indicate
that the geologic history of Hut Point Peninsula is
much more complex than the surface geology sug-
gests. In the light of these new data, the correlation
of Treves and Kyle (.1973) no longer is completely
valid. Therefore, we propose that the application of
our sequence names to core units be discontinued, but
that sequence names be retained for surface units
Kyle and Treves, 1973).
Our present data indicate that the units of holes

2 and 3, which are located only a few meters apart,
may be the product of a single vent and the differentia-
tion products of a single magma chamber; whereas,
the history of hole 1 is much more complicated. In
the sections that follow, the geologic history of holes
2 and 3 is presented. The correlation of holes 2 and
3 is uncomplicated (table 2). A detailed discussion
of the relationships and correlation of holes 1, 2, and
3 is given in Kyle and Treves (in preparation) and in
DVDP Bulletin 3.

The flow and pyroclastic units of holes 2 and 3,
with the possible exception of some parts of the thick
basal pyroclastic sequence (units 16 and 17 of hole
2 and unit 15 of hole 3), discussed below, constitute
a differentiation sequence.

The oldest flow and pyroclastic units of hole 3
(units 9 to 15), and even most of unit 15, essentially

are olivine-augite basalts, as are their correlatives in
hole 2. These olivine-augite basalts give way to augite-
kaersutite basalt pyroclastics (unit 7) and a flow unit
(unit 8). The remaining units of hole 3 are kaersutite-
hawaiite flows (units I to 6) as are their correlatives
of hole 2. These relationships indicate that the rocks
of holes 2 and 3 represent a simple differentiation
sequence as follows: olivine-augite basalt, augite-
kaersutite basalt, kaersutite-hawaiite. Superimposed on
this rather simple scheme, however, is a more complex
history indicating that alkali-rich differentiates were
produced several times, even as the magma evolved
from olivine-augite basalt to hawaiite.

Stratigraphic, petrographic, and chemical data sug-
gest that the phonolite of Observation Hill and The
Gap are more extreme differentiates of the magma
chamber that gave rise to the lavas of holes 2 and 3.

The oldest unit penetrated by holes 2 and 3 is a
hyaloclastite; that it is not the correlative of the
hyaloclastite of hole 1 also is clear. At both sites, how-
ever, these units represent early eruptive events that
took place under a cover of ice or subaqueously. At
hole 3 this interpretation is supported by Mr. Morelli's
finding of diatoms in unit 15. These diatoms appear
to be freshwater forms in the upper part of unit 15
and marine in the lower reaches of this very thick,
214.47-meter pile of hyaloclastite. Lyons' D/H de-
terminations also support this interpretation as do
the presence of pillow-like structures. That the history
of this pile might be more complicated is indicated by
a mineralogic and petrographic discontinuity that
occurs at about 218 meters.

In summary, the rocks of holes 2 and 3 indicate a
history of marine volcanism that built a hyaloclastite
pedestal which perhaps impinged on a thick ice shelf
that covered the Ross Sea more than 1.2 million
years ago.

The lavas that mantle this pile of hyaloclastite
appear to be subaerial flows and pyroclastic units
which represent a differentiation series that started
with olivine-augite basalts and ended with the phono-
lites of Observation Hill and The Gap.
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Geology of DVDP holes 6, 7, 8, and 9

M. G. MUDREY, JR.
Department of Geology

Northern Illinois University
DeKalb, Illinois 60115

I relieved Dr. S. B. Treves as Dry Valley Drilling
Project (DVDP) project scientist on December 8, 1973.
Early season scientific objectives had been completed
and field operations were less than one week behind
initial schedule. Drilling at the Lake Bonney site had
been postponed until the 1974-1975 season. Thus
modified, field operations for the rest of the season
accomplished most objectives. The field crew, super-
vised by Mr. Leon Oliver, drilled at Lake Vida (hole
6), at Lake Fryxell (hole 7), and at New Harbor
(holes 8 and 9). What follows is a summary of pre-
liminary findings from these holes.

Lake Vida. This site in Victoria Valley was cored
to investigate the permafrost layers in excess of 300
meters in thickness. Continuous coring with excellent
recovery at hole 6 began on December 10 and ended
on December 20 after completing scientific objectives.
A fully cased and diesel fuel filled hole to 305.8 meters
is being monitored for heat flow by Dr. E. R. Decker,
University of Wyoming. This hole may remain open
for access of geophysical equipment for many years.

Continuous diamond drill coring with 98.9 percent
recovery (diesel fuel was the circulating medium), at
the west end of hole 6, recovered three lithologic se-
quences. Dr. Hajime Kurasawa, Japan Geological
Survey, and Dr. Yoshio Yoshida, Hiroshima Univer-
sity, prepared the preliminary geologic log. The 10.5
meters of permafrost sands and gravels near the sur-
face represent deposits derived from glacial action and
reworking. The individual units within this interval
may represent two of the oldest of four glacial ad-
vances in this valley. Biotite granite gneiss in the base-
ment is correlated with the Olympus granite gneiss
and exists to 155.96 meters. Above a fault at 88 meters,
this gneiss is massive; below 88 meters the gneiss is
cut by meter-thick tongues of massive biotite granite,
passing into massive granite at 155.96 meters. The
massive granite is correlated with the Vida granite.
Ice occurs in fractures within all units in the core.
Temperature measurements were made to the bottom
of hole 6.

Lake Fryxell. Coring in the permafrost glacial
sands and gravels at hole 7 in Taylor Valley ended
before reaching site objectives. Continuous coring be-
gan on December 26 and ended on December 30.
Caving and downhole drilling complications caused
by the calcium chloride and water circulating medium
forced abandonment of the hole at 11.12 meters after

recovering only 2.9 meters of permafrost gravel identi-
fied by Mr. Henry Harris, University of Illinois.

New Harbor. Continuous coring at hole 8, at the
mouth of Taylor Valley, began on January 7, f974,
and temporarily ended on January 23, 1974,
at 157.5 meters. Initial use of calcium chloride drilling
fluid to 36.3 meters resulted in poor core recovery.
Diesel fuel was used to drill to 157.5 meters, and to
redrill on an angle the first 38.7 meters (hole 9),
resulting in nearly complete core recovery. Drilling
ended with NQ rod (63.5 millimeter core diameter),
and rod was left as casing and was filled with diesel
fuel. High torque and circulation problems caused
stoppage of the NQ rods. The hole may be reentered
with BQ rod (47.5-millimeter core diameter) and
deepened to meet scientific objectives; this operation
tentatively is set to take place in September. Mr.
Michael Chapman-Smith, Antarctic Division, N.Z.
Department of Scientific and Industrial Research, 'and
Mr. Paul Luckman, Victoria University, Wellingon,
New Zealand, report that hole 8 intersected inter-
bedded sand and gravels with some mud down to 66
meters, and then till with interbedded sands to 147
meters. Hole 8 bottomed in interbedded sand and
gravels. Marine pecten shells (Adamussium colbecki)
were identified at 20 meters in depth; at greater
depths foraminifera were found. The hole 8 core
particularly is valuable; it makes possible the correla-
tion of a terrestrial glacial record with the marine
record. The entire section is permafrost.

All DVDP core, both from the 1972-1973 and the
1973-1974 seasons, has been returned to the United
States for distribution. Core from Ross Island (holes
1 to 3) and crystalline basement from hole 6 (Lake
Vida) was shipped frozen to Northern Illinois Uni-
versity. All core from hole 4 (Lake Vanda), from hole
5 (Don Juan Pond), from holes 8 and 9 (New Har-
bor), and sediments from Lake Vida have been
shipped frozen to Florida State University.

Japanese activities in DVDP, 1973-1974

TETSUYA ToRn
Japan Polar Research Association

Tokyo, Japan

Eight Japanese, including two laboratory techni-
cians, participated in 1973-1974 field activities of the
Dry Valley Drilling Project (DVDP) from mid-October
1973 to mid-February 1974. Japanese researchers were
present at each of the season's dry valley drill sites:
hole 4 (Lake Vanda), hole 5 (Don Juan Pond), hole 6
(Lake Vida), and hole 7 (Lake Fryxell), and hole 8
(New Harbor).

130	 ANTARCTIC JOURNAL



Besides involvement in the drilling, we also were
interested in studying secondary minerals in the core
samples and evaporites found around the various sites,
as well as in collecting water samples as part of a
10-year study of sequential changes in chemical com-
position. Thin sections and the working up of geologi-
cal descriptions of the drill core and other related
samples were done at McMurdo's Thiel Earth Sci-
ences Laboratory by using an x-ray diffractometer, a
thin sectioning machine, a clay-size analyzer, and
related items (cameras, microscopes, etc.) that largely
were a Japanese contribution to the trinational (Ja-
pan, New Zealand and the United States) DVDP.

The following is a brief summary of our work.
Mi?leralogical studies. Secondary minerals and evap-

orites from core of holes 3, 5, and 6, and from areas
adjacent to the drill sites were examined by using an
x-ray diffractometer. Among samples collected from
around Lake Vanda, such minerals as gypsum, thenar-
dite, calcite, halite, sodium niter, and diopside were
found in varying concentrations and forms. Laumon-
tite, calcite, chlorite, prehnite, and magnetite also
were found in the dolerite veins on the eastern side
of Dais, suggesting a low grade hydrothermal meta-
morphism of the original rock. The presence of high
watef soluble salts such as halite and sodium niter in
the elevated areas, but not along the shore line, merits
speci1l mention.

The core produced a wide variety of results. For ex-
ample, in core from Lake Vida, minerals such as
aragonite, calcite, chlorite, gypsum, hydrous mica, and
laumontite were found. Their distribution varied with
aragonite being found only between 88 and 92 meters;
in the vicinity of the fault in the core, laumontite and
chlorite were most abundant from 77 to 86 meters and
at 90 meters, respectively. The presence of laumontite
and aragonite suggests either high water temperatures
or Ml + rich waters.

Stable isotope studies. Carbon, oxygen, and sulfur
stable isotopes from ice in the core samples, from
lakewater, and from evaporites were analyzed in an
attempt to precisely determine the salt origin.

8 180 of ice from hole 3 (Ross Island) gave results
of —34.2, —17.4, and —0.1 per mil at depths of 11.3,
111.75 and 330.1 meters, respectively. 8180 of ice from
hole 6 (Lake Vida) gave results of —34.4 and —32.0
per nil at depths of 10.63 and 121.56 meters, respec-
tively, indicating a fairly wide variation with changing
depths. From these results it is clear that ice from
shallower parts of hole 6 originates from surface
freshwater and that ice from the deepest parts of
hole 3 originates entirely from seawater.

On the other hand, 8180 values for Lake Vanda
water at varying depths ranged from —30.0 to —31.9
per mil, giving the lightest isotopic composition
(—. 31.9 percent) at a depth of 50 meters. At depths
below 50 meters, the 8180 values increase with depth

and the groundwater taken from the gravel layers of
the lake sediment (at depths of 72.2 and 75.0 meters)
gave 8180 values from —28.5 to —27.7 per mu; these
are larger than those for the water at the bottom of
the lake. These results suggest that most of the present
lakewater originates from freshwater, while deeper
sediment layers are still under the influence of sea-
water.

8S measurements of gypsum, of thenardite, and
of sulfate in the sediment from hole 4 core also were
taken. Abundant sulfate and carbonate concretions
found in the upper part of the gravel layers in the
core, beneath which were groundwater layers, gave
8S results from +20.5 to +21.1 per mu; a seawater
origin is suggested.

From the results of separate 8180 and 634S meas-
urements of surface salts, the surface sulfate minerals
were divided into three groups according to their
origins. The first, from the shores of Lake Vanda, are
those found in evaporites and originating from sea-
water S01 with 634S values ranging from +19.6 to
+20.9 per mil. The second group, taken from the
Dais, are those originating from hydrothermal action
and had values of + 17.2 to + 17.6 per mil. The third
was found in the gypsum layer under the soil near
Canopus Pond, with values of +14.1 to +14.4 per
mil.

Chemical composition of groundwater at Lake
Vanda. Also in connection with determining the origin
of salt in Lake Vanda water, groundwater from depths
of 72.2 and 75.7 meters was collected and analyzed.
From the results it seems that the concentration of
salt is greater and increases more rapidly with depth.
Also the chlorine ratio of the determined elements
appears to be almost the same, but the most significant
difference is the low sulfate content compared with
that of the water at the bottom of the lake. Further-
more, this seems to correspond with a gradual de-
crease with depth in the concentration of gypsum in
the sediment, determined in our mineralogical studies.

Hydrogeological studies in the
dry valleys

KEROS CARTWRIGHT,
HENRY HARRIS, and

MANOUTCHEHR HEIDARI
Illinois Geological Survey

Urbana, Illinois 61801

Hydrogeological investigations in the dry valleys
began in the 1973-1974 austral summer as part of the
Dry Valley Drilling Project (DVDP). Dr. Cartwright
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Sample
number	Date

1	11/17/73

2	11/20/73
3	11/21/73
4	11/25/73

5	11/25/73

1	12/2/73

2	12/2/73
3	12/2/73

Depth
(meters)

70.9-71.6

72.2
75.7-76.7
79.7-80.6

lake, 60 meters below
ice surface

3.8

0.5
pondwater (175

meters west of
hole 5)

was in the field from November 1 to December 13,
1973, during drilling at holes 4, 5, and 6, and Mr.
Harris was in the field from November 10, 1973, to
January 21, 1974, during drilling at holes 6, 7, and 8.

Hydrogeological investigations were made at all
sites. Observations, except at holes 4 and 5, were
limited to sampling water (ice) in the core. Chemical
analyses of these water samples are incomplete, and
there is little to report. Available data from holes 1 to
3, on Ross Island, suggest that pore water within the
rock changes from non-marine to marine in the Crater
Hill sequence (Treves and Kyle, 1973).

Drilling at Lake Vanda (hole 4) and at Don Juan
Pond (hole 5) produced considerable hydrogeological
data. These data show that groundwater flow systems
in the dry valleys are similar to those typically found
in and regions.

At Lake Vanda, groundwater was encountered in
several zones below the lake bottom. Samples of water
were obtained from four of these zones, and water
levels were obtained whenever practical. The glacial
sediment below the thin lake sediments (Cartwright
et al., in press, a) is the most permeable zone, and
most of the groundwater is moving in this acquifer.
The hydrogeological observations and the prelimi-
nary data on water chemistry suggest that Lake Vanda
is a recharge point in the local groundwater flow sys-
tem. As the water moves through the sediments below
the lake, salinity increases from 140,000 parts per

million .T1 the lake (Angino and Armitage, 196) to
approximately 250,000 parts per million 8 meters
below the lake bottom (table). Groundwater moves
westward from Lake Vanda basin and discharges into
Don Quixote basin, where the water evaporates., The
quantity of water leaving the Lake Vanda basin
through the groundwater flow system probably is only
a small percentage of water entering the lake. Most
water loss from Lake Vanda is through evaportion
and sublimation.

Don Juan Pond is the discharge area for another
flow system. Drilling ended at a shallow depth there
due to increasing groundwater pressure (Cartright
et al., in press, b). A strong upward pressure gradient
causes water to flow from the groundwater reservoir
into the pond. Water samples collected show that the
water decreases in salinity over the 3.83 meters drilled
(table). Although the origin of the groundwater is
uncertain, the water undoubtedly flows from the west
into the pond.

These data, and the data to be collected durinR the
1974-1975 austral summer, are to be used in a model
study using finite element methods on a high-speed
digital computer. This model, under development for
the Lake Vanda-Don Quixote system, will incorporate
varying levels of water in Lake Vanda, variable lithol-
ogy in the sediments, variations in water density and
viscosity, and water losses due to evaporation and
sublimation.

Wafer samples from Lake Vanda (hole 4) and from Don Juan Pond (hole 5).

Temperature	 Conductivity

	

when	 at
	sampled	*	 20°C.

	

(°C.)	pH	(micro-mohs)

Lake Vanda

	

4.4	6.3	169,500

	

8.0	6.3	224,000

	

12.2	6.3	238,000

	

17.0	6.6	236,000

	

13.2	6.4	92,000

Don Juan Pond

	

—7.0	5.3	312,000

0	4.7	348,000

	

6.0	3.7	408,000

Remarks

Sample muddy, effervesced
strongly when treated
with HCl.

Glacial gravel zone.

Part of the water may COme
from the underlying
granite.

pH was unstable, varying
between 3.5 and 7.0;
reading given is initial
value.

Same as sample 1, hole 5.

*Temperatures are not representative of formation temperature, but reflect time in drill pipe before sampling, temperature
around pipe, and original temperature.
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This work was supported by National Science
Fouhdation grant GV-40436.
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Preliminary temperature measurements
at DVDP holes 3, 4, 6, and 8

EDWARD F. PRUSS, EDWARD R. DECKER, and
SCOTT B. SMITHSON

Department of Geology
University of Wyoming- -	 Laramie, Wyoming 82071

Our field work during the 1973-1974 austral sum-
mer concentrated on temperature measurements at
Dry Valley Drilling Project (DvDP) holes 2 and 3
(McMurdo Station), at hole 4 (Lake Vanda), at hole
6 (Lake Vida), and at hole 8 (New Harbor). The
field work, conducted by Mr. Pruss and Dr. Decker,
wat done between November 1, 1973, and February 5,
1974, under National Science Foundation grant GV-
3717. What follows is a brief summary of pre-
liIT inary results.

Ji-Iole 2 was logged five times to a depth of 130
meers •during the first 11 days of November 1973.
Hcle 3 was logged 51 times between October 31, 1973'
anl February 6, 1974. Although drilling in hole 3
ended at a depth of 381 meters, our maximum depth
Of enetration ranged from 260 to 270 meters due to
ca ing or ice wedging within or near this interval of
th hole. Temperatures in hole 2 range from about
- 6.1° to about —12.9°C. over the 20- to 30-meter
mt rval of the hole. Temperatures in hole 3 range
from about —16.9°C., at a depth of 10 meters, to
about —7.3 0 C., at 270 meters. Temperature profiles
in both holes are consistent with two distinctly dif-
fe ent thermal gradients at depth: (1) a 30° to 33°C.

per kilometer gradient between 40 and 180 meters;
(2) an average gradient of about 42°C. per kilometer
between 180 and 270 meters. If the average gradient
between 180 and 270 meters is also a measure of the
average gradient in the units below, permafrost
could extend to a depth of about 440 meters beneath
the collar elevation of these holes. If, however, the
average gradient in the units below 270 meters is
similar to that observed between 40 and 180 meters,
then permafrost could extend to a depth approaching
500 meters. Future combined studies of thermal con-
ductivity and heat flow may allow the depth of
permafrost to be predicted to within ±20 meters.

From field and theoretical studies, Jaeger (1961)
strongly suggests that reliable (±5 percent) geo-
thermal gradients can be measured in the central por-
tions of a diamond-cored hole that has been tempo-
rarily or permanently abandoned for periods of 1 to
7 days. Although hole 3 first was logged 12 days after
drilling ended, our measurements in this hole tend to
support Jaeger's conclusions. For example, all of our
temperature-depth profiles at hole 3 exhibit remark-
ably similar geometry with the first (November 1,
1973) and last (February 5, 1974) sets of tempera-
ture measurements yielding least-squares gradients in
the 90- to 260-meter portion of the hole that differ by
less than 3 percent (35 versus 36.3°C. per kilometer).
Similar calculations based on shorter depth ranges
and other measurements at hole 3 over the same
period of time yield least-square gradients that agree
to within 4-8 percent. There also is good agreement
between the average gradients (31.8° and 30.1°C.
per kilometer) in the 40- to 130-meter intervals of
holes 3 and 2, although hole 2 was logged first about
50 days after it was cleaned to a depth of about 135
meters. It should be noted that some rotary drilling
was done above 80 meters in hole 3, and that large
amounts of circulation were lost during drilling. It is
possible, therefore, that the disturbances related to
drilling are not related to heat conduction alone and
that our speculations concerning the equilibrium
thermal gradients may have to be confirmed or
negated by additional temperature measurements dur-
ing the 1974-1975 field season.

Hole 4 was logged once before the stabilizer casing
was removed from the hole. Measured temperatures
at points in the lake (10 to 60 meters) range from
5.1° to 22.1°C.; temperatures in the sediments and
other units below (70 to 85 meters) range from 22.1°
to 24°C. The temperatures recorded within the lake
agree with previously published measurements by Wil-
son and Wellman (1962). Our data are consistent also
with their suggestion that strong convection occurs in
the lake between 17 and 38 meters; in particular,
the recent measurements at 20, 30, and 40 meters
range from 7.8° to 8.1°C. and determine a nearly
isothermal profile. Additional evidence for convection
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in this portion of the lake is that all of our measure-
ments in the 20- to 40-meter interval were charac-
terized by large-amplitude oscillations similar to those
frequently observed during measurements in convect-
ing drill holes or boreholes that contain circulating
waters (Decker, 1969).

This hole also penetrated about 17 meters of the
units beneath the lake. Although our data at points
nearest the water-sediment interface agree with earlier
suggestions that a negative gradient may exist in the
units immediately below (about .6 meter) the lake
bottom (Wilson and Wellman, 1962), the tempera-
tures measured over the 75- to 85-meter depth range
determine variable and positive gradients. The pres-
ence of a non-uniform and positive gradient at these
depths, in turn, could mean that some heat is being
conducted into the lake. It also could mean that a
transient thermal regime exists at shallow depths in
the sediments. Fortunately, researchers associated with
the N.Z. Antarctic Research Program installed
thermocouples in this hole before the site was aban-
doned. Their temperature measurements in the future
could resolve these questions.

Drilling in the Lake Vida hole ended at a depth of
307 meters on December 20, 1973. Before the drill site
was abandoned, the hole was cased with 3.18-centi-
meter (inside diameter) black iron pipe filled with
"clean" diesel fuel that had been stored for an
unknown period of time at Marble Point. Tempera-
ture logging of the hole started on December 24 and
continued as time and logistics support permitted
until February 2, 1974; as a result, 12 temperature-
depth profiles were obtained. All of the profiles gen-
erally are consistent with a lack of thermal equili-
brium, with most recent measurements of temperature
(ranging from about —25°C., at a depth of 10
meters, to about —16°C., at 305 meters). Based on
these data and on the assumption that a rather uni-
form observed gradient in the 100- to 190-meter por-
tion of the hole also is representative of that in the
units at depth (>305 meters), permafrost could
extend to a depth of 800 meters in the vicinity of
this hole.

Hole 8 was logged three times between January 25
and February 3, 1974; when the first log was made,
about 5 days had elapsed since all phases of drilling
and casing were completed. Although BQ-sized casing
has been installed in the hole to about 159 meters, an
obstruction or backfill prevented access for tempera-
ture measurements below 136 (?) meters.

Although the hole was obviously out of equilibrium
at the times of logging, all of the profiles are con-
sistent with high and variable gradients (50 0 to 80°C.
per kilometer) between 30 and 135 meters. Briefly,
measured temperatures ranged from —16.4°C., at a
depth of 10 meters, to —8.7°C., at 135 meters. Con-

sidered together, these data suggest that permfrost
could be 250- to 300-meters thick near this drill site.
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Dry valley lake sediments: a record of
Cenozoic climatic events

A. T. WILSON, C. H. HENDY, T. R. HEALY,

J . W. GUMBLEY, A. B. FIELD, and C. P. REYNOLDS
Antarctic Research Unit

School of Science
University of Waikato

Hamilton, New Zealand

The Antarctic Research Unit, University of Wai-
kato, has a continuing program to study antacctic
lakes, particularly with regard to past climatic records
contained in their chemistry and in their sediment

The major part of our 1973-1974 austral summer
program was to study the bathymetry and sediments
of both lobes of Lake Bonney, Taylor Valley. Lake
Bonney is of considerable interest because the east lobe
contains a record of past climates of this antafctic
region. The west lobe, on the other hand, is fed by
Taylor Glacier whose catchment is very closely tied
to the level of the polar plateau. The west lobe culd
only dry up at periods when the polar plateau was
low. A corer was designed and built (figure) t be
capable of coring to at least 3 meters in soft sedinient
in depths of water up to 100 meters. After an e4en-
sive bathymetric survey of the lake, several cores 'ere
taken from both lobes. The corer worked so well that
it later was moved to Lake Vanda and several 2-mter
cores were recovered with excellent stratigraphy. T"his
should complement the work of the Dry Valley Drill-
ing Project since its drill rig was not able to recover
the upper 15 meters of core in an undisturbed coidi-
tion.	 I

During the course of our program, many cal ite,
aragonite, and gypsum layers were recovered; 4iese
are in the process of being uranium dated and stu4lied
for isotopic composition. They should yield inforna-
tion on past climate change as well as informatior on
the polar plateau level in past times.
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A thick deposit of halite was found to underlie the
east lobe of Lake Bonney. This deposit is at least 0.3
meter thick and occupies an area af 1.1 square kilo-
meters. Salt content of soils around lakes Bonney and
Vanda also were studied. This work shows that the
high level, about 210 meters above Lake Bonney, is
indeed a lake and not a sea level, that it is about
6,Q00 years old, and that the lake dropped from this
level very rapidly.

Fhermokarst and fluvial studies also were made in
the Lake Bonney area. A continuing program of mon-
itoring lake levels of the Taylor Valley lakes was
maintained. Lake Bonney, having remained stable for
a considerable period, now is rising rapidly (during
the 1973-1974 summer it rose by 1.14 meters). This
represents a long term rise of 1.8 meters since 1964
and probably has important climatic implications.

Six days were spent working along the top of the
Olympus Range studying the magnificent slopes de-
veloped on Beacon sandstone. These slopes evolved
under rainless desert conditions over very considerable

time periods. A traverse was made from Lake Joyce,
Taylor Valley, across the Asgard Range to Lake
Vanda (this may have been the first traverse from
Taylor to Wright valleys) to study salt distribution at
high altitude and to make a reconnaissance of the
region for future work.

We thank the Antarctic Division, N.Z. Department
of Scientific and Industrial Research, and personnel
of the U.S. Antarctic Research Program for their help
and hospitality.

Sedimentology of shallow cores
from Lake Vanda

J. W. GUMBLEY, A. T. WILSON, C. H. HENDY, and
C. S. NELSON

Antarctic Research Unit
School of Science
University of Waikato

Hamilton, New Zealand

The bottom sediments of Lake Vanda consist of a
varied assemblage of organic-rich, evaporite-bearing,
micaceous quartzofeldspathic sands and muds (Nelson
and Wilson, 1972). This information, together with
an estimated rate of sedimentation in the lake (0.2
kilogram per square meter per year) (McCabe, 1974),
suggests that the upper few meters of sediment should
contain a record of the Late Quaternary history of
Lake Vanda. The stratigraphy of the uppermost sec-
tion of Dry Valley Drilling Project (DvDP) core ob-
tained in November 1973 from Lake Vanda (site 4)
partially was destroyed by the drilling technique
employed.

We recovered a series of shallow cores from sites
close to the hole (fig. 1, hole H, Nelson and Wilson,
1972) in the deepest part (69 meters) of the lake.
These cores preserve an excellent stratigraphy of the
top 2 meters of Lake Vanda sediment.

The coring device consisted of a steel pipe, 2 meters
long and 5 centimeters in diameter, with a plastic
liner (4 centimeters in diameter). By lifting and drop-
ping a lead sleeve on a second wire attached to the
rig on the lake ice cover the core pipe was pounded
into the sediment (fig. 1, Wilson et al., 1974). The
sedimentological characteristics of the longest of the
five cores obtained is summarized in fig. 1; a more
detailed account of these and other antarctic lake
sediments is in preparation.

The cored sediments mainly are very poorly sorted
fine to medium sands that consistently are strongly
fine-skewed and leptokurtic. Quartz (20 to 50 per-
cent) and feldspar (10 to 60 percent) are the major

k

Corer in use at Lake Vanda.
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°/oOrganic °/0CaIc. Mean Sorting Se4inessKurtosis
carbon gyp.	size(MVP) (cyj4)	(sk1)	(KG)

	

- 1.3	10-15	6.9	3.6	+0.5	1.3

	

- 0.5	10-15	1.6	3.0	+0.5	3.2

2,4 (silt)

	

- 016	<5	2.4	1.6	+0.4	1.4

	

0.3	<5	1.7	1.3	+0.3	1.8

	

0.4	5-10	2.9	1.7	+0.2	0.6

	

2,2	<5	3.4	2.8	+0.6	1.3

	

0.8	5-10	1.7	1.2	+0.3	2.1

	

0.7	10-15	2,5	1.9

	

1.2	<5	3.3	2.2
1.8

	

1.2	<5	2.2	2.'i

o.q
	1.2	15-20	5.1	5.2

	

+0.5	3.1

	

+0.4	0.8

	

+0.7	3.1

	

+0.8	1,7

Lithology	Depth(cm)
Dk.gr.grey silt.	 OT
Grey med. sand with
gypsum grains(tol.5cm).
Lt.gr. grey silt above
and below gy. white
gypsum-calcite/silt	20
bands.
Olive grey med. sand	30with gypsum-calcite
grains.

40-Gr. black fine sand.
Olive grey med. sand.	50
Gy. white gypsum-calcite/
silt bands(see Fig.2).

60
Black very fine sand.

Gr grey med-cs. sand.	70 

Dk. gr. grey fine sand.	80
Gy. white gypsum-calcite/
silt bands grading below
into gypsum-rich sand.	90

Gr.grey fine sand.

Lt.gc grey med. sand
with scattered gypsum 110
grains (to 1.2cm) and a

120thin gr. grey gypsiferous
silt band at 112cm.	130

140 Figure 1. Sedimentologic log
of the 2-meter core recovered

sand with occasional	 dark; It. = light; gr. =

Olive grey med.-fine	150	

j 	
1.91 5-20	3.4	3.5	+J•7	2.5	

from Lake Vanda (dk. =
gypsum grains(to2cm). 160.::::::-:.: gy. = greyish;

med. = medium; cs. =
coarse). Color terminology

170

	

	 follows the Revised (1967)
Standard Soil Color Charts

Dk. olive grey med. sand	 0,7	<5	1.2	1.0	0.3	1.0 of Japan. Organic carbon
was determined by using the
calorimetric method of Blace-with two thin gr grey

silt bands and scattered
gypsum grains near base.	_.j	

. 

7	

Sand	 more (1970). Calcite

El silt	
gypsum percentages were de-
termined by using x-ray cif-

200.!	1	 fraction. Textural parameters"__. • Gypsum-calcite rich	 are after Folk (1968).

detrital constituents of the sands with small but van-	ciated closely with a series of prominent white
able amounts of clay minerals (5 to 25 percent), of	evaporite beds at about the 15-, 55-, and 90-cen0-
gypsum (0 to 14 percent), of calcite (3 to 12 percent),	meter levels (fig. 1). More poorly developed arid
and of organic matter (0.5 to 4 percent). The clays	possibly reworked evaporite layers occur deeper n
principally are bA micas and montmorillonite, with	the core near the 110- and the 200-centimeter levels.
lesser amounts of chlorite. Several sand subunits may	The evaporite beds are up to 6 centimeters thick
be identified on the basis of differences in bulk sedi-	and, although occasionally massive, typically consist
ment color and of variations in the content of coarse	of numerous varve-like alternations of gypsum, calcite,
detrital gypsum and calcite fragments (fig. 1). Thin,	and/or terrigenous silt (fig. 2). Each of these evapo-
organic bearing fine to medium silt bands are asso-	rite beds probably formed during periods of unus-
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Lake Vancla: source of heating

Figure 2.

-	
,

-.

-	
lilt	!j

.	 ..

.	.I.-...
Calcite-gypsum terrigenous silt bands at the 55- to

60-centimeter level in the Lake Vanda core.

uall low lake levels. Uranium-thorium dates on the
carbnate phases associated with the gypsum layers
indi4ate an age of 13,600 ± 1,000 years for the 55-
cent meter level and an age of <2,000 years for the
15-cntimeter level. Confirmation of these ages awaits
the Itesults of further uranium-thorium and carbon-14
date currently being processed.

We thank Messrs. C. P. Reynolds and A. B. Field for
thei assistance in the field, and the Antarctic Divi-
sion N.Z. Department of Scientific and Industrial
Resarch. We also thank personnel of the U.S. Navy
and I the U.S. Antarctic Research Program for their
help. and hospitality.
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Lake Vanda, Wright Valley, is remarkable in hav-
ing bottom temperatures of +25°C. in a region
where the mean air temperature is —18°C. Since the
discovery of these high temperatures by Armitage and
House (1962), several explanations have been put
forward. Armitage and House (1962) and Angino
et al. (1964) suggest that the high temperatures are
due to high geothermal gradients or to hot springs.

Wilson and Wellman (1962) refute heating by hot
springs on the basis of extremely horizontal isotherms
in the lake where the temperature is constant to
±0.1°C. for several kilometers. Hot springs are un-
likely in an area such as Antarctica because of the
great thickness of frozen ground and the consequent
lack of liquid groundwater. However, if a hot spring
did exist in the lake then it would be expected that
as the springwater entered the lake it would finger
into its appropriate density and spread across the
lake as a layer losing heat upward and downward and
cooling. In such a situation, horizontal isotherms
would be unlikely. Wilson and Wellman (1962) de-
veloped a theory of solar heating for Lake Vanda.
Their measurements of the solar energy transmissions
through the lake's ice cover showed it to be surpris-
ingly transparent to solar energy (6 percent of the
total solar energy passing through 3 meters of ice).

Wilson and Wellman (1962) also measured the
energy transmission through the water of the lake,
itself, and showed the water to be very clear; with
a half thickness of 14 meters, it has an absorbance
comparable to the clearest in the world. They showed
that solar heating could quantitatively explain the
high bottom temperatures of Lake Vanda. They con-
sidered that the temperature gradient's decrease with
depth could only be explained by heat being pro-
duced within the water, itself, by the absorption of
solar energy. The heat flow in the upper 30 centi-
meters of lake sediment was measured and it showed
that heat was flowing from the lakewater into the
lake sediments. This measurement only is of use in
determining the origin of heat in the lake provided
that a steady state situation can be assumed. For
example, if the lake suddenly cooled as a result of
the lake rising, or an increase in al .bedo of the lake's
ice cover, the solar heat energy transferred to the
bottom sediments would be conducted back into the
lake. Temperature gradient measurements in bottom
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sediments in such a situation would not imply high
geothermal gradient but rather something of the past
thermal history of the lake.

Ragotzkie and Likens (1964) studied the lake in
the summer of 1962-1963 and concluded, on the basis
of temperature gradient measurements, that the lake
was in part solar heated and in part heated by high
geothermal gradient. In contrast to the measurements
of Wilson and Wellman (1962), they claimed that
heat was flowing from the lake bottom into the lake
and measured gradients of the order of 15°C. per
meter; this is extremely high for even the most active
volcanic regions. It should be stressed that measure-
ment of temperature gradients in the sediments on
the bottom of a lake is not as simple as it first appears.
The problem is that in order to drive a measuring
instrument into the lake sediments, work must be done
and this heats up the surrounding sediments. The
measuring instrument must be left in the sediments
for a considerable period of time to allow the attain-
ment of thermal equilibrium before the true gradient
can be measured.

The Dry Valley Drilling Project in 1973-1974 of-
fered a unique opportunity to settle the question. A
deep hole was drilled through the sediments of Lake
Vanda and into the underlying rock. This hole was
sited near hole H on the map of Lake Vanda shown
in fig. 1 of Nelson and Wilson (1972). We were able
to place a multiple junction cop per- cons tantan
thermocouple (six junctions) into the hole with the
lower junction in the underlying basement rock at a
depth of 15.5 meters below the lake bottom and the
upper junction 0.5 meter below the lake bottom. A
Tinsley potentiometer was used to follow the emf
produced by the multiple junction thermocouple.
Measurements were made periodically over 7 weeks,
more than enough time for thermal equilibrium to be
established. The measurements showed that the bot-
tom of the hole was 0.48°C. colder than the bottom
of the lake. This gives an average gradient of
0.032°C. per meter. We have not been able to obtain
a representative sample of lake sediment in order to
measure its thermal conductivity, but on making the
assumption that it lies between that of water (1.4 X
10-3 calories per °C. per centimeter per second) and
granite (4.5 X 10 calories per °C. per centimeter
per second), we can compute that the central part
of Lake Vanda is losing heat downwards at a rate of
0.5 to 1.0 calories per square centimeter per second.

These results convincingly support the hypothesis
that the bottomwater of Lake Vanda is maintained
at high temperature by solar energy and this effec-
tively rules out a mechanism of heating by geothermal
heat flow. It also suggests that Lake Vanda has been
solar heated for some time. If temperatures could
have been measured at closer intervals down the drill

hole, information about the past thermal history of
Lake Vanda could have been obtained; perhaps this
can be done if more holes are drilled.

We thank the Antarctic Division, N.Z. Depart-
ment of Industrial and Scientific Research, and per-
sonnel of the U.S. Antarctic Research Program for
their help and hospitality. We also thank members of
the 1973-1974 Vanda Station (New Zealand) staff
for monitoring the lake bottom temperatures during
the 1974 winter.

This research was supported by a grant from the
N.Z. University Grants Committee.
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Seismic profiles across the extension of
Wright Valley into McMurdo Sou ci

P. J . BARRETT, D. A. CHRISTOFFEL, D. J . NOR HEY,

and B. A. SlssoNs
Victoria University

Wellington, New Zealand

During the 1973-1974 austral summer, a con inU-
ous seismic profiling survey was attempted to ceter-
mine sediment structure and minimum thicknes for
the western part of McMurdo Sound, where drill
holes are planned for late 1974 as part of the Dry
Valley Drilling Project. The only other data on sedi-
ment thickness in the sound are from the eastern side
by seismic refraction (Robinson, 1963) and by pro-
filing (Houtz and Aitken, 1973). Our survey used a
1,000-joule sparker operated from aboard u CGC

Staten Island. Operations and results are desc ibed
fully in Northey and Sissons (1974).

Noise and equipment problems resulted in oor
records for most of the two 12-hour tows, but two
sections of the record showed significant penetra ions
as the ship was east of the lower Wright Valley (fig.
1) in water that is about 500 meters in depth. The
records show a valley about 3 kilometers wide and
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Fiure 1. The McMurdo re-
gin, showing sections of the
shp's cruise track for which
sssmic profiling records have
been interpreted (A-A', B-B')
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Figure 2. Section along line A-A' (fig. fl, showing the submarine extension of Wright Valley cutting subhorizontal sediments. Triangle and
circle patterns mark possible moraines, one deposited in a shallow scour and the other standing as a topographic high. Scale is approximate.
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Figure 3. Section along line B-B' (fig. 1), showing the valley cutting subhorizontal sediments, and the discordant relationship
those sediments and the possible moraine. Scale is approximate.

100 meters deep, striking east-northeast away from
and in line with the lower Wright Valley. The floor
of the submarine valley slopes toward the center of
the sound at a gradient of 1:220. Subhorizontal
layering, presumed to be sedimentary, is evident in the
valley walls, and has a true dip of 0.2° to 2500
(true). A minimum thickness for the sediments is
estimated at 135 meters.

Several inferences can be drawn from features in
the layering, although more and better quality records
are needed for confirmation:

(1) Most of the sea floor around and including the
valley appears to represent a surface of erosion, as
it clearly truncates the sedimentary layering.

(2) The sediment in the valley walls must pre-date
the cutting of Wright Valley, and is therefore likely
to be 4.2 million years or older (Fleck et al., 1972).

(3) The valley has no detectable sediment layer
(more than 5 meters thick) on its sides, nor has
there been significant slumping into the valley. This
indicates a very low sedimentation rate in this part
of the sound during the last 5 million years.

(4) The topographic high adjacent to the valley
(figs. 2 and 3) may represent an ice contact deposit
from a time when ice filled the valley, because the
surface beneath the high is discordant with the under-
lying strata (fig. 3).

(5) A feature on the north side of the valley (fig.
2) is interpreted as a large, shallow scour and fill

structure, possibly of glacial origin. This structure
impresses the need for further profiling in areas to
be drilled, to establish the regional extent of setdi-
nientary units that would be penetrated.

These results suggest that a drill hole in this area
would not provide much information on events of the
last 5 million years. It would, however, provide in-
valuable data for obtaining a sedimentary record of
older and previously unknown Cenozoic events.

This research was supported by National Science
Foundation contract P2V0236 to Northern Illinois
University and by grants from the N.Z. University
Grants Committee.
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LVDP environmental monitoring

R. E. CAMERON and F. A. MORELLI
Darwin Research Institute

Dana Point, California 92629

I. DONLAN, J . GUILFOYLE, B. MARKLEY, and
R. SMITH

Department of Biology
Virginia Polytechnic Institute

and State University
Blacksburg, Virginia 24061

The third season of environmental impact monitor-
ing of the Dry Valley Drilling Project (DvDP) com-
menced with the October 1973 arrival of Messrs.
F. Morelli, R. Donlan, and J . Guilfoyle. Air, soil,
and water were sampled for microbial evaluation at
Lake Vanda (site 4), at Don Juan Pond (site 5),
at Lake Vida (site 6), at Lake Fryxell (site 7), and
at New Harbor (site 8).

Following the arrival of Dr. Cameron and Messrs.
Markley and Smith, in early January 1974, monitor-
ing continued until mid-February in the dry valleys
at New Harbor, at Lake Vanda Station (New Zea-
land, and at Lake Bonney hut, and on Ross Island
at McMurdo Station (including at sites 1 and 2, on
the flanks of Twin Craters, and at site 3, beside Thiel
Earti Sciences Laboratory). Pre-audit data were ob-
tained for prospective drill sites at Cape Barne, at
Walcott Glacier, and at the west lobe of Lake Bonney.

In addition to sampling and culturing for microorga-
nisms, other duties and responsibilities, as outlined in
the DVDP phase 3 field operations plan and environ-
mental appraisal (1973-1974), involved time-consum-
ing participation in camp and drill monitoring activ-
ities at the various sites. These duties included estab-
lishing procedures for dishwashing and food handling,
for collection and disposal of kitchen slops, for dis-
posal of human waste, for disposal of trash and drill
fluid-impregnated soils, and for movement of person-
nel and materials from site to site.

A brief summary of some pertinent observations
for each of this season's sites follows:

(1) McMurdo Station, site 3: the visible impact
of this site was blatantly evident by its unsightly
appearance (fig. 1), a consequence of unmonitored
drilling operations; indigenous populations of bac-
teria, fungi, and algae were completely eliminated
and were replaced by a few entirely different species
of hydrocarbon-decomposing bacteria;

(2) Lake Vanda, site 4: a barrel of urine was
spilled on the ice; loss of a segment of drill casing
into the lake, which could not be recovered; no aerial
microorganisms were recovered prior to or after
drilling, although numerous Penicillium spp. were
recovered during the tenure of the camp, and instru-
mental and media difficulties may have resulted in
negative answers during the post-audit;

(3) Don Juan Pond, site 5: presence of an aquifer
stopped the drilling; helicopters landed on the un-
designated edge of the pond basin near the stream
inlet; an uninformed visitor urinated at the site;
only a slight increase was noted in the number of

Fig u e 3. DVDP site 3 beside
Thiel Earth Sciences Labora-
tory, McMurdo Station. Indig-
enou microbial populations
at tlis unmonitored site com-
pletely were eliminated and
r.plced by a few species
of hydrocarbon -decomposing

bacteria.
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Figure 1. DVDP sites and
8, New Harbor, Taylor Val-
ley. Calcium-chloride-inpreg-
nated soil from drill jpera-
tions was piled besid the
drill shack and required l later
efforts to place contaminated
soil into !tarrels for helicop-
ter removal from the area.
Ca'cium-chloride corroded
through the barrels' bungs
before removal from the site.

II

I

Figure 2. Aerobiological sampling with a Reynier slit sampler
beside the Lake Bonney hut, Taylor Valley, on January 12, 1974.
The aerobiological contamination quotient increased for the hut

area as compared to results of the previous summer.

aerial microorganisms--Penicillium spp.—after drill-
ing ceased; no viable microorganisms were found in
the pondwater downstream from the site after
drilling;

(4) Lake Vida, site 6: an undetermined amourt of
asrrdrill fluid (diesel fuel) was observed moving g

the soil surface of the ice-cemented permafrost toward
the lake; removal of more than 40 barrels of drill
fluid (diesel fuel) impregnated sand was insufficient
to clean up the area; Penicillium spp. were found in
air samples prior to drilling and a substantial number'
of white molds and some bacteria were found in air
samples taken after drilling;

(5) Lake Fryxell, site 7: collapse of the hole could
not be rectified and drilling was stopped, followed by
removal of 33 barrels of drill fluid (calcium chloride) -
impregnated sand; practically no microorganisms
were obtained in air samples prior to drilling, biit a
substantial number of Penicillium spp. were recov4red
after drilling ceased and the camp had been moed;

(6) New Harbor, site 8: both calcium chloride kind
diesel fuel were used as drill fluids, and calcium
chloride-impregnated sand was piled beside the clrill
shed during the changeover and temporary abs nce
of the environmental monitors, requiring su'bseq ent
clean-up ('fig. 2); after drilling ended at the ite,
diesel fuel pooled between the holding tanks nd
then leached into the adjacent stream flowing to the
harbor; Neurospora sp., probably introduced via fo d-
stuffs, became the predominant contaminant in the
kitchen Jamesway and later became an obnoxious cn-
taminant in the McMurdo Eklund Biological Cener.

A summary of aerobiological results for the varius
drill sites and other monitored areas, including p1'os-
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pect ye sites for next season, is given in the table.
All esults were obtained with a Reynier slit sampler
pull ng 1 cubic foot of air per minute for 1 hour and
usin a specially modified cornstarch •agar for low
tern erature sampling. All samples were incubated at
20' 1--'A. Results for similar sites may be compared with
results presented previously (Cameron et al., 1972;
Cameron et al., 1973; Morelli et al., 1972).

s shown by these results, aerial microorganisms
we encountered at all the sites except over ice early
in t e season at Lake Vanda (site 4), and at prospec-
tive DVDP sites at the moraine near Walcott Glacier
and at Cape Barne. It also is significant that nearly
all pre-audit aeromicrobiological data results were
low r than for post-audit data results and, for a sig-
nifi ant number of DVDP sites, the pre-audit data for

1973-1974 are higher than for the pre-audit data
for 1972-1973 (Cameron et al., 1972). Subsequent
post-audit sampling should indicate whether the levels
of aerial contamination-a good sign of surface con-
tamination-will be maintained or will decrease or
increase after work is finished at DVDP sites.

It also may be significant that the level of contami-
nation at Lake Vanda Station decreased this season
after changes were made in some camp practices
observed last season. But the contamination quOtient,
expressed in terms of aerial microorganisms, climbed
at the Lake Bonney hut; this may have been due to
building construction, to use of the hut area as a
collection depot for debris gathered in a clean-up of
surrounding areas, and persons consuming food in the
chemistry laboratory (fig. 3). The number of person-

Abundance of microorganisms in air samples at monitored sites.*

Location

Lake Vanda, DVDp site 4
During drilling

Don Juan Pond, DVDP site 5
During drilling

Lake Vida, DVDP site 6
During drilling
Inside recreation tent

Lake Fryxell, DVDP site 7
During drilling

New Harbor, DVDP site 8
During drilling
Dining room Jamesway
Kitchen Jamesway
Drill shack
Defecation tent

Lake Vanda Station, outside
Inside

Lake Bonney hut, outside
Inside
Generator room
Chemistry laboratory

Walcott Glacier, prospective DVDP site
Cape Barne, Ross Island
MçMurdo Station, Ross Island

Thiel Earth Sciences Laboratory
Main work room
Outside freezer
Core logging room
Core logging room
Core storage freezer
Core storage freezer
DVDP site 3

Eklund Biological Center microbio-
logy room

Flank of Twin Craters, DVDP sites 1
and 

Beach refuse dump

Sample number and aerial
microorganisms (bacteria and

	
Wind	Temper-

Date	molds) number per plate	(knots)	ature (°C.)

10/31/73
	

103 (pre)
	

0.00
	

35, SW	-17
11/28/73
	

111&112
	

<10
	

8, SE	 -5
11/17/73
	

109&108 (pre)
	

0.02
12/5/73
	

115&116 (post)
	

0.03
	

12,E	 -8
11/27/73	109&110 (pre)

	
0.15
	

0	 -6
12/22/73	118&119 (post)

	
3.5

12/18/73	ROR
	

60.2
1/1/74	117 (pre)
	

0.04
	

+13
1/3/74	121 (post)
	

1.80
1/1/74	120 (pre)
	

0.46
1/28/74	132 (post)
	

2.1
	

4,E	 -4
1/23/74
	

128
	

3.5
	

+18
1/23/74	129
	

1.8
	

+14
1/23/74	130
	

0.41
	

+5
1/23/74
	

131
	

0.13
	

+7
1/31/74	139
	

0.33
	

0	 +1
1/31/74	138
	 1.90

	
+15

1/17/74	123
	 0.16

	
5-8, W	-2

1/17/74	122
	 1.70	 +20

1/17/74	124
	 0.80

	
+4

1/17/74	125
	

4.0
	

0
1/22/74	133
	

0.00
	

5-10, NE	+6
1/26/74	137
	 0.00

	
0	 +4

10/22/73	101
	

1.90
	

+18
10/25/73	102
	

0.06
11/3/73	105
	

0.25
	

+18
1/26/74	134
	 2.50

	
+12

11/3/73	106
	

0.30	 -25
1/26/74	135
	

0.80	 -25
1/26/74	136
	

0.67
	

0	 +2

11/3/73	104
	 2.10

	
+20

2/2/74	141
	

0.25
	

0	 +1
2/1/74	140
	

5.0
	

0-i, SE	+1

*Bed on I cubic foot of air per minute for 1 hour.
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nd, both permanent and transients, at each site un-
doubtedly influences the aerobiological contamination
quotient.

Although the data are not complete and monitor-
ing of personnel and habitats has not been of suffi-
cient duration to make a comparison, there is grow-
ing evidence that people's presence in Antarctica has
nonvisibly as well as visibly altered some areas. Micro-
bial sensors continue to be 'a valuable tool for deter-
mining impact on this continent's ecosystems.

This research began under National Science Foun-
dation contract C-585 to the California Institute of
Technology (Jet Propulsion Laboratory), and con-
tinued under National Science Foundation grant
GV-40602 to the Darwin Research Institute.
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The physical impact of DVDP drilling
at site 4, Lake Vanda

'C. H. HENDY and R. HOLDSWORTH
Antarctic Research Unit

School of Science
University of Waikato

Hamilton, New Zealand

In November 1973, the Dry Valley Drilling Project
(DvDP) drilled a hole in the deepest portion of Lake
Vanda (site 4), Victoria Land, penetrating 10
meters of sediment before striking bedrock. Because
of the extreme clarity (mean half thickness for visible
light is 15 meters) and the unusual temperature and
chemical stratification of the Lake Vanda waters
(Armitage and House, 1962; Wilson and Wellman,
1962; Angino et al., 1964; Hoare, 1968) and of other
lakes in the dry valleys (Angino et al., 1962; Hoare
et al., 1964; Shirtcliffe and Benseman, 1964; Hoare
et al., 1965; House et al., 1966), Lake Vanda was
monitored for any physical or chemical aberrations
that may have been caused by drilling activities. This
paper describes physical aberrations of the lake caused
by the drilling.

Temperatures were determined by using co per
constantan thermocouples with the reference jun4tion
in a mixture of water and ice. The resulting potertials
were measured with a Tinsley (model 314D)
potentiometer to ±1 microvolt. Water opacity was
determined by using a pair of matched light de-
pendent resistors (LDR) (model RPY584) in a b dge
circuit; the ratio of light reaching the variable d pth
LDR to that reaching the reference LDR at 10 m ters
below the ice was determined. Measurements Were
usually made through a hole in the perennial ice 15
meters south of the drill rig, at 1-meter intervals. On
a few occasions, however, 5-meter intervals were
used. Light intensities also were measured by using a
selenium cell (Weston model 406-202).

The only observed physical aberration of lake
Vanda was a marked increase in the opacity of the
waters between 61 and 65 meters in depth see
figure 1). This seems to have been caused by the
accidental loss, on October 14, 1973, of 20 me ers
of drill casing that fell to the lake bottom. Prio to
starting drilling at site 4, the extinction coeffic en
reached a maximum of 0.3 meter- 1 at 63 to 64
meters in depth. Within a few days of the drilling
accident the extinction coefficient of this layer of
maximum opacity had risen 'to 0.95 meter'; this
represented a threefold increase in opacity. When
drilling ended, however, opacity rapidly decreased
so that, by December 2, the layer of maximum opacity
had an extinction coefficient of 0.4 meter-' (but
the layer had broadened slightly). The increase in
lake opacity led to a change in the distribution of
absorption of solar energy within the water column.
Before drilling started, the light reaching a depth of
65 meters was 2 percent of that at a depth of 10
meters. Shortly after dropping the casing, the light
level at 65 meters in 'depth dropped to 0.04 percent.
But by the time monitoring ended 2 weeks later, the
light reaching 65 meters in depth had risen again to
0.4 percent of that at 10 meters in depth. It remains
to be seen how long the increased opacity will'e-
main in the 'lower levels of the lake, but with t 
rapid clearing observed between November 19 ad
December 1 it is probable that it will decrease to
below detectable limits before the 1974-1975 season.

On several occasions, rhythmic fluctuations were
noticed when making temperature, opacity, ad
conductivity measurements in the vicinity of 0
meters in depth. As these fluctuations had a pen d
of several minutes and could be accounted for by a
vertical displacement of several centimeters, it is
likely that they were caused by internal waves with
the density-stratified lake.	

LDrilling operations at Lake Vanda had little phys
cal impact on the lake except for increasing the
opacity below 60 meters in depth. If this does not
quickly return to its previous state, a slight change
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Figure 1. The turbidity of Lake Vanda (path length is 1 meter).
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DVDP 1973-1974 personnel

(New Zealand)

Early season

C. Hendy
R. Holdsworth
P. Kyle

Mid season

J. Rothery

Late season

M. Chapman-Smith
P. Luckman
B. McKelvey
D. Northey
B. Sissons

(United States)

Early season

K. Cartwright
I. Friedman
R. Pochon
J . Rinehart
G. Smith
S. Treves

Mid season

R. Donlan
J. Guilfoyle
F. Morelli
E. Pruss

Late season

G. Ankenbaur
H. Brady
R. Cameron
E. Decker
H. Harris
B. Markely
L. McGinnis
M. Mudrey
S. Porter
R. Smith
J . Wrenn

Drill personnel

(New Zealand)

Early season

P. Fowler
J . Gupwell
J . Hoffman
A. Oliver
B. Webster

All season

B. Calder
D. Murphy
I. Nelson
L. Oliver
M. Williams
M. Wing

Late season

M. Chapman-Smith
R. Colliver
R. Cooper
G. Kendell
J . Stark
M. Tunnicliffe
B. Whitley
D. Willets

Scientific personnel

(Japan)

Early season

N. Nakai
T. Toni

Mid season

H. Morikawa
K. Nakayama
S. Oono

Late season

H. Kurasawa
K. Watanuki
Y. Yoshida

in the heating pattern (Wilson and Wellman, 1962;
Hoare, 1968) would occur and the zone of maximum
temperature could rise slightly. It is unlikely, how-
ever, that there will be a major change in the thermal
stratification of the lake.

Provided that the engineering problems encoun-
tered in 1973-1974 when drilling at Lake Vanda can
be overcome, there is little chance that detectable
changes in the physics or the chemistry of other dry
valley lakes will be caused by drilling through and
under their waters. We think that similar monitor-
ing programs, however, should be done at future DVDP

lake sites.
We thank Dr. A. T. Wilson, University of Waikato,

and Dr. R. A. Hoare, Water and Soil Division, N.Z.
Ministry of Works, for their advice and criticism of
our project. We also thank the Antarctic Division,
N.Z. Department of Scientific and Industrial Re-
search. This project was assisted by personnel of the
U.S. Antarctic Research Program.
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Volcanic activity of Mount Erebus,
1973-1974

SAMUEL B. TREVES
Department of Geology
University of Nebraska

Lincoln, Nebraska 68508

PHILIP R. KYLE
Department of Geology

Victoria University
Wellington, New Zealand

During the 1973-1974 austral summer two trips to
the top of Mount Erebus were made to monitor and
investigate the volcanic activity discovered during the
1972-1973 summer (Treves and Kyle, 1973). The
trips were joint ventures of the U.S. and N.Z. ant-
arctic programs.

The first trip was made on November 11, 1973.
About 8 hours were spent atop the 3,794-meter sum-
mit. During this time, because of unusually low
humidity and strong southerly, interior crater winds,
a clear view of the crater and crater floor was ob-
tained. The unusual atmospheric conditions persisted
and it was possible to make detailed observations of
the new volcanic activity.

The small lava lake observed during the 1972-
1973 austral summer was much larger. It still, how-
ever, was located in the northwest quadrant, in the
deepest part of the crater. It occupied about one-
eighth of the total crater floor. The lava lake was
bisected by a 10 to 15 meters wide fissure along
which lava welled up convectively. The surface of
the lake showed large, ropy flow lines that were
carried slowly to the margins of the lake where they
were engulfed. Locally, the thin skin of the lake
broke and revealed red, molten lava. The upwelling
WS accompanied by the release of large volumes of
volcanic gas and steam. Gas emissions pulsated with
a periodicity of about a minute and were character-
ized by loud hissing. About every half-hour, a large
eruption of gas took place. These eruptions produced
no ejecta while the crater was under observation,
but several large bombs of glassy pumice on the rim
of the crater attested to the fact that the eruptions
occasionally are more violent. Thin section study of
the ejecta indicates that the material is petrographic-
ally similar to the anorthoclase phonolite (kenyte,
antarctic kenyte, etc.) (Smith, 1954; Treves, 1962)
that occurs at the summit and at Cape Royds and
Cape Evans.

The atmospheric conditions that prevailed on No-
vember 11 also allowed some observations of the
geology and geography of the crater. It is estimated

that the steep-walled, compound crater was about
300 meters deep. The upper part of the crater con-
sisted of three or four rather thick flows (?) of grey
anorthoclase phonolite with dark brown to black
glassy tops and bases. About 200 meters below the
rim, on the south side of the crater, a remnant of an
old lava lake filled more than half of the crater. The
flat surface of this old lava lake was snow-covered
and was dotted with recent bombs. A few steaming
fumaroles occurred on this surface and in the walls
of the crater.

The old lava lake was bounded to the south by a
semicircular, collapse fracture that marked the rim
of an inner and deeper crater of about 200 meters
in diameter. The floor of the inner crater was situated
about 100 meters below the surface of the floor of
the old lava lake and about 350 meters below the rim
of the outer, larger, and older crater. The inner
crater, too, was compound and consisted of two parts
separated by a sharp, narrow ridge of lava that
trended east-west. The northern portion contained
the modern lava lake; the southern portion was snow-
covered and was the site of many steam vents and
recent bombs. Temperature gradients within the
crater must be extreme. The walls of the inner crater
were smeared and streaked with eruptive products
and were sulphur-covered.

These observations and those made by Treves and
Kyle (1973), independently and jointly, and others
(Giggenback et al., 1973) indicate that the activity
is about 2 years old and that it has become much
more intense and extensive, now involving much
more of the crater.

An attempt to emplace a seismograph at the sum-
mit, a N.Z. Antarctic Research Program experiment
designed to monitor volcanic activity, failed when
high winds blew dust into the instrument. A second
trip to the summit was made to retrieve the seismo-
graph and the two men who were to install and cali-
brate it. The weather at the summit was very bad,
and although more than 24 hours was spent at the
summit no additional observations of the crater floor
were possible.

This research was done while in the course of pur-
suing investigations under National Science Founda-
tion grant Gv-36950.
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Soil and glacial history studies in
Wright Valley (revisited)

R. E. BEHLING and J. P. REGER
Department of Geology and Geography

West Virginia University
Morgantown, West Virginia 26506

P. E. CALKIN
Department of Geological Sciences

State University of New York
Buffalo, New York 14214

A Stateside fire destroyed field notes and photo-
graphic records from previously reported work in
Wright Valley (Behling and Calkin, 1969, 1974).
Reoccupation of nearly 100 soil sites was necessary in
December and early January of the 1973-1974 austral
summer. This additional field season allowed us to
reexamine the glacial history of Wright Valley
(Calkin et al., 1970) in the light of paleontological
evidence of the marine origin of the pecten deposits
(Webb, 1972). It also allowed us to clarify confu -
sion surrounding the location of samples from the
western margin of Meserve Glacier which yielded a
potassium-argon age determination of about 3.4 mil-
lion years (McSaveney and McSaveney, 1972).

More than 90 percent of sites previously collected,
described, and photographed were reoccupied and
the data successfully was replaced. Laboratory work
on these soil profiles is continuing, but quantitative
data on soils throughout Wright Valley is not yet
available. Preliminary examination of the oldest pro-
file discovered suggests that water-laid sediments ap-
proximately 2.5 kilometers southeast of the eastern-
most edge of Lake Vanda (wvB 58, location cited in
Jones et al., 1973) have been exposed to weathering
for more than 3 million years. Iron oxides coat the
clay-size fraction in the profile to a depth of 40 centi-
meters as a result of weathering. The salt-cemented
horizon between 8 and 18 centimeters in depth con-
tains as much as 30 percent salt by weight as a
result of the translocation of salt from the surface. In
addition, the water-laid sediment in this profile in-
cludes volcanic ash (Jones et al., 1973).

Silt and loam deposits in the vicinity of the west-
ern edge of Lake Vanda were examined and were
found to be discontinuous and dissimilar. Some de-
posits are layered in a manner indicative of water-
deposited sediments; others appear to be of aeolian
origin because they lack both a coarse size fraction
and identifiable layers in field examination. In the
south fork, just east of the Dais, a laminated silt
deposit of limited areal extent is of special interest.
Approximately 60 centimeters of laminated silts, at

an elevation of about 280 meters, overlies rounded
pebble and cobble gravel. This site may represent
glacio-lacustrine deposits overlying outwash of the
Wright Upper III glaciation (Calkin et al., 1970;
Behling, 1972). We are reviewing the details of the
areal extent and the relative age of the axial glacia-
tions from the west. The interpretation of the complex
glacial and volcanic stratigraphy on the western mar-
gin of Meserve Glacier must be settled with more
potassium-argon age determinations. McSaveney and
McSaveney (1972) state that the collection site for
samples LMJ-1 and LMJ-2 (Fleck et al., 1972) was
an ash fall on top of an Alpine Ill-aged lateral
moraine. These samples were collected at a site on
the Alpine II lateral moraine as reported in Fleck
et al. (1972) and by Dr. L. M. Jones (personal com-
munication). The volcanic debris associated with the
Alpine III moraine on the west side of Meserve
Glacier has been collected by numerous workers, but
we are not aware of published potassium-argon age
determinations on this material. Potassium-argon 'age
determinations certainly will clarify the stand taken
by Fleck et al. (1972), that it is ". . . probable; al-
though by no means certain, then, that the Alpine III
glaciation is younger than 3.4 million years."

The continued field examination of the Alpine
glaciations in Wright Valley has pointed to the need
to reexamine the numerical assignment of these events
(i.e., Alpine III, Alpine II, and Alpine I). Designa-
tions such as Alpine ha (Behling, 1972) are awk-
ward. To eliminate the proliferation of type localities,
perhaps names could be assigned through communica-
tion by those who are familiar with the sequence of
Alpine glaciations in Wright Valley. We solicit com-
ment on this suggestion.

This research was supported by National Science
Foundation grant GA-4029 to the Ohio State Uni-
versity Research Foundation and the Institute I of
Polar Studies.
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Gravity observations

D. A. Cours
Bureau of Mineral Resources

Canberra, Australia

Gravity observations were made at McMurdo Sta-
tion, Scott Base (New Zealand), and South Pole
Station during December 8 to 12, 1973. Three
LaCoste and Romberg gravimeters, from the Aus-
tralian Bureau of Mineral Resources, were used to
make the measurements.

This work was carried out to strengthen the ant-
arctic portion of the world network of gravity base
stations (IGSN71), in accord with resolution 14 of
the XVth General Assembly of the International
Union of Geodesy and Geophysics (1971). The Aus-
tralian meters were ideally suited to this task, having
recently (in May 1973) been used on the 3 gal Aus-
tralian calibration line (AcL) concurrently with nine
Soviet GAG-2 gravimeters. The scale defined by the
Soviet meters agrees well with Soviet OVM pendulum
measurements in Europe. The scale also is in good
agreement with the IGSN71 scale. It was thus pos-
sible to refine the Australian milligal scale from these
accurate measurements on the ACL in 1973, and to
adopt this refined scale for ties to and within Ant-
arctica.

Observations were made with LaCoste and Rom-
berg gravimeters G20A, G101, and G252. Two gravity
stations were occupied at McMurdo: McMurdo
59676C and McMurdo 59676D. Other sites previously
established at McMurdo were either inaccessible or
had been destroyed by construction work. One of the
stations at Scott Base (McMurdo 59676N) was tied
to McMurdo 59676C. A second previously estab-
lished station at Scott (McMurdo 59676L) could not
be found despite an extensive search. The gravity site
at old South Pole station could still be occupied. A
gravity base station at the new South Pole Station

This report was approved by the director, Bureau of Min-
eral Resources, Canberra, Australia.

was proposed but proved impossible to undertake due
to the nature and extent of construction work there
during the 1973-1974 austral summer.

The antarctic portion of this project, including air
transport between Christchurch and McMurdo, was
supported by the National Science Foundation.
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Basalt dikes of the Cordiner Peaks:
satellitic bodies of the Dufek intrusion?

A. B. Foim
U.S. Geological Survey

Menlo Park, California 94025

Geologic field work in the northern Pensacola
Mountains, from .January 18 to January 30, 1974, ex-
tended earlier 1965-1966 U.S. Geological Survey in-
vestigations of the layered, mafic Dufek intrusion and
its country rocks. Reconnaissance mapping, completed
in 1966, of all ranges of the Pensacola Mountains
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Figure 1. Index map of northern Pensacola Mountains that
shows approximate outline of the Dufek intrusion (from Schmidt

and Ford, 969).
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Figure 2. FMA diagram showing chemical comparison of dike
rocks (B) with "chilled" rocks (A) of Mount Lochner in terms of
molecular percentages of oxides of Mg (in the M corner), total
Fe (F), and Na + K (A). The line shows the approximate compo-
sitiofl of layered maRc rocks of the Dufek intrusion and the arrow
shows the direction of increasing stratigraphic height in the

layered-rock series.

shows that the layered igneous complex comprises vir-
tually all of the Forrestal Range as well as the
previously known Dufek Massif (Schmidt and Ford,
1969). Regional gravity and magnetic surveys suggest
that the body is at least 24,000 to 34,000 square
kilometers in area, making it one of the world's great
layered mafic intrusions (Behrendt et al., 1973).

During the 1973-1974 summer season, the author
accompanied a U.S. Army Cold Regions Research

and Engineering Laboratory team on asur'ey of
potential blue ice landing sites for wheeled aircraft
(Kovacs and Abele, 1974). Detailed geological tudies
were made at Mount Lechner, in the souther For-
restal Range. This is the only exposure of the contact
and border zone of the igneous complex. Studies also
were made in the Cordiner Peaks, an area of olded
Paleozoic sediments about 15 kilometers sou h of
Dufek Massif (fig. 1). A motor toboggan was u ed to
travel from the Lc-130 airplane put-in site, near
Jackson Peak, to Rosser Ridge and to ount
Lechner.

A chief uncertainty in the study of igneous com-
plexes such as the Dufek is knowledge of the co posi-
tion of parent magma before it becomes differen iated
to produce rocks of highly variable compositions The
changing chemistry of the cooling liquid can o ly be
accurately assessed by knowing the compositi4n of
original magma, the composition of materialsi sub-
tracted by crystal settling (or rising) during various
stages of consolidation, and the composition of ma-
terials possibly added by contamination with wail
rocks. Fine-grained rocks in contact zones of this type
of complex are commonly assumed to represent
magma chilled against cold country rocks and ac-
cordingly are used to infer the parental compositions.

At the Mount Lechner contact, the fine grain size
of some of the igneous border zone rocks suggests
rapid cooling. Extensive recrystallization of Paleozoic
sedimentary country rocks indicates the high tem-
perature of magma emplacement. The chilled igneous

Figure 3. Anticline on the
west end of Rosser Ridge that
shows a core of Dover sand-
stone and limbs of darker
Gale mudstone. Lower left
limb of mudstono is covered
by morainal debris of sand-
stone. The view southeast is
to sharp-topped Jackson
Peak, in center, and to
southern Forrestal Range, on
the left skyline. The fore-
ground peak at right is about

400 meters above base.
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rocks, however, probably do not represent the parent
Dufek magma. Chemical analysis of rocks collected
during the 1965-1966 season shows that they are
highly enriched in iron which, along with other chem-
ical indicators, suggests that the magma already was
significantly changed in composition before being
rapidly cooled at the site (Ford, 1970, p. 499). More-
over, close examination along this contact during the
1973-1974 season indicates that at least some of the
border zone rocks were contaminated by partial in-
gestion of country rocks incorporated into the magma.
Contamination was probably local, however, because
gabbro more than several meters from the contact is
virtually free of any foreign inclusions.

Parental magma compositions of other major, lay-
ered igneous complexes that lack representative
chilled margins have been inferred from compositions
of nearby and presumably related satellitic bodies.

Numerous dikes of post-Permian basalt and diabase
were mapped and sampled in the Cordiner Peaks dur-
ing the 1973-1974 season. Dikes of this type have
not been found in the Pensacola Mountains south
of Rosser Ridge, the northernmost nunatak of the
Cordiner Peaks and the closest nunatak to the Dufek
Massif. Geographic distribution therefore suggests
that the dikes are related to the Dufek intrusion,
although radiometric dating is required to demonstrate
a temporal relationship. The dikes and the Dufek
intrusion both postdate probable Triassic folding in
the area (Ford, 1972). Assuming a genetic relation-
ship and a lack of differentiation of the basalt during
its emplacement, compositions of dike rocks suggest
that the parental Dufek magma was a quartz tholeiite
that was compositionally far removed (in terms of
iron/magnesium ratio) from the chill zone of the
Mount Lechner contact (fig. 2).

Figure 4. Coarse axial-plans
cleavage in Gale mudstone
near the east end of Rosser

Ridge.
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Figure S. Lower hemisphere stereographic projection of poles to
cleavage (circles), joints (dots), and basalt dikes (squares) in the

Cordiner Peaks.

Structural studies were made at previously un-
visited localities on Rosser Ridge and at Jackson
Peak, in the Cordiner Peaks, to determine the struc-
tural control of dike emplacement. The major struc-
tures in the area are a gently plunging, north north -
east-trending anticline on the western end of Rosser
Ridge (fig. 3), and an adjoining syncline whose axis
passes through Jackson Peak. Coarse to locally fine-
spaced cleavage is pervasively developed in the upper
Paleozoic tillitic Gale Mudstone (fig. 4) that com-
prises most of the Cordiner Peaks. The cleavage ap-
proximately parallels axial planes of major folds and
is believed to have been produced by an axial plane
slip during Triassic(?) folding.

A moderately well developed system of joints in
the Cordiner Peaks shows approximate orthogonal
symmetry to the major folds. The geometric relation-
ship of cleavage and jointing to the axis of major
folding is seen in fig. 5, which shows plots of stereo-
graphic projections of poles to the measured planar
structures (a joint set that parallels the cleavage,
from which it is generally indistinguishable in the
field, is not plotted in fig. 5). As seen in the diagram,
the basalt dikes dip steeply, mostly toward the south-
east, and trend about N. 45'E. Their poles cluster
rather closely but distinctly apart from pole clusters
of cleavage planes and slightly apart from steep
east-west joints. The structural control of dike em-
placement here is uncertain Dike orientations may
be poorly related to the east-west jointing, but they
could be related to theoretical, early shear joint direc-

tions (de Sitter, 1956) that are now inco'-picuous in
the much more strongly developed orthogonal sys-
tem of joints.

Further geochemical and petrological studies of
the Dufek contact rocks and of the Cordiner 'Peaks
dike rocks are being carried out at U.S. Geological
Survey laboratories. This research was supported by
National Science Foundation grant AG-238.

References

Behrendt, J . C., W. Rambo, J . R. Henderson, R. E. Wanous,
and L. Meister. 1973. Simple bouguer gravity and aero-
magnetic maps of the Davis Valley Quadrangle and part
of the Cordiner Peaks Quadrangle and vicinity. U.S.
Geological Survey. Map, GF-887.

Ford, A. B. 1970. Development of the layered series and
capping granophyre of the Dufek intrusion of Antarctica.
In: Symposium on the Bushveld Igneous Compleff and
Other Layered Intrusions (D. J. L. Visser and G. von
Gruenewaldt, editors). Geological Society of South Africa.
Special publication, 1: 492-510.

Ford, A. B. 1972. The Weddell orogeny—latest Permian to
early Mesozoic deformation at the Weddell Sea margin of
the Transantarctic Mountains. In: Antarctic Geology and
Geophysics (R. J. Adie, editor). Oslo, Universitetsforlaget.
419-425.

Kovacs, A., and G. Abele. 1974. Blue ice runway site sur-
vey, Pensacola Mountains. Antarctic Journal of the U.S.,
IX(4): 175.	 I

Schmidt, D. L., and A. B. Ford. 1969. Geologic map, with
accompanying text, of the Pensacola and Thiel mountains.
New York, American Geographical Society. Geologic
Maps of Antarctica, sheet 5.

Sitter, L. U. de. 1956. Structural Geology. New York,
McGraw-Hill. 552p.

Geology and petrography of rocks from
the floor of the Ross Sea near

Ross Island

SAMUEL B. TREVES, JON G. RINEHART, and
RONALD POCHON

Department of Geology
University of Nebraska

Lincoln, Nebraska 68505

During the 1973-1974 austral summer, rocks hat
became entangled in fish and animal traps set on
the floor of the Ross Sea were collected by Dr.
A. DeVries, Scripps Institution of Oceanography, and
his assistants, from two of their fishing sites. These

Mr. Rinehart's address is Phillips Petroleum Co., Bartles-
ville, Oklahoma 74003. Dr. Pochon's address is Ogallala,
Nebraska 69153.
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sites were located on the annual ice about a kilometer
southwest of McMurdo Station where the water is
about 150 meters deep. We are grateful to Dr.
DeV:ies and to his assistants for their help in col-
lecting the specimens described 'below.

Two hundred and ninety-two granules and pebbles
were collected and studied. Ninety percent of the
rocks were rounded or subrounded; 95 percent
showed some evidence of an organic, calcareous in-
crustation; none showed any glacial striae or grooves.
Volcanic rocks (table 1) constitute most of the col-
lection. Of the various kinds of volcanic rocks, black
vesicular aphyric basalt, tuff, and black and red
scoria account for 75 percent of the total. Non-
volcanic rocks, a grey gneiss, and a grey granite,
represent less than 1 percent of the sample (table 2).

In an attempt to further characterize the rocks,
some were studied in thin section. The modal analyses
of 11 basalts are presented in table 3 and descriptions
of six thin sections of various tuffs are presented in
table 4. These data indicate that the basalts are
olivine-augite basalts and augite-olivine 'basalts, and
that the tuffs are mixed tuffs.	 -

The volcanic rocks, in hand specimen and in thin
section, all resemble the volcanic rocks that occur in
the Ross Island volcanic province. All except one of
the volcanic rocks occur on Black and White islands,
on Minna Bluff, on Brown Peninsula, and on Mount
Discovery; they may therefore have been carried to
the place where they were collected by ice moving
from the south to the north. The exception is the
black anorthoclase trachyte (table 2), which has been
referred to as kenyte, antarctic kenyte, etc., by various
investigators (Smith, 1954; Treves, 1962). This rock
occurs only to the north of the collecting site, at

Table 1. Summary of rock types dredged from the Ross Sea.

Rock type
	 Percent

Basalt
	 73.7

Trachyte	 2.7
Pyroclastics	 22.9
Other	 0.7

Table 2. Varietal rock types dredged from the Ross Sea.

Rock name
	 Percent*

Black and red scoria	 21.6
Black and red olivine scoria

	
3.1

Black pyroxene scoria	 0.7
Black aphyric basalt
	 1.4

Black olivine basalt
	 0.7

Black pyroxene basalt
	 0.7

Black plagioclase basalt
	 0.7

Black vesicular aphyric basalt
	 30.8

Black vesicular olivine basalt
	 3.4

Black vesicular olivine-pyroxene basalt
	8.6

Black vesicular pyroxene basalt
	

2.0
Grey trachyte	 2.0
Black anorthoclase trachyte	 0.7
Brown lapilli tuff
	

4.8
Brown vitric tuff
	

7.9
Brown vitric-lithic tuff
	

7.2
Brown vitric-crystal tuff

	
1.0

Brown mixed tuff
	

2.0
Grey gneiss	 0.3
Grey granite	 0.3

* Based on the identification of 292 pebbles and boulders.

Table 3. Modal analyses of dredged basalts.

Minerals	 McM-1 McM-2 McM-4 McM-5 McM— McM— McM— Mc	Mc McM— McM-
16	65	104	Md—i Md-2	109	181

Olivine	 14	15	9
	

8	1	8	4	5	10	13	10
Plagioclase	 30	20	23

	
27	32	21	28	29	35	33	32

Augite	 8	4	8
	

11	9	18	3	11	13	21	8
Opaque minerals	 12	13	9

	
8	7	14	4	9	5	11	7

Groundmass	 28*	47*	41
	

43	40	40	61	33	36	23*	38
Calcite	 4	1	10

	
3	3	-	-	-	 -	-

Chlorite	 3	-	-	 7	-	 -	-	-
Iddingsite	 -	-	 -	13	-	-	-
Serpentine

*Includes glass.
McM-1 = olivine-augite basalt; McM-2 = olivine-augite basalt; McM-4 = olivine-augite basalt; McM-5 = augite-olivine

basalt; McM-16 =augite-olivine basalt; McM-65 =augite-olivine basalt; McM-104=olivine-augite basalt; McMd-1 =augite-
olivine basalt; McMd-2 =augite-olivine basalt; McM-109 =augite-olivine basalt; McM-181 =olivine-augite basalt.
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Table 4. Petrography of dredged tuffs.

McM1-63	McMI-81	McM1-82	McM1-94	McMI-103

Matrix	Glassy, palagonitic Glassy, palagonitic Glassy, palagonitic

Rock fragments	Olivine basalt
Diabase
Dunite
Oxidized basalt
Amygdaloidal basalt

Mineral fragments Hornblende
Olivine
Augite
Plagioclase

Vesicular basalt
Olivine-augite

basalt
Palagonitic,

basaltic glass
Augite basalt
Olivine
Augite
Quartz

Olivine-augite
basalt

Vesicular, basaltic
glass

Amygdaloidal basalt
Scoria
Olivine
Augite
Opaque minerals

Glassy, palagonitic,
vesicular

Olivine-augite
basalt

Augite scoria
Amygdaloidal

olivine-augite

Olivine
Augite
Plagioclase
Opaque minerals
Microcline (?)
Kaersutite

Glassy, palagonitic,
vesicular

Olivine-augite
basalt

Augite (zoned)
Olivine
Plagioclase
Opaque minerals

Others	 Shell fragments (?)

McM1-63 = mixed palagonitic tuff; McMl-81 = mixed palagonitic tuff; McMI-82 = mixed palagonitic tuff; Mc MI-94 =
mixed palagonitic tuff; McMI-103 = mixed palagonitic tuff.

Cape Royds, at Cape Evans, and on the flanks and
the summit of Mount Erebus. Its presence to the
south of the only places where it crops out suggests
past southward movement of ice in the Ross Sea
area in the vicinity of Ross Island.

The volcanic rocks from the bottom of the Ross
Sea are more altered than those that occur in outcrop.
Iddingsite, chlorite, serpentine, and calcite are com-
paratively rare in the rocks collected from outcrops,
but are common in the study suite.

The almost complete lack of other kinds of rocks
than volcanics is somewhat surprising as morainal
materials on the older ice of the Ross Sea area usually
contain more plutonic, more metamorphic, and even
more sedimentary rocks. This feature of the collec-
tion may be a reflection of the size of the opening
in the trap, which was about 5 centimeters in
diameter. If so, all that is indicated by the composi-
tional bias is the composition of pebble and granule-
sized material at the bottom of the Ross Sea near
McMurdo Sound.

This research was 'done while in the course of pur-
suing investigations under National Science Founda-
tion grant GV-36950.
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DSDP leg 35: Bellingshausen Sea

C. D. HOLLISTER
Woods Hole Oceanographic Institution

Woods Hole, Massachusetts 02543

C. CRADDOCK
Department of Geology
Universit) of Wisconsin

Madison, Wisconsin 53706

Glomar Challenger, in leg 35 of the Deep Sea
Drilling Project (DSDP), drilled at four sites during
March and April 1974 in the Southeast Pacific
Basin off the west antarctic coast. There were 8 days
of pipe-in-hole during the 47-day cruise; numerous
mechanical failures, strong currents, heavy winds and
sea swells, frequent snow squalls and icebergs, and
dense fog hampered operations. The U.S. Antarctic
Research Program vessel Hero provided ice and
weather reconnaissance throughout the leg 35 period.
A summary of results obtained at each drill site
follows:

Igneous rocks. Fresh basaltic rock was recovered
from the bottom of holes 322 and 323 (fig.) on
the Bellingshausen Abyssal Plain. Rocks from bç)th
holes essentially are bimineralic, with intermediate
plagioclase somewhat more abundant than augi tic
pyroxene. The lack of olivine suggests a tho1eitic
composition. The rock at hole 322 is considered a
submarine extrusive, probably not much older than
the overlying Miocene sediments. The rock at hole
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323 may be from a sill; it occurs below Cretaceous
sedients.

A e of the crust. The most probable ages for the
igne us basements of hole 323, on the western side,
are retaceous; on the eastern side, at holes 322 and
325, they are Middle Tertiary. If the basalt at hole
323 is true basement, however, its depth is abnormal
and its source is unknown. Although the basalt at
hole 323 may be intrusive, seismic data suggest that
it p obably is close to the igneous rocks of true base-
me t. Hole 324 was shallow, but its tectonic posi-
tion and the great thickness of sedimentary deposits
sugest that the basement may be Lower Tertiary or
Cretaceous. Hole 325 bottomed in Oligocene con-
glornerate and sandstone, but seismic profiles and
geothemical gradients suggest that the hole ended
within 100 meters of igneous rocks and probable
basement.

Sedimentary processes. Most of the sedimentary
deposits penetrated at the four holes consist of
terrigenous debris derived from Antarctica. This
detritus was transported to the site of deposition by
bottom currents, by turbidity currents, and by ice
rafting. Just above the bottoms of the two abyssal
plain holes are Miocene (hole 322) and Cretaceous
(hole 323) pelagic claystones; a few thin carbonate
beds also occur within these pelagic deposits.

Antarctic glaciation. A record of antarctic glacia-
tion during the Cenozoic exists as ice-rafted debris in
cores taken close to that continent (holes 324 and

325). Hole 325, on the upper continental rise off
the Antarctic Peninsula, yielded ice-rafted debris from
many horizons in the uppermost 500 meters of the
sequence. The oldest beds with such debris are
Miocene.

Paleontology. Moderately well preserved Middle
Miocene to Pleistocene siliceous microfossil assem-
blages were recovered from all four holes, and the
established southern ocean biostratigraphic zonal
schemes were found to be applicable throughout the
region. All siliceous microfossils in strata older than
Middle Miocene are so altered or recrystallized that
precise identifications and age assignments are im-
possible. Moderately to well preserved Paleogene
calcareous planktonic foraminifera were found in
Pliocene-Pleistocene beds at holes 324 and 325, and
in Paleocene beds at hole 323. Bathyal to abyssal
arenaceous foraminifera, Oligocene or Early Mio-
cene in age, occur at holes 322, 323, and 325.

Interstitial water. Alkalinity and ammonia values
from all four holes show maxima at depths of 100
to 300 meters; these profiles imply increased sul-
fate reduction in the upper few hundred meters of
the sedimentary sequence. All holes showed large
downhole increases in dissolved calcium and decreases
in dissolved magnesium; gradients are especially steep
in the deeper parts of holes that penetrate basalt.
Submarine alteration or halmyrolysis of basalt is con-
sidered an important factor in creating these calcium
and magnesium gradients.
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Topographic mapping field operations

RIJPERT B. SOUTHARD, JR.
Topographic Division

U.S. Geological Survey
Reston, Virginia 22092

U.S. Geological Survey (usGs) 1973-1974 antarctic
field operations consisted of several austral summer
projects at various locations and two 1973 winter
projects at South Pole and Casey stations. In the
major austral summer project, Mr. James W. Schoon-
maker, Jr., operated a geoceiver with an attached
minicomputer to obtain precise geographic positions
from satellite observations; these observations sup-
ported the Ross Ice Shelf Project (iusp).

Mr. Schoonmaker occupied 36 sites with the
geoceiver. The RISP base camp was the initial site,
with 35 remote geophysical study sites marked for
repeat observations in the future. The base site was
occupied periodically from December 16, 1973, to
February 3, 1974. Geographic positions at the base
camp were used to aline an inertial navigation system
of the Twin Otter airplane that was used for air
travel between the base camp and the remote sites.

Geographic positions were established from obser-
vations during a single pass of any one of the U.S.
Navy doppler navigation satellites, accurate to within
100 to 200 meters. Refinement of single-pass determi-
nations is expected to increase accuracy by a factor
of 5, to about 20 to 40 meters. The time spent at each
site was from 3 to 6 hours. Doppler data was obtained,
when possible, from more than one satellite. Data
reduction from stations at which two or more satellites
were tracked is expected to yield an accuracy of 6 to
10 meters.

Messrs. Robert N. Gardner and Eberhard G.
Schirmacher, USGS engineers, left for McMurdo in
late January. Their assignment was to board the
USCGC Staten Island to survey Lindsey Island in sup-
port of the Pine Island Bay feasibility study for
establishing a year-round airstrip. Emergency duties
for the icebreaker and operational delays forced
cancellation of the survey.

Despite the failure of the primary mission, the
engineers undertook three alternative missions. At
the request of Dr. George Llano, National Science
Foundation, Mr. Schirmacher established and marked
a section of the boundary of Antarctic Treaty
Specially Protected Area Number 6, Cape Crozier.

While waiting for Staten Island's departure, Messrs.
Gardner and Schirmacher undertook a short traverse
at the South Pole to connect the geoceiver setup at
the old South Pole Station, at the "Astro Pier," and
at the "Salt Pier" (established in 1970), with the
center of the geodesic dome and the 1973 geoeiver
setup at new Pole Station.

Although the Pine Island survey was cancelled,
Messrs. Gardner and Schirmacher rode th ice-
breaker to Palmer Station and in 2 days tied existing
survey stations at Palmer with the usGs-University of
Texas at Austin doppler tracking station.

Winter assignments continue at South Pole, Casey,
and Palmer stations. All except Palmer Station are in
support of the doppler experiments. Palmer was the
least effective tracking station, because of propogation
problems, and operations ended there in March 1974.

Messrs. Melvin Y. Ellis and Tony K. Meunier are
spending the 1974 austral winter at South Pole I Sta-
tion. They have been operating geoceiver equipnent
there since November 1973, replacing Messrs. David
W. Bennett and Robin D. Worcester. They also
operated National Aeronautics and Space Adn1inis-
tration telemetry equipment that on June 3 nioni-
tored the fifth stage ignition, over the South ole,
of a "Scout" satellite launch vehicle (Project H wk-
eye).

Before returning from their winter assign ent,
Messrs. Bennett and Worcester, accompanied by Mr.
Don Baker, Applied Research Laboratories ( L),
University of Texas at Austin, who winterec at
McMurdo, went to Byrd surface camp for 4 da s of
doppler satellite observations in support of ice m ye-
ment investigations.

Mr. Robert F. Wilson completed his winter ass gn-
ment with the Australians at Casey Station in March
1974. He operated a geoceiver on field travers to
support the International Antarctic Glaciological P oj-
ect (IAGP); 12 stations were occupied and fl

Istations were reoccupied during the 13 months of the
first phase of the Australian part of IAGP. The data
has been reduced and satellite-derived geographic
positions have been furnished to the Australian office.
Mr. Wilson also assisted with a trilateration traverse,
originating at the summit of Law Dome, that ian
south across the saddle and continued inland towrd
the polar plateau. He assisted Mr. Lyle Supp, Ai., in
operating the doppler master tracking station.

On January 30, Messrs. Wilson and Supp were re-
placed by Mr. David L. Schneider, USGS, and Mr.
Henry Edwards,

This research is supported by National Science
Foundation interagency agreement AG-177.5.
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oss Ice Shelf Project, 1973-1974 thickness and water depth will be used in the final
drill site location study to select a point that meets
scientists' needs.

ROBERT H. RUTFORD
The University of Nebraska

Lincoln, Nebraska 68508

Tile interdisciplinary Ross Ice Shelf Project (RIsP)
during the 1973-1974 austral summer involved 12
scientists from four institutions and two countries.
The group was placed in the field on December 14,
197 , and operated out of a base camp at about
82° 0'S. 166°W. until February 3, 1974.

I addition to U.S. Navy Antarctic Development
Squ dron Six's LC-130s, air support for the field
parties was provided by a DeHavilland Twin Otter
owned and operated by Bradley Air Services, Ltd.,
under contract to the University of Nebraska, Lincoln.
This was the first time that a Twin Otter has been
use in Antarctica by the United States. The 3-person
cre (Mr. Jerry Shannon, pilot, Mr. Chris Klicker-
ma , co-pilot, and Mr. Art Wherry, engineer) flew the
ai lane from its home base at Carp, Ontario,
Car ada, to McMurdo Station via South America and
Ma ambio (Argentina), Siple, and Byrd stations. A
total of 345 hours were logged on the aircraft in
support of science activities.

Despite problems with the Twin Otter's inertial
navigation system, the season was a success. The air-
pl2 ne was used to move field parties from station to
sta ion. Motor toboggans, seismic equipment, radio-
ec so sounders, and an abundance of other gear were
tiansported by the Twin Otter. Almost no time was
lost due to airplane maintenance problems.

In addition to the projects relating to RIsP, as
described in the following articles, it should be re-
ported that 37 10-meter firn cores were collected for
later study and analysis at the U.S. Army Cold
Regions Research and Engineering Laboratory
(CI.REL), Hanover, New Hampshire, and at the
Uüiversity of Copenhagen (Denmark). Mr. Jan
Nielsen collected these cores and cut some prelimi-
nay samples in the field. The cores have been
shipped to CRREL, and the cut samples are being
anlyzed at the Geophysical Isotope Laboratory, Uni-
vesity of Copenhagen.

ISP's 1973-1974 accomplishments, as discussed in
th following articles, have provided valuable infor-
m4tion for planning next season's drilling into and
though the Ross Ice Shelf. Information on ice

RISP geophysical work

C. R. BENTLEY, J . W. CLOUGH, and J. D. ROBERTSON
Geophysical and Polar Research Center
Department of Geology and Geophysics

University of Wisconsin
Madison, Wisconsin 53706

Geophysical work at the Ross Ice Shelf Project
(RIsP) base camp started on December 17 with the
first radar sounding of ice thickness. After a delay of
several days, owing to problems with an inertial
navigational system in the Twin Otter airplane, the
first station remote to the base camp was established
on December 22. Work at remote stations continued
until January 31 and resulted in good coverage of
the Ross Ice Shelf.

Scientific work included measurement of ice thick-
ness and gravity values at 50 stations (fig. 1), deter-
mination at most of those stations of the horizontal
gradients of ice thickness and gravity (on a scale
of about 1 kilometer), seismic sounding of water depth
beneath the ice at 37 sites, and studies of seismic and
radiowave velocities within the ice shelf at six
sites. A program around base camp yielded 50 kilo-
meters of radio-echo and gravity profiling and two
electrical resistivity profiles oriented at right angles to
one another. A long seismic refraction profile was
attempted at the base cmp; despite extension of the
profile to a distance of 20 kilometers, no energy was
received along paths penetrating the ocean floor. A
long seismic refraction profile that did record energy
through the bedrock (apparent velocity 5.7 kilometers
per second), however, was completed on the ice rise
at grid 7°S. 10W.

Because of a clear need for detailed ice thickness
measurements in the base camp vicinity, antennas
for radio-echo sounding were fitted to the Twin Otter

This is contribution number 313 of the Geophysical and
Polar Research Center, Department of Geology and Geo-
physics, University of Wisconsin, Madison.

	

Er. Rutford is director of the Ross Ice Shelf Project	* Air navigation grid coordinates and directions are used

	

Management Office, The University of Nebraska, Lincoln.	throughout this report.
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Figure 2. Preliminary map of ice thickness (contour interval: 50
meters). The dots and thin lines indicate surface stations and

Right lines from which data were obtained.

and radio-echo profiling began on January 29. In the
final 3 days before the Twin Otter departed from the
base camp, 3,000 kilometers of airborne radio-echo
profiling were completed (fig. 1). The field party left
for McMurdo on February 3.

Preliminary maps of ice thickness, ocean bottom
depth, and thickness of the water layer (figs. 2, 3,
and 4) have been prepared from 1973-1974 data and
from measurements by Crary et al. (1962). The ice
thickness map includes data not only from the sur-
face stations but also from some of the radio-echo
profiles (fig. 2). The water layer thickness map (fig.
4), however, was prepared only from the seismic
reflection data at the surface stations and has not
been reconciled in detail with the maps of ice thick-
ness and depth to the sea floor.

The most striking feature of the ice thickness map
(fig. 2) is the long neck of relatively thin ice that
stretches more than 150 kilometers northwestward
from the base camp. Near its northwest end is a
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completely enclosed minimum in ice thickness w th a
closure of about 40 meters. This feature is asso&ated
with a rise in the sea floor beneath the ice; it is uite
possible that it reflects a grounded region farth r to
the northwest, just as the enclosed minimum i ice
thickness at 7 4 °S. 1'W. presumably reflects th in-
fluence of the ice rise at 7°S. i°W. Judging by the
shape of the contours and the nearest absolute m tion
determination by Dorrer et al. (1969) (arrow in fig.
2), the neck appears to divide ice flowing out of the
presumed ice stream near 6 0 S. 3°W. from that flow-
ing from the northwest corner of the ice shelf. The
ice rise (7°S. VW.) has a strong effect on the ice
thickness pattern. A narrow prong of relatively thick
ice, apparently blocked by the nearly motionless
grounded ice, extends 100 kilometers upstream; for

-respondingly, abnormally thin ice lies on the down-
stream side. The bulge in the 600-meter contour
south of Shackleton Glacier suggests an unusually
large influx of •ice from the glacier (unfortunately,
the radio-echo profile near its mouth has not yet
been analyzed).

The ocean bottom is characterized by a ridge r.in-
fling west-northwest from the ice rise (7°S. 1°'47.).
The ice rise corresponds to the highest part of the
ridge. Water depths increase rapidly from the ri ge
toward the Transantarctic Mountains, reaching at
least 900 meters below sea level. The base cam is
near the center of a broad, flat trough southwest of
the ridge. Farther to the southwest, the bottom r ses
again to another shoal marked by another region of
grounded ice, whereas to the southeast the bott m
drops off into a more pronounced trench.

The map of water layer thickness (fig. 4) sh ws
the combined effects of variations in bottom deth
and of variations in ice thickness. The water layei is
very thin in the western part of the surveyed regin,
near the west antarctic grounding line; this emplia-
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Figure 4. Preliminary map of water layer thickness (contour:
50 meters). The dots indicate points of measurement.

sizes the sensitivity of the grounding line to small
variations in ice thickness or sea level. The water
layer becomes thicker toward the trough along the
front of the Transantarctic Mountains; it also is
thick south of the ice rise at 7°S. 1°W., where the
trough in the ocean bottom coincides with thin ice.

In addition to the authors, the field party for this
research included Messrs. S. Brandwein, T. Kolich,
B. Sternberg, and L. Whiting. This research was
supported by National Science Foundation grant
GV-36963.
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RISP radio-echo soundings

JOHN W. CLOUGH
Geophysical and Polar Research Center
Department of Geology and Geophysics

University of Wisconsin
Madison, Wisconsin 53706

Al general description of the radio-echo soundings
ccmplished in 1973-1974 as part of the Ross Ice
elIf Project (RIsP) is described by Bentley et al.

is is contribution number 314 of the Geophysical and
Research Center, Department of Geology and Geo-
s, University of Wisconsin, Madison.
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Bottom crevasses along a 3-kilometer profile on the Ross Ice Shelf.

(1974). One of the more interesting features observed
was widespread bottom crevasses. A typical record
section obtained near the RISP base camp is shown in
the figure. Each hyperbolic arc represents a reflection
from a bright point at the top of a crevasse. The
crevasses are spaced at roughly Y2 -kilometer intervals,
are linear and parallel to one another, and extend
upward into the ice approximately 100 meters. The
figure was obtained while profiling perpendicular to
the crevasses. The crevasses are roughly perpendicular
to the flow line through the base camp.

The crevasses are presumed to be inactive, having
been formed upstream in an area of stressed ice. The
original heights of the crevasses may have been
determined by the local stress field (Weertman, 1973)
or by the temperature gradient in the ice. The
crevasses often were not detected on airborne profiles
due to the altitude and speed of the aircraft.

Weak reflections from internal layers in the ice
shelf were recorded on spot sounding records, but
were not generally recorded on continuous profile
records. The internal reflections were strongest in
the western (grid direction) portion of the shelf near
Siple Coast. In the far eastern portion of the survey
area, near the Transantarctic Mountains, bottom
reflections were very irregular, suggesting very dis-
turbed ice near the ice-water interface.

The extent of brine penetration into the edge of the
ice shelf near McMurdo was remapped (Clough,
1973) and was marked with poles that were surveyed
by Dr. R. H. Thomas and Mr. D. R. Gaylord. Remap-
ping in the future will determine any horizontal
displacement of the brine boundary.

This research was supported by National Science
Foundation grant ov-36963.
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Glaciological measurements on the
Ross Ice Shelf

R. H. THOMAS and D. R. GAYLORD
University of Nebraska

Lincoln, Nebraska 68508

As part of the Ross Ice Shelf Project (is), an
interdisciplinary field program of geophysical, ocean-
ographic, and glaciological measurements was begun
during the 1973-1974 austral summer. The main aim
of the glaciological program is to measure ice strain
rates, snow accumulation rates, and 10-meter tem-
peratures which, together with measurements of ice
thickness and velocity resulting from other iusp pro-
grams, will assist in the interpretation of borehole
results and in our understanding of the ice shelf. The
1973-1974 glaciological field party consisted of Mr.
Jan Nielsen, University of Copenhagen, Denmark,
and the authors.

The approximate 'positions of 47 grid stations
occupied to establish strain networks are shown in the
figure. Kehle type strain rosettes (Zumberge et al.,
1960) with 1-kilometer "legs" were planted and
measured at each of these stations. Near the RISP
base camp, their central stations formed one large
rosette with 5-kilometer legs.

Distances were measured with CA-1000 tellurom-
eters and angles were measured by Wild T-16 or

T-2 theodolites. Motor toboggans were used for trans-
port. All the equipment behaved well an4 was
ideally suited to a Twin Otter airplane-suported
operation. Rosette planting and measurementsu allycould be completed in about 1 1/2 hours. Reme sure-
ment of a rosette, once located, should take les than
an hour.

Strain lines were designed to gather data f: om a
larger area than the strain rosettes. Two 40-kik neter
double lines of stakes were planted, one (th
line) between the base camp and J9, and on (the
"P" line) on an ice rise at grid 7°S. 1'W. (fiure).
Each formed a system of linked overlapping quad-
rilaterais, and positions were fixed by trilateation
along one limb with the second limb fixed by thodo-
lite intersection. The "J" line was planted along a
hypothetical flow line selected from Dr. G. deQ. Robin's
unpublished Ross Ice Shelf flow line map (pre-
sented at the XII Scientific Committee on Antarctic
Research meeting). The "P" line was intended to
link a point on the ice rise to a point up-stream on the
ice shelf. Unfortunately, the ice rise was larger than
expected and we were unable to reach the ice shelf,
Nevertheless, remeasurement of this scheme should
assist in understanding ice flow patterns on the Ice
rise.

At H5, situated 3 kilometers to seaward of the
hinge line between the inland ice sheet and the ice
shelf, a 10-kilometer line of stakes was placed across
the hinge line. Distances between neighboring stakes
were measured and an optical leveling traverse was
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run Along the stake line. It is hoped that remeasure-
ment of this scheme will throw some light on the
behavior of the ice sheet at flotation, a region that
shou d be highly sensitive to possible instability of the
ice s eet (Hughes, 1972; Weertman, 1974).

At Gil, a 5-kilometer strain line was planted
roughly perpendicular to the presumed direction of
ice f ow in an attempt to measure shear of the ice
shelf as it passes the Transantarctic Mountains.

Tc measure ice velocity, approximately two-thirds
of the glaciological stations were visited by Mr.
William Schoonmacher, U.S. Geological Survey, who
fixed their positions by using a geoceiver. It is hoped
that this work will give position fixes with an accuracy
of between 6 and 10 meters. Remeasurement after a
2-year interval should yield values of ice velocity at
each of these stations.

At three of the stations (F 10, Gil, and H12) posi-
tions were resected from distinct features in the
Tra santarctic Mountains. In addition, the positions
of two ice shelf stations to the grid northeast of the
ice rise, at distances of 15 and 25 kilometers from the
"P" line, were tied into the "P" line stations by
tellu ometer and theodolite observations. Repetition
of tiese observations after a 1- or 2-year interval
should provide ice velocities for each of these stations.

Tie lengths of all stakes, both aluminum and bam-
boo, were measured. Remeasurement when the sta-
tion4 are next visited will provide an estimate of
snow accumulation rates. Pits of 3 and 4 meters in
depth were dug at the base camp, at the ice rise, and
at Gil. Preliminary analysis of stratigraphy and
density observations gives accumulation rates in gen-
eral agreement with those reported by Crary et al.
(19 2). Using a SIPRE hand drill, Mr. Nielsen ob-
tain d firn cores to 10 meters in depth at about 75
percent of the glaciological stations. These have been
shipped back to the U.S. Army Cold Regions Re-
search and Engineering Laboratory, Hanover, New
Hampshire, where they will be dissected and distrib-
uted.for stratigraphic, chemical, and oxygen isotope
analysis, and for total beta activity scanning to iden-
tify the 1954-1955 bomb layer. Results of this work
should give an estimate of average accumulation rate,
and perhaps of annual values, for the past 20 to 40
years. They should also reveal any spatial variation of
oxy en isotope ratios in the surface snow.

en-meter firn temperatures were measured at most
of t e drill hole sites and the preliminary results show
goo agreement with those of Crary et al. (1962).

n extensive program of radio-echo sounding by
Mr. John Clough, University of Wisconsin, resulted in
ice thickness profiles around each of the strain
rosettes and along 20 kilometers of the "J" line. In
addtion, several hundred kilometers of aerial radio-
ech sounding successfully were completed (Clough,
197$).

Jul –August 1974

Early in the field season the Twin Otter pilots
noticed dark areas in a highly crevassed region im-
mediately grid south of the ice rise. At first it was
thought too risky to attempt -to investigate these
darkened ice areas. Toward the end of the season,
however, Messrs. Sid Brandwein, Jamie Robertson,
and the authors roped up and walked about half a
kilometer from the edge of the ice rise to the nearest
accessible darkened ice exposure and collected samples.
The discoloring in the ice was found to be caused by
sediments encased in the ice. Nine plastic bags con-
taining both the encasing ice and approximately 300
grams of sediments were collected. Preliminary ex-
amination of about 27 grams of sediment revealed
igneous and metamorphic rock fragments, their con-
stituent minerals, and a few microfossils. Further
details will be presented by Gaylord and Robertson
(in press)

Remeasurement of the large strain rosette near the
RISP base camp after an interval of 5 weeks revealed
changes in leg lengths of between 10 centimeters and
20 centimeters. These give the principal strain rates
shown in the figure. Although changes in the leg
lengths of the smaller peripheral rosettes were small,
strain rates calculated for these rosettes over the 5-
week period show good agreement with those at the
larger rosette. The result particularly is encouraging
since it is an endorsement of both the CA- 1000 tel-
lurometers and the chosen rosette size of 1 kilometer.

Although the strain rates depicted in the figure are
not expected to be accurate to much better than ±
20 percent, we can use them to make a preliminary
examination of the properties of the ice shelf near
the base camp. For an ice shelf in steady state,

VaH A++H .	-

where V is ice velocity, H is ice thickness, A and B
the upper and lower surface accumulation rates,
€ is the vertical strain rate and a H is the thick-

ax
ness slope along a flowline. For the base camp area,
radio-echo results (Bentley et al., 1974) give

H 470m

—8 (±5)

the large uncertainty in --- being a consequence of

our ignorance of the precise flow direction. Pit studies
give

0. 18 (±0.04) mof ice a' .
4(±1) x104a1

* Preliminary results from /3 particle scanning of the ice
cores indicate that the accumulation rate may be considerably
less than we have assumed. This would make conditions
more favorable for bottom freezing.
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Figure 1. Tidal observation sites on the Ross Ic
1973-1974 base camp; Bi: survey site occupied c
and 24, 1974; LAS: Little America V; M I : survey

from November 2 to 5, 1959.

Extrapolation of Dorrer's ice velocities (Dorrer et
at., 1969) to the base 'camp area gives an approxi-
mate ice velocity of between 100 ma' and 200
ma- 1 . With these values in the first equation, we have

B	—10 (± 15) cm of ice per year.

Until further data is available, we thus are unable
to predict, even for a steady state ice shelf, whether
there is melting or freezing at the bottom surface.
However, bottom freezing appears unlikely unless the
ice shelf is not in steady state.

We hope that the work described here will be
continued over the next 2 or 3 austral summers. This
should result in a complete coverage of the Ross Ice
Shelf by a network of measurements of strain rates,
of ice velocity, of snow accumulation rates, of ice
thickness, and of oxygen isotope ratios. From these it
will be possible to calculate steady state 'bottom melt-
ing and freezing rates for the entire ice shelf; com-
parison with independent measurements at the RISP
drill site will help to indicate the actual state of the
ice shelf.

This research was supported by National Science
Foundation grant GV-4073X.
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Ocean tides beneath the Ross Ice Shelf

EDWIN S. ROBINSON,
HUGO A. C. NEUBURG, and

RICHARD WILLIAMS
Department of Geological Sciences

Virginia Polytechnic Institute and State Univrsity
Blacksburg, Virginia 24061

A study of the ocean 'tide beneath the R s Ice
Shelf began during the 1973-1974 austral suinmer.
This research is in conjunction with the interdisci-
plinary Ross Ice Shelf Project (RIsP). Prelinimary
results indicate that the range of the sprin tide
exceeds 1 meter in the southern extremities f the
Ross Sea em'bayment. The range is similar to alues
obtained earlier at Little America V (Thiel et al.,
1960) and in the McMurdo Sound area (Fleath,
1971).

The tidal variation of gravity was measured con-
tinuously from December 19, 1973, to Februry 2,
1974, at the RISP base camp (near 82°30'S. 166 W.).
A recording gravimeter (Geodynamics model o-1)
was used to obtain the data. The instrumen was
located in a 5- by 5-meter Jamesway and op rated
from 110-volt, 60 cycles per second line pow r. A
base platform for the instrument was mount, on
four 10- by 10-centimeter timbers each extending 3
meters into firn. In addition to base station observa-
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Figure 3. Tidal water level
fluctuations determined at two
sites on the northern part of
the Ross Ice Shelf from tidal
gravity measurements. Little
America V data is from Thiel
et al. (1960). The data from
80 0 25'S. 169 0 35'E. is from

Thiel (1960).

tions, hree or more gravity measurements were made
with a gravimeter (LaCoste and Romberg) at ap-
proxi ate hourly intervals for periods of between 3
and 6 hours at 46 sites on the southern Ross Ice
Shelf. These sites were occupied as part of a geo-
physic 1 survey. The field party remained 45 hours at
one o these sites; 33 gravity readings were obtained.
The 1 cations of site B 1 (84 0 S. 180 0 W.) and of the
base amp are shown in fig. 1.

Tid 1 variation of gravity over the Ross Ice
Shelf an be attributed primarily to the ocean tide,
with mall secondary effects related directly to lunar
and solar masses, and to tidal deformation of the
solid earth. The ocean tide introduces a periodic
change in the elevation of a gravimeter located on
the floating shelf, and a periodic change in the
subjacent water mass. These effects were combined
by Thiel et al. (1960) to obtain an equation relating
tidal variation of water level Ah, expressed in
meters, and gravity changes Ag, expressed in milli-
gals:

(1) Ah = 3.765 Ag

The combined effects of lunar and solar masses, and
the corresponding solid earth deformation, cause
spring tidal gravity fluctuations of less than 0.02
milligal at latitudes greater than 80°. As the ob-
served tidal gravity fluctuation on the Ross Ice Shelf
exceeds 0.50 milligal during the spring tide the ocean
tide clearly is the primary cause of gravimetric fluc-
tuations, accounting for more than 95 percent of the
measured gravity tide.

The 46-day tidal record obtained at the base camp
was read at hourly intervals for subsequent harmonic
analysis, the results of which are not yet available. A
segment of this record, converted to equivalent water
level fluctuation using equation (1), is presented in
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Figure 2. Tidal water level fluctuations determined at two sites
from tidal variations of gravity. The points indicate individual

observations at site Bi.

fig. 2. It is compared with a simultaneous record of
water level fluctuation at site B 1 prepared from 33
individual gravimeter readings. These measurements
indicate a spring tide during a new moon on January
23. Both records reveal the dominance of diurnal
constituents, a fact recognized from earlier studies of
the Ross Sea tide. The ranges of the spring tide at these
two sites on the southern part of the shelf are approxi-
mately the same as the range at Little America V
that was reported by Thiel et al. (1960). It is smaller
than the range of 2.2 meters obtained by Thiel
(1960) at 80 0 25'S. 169°35'E. from gravimeter ob-
servations during a 3-day period near the time of
spring tide in November 1959. This record and a
segment of the record obtained at Little America V
are presented in fig. 3 for comparison with data from
the southern part of the shelf. The different record-
ing sites are seen in fig. 1.
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It is clear from these preliminary results that the
tide persists under the southern portion of the Ross
Ice Shelf with a range comparable to that thsezved
for the northern portion. Following harmonic analy-
sis of the 46-day record it will be possible to compare
phases of the harmonic constituents with correspond-
ing data from Little America V and from McMurdo
Sound. In subsequent field seasons, tidal gravity will
be measured for periods of a month or more at several
sites to better define the spatial variation of the ocean
tide in this region.

This research was sponsored by National Science
Foundation grant ov-40434. We appreciate the help
of Mr. Thomas M. Kolich in thtaining gravity data
used in this report. Other Ross Ice Shelf Project
participants aided in making the field program a
success.
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Buckling of the Meserve Glacier sirface

M. J . MCSAVENEY
Institute of Polar Studies

The Ohio State University
Columbus, Ohio 43210

In January 1974, Dr. Stephen J . Derksen land I
concluded field study of formation of surfac wave
ogives on Meserve Glacier, Wright Valley, y re-
measuring an ablation and strain network that first
was measured in January 1972.

Analysis of surface strain is continuing. Ana ysis of
tilt for a line of nine shallow, cased holes (1. to 5
meters in depth) across a wave within the n twork
shows that buckling is taking place (fig. 1). The buck-
ling is consistent in magnitude and direction wi h that
predicted from the measured longitudinal comp ession
of the undulations on the glacier surface. That is,
the measured buckling is a consequence of compression
of an existing irregular surface, and not the other way
around.

The smaller wavelength of buckling (about 33
meters) apparently is the result of interference be-
tween two interdigitating sets of parallel wave ogive
trains of about 66 meters in wavelength (fig. 2). The
66-meter wavelength is not apparent in the buckling
data, but a larger wavelength is present that is greater
than the length of the line of cased holes. A 400-meter
long profile of the glacier surface through this region
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Figure 1. Rotational velocity of shallow holes on Meserve Glacier. Horizontal and vertical scales are divided into tens of meters,
rotational velocity is X10 4 rad. a	in the direction indicated. The lower line of rotational velocities are residuals to the larger fiexure

indicated by the upper line.
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Figure 2. Wave ogives on
Meserve Glacier.

U.S. Navy

shows an additional wavelength of about 130 meters.
These wavelengths are close to being harmonics of
each other. But the surface profile suggests that this
is not so; destructive and constructive interference in
the growth of wave amplitudes possibly is apparent.

Whether the various wave forms on Meserve Glacier
are simple harmonics of some basic wavelength or are
the result of interference of a number of wavelengths,
the surface topography appears to be controlled by
internal stress and not by external factors such as
ablation.

Ablation contributes to modification of the surface
through differential ablation caused by variation in
incident solar radiation over the varying aspects of
the wave forms (McSaveney, 1973). The correlation
between ablation and relative incident radiation (fig.
3) is far from perfect because ablation is also a
function of surface roughness and albedo. Increasing
surface roughness increases ablation, but it also de-
creases the accuracy with which ablation can be
determined.

The wave ogives that are a conspicuous feature of
many glacier tongues in the McMurdo Sound region
are compression-amplified and ablation-amplified
cyclic irregularities. Holdsworth (1969) utilized the

buckling theory of Biot (1960) to suggest that irregu-
larities with a certain critical wavelength would be
preferentially amplified, and that this wavelength
would be determined by physical properties of the ice.
He estimated a critical wavelength on Meserve Glacier
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Radiation	received
Figure 3. Ablation versus incident solar radiation. Ablation values
are the residuals from a mean of 0.273 meter. Radiation values

are relative to that received by a horizontal surface.
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of about 61 meters. Although this is in remarkable
agreement with the observed 66-meter wavelength,
the theory does not explain why harmonics of this
wavelength should also be apparent.

This research was supported by National Science
Foundation grant GV-28804.
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A 3.1-meter recession of Meserve
Glacier, Wright Valley

M. J . MCSAVENEY
Institute of Polar Studies

The Ohio State University
Columbus, Ohio 43210

A survey of the ice-cliff margin of Meserve Glacier,
near Meserve Glacier Hut, in January 1974 revealed
a substantial, 3.1-meter retreat of the cliff since Janu-
ary 1966. The measurements in 1974 removed the
ambiguity surrounding those made in January 1972
(McSaveney, 1973) and necessitate a correction to
that earlier interpretation.

Between January 1966 and January 1972, the ice
cliff probably receded 1.75 meters, the maximum value
estimated by McSaveney (1973), and in the following
2 years (to January 1974) it receded another 1.37
meters.

Distances were measured with a hand-held steel
tape in the two directions indicated in the figure.
Station A0 is a survey station on a moraine ridge 50
meters east-northeast (grid) of Meserve Glacier Hut
and is marked by a wooden pole that stands on a
wooden cross held in place by boulders; GB is a rock
bolt in a 1-meter diameter boulder 5 meters south of
the hut; and T1, 30 meters south-southeast (grid) of
the hut, is a steel pipe held in place by a rock cairn.
Changes in the distances have, so far, greatly exceeded
any errors due to positioning of the tape against the
slightly irregular ice surface.

In the scale of glacial processes at this polar alpine
glacier, where ice motion at the cliff is about a meter

each year, a rate of retreat of 0.4 meter per year is of
major significance. Averaged over the entirt cliff,
ablation exceeds ice flow by more than 150 percent, a
value similar to that in major retreat of many tem-
perate glaciers. Continued retreat at this rate could
remove the glacier tongue in about 750 years.

Péwé and Church (1962, p. 304) found that glaciers
in the McMurdo Sound region have "remained essen-
tially unchanged in position and shape for half 3. cen-
tury." Their data were obtained from photogiaphs:
my measurements are not altogether inconsistent with
their conclusion because they could not have detected
a change of this magnitude. However, it is more prob-
able that this "rapid" retreat is a phenomenon of the
last decade. It certainly has not been maintained for
50 years.

Bull and Carnein (1970, p. 440) describe the foot
of the ice cliff at Meserve Glacier in 1966 and 1967
as "an apron of broken ice averaging 2 meters thick
and extending 12 meters from the cliff." In 1974, no
continuous apron remained and the few remaining
ice-debris fans were less than 2 meters thick and did
not extend 12 meters. It therefore is probable that
retreat began after 1967.

Simple measurements such as these take but a few
minutes to make, yet are invaluable in assessing the
state of balance of glaciers such as Meserve Glacier.
People working in this region in the future can add
greatly to this record of glacier behavior by remeasur-
ing these distances.

I
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Map of measurement stations at Meserve Glacier hut, showing
distances measured in January 1974.
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Thi research was done in the course of pursuing
investiations under National Science Foundation
grant ov-28804.
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Former grounded ice sheets in the
Ross Sea

G. H. DENTON and H. W. BORNS, JR.
Department of Geological Sciences and

Institute for Quaternary Studies
University of Maine
Orono, Maine 04473

are being processed; however, available carbon-14
dates indicate that grounding of this sheet occurred
>47,000 years ago, that initial thinning began prior to
10,000 years ago, and that ungrounding occurred in
the sound by 5,000 years ago.

Hypotheses that have been invoked to explain these
grounded sheets include (1) expansion of east antarc-
tic ice into the Ross Sea, (2) advance of local glaciers
from the Transantarctic Mountains and from Ross
Island, (3) local grounding of the Ross Ice Shelf, or
(4) a northward sweep of the grounding line, now
located in Marie Byrd Land, that separates the Ross
Ice Shelf and the west antarctic ice sheet. Geologic
considerations currently favor the fourth hypothesis
and suggest that the west antarctic ice sheet repeatedly
has expanded north into the Ross Sea and probably
into the Weddell Sea. If this reconstruction is correct,
the last collapse of an expanded sheet has been a
recent phenomenon; this is in accord with the sug-
gestion (Hughes, 1973) that west antarctic ice is dis-
integrating. This hypothesis easily can be tested, and
a rate of recession calculated, by geologic field work
on the coast of northern Victoria Land, on islands in
the Ross Sea, and on moraines fringing outlet glaciers
of the Transantarctic Mountains.

This research was supported by National Science
Foundation grant GA-14388
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Gltcial deposits in the McMurdo region record two
seric of major events. The first involves invasions of
Tayl r and Wright valleys by tongues of the inland
ice s eet dammed west of the Transantarctic Moun-
tains. Advances prior to 4 million years ago carved
the alleys; only four subsequent advances, all rela-
tivel minor, have occurred within the last 3.6 million
year . The second series of events involves the repeated
pres nce, within the last 1.2 million years, of grounded
ice s eets in McMurdo Sound and in the eastern Ross
Sea nd Ross Ice Shelf areas.

During the 1973-1974 austral summer, from Octo-
ber to December, we concentrated on mapping and
datirig moraines and erosional features associated with
the oungest grounded ice sheet. The results indicate
that ice of this sheet entered McMurdo Sound both
frothe southeast, between Ross Island and Minna
Blu , and from the east, around the northern tip of
Ros Island. The ice attained altitudes of 260 to 310
meters on the west coast of McMurdo Sound, of 573
meters at Cape Bird, of 277 meters at Brown Penin-
sula l, of 403 meters on eastern Mount Discovery, and
of 6109 meters on eastern Minna Bluff. Hence, the ice
sheet surface rose to the east and southeast. Grounded
ice achieved a maximum thickness of about 1,325
meters in McMurdo Sound. Most dating samples still

Hughes, T. 1973. Is the west antarctic ice sheet disin-
tegrating? Journal of Geophysical Research, 78(33):
7884-7910.

Glaciological studies along Byrd Station
strain network

I. M. WHILLANS and L. G. THOMPSON
Institute of Polar Studies

The Ohio State University
Columbus, Ohio 43210

This season's experiments were designed to obtain
additional data necessary to interpret the ice regime
of upper Marie Byrd Land (Whillans, 1973) and the
variations in climatic effect on the ice sheet at present
and during the recent tens of thousands of years. The
field party consisted of six persons from The Ohio
State University and work was conducted on the
surface of the ice sheet upstream from the Byrd Sta-
tion core hole. The experiments (1) studied the proc-
esses of snow sedimentation, (2) sampled the present-
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day variation of parameters measured in the Byrd
Station core that have paleoclimatic significance, and
(3) studied the flow of the ice sheet at an undulation
in surface topography.

Sedimentary processes were studied in detail over
the undulation in surface topography in the detailed
study area. At three locations snow samples at 2-centi-
meter intervals to 3 meters in depth and whole cores
to 10 meters in depth were collected for oxygen isotope
(8180) analysis to determine the relative contributions
of summer and winter balances at sites of different
surface slope and to investigate the horizontal conti-
nuity of distinctive 6180 horizons. Correlative cores for
analysis of microparticle content and size distribution
were collected to determine the seasonal and topo-
graphic variation of microparticulate fallout. The ex-
periments for firn densification (Dewart and Whillans,
1970; Whillans, 1972) were remeasured, and a line of
stakes spaced 125 meters apart were measured at fre-
quent intervals to determine the topographic effect of
individual storms. At 9 sites along the undulation,
10-meter mean samples were collected for hydrogen
isotope (deuterium) analysis to determine if there is a
correlation between deuterium content and balance as
was found in Adélie Land (Lorius, 1963, fig. 44).
Two sites were selected for trace element sampling to
test the possibility of local variations in trace element
content of the snow.

On a longer scale the same kinds of samples were
collected from pits and by coring in the region of the
ice divide and at other locations to compare processes
with those in the detailed study area. Temperatures
were obtained from the bottom of 10-meter holes and
all poles were measured and firn densities were ob-
tained to calculate mass balance. Using a sidewall
sampler, supplied by Dr. S. J . Johnsen, mean samples
to 2 meters in depth for 6180 were obtained at 3-
kilometer intervals along the Byrd Station strain net-
work, and more frequently in the detailed study area.
Near-surface firn samples also were taken from pits
along the flowline from the ice divide to Byrd Station.
From these samples the effect of variations in mass
balance and mean annual temperature on microparti-
cle deposition patterns will be determined. These data
will enable full interpretations of the microparticle
(Thompson, 1973), oxygen isotope (Johnsen et al.,
1972), and temperature (Ueda and Garfield, 1968)
profiles obtained from the Byrd Station drill hole.

The ice movement studies previously have been
described (Dewart and Whillans, 1970; Whillans,
1972) and this season completes these experiments.
Unfortunately, due to less field time than needed, the
horizontal trilateration of the detailed strain network
was only about two-thirds completed. The leveling
and seismic programs were satisfactorily completed.

The deuterium sampling program is in cooperation
with Dr. C. Lorius, Laboratoire de Glaciologie, Gren-

oble, France. The trace element samples we -e col-
lected for Dr. C. Boutron, of the same laboratory, for
neutron activation and atomic absorption analyses.
The oxygen isotope program is in cooperationwith
Drs. W. Dansgaard and S. J . Johnsen, Geop ysical
Isotope Laboratory, University of Copenhagen, Den-
mark. Mr. Thompson will analyze the sampls col-
lected for microparticle analysis at the Institute of
Polar Studies.

We were in the field from December 4, 1973, to
February 7, 1974. In addition to the authors, the field
party included Messrs. T. H. Baughman, D. J . Rugh,
J . H. Wells, and C. F. Welistead. This research was
supported by National Science Foundation grat ov-
26137X.
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Glaciology and glacial chronology In
the South Shetland Islands

JAMES E. CURL
Institute of Polar Studies

The Ohio State University
Columbus, Ohio 43210

NORMAN W. TENBRINK
Department of Geology

Grand Valley State Colleges
Allendale, Michigan 49401

Field work on Livingston and King George h
(fig. 1), from January 10 to March 15, 1974,
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sisted of a combined program of glaciology and glacial
geology. Our goal was to complete a reconstruction
of the glacial history of the northern Antarctic Penin-
sula region by expanding an incomplete record of
glacial history previously obtained from the South
Shetland Islands. Although previous glacial geologic
knowledge of the South Shetland Islands includes a
partially dated, threefold sequence of glacial advances
(Everett, 1971; John, 1972; TenBrink and Curl,
1973), a complete glacial history cannot be established
until a detailed chronology is determined. Therefore,
the primary objective of the 1973-1974 field program
focused on establishing a complete chronology of past
glacial variations in the South Shetland Islands in
order to evaluate these variations in terms of their
climatic significance.

The field party consisted of four geologists from the
Institute of Polar Studies: Messrs. Curl (party
leader), Doyle R. Watts, James E. Birchall, and Frank
Mikan. Assistance in accomplishing a portion of the
glaciological program was provided by Dr. Olav Or-
heim, Norsk Polarinstitutt, Oslo, Norway.

Glacial geologic investigations were conducted dur-

ing traverses of the major ice-free portions of Living-
ston and King George islands. These traverses in-
cluded detailed investigations of raised beaches and
moraine-beach relatiQnships. For chronologic determi-
nations, radiometrically datable organic remains were
collected from in situ deposits within the raised beach
features. (Samples of whale and sea bones were col-
lected from recently living animals in the field area to
limit the radiocarbon reservoir age of present antarctic
seawater.)

An internally consistent set of measurements of se-
lected crustose lichen thalli were made on recent Liv-
ingston Island moraines. Maximum thalli diameters,
compared to the adjusted growth rate curves for lich-
ens of the South Orkney Islands (D. C. Lindsay,
personal communication), will permit a system of
lichenometric ages to be established for several mo-
raines.

At Potter Cove, King George Island (fig. 2), a
threefold sequence of moraines was mapped in detail
and oriented cores were drilled from andesitic erratics
of traceable origin that may prove suitable for alter-
nating field demagnetization dating techniques (Heller

July—August 1974	 169



(ICE- PIT STUDIES 1	

KING GEORGE ISLAND

/

	

)	 LJ —LJ 4 3 K m. N\\\N_)	
I

LSUmELD POINT
Camp-2	L3 .5	

2.4	7
6.8 flt98m.	f	J	 I)11.0

	

13..	
NORTHO

ARDLEY	16.0

ISLAND
SPIT

marin beach

Hill
SOUTH

'\	c	E
AFlor ^nce

SPIT	275%	

295

4laci	 63	
IlATO  PEN IOS	Camp

/	he	\\\U	
1i

rs

d.L 46 4

.0

Flat
TO

A Hora io
StU4

7.'
16.0
35.0

RAITS
N,	RIP

POI NT

NELSON ISLAND

EXPLANATION

Ice margin	 Ice-pit location
STRANGER 0

Residual surface *	..	Drainage or / POINT
(marine or subaerial)	......, scour chanr el	 L_ 55.0*

H6
1

Raised beach	I'1
5	(marine)	 Ice-cured moraines

M	d	
ALL ELEVATIONS

0 'sic ridges	ca. Ice-molded surface	IN METERS

PRELIMINARY
RELEASE
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and Market, 1972). Similar studies of marine strand-
lines and moraine-beach relationships also were con-
ducted on Keller Peninsula (fig. 3); the results gen-
erally support the Maxwell Bay and Livingston Island
observations.

With the aid of a recording sonar system aboard
R/V Hero, Maxwell Bay was systematically sounded
for detection of possible submarine moraines and ter-
race systems. Some glacial and sea level fluctuations
not recorded as terrestrial deposits may be interpreted
from the sonar data.

The following major objectives of the glaciological
field program were completed. Mass balance stake
networks on Rotch Ice Dome, Livingston Island, and
glacier G-1, Deception Island, were remeasured and
expanded for the fifth consecutive season. Density
profiles and stratigraphic sections were recorded from
snow pits constructed at several locations on each
glacier, and temperature profiles were recorded in
holes drilled below the pits with a thermistor probe.

In cooperation with the Glaciology of the Antarctic
Peninsula (GAP) program, five 10-meter snow pits

were dug in glaciers on Livingston and King George
islands according to guidelines recommended by Dr.
W. Dansgaard, Geophysical Isotope Laboratory, Uni-
versity of Copenhagen, Denmark. Three pits were
located on Rotch Ice Dome at elevations of 150, 250,
and 350 meters. One pit was excavated on top of the
ice dome to the east of Fildes Peninsula, King George
Island (fig. 2), at an elevation of 300 meters, and a
final pit was located on the Stenhouse Glacier, Ad-
miralty Bay (fig. 3) near the geographic summit at an
altitude of 548 meters.	 I

Each pit was excavated to a depth sufficient to ex-
pose at least two summer surfaces. The pit stratig-
raphies were recorded and samples for oxygn'6/
oxygen 18 paleotemperature determinations were pro-
cured. About 16 to 20 samples for each year's accu-
mulation were obtained from the pit walls and at
least 8 samples per meter were retrieved from bores
extracted from the pit floors.

At each pit location, ice cores were drilled for
analysis (by Mr. L. Thompson, Institute of Polar
Studies) of seasonal variations of microparticle con-
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tent. Samples also were collected from Deception Is-
land ice for determinin g present silicon 12 activity.

Data analysis should result in a rather complete
chronology of glacier and sea level fluctuations unique
to tltie South Shetland Islands and to northwestern
Ant+rctica. The oxygen" /oxygen 18 data and associ-
atedi pit studies, especially in the Fildes Peninsula area
wh4e radio-echo sounding profiles have been coin-
pletd, should serve as criteria for the future selection
of 4eeper GAP drilling sites. An evaluation of these
stulies, combined with laboratory analysis of the cores,
will provide the framework for reconstruction of a
regi nal glacial and climatic history, leading to an
asse sment of the dynamic relations between glacial
and climatic fluctuations, for the Antarctic Peninsula.

This research was supported by National Science
Foundation grant Gv-40940X.
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Glaciological studies in the
South Shetland Islands

OLAV ORHEIM
Norsk Polarinstitutt

Oslo, Norway

In January 1974, Mr. J . Birchell, Institute of Polar
Studies, The Ohio State University, and I carried out
field work at Livingston Island and at Deception
Island.

The conditions at Rotch Ice Dome, Livingston Is-
land, were studied to ascertain whether this would be a
suitable site for medium depth drilling by the Glaci-
ology of the Antarctic Peninsula (GAP) program. GAP,
an international project, is aimed at gathering data on
past and present climates in the Antarctic Peninsula
region, with some studies also in South America. One
major aspect of GAP is to obtain records of past atmos-
pheric conditions by analyzing core drilled from ice
domes. The work this season showed that the upper
part of Rotch Ice Dome (elevation: 355 meters) is
intermediate between the percolation zone and the
soakd zone. Practically all of the winter snow is
heated to 0°C. by refreezing of percolating meltwater.
Analysis at the Geophysical Isotope Laboratory, Uni-
versity of Copenhagen, of snow and firn samples col-
lected at various Rotch Ice Dome localities shows that
even at the highest elevations the seasonal oxygen"/
oxygen 16 variations are smoothed within 2 years; this,
no doubt, is a result of the meltwater percolation. The
mass balance of Rotch Ice Dome increases regularly
with elevation, and reaches 1.3 meters water equiva-
lent at the highest part. It is concluded that Rotch
Ice Dome is not a very suitable location for core drill-
ing to bedrock. The smoothing of the seasonal oxy-
gen" / oxygen 16 variations means that these cannot
be used to provide reliable dates (possibly particle
counting can be used instead). Moreover, the high
net balance, combined with an estimated maximum
thickness of 200 meters, indicate that perhaps only
about 800 years of record can be obtained.

Mass balance programs were continued on glacier
G-1 (on Deception Island) and on Rotch Ice Dome,
initiated respectively in the 1968-1969 and 1970-1971
seasons (Orheim, 1972). The continuing series of
measurements at these glaciers makes the records of
increasing significance for each year they are kept in
operation, and some effort was spent this season to re-
place parts of the stake system that had been lost
during the past few years. When we left the glaciers
there were 12 measurement stakes exposed on
and 24 exposed on Rotch Ice Dome.

Snow and firn samples were collected at G-1. Sili-
con was extracted to determine contemporary silicon 32
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activity in this area. These data were needed içl con-
junction with a silicon 12 sampling program of older
ice that was conducted in the 1971-1972 season. The
silicon 12 samples are being analyzed at the Geophysical
Isotope Laboratory by Dr. Henrik Clausen.

I thank the National Science Foundation for pro-
viding logistics support for this work. I also am grate-
ful to the Instituto Antartico Argentino for housing
us at their base on Deception Island, and to Mr.
Birchell, Mr. James Curl, and others of the Institute
of Polar Studies, The Ohio State University, for their
help.
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Ice crater closure studies on
Deception Island

T. HUGHES
Department of Geological Sciences
Institute for Quaternary Studies

University of Maine
Orono, Maine 04473

Final measurements of the glaciological regim re-
sulting from an ice crater blasted through the snoUt
of Bynon Hill glacier, Deception Island (6°S.
60.6°W.), during an August 1970 volcanic eruption,
were completed during the 1973-1974 austral sumner.
A preliminary investigation was made during the
1970-1971 austral summer (Hughes, 1971) ai4d a
comprehensive investigation was initiated during the
1972-1973 austral summer (Hughes, 1973). Merrbers
of the 1973-1974 field party were Mr. Henry Bredher,
Mr. Michael Scholz, Ms. Claire Parkinson, and my-
self as the principal investigator. The investigation
was in two parts: measurement of the surface St rain
and of the mass balance regime by using two St rain
networks and by using isolated stakes (fig. 1), 
measurement of shear band deformation around^

nd
he

ice crater walls by using Strain networks construted
inside four tunnels cut into the glacier (fig. 2).

Results of the surface strain and of the mass balaince
studies will be presented in two separate papers at the
International Symposium on Volcanology, Inteltna

-tional Association of Volcanology and Chemistry of
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Figure 1. The surface strain
and mass balance study
around the Deception Island
ice crater. The triangular grids
designate the primary (right)
and secondary (left) strain
networks. Stakes were located
at the triangle corners, ice
crater photo control points
(small arrows), and ice tun-
nel entrances (large arrows).
Gravinetric ice thickness de-
terminations were made at
sites irdicated by black dots.
The surface topography is
taken from photogrammetric
maps produced from 1968,
970, 1972 photography.

Craters are shown with
hatchired borders, water is
stippled, and ice flowing into
the crater since the eruption
is shown by dashed 25-meter
contour lines. This map up-
dates those presented by

Hughes (1973).

the Earth's Interior, in September 1974, at Santiago,
Chile. During 1973-1974, positions of all recoverable
stakes on the primary and the secondary networks
were remeasured, and an extensive gravity survey was
made to determine glacier thickness in the vicinity of
the ice crater. Seven stakes placed the previous field
season in the glacier's accumulation zone (Hughes,
1973) were buried. Several primary strain network
stakes ablated out of the ice and several secondary
strain network stakes either ablated out of or were
buried in drifte dsnow. Some of the buried stakes
reappeared during the field season.

Results of the shear band study were reduced se-
verely because drifting snow piled against the ice
crater walls and blocked the entrances to ice tunnels
B and C, where the detailed strain networks had been
established during the 1972-1973 austral summer (fig.
3).ur work during 1973-1974 had to be cut in half
bec use R/V Hero was detained in Ushuaia, Argen-
tin , for 10 days. Ice tunnel A, located in the most
rap dly moving part of the ice wall, was too badly
def rmed to remeasure. Ice tunnel D had become
fill d with water and was solid ice. Ice tunnel B had

Jul —August 1974

the most interesting shear band display; after finishing
surface measurements, great effort was made to reach
it. A deep slot was dug into the snowbank, and we
reached the ice crater wall in the tunnel vicinity just
as MS Lindblad Explorer arrived to evacuate our field
party. We had to leave since all members of the field
party had other commitments; we were unable to
uncover and remeasure the ice tunnel strain network.

The shear band study was to determine how much
deformation in the ice crater wall was due to flow in
the shear bands and how much was due to flow be-
tween shear bands. Shear in shear bands could be
readily determined by measuring the displacement of
ash layers intersected by shear bands. Total shear
would have been determined from the ice tunnel
strain networks. Shear between shear bands would
therefore be the difference between these two meas-
urements. Deformation associated with closure of the
ice tunnels is a component unrelated to the strain
regime of the crater walls before the tunnels were cut.
This component of deformation was to be determined
by comparing strain at the ice tunnel walls (obtained
from ice screw strain networks) with strain 1 meter
behind the ice tunnel walls (obtained from stake
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Figure 2. The shear band deformation study in the Deception
Island ice crater walls. Side, top, and rear tunnel views are
shown, and the tunnels (designated A, B, C, and D) are located
in figs. 1 and 3. Ice screws attached to the ice tunnel walls and
stakes anchored 1 meter behind the ice tunnel walls are shown
by short and long line segments. Stakes and ice screws viewed
end-on are shown as circled and uncircled dots. Glacial ice around
the ice tunnels is the dotted area and shear bands intersecting
ash layers inside the ice tunnels are parallel, slightly curving
lines. Actual shear bands and ash layers intersecting ice tunnel

walls are shown.

strain networks). The stakes in the stake strain net-
works were frozen into ice at the rear of the holes
that were SIPRE ice-augered into the walls, the floors,
and the ceilings of ice tunnels B and C. These takes,
having 20 centimeters of frozen-in length and 100
centimeters of free length, responded to strains 1 meter
behind the ice tunnel surfaces. Mathematical expres-
sions had been derived to extrapolate to the pre-tunnel
strain regime by comparing strains from the stake and
the ice screw networks. These networks had been
placed inside a spherical chamber dug at the end of
ice tunnel C in order to simplify the calculations.

This research was supported partially by NSF
GV-36510X to Ohio State University. I thank Cap-
tain Jacques Cousteau for providing us with helicopter
support that allowed Mr. Brecher to photogrammet-
rically map the ice crater, Mr. Lars-Eric Lindblad
for the return journey on Lindblad Explorer, Captain
Pieter Lenie and the crew of Hero for support
throughout this study, and the Argentine Antarctic
Institute for the hospitality of their Deception Island
station.
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Figure 3. Photo mosaics of
the actively deforming ice
crater wall. The wall is shown
during the 1972-973 (top)
and the 1973-1974 (bottom)
austral summers to locate the
initial positions of th Ice
tunnels and the subse usnt
snow drifting that b ned
tunnels B and C. Also note
the changes in snow stni-
bution beyond the ice c at.r
and changes n topegr phy

of the calving ice w II.
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Blue ice runway site survey,
Pensacola Mountains

A. KOVACS and G. ABELE
U.S. Army Cold Regions Research and

Engineering Laboratory
Hanover, New Hampshire 03755

From January 19 to January 30, 1974, a U.S. Army
Cold Regions Research and Engineering Laboratory
(cIuEL) field party conducted a survey of potential
runway sites for heavy, wheeled airplane (e.g. C-130,
C-141. and C-5A) landings in the Pensacola Moun-
tains. The major emphasis was on finding a large area
of blue glacial ice that could, with very little prepara-
tion, be used for wheeled aircraft landings.

The need for such a runway is predicated on future
logistics requirements of research programs in the
Pensacola Mountains, and of an analysis of overall
U.S. antarctic logistics support operations (Day et al.,
1973). This analysis shows that money could be
saved by flying personnel and cargo in large, wheeled
airplanes, to the Pensacola Mountains area (via the
Antarctic Peninsula) ; from there, the Personnel and
cargo would be transported to such stations as South
Pole and Siple in smaller, ski-equipped airplanes.

En route to the put-in site (Cordiner Peaks), aerial
reconnaissance of potential runway sites was made in
the Patuxent Range, the Neptune Range, and the
Cordirier Peaks. Weather conditions did not permit
an aerial reconnaissance of the Forrestal Range or
of the Dufek Massif. During the flight, both blue ice
and large moraine areas were inspected for possible
runwafr sites. The extensive moraine area to the east
of Mount Cross, in the Patuxent Range, for example,

Figure 1. Moraine and blue ice areas east of Mount Cross,
Patuxent Range.
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Figure 2. Traverse routes and mountain peaks climbed in the
Cordiner Peaks. The black square at the bottom is put-in site
location. The larger black strip north of Rosser Ridge is the area

of the runway site survey.

was judged a possible site for constructing a gravel
runway (using the boulder till) or for locating a blue
ice runway next to the moraines (fig. 1). The size of
the boulder till aggregate would necessitate crushing of
the rock before placement. Large blue ice areas also
were observed west of Mount Whillans and at Mount
Bruns, in the Patuxent Range, and to the north and
time west of Rosser Ridge, in the Cordiner Peaks.

Put-in, dictated by weather, was southeast of the
Cordiner Peaks (53°12'W. 82°52'30"S.). An auto-
Inatic weather station was installed at this site (fig. 2).
A snow pit study indicated that the site has a mean
annual temperature of —29°C. (± 1°C.) and a 40-
centimeter snow accumulation. From the put-in site
the field party proceeded to the north side of Rosser
Ridge where a topographic survey was made of a
1,500 meters long section of blue ice. Topographic
survey data from the site are given in fig. 3. Site
characteristics are as follows:

(1) runway orientation: east to west;
(2) prevailing wind direction: from the east:
(3) elevation: about 800 meters
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Figure 3. Elevation profiles of the blue ice surface at the site of the runway survey north of Rosser Ridge.

0 0

(4) longitudinal grade: +0.6 percent to the east;
(5) lateral grade: +1.0 percent to the north;
(6) available runway length: about 2.5 kilometers;
(7) ice surface microrelief: sun and wind-cupped

surface at 10 and 30 centimeters in frequency, scat-
tered snow dunes from 5 to 15 centimeters high.

In short, the site appears to be suitable as a runway
for heavy, wheeled airplanes. The terrain at the base
of Rosser Ridge (land-ice interface, approximately
1 kilometer from the runway area) is highly suitable
for the location of a permanent camp.

From the Rosser Ridge survey site the field party
returned to pick up provisions at the put-in site and
then proceeded overland (fig. 4) to the base of Mount
Lechner. The elevation profiles obtained at the site
are given in fig. 5. Site characteristics are as follows:

(1) runway orientation: north to south;
(2) prevailing wind direction: from the east and

the northeast;
(3) elevation: about 1,400 meters;
(4) longitudinal grade: +0.75 percent to the

south;
(5) lateral grade: +1 to 2 percent to the west;
(6) available runway length: at least 3 kilometers;
(7) ice surface microrelief: very smooth, much of

the area snow covered (average snow depth is 4
centimeters, increasing toward the west). This site,
although feasible, is less suitable as a runway than the
Rosser Ridge for the following reasons:

(1) considerable snow removal required;
(2) predominant winds not in direction of runway;
(3) higher elevation requires longer runway;
(4) downhill grade of the runway's predominant
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approach or landing direction requires a longer
runway;

(5) nunataks restrict approach or takeoff (in either
direction).

Considering the effects of elevation, temperature,
grade, and wind, a runway at Rosser Ridge would

82'45
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H
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Figure 4. Traverse routes and general location map o areas
visited in the Cordiner Peaks and Forrestal Range

ANTARCTIC JOUI&NAL



E 
12. West 

3% Slope East

0	lOOm
Lateral Profile at Station 0

660	700	eóo	90
Runway Center Line-Mt Lechner (Station Distance. m(

	

7.5 
West	East

2.5^ __121^^

	

00	750	lOOm
Lateral Profile at Station 750

	

5.0 West	 East
J%nopepe

0--

	

100	1500	lOOm
Lateral Profile at Station 1500

A-A' (Station Distance. ml

- - South

:,

510	 540m
B-B'

::L1020	1650
C-C'

9.5

8.5L_470	1500
D-D'

North

% Slope
B B

C'

Figure 5. Elevation profiles of ice surfaces at site of runway survey, near Mount Lechner.

require a 6 percent increase in length relative to the
basic required runway length of jet aircraft. At
Mount Lechner, the increase in the basic required
runway length would be 20 percent.

A power spectral density analysis of the two sites'
ice surfaces was performed. This analysis indicates
that there are weak spectral peaks of limited signifi-
cance in the Rosser Ridge profile at approximately
100- and 65-meter intervals; the surface is similar
to a rough road. The spectral analysis of the Mount
Lechrer data showed a strong peak at 75 meters;
here, too, the amplitude of the roughness was not
large I (on the order of 1 to 2 centimeters). In short,
the ic surfaces are similar to field runways.

We acknowledge the field assistance of Mr. George
Erlanger. The power spectral data analysis was done
by Er. William D. Hibler, III, and Mr. Floyd
Kugz-uk. The field study was performed under
Naticnal Science Foundation interagency agreement
NSF—CA95.

Reference

Day, IC. F., R. Sweeney, and T. T. William. 1973. Zero
bas II analysis. RMC Research Corporation. Report,
URI-213.

Crevasse detection using an
impulse radar system

A. KOVACS and G. ABELE
U.S. Army Cold Regions Research and

Engineering Laboratory
Hanover, New Hampshire 03755

Diiring the 1973-1974 austral summer, an impulse
dair system was evaluated for use as a crevasse
te4tor. The system, a prototype of the GSSI-3000
ie of down looking radar systems (Geophysical
irey Systems, Inc.), consisted of a pulse trans-

mitter, a transmit-receive switching section, a receiver,
and a graphic recorder. These components were
mounted inside a tracked vehicle and occupied about
one-half cubic meter of space. The antenna was in-
corporated into a hull that was towed over the snow
surface. The beam of the antenna was designed to
be broadest in the forward and aft plane of the hull
(i.e. the direction of travel).

The radar output frequency of this system is 1
to 100 megahertz. In theory, a short pulse of electro-
magnetic energy is radiated from from the antenna
into the subsurface and then is reflected from one
or more subsurface horizons back to the antenna.
The number of horizons penetrated depends on their
electrical characteristics (i.e. their dielectric constant
or conductivity). The two-way travel time then is
displayed in real time on a continuous stripchart
recorder in the same manner as a single-trace acoustic
profiling system used for sub-bottom profiling of
marine sediments. The return times may be equated
to distance if the effective dielectric constant of the
medium between the surface and the sub-surface
reflector is known.

When used for crevasse detection, the forward-
directed electromagnetic signal is least attenuated and
radiates fastest through the lower density (lower
dielectric), near-surface snow cover. In the case of a
crevasse, therefore, the first return is reflected from
a near-surface crevasse wall.

A field trial of this radar system was made on the
McMurdo Ice Shelf at a 3 meters wide, snow-bridged
crevasse. The antenna was pulled at a slow walk
from one side of the crevasse to the other. During
this trial the antenna was pulled perpendicular to the
crevasse from 9 meters on one side to 12 meters on
the opposite side. A graphic record of the reflected
radar signal is shown in fig. 1. This record shows that
the crevasse was detected when the antenna was at
least 9 meters away from either wall. Similar results
were obtained when the antenna was moved from
any angle up to the crevasse.
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When the radar system was used during a field
traverse in the Pensacola Mountains, the antenna was
positioned 9 meters in front of a tracked vehicle (fig.
2). This distance, combined with the radar's early
detection capability, enabled the system to warn of
crevasses at least 12 meters ahead of the tracked
vehicle. This was sufficient time to halt the vehicle
well before encountering a crevasse (vehicle speed
averaged about 5 kilometers per hour). Increasing
the distance between the vehicle and the antenna
also increased the distance between the vehicle and
the crevasse, permitting higher vehicle speeds and
greater stopping distances.

While our experience with this impulse radar sys-
tem was limited, the system appeared to consistently
detect crevasses or cracks at least 3 meters ahead or
to the side of the antenna. For this reason we think
that this radar system is adequate for field party use,
especially when operating heavy vehicles in potentially
crevassed areas. It is suggested, however, that the
system be modified to include two antennas positioned
3 meters apart and extended to distances at least 9
meters in front of vehicles. This would provide better
radar coverage of crevasses being approach d at
angles to travel routes.

We thank Mr. George Erlanger for operati g the
impulse radar system, and Messrs. Frank Brie and
Joe Barthelemy, Civil Engineering Laboratory, aval
Construction Center, for their field assistance.

This study was performed under National S ience
Foundation interagency agreement N S F–CA95.

Figure 1. A graphic record of the reflected radar signal obtained
with the GSSI impulse radar system when the antenna approached,
passed over, and moved beyond a 3 meters wide snow-bridged
crevasse. The record also shows the return from the well known

brine layer in the McMurdo Ice Shelf.

1.

Figure 2. Radar antenna system as configured for crevasse
detection during a field traverse.

Air operations, Deep Freeze 7

VERNON W. PETERS
U.S. Naval Support Force, Antarctica

With the departure of LC-130R Hercules ai lane
number 159131 from Williams Field, McMurd Sta-
tion, on February 22, 1974, Antarctic Develo meni
Squadron Six (vxE-6) completed its 19th ye r ol
providing support to the U.S. Antarctic Res arch
Program. The last of five Lc-130s touched do n at
the squadron's home—Naval Air Station, Point N fugu,,
California—on February 26, thus ending a seasonal
deployment that began on October 29, 1973.

Austral summer 1973-1974 air operations were
augmented by three new Hercules purchased for the

Commander Peters was commanding officer of U.S. Navy
Antarctic Development Squadron Six (vxE-6) during
1973-1974.
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U.S. Navy Antarctic Develop-
ment Squadron Six 1UH-1N
helicopter airlifts supplies for
he Dry Valley Drilling Project.

U.S. antarctic program by the National Science
Foundation. The new airplanes have a higher gross
weight capability and a higher fuel capacity. Their
,ireater range enables the new airplanes to fly with a
,900- ilogram payload from McMurdo to Siple sta-
ions End back without pausing to refuel at Byrd
tatio (table).
South Pole construction flights accounted for a

majority of Lc-130 flight hours during the 1973-1974
;umm r. Fifty vans, tons of supplies, and thousands
Df lite s of fuel were airlifted from Williams Field to
the construction site. A combination of good weather,
fflcie t cargo handling, and few mechanical prob-

[ems with the airplanes cleared the way for corn-
pletio of most major constructior. projects at the
new $outh Pole Station. Flight crews often com-
pleted two round trip flights per day, between
McMurdo and South Pole Stations, and by season's
end traveled the McMurdo to South Pole route for
a total of 1,210 hours.

Support of scientific projects in the dry valleys was
done by vxE-6's UH-1N Huey helicopters. While nor-
mally there are four helicopters at McMurdo, one
was damaged early in the season at Cape Crozier and
was unavailable for the rest of the season. The three
remaining UH-1N's moved 376 metric tons of equip-
ment and supplies and transported over 2,700 passen-
gers during the season in a record 1,006 flight hours.
VXE-6 helicopter pilots and maintenance personnel
this season again were assisted by pilots and crew-
men of the Royal N.Z. Air Force. In early November,
two N.Z. pilots and a crewmember were assigned to
vxi-6; a second N.Z. helicopter crew replaced them

in December. A major VXE-6 accomplishment of the
1973-1974 season was direct support to the Dry
Valley Drilling Project. Nearly 350 hours were flown
and the drill camp, including equipment and person-
nel, was relocated 6 times. The Hueys lifted as much
as 1,200 kilograms over distances of as much as 75
kilometers. Total weight for the drill camp averaged
30,000 kilograms. The uH-1N once again proved to
be a reliable cargo hauler over relatively short dis-
tances.

A trimetrogon photographic reconnaissance mission
was conducted over the Pine Island Bay region. Ex-
cellent coverage of several dry land areas was ob-
tained. The National Science Foundation is studying
the area for a. possible landing strip. This mission
resulted in the assembling of highly detailed photo-
graphic strip maps for feasibility studies of the various
locations on which a new station and runway could be
constructed.

A four-person team was airlifted to the Pensacola
Mountains in January for a 10-day investigation of
blue ice areas. This expedition resulted in recommen-
dations on the availability of certain areas for possible
wheeled landings by heavy, fixed-wing airplanes.
Several sites warrant further investigation and initial
plans for the forthcoming austral summer call for
additional reconnaissance flights in the area.

Air operations in support of the Ross Ice Shelf
Project (RIsP) initially were performed by LC-1305
until a leased Twin Otter airplane, owned and oper-
ated by Bradley Air Services, Ltd., Ontario, Canada,
arrived to support RISP operations. The RISP base
camp was located about midway between McMurdo
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and Byrd stations and several LC-130 resupply flights,
in addition to the put-in and pull-out, were flown by
vxx-6. Additionally, VXE-6 Hercules provided ant-
arctic search and rescue support for the Twin Otter.

The vxE-6 Para-Rescue Team stood ready through-
out the season to answer calls for assistance practically
anywhere in Antarctica. Over 90 parachute jumps
were made to maintain proficiency and to qualify new
members. A Christmas Eve jump over South Pole
Station was conducted by four team members. Exiting
an Lc-130 from a true altitude of 3,900 meters, with
an outside temperature of —34°C., the jumpers
descended safely to the South Pole in the first such
operation ever recorded. Several items of clothing and
equipment were tested during this jump. The Para-
Rescue Team is trained in cold weather survival, first
aid, and traverse techniques.

An important aspect of vxE-6 operations during
Deep Freeze '74 was the completion of the season
with all assigned aircraft returning home safely. This
was only the second accident-free season in vxE-6's
history of flying in the hostile antarctic environment.

LC-130F and LC-130R basic weights and maximum
gross weights at take off.

Maximum gross take
Basic weight	off weights

Model	 (kilograms)	(kilograms)

LC-1 30F
159319
159320	 38,000	61,200

LC-130R
159129
159130

66,700 (skis)
159131	 39,000	70,300 (wheels)

Ship operations, Deep Freeze '74

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

Ships participating in Deep Freeze '74 were the
U.S. Coast Guard icebreakers Glacier (WAGB 4) and
Staten Island (WAGB 278), the U.S. Navy ship Private
John R. Towle (T—AK 240) and the large tanker
USNS Maumee (T—Ao 149). This was the first year

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

that fewer than three icebreakers and two dry cargo
vessels were deployed to Antarctica. Other features of
the season included the inaugural use of a constructed
ice wharf at McMurdo Station, the presence of more
severe ice conditions than those of recent years, and
the unprecedented delay and difficulty in obtaining
fuel in New Zealand.

Both icebreakers proceeded from their West Coast
homeports to McMurdo Sound by way of New Zea-
land. Glacier departed Lyttelton, New Zealand, on
December 21, 1973, made a brief logistics call at
Campbell Island on December 23, and arrived at the
edge of the fast ice off Cape Royds on December 30.
Transit of the pack ice bordering the Ross Sea had
been acomplished without difficulty, but 27 kilometers
of 1 meter to 2 meters thick bay ice lay between
Glacier and Hut Point at the entrance to Winter
Quarters Bay. Channel breaking began at once and
continued without pause. Staten Island, delayed by
fuel difficulties, joined Glacier on January 2 and the
two icebreakers began the "railroad track" mode of
operation—making alternate lunges at the ice along
parallel courses about 90 meters apart. This brought
them to a position just off Hut Point on January 8,
but 8 more days of work by Staten Island were nec-
essary before Towle could be brought in through the
brash filled channel.

Glacier's next task was to support a seal censu
survey along the coast of Wilkes Land between 140°E
and 110°E. in the vicinity of Casey Station (Aus.
tralia). After taking on fuel from Staten Island and
being boarded by the scientific party, Glacier left
McMurdo Sound on January 11. A week later lacie,
arrived at the point where the survey was scheduled
to begin. The survey depended heavily upon the use
of Glacier's helicopters to cover a maximum area
around the ship. One helicopter was grounded on
January 19 when a structural fatigue crack was dis-
covered, a defect that required a new part from the
United States. The remaining helicopter threfore
was limited (for safety reasons) to a 24-kil meter
radius of the ship, in the absence of a back-up heli-
copter.

At McMurdo, Staten Island continued clearing the
channel with little success in the absence of favorable
winds. On January 15, the channel was extended into
Winter Quarters Bay. Next came the task of separat-
ing the natural sea ice from the constructed ice wharf.
Cargo ships need a straight and a vertical dock face
against which to tie up. Three separate blasting efforts
were needed to make the ice wharf face acceptable.

Towle steamed to McMurdo directly from Rhode
Island via Panama, arriving on schedule on January
14. The wind refused to cooperate in clearing ice from
the ship channel; this created a 2-day delay while
Towle lay to at the channel entrance. On January 16
Staten Island escorted the cargo ship through 7 kilom-
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Figure i. U.S. Coast Guard
icebr.cksr routes during the
1973-974 austral summer.
Broken in.: USCGC Glacier;
solid line: USCGC Staten
Island. The dates indicate

arrival at port indicated.

STATEN ISLAND, JAN. 2, '74 - FEB. 13, '74

'IA

' BALLENi ISLANDS

' CAMPBELL ISLAND

WELLINGTON,	 CHRISTCHURCH,

GLACIER, FEB. 12, '74	STATEN ISLAND, DEC. 24,73

GLACIER, DEC. 21, '73

PALMER,

STATEN ISLAND, FEB. 25, '74

CASEY,
MCMURDO,	 JAN. 31, '74

GLACIER, DEC. 30, '74 - JAN. 12, '74

eters of close-packed brash ice to within 450 meters
of the ice wharf before increasing ice pressure halted
progress. The next day, some easing of ice conditions
permitted Towle to berth at the ice wharf. Cargo
operations proceeded round the clock and on January
22 Towle departed for Lyttelton, New Zealand, to
load more cargo for McMurdo. The second trip com-
pensated to a large degree for the absence of the usual
second supply ship. During Towle's absence, Staten
Island supported a seismic survey in McMurdo Sound
and a survey of the Victoria Land coast.

Maumee arrived at McMurdo on January 26. The
tanker was escorted through the channel, still clogged
with broken ice, by Staten Island. Nearly 21 million
liters of petroleum was delivered to McMurdo without
incident, but while departing from Winter Quarters
Bay on January 29 Maumee's rudder hit unbroken
bay ice at the edge of the turning basin. At this point
Maumee was in the process of returning a towline
with which Staten island had towed the tanker clear

of the ice wharf. Although the tanker's sternway was
very slight, the force was sufficient to fracture the
massive cast steel tiller and to rip the steering engine
from its mounts. The rudder was jammed past its
stops and it lodged perpendicular to the keel.

Initial efforts concentrated on restoring the rudder
to amidships position and readying the ship for tow-
ing. As time went on, however, and the efforts began
to show results, it appeared feasible to improvise a
manually operated steering engine and to avoid the
dangers of a long tow through the stormy southern
latitudes to Australia or to New Zealand. This course
of action prevailed and when Maumee departed from
McMurdo Sound on February 3, under its own power
and steerage, it did not pause until reaching Welling-
ton, New Zealand, 9 days later. The disabled ship
maintained an average speed of 10.7 knots. Towing
would have reduced the speed by perhaps as much as
50 percent and would have increased the possibility
of running into bad weather along the way.
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Figure 2. USNS Maumee
moors alongside the ice
wharf at McMurdo Station.

Staten Island escorted Maumee from McMurdo
Sound to the Balleny Islands; from the Ballenys,
Glacier accompanied Maumee on to Wellington. Both
icebreakers were ready to take the tanker in tow
should the need arise.

The escort requirement on January 29 forced the
premature end of Glacier's seal census support and
expedited the icebreaker's call at Casey Station. With
Maumee's safe arrival at Wellington, Glacier con-
cluded participation in Deep Freeze '74 and, after
receiving engine repairs at Wellington, returned to
Long Beach, California.

After escorting Maumee, Staten Island proceeded
to Sabrina Island, in the Ballenys, to support the
collection of marine specimens during February 8
and 9. On February 13, Staten Island returned to
McMurdo to clear the partially refrozen channel in
preparation for Towle's arrival. The cargo ship was
escorted into Winter Quarters Bay on February 14,
9 days later than planned. The delay resulted from
crowded port conditions and from a waterside labor
shortage at Lyttelton, New Zealand. This reduced the
time available for Staten Island to support a recon-
naissance of Pine Island Bay. The ship's delay, coupled
with heavy ice in the Pine Island Bay area, forced
the survey's cancellation. Staten Island sailed for
Palmer Station on February 15, 3 days before Towle
completed its cargo operations and broke out through
patches of refrozen brash that still plugged the 13
kilometers long channel. Towle returned directly to
Davisville, Rhode Island, via Panama. Staten Island,
skirting the pack ice, made a successful passage to
Palmer Station, ariving there on February 25.

Unfavorable weather hampered helicopter flights

and boat work at Palmer, but eventually all cargo
was transferred. When the ship maneuvered into
position to transfer fuel to the station's tank, however,
icebergs suddenly calved from surrounding glaciers
and filled Arthur Harbor with ice, creating a 2-meter
swell system. The risk of spilling fuel was too great
and, with more bad weather approaching, a decision
was made to abandon the fuel transfer. On February
27, Staten Island departed Palmer and headed for its
home port, Seattle, Washington, via Valparaiso.

Throughout the antarctic deployment, the ice-
breakers made frequent use of their two Sikorsky
HH-52A amphibious helicopters (table) for ice recon-
naissance, scientific support, and logistics. Major in-
volvements of helicopter time had been programmed
for the seal census by Glacier and for the recon-
naissance of Pine Island Bay by Staten Island. The
total Coast Guard helicopter flight hours devoted
to science support was considerably less than planned
due to changes in the original plans for these two
projects.

The Coast Guard helicopters proved useful particu-
larly for a reconnaissance of Cape Crozier to deter-
mine whether a downed Navy UH-1N helicopter
could be recovered by icebreaker; it was decided to
recover the damaged helicopter instead by surface
traverse. The Coast Guard helicopters also were use-
ful in shuttling repair materials from McMurdo to
Maumee. At one point while Staten Island maneu-
vered Maumee in the ice channel, a Coast Guard
helicopter served as an aerial observation platform
from which to report by radio the distance from
Maumee's rudder to the ice edge (a matter of a few
meters) directly to the ship's conning officer.
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This ear's ice conditions and Maumee's difficulties
tend to obscure the relative ease of 1973-1974 ship
cargo operations at McMurdo. This ease is attribut-
able to a floating, 9 meters thick ice wharf that was
constru ted by Navy personnel during the 1973 winter.
The w arf offers not only a deepwater ship berth
but als a deepwater approach to it. These features
abolish the difficulties encountered during earlier
berthin s in the shallow water adjacent to Elliott
Quay. he ice wharf also facilitates cargo operations
by offering a large, clear area in which to handle
cargo. The new wharf's greatest drawback is that
its 140- eter face is not straight, smooth, and vertical;
it tend to shelve out at the bottom. Some juggling was
neede this year to match Towle up to the wharf's
face, a d only four of the ship's five hatches could
be wor ed simultaneously.

The e irregularities were formed when Staten Island
broke ut Winter Quarters Bay. This probably was
the fir t time that an icebreaker was called upon to
break meters thick ice in a straight line. Despite
precis shiphandling, this task proved almost impossi-
ble. T e wharf's original design called for a boundary
made up of a vertical series of polyethylene tubes,
thereb providing a plastic parting line from which
the ic could break cleanly. In order to attain the
requir d wharf thickness in one winter's work, this
plan as abandoned in favor of a retaining wall
built f a snow and water mixture. This wall proved
to be homogeneous with the ice on both sides
Although a line of holes was drilled through the ice
along a desired parting line, its effectiveness was
minimal and blasting was necessary to remove the
largest protrusions.

The ice wharf was built on natural ice in Winter
Quarters Bay. As the wharf grew in thickness during
construction, the surrounding sea ice was depressed
and seawater flooded over it, freezing and building
up the thickness of the natural ice in the bay far
beyond the 2 meters normally formed. Staten Island
was equired to use full power in order to make
progrss; as a consequence two intersecting cracks
form d across the full width of the ice wharf. The
resul ing pieces of the wharf were bound together
with wire cables passed around steel bollards set in
hasti y drilled holes. While it was a little alarming
to see the wharf move when pieces of heavy cargo
went over a crack or when a distant storm created a
surge in Winter Quarters Bay, operations were not
serioi isly affected.

The entire wharf is moored with heavy wires to
the Rlliott Quay area. The thinner, 4 to 5 meters thick
ice that covers the 18-meter span between the ice
wha f and the permanent ice shoreline was bridged by
one of the pontoons used in previous years to hold
off Maumee. This winter the ice wharf is protected
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by new ice and it is expected to be available for use in
the 1974-1975 austral summer.

A layer of volcanic soil, 25 to 35 centimeters thick,
was placed over the ice wharf prior to the arrival of
Towle and Maumee. It was sufficient to prevent sur-
face melting even at a record-breaking 8°C. and it
also provided a good work surface. Partly because of
the labor required and because of the additional
weight that would be added to the wharf by a new
soil layer, there are no plans to increase the wharf's
thickness this winter.

The wharf showed no signs of stress during the
1973-1974 summer, even under a single load of 44
metric tons, and experience does not indicate that
the wharf will decrease in thickness as time passes.
The natural ice in Winter Quarters Bay probably will
not grow beyond past thickness and the difficulties
of this year's breakout are not expected to reoccur.
Studies are underway on ways of mechanically creat-
ing a straight, vertical face on the ice wharf.

U.S. Coast Guard helicopter hours flown during 1973-1974
antarctic deployment.

	Purpose	 Glacier	Staten Island

En route to and from Antarctica:
Test	 4.5	3.5
Training	 24.8	4.13
Search and rescue	 8.8	8.1

In Antarctica:
Survey of damaged uN-1N

	

at Cape Crozier	 19.0	0
Maumee support	 0	8.6
Ship support	 25.3	54.3
Science support	 49.7	21.9

Construction report, Deep Freeze '74

KENNETH Ko1u3
U.S. Naval Support Force, Antarctica

Deep Freeze 74 was the final season of U.S. Naval
Mobile Construction Battalion 71 (NMCB 71) partici-
pation in the U.S. antarctic program. NMCB 71 con-
struction programs during the 1973-1974 austral
summer, including completion of major projects at
the new South Pole Station and installation of two
500-kilowatt diesel-electric generators at McMurdo
Station, were augmented by a small force of civilian

Captain Korb, U.S. Army Corps of Engineers, during
1973-1974 was Support Force construction officer.
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engineers. Future construction projects, including
application of finishing touches on the new South
Pole Station, will be performed by civilian contract
employees.

The new South Pole Station will house 18 scientists
and support personnel during the winter, and about
twice that many persons during the summer. Planning
for the new facility began in the mid-1960s when
the Navy and the National Science Foundation real-
ized that the old station, built in 1956-1957 for the
International Geophysical Year (1957-1958), slowly
was being crushed by drifting snow. The Naval
Facilities Engineering Command and the Naval Civil
Engineering Laboratory (NCEL) in 1967 started work
on a conceptual design study. NCEL conducted wind
tunnel tests on various station layouts that were pro-
posed by the Naval Facilities Engineering Command.
These tests showed that the best station configuration
to minimize snow drift would be a geodesic dome with
an interconnected series of steel arches. The dome
and the arches would protect interior station buildings
from the pressure of drifting snow. This design is
aimed at extending the new station's life. All of the
new station's buildings were constructed under the
dome and the arches.

The most impressive structure at the new South
Pole Station complex is the aluminum geodesic dome.
The dome, 50 meters in diameter, at its highest
point rises to 16 meters from the snow surface. Erected
during Deep Freeze '72 and Deep Freeze '73, the dome
covers three two-story buildings. These three build -
ings will be the center of activity at the new station.
The largest of the three is the scientists' work space.
It also houses a small computer for the compilation
of data. This building will be living quarters for most
of the station's crew. A second building houses com-
munications equipment. A library and a small store
are located in this building. A third building is a
combination dining hall and club facility, on the first
floor, and a meeting hall, post office, and photo
laboratory on the second floor. The dining area's
motif is a modern interpretation of the traditional
English pub; it is the most luxuriously appointed area
in the new station, and perhaps in all of Antarctica.

About 180 Navy men worked on the new South
Pole Station construction project during 1973-1974,
including those at the construction site and those at
McMurdo who prepared modular construction com-
ponents for air shipment to the South Pole. Three
sizes of arch components were used in the station's
construction. Some 300 linear meters of arch, 13
meters in diameter, was used to cover three areas:
a fuel storage facility, a hydrogen generating facility,
and a general storage facility. Over 30 linear meters
of flat-sided arch, 7 meters in diameter, was used to
construct passageways between the three areas. The
passageways, also serving as air intake sources for the

station's ventilation system, are large enough to
accommodate vehicles. Another 37 linear m ters of
flat-sided arch, 3 meters in diameter, was used to
construct personnel passageways throughout the new
station.

The station's power plant is one of three buildings
under the arches. Electric power is generated t y three
250-kilowatt diesel generators. The stationN, water
supply also is produced and stored in the power
plant area. Water is produced by a mechanically fed
snow melter that utilizes waste heat from the enera-
tor cooling jacket. Heat is transferred to th snow
melter by circulating generator coolant thr ugh a
liquid-to-liquid heat exchanger, thereby heati g pure
water that in turn circulates through coils in the
snow melter. Generator heat also is utilized o heat
living and working spaces; a liquid-to-liqui heat
exchanger heats a glycol solution. The heated glycol
solution is pumped through liquid-to-air h at ex-
changers in each building. Old air is forced o er the
exchangers by fans; once heated, the air is di persed
through ducts. Diesel engine exhaust is run t rough
catalytic scrubbers that eject unburned hydrocarbons
into the atmosphere. The station's wiring andplumb-
ing extends from the power plant through a ystem
of submerged, steel-walled tunnels.

The other two buildings under the arches h use a
vehicle maintenance shop and a biomedical f cility.
The vehicle maintenance shop building mci des a
small carpentry and plumbing shop, as well as a
small gymnasium. The biomedical facility will serve
both as a dispensary and as a research laboratory.
The station's fuel supply, in nine 94,265-liter bladders
of diesel fuel, is stored under a 100 meters long,
13 meters wide arch.

A tower, for inflation and release of meteorological
balloons, was built at the downwind end of the station.
The balloon inflation tower is connected to the rest of
the station by a covered passageway that permits year-
round access. Another tower, 16 meters high, was
built close to the geodesic dome and will be used for
auroral studies; the so-called "skylab" tower's Ieight
affords an unobscured view of the polar plteau
surrounding the new station.

Construction of the new station began in Deep
Freeze '71 with the laying out and the processiig of
the foundation. The foundation was made by p iver-
izing snow to produce a dense base upon whi h to
construct the station. This dense foundation may
decrease the rate of differential settlement that i radi-
tionally plagues stations built on deep snow fields.
During Deep Freeze '72, work on the foundation con-
tinued and construction of the utility tunnels b gan.
Construction of the geodesic dome commenced with
the installation of its foundation and base ring. The
Deep Freeze '73 season saw the completion o the
foundation, the geodesic dome, and the utility tun-
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nels. W)rk on several of the building foundations
commerced; about 55 linear meters of steel arch was
erected. Deep Freeze '74 work on the new station
started fl early November 1973. It soon became ap-
parent that extensive planning and coordination
would pay off and that enough of the construction
would be finished by season's end to ensure the sta-
tion's readiness for occupation during the 1975 winter.

One area of critical importance to the South Pole
construction program was efficient air cargo opera-
tions. Large quantities of building materials had to
be flow from New Zealand to McMurdo Station and
then on to the South Pole. This process depended
upon the readiness of McMurdo Sound's annual ice
runway and, later in the season, of Williams Field.
Great credit for the successful construction season goes
to support personnel who worked round the clock to
maintain runways during repeated and unusually
heavy storms.

The Navy officially completed its duties at the new
Amundsen-Scott Pole Station on February 7, 1974,
and a brief ceremony was held to mark the occasion.
Captain Alfred N. Fowler, U.S. Navy, commander,
U.S. Naval Support Force, Antarctica, and Lieutenant
Commander William H. Kay Jr., commanding officer,
NMCB-71, gave symbolic keys to the station to
Mr. Jerry W. Huffman, Office of Polar Programs,
National Science Foundation. The new South Pole
Station is the National Science Foundation's third
antarctic scientific research station to be maintained
and operated by an all-civilian crew.

ontractor support operations

ROBERT J . BUETTNER
Holmes and Narver, Inc.
Anaheim, California 92801

Du ing the 1973-1974 austral summer, Holmes and
Nary r, Inc., continued to provide support and con-
struc on services at U.S. antarctic stations. Ancillary
mana xement and logistics support services also were
provi ed at Anaheim, California, Davisville, Rhode
Islan , and Christchurch, New Zealand.

At McMurdo, Holmes and Narver employees man-
aged and operated facilities that included a garage,
the erg Field Center, the Eklund Biological Center,
and the Thiel Earth Sciences Laboratory. General
scientific support coordination and administration was
provikied to all field programs. Holmes and Narver
also furnished field camp support personnel for the
Ross Ice Shelf Project, and food service attendants for
the central dining facility at McMurdo.

McMurdo-based personnel and craftsmen from

Holmes and Narver's South Pole Station construction
crew completed several maintenance, repair, and small
construction projects at station and remote field loca-
tions. At the beginning of the season, a badly damaged
end wall of the Lake Bonney hut was replaced. The
hut was painted and life support systems were pre-
pared for the season. McMurdo's building 125 was
equipped for occupancy by both women and men. A
new field hut was designed, constructed, and dis-
assembled at McMurdo for later reassembling at Cape
Crozier. Movement of the structure and life support
supplies to Cape Crozier was done by surface traverse.
Carpeting and floor tiling were installed and painting
was done at the Thiel Earth Sciences Laboratory. A
raft from which to collect marine biological samples
was designed, constructed, and outfitted.

Three specialists studied ways of reducing cost and
support personnel levels at McMurdo for the 1975
winter. The study team recommended changes that
are based on the minimum level of personnel required
to operate and maintain station life support systems
and scientific activities.

Minor construction projects were performed at
Siple. These included elevating entrances to the sta-
tion arch, building an auroral tower, and making
miscellaneous repairs. The station manager-physician
and the station engineer, both Holmes and Narver
employees, continued to maintain life support func-
tions.

South Pole Station 1973-1974 construction projects
initially assigned to Holmes and Narver were com-
pleted ahead of schedule. A maximum of 30 persons
was used to install life support systems in tunnels
beneath the new station. After completing this initial
project in mid-December, additional assignments, in-
cluding installation of utilities in communications and
biomedical facilities and installation of the station fuel
system, were performed during the remainder of the
season.

In early February, Holmes and Narver and U.S.
Navy Construction Battalion 71 personnel closed the
South Pole Station construction camp until the 1974-
1975 austral summer. Holmes and Narver construction
workers will return to the South Pole next summer to
put the finishing touches on the new station. Initial
plans have been developed for Holmes and Narver's
eventual operation and maintenance of the new sta-
tion.

A total of 618 persons were processed through
Christchurch, New Zealand, forward staging area for
the U.S. Antarctic Research Program.' An office
maintained for the National Science Foundation was

'This figure does not include U.S. Navy personnel. Dur-
ing 1973-1974 the Navy maintained separate facilities for
housing and processing its personnel at Christchurch.
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base for customs processing, cargo operations, lodging
reservations, and transportation arrangements for per-
sons in transit to and from Antarctica. Emergency
procurement in support of research programs also
was done at Christchurch.

Cargo to and from Antarctica was handled at
Davisville, Rhode Island. Personnel processing, in-
cluding physical examinations and travel orders, also
was coordinated at Davisville. A total of 174 persons
departed from nearby Quonset Point Naval Air
Station, bound for New Zealand and eventually for
Antarctica, and 127 persons arrived back there.2

2 Others got on and off U.S. Air Force and charter air-
planes to and from New Zealand and Antarctica at brief
stopovers in California and Hawaii.

PM-3A operations, Deep Freeze '74

JOSEPH L. RENZETTI
Naval Nuclear Power Unit

Fort Belvoir, Virginia 22060

In September 1972, shield water leakage into the
steam generator tank of McMurdo's PM-3A nuclear
power plant was discovered during a routine inspec-
tion. It appeared that the cause of the leak was the
failure of a weld on the primary coolant piping
insulation canning. It was postulated that failure of
the insulation canning weld had allowed shield water
to wet the insulation around the primary coolant
piping. It was further postulated that water could
be in contact with the reactor pressure vessel. Since
it was known that the insulation contained leachable
chlorides, the possibility of chloride stress corrosion
cracking of the reactor pressure vessel and coolant
piping existed.

In January 1973, inspection verified that the stain-
less steel reactor pressure vessel and the primary
coolant piping were wet due to the failure of the
insulation canning. It was further verified that the
thermal insulation around the piping and the water
in which the reactor pressure vessel was immersed
contained chlorides. The piping and nozzles also were
found to have been contaminated with chlorides.
All of the conditions necessary for chloride stress
corrosion cracking failure in austenitic stainless steel
were present (i.e. temperature, stress, chlorides, and
oxygen).

Further inspection of the reactor pressure vessel
nozzle and the primary coolant piping, accessible to
visual examination, did not reveal any indication of
chloride stress corrosion cracking. However, the possi-
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bility of chloride stress corrosion cracking of the in-
accessible surfaces of the pressure vessel still existed.
Until this possibility could be ruled out by a full
inspection of the reactor pressure vessel, the plant
could not be returned to power.

In February 1973, the plant was placed in an ex-
tended shutdown status and its winter operating
crew was reduced to 12 persons. Senior Chief J . L.
Schloredt relieved Lieutenant Commander T. C.
Crane, Civil Engineer Corps, U.S. Navy, as acting
officer in charge. The crew was responsible for the
operation and maintenance of the water distillation
plant and the auxiliary steam, electrical distribution,
instrumentation, and radioactive waste storage sys-
tems. The crew also provided plant security and con-
tinued the environmental monitoring program. In
July 1973, the irradiated nuclear fuel was removed
from the pressure vessel by the winter crew. This was
a significant accomplishment since the complicated
defueling procedure had been carried out during mid-
winter only once before and with a full crew present.
The winter crew was well trained, however, and
several persons had experience in refueling. Under
the capable leadership of Senior Chief Schloredt, the
reactor was defueled without incident.

From March to September 1973, an intense in-
vestigation of the feasibility of conducting a full
inspection of the reactor pressure vessel was peTIvoir,rmed
at the Naval Nuclear Power Unit, Fort 
Virginia. Several alternatives were thoroughly nvesti-
gated.

After considering the high cost of perfoing a
full inspection that would be required before plant
operation could resume, the unknown probab i lity of
success of such an inspection, and the lack of an other
feasible course of action, it was decided to end M-3A
operation and to remove the plant from Antarct ca.

In early October 1973, Lieutenant Corn ander
Crane relieved Senior Chief Schloredt as officer in
charge, PM-3A, and began the complex dismantling
project. Chief Warrant Officer J . D. Wylie was plant
superintendent. During the early part of the sason,
a large part of the plant secondary system w s re-
moved, including the turbine generator, the heat
transfer apparatus package, the reboiler, the four
air-cooled condensers, the snow melter, and the asso-
ciated piping and wiring. All the nuclear fue and
approximately 70 metric tons of radioactive aste
were packaged and prepared for shipment t the
United States. This represented the largestradio-
active waste shipment ever made from McMurdo.

In early December 1973, Lieutenant Comm nder
Renzetti relieved Lieutenant Commander Craijie as
officer in charge. The reactor pressure vessel an the
containment tank were prepared for shipment d4iring
the 1973-1974 austral summer. This included renoval
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of approximately 30 highly radioactive components
from the reactor pressure vessel, and the placing of a
43 centimeters thick concrete base in the bottom of
the tank for support of additional depleted uranium
shielding. A steel mock shield was installed to verify
the design and to test the procedures for the installa-
tion of the depleted uranium shield that will be
placed during the coming summer. Finally, a 5-
centimeter hole was bored into the bottom of the
pressure vessel through which lead shot and grout

will be poured next season to provide shielding at the
bottom of the reactor tank.

The Deep Freeze '74 dismantling effort successfully
was completed on January 31, 1974, 12 days ahead
of schedule. On February 16, Lieutenant Commander
Renzetti was relieved by Chief Petty Officer R. Cox.
During the 1974 winter his crew is responsible for
operating and maintaining the water distillation plant
and for continued environmental monitoring of the
nuclear power plant complex.

Newslefter 2

International Antarctic Glaciological Project
Th s newsletter of the International Antarctic

Glaci logical Project (IAGP) briefly reports develop-
ment that have taken place in 1973 and 1974. It was
compiled from information supplied by W. F. Budd
(Australia), C. Lorius (France), G. deQ. Robin
(Uni ed Kingdom), Ye. S. Korotkevich (Union of
Soviet Socialist Republics), and U. Radek (United
States of America).

Australia

Casey program, 1973. From February to May 1973,
a trilateration traverse was made some 70 kilometers
southward from the summit of Law Dome, which is
100 c.ilometers inland. Previous surveys had tied Law
Dorre to the rock at Casey; see Newsletter 1 (March—
April 1974 Antarctic Journal, p. 42-50). The trilatera-
tion net consisted of continuous double-braced quadri-

laterals with sides of 4 to
15 kilometers. Most sides
and diagonals were meas-
ured by tellurometer. The
trilateration was estab-
lished to Just beyond the
valley saddle point (179

•	kilometers inland). The
-- -	 traverse party went 50

kilometers farther to
cache fuel and to establish

an additional geoceiver point. Both Law Dome summit
and the saddle point have zero ice velocity points that
are useful in controlling velocity measurements far-
ther inland.

Other measurements comprised theodolite angles,
astro-fixes and azimuths, radio-echo sounding along
each side, gravimetry, continuous barometric leveling
along each side, snow accumulation, surface sampling,
and U.S. geoceiver measurements (see U.S.A. report
below).

An October 1973 to January 1974 traverse started
with remeasurement of the saddle-joint grid and
extended the trilateration net 180 kilometers farther,
reaching about 69°S. and 2,000 meters elevation. On
the return journey additional markers were established
over one of the most prominent surface undulations to
study uphill ice flow in more detail.

The Antarctic Division built a meitsonde probe
following designs supplied by the U.S. Army Cold
Regions Research and Engineering Laboratory. Dur-
ing the winter it was tested to 100 meters depth near
the old S-2 site (75 kilometers from Casey) at an ele-
vation of 1,160 meters; a fault prevented further
penetration. A cooling curve in the in situ tempera-
ture was obtained at the 100-meter depth.

Studies are continuing on the ice cores obtained
from Law Dome. They include crystallography, creep,
oxygen isotopes, gas volumes, and densities.

Lambert Basin survey, 1973-1974 summer. The 11
ice movement markers and strain grids established
around the Lambert Glacier basin during the t971—
1972 season were resurveyed in 1973-1974. These

The International Antarctic Glaciological Project is a co-
operative venture linking Australia, France, the United King-
dom, the United States, and the Soviet Union in a study of
a large part of the east antarctic ice sheet. Publication of
this newsletter series in Antarctic Journal of the United
States is a U.S. contribution to the project.
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measurements provided the first direct results in this
region of ice surface velocity, strain rates, snow accu-
mulation rates, 10-meter-depth temperatures, and oxy-
gen isotope ratios.

Radio ice thickness sounding begun in the previous
two seasons was continued and extended to cover an
area of about 100,000 square kilometers around the
basin. Total flight line length now is about 4,000
kilometers, with most spacing closer than 40 kilo-
meters. The bedrock topography has considerable
relief, and the deep valleys and high ridges are found
to penetrate deep into the interior of the ice sheet.

Casey program, 1974. A hole was cored on Law
Dome to 350 meters in depth. The ice thickness there
is about 450 meters; the site is some 3 kilometers up-
stream from the previous Cape Folger hole. The Cape
Fogler hole had reached near to the bed at a depth
of 324 meters. A malfunction prevented further pene-
tration. The plan is to core another hole nearby to
attempt to reach the bed for the purposes of measur-
ing the variation of shear velocity with depth through
the ice sheet.

To prepare field equipment for the trilateration
resurvey in 1975, the 1974 field program concentrated
on remeasuring the geoceiver points established on
Law Dome during 1973 and on establishing new points
within 100 kilometers of Casey for remeasurement in
following years.

France

Field work in 1973-1974 consisted of sinking a
305 meters deep hole to bedrock in the coastal area of
Adélie Land. A thermal drill was used. The drilling
lasted 15 days; it took 6 days to core the bottom 200
meters. The ice thickness agreed closely with the results
of a gravimetry survey. Core recovery was better than
96 percent.

The program comprised measurement of tempera-
ture and crystal size; sampling for ice fabric, stable
isotopes, gas content, impurities, and lead-210; sur-
face sampling for silicon-32; and shallow coring (to 15
meters) for measurement of radioactive fallout, stable
isotopes, and impurities.

Four members of the Laboratoire de Glaciologie,
Grenoble, did the drilling. Expeditions Polaires Fran-
caises supported them in the field.

United Kingdom

Operations. Airplanes were not available, so no
radio-echo flying was done in Antarctica in the 1973-
1974 season.

Planning. Representatives of the U.S. National
Science Foundation, the Technical University of

Denmark (TuD), and the Scott Polar Research Insti-
tute met on November 19 and 20, 1973, to plan tech-
nical aspects of the program. The National Science
Foundation accepted responsibility for aircraft in-
stallations and data recording systems. The TUD
undertook responsibility for designing a new radio-
echo system and antenna installations (in cooperation
with the National Science Foundation).

The Scott Polar Research Institute accepted re-
sponsibility for developing automatic data processing
methods of studying radio-echo film records. All
parties agreed that the primary system of recording
radio-echo data should be intensity-modulated photo-
graphic systems. After detailed consideration of design
parameters, an order was placed for an auttmatic
scanning system and associated computer hardware
on March 13. Delivery is set for September 1.

Scientific results. Statistical information on the
fading of bottom echoes from field studies on Devon
Island made in 1973 is being studied in detail This
has led to further general studies of the fadingecord
from earlier aircraft flights.

Dr. Drewry's thesis, "Sub-ice relief and geol gy of
East Antarctica," was approved for the deg ee of
Ph.D. in the University of Cambridge. Published sec-
tions cover classification of sub-ice relief of East
Antarctica, the evolution of glacial history of A tarc-
tica, and a comparison of geophysical metho s of
sounding the ice sheet.

Dr. Robin and Dr. Paren are preparing it paper on
the causes of deep internal reflections in polar ice
sheets.

Union of Soviet Socialist Republics

Snow accumulation measurements. Stake heights
were measured during the December 1973 tra erse
from Vostok to Mirnyy; the stakes had been s t in
1970. Spacing is 2 to 5 kilometers along the 1 400-
kilometer track. Where snow accumulation was 1 rge,
new stakes were set next to the old ones. Snow de sity
was measured every 10 to 20 kilometers. The ata
obtained will allow analysis of spatial and tem oral
variability of snow accumulation.

Ice drilling at Vostok. A hole had been drille I at
Vostok in 1972, yielding 950 meters of core. In Janu

-ary 1974, a second hole was drilled to 905 meters,
and core of that length was obtained. Further deep-
ening without filling the hole with liquid w uld
have risked sticking of the drill and was not d ne.
Temperature measurements were made in the dry
hole, and remote sensors were installed to mea ure
the rate of shrinkage. In a test hole 105 meters d ep,
tests were started with a thermal drill lowered in anti-
freeze (kerosense and ethyl alcohol).
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Ice thickness measurements. Radio-echo soundings
of the ice sheet thickness were made along these lines:
(1) Amery Base to Mirnyy to Vostok to Lambert
Glacier to Amery Base, and (2) Amery Base to Pole
of Inaccessibility. Also, an areal survey was made of
margins of the ice sheet in MacRobertson Land.

United States of America

Logistics. In preparation for a forthcoming project
of the French Antarctic Expedition, a reconnaissance
flight was made to the area of dome C to assess the
possibility of landing LC-130s without prior prepara-
tion of the snow surface. Another flight took a
collapsible, pillow-type fuel tank to Vostok, where
refueling will take place during the dome C operation.

Geoceiver team. A U.S. Geological Survey team
joined the Australian traverse south from Casey to
do geoceiver measurements and other research. The
team set up a base system called Tranet near the
Pageos site at Casey in February 1973. The system
operates continuously. The portable geoceiver system
was to make measurements at Pageos on rock and
on the ice sheet to measure ice movement and to
provide control for the traverse. The team also par-
ticipated in the Australian trilateration, with some
sites being established by geoceiver. Repeat measure-
ments were made in summer of some of the sites that
had been established in the autumn, enabling calcula-
tion of ice displacement to be carried out.

For each site, over 30 satellite passes were obtained,
generally taking several days. The ice displacements
at Pageos and at the saddle point are compatible with
the error of the system. The displacement (4.6 meters)
and velocity (9 meters a year) at A009, halfway down
the southern slope of Law Dome, is compatible with
values expected from the earlier surveys of McLaren
(1968) and Pfitzner (Budd, 1970). The surface
velocity of 120 meters per year at the autumn depot
site B021 on the main antarctic slope is compatible

with the calculated balance velocity in this region
given by Budd et al., (1971).

In each case the elevations given by the geoceiver
also were within the 1-meter error of the system. The
elevation at the Law Dome summit agreed with
previous optical leveling done in 1967 and 1968.

In summary, the geoceiver measurements are accu-
rate and repeatable to about 1 meter precision in all
three coordinates. They provide a valuable means
for measuring ice velocities at remote locations. The
instrument operated in all weather conditions en-
countered.

Preparations for future work. Under comprehensive
plans for coring and radar sounding in Antarctica (in-
cluding the IAGP area) and Greenland, new shallow
and intermediate coring drills have been developed
at the U.S. Army Cold Regions Research and Engi-
neering Laboratory and at the University of Bern,
Switzerland. Improved radar electronics and aerials
have been constructed at The Technical University
of Denmark in cooperation with the National Science
Foundation.
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News and notes
Deep Freeze and civilian support

personnel, winter 1974

At the close of the 1973-1974 austral summer,
Deep Freeze and civilian support personnel remained
to winter at four U.S. antarctic stations. Listed below
are the names of these persons who are assigned to

July—August 1974

Naval Support Force, Antarctica (NSFA), to Naval
Nuclear Power Unit (NNPU), to Antarctic Develop-
ment Squadron Six (vxE-6), or to Holmes and
Narver, Inc. (H&N).

Amundsen-Scott South Pole Station

Bowers, Ronald L., UTC, NSFA
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Braddock, Robert L., LT, NSFA, officer in charge
Burk, Frank L., BU1, NSFA
Cope, Winston L., LT(MC), NSFA
Gillett, Richard D., RM1, NSFA
Knezevich, Nick, Jr., BT1, NSFA
Morrison, Paul W., HMI, NSFA
Nicholson, Charles, CE2, NSFA
Roberts, John H., III, csc, NSFA
Runyon, William E., CE1, NSFA
Simons, William C., SKI, NSFA
Slater, Robert T., E02, NSPA
Snyder, Ralph L., CM!, NSFA

McMurdo Station

Anderson, Edward M., CM2, NSFA
April, Robert A., UT2, NSFA
Bailey, James C., BOl, NSFA
Baker, Steven D., BT1, NSFA
Barton, Richard A., LT, NSFA
Baxter, Stephen J ., HTFN, NSFA
Best, Fred B., CM2, NSFA
Botos, Charles J . , E02, NSFA
Burleigh, Richard R., BT1, NSFA
Cash, William J ., UTCN, NSFA
Carter, William R., RM1, NSFA
Conley, D., CE2, NNPU
Connell, George H., RM3, NSFA
Conner, Robert M., BTI, NSFA
Console, David A., LT(MC), NSFA
Cooper, Timothy A., HT2, NSFA
Cox, Richard, UTCM, NNPU
Cherry, Arthur W., UTCN, NSFA
Danuinas, Robert J ., CECN, NSFA
DeiHierro, C., CM!, NNPU
Demmer, Daniel N., BU3, NSFA
Doran, William D., TJTCN, NSFA
Durst, "J" "R", RM2, NSFA
Dye, Ernest M., SKC, NSFA
Elarton, Denny, CE2, NSFA
Elliot, Billy D., AC1, NSFA
Ellis, Cecil R., AG1, NSFA
Ellison, Arthur G., RMCS, NSFA
English, Paul G., PC3, NSFA
Flesher, Gregory L., UT2, NSFA
Freeman, Francis M., CM!, NSFA
Garcia, Daniel, E03, NSFA
Gay, Donald E., CM1, NSFA
Gilpatrick, William, ETN3, NSFA
Giusti, Richard D., CS!, NSFA
Goodwin, Bruce A., HT2, NSFA
Gosnell, Benjamin R., UT1, NSFA
Green, Charles G., SW1, NSFA
Hadley, Wayne E., RM2, NSFA
Hamblin, Edwin T., SKI, NSFA
Hankeishepherd, Peter, HM2, NSFA
Hansen, Terry L., CS2, NSFA
Hendricks, Robert E., SW2, NSFA
Hersh, Gary B., UT3, NSFA
Hodges, Doyle T., BU1, NSFA
Holloway, David T., BU2, NSFA
Homann, David K., UT3, NSFA
James, Charles F., SK3, NSFA
Johnson, John D., BU2, NSFA
Johnson, William A., CE2, NSFA
Jones, E., E02, NNPU
Jones, Robert C., SK2, NSFA
Kaminski, Michael A., SH2, NSFA

Kemper, Richard E., BU3, NSFA
Kennedy, Francis J . , UTCN, NSFA
Laszik, John, Jr., CM1, NSFA
Lavamaki, David M., RTFN, NSFA
Lokey, William M., H&N
Lukanowski, Theodore, HT3, NSFA
Mabry, Walter F., YN1, NSFA
MacDonald, Robert A., E02, NSFA
Majeske, William E., SK3, NSFA
Marquis, Sid L., H&N
Mason, Charles V., CE2, NSFA
McCarter, I., E02, NNPU
McCormack, James P., SH1, NSFA
McDaniel, Loren T., E03, NSFA
McIntosh, Stanley K., BTN3, NSFA
Merkel, Eugene W., ETN2, NSFA
Miller, Charles E., AG1, NSFA
Miller, Charles W., MRC, NSFA
Moore, Jimmie L., RM2, NSFA
Murphy, Danny L., SK3, NSFA
Neal, William A., CE3, NSFA
Nickel!, Gregory W., H&N*
Parker, Donald L., ETN3, NSFA
Pfarr, G., CM2, NNPU
Ray, Ronald L., EOCN, NSFA
Raymus, William F., HTI, NSFA
Reynolds, Scott L., CS2, NSFA
Richardson, Albert C., LTJO, NSFA
Roberts, Harold T., HMI (C), NSFA
Roddick, William C., CMCN, NSFA
Rose, John J., EA2, NSFA
Runnels, Edgar D., CS2, NS1'A
Salter, James R., ETC., NSFA
Shannon, Robert B., SN, NSPA
Shelton, Johnnie, ET1, NSFA
Sherman, Thomas E., RM2, NSPA
Silverstorf, James B., PN1, NSFA
Smith, Charles E., UT1, NSFA
Smith, Eugene, PH2, vxa-6
Smith, Paul, CECN, NSFA
Smith, R., HMC, NNPU
Snowden, David L., SK3, NSFA
Starkey, Timothy G., UT2, NSFA
Stevens, Craig L., CMCN, NSPA
Stockwell, Christopher, LTJG, NSFA
Surrency, Frederick L., CE!, NSFA
Sutherland, William P., CDR, officer in charge and com-mander, NSFA Detachment Alpha
Sweat, Eric G., CS3, NSFA
Trett, James E., LT, NSFA
Tuttle, Kenneth A., CM1, NSFA
Vangyshi, Mark A., RM2, NSFA
Vorce, Charles H., CMC, NSFA
Wasson, Frederick E., CEC, NSFA
Welton, Michael J., ETN2, NSFA
Wendt, Steven L., UTCN, NSFA
Wending, Daniel S., UT3, NSFA
Wenzel, Jesse M., DKI, NSPA
Whitcomb, Marlan L., SHC, NSPA
Widener, Leslie R., EMI, NSFA
Wilson, Thomas L., RM1, NSFA
Workman, Robert E., EM3, NSFA
Wright, Douglas A., RM1, NSFA
Yarber, David F., ET1, NSA
Yeazle, C., CE1, NNPTJ

* Deceased May 15, 1974 (see May-June 1974 Antarctic
Journal, p. 92).
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Younger, Steven L., SK2, NSFA
Zielke, Canton B., CE2, NSFA
Zinmrman, J . , CMC, NNPU

Palmer Station

Edwards,
vey

Schneider,
Survey

Henry, doppler research, U.S. Geological Sur-

David L., doppler research, U.S. Geological

Casey (Australia)

Balint, James I., H&N
Franca, Fernando E., M.D., N&N, station manager
Gonzales, Phillip L., H&N
McMullen, Martin P., H&N
Smith, Dallas L., H&N
Smith, Tom D., H&N

Siple Station

Lundberg, Michael P., M.D., H&N, station manager
Miycda, Larry W., H&N

USARP personnel, winter 1974

Amundsen-Scott South Pole Station

Bochicchio, William, geophysics, National Oceanic and
Atmospheric Administration

Calebrough, Jeffrey, geomagnetism and seismology, Na-
ticinal Oceanic and Atmospheric Administration

Ellis, Melvin Y., doppler research, U.S. Geological Survey
Jenkins, Charles, geophysics, National Oceanic and At-

mospheric Administration*
Meunier, Tony K., doppler research, U.S. Geological Sur-

vey
Miller, Arthur, upper atmosphere, Bartol Research Foun-

dation
Nelson, Donald, geophysics, National Oceanic and Atmos-

pheric Administration
Rydelek, Paul, geophysics, University of California, Los

Angeles

* Station science leader.

McMurdo Station

Abakumov, Sergei, geology, Soviet exchange scientist
Cahoon, Sister Mary Odile, biology, DePaul University
Fussell, Michael, upper atmosphere, University of Texas,

Austin
Grabacki, Stephen, biology, DePaul University
Jezek, Kenneth, upper atmosphere, Bartol Research Foun-

dation
McCammon, Roy, upper atmosphere, University of Texas,

Austin
McWhinnie, Mary Alice, biology, DePaul University*
Schenborn, Dennis, biology, DePaul University
Smith, Brian, upper atmosphere, McDonnell Douglas

Astronautics Co.
Rakusa-Suszewski, S., biology, Polish exchange scientist

Palmer Station

Brand, Timothy, biology, University of California, Davis
Moe, Richard, biology, University of California, Davis*
Temnikow, Nicholas, biology, University of California,

Davis

Siple Station

Billey, John, upper atmosphere, Stanford University
Bowers, John, upper atmosphere, Stanford University*

Vostok (U.S.S.R.)

Flint, Robert B., upper atmosphere, National Oceanic and
Atmospheric Administration, U.S. exchange scientist

DVDP seminar held
in Seattle

Results of the first three phases
of the Dry Valley Drilling Project
(DvDP), a joint venture of Japan,
New Zealand, and the United
States, were reported in a seminar
at Seattle, Washington, May 29 to
31. The seminar was sponsored by
the National Science Foundation

and by the Japan Society for the
Promotion of Science.

Thirty-eight papers were pre-
sented by scientists and science ad-
ministrators of the three nations.
Sessions were held on (1) national
and international programs in
Antarctica, (2) geophysical studies
in the McMurdo Sound region, (3)
limnology of dry valley lakes, (4)
petrology, mineralogy, and geo-
chemistry of DVDP core, and (5)

preparation of an environmental
impact appraisal of Antarctica. A
final session, on regional geology
and a synthesis of results, provided
a framework for planning the final,
1974-1975 season of drilling.

At an open meeting following the
formal presentation of papers,
1974-1975 drill sites were selected:
New Harbor, McMurdo Sound
(two holes), Don Juan Pond basin,
Black Island, and deepening of a
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Palmer

U.S. antarctic stations that report data for "Monthly climate summary" (opposite).

hole on Ross Island (Hut Point
Peninsula).

Other DVDP seminars are
planned for 1975, in New Zealand,
and 1977, in Japan. Copies of ab-
stracts presented at the first seminar
are available from the Coordinating
Office, Dry Valley Drilling Project,
Northern Illinois University, De-
Kalb, Illinois 60115.

Staff changes

oceanography since May 1972, has
returned to his faculty duties at the
University of Alaska.

Navy change of commands

Captain Eugene W. Van Reeth
succeeded Captain A. N. Fowler as
commander, U.S. Naval Support
Force, Antarctica, in ceremonies at
Davisville, Rhode Island, June 25,
1974. Captain Fowler, who retired
from the Navy on July 1, became
deputy head of the Office of Polar
Programs, National Science Foun-
dation, on July 3.

Captain Van Reeth was in the
Navy from 1944 to 1947 and re-
enlisted in 1951. A former com-
mander of Antarctic Support
Activities, he has a Bachelor's in
industrial management from the
University of Michigan and a
Master's in international affairs
from George Washington Univer-
sity. For the past 2 years he was
assigned to the Foundation's Office
of Polar Programs as associate man-
ager of polar operations.

On July 18, Commander Fred C.
Holt relieved Commander Vernon
W. Peters as commanding officer of

Antarctic Development Squadron
Six (vxE-6), U.S. Navy. The
change of command ceremonies
were held at vxE-6's new home,
Naval Air Station Point Mugu,
California. Commander Peters had
been in charge of the squadron
since September 1973.

New home, new name for
Support Force

The U.S. Naval Support Force,
Antarctica, is expected to move to
Port Hueneme, California, by May
1, 1975. The shift comes as a result
of the Navy's closing of facilities
at Davisville, Rhode Island, Sup-
port Force austral winter home
since 1972.

On July 1, 1974, Task Force 43
—part of the Atlantic Fleet since
Deep Freeze 1 (1955) —became
Task Force 199, under the admin-
istrative command of the Third
Fleet, headquartered at Ford
Island, Hawaii.

Deep Freeze '75 marks the Navy's
20th consecutive year of providing
logistics support in the U.S. antarc-
tic program.

On June 29, 1974, Dr. Thomas
B. Owen resigned as assistant direc-
tor, National and International Pro-
grams, National Science Founda-
tion, to become director of graduate
affairs and research at American
University, Washington, D.C. He
had been at the Foundation since
June 1970. Dr. Thomas 0. Jones
is acting assistant director of the
Foundation's National and Inter-
national Programs directorate, of
which the Office of Polar Programs
is a part.

Mr. A. N. Fowler, former com-
mander, U.S. Naval Support Force,
Antarctica (Task Force 43), be-
came deputy head of the Office of
Polar Programs on July 3. He was
relieved of the Support Force com-
mand on June 25 and retired as
a Navy captain on July 1. Mr.
Fowler holds a B.S. in aviation op-
erations from Parks College of
Aeronautical Technology, Saint
Louis University, a B.S. in aero-
nautical engineering from the U.S.
Navy Postgraduate School, and a
;Master's in international affairs
from George Washington Univer-
sity. He had been with the Navy
since 1948 and was Support Force
commander since 1972.

Dr. John Kelley, on leave from
the University of Alaska's Institute
of Marine Science, on July 11 be-
came program manager for polar
meteorology and oceanography,
Office of Polar Programs. Dr.
Gunter Weller, who had been pro-
gram manager for meteorology and
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