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United States Antarctic
Program

19761977
The 146 short papers in this special issue of Antarctic

Journal of the United States comprise a review of the
national program for Antarctica. The reports cover three
areas of activity: research in the field, data analysis and
theoretical studies at home institutions, and support
services. This issue's objective, a complete review of U.S.
and U.S.-related investigations made over the last year,
has been met through the generosity of principal inves-
tigators, project managers, and their assistants. Their
contributions are gratefully acknowledged.

Many of these reports were prepared shortly after
investigators returned from the field, and they are
intended to be preliminary accounts. Final reports are
likely to appear in the standard scientific literature.

Nearly all the projects reported here were supported
financially and logistically under grants and contracts
awarded by the National Science Foundation. However, a
few independently funded U.S. investigators, and non-
U.S. investigators associated with the U.S. program, are
represented.

This issue marks completion of a change in format that
began with the September 1977 Antarctic Journal. Four
small issues each year, in newsletter format, will report
current events in the United States Antarctic Program.
These issues will appear in March, June, September, and
December. Contributors are cautioned that scientific
reports similar to those that have appeared in the Journal
in prior years no longer will be published in the small
issues. (Readers, however, are encouraged to contribute
information of wide and current interest for possible
inclusion in these issues.) A fifth issue each October will,
like this one, contain reports written and signed by
investigators and others.
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Biology and medicine_____________________________

Respiratory virus transmission at
McMurdo Station: isolation of

rhinoviruses from common colds
during the winter flyin period,

1976

ELLIOT C. DICK', ADRIAN D. MANDEL',
DAVID M. WARSHAUER', SUSAN C. CONKLIN',

and RICHARD S. JERDE'

'Department of Preventive Medicine
University of Wisconsin, Madison

Madison, Wisconsin 53706

2A mes Research Center
National Aeronautics and Space Administration

Moffett Field, California 94035

The Winter fly-in period (wINFLY) at McMurdo Station
provides a unique opportunity for studying person-to-person
dissemination of virus infections. At the outset of WINFLY
1976, 135 Navy and civilian personnel from the United
States joined 65 men who had wintered. The new personnel
arrived by airplane from the United States by way of New
Zealand between 30 August and 5 September 1976. Since
there were no additional arrivals at McMurdo Station for 5
to 6 weeks, and nearly all respiratory infections had died out
in the wintering population, either all or the great majority
of the viruses introduced at WINFLY were introduced during
the late August and early September flights. Accordingly,
any virus infections occurring during the subsequent WINFLY
isolation period theoretically could be traced directly to an
entering individual, providing the agent causing illness in
that entering individual was known.

Knowledge of the etiology of natural respiratory disease in
Antarctica has been difficult to attain. Although many com-
mon cold outbreaks have been reported in Antarctica, the
microbial 'causes of these outbreaks are unknown (Holmes et
al., 1971; Allen, 1973). We confirmed (unfortunately) the
difficulty of determining the cause of antarctic common
colds by failing to isolate viruses from frozen specimens
taken at McMurdo during WINFLY 1975. To our knowledge,
the only viruses obtained from natural outbreaks of
respiratory disease in Antarctica were reported by Parkinson
et al. (1976). Using liquid-nitrogen-stored specimens taken
by Muchmore at McMurdo and South Pole stations, Herpes
simplex was isolated at the University of Otago, New
Zealand, and two rhinoviruses and a Herpes simplex were
isolated at the University of Wisconsin, Madison. However,
the isolation rate was only 6 percent from these carefully
preserved specimens. Subsequently, tubes of tissue cultures

transported directly from New Zealand to McMurdo were
used. Fresh throat specimens were inoculated into ap-
propriate tissue cultures, and 19 percent of 69 specimens
yielded viruses; two of the isolates were rhinoviruses (Parkin-
son et al., 1976).

This improved virus isolation rate for specimens in-
oculated at McMurdo led us to open a fully equipped
virology laboratory in the Eklund Biological Center during
WINFLY 1976. (Although the Eklund laboratory is well
equipped for bacteriologic work, it was necessary to
transport all equipment and media for respiratory virus
isolation, including a rolling apparatus necessary for the
isolation of rhinoviruses). Specimens (nasal washings) were
inoculated into a human diploid cell strain (fetal tonsil
cells), primary rhesus monkey kidney cells, and a continuous
cell line, HEp-2. Fetal tonsil (FT) cells were chosen especial-
ly for this work because of the ease with which they can be
grown and of their high sensitivity to rhinoviruses (Cooney
and Kenny, 1977).

Thirty-two specimens were inoculated and 20 viruses were
isolated, an isolation rate of 63 percent. All viruses were
rhinoviruses and were obtained from men with typical com-
mon colds. This is an extraordinarily high isolation rate; we
had reported previously a diagnosis rate of 60 percent in a
group of Madison, Wisconsin, children (Minor et al., 1974),
but this high rate was attained by using serial cultures on
single individuals and intrafamily serologic diagnoses for
persons whose throat cultures were negative for viruses. Tyr-
rell and Bynoe (1966) reported a 57 percent isolation rate
using human organ culture and cell culture techniques.
Although the high isolation rate in Antarctica could have
resulted from cross-contamination, it appears that these
persons were infected. The isolates were tested against 17
acute and convalescent serum pairs from these patients, and
10 of the 17 had fourfold or greater rises in neutralizing an-
tibody. This is a normal rate for antibody stimulation by
rhinoviruses (Fox, 1976). Evidently it is entirely possible to
obtain viruses from common colds in Antarctica, and
previous difficulties in doing so probably were related to
storage and transportation problems.

Efforts towards tracing the chain of infection of these
viruses through the McMurdo population during the WINFLY
period have just begun. Eleven of the agents may be iden-
tical and were obtained from patients living and working in
widely disparate areas. Five of the 11 isolates were obtained
from persons in the building 125 civilian berthing quarters,
but other isolates of this apparently identical agent were
found in persons who lived and worked in the primary berth-
ing quarters (building 155), and in the power plant.

Study of the dissemination of this agent and of the other
rhinoviruses will continue on all men from whom paired
serum specimens were obtained. Correlation of agent-
specific serologic conversions with illness episodes, social and
work contacts, and berthing quarters should give clues to
mechanisms of person-to-person transmission of common
colds.
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Lack of increased susceptibility
to colds in the McMurdo winter

parties of 1975 and 1976

ELI.Ior C. DICK', RICHARD S. JERDE',
DAVID M. WARSHAUER', ADRIAN D. MANDEI,2
LAWRENCE W. Fuscii 3 , DANIEL, L. TULLIUS4,

and HAROLD G. MUCHMORE4

'Depart ni en t of Preventive Medicine
University of Wisconsin, Madison

Madison, Wisconsin 53706

2 A nies Research Center
National A eronautics and Space A dminisl ration

Moffett Field, California 94035

3 Naval Support Force, A iila ret ica
Construction Battalion Center

Port Hueneme, California 93043

4 Department of Medicine
University of Oklahoma Health Sciences Center

Oklahoma City, Oklahoma 73190

Several studies have suggested that when normal popula-
tions are placed in isolation for several months, they may be
subject to respiratory disease of increased severit y when ex-
posed to infectious agents either during the isolation period
or upon return to civilization (Paul and Freese. 1933:
Holmes, 1973: Holmes and Allen, 1973: Allen, 1973). This
concept of increased susceptibility to infection after pro-
longed isolation has been cited in popular antarctic
literature (Dukert, 1965) and is firml y held b' the great ma-

jority of persons with whom the authors have associated dur-
ing their antarctic investigations.

A unique circumstance where amount and severity of res-
piratory disease in a previously isolated population can be
compared simultaneously with that in a normal population
occurs during the winter fly-in (wINFLY*) period at McMur-
do Station, Antarctica. Early in September a detachment of
men (146 men in 1975, 135 men in 1976) is flown from the
United States to McMurdo to help ready the station for the
austral summer research season. These WINFLY men join a
group that has been isolated since mid-February (winter
party: 52 in 1975, 65 in 1976). There are no additional ar-
rivals until the summer season opens early in October;
therefore, for about 5 weeks no infectious agents circulate at
McMurdo other than those brought in by WINFLY personnel.

The housing, messing, and recreational facilities are
shared by the WINFI.Y and overwintering groups, and the
great majority of men eat at the communal mess hall in the
primary berthing facility (building 155).

At the outset of WINFLY 1975 and 1976, some of the
authors (E.C.D. and D.L.T. in 1975; E.C.D., A.D.M., and
R.S.J. in 1976) accompanied the WINFLY party to McMurdo
and assayed the amount and severity of respiratory infec-
tions in both the WINFLY and winter groups. Surveillance
was by daily interviews in the communal mess line and b
visits to personnel in semi-isolated locations. Numerical
responses were recorded on a standard form descriptive of
signs and symptoms of respiratory infection (D'Alessio et al.,
1976).

The number of colds present irs the wintering WINFLY
populations during the two %VINFL\ periods is presented in
table 1. In 1975 there was a slightly higher incidence of colds
in the \VINFL\ group: however, this trend was reversed in

*Used both to designate persons coming to McMurdo at the outset of
the winter fl y -in period as well as to designate the period itself.
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1976. When the data from the two years were combined, the
average incidence was nearly identical for the two popula-
tions. Thus there appeared to be no differential susceptibili-
ty between the winter and the WINFLY populations with
respect to susceptibility to colds.

The severity and duration of illness in the two groups was
also measured (table 2). The average symptom score for the
day on which symptoms peaked, the average score over the
duration of the illness, and average duration of the colds are
shown. As points of reference, severe colds yield point scores
of 12 to 18, while mild colds have scores of about 4. There
was no apparent difference between the severity of colds on
arrival and of colds developing during WINFLY; nor was
there a difference observed between severity of colds in
WINFLY and winter personnel. The same conclusions appear
to hold with respect to duration of a single episode of
respiratory illness.

We conclude from these investigations that the WINFLY

and the winter-over personnel had similar numbers of colds
of approximately equal severity. The long isolation period of
the winter men did not appear to make them especially sus-
ceptible to respiratory infection.

This research was supported by grant NSH-2104 from the
National Aeronautics and Space Administration, by grant
DPP 7519437 and logistics grant DPP 7619827 from the
National Science Foundation, and by grant AI-10404 from
the U.S. Public Health Service - National Institutes of
Health.
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Table 1. Colds in winter and winfly personnel, McMurdo Station, Winfly (WF) period,* 3 September to
9 October 1975 and 30 August to 6 October 1976.

Group	 Number of persons
Total	With colds at	With colds	With 2	With 3	Incidencet

beginning of	during	colds	colds	of colds
WF	 WF	 during WF

34(24%)	77(53%)	25(17%)	0
0	 25(48%)	6(12%)	0

21(15%)	36(26%)	4(3%)	1(0.8%)
2(3%)	24(37%)	6(9%)	1(1.5%)

1975
WINFLY
	 146

Winter	 52

1976
WIN FLY
	 135

Winter	 65

69
60

31
48

Totals: for 1975 & 1976

WINFI.Y	 281	55(20%)	113(40%)	29(10%)	1(0.3%)	 51

Winter	 117	 2(2%)	49(42%)	12(10%)	1(0.8%)	 53

*No one entered or left McMurdo Station during the WINFLY period.
tNumber of colds divided by number of persons.

Table 2. Severity of colds in winter and Winfly personnel, McMurdo Station, Winfly (WF)
period,* 3 September to 9 October 1975 and 30 August to 6 October 1976.

Average
No. of	peak

Year	Group	colds	score

1975	WINFLY	 34	6.6
Colds	 Winter	 0
on
arrival	1976	WINFLY	 21	9.4

Winter	 2	8.5

1975	WINFL\	 102	6.4
Colds	 Winter	 31	7.4
during
%INF1.\	 1976	WINFLY	 42	7.1

period	 Winter	 31	7.3

*No one entered or left McMurdo Station during the WINFI.Y period.

Average
duration

Average	of colds
score
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Colds and immunity in the 77
winter personnel at McMurdo
Station and Scott Base, 1976

TIMOTHY C. FLYNN', LAWRENCE W. FUSCI-I', and
ELLIOT C. DICK'

'Naval Support Force, A ntarctica
Construction Battalion Center

Port Hueneme, California 93043

'Department of Preventive Medicine
University of Wisconsin, Madison

Madison, Wisconsin 53706

Many studies have been done on relatively small popula-
tions suddenly placed in isolation for several months. A
parameter that has been relatively intensively investigated is
the incidence and prevalence of mild respiratory disease in
these populations over the period of isolation (Cameron and
Moore, 1968; Holmes etal,, 1971; Holmes and Allen, 1973).
Many of these clinical studies have been accompanied by
laboratory investigations of immune competency as
measured by changes in immunoglobulin concentration or
the peripheral white blood cell count (Muchmore et al.,
1970; Muchmore et al., 1973; Ventsenostsev, 1973). In
general, these investigations have shown that respiratory
disease dies out in the isolated population within a few weeks
and that immunity may decline.

The 1976 McMurdo wintering party consisted of 60 U.S.
Navy personnel, five U.S. civilians, and one exchange scien-
tist from the U.S.S.R. Eleven New Zealand civilians
wintered at Scott Base. Isolation began 14 February and
ended 30 August 1976. Approximately one-half of the Navy
personnel lived in single or double rooms in a large centrally

heated building, and the remainder lived in relatively near-
by buildings, also with single or double accommodations.
All buildings at McMurdo Station were centrally heated
with forced air, except the power plant which had space
heaters. Scott Base personnel all lived in a single building.
Most of the men at McMurdo consumed their meals in the
galley of the primary berthing facility, although a few
messed in other living quarters; Scott Base personnel ate in
the same building in which they were housed. Social con-
tacts between personnel at McMurdo and Scott Base were
frequent, either in the service clubs or at the nightly movie.

The presence of respiratory illness was determined in
about one-fourth of the men by a daily sheet on which they
recorded the presence and severity of respiratory symptoms
(D'Alessio et al., 1976). Disease in the remaining personnel
was detected by regular interviews with the medical officer
(T.C.F.).

Thirty-eight men volunteered for monthly blood collec-
tions from which quantitative white blood cell determina-
tions and differential counts were made. At the time of col-
lection, the blood serums were frozen to await im-
munoglobulin analysis at the University of Wisconsin,
Madison.

Respiratory disease did not die out during the winter
Period. Twenty-one individuals had 35 colds, with the peak
number occurring in June. Symptomatic persons were pres-
ent nearly every day throughout the isolation, although
there was a sharp decline in colds in August. The colds were
mild; only eight colds were rated as moderate, and only
three men were sufficiently ill with respiratory disease to
seek medical attention at sick call. Nearly one-half of all
colds (14 cases) occurred in the eight men living in the space-
heated power plant.

No decline in potential immunocompetence was noted in
the parameters measured. Mean monthly white blood cell
counts for winter personnel remained essentially constant
over the period of isolation, and the differential count did
not change appreciably. Also, the serum levels for im-
munoglobulins A, M, and G remained relatively unchanged
throughout the isolation period and within normal limits.

In conclusion, it does not appear that this population of
77 men living under conditions of isolation exhibited the ex-
pected obliteration of colds, nor did their immune com-
petence appear to suffer as determined by white counts or
serum immunoglobulin levels. Whether these findings
represent a unique circumstance at McMurdo Station in
1976 will have to await confirmation. Any confirmatory
study should be accompanied by thorough microbiologic
study of the individuals to establish the etiology of the ap-
parent respiratory infections that occur over the isolation
period.

The authors are grateful to the naval and civilian person-
nel who lived at McMurdo Station, Antarctica, during the
austral winter of 1976 for their active collaboration under
trying circumstances. We also are grateful to Eugene W.
Van Reeth and Claude H. Nordhill, commanding officers of
U.S. Navy Task Force 199, for their unstinting encourage-
ment of this research.

This research was supported in part by logistics grant
DPP 76-19827 and contract DPP 77-06064 from the Na-
tional Science Foundation and grant NSH-2104 from the
National Aeronautics and Space Administration.
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Disease as a cause of natural
mortality in some antarctic whale
stocks and parasites as potential

biological tags

MURRAY D. DAILEY

Department of Biology
California State University, Long Beach

and

Southern California Ocean Studies Consortium
California State University and Colleges

925 Harbor Plaza
Long Beach, California 90801

Previous investigations on the helminthofauna of ceta-
ceans in the Antarctic have been reported by Soviet workers

(Delyamure, 1955). However, little attention has been given
to the diseases caused by these parasites or their possible role
as biological indicators. Reports on the parasites and
associated damage in small odontocetes by Dailey and Per-
rin (1973) and Ridgway and Dailey (1972) have implicated
various helminths as possible etiologic agents in the mortali-
ty of selected age groups or entire populations.

The primary objective of this research was to (1) assess the
parasite burden of harvested whales in southern oceans, (2)
determine the incidence of natural mortality with a parasitic
etiology, and (3) identify geographically isolated popula-
tions by parasitic biological indicators.

From October 1976 to March 1977, whales were exam-
ined aboard the Japanese whaling factory ships Nisshan
Maru #3 and Tonan Maru #2. Animals sampled were taken
from whaling regions 1, V, and VI incompassing 140°E.-
100 °W. to 720S.

Examinations of the external surface, organs (stomachs,
intestine, lungs, liver, kidney, spleen, genitalia), blood and
fecal samples were carried out on a total of 239 whales. [113
minke (Balaenoptera acutorostrata), 93 sei (B. borealis),
and 33 sperm (Physeter catodon)]. Initial observations in-
dicated that of the 239 whales examined 145 (60 percent)
were parasitized, with incidence levels reaching 100 percent
in the sei and sperm. Minimal infection levels were found in
the Minke (17 percent).

Helminths of the acanthocephalan, cestode, and nema-
tode groups were common in sei and sperm whales.

The material and data collected are under study.

This research was supported by NOAA, National Marine
Fisheries Service, under contract #01-6-208-1565. Logistics
support was additionally provided by the Japanese whaling
Association and the Japanese Fishery Agency.
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Awake breath-hold diving in the
Weddell seal

W.M. ZAPOL, R. SCI-INEIDER,J. QvIsT*, G.C. LIGGINS**,
P.W. HOCHACHKA,*** M.T. SNIDER, andT.R. WONDERS

Massachusetts General Hospital and Harvard Medical
School

Boston, Massachusetts 02114

*Herlev Hospital, Copenhagen, Denmark

"National Womens Hospital, Auckland, New Zealand

** *Department  of Zoology, University of British Columbia,
Vancouver, British Columbia, Canada

Our Antarctic activities began with the Winfly (early
September) 1976 arrival of T.R. Wonders and P. Wan
cowicz, who modified part of the Eklund Biological Center
to serve as a sterile operating room, constructed a combina-
tion operating-diving table, tilting track, diving hood, and
constructed two thermodilution cardiac output computers.
Arrival of scientific staff on the 7 October 1976 flight began
an intensive period of physiological, metabolic, and en-
.docrine studies of gravid and nonpregnant Weddell seals.
Weddell seals are the champion divers of the pinniped fami-
ly and can dive for over 1 hour. Significant advances in
anesthesia and intensive care of these large animals were
made.

Detailed reports will appear in the scientific literature.
Fetology. Near-term pregnancy was accurately deter-

mined by manual vaginal palpation. Hormone levels of
maternal blood will allow pregnancy determination by
blood sampling. Fetal flipper artery cannulation was readily
performed at caesarean section with sterile closure of the
uterus and abdomen. Long-term fetal arterial pressure
monitoring and blood sampling was possible after awaken-
ing the mother. Diphosphoglycerate and oxyhemoglobin af-
finity was determined in adult, fetal and newborn pup
blood. Fetal flipper radiographs allowed dating gestation.

Physiology. Monitored awake Weddell seals (400-500
kilograms) had a cardiac output of 36 liters per minute and
heart rates of 60 beats per minute. Awake submerged and
restrained breath-hold dives with physiological monitoring
lasting up to 50 minutes were repeatedly carried out. During
diving heart rate fell to 19 per minute, and cardiac output
to 4 liters per minute. Regional blood flow studies with 4
nuclide microspheres (25 microns diameter) were completed
in five animals in dive and control states. We obtained ac-
curate information on the regional distribution of systemic
blood flow to the brain, heart, and other tissues and organs.

Metabolic biochemistry. During diving we measured the
difference between pulmonary artery (mixed venous) and
systemic arterial blood concentrations of lactate and
glucose. We learned that the Weddell seal's lung takes up
lactate from venous blood during diving and releases glucose
into the central arterial circulation for metabolism by the
brain (Hochachka et al., in press) (figure). We believe this is
the first description of the lung "conditioning" blood for the
brain during hypoxic stress. In addition, the activit y of en-

RECOVERY

TIME (minutes)

Glucose and lactate concentration changes in the blood of
the central circulation during a 46-minute experimental
breathhoid dive of an awake, restrained 500-kilogram Wed-
deli seal. Blood samples were taken from catheters in the
aorta (termed A0 samples) or pulmonary artery (termed PA
samples). This was the second of two dives. The total time
period between the end of the first 26-minute dive and initia-
tion of the second, 46-minute dive was 2 hours. in the first
dive about half the glucose utilized appeared as lactate in
the blood; in the second dive illustrated here all of the
glucose utilized appears as lactate. During recovery from
the first dive, only a modest washout of lactate from the
peripheral tissues and circulation was observed (peak con-
centrations were only about 35 MM/ml), but during recovery
from the second dive shown here, there was a much larger
washout of lactate from the peripheral tissues, to central
blood concentrations nearly 30 fold higher than the pre-dive
blood samples. 02 tensions in millimeters of mercury in the
aorta (a0) and the pulmonary artery (Pv02) are shown in

the inset.

zymes from the glycolytic pathway and Krebs cycle were
assayed in adult and fetal brain, heart, and lung. A host of
new information was gained on the biochemistry of the
Weddell seal.

The combined results of our collaborative studies of Wed-
dell seal physiology, endocrinology, and biochemistry are
uncovering many biological secrets of this champion seal
diver. Our antarctic studies ended 12 December 1976, and
more explorations are planned for austral summer 1977.

This research was supported by National Science Founda-
tion grant DPP 76-19054.
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Diving behavior of fur seals,
Arctocephalus gazella, and king

penguins, Aptenodytes
patagonica, near South Georgia

Island

G.L. KOOYMAN,J.O. BILLuPS, R.W. DAVIS,
and M.A. CASTELLINI

Scripps Institution of Oceanography
La Jolla, California 92093

As part of a comparative study of diving behavior of fur
seals, some of the diving characteristics of fur seal cows near
South Georgia Island were determined. In addition, a
preliminary assessment of the feasibility of studying diving
behavior of king penguins (figure) was conducted. In this
case a new type of maximum depth recording unit was field
tested.

Five fur seal cows were captured in late March and early
April 1977, harnesses placed on them, depth-time recorders
and locator transmitters attached, and then the seals were
released. The depth units were capable of continuously
recording for 2 weeks. Within the week, all fur seals had
been recaptured. Of these, two cows had gone to sea for
complete feeding cycles that lasted about 5 days. From the
general appearance of these records, which have not been
analyzed yet, the diving characteristics of this species is dif-
ferent from the previous two species studied; they are the
northern fur seal, Callorhinus ursinus (Kooyman et al.,
1976) and the Afro-Australian fur seal, A. pusillu
(Kooyman and Gentry, unpublished observation). In A.
gazella, all dives were of short duration, seldom more than 2
or 3 minutes in length, and the dives were shallow, usually
less than 30 meters. This seems to fit with their krill feeding
habits.

Twenty-three adult and presumably breeding king
penguins were captured near their small nesting area next to
the Hope River. Nylon wing bands with depth recording
pills attached were placed on the birds which were then
released. The depth pills were 1.45 centimeters long by 0.62
centimeter diameter and weighed 0.9 gram. Over the next 2
weeks the birds were recaptured, and five of these were
banded again and released. Thus, out of a total of 28
releases 21 recaptures were accomplished. The results of this
study are not known yet because further tests and evaluation
of the depth pills is required and in progress. Tentatively, it
appears that king penguins may dive deeply.

We are grateful to the British Antarctic Survey for their
permission to work at South Georgia Island and for their
kind hospitality. We are especially appreciative to Samus
McCann and Gerry Thomas for sharing their precise
knowledge of the fur seal's at-sea cycles and for assisting in
the work.

This research was supported by National Science Founda-
tion grant DPP 76-23424.
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Colonial behavior of antarctic
marine mammals in eastern

McMurdo Sound
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We investigated Weddell seals in the McMurdo Sound
area from 7 October through 13 December 1976. Due to last
year's ice conditions, which precluded complete census
work, we particularly wanted to ascertain the present
population level, as well as to repeat experiments involving
the haulout pattern of parous females and to start ex-
periments involving daily and seasonal changes in rates of
underwater vocalizations.

Five censuses of the study area were made between 17
November and 10 December (at approximately weekly in-
tervals). The number of animals observed (table 1) in any
particular census was roughly 500. This is not a total
population estimate, as many animals were in the water and
thus were not counted. The total population estimate is
equal to the sum of (1) nonparous females, (2) parous
females, (3) pups, (4) subadults, and (5) adult males. The
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King penguins returning from the sea, South Georgia.
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number of animals in each group has been estimated in a
manner similar to Siniff et al. (1977). The 1976 population
estimates (table 2) seem to be roughly one-half the
1971-1974 population estimates.

In 1976, fewer pups were born than in any year as far
back as 1963. We do not now know why, but, with our sub-
population of tagged females, we hope to correlate pupping
success with such parameters as last year's weight, location,
and reproductive success. To help understand the
mechanisms that control this population, it will be impor-
tant to determine if tagged females not seen in 1976 were
alive in the austral spring of 1976 but did not return to
McMurdo Sound, or if they were dead. The observation of
tagged females not seen in 1976 but seen during the
1977-1978 field season should answer this question and will
be an important component of next year's field work.

A more precise analysis of this year's population will in-
volve estimating the probability of sighting from this year's
mark-and-recapture work. Approximately 85 adults were
tagged to increase the sample size of marked animals in the
population. In addition, 288 pups and 16 subadults were
tagged throughout the study area. Toenails were taken from
the adult females so that age-specific birth rates and survival
rates can be derived from subsequent sightings.

To investigate differences in the onset of estrus between
parous and nonparous females, we took vaginal smears from
parous and nonparous females twice a week during what we
consider the breeding season (15 November to 15

December). The 67 smears taken will be analyzed for dif-
ferences in cellular composition.

To investigate the relationship between haulout and den-
sity, an artificial colony was established 8 kilometers
southwest of Turtle Rock in a crack-free area of the fast ice.
Two access holes were drilled, and four females with their
pups were moved to the artificial colony. We attached
radios to these animals and monitored them constantly via a
scanning receiver (positioned inside a portable house near
the colony). As a control, eight females and their pups were
similarly outfitted with radios and monitored at Hutton
Cliffs. Analysis of these data should answer questions con-
cerning (1) changes in patterns of haulout associated with
limited access to breathing holes, (2) changes in probability
of sighting with pup age, and (3) changes in activity patterns
around the time of breeding.

Finally, we established at both the artificial colony and at
Hutton Cliffs an automatic system to record underwater
vocalizations for 5 minutes each hour. Approximately 500 of
these 5-minute recordings were collected from 8 October to
13 December. We hope these data will shed light on such
questions as (1) Can vocalization rates be used to estimate
local density? (2) Is there a particular pattern of vocaliza-
tions that can be associated with the breeding season? (3)
Can particular calls be associa ted with a particular sex or
behavioral pattern?

This work was performed under National Science Foun-
dation grant DPP 73-09316.

Table 1. Census figures from 17 November to 10 December.

Adults observed
Subadults observed
Pups observed
Total seals

observed

	

17/18	Nov	22/23 Nov	1Dec

	

296	 299	386

	

3	 0	 1

	

211	 210	217

	

510	 509	604

	

6Dec	10 Dec

	

384	316

	

5	 2

	

200	172

	

589	490

Table 2. Estimated number of seals in McMurdo Sound from 17 November to 10 December.

1 Dec

288

288
207
207

991

Adult females w/pupa
Pupsb

Non-parous femalesC

Adult malesd
Subadultse

Total

	

17/18	Nov	22/23 Nov

	

288	 288

	

288	 288

	

97	 120

	

97	 120

	

4	 0

	

774	 816

	

6Dec	10 Dec

	

288	288

	

288	288

	

241	210

	

241	210

	

7	3

	

1065	999

aEst ima ted number of females with pups was set equal to total number of pups tagged.
bNumber of pups tagged throughout pupping season.
cEs t imated number of nonparous females equals number of nonparous females observed divided by P (sighting),
where P (sighting) is 0.7.

dEst ima ted number of adult males is assumed to equal the number of nonparous females.
e Estima ted number of subadults equals number of subadults observed divided by P (sighting), where P (sighting) is 0.7.
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Biota of the antarctic pack ice:
RIV Hero cruise 76-6
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'Canadian Wildlfe Service
Edmonton, Alberta T5J1S6
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Previous studies of the crabeater seal (Lobodon car-
cinophagus) have dealt mainly with distribution patterns
and biology during the austral summer when the pack ice is
readily penetrated by ships and when these seals are sighted
near the research stations that surround continental Antarc-
tica. Most of the biological data have been derived from
specimens taken from seals killed to feed dog teams, par-
ticularly in the area of the Weddell Sea. Data on aspects of
social behavior and reproductive biology are minimal
because partuition and breeding of crabeater seals takes
place in late September and early October when the dense
antarctic pack ice restricts ship movements.

Research on crabeater seals during their breeding season
was initiated in 1975, using the National Science Founda-
tion's research ship R/V Hero (Siniff and Reichle, 1976).
Hero was well suited to support this research and was conse-
quently used again in 1976 from 4 October to 5 November
to work in the pack ice adjacent to the South Shetland
Islands, Bransfield Strait, and the Gerlache Strait.

The main objectives of this research were to delineate (1)
social structure and reproductive behavior, (2) daily activity
patterns and local movements, (3) interactions between
seals, ice, and other environmental conditions, and (4)
population characteristics such as sex and age structure.
distributional patterns, and density.

In addition to studies of crabeater seals, miscellaneous
observations on leopard seals (Hydrurga leptonyx), elephant
seals (Mirounga leonina), and Weddell seals (Leptonyx wed-
delli) were recorded.

For the crabeater, three types of social units were en-
countered: (1) groups consisting of a male, female, and pup,
which we have termed "family groups" (figure 1), (2) pairs
consisting of an adult male and female, which we have
termed "mated pairs", and (3) concentrations of subadults
of various sizes. Solo crabeater seals also were observed.

Whenever seals were encountered, we recorded their
species, numbers, social group, location, and habitat type.
In the pack ice we disembarked to work on crabeater seals
when the floes were large enough for safe work. Such seals
were immobilized using Sernylan (Phencyclidine hydro-
chloride), sometimes administered in conjunction with the
tranquilizer Valium to reduce stress. Only adult seals were
drugged. Through experimentation, we found that dosages
of 0.2 to 0.3 milligram Sernylan per kilogram body weight
worked well for most crabeater seals. There was some in-
dividual variation that may have been related to factors such

as females with older pups being thinner and seemingly
more susceptible to the drug. The males sometimes required
heavier dosages. Detailed documentation of this aspect will
be published later. In fast ice areas where there was plenty of
room to maneuver, seals were immobilized without drugs,
using a bagging technique (Stirling, 1966).

Following immobilization, we measured the heart girth
and the straight line length from the tip of the nose to the tip
of the tail. All seals handled were tagged with one number
tag in each of the hind flippers. A nail from the fore flipper
was collected for age determination, and a vaginal smear
was collected from females to study time of ovulation. Radio
transmitters were attached to the hind flippers of adults in
selected family groups and mated pairs to make it easier to
find them again. By relocating these seals we hoped to ob-
tain data on pup growth rate and time of weaning, weight
loss in lactating females, breeding behavior, and the dura-
tion of family groups and mated pairs. Transmitters were
also set up on selected ice floes used by family groups to ex-
amine the fidelity of the seals to particular floes during the
lactation period. Notes on behavior were made whenever
possible, and limited sub-ice recordings of vocalizations
were made.

Between 7 October and 1 November, 1976, we handled 30
family groups, 14 mated pairs, 3 subadults in pack ice, and
179 seals in fast ice areas, of which 74 were adults. In total,
we tagged 306 crabeater seals, of which 24 were instru-
mented with radio transmitters. Unfortunately, none of the
radios were found again.

In late October, we encountered several adult females
alone on ice floes. These females were rather thin and ap-
peared to have pupped earlier in the season. We speculate
that these individuals had weaned pups and had either
already mated and separated from males, or had not mated
at all. Thus, the bond between the male and the female may
last only until estrus is completed.

One of the more significant events of this past season's
work was our discovery of concentrations of crabeater seals
in some fast ice bays of the Antarctic Peninsula and the
South Shetland Islands. The greatest concentration that we
located was in Martel Inlet of Admiralty Bay, King George
Island, where large numbers of crabeater seals were present
from 12 October through 2 November (when we departed).

'	)I
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Figure 1. Family group on ice floe. RIv Hero behind.
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In this area, fast ice remained across the major portion of
Martel Inlet, and crabeater seals hauled-out along the ice
edge. On 12 October we saw approximately 700 seals on the
ice and estimated 1,500 in the vicinity. We worked in the
area for 2 days taking measurements, returning again on 1
November to continue the work. Concentrations of 25 to 50
crabeater seals were also found in other bays along the Ant-
arctic Peninsula and the South Shetland Islands, but none
was as large as the one at Martel Inlet. We feel that large
concentrations were present in other locations, but there
were many bays we did not census. Moreover, the ice had
already broken out in many of those we did search, so that
any seals that might have been present previously were gone.

Such concentrations of crabeater seals have seldom been
observed. Lindsey (1938) described concentrations of
crabeater seals on fast ice at the Bay of Whales during
February and March 1934. On the basis of body length, he
classified the great majority of these individuals as less than
1 year old. Laws and Taylor (1957) noted large numbers of
crabeater seals wintering together on fast ice in the Prince
Gustav Channel off the east coast of the Antarctic Peninsula
in the winter of 1955. Approximately 85 percent of these
seals died of an unidentified epizootic that spring, and ex-
amination of a sample of the carcasses revealed that they
were mostly subadult animals. Preliminary analyses of our
data indicate that the concentrations we worked with were
also mostly immature animals 1-4 years old. Most did not
appear to be involved in pupping and mating.

The presence of crabeater seal concentrations such as we
encountered probably puts a new perspective on the eco-
nomics of sealing in the area. Previously it was considered
that crabeater seals were mostly widely distributed in the
spring, requiring considerable time and effort for harvest of
significant numbers. Further study is needed to identify the
population characteristics of seals involved in concentrations
such as the one observed at Martel Inlet. Population
parameters are particularly important because such concen-
trations may be composed of seals from a large area of pack
ice.

Additional information was obtained on the different
types of scars commonly seen on crabeater seals. We found
further evidence to support the hypothesis that the parallel

Figure 2. Puncture wounds on male.

scars on crabeater seals are the results of wounds inflicted by
leopard seals (Siniff and Bengtson, in press). We observed
that the smaller, puncture-type wounds and scars around
head and neck, front flippers, and upper rear flippers
(figure 2) were caused by intraspecific interactions. On
several occasions we saw females bite male crabeater seals in
the area of the head, neck, and fore flippers producing
puncture-type wounds rather than long gashes. We also ob-
tained indirect evidence that male-male interactions result
in wounds in similar patterns and locations.

Prior to the 1976 cruise, very little was known about newly
born crabeater seal pups, and few had been collected (King,
1957). In addition to the pups in the 30 family groups we
handled, we also found seven dead pups on ice floes. Five of
the dead pups were alone, one was guarded by a lone adult
male crabeater seal; and one was guarded by a female of a
male-female pair. The skulls and other specimens were col-
lected unless they had been damaged too badly by scaveng-
ing birds. Measurements and organ weights were also taken
when possible.

This research was supported by National Science Founda-
tion grant DPP 75-17719. The superb support given by Cap-
tain P. Lenie and the crew of the Hero was much ap-
preciated.
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"Complete" seal carcass at Lake
Miers, Miers Valley

P. N. WEBB and R.M. LECKIE

Department of Geology
Northern Illinois University

DeKaib, Illinois 60115

Skeletal and mummified remains of crabeater and Wed-
dell seals, Adlie and emperor penguins, and an elephant
seal have been reported from various McMurdo Sound sites
(Scott, 1905: Wilson, 1907;	Rivard, and Llano, 1959;
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Caughley, 1960; Barwick and Balham, 1967; Siegel and
Dort, 1968.) Seal tracks have been reported from Taylor
Valley (Claridge, 1961; Barwick and Balham, 1967).

The largest assemblages reported are seals and penguins
from Wright Valley and seals from Victoria and Taylor
Valleys. Barwick and Balham (1967) subdivide seal carcass
preservation into seven groups. They cite only one carcass as
belonging to group A. This is a complete carcass, undam-
aged by wind erosion, showing no signs of desiccation, and
described as fresh. This specimen was found in the North
Fork of Wright Valley, some 62 kilometers from the McMur-
do Sound coastline. The carcass bled profusely from the
mouth and from wounds on the abdomen. Sand beneath
was bloodsoaked.

During our visit to Miers Valley in late December 1976 we
found a fresh crabeater seal a little above water level on the
northeast shoreline at Lake Miers. The condition of this seal
suggests that it may have journeyed to this site recently.
However, decomposition is extremely slow in this environ-
ment, and the seal may have been there for several or even
many seasons. This is a frequently visited area, so it would
be interesting to learn if other parties saw this seal. The fur
is in excellent condition. The skin is soft and pliable, and
the blubber layer is 5 to 6 centimeters thick. The animal is
large, but probably not fully developed. The neck region is
somewhat waisted. There are no abrasions or lacerations on
the exterior. There is no sign of internal bleeding. Both eyes
have been destroyed, probably by skua predation. Blood
issues from both eyes and stains the sand beneath the head.
No tracks or other ground markings lead from the carcass.

We located a slightly less perfect complete carcass in the
meltstream along the northeast side of Miers Glacier, and
we saw a fully feathered but flesh-picked Adlie penguin
skeleton on the bank of the Miers Valley stream about 5
kilometers up-valley from the coast. Partial skeletons and
scattered bones from Adlie penguins are common in Miers
Valley. We recorded poorly preserved seal carcasses (groups
C and D of Barwick and Balham, 1967) in Miers Valley and
on northern Black Island. These observations were made
while engaged on work associated with NSF grant DPP
76-20657.
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Behavioral and ecological adapta-
tions in pygoscelid penguins

D. MULLER -SCHWA RZE, W. TRIVELPIECE,
and N.J. VOLKMAN

Department of Zoology
SUNY College of Environmental Science and Forestry

Syracuse, New York 13210

The three pygoscelid penguin species, the AdMie
(Pygoscelis adeliae), gentoo (P. papua), and chinstrap (P.
antarctica), have largely allopatric distributions with a great
deal of variance in their respective geographical ranges.
They are sympatric only in the area of the Antarctic Penin-
sula, where a few rookeries contain all three species. Point
Thomas, King George Island, South Shetland Islands (620
10' S. 58 0 30' W.) was selected as the study site for the
1976-1977 austral summer from among the rookeries known
to contain breeding pairs of each of the pygoscelid species.

We analyzed the breeding success, predator-prey
dynamics, interspecific interactions, and food utilization of
the three species. Data were obtained between 14 October
and 3 December 1976, when the field camp had to be
evacuated on short notice due to problems R/V Hero ex-
perienced.

Adlie penguins laid an average of 1.83 eggs per pair and
had experienced a 42 percent egg loss as of 30 November.
The peak of egg laying was between 27 October and 2
November, during which 69 percent of all eggs were laid.
Large colonies of 100 breeding pairs or more experienced
fewer egg losses (36.7 percent), than small colonies of 25
pairs or less (53 percent). The small colonies lost more eggs
during storms. This was not evident in the large colonies.

Gentoo pairs laid an average of 1.92 eggs, and had ex-
perienced a 16 percent loss as of 30 November. Their egg
laying peak was more asynchronous than the Adlies, with
63 percent of all eggs laid between 5 and 18 November.
Chinstraps first had eggs on 15 November, and 78 percent of

Mixed colony of chinstrap and Adólie penguins, King
George Island.
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the breeding pairs had completed the normal two-egg clutch
by 30 November.

Unlike the simple ecosystem of the Ross Sea area, Point
Thomas contains several species of predator/ scavengers:
brown skuas (Catharacta lonnbergi), south-polar skuas (C.
maccormicki), sheathbills (Chionis alba) and black-backed
gulls (Larus dominicanus). Studies were begun to determine
how the presence of these predator/ scavengers affect the
population characteristics of the three pygoscelid penguins.
The Point Thomas rookery can be divided into two func-
tionally distinct predator-prey areas: areas worked by skuas
only, and mixed areas open to all four predator/ scavengers.
Preliminary analysis indicates that all three species of
penguins suffer higher egg losses in the areas of mixed
species predator pressure than in areas of skua only preda-
tion.

Skua pairs that held breeding-feeding territories were
observed for 1-hour periods during which an egg was taken
every 6 minutes of a pair's active hunting. Daily counts at
four skua nest sites between 3 and 24 November gave an
average of 9.2 eggs taken per pair and day (range 8.7 to
9.7). This compares favorably with the 10.6 eggs consumed
daily by pairs of south polar skuas fed ad libitum at their
nest site at Cape Crozier (Muller-Schwarze and Muller-
Schwarze, in press).

The most significant finding of the study was the discovery
of mixed colonies of Adlie and chinstrap penguins. Direct
interactions were observed and quantified for the first time,
and details of the behavior leading to the displacement of
one penguin species by another were recorded. Chinstrap
penguins succeeded in taking over an estimated 300 nest
sites from fully established incubating Adlies. Marked nests
and banded birds in these areas of interaction will permit
monitoring of the population dynamics in 1977-1978 and
the future.

Data collected on food resource utilization indicate krill
to be the major item in the diet of all three penguins, though
fish remains were found in the stomachs of both Adlies and
gentoos. Additional samples are necessary from the chick
phase of the reproductive cycle before fruitful comparisons

Penguin enclosure at Sea World with AdMie and emperor
penguins.

can be made concerning the allocation of food resources
among the penguins.

This work was supported by National Science Foundation
giant DPP 75-15506.

References

Müller-Schwarze, D., and C. Willer-Schwarze. In press. Interac-
tions between south polar skuas and AdIie penguins. In: Adapta-
tions within Antarctic Ecosystems (GA. Llano, ed.). Gulf
Publishing Co., Houston, Texas.

Permanent breeding colony of
high antarctic penguins for

research and education

FRANKS. TODD

Hub bs-Sea World Research Institute
San Diego, California 92109

The initial aspects of this project have been described
(Todd, 1976). During the 1976-1977 austral summer season
40 nomadic emperor penguins from the ice edge and 50
pairs of Adlie penguins from Cape Crozier, Ross Island,
were collected and airlifted to San Diego, California, via
chilled C-141 on 29 November without incident. Essentially
the same techniques employed during the 1975-1976 season
were utilized, with the exception of quarantine.

By prior arrangement with the Department of Agri-
culture (USDA), a procedure was worked out that allowed the
field party of F. Todd, Scott Drieschman, Frank Twohy,
and Brian Johnson to obtain penguin cloacal swabs while on
the ice. These samples were rushed by courier from McMur-
do Station to the USDA laboratory at Ames, Iowa, for cultur-
ing. The cultures ultimately proved to be negative for
Velogenic Viscerotrophic Newcastle Disease (vvND) and
thus the penguins were allowed entry into the United States
without restrictive quarantine procedures.

There were no penguin losses during the airlift. The ini-
tial 3-month acclimation period was extremely difficult, and
some losses were experienced. However, once these initial
problems were overcome, all penguins acclimated well.
Both Adlies and emperors have successfully passed through
the traumatic molt period. Some of the emperors exceed 45
kilograms in weight. Behavioral and hormone studies are in
progress.

The penguins are maintained at - 7°C in a self-contained
refrigeration unit measuring 10 by 16 meters with a salt
water pool 3 by 4 by 1.4 meters deep. Three automatic ice
makers within the unit produce 2,700 kilograms of finely
flaked ice daily. Ice is a necessity because it has proved to be
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the most appropriate substrate; it is a source of fresh drink-
ing water and is used by the penguins during preening. The
lighting schedule inside the unit approximates that of Ross
Island. Two-thousand kilograms of actual nesting rocks
from the Ross Island rookeries have been provided for the
Adlies. Two large windows have been installed so that
behavioral observations can be made with a minimum of
disturbance to the birds.

To insure the long term success of the project, a total of
five austral summer seasons have been spent on the ice
studying the behavior and needs of these specialized birds.
This work includes comparative behavioral studies on
related penguin species at Palmer Station, the Falkland
Islands, and South Georgia Island.

During the 1976-1977 effort, emperor penguin census
work was conducted at both the Cape Crozier and the
Beaufort Island rookeries. The Cape Crozier colony was
composed of approximately 400 adults and 127 live chicks.
Based on carcass counts, egg and chick mortality was ap-
proximately 50 percent. Adult mortality was disturbingly
high. In one case, at least 16 adults were discovered frozen-
in near an ice ledge. The physical evidence suggested that
they had been caught in a rock slide. Battered remains of
dead adults in the colony had wounds suggestive of falling
rocks. The present location of the rookery is between the ice

cliffs of the Ross Ice Shelf and the decaying rock cliffs of
Cape Crozier. While the present rookery site may offer some
protection from the weather, this advantage is apparently
offset by other more detrimental dangers.

There was no evidence of adult mortality at Beaufort
Island, although chick mortality ranged between 65 and 70
percent. A total of 572 live chicks were counted along with
1,115 dead. Due to the apparent good condition of the
frozen chicks, we speculate that exposure was the major con-
tributing mortality factor. Based on the number of both live
and dead chicks and abandoned eggs, I calculated that be-
tween 3,575 and 4,000 adults were associated with this
rookery.

This project was partially supported by the National
Science Foundation contract DPP-76-20746 to Hubbs-Sea
World Research Institute.
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Blood characteristics related to
oxygen carrying capacity in birds

from South Georgia Island

G.L. KOOYMAN, M.A. CASTELLINI, and R.W. DAVIS

Scripps Institution of Oceanography
Lajolla, California 92093

During a cruise on board R/V Hero to South Georgia
Island in March and April 1977 we had the opportunity to
obtain blood samples from ten species of sea bird that occur
in the area. The collection included six species of petrel, one
diving petrel, one albatross, and two penguin species. We
also obtained samples from the flightless steamer duck of
Tierra del Fuego.

Most blood samples were obtained by cardiac puncture
from birds sacrificed a few minutes earlier by Sea World
biologists who were collecting museum specimens. The king
penguin samples were obtained in the more normal pro-
cedure of a percutaneous withdrawal from the wing vein
which was large and easily palpated. Immediately after the
collection the birds were released.

The general trend was that albatross blood had the lowest
oxygen carrying capacity, followed by the petrels, and the
highest oxygen carrying capacities were those of the diving
birds.

Especially interesting to us was the small but robust South
Georgia diving petrel, whose blood oxygen carrying capacity

matched that of the adult king penguins. Equally as low as
the albatross values were those from the king penguin
chicks. The chicks sampled were nearly as large as the
adults. In terms of muscular development, they were quite
weak, and they seemed at this stage to be made up primarily
of a mouth, stomach, and digestive system.

We are grateful to Mauricio Rumboll, Douglas Schwartz,
and Frank Todd for providing bird specimens, and to the
British Antarctic Survey for permission to work on South
Georgia Island.

This research is supported by National Science Founda-
tion grant DPP 76-23424.

Ornithological research between
Argentina and South Georgia

JOSEPH R. JEHL, JR.

Hubbs-Sea World Research Institute
San Diego, California 92109

In conjunction with Frank S. Todd, Douglas Schwartz,
and Maurice A.E. Rumboll, continuous seabird censuses
were made between Ushuaia, Argentina, and South Georgia
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aboard R/V Hero during a cruise from 21 March to 21
April 1977. These are the most detailed censuses ever made
in the area, and they greatly expand our knowledge of
autumn seabird populations in this region. In addition,
water temperatures and plankton trawls were taken when
weather conditions permitted. At South Georgia several
transects were made away from the island to determine the
feeding ranges of the nesting seabirds. When feasible, birds
were closely scrutinized for signs of oil pollution. Some oiled
birds were seen, the oil seemingly having originated from
whalers and krill ships operating in the area. However, oil-
ing does not seem to be a significant cause of bird mortality
at this time. Beach walks were also made to obtain data on
the incidence of oiling among dead birds.

While ashore at South Georgia, field parties obtained im-
portant behavioral data on many species. Data on king and
macaroni penguins will be particularly important in the
event that captive breeding stocks need to be established.
The land parties worked closely with British scientists at
F.lsehul and Bird Island, and their cooperation was out-
standing. In return, where possible, we assisted by providing
ship time for transects and other census work. Some pre-
liminary work, done jointly, indicates that the macaroni
penguin population on the Willis Island group comprises a
minimum of 13 million individuals.

Because of Hero's mobility, the field parties were able to
visit areas not usually studied, and several new avian records

were obtained. Important findings were several records of
Kerguelen petrel, one Adlie penguin, one emperor
penguin, and the first records of cattle egrets south of the
Antarctic Convergence.

At the request of the British Antarctic Survey, we con-
ducted a census of wandering albatrosses nesting at the Bay
of Isles. We found that wandering albatrosses breeding and
attending chicks on Bird Island were feeding as much as 950
miles west of South Georgia. These data are important
because they show the great extent to which this species may
roam during the breeding season. These travels bring South
Georgia birds near or over the continental shelf, where the
threat of oil pollution is high.

Sightings of marine mammals were documented. Hump-
backed, right, pilot and sperm whales were observed, as well
as numerous hourglass dolphins and possibly Peale's
dolphin. Close-up photographs of the right whale are being
studied to determine if this animal may be part of the Golfo
San Jose, Argentina, population.

The facilities of Hero for this research were superb. The
anticipated foul weather did not materialize, so we were on
schedule most of the time and were able to devote the entire
time at sea and at the island to productive studies. We
acknowledge the cooperation of Captain Denniston and the
crew, who helped to insure the success of this project.

This research was supported by National Science Founda-
tion grant DPP 76-23438.

Seabirds in antarctic marine
ecosystems

DAVID G. AINLEY and ROBERTJ. BOEKELIHIEIDE

Point Reyes Bird Observatory
Stinson Beach, California 94970

In the face of disappearing whales and human exploita -
tion of krill stocks, much needs to be learned about the
ecological structure of marine communities in the Antarctic
and the Subantarctic (El-Sayed, 1976). One need is for in-
formation on the biomass of organisms so that their eco-
logical importance in these communities can be established
relative to competitor and prey stocks. Birds are one group
of organisms, among several, for which ecological data are
lacking. This may come as a surprise in that so much is
known about the social behavior and nesting biology of ant-
arctic avian species. Birds, however, spend most of their lives
at sea, where in the Antarctic ornithologists have not often
ventured.

The purpose of our work was to assess the biomass of birds
in various pelagic habitats of antarctic seas, to compare
their biomass simultaneously to that of mammals. thereby
providing more complete data for analyses such as those
recently attempted by Laws (in press) and Green (1975), and
to describe the ecological structure of avian communities.

By ecological structure we mean species composition (based
on density and biomass), habitat partitioning, and division
of food resources through behavior and prey selection. We
also sought to compare the biomass per unit area, species
diversity, and other factors of polar and tropical bird com-
munities.

Our work during the 1976-1977 austral summer began on
10 November, when we boarded USCGC Northwind in
Panama, and ended on 10 February, when we disembarked
R/V Hero at Ushuaia, Argentina. During those 3 months we
made most of our observations from North wind, but in ad-
dition to Hero we also spent some time on IISCGC Burton
Island. The table summarizes the legs of our cruise. We
were able to gather a great deal of data on all aspects of our
work except prey selection. The latter we will include in our
1977-1978 work.

Preliminary analysis shows a marked increase in bird
biomass as one passes from subtropic into subpolar waters.
Avian biomass in the tropics and the subtropics averaged
slightly less than 1 kilogram per square kilometer but
jumped to an average of about 4 kilograms per square
kilometer in the Subantarctic and the Antarctic. Species
diversit y , calculated by the Shannon-Weaver formula (see
Dickman. 1968; Wilhm, 1968), remained about the same,
regardless of latitude, at a level well below that measured for
any terrestrial bird community (see for instance Tramer,
1969). Why one or a few seabird species dominate their
respective communities, rather than there being broader
representation of several species, is a question we will pur-
sue.
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Throughout our South Pacific cruise we were impressed
by the occurrence of densest bird concentrations at
oceanographic fronts, or at least in areas where water
temperatures changed rapidly within short distances (in-
dicating the meeting of ocean currents, water masses, etc.).
While this phenomenon has been known in general for some
time (Ashmole, 1971), rarely has it been quantified. The
latter we will be able to do, particularly with our Ross Sea
data. During the Ross Sea work it was most fortunate that
physical oceanographers from Lamont-Doherty Geological
Observatory were conducting work simultaneously to ours.
The result, upon analysis of data, should be one of the most
complete descriptions of the relationship of bird distribution
and biomass to ocean frontal zones. At the least, we will be
able to demonstrate the great importance of the Antarctic
Divergence, the Ross Sea frontal zone we worked with, to
marine vertebrates.

A cursory view of our Ross Sea data indicates that birds,
at an average 11.3 per square kilometer, outnumber seals
(0.2 per square kilometer) and cetaceans (0.03 per square
kilometer). Based on these density figures, and a general
conception of relative weights of animals in each group (the
largest whales were minke whales, Balaenoptera
acutorostrata), one can project that the three groups are
about equal in biomass. Most of the bird biomass was con-
tributed by penguins, but we were impressed by the large
numbers of petrels present. The Ross Sea petrel populations
alone must number in the millions. If the Ross Sea is
representative of seas elsewhere in the Antarctic, then their
numbers, derived largely from counts at the few known
breeding sites, have been underestimated in the past.

We thank the captains, officers, and crews of USCGC
Northwind, USCGC Burton Island, and R/V Hero for
logistics and other support. We also appreciated the
assistance of Holmes and Narver and National Science
Foundation personnel, and the cooperation of Stanley
Jacobs and others from Lamont-Doherty. This project was
supported by National Science Foundation grant DPP
76-15358.
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Stations and vertebrates observed, 1976-1977 cruises.

Cruise leg	Date	 Area (km2 ) +	 Birds	-	Seals

CL

a	 ,

E	'a	 .	 -
Z	 z

Porpoise°Whales'

u

-
Z _ Z

Panama to	Nov.	274	1936	1057	2700	2768 65	1	1	649	5	1	1
New Zealand	Dec

New Zealand	Dec	130	804	389	1100	2483 35	22	4	4	2	2	1
to Ross Sea

Ross Sea	 Dec-	328	2426	1312	3319	14819	8	294	5	1	1	106	2
(Sof7O°)	Jan

Ross Sea to	Jan	218	1304	645	892	6605 19	334	5	2	1	38	4
Anvers Is.

Anvers Is.	Feb	38	184	98	259	1361 22	3	2	1	1	4	3
across Drake
Passage

Beagle Channel	Feb	9	41	22	58	1355 12	0	0	0	0	0	0

Totals	 997	6696	3523	8328	29391 93	654	6	657	8	151	6
*A station is defined as a period of continuous observation during which the ship was steaming. Most stations lasted 30 . 40 minutes. A sta-

tion includes vertebrate census and observation as well as meteorological and oceanographic measurements.
+ Birds and seals were counted within 300 meters and whales within 800 meters of one side of the ship; hence area censused is different for

the two divisions.
'Includes pilot and beaked whales, porpoises.
x lncludes killer, sperm, and baleen whales.
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Ecological and behavioral adapta-
tions to antarctic environments

D. PARMELEE, W. FRASER, B. GLASS, and D. NHLS0N

Department of Ecology and Behavioral Biology
University of Minnesota

Minneapolis, Minnesota 55455

From 8January to 9 March 1977, Neilson continued study
of the comparative ecologies and behaviors of the south
polar skua and the brown skua in the vicinity of Palmer Sta-
tion, where the two species meet on a common breeding
ground and interbreed. Much data were collected on their
productivity, juvenile growth rates, feeding habits, and
vocalizations. A major effort to band all the chicks within
the study area was accomplished. A radio-telemetry
feasibility study conducted on the south polar skua
culminated in the first successful radio-tracking of this
species in the Antarctic. To observe and collect specimens of
brown skuas not under the influence of south polar skuas,
Parmelee visited Bird Island, South Georgia, as a guest of
the British Antarctic Survey during November and
December 1976. The skua population on Bird Island was
enormous, and many breeding pairs were observed.

Fraser, who wintered at Palmer Station during 1975-
1976, completed 12 continuous months of observations on
resident southern black-backed gulls before leaving the
study area in October. He recorded from an observation
blind on Bonaparte Point the full behavioral repertoire of
the species. Gull feeding ecology was monitored throughout
the year through direct observation and ampling of prey
items. Emphasis was placed on establishing the degree to
which various prey items were exploited as well as the
method employed in their capture. Particular attention also
was given the relationship between the gulls and their most
highly utilized prey species. The breeding success of adult
gulls at Palmer is unusually high. In view of a natural,
superabundant food supply in the surrounding seas, we hope
to demonstrate that extremes in food availability may be in-
fluencing adult or chick behaviors in such a way that mor-
tality in young birds is reduced, either through minimizing
chick mobility or depressing adult aggression.

Since artificial food supplies (station dumps, etc.) are
known to influence gull productivity in other parts of the
world, the dumping of exposed garbage was discontinued at
Palmer Station in November 1975. Although our data since
December 1974 on both breeding gulls and skuas indicate
that the birds do well when there is an abundance of natural
foods, it is too early to predict whether they would depend
heavily on artificial foods when the natural ones are at low
levels.

Neilson was able to explore and observe wildlife on small
islands west of Palmer Station during February 1977. At the
Joubin Islands, while aboard the British ship RRS Bransfield,
he found hybridizing skuas heretofore not known to occur
there; at the Gossler Islan1s, while aboard R/V Hero, he
found four small colonies of breeding fur seals, the first
reported for the region.

Photographic print of two large flocks of birds (species
uncertain) recorded on a radar screen by members of the
Desert Research Institute operating out of Palmer Station
located at center of photo. This enormous concentration
was tracked for 2.5 hours as it moved over the ocean about

65 kilometers from Palmer.

Glass, a first-year graduate student recently assigned to
the project, is wintering at Palmer in 1977. In addition to
making winter observations on giant fulmars, American
sheathbills, gulls and antarctic terns (skuas are absent in
winter), he is attempting to track migrating flocks of various
kinds of birds at sea with radar equipment newly installed at
Palmer by the Desert Research Institute of Reno, Nevada.
Preliminary studies with the radar already have met with
some success (figure). Earlier observations by Neilson clearly
showed that large movements of sea birds take place even in
dead of winter in the Palmer area where open water persists
for long periods.

This research was performed under National Science
Foundation grant DPP 76-15350.

Role of glycoprotein and peptide
antifreezes in the survival of polar

fishes

ARTHUR L. DEVRIES

Department of Physiology and Biophysics
University of Illinois

Urbana-Champaign, Illinois 61801

Certain polar fishes spend their entire lives swimming in
ice-laden seawater, yet do not freeze even while resting on
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masses of ice crystals at a temperature of - 1.9°C (figure 1).
In contrast to temperate and tropical fishes, polar fishes are
able to avoid freezing because their body fluids are fortified
with unique glycoproteins and peptides that possess an-
tifreeze properties (DeVries, 1971, 1977). The glycoproteins
have been isolated from the blood of several antarctic fishes
and the peptides from a few arctic fishes. Both types of an-
tifreezes have been characterized chemically (DeVries, et
al., 1970; Raymond et al., 1975).

However, little progress has been made until recently on
determining how they produce their unusual noncolligative
lowering of the freezing point of water. An early study sug-
gested that the freezing point depressing activity—also
called antifreeze activity - resulted from the structuring of
water within the interior of the glycoprotein molecule and
structuring around the many hydroxyl groups of its sugar
side chains (DeVries et al., 1970). But a recent study using
nuclear magnetic resonance techniques for determining
water structuring has revealed that the glycoproteins bind
only a small amount (about 1 percent) of the water present
in the plasma of the fish (Haschemeyer et al., in press). This
small amount of "bound water" would make only a small
contribution to the noncolligative freezing point depression
of the fish plasma.

Although water structuring cannot be completely exclud-
ed on the basis of this recent study, it appears more likely
that the mechanism of antifreeze activity is one that involves
the adsorption of the glycoproteins and peptides to the sur-
face of ice crystals which results in inhibition of crystal
growth (Raymond and DeVries, 1977). In this mechanism
the glycoproteins and peptides adsorb randomly on the
crystal surfaces, and as a result crystal growth can take place
only between the adsorbed molecules. The result of such a
constraint on the pattern of ice growth is that the advancing
ice front is divided into many small advancing fronts each of
which is highly curved. Ice growth will not occur at these
highly curved fronts unless the temperature is significantly
lowered. This can be stated in another way, which is that the
freezing point is lowered. The adsorption-inhibition model
not only appears to explain the unusual freezing point
depression but is also consistent with the difference that is
observed to occur between the freezing and melting points of
solutions of the antifreeze. The adsorption-inhibition model

Naked dragon fish, Gymnodraco acuticeps, resting on the
bottom on a mat of ice crystals in 10 meters of water in

McMurdo Sound, Antarctica. A.L. DeVries.

has been described in detail (Raymond and DeVries, 1977).
An important feature of this model is the adsorption of the
antifreezes to ice. In the case of the glycoprotein antifreezes,
chemical modification has demonstrated the requirement of
a specific chemical structure for activity (Shier et al., 1972).
When loss of activity is observed after chemical modifica-
tion, the glycoproteins can no longer adsorb to the surface of
ice (Lin et al., 1976), thus demonstrating the importance of
binding for activity. The structural features of the glycopro-
tein that allow it to recognize ice have been studied, and it
appears that a specific spatial arrangement of the sac-
charide side chains is necessary. Most likely the hydroxyl
groups of the saccharides hydrogen bond to the oxygens in
the ice lattice.

Circular dichroism studies have failed to demonstrate the
presence of a structure in which the hydroxyl group spacings
agree with the spacings of the oxygens in the ice lattice (Ray-
mond and DeVries, in press). However, in a peptide an-
tifreeze isolated from the winter flounder, such a spacing
has been identified (DeVries and Lin, in press). In this an-
tifreeze the amino acids threonine and aspartic acid occur at
several positions in the peytide and are always separated
from each other by 4.5A, a repeat distance that also
separates the oxygens in the ice lattice along the a-axis.
These polar amino acids most likely bind to the water
molecules in the ice lattice through hydrogen bonding in-
volving the hydroxyl group of the threonine residue and the
carboxyl group of the aspartic acid residue.

This research was supported by National Science Founda-
tion Grants OPP 74-07917 and DPP 76-82366.
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Ecology of benthic fishes and
echinoderms along the Scotia Arc

and the Antarctic Peninsula

JAMES D. MCCLEAVE

Department of Zoology

JOHN H. DEARBORN

Departments of Zoology and Oceanography

HUGH H. DEWITT

Departments of Oceanography and Zoology
Ira C. Darling Center

University of Maine at Orono
Walpole, Maine 04573

This paper describes our ongoing efforts in antarctic
biology since March 1976. Most of the material for current
studies was obtained during ARA Islas Orcadas cruises 5 and
8 along the Scotia Arc and R/V Hero cruise 76-2 in the
vicinity of Anvers Island south to Marguerite Bay. Some
material dates to Hero cruise 72-2 and USNS Eltanin cruises
27, 32, and others.

Taxonomy, zoogeography, and population structure of
benthic fishes: A revision of the ice-fish genus Chionodraco
(family Channichthyidae), including the description of a
new species, was completed. The results will be in a report
on fishes obtained during Hero cruise 72-2 being prepared
by Hugh H. Dewitt and J.C. Hureau. The revision is ap-
plicable to ice-fish collected at the South Orkney Islands
during Islas Orcadas cruise 8.

Identification and descriptions of fishes obtained during
Islas Orcadas cruise 5 continued. A new species of skate
(family Rajidae) from near South Georgia, allied to Raja
agassizi from Brazil, was confirmed. Work began on an ap-
parently undescribed eel of the genus Con grina (family Con -
gridae) from the upper continental slope off the mouth of
the Rio de la Plata.

Faunal analysis of the benthic fishes of the Ross Sea was
begun with data from Eltanin cruise 27. Similarity matrices
were constructed using the coefficients of Baroni-Urbani
and Buser (1976) and Ochiai (1957). Preliminary inter-
pretation indicates that sampling during Eltanin cruise 27
was not always adequate and that stations at which only one
or two species were obtained should be discarded from
faunal analysis since these stations' coefficients are deter-
mined more by the numbers of species present than by
faunal relationships. Four fish-faunal groupings appear to
be present, each distributed roughly in northeast to
southwest areas in order from the southwest corner of the
Ross Sea northward to the continental slope. This pattern is
similar to the trend of bottom isotherms in the Ross Sea.
The faunal regions also show a correlation with depth, the
outermost group occurring on the continental slope north of
the Ross Sea. A fifth species group is represented by one sta-
tion in shallow water near Franklin Island. A computer pro-
gram is being developed to expand the analysis to data from

Eltanin cruise 32 and to the results of Islas Orcadas cruises 5
and 8.

A review of the snail fishes (family Liparidae) obtained
during Eltanin cruises has essentially been completed by
Linda Tompkins as her masters thesis in the Department of
Zoology. The study includes all species recorded from ant-
arctic and subantarctic zones. The Eltanin collections are
relatively rich in this group and include more than 20
previously undescribed species.

A study on the age and growth of Notothenia larseni
(family Nototheniidae), the most common shelf species in
the Scotia Sea region, from South Georgia in the north to
the Antarctic Peninsula and neighboring islands in the
south, was begun by Todd Landis, a graduate student in the
Department of Oceanography. Scales from 100 individuals
were examined, annuli were recognized, and a preliminary
growth curve was plotted. The relationship between fresh
fish weight and formalin -preservedfish weight was exam-
ined for N. larseni. The relationship will allow us to convert
weights of specimens preserved in formalin back to fresh
weights.

Feeding biology of benthic fishes: Studies were made
based primarily on stomach contents from repetitive collec-
tions (often over 24 to 48 hours) of six benthic fish com-
munities near South Georgia, in the South Sandwich
Islands, the South Orkney Islands, and near Anvers Island.

We have concentrated on sorting and identifying fish food
items from one of these benthic communities located in 120
to 150 meters of water north of South Georgia. The collec-
tion consists of 463 stomachs from ten species obtained in
several Blake trawl hauls in the same location over 48 hours.
Most of this collection has been sorted, with food items ini-
tially identified to major taxonomic group. The three most
abundant species in the community are Notothenia larseni,
N. nudzfrons and N. gzbberfrons. In this area, at least, N.
larseni feeds mainly on krill (Euphausia superba) and
mysids; N. nudifrons, on amphipods, isopods, tanaids and
polychaetes; and N. gibberifrons, on a great variety of items
including polychaetes, amphipods, tanaids, echiurans,
ophiuroids and cumaceans.

Careful identification to as low a taxonomic level as possi-
ble is now underway on these sorted food items. The data
will then be analyzed in conjunction with Timothy Targett,
graduate student in the Department of Zoology, for food
resource partitioning in the benthic community of fishes and
for possible 24-hour chronology in feeding. Additionally,
the interaction between the benthic fishes and their in-
vertebrate prey is of interest.

Studies of digestive physiology and metabolism at cold
temperatures by Richard Crawford, a graduate student in
the Department of Zoology, are nearing completion.

During Islas Orcadas cruise 5 and Hero cruise 76-2, three
methods were used to determine the gastric evacuation rates
of N. coruceps neglecta, N. gibberifrons, N. larseni, and N.
angustifrons. All three methods were then used to determine
the gastric evacuation rate of longhorn sculpin (Myox-
ocephalus octodecemspinosus, family Cottidae) from the
Gulf of Maine. Evaluation and comparison of these data by
computer are completed. Observations of the effects of ship-
board handling on the metabolic rate of Al. octo-
decemspinosus are included in this evaluation.

Histological and histochemical preparation of nine
regions of the gastrointestinal tracts of N. carzice ps neglecta.
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N. gibberfrons, N. larsenz, and N. angustfrons has been
completed. Tissues are under study, and photographs are
being prepared for publication.

Scales and otoliths of N. coriiceps neglecta, N. gib-
berfrons and N. nudfrons are being examined to evaluate
the rate of growth of these fishes. Also under study are the
effects of feeding and starvation on the proximate analysis of
N. coriiceps neglecta. Whole fish, liver, gonads, and muscle
tissues obtained near Palmer Station are being analyzed.
Growth efficiency can be assessed using these data.

Zoogeography, feeding biology, and chemical composi-
tion of invertebrates: Analyses continue on echinoderms and
other invertebrates obtained during Islas Orcadas cruises 5
and 8. Specimens are being sorted to species. Geographic
and bathymetric distributions of ecologically important
echinoderms are being determined. These data will be cor-
related with the extensive information accumulating on the
prey of benthic fishes. The interactions of the demersal fish
Notothenia gibberfrons and several echinoderm prey
species is of special concern.

Continuing efforts to clarify the predator-prey roles of
antarctic asteroids and ophiuroids have involved analyses of
several hundred stomach contents for each of five ophiuroid
species and smaller samples for six asteroid species. Of par-
ticular interest are the foods and feeding biology of the brit-
tiestars Astrotorna agassizii, Ophiacantha vivipara,
Ophiurolepis gelida, 0. martensz Ophioperla koehleri, and
Ophionotus hexactis. The latter two species occasionally
capture and feed on both moribund and healthy krill.

Studies continue on the composition of echinoderms in
conjunction with Edgar Lowe, graduate student in the
Department of Zoology. Discs and arms of ophiurods are be-
ing analyzed separately for levels of protein, lipid, ash, and
calories. To date frozen samples of 13 species of brittlestars
have been examined. Differences between disc and arm
values are important in understanding the detailed relation-
ships between dermersal fish and echinoderm prey. Fish in-
gesting only exposed distal portions of brittlestar arms will
obtain poor quality food when compared to fish eating en-
tire brittlestars. With the recent acquisition of a Phillipson
microbomb calorimeter for antarctic studies, our calorie
determinations are now underway. These studies on the
composition of echinoderms are correlated with the analyses
of fish food habits. We are investigating not only chemical
composition but also the size, spatial occurrence, and degree
of exposure of brittlestars in regard to their role as prey for
demersal fishes.

This research is supported by National Science Founda -
tion grant DPP 74-08565.
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Processes organizing contrasting
benthic communities of McMurdo

Sound

PAUL K. DAYTON andJoHN S. OLIVER

Scripps Institution of Oceanography
La Jolla, California 92093

The narrow continental shelves of Antarctica have been
exposed to massive glaciations that apparently resulted in
the extinction of many shallow water benthic species. Since
the continent has beer) isolated from other shelf faunas for
some 40 million years (Denton et al, 1971; Denton and
Borns 1974), much of the shallow benthic fauna appears to
represent an upward extension of bathyl species (Dell,
1972). The benthic communities of the McMurdo Sound
areas are representative and extremely interesting because
in some places they are similar to some of the most produc-
tive, high infaunal density habitats in the world and in other
areas they are similar to bathyl deep-sea situations. The east
side of McMurdo Sound has oscillating north-south currents
and extremely productive plankton blooms that probably
contribute to higher infaunal densities than almost any
other assemblage in the world. In marked contrast, the west
side of the Sound is almost always covered with ice and is
bathed by unidirectional currents from beneath the Ross Ice
Shelf. Here the patterns of motile epifauna and low infaunal
densities are similar to those in the bathyl deep-sea (Dayton
and Oliver, 1977).

A three-person winter party consisting of John Oliver,
Donna Oliver, and Peter Slattery returned to McMurdo in
December 1976 to continue the program described by Oliver
et al., 1976. John Boland, Larry Hulberg and Paul Dayton
are to join them in October through December, 1977, when
this continuing project will be deactivated for several years.

Results of the winter program have been rewarding, par-
ticularly with regard to the study of life history patterns of
infaunal animals, including details of reproductive biology,
recruitment success, and survivorship of different age
groups. A laboratory at McMurdo with running sea water
has allowed the isolation of several species so that specific
rates of development and growth can be worked out, allow-
ing more accurate interpretation of size measurements of
field samples. Preliminary work already shows that seasonal
reproductive cycles common to arctic animals exist at
McMurdo Sound, with predation on juvenile life stages be-
ing a major factor in the organization of the soft-bottom
community at McMurdo Sound.

For example, apparently in response to heavy juvenile
mortality, from filter and deposit feeders, several deposit-
feeding maldonid polychaete worms have evolved an ex-
treme life history in which they reproduce by asexual fission,
a reproductive tactic previously unknown in this family. In-
deed, no egg carrying individuals of these species have been
seen at McMurdo, suggesting that sexual reproduction is
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very rare, and the high mortality of the eggs and young have
been all but eliminated. This is an extreme case, but almost
all the infaunal species show adaptations to reduce mortality
to settling larvae. These conclusions are supported by studies
of gut contents of infaunal predators that live among the
dense tube assemblage of the filter and deposit feeders at the
surface of the mud. The most convincing evidence for these
patterns will come from the laboratory and field experi-
ments being established. Such convincing experiments could
not have been established in the absence of the detailed
natural history data being collected by the winter party.

The experiments described earlier (Oliver et al., 1976) are
being monitored, but analysis is slow because sorting and
picking samples is difficult. We saw no significant trends of
the ophiuroid exclusion experiments on infaunal larval
recruitment into the dish pan and excavation experiments at
New Harbor nor for similar Odontaster validus exclusion ex-
periments at Cape Armitage. Epifaunal animals, however,
are strongly influenced by asteroid cropping. These effects
on epifaunal animals are clearly demonstrated by ex-
perimental manipulations of sediment containers, natural
rocks and cages, and other artificial substrata. Dramatic
species-specific infaunal differences are seen in organic
enrichment experiments and in experiments established to
see differences in dispersal tactics. Increased sedimentation,
an artifact of cage experiments, drastically affects succes-
sional patterns by accelerating it the first year but inhibiting
it in subsequent years.

The deep-sea barnacles collected in January 1976 (see
Oliver et al., 1976) reproduced in 1977, and the young have
settled on the sides of the adults. These data may represent
the first successful transplants of deep-sea animals into
shallow water situations. The primary productivity data are
being analyzed and corroborate the higher rates in more
northerly sites discussed in Dayton and Oliver (1977). Final-
ly, baseline survivorship data are being collected in the
sponge community, and many experiments regarding com-
petitive overgrowths of sponges and the biology of sponge
predators (Dayton et al., 1974) are being monitored.

References

Dayton, P.K., andJ.S. Oliver. 1977. Antarctic soft bottom benthos
in oligotrophic and eutrophic environments. Science, 197: 55-58.

Dayton, P.K., G.A. Robilliard, R.T. Paine, and L.B. Dayton.
1974. Biological accommodation in the benthic community at
McMurdo Sound, Antarctica. Ecological Monographs, 44(1):
105-128.

Dell, R.K. 1972. Antarctic benthos. Advances in Marine Biology 10:
1-216.

Denton, G.H., R.L. Armstrong, M. Stuvier. 1971. Late Cenozoic
Glacial History of Antarctica. In: K.K. Turkian, editor. Late
Cenozoic Glacial Ages. Yale University Press. p. 267-306.

Denton, G.H. and H.W. Borns, Jr. 1974. Former grounded ice
sheets in The Ross Sea. AntarcticJournal of the U.S., IX(4): 167.

Oliver, John S., Daniel J . Watson, Edmund F. O'Connor; Paul K.
Dayton. 1976. Benthic Communities of McMurdo Sound. A ntarc-
ticJournal of the U.S. XI(2): 58-59.

Effects of ice facies on small
scale oceanic phenomena: R/V

Hero Cruise 77-1

ROBERTJ. BARSDATE and VERA ALEXANDER

Institute of Marine Science
University of Alaska

Fairbanks, Alaska 99701

Ice-dominated regions of the world's oceans are of special
interest to students of marine ecosystems because an ap-
parent anomaly exists whereby such cold waters have large,
rich, and varied populations of birds, mammals, and fishes.
Low temperature per se does not seem to inhibit strongly the
biological activity. In arctic regions productivity at the
photosynthetic level is highly seasonal, mostly occurring in
spring. Typically a spring bloom in the ice adjacent to the
water/ice interface is followed by a bloom in the water.
Presumably this highly seasonally restricted activity is due to
nutrient exhaustion during the summer months.

Antarctic waters, however, are known to be richer in
nutrients, and therefore the seasonal production regime dif-
fers. On the other hand, ice-associated plant production is
known to be important here also (Bunt, 1963; Meguro,
1962, and others). In addition, ice plays a significant role in
determining the composition and structure of the sea water
column in its immediate vicinity. The effect of such physical
and chemical conditions on the biological system is of in-
terest. We therefore proposed to study the effects of ice on
the local near-shore system in the vicinity of Palmer Station,
Antarctica, concentrating on low trophic level biology and
on aspects of seawater chemistry.

Three cruise tracks for the R/V Hero were selected to carry
out the field sampling and oceanographic observations. The
first was directly outside Arthur Harbor, with a series of 10
stations in a grid west of Anvers Island taken over a 3-day
period. The second was somewhat farther south, with
several stations taken enroute, but basically a transect of
four major stations was completed running out to sea off the
Biscoe Islands at a longitude of 66°W. A few samples of sea
ice, some newly forming, were collected. The third track
was to the north of Palmer Station and included another
transect at approximately 62°S. latitude, west of the South
Shetland Islands. We also worked in the bay of Deception
Island and took a series of surface samples on the run back
to Palmer Station. The final aspect of our work was analysis
of nutrient levels in glacial ice, snow, runoff, and precipita-
tion, to be used in estimating nutrient input in the coastal
regions. El-Sayed (1970) describes the shelf west of the Ant-
arctic Peninsula as an area of high production; this may well
be related to a relatively high nutrient input.

Chlorophyll values ranged from undetectable to 9 milli-
grams per cubic meter, with the highest values in the bay at
Deception Island. Primary productivity as measured by the
carbon-14 method (with deck incubation) showed a similar
variation, and light versus photosynthesis experiments sug-
gested two distinct populations with differing responses,
possibly related to nutrient levels. The chlorophyll values
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are in line with those found by other workers at the same
time of year. Bienati et al. (1971) found high levels (13.5
milligrams per cubic meter) at the surface in late March in
Paradise Harbor (Gerlache Strait). Summer primary pro-
ductivity also was found to be high in that area (Bienati et
al., 1975). Previous work in the Arthur Harbor area has
shown three algal blooms during the summer season, with
the highest in midsummer (Krebs, 1974). Krebs suggests
that cool surface water of low salinity due to glacial runoff
and presence of brash ice may be a strong influence. Burck-
holder and Mandelli (1965) also found three production
peaks during the summer. In our work we ultimately will be
able to correlate light levels, light penetration, nutrient
analyses, chlorophyll, and primary production with physical
structure of the water column (salinity and temperature).
Previous work has not included ammonia among the nutri-
ents studied, although our results suggest that it is a major
source of nitrogen for the phytoplankton populations and
that it is sensitive to changes in productivity and influences
algal light response. Warnke et al. (1973) describe the en-
vironment in the Arthur Harbor vicinity in terms of some
chemical aspects and include some microbiological data.

A summary of data from the runoff and precipitation
study is shown in the table. The numbers are means, taken
from all the samples of each kind. There is a suggestion that
runoff may be an important source of ammonia and that
rainfall also could add significant amounts of this nutrient.
The situation is similar for phosphate, although the results
are not as clear.

One very distinct difference between the Arctic and the
Antarctic is related to ice-algal communities. We were in-
terested to find abundant algae associated with newly form-
ing sea ice during our southern cruise track. These algae
showed a high degree of light compensation, and the
photosynthetic rates were not reduced greatly by lowering
the light from full surface intensity to under-ice levels. We
never have observed fall ice-algal production in the Arctic,
although it is well documented for the Antarctic (Hoshiai,
1972). The area of sea ice that we studied near the Biscoe

Islands was rich in birds, seals, and whales, suggesting that
ice-related production may be important in the biological
regime. This has been observed for localized areas of ice oc-
curring during the spring season in the Bering Sea in the
Subarctic U. Burns, personal communication). However, it
is possible that during the fall in the Bering Sea ice forma-
tion occurs at a time of too low light intensity to allow for
algal growth or alternatively nutrient deficiencies may be
prohibiting.

This work was supported by National Science Foundation
grant DPP 75-15851. We appreciate the cooperation and
support of Captain Peter Lenie of the R/V Hero and his
crew. The facilities of Palmer Station were used as shore
base. The invaluable assistance of Margie Young is
acknowledged.

References

Bienati, N.L., R.A. Comes, and C.H. Spiedo. 1971. Variacon esta-
cional de pigmentos fotosinteticos en aguas antarcticas. Inst it uto
AntarctzcoArgentino. Contribucions, 109, 22 p.

Bienati, N.L., R.A. Comes, and C.H. Spiedo. 1975. Produccion
primaria en aguas antarticas variacion estacional y prouccion
enriquecida en ci ciclo de verano. Inst it uto Antartico Argentino.
Contribucions, 193. 19 p.

Bunt, J.H. 1963. Diatoms of antarctic sea-ice as agents of primary
production. Nature, 199: 1255-1257.

Burckholder, P.R., and E.F. Mandeili. 1965. Carbon assimilation
of marine phytopiankton in Antarctica. National Academy of
Sciences. Proceedings, 54: 437-444.

El-Sayed, S. 1970. On the productivity of the southern ocean (Atlan-
tic and Pacific sectors). In: Antarctic Ecology (MW. Holdgate.
ed.) Academic Press. p.119-135.

Hoshiai, T. 1972. Diatom distribution in sea ice near McMurdo and
Syowa Stations. AntarcticJournal of the U.S., VII(4): 84-85.

Krebs, W.N. 1974. Physical-chemical oceanography of Arthur Har-
bor, Anvers Island. AntarcticJournal of the U.S., IX: 219-221.

Meguro, H. 1962. Plankton ice in the Antarctic Ocean. Antarctic
Record, 14: 1192-1199.
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PO4 - P	 NO2 - N	NH4 - N	 pH	Alkalinity
(Mg at/I)	 (jug at/1)	 (Mg at/1)	 (meg/i)

Runoff (6 samples), 24 February - 7 March 1977

	

1.3	 0.09	 3.0	 6.46	 0.07

Precipitation (6 samples), 24-26 February 1977
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Total snow accumulation (4 samples), 1-7 March 1977
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Glacier ice, top 3cm, 7 March 1977

5.41	 0.006

	

0.31	 0.11
	

0.92	 5.85	 0.012

Glacier ice, 3-6 cm, 7 March 1977

	

0.12	 0.03	 0.48	 5.56	 0.008
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Ecosystem studies and
mathematical model for Lake

Bonney, Taylor Valley, southern
Victoria Land

LEONARD W. HOWELL, JR., RICHARD G. KRUTCHKOFF,
and BRUCE C. PARKER

Virginia Polytechnic Institute and State Unwersity
Blacksburg, Virginia 24061

The fifth and final austral summer of our study of the
Lake Bonney ecosystem pursuant to a mathematical model
was undertaken from November 1976 to January 1977.
Measurements throughout the season included dissolved 02,
pH, sulfates, NH,,-N, NO 3 -N, NO2 -N, primary produc-
tivity, algal counts, temperature, alkalinity, and PO 4 -P. In-
creasing emphasis was given to assessment of glacial
meltwater input to the lake, inorganic nitrogen and or-
thophosphorus composition of the meltwater and the ice-
cemented permafrost, and a new investigation of carbon-14
organic substrate uptake by the plankton microorganisms.
These data will be reported subsequently following detailed
analysis and interpretation.

In addition, we are investigating the growth of Lake Bon-
ney, the volume of which has more than doubled since its
discovery and description by Scott's field party in 1903. The
lake's growth in recent years is emphasized by the necessity
to abandon the hut in January 1977 when the water level
reached its foundation (figure 1). This hut was erected in
1962 and was several meters above Lake Bonney ice at that
time. The remainder of this report describes the
mathematical model, now nearly complete and to our
knowledge the first such model for an arheic, meromictic
lake.

Our modeling approach for the Lake Bonney ecosystem
has been to employ three categories of information to
develop a model as a tool for exploring interactions between
various lake organisms and their environments. These three
categories are (1) real data or measurements taken at Lake
Bonney (e.g., nutrient levels, productivity rates), (2) real
data or measurements from other aquatic ecosystems (e.g.,
nutrient uptake rates, cell composition) and (3) intuitive
guesses (e.g., death rates, consumption rates). The Lake
Bonney model is deterministic and consists of 21
simultaneous differential equations, 21 parametric equa-
tions, 42 submodels, and 180 coefficients. We have written a
FORTRAN program that solves these equations numerically,
giving the solutions graphically and/or in tabular form.
Four programs permit a variety of input-output options.

Figure 1. Lake Bonney hut (built 1962) and analytical
chemistry lab (built 1971) in early January 1977, showing
lake water surrounding the hut and at a level nearly

touching the foundation.

Each program calls each of the subprograms, and many of
the subprograms call each other as they run on the IBM
370/158 computer. Other important features of the model
are mass-balance, which checks the consistency of the equa-
tions, and a confidence interval submodel that allows for
confidence intervals in prediction.

Differential equations used in our model consist of
derivatives of biomass and nutrient (or other variable) con-
centrations with respect to time, as follows: (1) suspended
(plankton) algae, (2) suspended (plankton) bacteria, (3)
suspended (plankton) yeasts, (4) water column phosphorus,
(5) water column inorganic nitrogen, (6) water column in-
organic carbon, (7) water column particulate organic mat-
ter (nonliving), (8) water column dissolved organic matter,
(9) water column dissolved oxygen, (10) mat algae (referring
to benthic attached felts), (11) mat yeasts, (12) mat bacteria,
(13) mat consumers (referring to ciliates, rotifers, tar-
digrades and nematodes in mats and which are not found in
the plankton), (14) mat inorganic nitrogen, (15) mat
phosphorus, (16) mat inorganic carbon, (17) mat dissolved
organic matter, (18) mat particulate organic matter (nonliv-
ing), (19) mat dissolved oxygen, (20) mat volume, and (21)
lake volume (living part only).

Parametric equations, which are those for environmental
variables influencing the biomasses and nutrients of interest,
are: (1) boron concentrations in the water column, (2) boron
concentration in the mat, (3) salt concentration in the water
column, (4) salt concentration in the mat, (5) glacier and
mountain blockage of sunlight, (6) daily/seasonal sunlight
intensity, (7) water column temperature, (8) mat tempera-
ture. (9) water column pH. (10) mat pH. (11) freezing/
melting of lake ice, (12) meltwater input of algae
(tychoplankton). (13) meltwater input of bacteria, (14)
meltwater input of yeasts, (15) meltwater input (freshwater),
(16) meltwater input of inorganic carbon, (17) meltwater in-
put of dissolved organic matter, (18) meltwater input of par-
ticulate organic matter, (19) meltwater input of phos-
phorus, (20) meltwater input of inorganic nitrogen, and (21)
meltwater input of dissolved oxygen.

Sensitivity studies have been conducted to examine the
depth of various concepts in the submodels. Such submodels
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Figure 2. Examples of Lake Bonney mathematical model computer output. 2A. 480 day prediction of phytoplankton algal
biomass for East Lake lobe (g/m 3 = y axis value x 0.18x10 2 and = y axis value x 0.14x10 2 , respectively). 2B. Sunlight inten-

sity over Lake Bonney (langleys per day = y axis value x 0.35x102).

include (1) the effect of boron toxicity on algal growth, (2)
the sink effect of the mat in nutrient uptake from the water
column and (3) primary production as a function of light in-
tensity, nitrogen, phosphorus, inorganic carbon, dissolved
organic matter, boron concentration, and salinity.

Although our field studies at Lake Bonney have covered
only the austral summer, our model has been expanded to
include the winter and day-by-day predictions for a period
of more than 2 years. Other programs cover periods of 120
and 480 days. An example of the computer output is il-
lustrated in figure 2A, which shows phytoplankton biomass.
Figure 2B illustrates graphically the parametric equation for
sunlight.

Having a total lake ecosystem model allows one to order
biological concepts in terms of their individual contribution
to the lake as a whole. It is also a useful tool in exploring the
environmental impact of perturbations on the lake. While
this model would require major alteration for typical dimic-
tic lakes or impoundments in exorheic regions, such as most
of North America, South America, and New Zealand, the
model could be adapted to other similar meromictic lakes
with only minor changes in coefficients and parametric
equations.

We gratefully acknowledge support of National Science
Foundation grant GV-351 71 and members of the 1976-1977
Lake Bonney field team: T. Allnutt, B. Bishop, D. Brown,
J . Crate, L. Heiskell, Jr., W. Thompson, D. Wendt, and S.
Wendt.

Baseline microbiological data for
soils of the Dufek Massif

B.C. PARKER, A.B. FORD,* T. ALLNUTT, B. BISHOP,
and S. WENDT

Virginia Polytechnic Institute & State University
Blacksburg, Virginia 24061

Cameron and Ford (1974) report the first baseline
microbiological data for soils of the Pensacola Mountains.
Especially noteworthy are their findings that few organisms
and low species diversities are associated with these relatively
remote and pristine residual soils, thereby resembling the
earlier results from undisturbed sites in the dry valleys of
Victoria Land. We report here a preliminary assessment of
this earlier study using 23 aseptically collected soil samples
from the Dufek Massif, primarily between 82139'S.
53°40'W. and 82°30'S. 51°48'W.

Collections were made 1-20 December 1976 and brought
to McMurdo Station within 2 weeks for immediate pro-

8 Alaskan Geology Branch, U.S. Geological Survey, Menlo Park,
California 94025.
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Photographs of four
representative sample
sites from the Dufek
Massif: S4, medium-
coarse silty and sandy
anorthositic gruss; Sb,
sandy gabbroic gruss
dampened from melting
snow; S13, like SlO, but
dry; S16, sandy gabbroic
gruss from top of nunatak
near Lewis Spur and damp

from melting snow.

cessing. Following major microbiological decontamination
oI.the Eklund Biological Center micro-lab, soil samples were
removed from a 4°C incubator. Ten grams of each soil were
measured in sterile milk dilution bottles containing 40
milliliters of sterile distilled water. We aseptically added
0.10 milliliters of each thoroughly agitated soil and water
sample to each of six petri plates, three of one medium and
three of another. Tripticase Soy-Soil Extract Agar (TssA)
medium consisted of Difco Tripticase Soy Agar like that
used by Cameron and Ford (1974) but with the addition of
200 milliliters per liter (20 percent) of soil extract.

The soil extract was prepared as follows: 1 kilogram New
Harbor soil + 0.5 gram CaCO 3 + 1 liter distilled water;
following autoclave-sterilization, we filtered through What -
man no. 1 paper and stored the filtrate (soil extract) at 2 °C
until needed. Our second medium was Peptone-Yeast
Extract-Soil Extract Agar (PYSA) and contained proteose
peptone (1.0 gram), yeast extract (0.2 gram), 200 milliliters
(20 percent) soil extract, and 15 grams agar per liter.
Following spread plating, plates were incubated aerobically
at 15°C for 10 days. Incubation at lower temperatures for
longer periods was not possible due to the scheduled late
January flight from McMurdo to the United States.

The table lists colony counts following 10 days incubation
and some information on the soils sampled. Four represen-
tative soil sample sites are shown in the figure. The two basic
residual soils are silty sand or gruss. One type is derived from
gabbro and the other from anorthosite. Both have similar
mineralogy, although the anorthosite contains more
feldspar. Accordingly, the gabbroic soils are much darker in
color. These Dufek Massif soils probably resemble closely
those at Mount Lechner (nos. 4-6) in the report of Cameron
and Ford (1974). Contrastingly, our soils were very different
from their morainal soils (nos. 1-3) of the Cordiner Peaks.

The most striking result from our data (table) is the fre-
quent order(s) of magnitude higher numbers of colonies that
developed on our relatively low concentration, simple PYSA
medium. In fact, 20 of the 23 soils gave this response, while
only one soil sample (S . 7) yielded fewer organisms on PYSA
than on TSSA. Unfortunately, the true numbers of viable
microorganisms in 15 of the soils cultured on PYSA were not
determined because our dilution of the soils, calculated
from the results of Cameron and Ford (1974), was inade-
quate; more than 300 colonies developed on the plates,
making accurate counting impossible (i.e., over 15,000 col-
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onies per gram of soil). Also, time did not permit a second
plating.

In most instances the appreciably higher numbers of col-
onies on PYSA plates were due to numerous small mucoid
pink colonies, only a relative few of which developed on TSSA
plates. We plan to examine these isolates to better under-
stand their physiology. Similar pink colonies also were not
common in soils from the dry valleys of southern Victoria
Land grown on both TSSA and PYSA plates, although the soils
were collected, stored, and processed similarly to those from
the Dufek Massif. Further, a more extensive survey of
microbial abundance in soils of New Harbor, Barwick
Valley, and other locations in the dry valleys of southern
Victoria Land during the 1976-1977 field season failed to

Abundance of aerobic bacteria in soils of the Dufek
Massif area (per gram of soil).

	Sample	 TSSA*	PYSA5
	number	Soil description	15°C	15°C

	

S-i	Medium-coarse silty and
sandy gabbroic gruss	 80 >15,000

	

S-2	Like S - i. Also, damp from
melting snow	 117 >15,000

	

S-S	Medium-coarse silty and
sandy anorthositic gruss	 33	2,200

	

S-4	Like S-3, but somewhat finer	218 >15,000

	

S-S	Fine-medium, silty and sandy
gabbroic gruss	 34	7,570

	

S-6	Like S-5. From summit of
Brown Nunataks	 50	900

	

S-7	Like 5-5. Beneath cobbles
with white salt crusts	 50	17

	

S-8	Silty and sandy anorthositic
gruss. Also, damp from
melting snow	 50 >15,000

	

S-9	Like S-8. Beneath cobbles
showing white salt crusts	 834 >15,000

	

S-10	Sandy gabbroic gruss. Damp
from melting snow	 17 >15,000

	S-il	Like S-10. Damp from
melting snow	 17 >15,000

	

S-12	Like S-10, but dry	 15,000 >15,000

	

S-iS	Like S-b, but dry	 33 >15,000
	S-14	Like S-10, but dry	 17	200
	S-15	Like S- 10. Damp from snow

melt. From top of nunatak
near Lewis Spur	 17 >15,000

	S-16	LikeS-15	 3,538 >15,000

	

S-17	LikeS-15	 17 >15,000

	

5-18	LikeS-15	 52 >15,000

	

S-19	Like S-15	 50 >15,000

	

S-20	Like 5-15, but dry	 220 >15,000

	

S-21	Like 5-15, but dry	 17
	100

	

S-22	Like S - iS, incl. damp	 0
	

683

	

S-23	Sandy anorthositic gruss	 0	237

5TSSA = Trypticase Soy Soil Extract Agar
PYSA = Peptone Yeast Extract Soil Extract Agar

show the striking result that PYSA enabled development of
greater numbers of microorganisms than TSSA. Finally, only
13 of the 138 Dufek Massif soil spread plates had any fungi,
and by far most of the microorganisms were heterotrophic
aerobic bacteria.

Cameron and Ford (1974) report aerobic bacteria of 0,
less than 10, and 10 per gram of soil collected from Mount
Lechner and 50, 250, and 1,800 per gram of soil collected
from Cordiner Peaks. Only in two of 23 soils did our aerobic
bacteria exceed 1,800 per gram of soil when TSSA medium
was used. These results suggest that TSSA and probably the
Tripticase soy agar (without soil extract) as used by
Cameron and Ford (1974) may not be a good medium for
microorganisms native to the remote Antarctic soils of the
Pensacola Mountains and the Dufek Massif. Thus, a
reevaluation of different media and culture conditions for
growth, isolation, and/or relative abundance studies of ant-
arctic soil microorganisms is perhaps essential to any future
work in this area.

This study of Dufek Massif soils i g only preliminary.
Mount Lechner and the Cordiner Peaks generally are colder
and windier than the north side of the Dufek Massif from
which many soil samples were taken. The south side of the
massif, however, is cold and windy (e.g., S-23 in table).
Thus, numerous variables are not included in this brief
survey of the massif soils.

This research was supported by National Science Founda-
tion grant GV-35171.
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Microorganisms in antarctic
desert rocks from dry valleys and

Dufek Massif

E. IMRE FRIEDMANN

Department of Biological Science
Florida State University

Tallahassee, Florida 32306

Following the first report (Friedman and Ocampo, 1976)
on the occurrence of endolithic cyanobacteria in rocks of the
dry valleys of southern Victoria Land, several dry valley
localities were surveyed during the 1976-1977 austral sum-
mer. A varied flora of endolithic microorganisms was found
in light colored porous rocks (Beacon sandstone, weathered
granite, and marble) but not in dark volcanic rocks like
dolerite: endolithic organisms in hot deserts were reported
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Figure 1. Endolithc microorganisms in the dry valleys col-
lected during the 1976-77 austral summer. Asterisks:
Beacon sandstone. Circles: granite. Squares: marble. Ac-
tual numbers of collecting sites in clusters are larger than

indicated.

Figure 2. Cryptoendolithic microorganisms in vertically
fractured Beacon sandstone: (a) lichen (small black bodies
between rock particles), (b) zone of fungus filaments, (C)
yellowish green zone of unicellular eucaryotic alga, (d)blue-
green zone of unicellular cyanobacterium. The color dif-
ference between (C) and (d) is not apparent in black and
white photograph. Sample A 76-77/36, north of Mount Dido,

elevation 1750 meters, magnification X4.5.

to show a similar preference in rock substrates (Friedmann,
1971).

Endolithic microorganisms that form visible growth pat-
terns inside rocks were collected from over 50 localities in
the dry valleys (figure 1) and an additional sample (in anor-
thosite rock) was collected by A.B. Ford in the Dufek Massif.
In granite, marble, silicified sandstone, and anorthosite the
growth is chasmoendolithic (the organisms colonize existing
fissures in the rock), while in porous sandstone the dominant
form is cryptoendolithic (growing in the internal airspace

•;
-

Figure 3. Silicified Beacon sandstone rock fractured ver-
tically along an existing fissure showing chasmoendolithic
lichen with no apparent reproductive structures. Sample A
76-77/9, valley between Mount Thor and Mount Baldr, eleva-

tion 1575 meters, magnification X 3.3.

system of the porous rock and forming a more or less con-
tinuous horizontal layer under the surface*).

In this preliminary report only a few general and rather
incomplete statements can be made about the varied en-
dolithic microbial flora of the Antarctic deserts. In friable
Beacon sandstone the dominant organism is an unusual type
of lichen: it is cryptoendolithic, growing inside the porous
rock and forming a thin layer a few millimeters below the
surface. Sexual fruiting bodies were not seen and are prob-
ably absent, although formation of conidia has occasionally
been observed. This lichen is often (but not always)
associated with a characteristic exfoliating weathering pat-
tern of the rock. The principal phycobiont is a eucaryote.
The unicellular eucaryotic phycobiont (or perhaps other
similar eucaryotic algae) as well as cyanobacteria also occur
in a nonlichenized (free-living) state. These organisms often
colonize the rock in the vicinity of lichens and form a com-
plex pattern of zonation. In the sample shown in figure 2 the
organisms appear in horizontal zones formed uppermost by
a lichen, then fungus hyphae (probably the mycobiont in a
free state) followed by a non-lichenized unicellular
eucaryotic alga and finally by a nonlichenized unicellular
cyanobacterium.

The present survey showed that monospecific endolithic
cyanobacterial growths such as described earlier from the
dry valleys (Friedmann and Ocampo, 1976) are rather infre-
quent, although this type of growth is common in hot deserts
(Friedmann, 1972). Silicified sandstones may not support a
cryptoendolithic microbial flora, but often harbor chas-
moendolithic lichens in fissures of weathering rocks (figure
3). The chasmoendolithic flora of granite consists of

*For a detailed description of endolithic terminology see Golubic,
Friedman and Schneider (in preparation).
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Figure 4. Chasmoendolithic growth in granite. Under side
of thin weathered crust removed from the rock, colonized
by lichen with no reproductive structures. Sample A
76•77139, valley west of Mount Cerberus, elevation 1300

meters, magnification X 4.4.

Figure 5. Chas moendolithic growth in vertically fractured
friable marble showing rich growth of various eucaryotic
algae and cyanobacteria. Sample A 7677I42, Gneiss Point,

elevation 50 meters, magnification X 1.3.

unicellular cyanobacteria or of lichens with eucaryotic
phycobionts and no fruiting structures (figure 4).
Weathered marble rocks are colonized by a conspicuous
dark green chasmoendolithic growth which is easily exposed
by breaking the friable rock (figure 5). Both eucaryotic
algae and cyanobacteria are represented by several
unicellular and filamentous forms. Such a rich microbial
flora sharply contrasts with the comparatively sparse chas-
moendolithic microbial growth in hot desert rocks (Fried-
mann, 1972; Friedmann and Galun 1974, Friedmann et al.,
1967). Weathered anorthosite in the Dufek Massif is colo-
nized by at least two chasmoendolithic cynobacteria that
form horizontal zones in rock fissures. A large-celled

Figure 6. Chasmoendolithic growth in vertically fractured
weathered anorthosite. Near the surface, a dark-walled
cyanobacterium forms small blackish colonies (a). Deeper
in the rock, extended areas are covered by an other
cyanobacterium (b). The color of the latter is not apparent in
black and white photograph. Sample A .2, west spur of
Walker Peak, Dufek Massif, elevation 1070 meters,

magnification X 3.75.

cyanobacterium with dark pigmented cell walls forms
blackish colonies near the rock surface. Pigmentation
decreases as the organism penetrates deeper into the rock
tissue. Farther below, a small-celled and vivid green
cyanobacterium colonizes the rock (figure 6).

The cryptoendolithic and chasmoendolithic lichens of the
dry valleys show little similarity to known endolithic lichens
having fruiting bodies above the surface of the rock
substrate. No part of the crypto- and chasmoendolithic
lichens seems to be exposed at the rock surface, and as in-
dicated above they conspicuously lack fruiting bodies.

Factors affecting the distribution of endolithic
microorganisms in the dry valleys are not yet fully
understood. Beside geological conditions (rock type),
microclimate— notably the duration of daily insolation—is
probably of fundamental influence. Northern exposure or,
in narrow and deep valleys, exposure towards the opening of
the valley results in longer insolation, and it is usually here
where endolithic microbial colonization of rocks can be
found.

Microclimate measurements (figures 7, 8) in two valleys
document the temperature difference that may exist be-
tween two faces of a rock boulder: endolithic micro-
organisms occur only at the "warm" face. The measure-
ments also show that a significant temperature gradient ex-
ists between the warmer rock interior (where microorgan-
isms occur) and the colder rock surface. This is different
from hot desert conditions where temperature of the rock in-
terior closely follows the temperature of the rock surface
(Friedmann, 1972). The lower rock surface temperatures in
the dry valleys may be attributed to the cooling effect of the
nearly continuously blowing katabatic winds there.
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Figure 7. Daily variations in temperature of air and of
Beacon sandstone rock. Valley between Mount Thor and
Mount Baldr, elevation 1575 meters. "Warm" face of rock
(with cryptoendolithic lichen) facing northwest: (a) surface
of rock, (b) 3 centimeters deep in the rock. "cold" face of
rock facing southwest (no lichen), (c) surface of rock, (d) 3

centimeters deep in rock, (e) air.

Jon 0. Brunson participated in the field work at McMur-
do Station. His constant help and cooperation in collecting
and in meteorological measurements is acknowledged.
Roseli Ocampo- Friedmann helped in preparation of the
manuscript. This research is supported by National Science
Foundation grant DPP 76-15517.
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Figure 8. Daily variations in temperature of air and of
Beacon sandstone rock. Third lateral valley on east side of
Beacon Valley, open to northwest, elevation 1900 meters.
"Warm" face of rock (with cryptoendolithic lichen) facing
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surface of rock, (d) 3 centimeters deep in rock, (e) air.
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Microbial distribution and activity
in and around McMurdo Sound
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La Jolla, California 92093

Our objectives in 1976-1977 were (a) to evaluate the im-
portance of microbial populations in food chain dynamics in
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Date sampled
(1976-1977)

27 Jan.

14- 15 Jan.

22 Dec.

23 Jan.

26 Dec.
29 Dec.
21 Jan.

22 Jan.
24Jan.
30 Dec.

Site

East side
Cape Evans

Aussie hole

No. 3 hole

White Island

West side
Minna Bluff

Heald Island
(Koettlitz Glacier)

Cape Chocolate

New Harbor

Location

77°38'S. 166°24'E
1 km west of

McMurdo Station
5 km west of

McMurdo Station

78° 15. 167 021 'E

78°30'S. 167°12'E

78 0 13'S. 163054'E

77°57'S. 164°38'E

77 0 38'S. 163050'E

Depths sampled
(m)

2, 10, 15,50
100,200

10, 50, 100,
200, 300, 400

15.50

50
15, 25

50, 75, 150

15, 25, 50

5. 23

antarctic waters and (b) to obtain data relating to the
distribution, abundance, and metabolic activities of under-
ice microbial populations. This latter information will be
useful for devising experiments in conjunction with the Ross
Ice Shelf Project. Water samples were obtained in McMurdo
Sound (see table) and were analyzed for chemical and
microbiological parameters. Our sampling was predicated
on the benthic biological observations of Dayton and Oliver
(personal communication) regarding the differences be-
tween the extremely dense infaunal populations of eastern
McMurdo Sound as contrasted to the low-density western
McMurdo Sound stations. Based on these differences,
Dayton and Oliver (1977) conclude that the waters on the
east side of McMurdo Sound are eutrophic and character-
ized by southward moving currents, whereas the waters on
the west side of McMurdo Sound originate from beneath the
Ross Ice Shelf and are oligotrophic.

Microbial biomass. Figure 1A presents some represen-
tative data for the vertical distribution of dissolved and par-
ticulate adenosine triphosphate (D-ATP and P-ATP) in the
water column at No. 3 hole (table). The PATP data indicate
that the biomass (ATP x 250; Holm-Hansen, 1973) of
microbial cells in these waters ranges from 163 micrograms
of organic carbon per liter in the surface waters to a
minimum value of 6 to 7 micrograms organic carbon per
liter at a depth of 300 meters. These results are comparable
to data obtained from vertical profiles taken in temperate
eutrophic coastal waters (Holm-Hansen, 1969). When dif -
ferential filtration techniques (Azam and Hodson, 1977) are
combined with the ATP methodology, our results suggest
that at least 10 percent of the total biomass in the surface
waters was due to bacterial-sized cells (less than 0.6 micron
in smallest dimension). Bacterial cells were also enumerated
using direct microscopy, and the results indicate that the cell
numbers at most of the sample sites listed in the table were
approximately 100,000 bacteria per milliliter. These
numbers are comparable to the density of bacterial cells
found in fairly eutrophic coastal waters of southern Califor-
nia, and much greater than the concentration of cells in
open ocean ecosystems. Most of the cells were rod shaped
with mean dimensions of 0.5 to 1.0 microns by 1.0 to 3.0

microns, which is larger than the average bacteria collected
off the pier at Scripps Institution of Oceanography.

The total microbial biomass as determined by ATP
analyses indicates a pronounced difference between the east
and west sides of McMurdo Sound. The concentration of
particulate ATP in surface waters at the eastern sites (table)
ranged from 600 to 800 nanograms of ATP per liter except
for White Island where it was about 300 nanograms per
liter; concentrations at Heald Island, Cape Chocolate, and
New Harbor were in the range of 100, 200, and 200 to 400
nanograms of ATP per liter respectively. These results sup-
port the hypothesis proposed by Dayton and Oliver (1977)
suggesting significant differences in planktonic productivity
within McMurdo Sound.

Microbial activity. Figures lB and 1C present some
representative data on the heterotrophic activity of
microbial cells at No. 3 hole. The results indicate that the
relative rates of uptake (percent per hour) of both 3H-
labelled ATP (figure 1B) and 3H-labelled glucose (figure 1C)
are similar throughout the water column. Assuming that
most of the labelled organic substrates will be assimilated by
the bacterial populations rather than by phytoplankton
cells, these data suggest that about 30 to 50 percent of the
heterotrophic activity is associated with cells retained on a
0.6-micron filter.

The rate of uptake of ATP by microbial cells in these
waters can be calculated as we have data on the total dis-
solved ATP (figure 1A) and the rate of assimilation of la-
belled ATP. When expressed as nanograms of ATP per liter
per hour, these absolute rates ranged from 139 (No. 3 hole)
and 105 (Aussie hole) to 7 (Heald Island) and 15 (Cape
Chocolate). These data demonstrate the marked differences
in heterotrophic activity between the two sides of McMurdo
Sound.

Micro- radioautographic studies of water samples revealed
that approximately 50 percent of the total bacterial cells
were metabolically active with respect to the added
substrates.

Figure 2 shows the temperature dependence of the
assimilation of 3 H-labelled ATP by the microbial populations

Location of McMurdo Sound sites where water was obtained for microbiological studies.
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within surface water samples collected at a variety of
McMurdo Sound stations. These results indicate that be-
tween 0 0 and 8°C the microbial populations maintain a
maximal level of metabolism; at temperatures higher than
8°C rates of assimilation are dramatically decreased. The
absolute rates of ATP assimilation at 0°C in the waters of the
east side of McMurdo Sound (105 to 139 nanograms per 100
million bacteria per hour) are similar to rates observed at
15-20°C in the moderately eutrophic temperate coastal
waters off La Jolla, California. These data suggest that
temperature is not one of the factors limiting growth of
heterotrophic microbial populations in antarctic waters.

Other measurements. We used aliquots of the same water
samples for determination of chlorophyll, inorganic
nutrients, dissolved organic carbon, nitrogen, and
phosphorus, and photosynthetic potential. Samples were
preserved for floristic analyses. Preliminary data from these
preserved samples indicate that the phytoplankton crop was
very high at the Aussie hole (76 micrograms of cellular
organic carbon per liter) as compared to the low density of
cells within the surface waters at Heald Island (7.3
micrograms of carbon per liter). The species composition of
the phytoplankton also varied dramatically between these
two sample sites; at the Aussie hole the phytoplankton were
dominated by diatoms, thecate flagellates, and the silico-
flagellate Distephanus speculum, whereas at Heald Island
naked dinoflagellates, flagellates, and monads accounted
for most of the phytoplankton crop.

Concomitant with our microbiological studies, R. L.
Michel obtained water samples at most of the sites listed in
the table for analysis of tritium, carbon-14, and humic
acids. These studies, under the direction of P.M. Williams
and R.L. Michel, will be informative in regard to flow pat-
terns in eastern and western McMurdo Sound. They also
constitute components of long-term chemical studies in ant-
arctic waters (Michel and Suess, 1975; Williams and Linick,
1975).

Figure 1. Distribution of
dissolved and particulate
ATP and heterotrophic
microbial activity as a
function of depth at No. 3
hole. (A) Dissolved ATP
(nanograms per liter) A ;
total particulate ATP
(nanograms per liter) 0. (B
and C) Relative rates of
assimilation of 3 H-ATP and
3 H-D•glucose (percent per
hour) respectively, by total
microbial populations
(particles greater than 0.2
micron in lesser diameter)
0; and by cells greater
than 0.6 micron in lesser

diameter .

Figure 2. Temperature
dependence of 3H(2,8)
ATP uptake by natural
microbial populations.
Each data point repre
sents the mean value for
surface water collected at
the following five sample
locations: Aussie hole,
Cape Chocolate, White
Island, Heald Island, New
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Ross Ice Shelf Project—benthic
biology, 1976-1977

JERE H. Lis and TED E. DELACA

Department of Geology and Institute of Ecology
University of California, Davis, California 95616

A chief objective of the Ross Ice Shelf Project since its in-
ception has been to determine whether or not life exists
under the shelf far from the open ocean, and if so its nature
and interrelationships. Four possibilities have been pro-
posed: (1) no life exists at all because the ice cover prevents
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surface productivity necessary for a biota to exist
(Zumberge, 1971), (2) a biota uniquely specialized to life
under the Shelf exists (Zumberge, 1971), (3) a biota is pres-
ent that is similar to those found at the same depths in ice-
free waters of Antarctica (Arnaud, 1975), and (4) a high
diversity, low standing crop assemblage exists in the possibly
low-nutrient conditions under the ice. There is no evidence
as yet to support any of these views (Lipps et al., 1977). We
anticipated that either 3 or 4 was most probable, hence de-
signed a sampling program specifically with those
possibilities in mind.

During the 1976-1977 season, our plan was to sample
through the RISP access hole with television and photo
cameras, traps, hook and line, and a specially designed
sphincter sampler. Before arriving in the field, we were in-
formed of the possible failure to attain an access hole; thus
we embarked on our alternative objective of studying the
benthic biota near McMurdo Station for later comparison to
samples obtained at the RISP drill site. We especially concen-
trated our studies on smaller organisms, such as
foraminifera and isopods. On 8 December 1976, T.E.
DeLaca and N.K. Temnikow of the University of California,
Davis, and R.R. Hessler and G. Wilson of Scripps Institu-
tion of Oceanography arrived at McMurdo Station to begin
work, andJ.H. Lipps of Davis arrived on 20 December.

Collections and observations were made using both scuba
and remote samplers from six areas near McMurdo Station:
Cape Bird, Cape Royds, Cape Evans, a central area of
McMurdo Sound, New Harbor, and from ice cracks at Min-
na Bluff (figure 1). Work was concentrated at New Harbor
because semipermanent sea ice covers relatively shallow bot-
toms of sediment derived chiefly from glacial activity, and
the water column appears to have a lower organic content
than open sea water. The western side of McMurdo Sound

163°	64°	 166°	 168'

MCMURDO	5 ROSS
SOUND	 ISLAND

Taylor
Valle'

McMurdo
' 	Station

- MCMURDO'

	

MAINLAND	 ICE SHELF
78•

	

0	Ip 20 30 40	50

I MM I KILOMETER

Figure 1. Map of McMurdo Sound showing the locations of our sampling program, with enlargement of the New Harbor
locality adjacent to Taylor Valley where a more intensive study was undertaken. 1 = Cape Bird, 2 = Cape Royds, 3 = Cape
Evans, 4 = central area of McMurdo Sound, and 5 = New Harbor. An additional location was the ice cracks near Minna Bluff

(78-30'S. 1670E.).
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Figure 2. Unnamed large (38.30 to 14.00 millimeters,1 =
20.68 millimeters, o = 6.64 millimete rs n = 32) arborescent
foraminiferan that occurs in abund. . aproximately 200
individuals per square meter) in New Harbor, between the
depths of 24 and 34 meters. Drawn from a preserved

specimen.

Figure 3. Unnamed arborescent foraminiferan that occurs
in less abundance in the New Harbor area. Drawn from a
preserved specimen, the maximum dimension is 12

millimeters.

including New Harbor has been described by Dayton and
Oliver (1977) as being oligotrophic in comparison to that of
the eastern side of the sound near Ross Island. Water
samples from the New Harbor area in December (normally
a period of high productivity) demonstrated 10 percent of
the bacterial numbers found on the eastern side of the
Sound (Holm-Hansen, personal communication). Despite
this apparent paucity of nutrients, large populations of ac-
tive filterfeeders (including as conspicuous elements mobile
scallops, crinoids, and rosselid sponges) exist. In many of
these respects New Harbor may be more similar to what ex-
ists under the Ross Ice Shelf than other accessible areas of
McMurdo Sound.

Two unusual organisms (figures 2 and 3) were found in
the New Harbor area. Preliminary study indicates that they
are as yet unnamed large agglutinated arborescent
foraminifera. Based on in situ observation, test composition
and form, large size and surface area, and cytology we con-
clude that these foraminifera are well adapted to this
nutrient-poor environment, for they can both glean the
small amounts of organic material (diatoms, other
microorganisms, and detritus) from the water as it settles to

the bottom, as well as utilize organic material that is
resuspended by the activities of larger invertebrates from ac-
cumulations in and on surface sediments.

The observations made during this season may aid in in-
terpreting the material that will be collected from the RISP
access hole in this coming season.

This research was supported by National Science Founda-
tion grant DPP 76-17231.
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Ecosystem modeling for the
southern ocean

KATHERINE A. GREEN

121 Puma Circle
El Paso, Texas 79912

Information on the behavior of the Antarctic marine
ecosystem as a whole is important to understanding the
behavior of interdependent populations of krill, fish,
cephalopods, birds, and mammals. To provide a means of
handling the complexity of ecosystem level interactions,
development of mathematical models and computer simula-
tion of the southern ocean marine ecosystem began in 1974.

A 12-compartment model for the Ross Sea (Green, 1975)
was developed using Eltanin data (McWhinnie, 1972; Fay,
1973) and other antarctic literature. Compartments chosen
to incorporate all components of the ecosystem were ice
algae, ice community invertebrates, phytoplankton,
zooplankton, fish, squid, penguins, seals, whales, detritus
and decomposers, dissolved organic carbon, and inorganic
nutrients. Light regime and ice cover were the physical driv-
ing forces. Carbon flows between compartments were ex-
pressed as linear functions of prey standing stock, with some
transfer coefficients varied seasonally for increased
biological reality. A full annual cycle was simulated in week-
ly time steps.

Results from sensitivity analysis on the Ross Sea model
suggest that penguin population size or chick survival rates
may be good indicators of zooplankton abundance, and that

winter phytoplankton standing stock is closely correlated
with total primary production in the following summer
season. The fluctuations of all model compartments with
changes in krill abundance reflect the central position of
krill in antarctic ecology

To increase resolution, the conceptual model of the
southern ocean ecosystem has been expanded to 24 compart-
ments (figure). The zooplankton compartment is split into
krill and other zooplankton; seals are split into six species;
whales are partitioned into five baleen and two toothed
whale compartments. Other compartments are retained.
Respiration, migration, and losses to man through har-
vesting are incorporated in the model even though they are
not indicated in the figure. In the revised mathematical
model, most flow formulations remain linear terms, with
time-varying transfer coefficients. Receiver-controlled flows
are more realistic for migratory whales. Nonlinear terms of
the form cX 1 X 2 , or (transfer coefficient) x (prey standing
stock) x (predator standing stock) produce instability in ant-
arctic models since both predator and prey stocks tend to be
high or low at the same time. Much more realistic simula-
tions are achieved with nonlinear flow terms that in-
corporate upper limits based on maximum feeding capacity
of the predator. A simulation of the 24-compartment model
was run for the Ross Sea region.

A summary of annual carbon flows for the 24-compart-
ment model for all waters south of the Convergence was
based on estimates discussed at the 1976 conference on living
resources of the southern ocean sponsored by the Scientific
Committee on Antarctic Research (SCAR) and the Scientific
Committee on Oceanic Research (scoR) (Laws, 1977; El-
Sayed, in press). Results (Green, 1977) include the apparent
low utilization of other zooplankton by predators in com-
parison with consumption of krill. Crabeater seals are the
main krill predator. Cephalopods potentially have a similar
impact. Estimated phytoplankton production rates (Holm-
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Hansen et al., in press; El-Sayed, in press) are compatible
with a summer krill standing stock of 600 million metric
tons, but not with a much higher estimate. In the general
southern ocean model, krill turnover rates sufficient to sup-
port estimated predation require reproduction to begin in
the second year. In contrast, physiological data indicate a
much longer maturation period (M.A. McWhinnie, presen-
tation at Weddell Gyre Conference, Boulder, Colorado,
June 1977). Model results have pointed out an unexpected
incompatibility between krill population estimates and life
span data.

Predictive modeling of the antarctic marine ecosystem is a
long term goal. Present models are useful for organizing
data and revealing information gaps. Quantitative data on
stocks of fish and cephalopods and their krill consumption
are needed. Krill replacement rates as well as better stock
estimates will be useful. When logistics permit, biological
studies in spring, fall, and winter and quantitative data on
ice edge communities will increase information on some fac-
tors controlling populations.

In the future I will develop models for other southern
ocean regions to compare with Ross Sea model results. One
objective of the Biological Investigation of Marine Antarctic
Systems and Stocks (BIOMASS) program planned by SCAR is
the use of whole ecosystem models and population sub-
models for expressing assumptions and formulating
hypotheses on antarctic biological dynamics that can be
tested through field studies.

The 12-compartment Ross Sea model was supported by
graduate fellowships from the National Science Foundation
and the American Association of University Women. The
revised 24-compartment model was supported by Marine
Mammal Commission grant MM6AC-032.

References

El-Sayed, S.Z., editor. In press. Background papers for the SCAR
Conference on Living Resources of the Southern Ocean, Woods
Hole, Mass., August 1976.

El-Sayed, S.Z. In press. Primary productivity and estimates of
potential yield of the southern ocean. In: Polar Research: To the
Present and the Future (MA. McWhinnie, ed.). American
Association for the Advancement of Science.

Fay, R.R. 1973. Significance of the nannoplankton in the primary
production of the Ross Sea, Antarctica, during the 1972 austral
summer. Ph.D. Dissertation. Texas A&M University. 184 p.

Green, K.A. 1975. Simulation of the pelagic ecosystem of the Ross
Sea, Antarctica: a time varying compartmental model. Ph.D.
Dissertation. Texas A&M Universit y . 187 p.

Green, K.A. 1977. Antarctic marine ecosystem modeling: revised
Ross Sea model, general southern ocean budget, and seal model.
Final report to Marine Mammal Commission, Washington, D.C.

Holm-Hansen, 0., S.Z. El-Sayed, G.A. Franceschini, and R. Cuhel.
In press. Primary production in antarctic seas and the factors con-
trolling phytoplankton growth. In: Adaptations within Antarctic
Ecosystems (G.A. Llano, ed.). Scientific Committee on Antarctic
Research. Gulf Publishing Co., Houston, Texas.

Laws, R.M. 1977. Seals and whales of the southern ocean.
Philosophical Transactions of the Royal Society, London, B. 279:
81-96.

McWhinnie, M.A. 1972. USNS Eltanin cruise 51: biological
study of the Ross Sea. Antarctic Journal of the U. S.,
VII(3): 59-61.

Phytoplankton studies in the
water column and in the pack ice

of the Weddell Sea

SAYED Z. EL-SAYED and SATORU TAGUCHI

Department of Oceanography
Texas A &M University

College Station, Texas 77843

Since the International Weddell Sea Oceanographic Ex-
pedition (IwsoE) began nearly a decade ago, great interest
has been shown in the study of the physical, chemical, and
biological oceanography of the Weddell Sea. The Weddell
Sea, particularly its southwestern part, is an important
region for the formation of Antarctic Bottom Water which
has a profound influence on ocean circulation. Also, the
northern Weddell Sea is noted for its heavy krill concentra-
tion. The reasons for these rich concentrations are not
known.

Knowledge of the primary productivity and standing crop
of phytoplankton in the Weddell Sea is based primarily on
the observations made by the principal investigator during
two cruises: one in 1963-1964 on the Argentine icebreaker
General San Mart/n (El-Sayed and Mandelli, 1965), and the
other during the IWSOE in 1968 (El-Sayed, 1971). Of special
interest during the latter cruise was the extensive bloom of
phytoplankton that was encountered off the Ronne Ice
Shelf.

The availability of USCGC Burton Island early in 1977 gave
an excellent opportunity to get new information regarding
the productivity of the Weddell Sea. Because the distribu-
tion of krill corresponds, in general, with the area that is
seasonally covered by pack ice, this ice mantle is of con-
siderable significance in the study of the krill. For this
reason special effort was made during the Burton Island
cruise to study the ecology and the metabolism of ice algae
in the pack ice and to assess their contribution to organic
production of antarctic waters (see below). The Burton
Island cruise also enabled us to add hitherto unstudied
parameters in the Weddell Sea. They include the contribu-
tion of nannoplankton, or organisms less than 20 microns,
to primary production and estimates of the standing crop of
phytoplankton, extracellular metabolites, Adenosine
Triphosphate (.ATP), and others. Feeding experiments utiliz -
ing several species of euphausiids and copepods were made.

During the Burton Island cruise (10 February to 15 March
1977), 20 stations were occupied. The table summarizes the
observations made and the parameters studied.

At the 18 primary productivity stations occupied, water
samples were collected at nine depths corresponding to 100,
50, 25, 12, 6, 3, 1, 0.1, and 0.01 percent of surface light in-
tensity for estimating the concentrations of chlorophyll a, b,
c, carotenoids, phaeopigments, ATP, particulate organic
carbon, particulate organic nitrogen, and dissolved organic
carbon. Also at these stations, size fractionation experiments
were conducted to determine the percentage contribution of
the nannoplankton to primary production and phytoplank-
ton standing crop. Vertical net hauls (using 35- and 333-
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micron mesh nets) were made at 34 stations from a depth of
200 meters. Oblique net hauls (using 222 micron mesh nets)
were also made from depths of 500 meters (or 1,000 meters).
The plankton samples collected from these deep tows were
sent to the Smithsonian Oceanographic Sorting Center
(sosc), Washington, D.C. 20560.

In collaboration with S. Ackley, of the Cold Regions
Research and Engineering Laboratory (CRREL), in vivo
fluorescence was determined on the icecore samples taken
at six stations. Samples of ice algae were collected and
preserved for later cell counts. Special experiments to deter-
mine the effect of variation of salinity on ice algae were also
conducted. Preliminary results of these experiments showed
that growth of the ice algae was best in 100 percent sea
water.

Together with the stations occupied during the Burton
Island cruise, in vivo fluorescence, chlorophyll a,
phaeopigments, and nutrient concentrations were

monitored by taking surface water samples every 18 nautical
miles from Ushuaia, Argentina, to 64 0S and from 78 0S to
Valparaiso, Chile. Figure 1 shows the results of the in vivo
fluorescence obtained along the cruise track. The maximum
values of fluorescence were found at the southern stations,
circa 78 0S. Very low fluorescence values were observed in
the center of the Weddell Sea.

In vivo fluorescence of ice-cores was measured every 10
centimeters at stations 8, 10, 11, 13, 14, and 15. Maximum
fluorescence values of the ice cores were usually much higher
than those of surface water except at the stations occupied
south of 75 0S. Figure 2 shows the vertical profile of in vivo
fluorescence and salinity of the ice core taken at station 12
(73 007'S. 42-44'W.) on 25 February 1977. At that station
the ice was 120 centimeters thick with a fresh snow cover
(about 5 centimeters) on top. The maximum in two
fluorescence (189 units) was observed at the depth of 60 to
70 centimeters, which corresponded to the maximum salini-

Figure 1. Stations oc-
cupied during USCGC Bur-
ton Island cruise in the
Weddell Sea (10 February
to 15 March, 1977). Also
shown are the in vivo
fluorescence of surface
water, along the cruise
track, and in the ice-cores.
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ty in the ice-core. No major peaks of in vivo fluorescence
were observed at the bottom of the ice.

In addition to the surface monitoring program by Texas
A&M, members of the oceanographic unit of the Burton
Island continued this program from Valparaiso to 15°N.
We are grateful for these efforts. We are also indebted to
Captain J.M. Fournier and Commander R. Farmer, Lieu-
tenant E. Rollison, and Lieutenant Commander R. Love for
their splendid cooperation. We express our gratitude to S.
Ackley of CRREL for ice cores and to G.A. Franceschini for
making available to us the solar radiation data he collected
during the cruise. Kurt Buck, Michael Meyer, and Robert
Warner, our three graduate students, deserve much thanks
for the success of the on-board program.

in vivo FLUORESENCE (unit)
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Figure 2. Vertical profile of in vivo fluorescence and salini-
ty of the ice-core taken at Station II (73 007'S. 42 044'W.) in
the Weddell Sea. Arrow indicates position of sea-surf ace.

Observations made and parameters studied during USCGC Bur-
ton Island cruise in the Weddell Sea (10 February to 15 March
1977).

	No.	of	No. of

	

stations	depths
Observations/ parameters	occupied	sampled

Primary production
(in situ)	 13	104
(simulated in situ)	 7	46

Chlorophyll (a, b and c)	 20	160
and phaeopigments

Phytoplankton cell counts	 20	161

ATP	 18	143

Inorganic nutrients (phosphates,	 20	161
silicates, nitrates)

Particulate organic carbon (POC) and	20	149
nitrogen (PON)

Dissolved organic carbon (DOC)	 20	138

Ice algae	 6	95

Vertical net tows (with 40 ym	 18	34
mesh nets)

Deep net tows (with 222 pm mesh net)	15	18

Feeding experiments	 7	7

Chlorophyll a monitoring program	150	300 (surface)
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Foraminiferal species obtained by
RIV Hero from Deception Island,

1971-1976

KENNETH L. FINGER*

Department of Geology
University of Calfornia
Davis, California 95616

During five successive austral summers, December 1971
through February 1976, R/V Hero collected more than 250
bottom samples from Deception Island, South Shetland
Islands (Lipps et al., 1972; DeLaca et al., 1973; Lipps and
DeLaca, 1974; Temnikow and Lipps, 1975). These samples
have been analyzed for their foraminiferal content (Finger,
1976). A preliminary report (Finger, 1975) based solely on
the 1974 collection noted the most abundant species in-
habiting the island's sunken caldera, Port Foster, and outer
submarine slopes. Forty-four genera and 88 species comprise
the total fauna compiled from the 5-year collection. Cluster
analysis (Finger, 1976) revealed the low-diversity fauna of
Port Foster to be represented by Miliammina arenacea,
Stainforthia fusformis, and Nonionella bradii, while the
biofacies of Crib rost o m oides jeffreysu, R osalina gb bularis,
Pseudoparrella exigua, Trochammina ochracea, Trfarina
angulosa, Cibicides bo bat ulus, and Glob o cassidulina bio ra
characterizes the biotope surrounding the island. Trocham-
mina mabovensis, another common species, is equally abun-
dant in both environments.

The following species list has been revised and alphabet-
ized. Species designated as rare are those that were never
found in concentrations of at least 1 percent of any sample
station's assemblage.

Adercotryma glomeratum (Brady) = Lituola glomerata Brady,
1878.

Ammodiscus incertus discoideus Cushman = Ammodiscus incertus
d'Orbigny var. dz.scoideus Cushman, 1917.

Anomalina sp. (rare)
Astacolus hyalacrulus Loeblich and Tappan, 1953. (rare)
Astrononion antarcticus Parr, 1950. (rare)
Astrononion echol.si Kennett, 1967.

*presen t address: Chevron U.S.A., Inc., 1111 Tulane Avenue,
New Orleans, Louisiana 70112.
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Astrononion stelligera (d'Orbigny) = Nonionina stelligerum
d'Orbigny, 1839. (rare)

Brizalina Pacifica (Cushman and McCulloch) = Bolivina acerosa
(Cushman) var. Pacifica Cushman and McCulloch, 1942.

Buccellafrzgida (Cushman) emend. Andersen, 1952.
Bulimina aculeata d'Orbigny, 1826. (rare)
Cassidulinoides parkerianus (Brady)	Cassidulina parkerian

Brady, 1881.
Cibicides lobatulus (Walker and Jacob) = Nautilus lobatulus

Walker andJacob, 1798.
Cibicides refulgens de Montfort, 1808.
Cribrostomoides jeffreysii (Williamson) = Nonionina jeffreysii

Williamson, 1858.
Cribrostomoides sp.
Cyclogyra involvens (Reuss) = Operculina involvens Reuss, 1850.
Dzscorbinella bertheloti (d'Orbigny) = Rosalina bertheloti

d'Orbigny, 1839.
Eggerella minuta (Wiesner) = Verneulina minuta Wiesner, 1931.
Fissurina diaphana (Buchner) = Lagena dzaphana Buchner, 1940.

(rare)
Fissurina eburnea (Buchner) = Lagena eburnea Buchner, 1940.
Fissurina laevzata imperfecta (Buchner) = Lagena laevigata

(Reuss) forma imperfecta Buchner, 1940. (rare)
Fissurina cf. tingillfera (Buchner) = Lagena tingil4fera (Buchner,

1940. (rare)
Fusurina sp. A. (rare)
Fz.ssurrna sp. B. (rare)
Fursenkozna earlandi (Parr) = Bolivina earlandi Parr, 1950.
Clobgerina bulloides d'Orbigny, 1826.
Globocassidulina biora (Crespin) = Cassidulina biora Crespin,

1960.
Heronallenia wilsoni (Heron-Allen and Earland) = Discorbina

wilsoni Heron-Allen and Earland, 1922.
Hippocrepina alba (Heron-Allen and Earland) = Hippocrepinella

alba Heron-Allen and Earland, 1932.
Hippocrep'naflexibilu (Wiesner) = Technitellaflexibilzs Wiesner,

1931.
Hippocrepina sp.
Hippocrepinella hirudinea Heron-Allen and Earland, 1932.
Lagena gracth.s Williamson, 1848. (rare)
Lagena meridionalis Wiesner = Lagena gracilis Williamson var.

meridionalis Wiesner, 1931. (rare)
Lagena serica Buchner, 1940. (rare)
Lagena sp. A. (rare)
Lagena sp. B. (rare)
Lagena sp. C. (rare)
Miliammina arenacea (Chapman) = Miliolina oblonga (Montagu)

var. arenacea Chapman, 1916.
Milzolinella subrotunda (Montagu) = Vermiculum subrotundum

Montagu, 1803.
Neogloboquadrina pachyderma (Ehrenberg) = Aristerospira

pachyderma Ehrenberg, 1861.
Nodosarza calomorpha Reuss, 1865. (rare)
Nonionella bradii (Chapman) = Nonionina scapha (Fichtel and

Moll) var. bradii Chapman, 1916.
Oolinaapiculata Reuss, 1851. (rare)
Qolina globosa (Montagu) = Vermiculum globosum Montagu,

1803. (rare)
Oolina laevigata (d'Orbigny) = Nodosaria (Glandulina) laevigata

d'Orbigny, 1826. (rare)
Oolzna pseudo catenulata (Chapman and Parr) = Lagena

pseudocatenulata Chapman and Parr, 1937. (rare)
Oolina scalarzforme.sulcata Wiesner, 1931. (rare)
Oolina scalar[ormis (Williamson) = Entosolenia squamosa (Mon-

tagu) var. scalarzformi.s Williamson, 1848. (rare)
Parafissurina curvetrs (Buchner) = Lagena curvens Buchner, 1940.

(rare)
Parafrssurina dohrnii (Buchner) = Lagena dohrnii Buchner, 1940.
Parafissurina fusformis (Wiesner) = Ellipsolagena fusformis

Wiesner, 1931.

Parafissurina cf. fusformis (Wiesner) = Ellipsolagena fusformis
Wiesner, 1931 (rare)

Parafissurina lateralzs simplex (Buchner) = Lagena laterali.s
(Cushman) forma simplex Buchner, 1940. (rare)

Parafissurina pseudomarginata typica (Buchner) = Lagena
pseudomargznata forma typica Buchner, 1940. (rare)

Parafissurina quadrata Parr, 1950. (rare)
Parafissurina cf. staphyllearza (Schwager) = Fissurina staphyllearia

Schwager, 1866. (rare)
Parafissurina sp. A. (rare)
Parafissurina sp. B. (rare)
Parafissurina sp. C. (rare)
Patellina corrugata Williamson, 1858. (rare)
Pseudobolzvina antarctica Wiesner, 1931.
Pseudobulimina chapmani (Heron-Allen and Earland) = Bulimina

chapmani Heron-Allen and Earland, 1922. (rare)
Pseudonodosarüz torrida (Cushman) = Nodosaria (Glandulina)

laevtata d'Orbigny var. torrida Cushman, 1923. (rare)
Pseudoparrella exigua (Brady) = Pulvinulina exigua Brady, 1884.
Pullenia subcarinata (d'Orbigny) = Nonionina subcarinata d'Or-

bigny, 1839.
Pyrgo bullozdes (d'Orbigny) = Biloculina bulloides d'Orbigny,

1826. (rare)
Pyrgo depressa (d'Orbigny) = Biloculina depressa d'Orbigny, 1826.

(rare)
Pyrgo elongata (d'Orbigny) = Biloculina elongata d'Orbigny, 1826.

(rare)
Pyrgo willzamsoni (Silvestri) = Biloculina willia sruoni Silvestri,

1923. (rare)
Quinqueloculina seminulum (Linnaeus) Serpula seminulum Lin-

naeus, 1758.
Recurvoides contortus Earland, 1934. (rare)
Reophax dentalinformis Brady, 1881.
Reophax dfJ7ugformis Brady, 1879.
Reophax distans gracilis Earland = Reophax distans Brady var.

gracilis Earland, 1933.
Reophax nodulosus Brady, 1879. (rare)
Reophaxpzlulzfer Brady, 1884. (rare)
Reophax scorpiurus de Montfort, 1808. (rare)
Rosalinaglobularis d'Orbigny, 1826.
Saccammina sphaerica Brady, 1871.
Spirillina radiosa Parr, 1950. (rare)
Spzroplectammzna bformis (Parker and Jones) = Textularia ag-

glutinans d'Orbigny var. bformis Parker andJones, 1865.
Stainforthia fusformis (Williamson) = Bulimina pupoides d'Or-

bignyvar.fusformis Williamson, 1858.
Textularzà wiesneriEarlancj, 1933.
Thalmannammina parkerae (Uchio) = Recurvoidella parkerae

Uchio, 1960.
Tr[arina angulosa (Williamson) = Uvzerina angulosa Williamson,

1858.
Trochammina malovensis Heron-Allen and Earland, 1929.
Trochammzna ochracea (Williamson) = Rotalina ochracea

Williamson, 1858.

I thank Jere H. Lipps for comparing the Deception Island
species with Heron-Allen and Earland's collection in the
British Museum (Natural History), London. I am also
grateful to John B. Anderson for permitting me to study his
Weddell Sea reference slides at Rice University, Houston,
Texas. This research was supported by National Science
Foundation grant GV-3 1162.
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Studies in polar biology

B.J. LANDRUM

Smithsonian Oceanographic Sorting Center
Smithsonian Institution
Washington, D. C. 20560

In the early stages of the U.S. Antarctic Research Pro-
gram, the Division of Polar Programs, National Science
Foundation, and the Smithsonian Oceanographic Sorting
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Center (sosc) developed agreements concerning collection
and scientific use of biological materials including
specimens, data, and ocean bottom photographs. The
agreements reflected a plan for systematic analysis of ant-
arctic biota, especially marine organisms to be collected
form U.S. research ships. The goal was to insure that
specimens and related data, collected at considerable ex-
pense, would be readily and widely available to specialists
for systematic and other scientific analyses. The plan was a
unique approach to a substantial, nationally funded,
oceanographic venture.

The concept of a national sorting center itself was new—
at least on the scale required by the antarctic research pro-
gram. But the plans for support of systematic research ex-
tended beyond sorting, recording, and distributing
specimens to scientists seeking research materials. We
became aware that interested specialists sometimes could
not complete their studies in a timely manner without
technical help or funds for supplies. Also, some antarctic
groups of special ecological interest are abundant and wide-
ly distributed; the size of the collections of such taxa is enor-
mous. Thorough study of such groups will require years of
effort by numerous scientists. So, going one step further,
sosc (with support from the National Science Foundation)
has contracted with scientists to examine some collections
and prepare monographs and other reports on a variety of
fauna and flora. This program, cooperative systematic
studies, and a number of the taxa involved were reported
(Landrum, 1976).

The figure illustrates the scheme for collecting, process-
ing, and studying polar collections. The figure shows the in-
teractions of sosc, the polar programs supported by NSF, the
grantees of the agency who have collected specimens from
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many ships and stations, the scientists from all over the
world who receive specimens, and, finally, the publication
of new information. Publications on the antarctic collec-
tions are appearing with increasing frequency as long-term
studies are completed.

Since 1963, sosc has shipped over 7 million specimens to
scientists in about 50 institutions throughout the world. We
now are processing newer material collected aboard ARA
Islas Orcadas and expect to receive more next year. We will
continue to distribute specimens to qualified specialists and
to encourage and support systematic endeavors. Inquiries
from specialists about the availability of collections and

possibilities of participating in cooperative systematic
studies in polar biology will be welcomed.

The processing of polar collections and maintenance of a
centralized data base is supported under National Science
Foundation contract DPP 74-13988. The Cooperative
Systematic Studies are supported under National Science
Foundation grant DPP 76-23979.
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Oceanography

International Weddell Sea
Oceanographic Expedition, 1977

THEODORE D. FOSTER

Scripps Institution of Oceanography
Lajolla, California 92093

During the International Weddell Sea Oceanographic Ex-
pedition (IwSoE) from 1968 to 1971, USCGC Glacier and ARA

General San Martin conducted a general hydrographic
survey of the Weddell Sea with a network of fairly widely
spaced stations. This first phase of IWSOE improved the
understanding of the water masses in the Weddell Sea and
indicated the importance of the frontal zone near the shelf
break to the formation of bottom water.

The second phase of IWSOE from 1973 to 1976 concen-
trated on the frontal zone. USCGC Glacier made sections of
closely spaced hydrographic stations from the deep sea up
onto the shelf around the Weddell Sea and set out and
retrieved current meters. This work indicated that bottom
water formed only in the southern and western parts of the
Weddell Sea and probably formed all year-round.

Positions of current meter
moorings set out by Polar-
sirkel during IWSOE-77.
Bottom depths in thou.
sands of meters are in-
dicated by dots on con-
tour lines.

40	 ANTARCTIC JOURNAL



1000

2000

3000

4000

5000

I

41

The third phase of IWSOE was designed to study the mix-
ing processes that lead to the formation of bottom water in
some detail.

The first work on the third phase commenced in February
1977 when the Norwegian research ship Polarsirkel set out
five current meter moorings near the shelf break in the
southern Weddell Sea (figure). On each mooring two cur-
rent meters were set, one about 25 meters, the other about
100 meters above the bottom. All the current meters are
designed to record current speed and direction and
temperature for a year. Four of the current meters also will
record conductivity so that changes in salinity can be deter-
mined. In addition, tide gages were fixed to two of the
moorings. Four of the current meters were furnished by
Scripps Institution of Oceanography, the remainder of the
equipment by the University of Bergen. Polarsirkel also did
more than a hundred high resolution conductivity-
temperature-depth (cTD) soundings.

In February 1978 it is planned to retrieve these current
meter moorings and to set out a new set of moorings from a
U.S. icebreaker. In addition, a dense array of hydrographic
stations using a high resolution CTD will be carried out near
the moorings. In 1979 we hope to complete the third phase
Of IWSOE with retrieval of the moorings and additional
hydrographic work by ships from Argentina, Norway, and
the United States.

The Norwegian oceanographic effort was part of the
Norwegian Antarctic Research Expedition under the direc-
tion of the Norsk Polarinstitutt. Olav Orheim was the ex-
pedition leader. The oceanographic team from the Universi-
ty of Bergen consisted of Arne Foldvik, chairman of the
Geofysisk Institutt, Herman Gade, and Reidar B3. The
United States IWSOE program is supported by the National
Science Foundation under grant DPP 75-14936.

International Weddell Sea
Oceanographic Expedition, 1976:

tritium results
ROBERT L. MICHEL and TERESA L. JACKSON

Department of Chemistry
University of Ca4fornia

Lajolla, Cal!fornia 92093

During the 1976 International Weddell Sea
Oceanographic Expedition, 129 water samples were col-
lected for tritium analysis. The samples obtained fall into
three main groups. Surface water samples were collected on
a track from the Ross Sea into the Weddell Sea. These
samples were collected by bucket or from the ship's seawater
intake. Comparison samples showed both types of collection
gave identical results. Several samples of Winter Water

11
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04	 161	182	76	91	74

(WW) were collected with a 5-liter Niskin bottle. Samples of
near-bottom water in the Weddell Sea were taken with two
Nansen bottles spaced 3 meters apart. All samples were
drawn into argon-filled 1-gallon glass bottles which were
then sent to the Mount Soledad tritium laboratory for
analysis. A cruise track for IWSOE 76 can be found in Foster
(1976).

Tritium is a radioactive isotope of hydrogen that is
generally found in nature as HTO. It has an atmospheric in-
put into surface water and, except for radioactive decay, can
be considered a conservative tracer. Because of its nature,
tritium is useful in tracing the input of surface water into
deeper layers, and the subsequent movement of this water
type. Weddell Sea Bottom Water is an example of such a
water type.

Results of most subsurface samples are given in figures 1,
2, and 3. Tritium concentrations are given in tritium units
[one tritium unit (Tu) is one tritium atom per 1018 hydrogen
atoms]. Numbers shown in parentheses are potential tem-
perature and salinity. Due to changes in technical pro-
cedures, the blank values for the laboratory changed during

7	8	9	0	II	2	 13	14	IS	16
173	68	73	171	144	156	 163	145

50	 47	 4747
1-1 70,344861	 1-142,344451	 I-I 51, 34 4593

Figure 1. Tritium con-
centrations in the western
Weddell Sea from 610
50.1 'S. 44 0 42.9'W. to 670
39.4'S. 400 01.4'W.
Numbers given in paren.
theses are salinity and

potential temperature.
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Figure 3. Tritium concentrations on a transect across the
Scotia Ridge from 61 0 50.3'S. 55 0 12.3'W. to 61° 57.2'S.

51 0 43.4 'W.

this series. The blank values for stations before station 22 is
approximately 0.2 TU. For station 22 and all stations follow-
ing, the blank value was lowered to 0.1 ± 0.05 TU. Blank
values have not been subtracted from the data given. Error
limits for the data are ± 0.1 TU.

Winter Water tritium measurements are consistently
around 0.47 TU in the gyre region of the western Weddell
Sea. However, as the continental shelf break is approached
at the northwestern shelf, tritium concentrations begin to
rise to about 0.7 TU (figure 2). The higher values near the

continental shelf could represent a larger tritium input into
surface waters near the continent. Surface tritium meas-
urements show concentrations near the shelf to be 0.2 to 0.3
ni higher than samples taken from the gyre.

Figure 1 is data from a line of stations taken in the gyre
region of the western Weddell Sea. It duplicates a line taken
during IWSOE 75, and both lines show the same trend
(Michel, 1976). Highest tritium concentrations are found in
the north where the coldest bottom water is located. South
of station 7, tritium levels are close to blank levels and only
occasionally are concentrations significantly above blank
levels. The Weddell Sea Bottom Water (wsBw) found in the
north has been formed more recently and is in an area of
rapid bottom water movement.

Figure 2 shows samples taken in a series of stations that
ran from the deep Weddell Sea onto the northwestern con-
tinental shelf. Tritium concentrations are lowest in the
Weddell Sea basin and increase near the shelf break. Higher
tritium values are found in water with a potential
temperature of -0.9°C or less. Eight near-bottom samples
were obtained in a dense pattern of stations from station 30
to station 45. These samples were taken at depths from
1,300 to 400 meters and several contained a component of
Western Shelf Water (wsw). These samples gave tritium
values of 0.5 ± 0.1 TU, and concentrations were indepen-
dent of potential temperature, which varied from - 0.8 to
- 1.34°C.

The tritium results agree with the Foster and Carmack
(1976) model on WSBW formation and on WSBW movement
(Carmack and Foster, 1975). They postulate that WSBW is
formed when Warm Deep Water (wDw) intrudes onto the
continental shelf and mixes with ww and wsw. The wsw
then sinks down the shelf break and is deflected by
geostrophic forces. The resultant pattern is a clockwise cir-
culation along the shelf break and across the northern Wed-
deli Sea. Antarctic Bottom Water (AABW) is formed as a
mixture of WDW and WSBW as it flows out of the Weddell
Sea.

The tritium concentration of fresh WSBW can be estimated
for this model. ww has a tritium level of about 0.7 TU near
the shelf, and WDW is assumed to be less than 0.1 TU. WSW
appears to have a tritium concentration of 0.5 TU. From this
information, recently formed WSBW should have a tritium
concentration of 0.4 to 0.5 TU. The tritium levels along the
shelf break and in the northern Weddell Sea are close to 0.5
TO, indicating this is fresh bottom water. The WSBW in the
central Weddell Sea is seen to be much older.

2000 F
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Figure 3 is data from a series of stations across the Scotia
Ridge. In the trench on the west side, homogeneous water is
found in the bottom 1,000 meters. The tritium concentra-
tions are very high in this layer, indicating recent and rapid
freshening of the water near the bottom. On the eastern
side, concentrations near the bottom are much lower but
still generally above blank levels.

Surface water tritium concentrations range from 0.5 to
1.1 TU. Lower values of tritium are found in the central Ross
and Weddell Seas, and higher values of tritium are found in
the open ocean. Tritium concentrations on the Weddell Sea
Continental Shelf are approximately 1 TU.

Theodore D. Foster furnished the hydrographic data. The
analytical work was supported by National Science Founda-
tion grant DES 75-07166. The sampling program was sup-

ported by National Science Foundation grant OPP
75-14936.
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Ross Ice Shelf Project: physical
oceanography

STANLEY S. JACOBS

Lamont-Doherty Geological Observatory
Columbia University

Palisades, New York 10964

The Ross Ice Shelf Project (RIsP) physical oceanography
program seeks to understand the interactions between
seawater and antarctic glacial ice and to determine how
such interactions may influence other water masses. From

12 December 1976 through 3 January 1977, a Lamont-
Doherty group made oceanographic measurements in the
Ross Sea from USCGC Northwind as part of RISP. Only a por-
tion of the overall program objectives were achieved, as the
access hole through the ice shelf at site J-9 was not com-
pleted. Also, Northwind was called on to break ice into
McMurdo Station and to break out the annual sea ice run-
way in McMurdo Sound. Thus it was not possible to repeat
salinity-temperature-depth (STD) sections, to set long-term
current/ temperature moorings, or to work the heavily iced
regions along the Victoria Land coast and east of Cape Col-
beck.

STD station positions are shown in figure 1. At each loca-
tion continuous recordings of temperature and salinity were
taken from the sea surface to within a few meters of bottom.
The STD measurements were supported and water sampling
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accomplished with a 12-bottle rosette. Temperature and
depth control was maintained with reversing thermometers,
and water samples were processed aboard ship for salinity,
dissolved oxygen, silicate, and phosphate. Samples were col-
lected for later determinations of tritium (University of
Miami), oxygen-18 (University of Tokyo), barium
(Massachusetts Institute of Technology), and nitrate
(University of Texas). A small coring device was suspended
below the STD on most stations, and 44 sediment samples
were obtained and sectioned for later analyses at Lamont-
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Ross Sea were occupied in moderate to heavy pack ice. This
work was facilitated by a useful device designed and built by
Northwind personnel. With a large section of culvert
material for strength and packages of styrofoam for flota-
tion, the "Northwind donut" (figure 2) was lowered beneath
the A-frame and secured fore and aft. The donut protected
the STD/rosette from encounters with pack ice and
prevented the conducting cable from sawing on ice floes.

Only preliminary results are now available. Rapid tem-
poral and spatial changes in the hydrographic structure
were apparent in several regions over the continental shelf
and slope. The frontal zone over the slope is both narrow

TEMPERA TURE °C

Figure 4. Temperature during the descent (D) and ascent
(U) of the STD 'fish' on Northwind stations 70 and 71, 7.5
kilometers apart (see figure 1). An important exchange of
properties across the frontal zone appears likely from the
rapidly evolving thermal structure. Note the three depth

scales.

and marked by interleaving temperatures and salinities
(figures 3 and 4). The 'down' and 'up' temperature traces for
two STD stations 7.5 kilometers apart, shown in figure 4,
reveal marked changes in these water columns over short in-
tervals of time. Changes are evident in the deeper water over
longer times. The near-bottom temperature and silicate are
about 0.25°C lower and 10 microgram-atoms per liter lower
on NEMO station 2 (2 February 1972) than on Northwind sta-
tion 80 (1 January 1977). NEW 2 and Northwind 80 are at
the same depth (3,110 meters) and 17 kilometers apart.
Slightly colder Ice Shelf Water (isw) (about - 2.22°C) was
measured this past summer than on previous cruises (Jacobs
et al., 1970), and there are indications that the isw flow also
varies in space and time. Obvious decreases in salinity ac-
companied the low-temperature isw on several stations, an
indication of melting beneath the ice shelf.

Six tritium samples have been processed to date, each
from a water mass extrema. Values in tritium units (Tu)
range from 0.01 in the Circumpolar Deep Water salinity
maximum (station 82) to 0.50 at the surface (station 88).
isw was relatively high with 0.43 TU (station 62) and Antarc-
tic Bottom Water (AABW) (station 72) was intermediate
with 0.18 TU. A few earlier tritium measurements have been
made in the Ross Sea region. Michel and Williams (1973)
reported early 1972 surface (14 meters) and temperature
minimum (125 meters) values of 2.15 and 1.03 TU for a sta-
tion 45 kilometers east of our station 43. The significantly
lower tritium values now found in the Ross Sea could be ex-
pected from decay and mixing in the 5-year interim period.
Early 1975 surface tritium measurements in the Weddell Sea
(Michel, 1976) averaged 0.89 TU on 11 stations at a mean
latitude about 10° farther north than these Ross Sea obser-
vations.

Expressed as per mill deviations from standard mean
ocean water, oxygen-18 values ranged from -0.03 in the
Circumpolar Deep Water to highs near - 0.64 in the isw.
The glacial ice will have an oxygen-18 content on the order
of - 40.00 per mill. Water on the continental shelf ranged
between - 0.30 and - 0.68 with a mean of - 0.55 per mill.
The continental shelf values are in the same range as Wed-
dell Sea samples taken on Eltanin cruise 12 (Craig and
Gordon, 1965). The lowest Northwind bottom water value
was - 0.34 on station 41, whereas Eltanin cruise 12 AABW
values, from the most extreme bottom water type in the
northwest Weddell Sea, were near - 0.45 per mill.

This work is supported by National Science Foundation
grant DPP 76-11872 to Columbia University. Anthony
Amos, Jay Ardai, Peter Bruchhausen, Stanley Jacobs, Paul
McDonald, and Michael Rodman performed the field work
in December 1976 andJanuary 1977.
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Oceanographic observations near
the edge of the Ross Ice Shelf in

McMurdo Sound

THEODORE D. FOSTER

Scripps Institution of Oceanography
Lajolla, Cal!fornia 92093

PETER BRUCHHAUSEN

Lamont-Doherty Geological Observatory
Palisades, New York 10964

As an alternative to our planned oceanographic work at
the Ross Ice Shelf Project (RIsP) drill site, deferred when the

Figure 1. Map of McMurdo Sound area. The dots indicate
the positions of the hydrographic stations. The triangle in-
dicates the approximate location of the crevasses explored.

drill stuck in December 1976, we carried out hydrographic
stations at three locations along the edge of the Ross Ice
Shelf in McMurdo Sound (figure 1). Previous oceanographic
studies near the edge of the Ross Ice Shelf by Littlepage
(1965), Heath (1971), and Gilmour (1975) had made
measurements only in the eastern and central part of the
sound. Thus we attempted to complement this work with
measurements in the west. Our plan was to complete a line
of stations through the sea ice across the western half of the
sound using helicopters for transport; time considerations
limited our operations to a test station near the end of the
ice runway at McMurdo Station (1), a station near Blue
Glacier (2), and a station near the Dailey Islands (3).

At each station a hole 23 centimeters in diameter was
drilled through the sea ice with a portable ice drill. An A-
frame was erected and a small gasoline-powered winch was
used to lower the water bottles. We used the nonmetallic
water bottles modified at Lamont-Doherty for use in the
RISP hole, which had a streamlined frame about the bottles
to protect the reversing thermometers during passage
through the ice (figure 2). Since we had only three special
bottles with suitable thermometer racks, it was necessary to
make three to four lowerings to complete one hydrographic
station. This procedure was time consuming because we had
to read the thermometers between each lowering.

The results are listed in the table. Owing to erratic per-
formance of some of the reversing thermometers, it was not
possible to obtain duplicate temperature readings at most
levels; these temperatures are marked with a "U." The
salinities are also somewhat uncertain since it was not possi-
ble to obtain proper temperature stabilization in the
laboratory in which the salinometer was used. Thus,
although the salinities are reported to thousandths, the
values probably are accurate only to the nearest hundredth.
Analysis using a salinity-temperature diagram has indicated
that some salinities and temperatures probably are incor-
rect; these are marked with a "?." The freezing points for the
observed salinity at atmospheric pressure and at in situ

Figure 2. Portable winch, A-frame, and specially modified
water bottle used in making hydrographic casts.
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Results of oceanographic casts made at locations shown in figure 1.

Position, date,
bottom depth,	 Depth	Temperature*	Salinity*	Freezing point	Freezing point

ice thickness	 (meters)	 (°C)	 ( /	
(atmo. press.)	(in situ)

(°C)	 (°C)

(1) 77°50'S.166°22'E.	200	-1.694?
28 Dec 1976	 300	-1.891U

bottom depth: 493. in 	-1909
ice thickness: 3.5 in

(2) 77°50'S. 164°35'E.	 4	-1.762U
29 Dec 1976	 20	-1.901U

bottom depth: 165.m	30	-1.901U
ice thickness: 3.m	 50

	

75	-1.905U

	

100	-1.917U

	

125	-1.825?

	

150	-1.922U

	

164	-1.935
(3) 77°50'S. 165 003'E.	 5	-1.336U

30 Dec 1976	 25	-1.836
bottom depth: 221.5m	50	-1.955U
ice thickness: 4. in 	-1.946U

	

100	-1.813?

	

125	-1920U

	

150	-1.949U

	

175	-1.822?

	

200	-1.944U

	

220	-1.934

*See text for discussion of U" and"?"

34.388?	-1.875	 -2.029
34.717	 -1.893	 -2.125
34.765	 -1.896	 -2.205

34.653	-1.890	 -1.893
34.662	-1.890	 -1.905
34.665	 -1.890	 -1.913
34.676	-1.891	 -1.930
34.638?	-1.889	 -1.947
34.679	-1.891	 -1.968
34.681	 -1.891	 -1.987
34.681	 -1.891	 -2.007
34.684	-1.891	 -2.018
34.712	 -1.893	 -1.897
34.567?	-1.885	 -1.904
34.687	 -1.891	 -1.930
34.691	 -1.892	 -1.950
34.690	-1.892	 -1.969
34.682	-1.891	 -1.987
34.690	-1.892	 -2.008
34.690	-1.892	 -2.027
34.686	-1.891	 -2.045
34.690	-1.892	 -2.062

pressure (calculated following Foidvik and Kvinge, 1974)
are also listed.

The temperatures and salinities seem consistent with the
view expressed by earlier investigators that the net flow in
the western part of McMurdo Sound is to the north. The
temperatures beneath a thin surface layer are nearly all
lower than the freezing point at atmospheric pressure but
higher than the in situ freezing point. The cooling below the
freezing point at atmospheric pressure was evidently due to
contact with the underside of the Ross Ice Shelf to the south.
The slightly higher temperatures in the west compared to
those found in the central part of the section across McMur-
do Sound (Gilmour, 1975) seem to indicate that the main

Figure 3. Crevasse near Minna Bluff in which sea water
was found.

flow of water northward from under the Ross Ice Shelf is in
the center of McMurdo Sound just east of our station (3).
Since we did not observe measurable wire angles on any of
our hydrographic casts, the currents in the western part of
McMurdo Sound near the Ross Ice Shelf are evidently very
weak.

We collaborated with Arthur L. DeVries in exploration of
the large crevasses in the Ross Ice Shelf just east of Minna
Bluff. Helicopters were able to land us near two large
crevasses, and we descended into these crevasses using cram-
pons, ice axes and ropes (figure 3). We were able to break
through the flat, freshly-formed ice layer in the bottom of
these crevasses and sample the water. In the first crevasse
samples were obtained at depths of 7 and 39 meters using a
Niskin bottle. The salinities were subsequently determined
to be 34.726 and 34.707 per mill respectively, which is near-
ly the same as the salinity of the open ocean in McMurdo
Sound. The Niskin bottle could not be lowered into the sec-
ond crevasse, but two surface samples were collected in small
plastic bottles. The salinities of these samples were found to
be 2.135 and 1.684 per mill, indicating only weak com-
munication between the crevasse and the underlying sea
water.

The support provided by the helicopters of the Navy's
Antarctic Development Squadron Six is gratefully
acknowledged. This work was supported by National
Science Foundation grant DPP 75-14936.
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Provisional cotidal charts for the
southern Ross Sea

E.S. ROBINSON, H.A.C. NEUBURG, R.T. WILLIAMS,
B.B. WHITEHURST, and G. E. Moss

Department of Geological Sciences
Virginia Polytechnic Institute and State University

Blacksburg, Virginia 24061

We measured the ocean tide at the three sites F-9, J-9, and
C-16 on the floating Ross Ice Shelf during the 1976-1977
antarctic field season. Locations of these and six previously
occupied sites are given in the table and are indicated in the
figure. This survey of the Ross Sea tide has been done in con-
junction with the Ross Ice Shelf Project and the Ross Ice
Shelf Geophysical and Glaciological Survey.

Characteristics of the constituents P1K1, 01, M2, S2, and
N2 of the ocean tide were calculated from tidal fluctuations
of gravity measured on the floating ice shelf surface. Field
operations and methods of data preparation and harmonic
analysis are described by Robinson et al. (1975; in press),
who also present preliminary values for amplitudes and
phase angles at six sites in the southern Ross Sea.

Phase angles for the tidal constituents at nine sites are in
the table. These data have been used to compile the provi-
sional diurnal cotidal charts in the figure. The cotidal lines,
which are loci of points of simultaneous high tide at dif-
ferent times (expressed in degrees rather than hours), in-

Phase angles of the principal constituents of the Ross Sea tide.

Observation site	Record
(position in	length

degrees)	(days)	P1K1 01 M2 S2 N2

C-13(79.3S. 189.7W.)	29	200	190 296 131 153
C-16(81.2S. 189.5W.)	45	200	190 299 173 142
F-9(84.3S. 171.3W.)	58	206	190 258 142 143
J-9(82.4S. 168.6W.)	30	191	172 205 106 60
B(82.5S. 166.0W.)	46	186	174 213 110 87
C-36(79.8S. 160.1W.)	34	160	153 65 29 10
RI(80.25. 161.6W.)	36	162	145 165 334 339
LAS(78.2S. 162.3W.)	30	154	141 35 342 344
McM(77.9S. 193.4W.)	 212	195 242 327 263

dicate the movement of diurnal tidal waves in the southern
Ross Sea.

We have refrained from presenting specific amplitude
data until completion of instrument calibration tests now in
progress. However, some general features of the tidal range
(double amplitude) can be described. The P1KI range
along the Ross Ice Shelf front increases from approximately
60 centimeters near McMurdo Sound to over 90 centimeters
in the region of Little America, and rises to more than 110
centimeters in the southern extremity of the Ross Sea. The
range of the 01 constituent almost everywhere along the ice
front is between 40 and 50 centimeters and increases to over
80 centimeters in the southern extremity of the Ross Sea.
The semi-diurnal constituents M2, S2, and N2 all have
ranges of less than 20 centimeters.

The P1K! and 01 constituents are nearly in phase
(figure, opp.216) and combine to impose a dominant diur-
nal character on the Ross Sea tide. The diurnal and
semidurnal constituents together cause a spring tide range
of between 100 to 150 centimeters along the ice front,
which increases to approximately 200 centimeters in the
region farther south than 84°S. The spring tide range is
more than five times larger than the neap tide range.

This research was supported by National Science Founda-
tion grant DPP 73-05873.
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FDRAKE77

T. WHITWORTH

Department of Oceanography
Texas A &M University

College Station, Texas 77843

From 10 January to 12 February 1977 scientists aboard
R/V Melville conducted the third field phase of the First
Dynamic Response and Kinematics Experiment (FDRAKE) in
Drake Passage. The objectives were to recover moored in-
struments deployed during FDRAKE 76 (Nowlin et al., 1976),
to install a third year-long array, and to make a closely-
spaced hydrographic survey in the central passage.

The scientific party, under the direction of Worth D.
Nowlin, Jr. (Texas A&M University) and R. Dale Pillsbury
(Oregon State University) joined Melville in Valparaiso,
Chile, and departed for Cape Horn on 10 January. Routine
weather observations and bathymetric and magnetic

48	 ANTARCTIC JOURNAL



measurements were started during the transit to Drake
Passage while other equipment was set up and tested.

On the southward crossing of the passage, the current
meter group from Oregon State University recovered the
FDRAKE 76 array. Six moorings consisting of nine Aanderaa
current and temperature recorders were recovered. A
seventh mooring near 58°S. could not be located, and at-
tempts to grapple for it were unsuccessful. Tide gages were
recovered from each end of the passage. Three deep
pressure recorder moorings deployed by a University of
Washington team during 1976 were recovered, and two
replacement pressure recorders were installed. Eight
hydrographic stations were made on the first crossing by a
team from Texas A&M University, Scripps Institution of
Oceanography, the Chilean Naval Hydrographic Institute,
and the Argentine Antarctic Institute.

Data return from the array was excellent; only two of the
current meters operated for less than 10 months, and five
returned a full year's data. The two meters that failed early
had been positioned 500 meters from the surface and were
equipped with pressure sensors to monitor the vertical
migrations of the moorings. Shortly after deployment, high-
speed currents apparently caused the moorings to lean,
pulling the pressure sensors below their design depth. The
resulting leakage was minimal, but sufficient to damage the
data recording electronics. The southern pressure gage
operated for the entire year and the northern gage for 5 1/2
months, yielding 5 1/2 months of pressure difference data at
500 meters. The northern pressure gage at 1700 meters
returned about 1 month of data. Both tide gages operated
for the entire year, but instrument encoding problems on
the northern gage make data recovery uncertain to date.

Equipment constraints required that most of the current
meters be redeployed in the 1977 array, so data tapes from
the recovered instruments were translated and analyzed on
board to determine whether the recorders had operated
satisfactorily. The current meter team, assisted by an
Aanderaa representative, carefully refurbished the meters
for the new array. Compass calibration, the final stage of
the current meter renovation, was completed on Desolation
Island in Hero Bay at the southern end of Drake Passage.

Previous FDRAKE results show that the Antarctic Cir-
cumpolar Current (ACC) flows east through the passage in
three bands of relatively high speed, separated by regions of
slower eastward or even westward flow (Nowlin et at., in
press). Current meter recorders from FDRAKE 75 moorings
show high correlations for periods of a few months, but little
correlation over the course of a year for currents measured
80 kilometers apart. The purpose of the 1977 array is to
determine the spatial scale of variability of the currents in
the Drake Passage. The array (figure 1) is a cluster of in-
struments in the central passage that will measure the
variability of currents and temperatures on space scales of
from 10 to 40 kilometers.

Hydrographic and salinity- temperature- depth surveys
(figure 2) were done before and after array deployment to
define the density field. The second survey consisted of five
northwest-southeast lines with 25 kilometers station separa -
tion in the vicinity of the cluster. The hydrographic stations
provide a three-dimensional data base that is essential for
the interpretation of current meter temperature and velocity
measurements. Preliminary results of the hydrographic
survey show that the 1977 array was located near the
southern boundary of the Polar Frontal Zone. Previous

Figure 1. FDRAKE 77 current meter array. Nominal instru-
ment depths are: 300 m (except W), 500 m, 1000 m, 2000 m,

and 3500 m (C and S only).
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Figure 2. FDRAKE 77 station positions.

FDRAKE studies have shown that the zone is characterized by
large temperature and velocity fluctuations, and the cluster
should provide important information on the spatial
coherence of these fluctuations.

FDRAKE 77 was conducted as part of the International
Southern Ocean Studies sponsored by the National Science
Foundation under grants OCE 76-80410, OCE 74-12558,
and OCE 76-83904. We appreciate the cooperation of the
crew of the Melville and are especially grateful to the ship's
engineering force under Bob Fish, whose skill minimized
delays caused by main engine difficulties.
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During the 1976 phase of the First Dynamic Response and
Kinematic Experiment (FDRAKE) of the International
Southern Ocean Studies (Isos) project, we measured the
temporal variations of the temperature field in the depth in-
terval from 200 to 350 meters for a 1-month period. The
mooring was deployed by RV Thomas G. Thompson in the
central Drake Passage at 59'08'S. 63°56 'W. from 17
February to 17 March 1976. Temperature measurements
were obtained from AMF vector-averaging current meters at
200-, 255-, and 350-meters depths and from two 11-element
Aanderaa thermistor chains which spanned the depths be-
tween 200 and 300 meters with 5 meters between sensors.
The mooring, instrumentation, and preliminary results are
described in Hayes and Zenk (in press).

The position of the mooring was chosen so that the array
would be near the Antarctic Polar Front Zone (APFZ). This
zone marks the transition region between subantarctic and
antarctic water masses (Gordon, 1967). Upper ocean waters
to the north of the frontal zone are relatively warm and
weakly stratified. To the south, the water is cold and
stratified. A common index of the polar front position is the
location of 2°C isotherm at the 200-meters level (Mackin-
tosh, 1946).

Several expendable bathythermograph sections were
taken across the APFZ (Joyce et al., 1976; Patterson and
Sievers, 1976) while the mooring was in place. Figure 1
shows the approximate position of the front on two occa-
sions. Large lateral excursions (of order 50 kilometers) of the
front are noted in these sections and in the studies of Joyce
and Patterson (1977). These excursions are reflected in the
data from the moored array. Figure 2 shows the time series

of isotherm depths constructed from the thermistor chain
measurements. The data can be divided into three time
periods, depending on the location of the 2°C isotherm and
the stratification. From 21 February until 2 March (with the
exception of brief interruptions on 25 and 26 February), the
water between 200 and 300 meters was warmer than 2°C.
During this period the isotherms were predominantly ver-
tical, indicating weak stratification. The warm tempera-
tures and vertical homogeneity are consistent with the moor-
ing being in subantarctic water. The period from 2 March
to 12 March was characterized by colder water, increased
stratification, and apparent intrusions of lenses of warmer
water. These features are consistent with the mooring being
located within the APFZ. Finally, the last period indicated
very low temperatures, which would place the mooring
within a cold-water eddy (e.g., Joyce and Patterson, 1977)
or well to the south of the APFZ.

These data show that the APFZ is particularly suitable for
dynamical observations by means of closely spaced moored
temperature sensors. Characteristic water masses can be
distinguished by the temperature and thermal stratification.
Further measurements and longer time series are required to
resolve the spatial and temporal scales of the fluctuations in
the APFZ and the importance of these structures in the cross-
frontal mass and heat transports.

This work is part of the International Southern Ocean
Studies (isos) program of the International Decade of
Ocean Exploration office of the National Science Founda-
tion. Financial support came from National Science Foun-
dation interagency agreement OCE 76-06485 (Hayes) and
OCE 75-14056 (Zenk) and from the Environmental Research
Laboratories of the National Oceanic and Atmospheric Ad-
ministration.
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Figure 1. Location of
Polar Front axis as deter-
mined from XBT sections.
Temperature measure-
ments were made from

mooring A.
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conductivity- temperature-depth (CTD) recorder show that
most, if not all, of the water column was involved in the
equatorward ejection of the cyclonic ring. The surface
temperature field and ship drift information presented in
figure 1 illustrate the surface signature of the ring. We know
neither the ultimate fate nor the frequency of formation of
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An objective of the International Southern Ocean Studies
is to better understand the dynamics of the Polar Front Zone
(p il-z) or the Antarctic Convergence (National Academy of
Sciences, 1974). This zone of transition between antarctic
and subantarctic surface waters lies in the Antarctic Cir-
cumpolar Current.

Recent field studies of the zone (Gordon, 1975; Joyce,
1976; Patterson and Sievers, 1976) are not reviewed here.
Instead, we present some results now available from
measurements taken during the 1976 phase of the First
Dynamic Response and Kinematic Experiment (FDRAKE-
76), with attention to how the upper water masses are ex-
changed across the PFZ. Two modes of stirring, distinguished
by scale, have been identified: (1) mesoscale rings or eddies
and (2) small-scale, cross-frontal intrusions or interleaving.

For 5 weeks during FDRAKE-76, a large meander in the cir-
cumantarctic current was observed to grow and pinch off a
cyclonic ring of antarctic water to the north of the PFZ (Joyce
and Patterson, 1977). The ring then drifted northeast into
the Scotia Sea. Hydrographic measurements obtained with a

4
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Figure 1. Surface temperature distribution and vectors in-
dicating ship's drift during AGS Yelcho's first survey of the
cyclonic ring and the area to the south. Survey extended

from 31 March to 3 April 1976 (Patterson, 1977).
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such cyclonic rings and their anticyclonic counterparts.
Without this knowledge only low-confidence estimates of net
poleward heat or salt transfer can be made for the region.

The CTD data presented in figure 2 reveal the second
mode of transfer across the PFZ: small scale interleaving.
The temperature, salinity, and dissolved oxygen fields show
multiple inversions with vertical scales of 10 to 100 meters
while the density ( t) is comparatively monotonic with
depth. This indicates that the temperature and salinity
variations compensate each other in such a way that in-
stabilities in density are essentially absent.

Closely spaced stations are necessary to map out the larger
of these "leaves," and even then one can only analyze the
smaller intrusions statistically. The entire PFZ is filled with
these structures (Gordon et al., 1977), each of which has
some varying fraction of antarctic and subantarctic water
properties. One might imagine the intrusions acting as a
great "heat exchanger" increasing the surface area of con-
tact between different water masses and thereby enhancing
the smaller scale mixing. To maintain the interleaving in a
statistically steady-state, cross-frontal exchange is necessary
proportional to (a) the intensity of interleaving and (b) the

rate of destruction (by vertical exchange) W each "leaf." A
model describing this process has been proposed (Joyce, in
press), and is being enlisted to interpret the data from
FDRAKE-76.

The relative effectiveness of each of the above processes
and their importance to southern ocean dynamics as a whole
need further thought and experimentation. We have only
recently begun to know what questions to ask. Quantitative
answers to such questions as how Antarctic Intermediate
Water is formed and/or modified by stirring within the
Polar Front Zone lie in the future.

This research is supported by National Science Founda-
tion grant OCE 75-14056 (Joyce) and OCE 74-14941
(Patterson/ Nowlin).
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Figure 2. Continuous temperature, salinity, and oxygen
profiles of CTD station 88 (Joyce etal., 1976).

Soviet-American research aboard
R/V Professor Zubov

W.J. EMERY

Department of Oceanography
Texas A &M University

College Station, Texas 77843

V.G. SAVCHENKO

Division of Ocean-Atmosphere Interaction Theory
Arctic and Antarctic Research Institute

Leningrad, USSR

L. GORDON

School of Oceanography
Oregon State University
Corvallis, Oregon 97331

As part of the International Southern Ocean Studies
(isos), three U.S. scientists joined the Soviet research ship
Professor Zubov (figure 1) for a month of study south of
Australia. The purpose of this cooperative research was to
study the oceanic frontal zones and the distribution of water
masses between Australia and the antarctic continent. It was
hoped that simultaneous examination of atmospheric and
oceanic processes would shed some light on the interaction
between them in this region.

An earlier section along 132°E. made in 1970 by USNS
Eltanin prompted the decision to collect data along this
same meridian. The cruise plan consisted of deployment of
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three current meter moorings in the Polar Front Zone and
36 hydrographic stations along 132°E. between 65° and
35°S. As part of the hydrographic work, a detailed com-
parison of Soviet and U.S. analytical techniques was
planned. An expendable bathythermograph (xBT) system
and a set of hydrographic and chemical instrumentation
were taken aboard by the U.S. group for this purpose.

The U.S. group, consisting of William Emery, a physical
oceanographer from Texas A&M University, and Steven
Hager and Stanley Moore, both chemical oceanographers
from Oregon State University, joined Professor Zubov in
Wellington, New Zealand. After loading the U.S. equip-
ment, the ship left Wellington on 20 January 1977 and
headed for 47°S. 132°E. where a search for the Polar Front
began (figure 2). Using XBTS, a temperature section was

CelL 1111	 *r	.e- *
—	*-	p

,

Figure 1. Soviet research ship Professor Zubov.

taken along 132°E. between 47° and 58.5 0S. The section
(figure 3) shows the Australasian Subantarctic Front at
51 °S. and the Polar Front Zone between 55 0 and 57°S. Also
interesting is the cold feature at 51.5°S., which later was
shown to be a cyclonic eddy.

Another XBT section taken going north showed the frontal
zones at the same positions. Since depths near the Polar
Front Zone were greater than anticipated, it was decided to
deploy the current meter moorings in the region of the
Australasian Front. Severe weather, however, prevented
deployment of the current-meter stations as planned, and
the time was used instead to conduct an XBT survey that con-
firmed the existence of a cold-core, cyclonic ring at 51.5°S.
Continued bad weather led to a second XBT survey of this
ring after which the three current meter stations were
deployed as indicated in figure 2.

After the current meters were deployed, a final XBT sec-
tion was made between 50° and 60°S. The important fron-
tal zones were located as in the first section. Starting at
65°S., an attempt was made to begin a line of at least 15
hydrographic stations. The reduction in stations was due to
the amount of time lost to storms and difficulties in current
meter deployment. Inclement weather continued to hamper
operations, and only six hydrographic stations were com-
pleted. These stations did, however, allow some comparison
of Soviet and U.S. techniques of chemical analysis. Also,
during the cruise an important intercalibration of chemical
standards was carried out.

On 11 February all data collection ceased and the ship
headed for port in Australia. In Geelong, Australia, the
U.S. group departed the ship and returned home. It was
agreed, however, that the Soviet scientists would return to
the area where the ring was observed and survey this feature

30*

400

50*

600

—	 — —	 -- — — iJ 700
20 0	1300	1400	1500	160	70*	1800

Figure 2. Cruise track of joint Soviet-U.S. experiment.
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Figure 3. North-south
temperature section along
132 0 E. taken between 25
and 27 January 1977. At
the top are shown salinity
(s) and density ( t) at the
surface. The depth of the
bottom (H) is also shown
with the letters A, B, and C
indicating the positions of
the current meter moor-

ings.

LATITUDE

Ji4il

	
IC

using hydrographic casts. Combined with the earlier XBT
data and the records of the moored current meters, these
data should provide a good opportunity for investigation of
the cyclonic ring.

The U.S. participation in this study was sponsored by Na-

tional Science Foundation grant OCE 76-00592. The
cooperation of Captain O.V. Andrzheevsky, his scientific
deputy Ura Menshov, and the crew is greatly appreciated.
We are also grateful to the Soviet Arctic and Antarctic
Research Institute for its support of this research.

Water mass renewal in the
subantarctic zone

MICHAEL S. MCCARTNEY

Department of Physical Oceanography
Woods Hole Oceanographic Institution

Woods Hole, Massachusetts 02543

A circumpolar subantarctic front (sAF) can be defined
from the temperature field as the zone of maximum north-
south temperature gradient at, say, 200 meters. This
temperature front marks the northern boundary of the polar
frontal zone. To the north of the SAF lies the subantarctic
zone, which is below the seasonal thermocline, characterized
by small horizontal temperature gradients and weak cur-
rents.

Historical data from the subantarctic zone show a process
occurring there that is the Southern Hemisphere analog of
the water mass renewal process that occurs in the Northern
Hemisphere south of the Gulf Stream and the Kuroshio. The
Northern Hemisphere water masses have been called 18°
water for the North Atlantic variety (Worthington, 1959),
or subtropical mode water (sTMw) (Masuzawa, 1969; War-
ren, 1972) for the North Atlantic and North Pacific varieties
as a pair. Subtropical refers to the area of renewal; mode, to
the large contributions these waters make to the warm water
volumes of their respective oceans. For the Southern

Hemisphere analog, I have coined the name subantarctic
mode water, or SAMW (McCartney, 1977).

In figure 1 a typical summertime meridional section
across the subantarctic zone and front is shown, this par-
ticular one from south of Australia. The SAF is sharply de-
fined and lies between 48° and 49°S. North of the SAF is the
thick 8°C thermostad that marks the summer remnant of

- temperature section from El/anin 41, 1 32-E

340	360	380	400	420	44*	46* 48*	50*	52*	54*

Figure 1. A summertime section south of Australia along
132 0E from Eltanin cruise 41. The subantarctic front is be-
tween 48 0 and 49°S. The SAMW north of the SAF is overlain
by a seasonal thermocline above 200 meters, but persists
as a pronounced thermostad between 200 and 600 meters
North of 42 0S. the SAMW thermostad is still easily detect-
able, although not as pronounced as within the formation
zone between 43 0 and 48 0S. The Australian continental
shelf lies north of 35 0S. Data are from 20 December 1969 to

16 February 1970.
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Ocean, in slightly eroded form—with salinities raised to
above 34.3 per mill.

The work reported here was supported by National
Science Foundation grant OCE 76-00390.
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Temperature sections from
supply vessels

WILLIAMJ. EMERY

Department of Oceanography
Texas A &M University

College Station, Texas 77843

As part of the International Southern Ocean Studies
(isos), routine observations of upper layer (0 to 500 meters)
temperature were made in 1977 by antarctic resupply vessels
using expendable bathythermographs (xBTs). Six ships,
three from the United States, two from Australia and one
from Chile (figure) participated in the program taking XBTS

along their regularly scheduled tracks. Arrangements were
made for all observations to be handled by personnel
already on board the supply vessels. These ships completed
29 north-south temperature sections and one east-west sec-
tion.

To conserve XBT probes, a sampling scheme was
employed that provided the densest coverage between 50°
and 65°S. Between these latitudes XBT casts were made every
18 nautical miles, while outside these latitudes the sampling
interval was increased to 48 nautical miles. The improved
coverage between 50° and 65°S. should help in describing
and understanding the fronts and transition zone separating
antarctic surface water from subantarctic water.

At each XBT cast, observations of wind speed and direc-
tion along with other meteorological parameters were
recorded. On all but the R/V Hero, surface water samples
were taken with every XBT and analyzed for surface salinity.

The data from these XBT casts are being digitized and cor-
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rected. When fully processed they should provide a picture
of southern ocean thermal structure during the austral sum-
mer of 1976-1977. Plans for the coming summer are to
repeat these sections and to include new sections south of
South Africa.

This project was sponsored by National Science Founda-
tion grant OCE 76-81371. The cooperation of the Division
of Polar Programs in the use of the R/V Hero is gratefully
acknowledged. Also, the active participation of R. Edwards
of the Division of Fisheries and Oceanography, Common-
wealth Scientific and Industrial Research Organization,
Cronulla, Australia and the Australian Antarctic Division,
CSIRO, is greatly appreciated. The sections by the Yelcho
are supervised and coordinated by H.A. Sievers of the In-
stituto Hidrografico de la Armada de Chile.

Effect of meridional circulation in
large scale current topography

interactions

MICHAEL SPILLANE

Physical Oceanographic Laboratory
Nova University

Dania, Florida 33004

In the southern ocean, a number of large scale
topographic ridges crisscross the path of the Circumantarc-
tic Current. Relative vorticity, induced by bottom pressure
torques, may be important to the dynamic balances that
describe the water movement around the antarctic conti-
nent.

The inclusion of relative vorticity in beta-plane models of
current interactions with shallow bottom topography
generally has been limited to unforced, zonal circulations,
which admit first integrals of the equations of motion
(McCartney, 1975, 1976; Janowitz, 1976). Significant
relative vorticity is generated when the topographic scale, L,
is comparable to the Rossby wave scale

L=/

where Q is the speed of the approaching flow and fi is the
gradient off. Standing waves with a wave length

AITOQ

are generated downstream of the topography if the ap-
proaching zonal flow is from the west.

The following questions arise: (1) Do the zonal models,
which neglect meriodional circulations, describe more
general current-topography interactions? (2) Are there
topographic scales, greater than L 1 , which generate signifi-
cant relative vorticity?

One can address these questions by considering a steady
barotropic model in which a planetary scale circulation is

driven by the wind. If the bottom topography is sufficiently
shallow, then to leading order the large scale circulation is
unaffected by it. Linearizing about this circulation, one can
derive a system of equations for the perturbation pressure
field induced by the topography.

Free waves of the system (in the steady limit), obtained by
considering the perturbation pressure, p, in the form

p' e i ( + my)

satisfy the dispersion relation
(2 2 +m 2 ) (UQ+Vm)-020

In polar form

(22+m2)=13 cosd
Q cos (-9)

where U and V are the zonal and meridional components of
planetary scale circulation (assumed constant compared to
the wave scales; 2 and in the zonal and meriodional wave
numbers of the disturbance; U Q, cos®, V = Qsin9; 0 =
tan' m/2). This dispersion relation is qualitatively the same
as that described by Lighthill (1967) for the free waves
generated by a disturbance moving across the surface of the
ocean with velocity (U, V).

For a zonal flow, 9= 0.

(22+m2)13 ,U>0

The wave length of the disturbance is constant and indepen-
dent of azimuth, 0. For all other orientations of the ap-
proaching flow, the wave length of the disturbance depends
on both the azimuth, 0, and direction of the approaching
flow field,9.

The group velocity (in the steady limit) determines the
direction in which one expects to find waves, if they exist.
For the zonal flow, the group velocity is always to the east. In
general, for V * 0, short waves, (2 2 + m 2 )<Q/13 are found
to the east, and long waves (Q2 + m 2 )>Q//3 are found to the
west, if I9I<1r/2. Therefore, the zonal models are
qualitatively correct for general approach angles, 9, when
the topographic scales are small.

The long wave limit of the dispersion relation, for V * 0,
is given by

m3 V+132, when m, 2+0, and m+Q

If Q is scaled such that the characteristic zonal scale is
planetary, f43 rather than inertial, L, then the
characteristic meridional scale that is obtained in the long
wave limit is

L=L1 */L 
1/3

i 

For typical oceanic conditions,

L is thus an "intermediate" scale.
When the topography is characterized by the planetary

and intermediate scales, zonal models, which neglect the ex-
isting meridional circulation, may fail to reproduce the
proper amplitudes and spatial scales of the perturbed mo-
tion fields.

This research is supported by National Science Founda-
tion grant OCE 76.14150.
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Deep currents in the
northwestern part of the

Argentine Basin

JOSEPH L. REID

Scripps Institution of Oceanography
Lajolla, Calfornia 92093

On Islas Orcadas cruise 6, three free-vehicle current
meters were deployed in the north-central part of the Argen-
tine Basin. All were recovered and all operated successfully.
The meters have been described by Sessions (1975) and are
of the type used by Reid and Nowlin (1971) in the Drake
Passage, by Reid and Lonsdale (1974) in the Samoan
Passage, and by Reid et al. (1977) in the vicinity of the Rio
Grande Rise. They sense speed and direction by a Savonius
rotor and a vane, record internally, and are deployed as
bottom-moored, subsurface arrays, with timed anchor
releases.

They were deployed a few hundred meters above the bot-
tom in depths where they might measure the southward-
flowing North Atlantic Deep Water in the west and the

deeper northward-flowing Circumpolar Water farther off-
shore.

The results are given in the table. The first meter, at
3,691 meters depth, was in the lower part of the southward-
flowing Deep Water (Reid et al., 1977). Its speed and direc-
tion were the most nearly constant of all the meters. Aside
from diurnal and semidiurnal excursions, its velocity was in
the southwestward quadrant throughout the record.

The second meter, at 4,386 meters, was below the oxygen
minimum of the northward-flowing Circumpolar Water. Its
total record was toward 016° true, but there was substantial
variation. For the first 10 days, its motion was toward about
040°, at about 16 centimeters per second, but the velocity
changed to south and then west at lower speed for the re-
maining period.

The third meter, at 4,846 meters, was in the abyssal layer
extending from the Weddell Sea Deep Water (Reid et al.,
1977), and a northward flow was expected. During the first
13 days, however, the flow was weakly westward; afterward,
the flow was about 348° true at about 7 centimeters per sec-
ond.

This work was supported by National Science Foundation
grant Opp 74-21560. I acknowledge the excellent work of
David Muus and Jerry Graham of the Scripps Institution,
who prepared the instruments at sea, and the effective
cooperation and assistance that the personnel of the Argen-
tine Navy Hydrographic Service gave in carrying out the
deployment and recovery of the instruments.
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Results of free-vehicle current meter deployment.

Deployment	 Distance Depth of	 Vector mean
Depth of	above	current	Length of

Meter	Period	Latitude	Longitude	bottom	bottom	meter	record	speed	direction
no.	down	 (°S.)	(°W.)	(m)	(m)	(m)	(days)	(cm / sec)	(°T.)

8-24 Aug 1975	38°25.1'	52°58.3'	4,091	400	3,691	15.8	11.0	226

9 Aug-12 Sept 1975
	

38°45.3'	51053.4'	4,786	400	4,386	33.5	2.4	016

9 Aug- lO Sept l975	39005'	50045	5,246	400
	4,846	30.8	4.1	314
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ARA Islas Orcadas cruise 6 in the	and U.S. scientists, began at Buenos Aires on 4 August 1975
and ended there on 14 September 1975. The ship traveledArgentine Basin	 2,861 nautical miles during the cruise, which included a
return to Buenos Aires for repair of a winch.

The ship operated in the Atlantic Ocean off Argentina
DEMETRIO BOLTOVSKOY	 (figures 1 and 2), with emphasis on the Subtropical Con-

vergence.
Serviczo de Hidrografia Naval	 Projects were performed in three disciplines: (1) a Scripps

Buenos Aires, Argentina Institution of Oceanography group deployed and retrieved
current meters at three locations as shown on the figures
(Reid, 1977), (2) the Argentine Naval Hydrographic Service

Cruise 6 of the research ship ARA Islas Orcadas, operated	and the Hydrographic Service of Uruguay collected physical
by the Argentine navy for shared scientific use by Argentine	and chemical oceanographic data at 23 locations (see

59°	 50	 570	 560	 55°	 540	 53°	 520	 510	 50°	 49°

Islas Orcadas cruise 6. Figure 1 (upper): August 1975. Figure 2 (lower): September 1975.
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figures), and (3) the Bernardino Rivadavia Natural Science
Museum collected plankton at most of the oceanographic
stations for use as hydrological indicators of the location of
the convergence between subtropical and antarctic waters.

On-board analysis of surface plankton species indicated
that all the stations east of 52'30'W. were in mixed sub-
tropical and subantarctic water, with the latter prevailing.
Station 5 was in the Malvinas Current, according to
preliminary analysis.

Scientific personnel aboard during the cruise were as
follows:

Miguel E. Clements, Luis M. Lopez, and Roberto P.
Fontanarrosa of the Argentine navy crew of Islas Orcadas.

Robatto Daniel of the Hydrographic Service of Uruguay.

Demetrio Boltovskoy, Daniel De Azwe, Anderson Florin,
and Norman M. Magaldi of the Bernardino Rivadavia
Natural Science Museum, Argentina.

Jerry Graham and David A. Muus of the Scripps Institu-
tion of Oceanography, San Diego, California.

Raul E. Banchero. Guillermo Caram, Luis A. Gonzales,
Lucio J . Janiot, Luis A. Rofrano, and Enrique Sik of the
Argentine Naval Hydrographic Institute.
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Marine geology and geophysics

Islas Orcadas cruise 12:
Cape Town to Buenos Aires

ARNOLD L. GORDON and JOHN LA BRECQUE

Lamont-Doherty Geological Observatory
Columbia University

Palisades, New York 10964

For several marine disciplines, the Atlantic sector of the
southern ocean is interesting and important with regard to
global aspects of the structure of the ocean and the earth's
crust, yet a lack of modern data has hampered full scientific
assessment. An objective of the ARA Islas Orcadas 1976-1977
and 1977-1978 circumantarctic survey is to remedy this
situation. The first two cruises of the expedition
demonstrate that this objective is being met.

The second cruise, cruise 12, began at Cape Town, South
Africa, at 1540 on 3January 1977. Sixty days later (4 March
1977) the cruise ended at Buenos Aires, Argentina, after
making 74 conductivity-temperature-depth (CTD) hydro-
graphic stations, taking 47 cores, and steaming 8,250
nautical miles, including special geophysical survey
segments. The area of work (figures 1 and 2) was mainly
south of the midocean ridge in the Antarctic-Atlantic or
Weddell Basin and within the physical oceanographic
regime that may be called the Weddell gyre. In addition,
underway data were obtained from Aguihas Plateau to Ant:
arctica. The cruise-11 nearly north-south line along 10°E.
was extended to the African and Antarctic continental
margins.

Cruise 12 had three science components: physical
oceanography and marine geophysics, both under direction
of the Lamont-Doherty Geological Observatory, and marine
geology from Florida State University. The party chief for

marine geology was David De Felice. There were par-
ticipants in each component from other institutions, prin-
cipally from the Argentine Servicio Hidrografia Naval and
the Instituto Antartico Argentino. Representatives of the
University of California at Haywood and of Rice University
participated, as did a representative from the Bernard Price
Institute of Geophysical Research in South Africa.

Each discipline received support from the ship's scientific
team (science officers and oceanography crew). All groups
worked well together, and the cruise was enjoyable and pro-
ductive.

The Eltanin and the Islas Orcadas cruises are rare in
modern oceanography in that the field work is multidis-
ciplinary. The joint operation of physical oceanography and
marine geology and geophysics is a rarity on research ships.
The success of these cruises, as proved by the immense pro-
ductivity of the circumantarctic expeditions (AntarcticJour-
nal, May/June 1973), should guide future oceanographic
programs dedicated to efficient use of ship's time.

Physical oceanography. The physical - chemical
oceanography includes both station and underway com-
ponents. The station work consists of CTD hydrographic
observation from the sea surface to within 25 meters of the
sea floor (usually within 10 meters). The CTD is coupled with
a built-in oxygen sensor as the fourth channel and a 24-
bottle rosette sampler. The rosette bottles (eight with revers-
ing thermometer frames) yield data for CTD-0 2 standardiza-
tion and water samples for chemistry. These chemical
measurements were: oxygen, silicate, phosphate at all levels
and all stations, with tritium, stable oxygen isotope, and
barium at some levels for selected station positions.
Measurement at 24 levels of chemical parameters couples
the advantages of the CTD-0 2 type of hydrographic station
with those of the serial case stations. A total of 126
hydrographic stations were obtained during cruises 11 and
12 (figure 2).

The underway program consists of expendable bathyther-
mograph (xBT) observations at 10, 20, or 30 nautical mile
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intervals, with surface water samples taken for determina-
tion of salinity and silicate. The ship's oceanographic team
also obtained mechanical bathythermograph data at 2-hour
intervals along the ship's track.

The data set contributes to three basic aspects of southern
ocean research: the north-south water mass - frontal zone
structure along two lines between Africa or the Agulhas
Plateau and Antarctica; the stratification and circulation of
the Weddell Basin; and the water structure to the east of the
Scotia Sea, from the Falkland Plateau across the South
Sandwich Trench to the triple point junction of the mid-
ocean ridge.

The excellent data produced by the CTD-0 2 , coupled with
a dedicated Hewlett Packard computer system and use of

the ship's IBM 1130 computer, allowed much more than
usual assessment of the science content of the hydrographic
data. On preliminary inspection, three items stand out:

(1) The data show particular activity and complexity of
the water mass between Africa and Antarctica. The multi-
ple inversions in temperature, salinity, and oxygen indicate
vigorous isopycnal stirring of the Antarctic Intermediate
Water with what may be deeper proportions of South Indian
Central Water. The oxygen versus depth structure is of par-
ticular interest. The relatively saline, high oxygen, low
nutrient North Atlantic Deep Water apparently is sand-
wiched between and diluted by Pacific Ocean water, which
is most clearly evident in the oxygen and nutrient fields. The
relatively warm, deep water in the Weddell gyre may be

Figure 1. ARA Islas Or-
cadas cruise 12 track,
showing magnetic anoma-
ly lineations in the central

Weddell Basin.

Figure 2. Position of
ARA Islas Orcadas cruise
12 CTD hydrographic sta-
tions (53-126) and XBT
observations. The CTD sta-
tions (1-52) and STD sta-
tions (58-61) of the
previous cruise 11 are

shown.
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composed primarily of the lower Pacific Ocean component,
though some North Atlantic Deep Water may be present.

(2) South of the midocean ridge is the cold eastward flow-
ing northern limb of the Weddell gyre. To its south the
water becomes warmer as the southern gyre limb is reached.
Attenuation of the northern limb characteristics between
the two long lines of CTD stations (figure 2) suggests signifi-
cant infiltration of "open ocean" deep water from the north.
The characteristics of the Weddell gyre change abruptly at
the longitude of Maud Rise (2°E.), suggesting that the core
of the cyclonic recirculation segment may be confined to the
region west of Maud Rise.

(3) At 67°S. 7.5°W. an important eddy was encountered.
A 12-hour survey showed the eddy to have a radius of 14
kilometers (slightly larger than the local Rossby Radius of
Deformation) and to have an associated vigorous cyclonic
circulation (1 to 1.5 knots), as measured by ship's drift (con-
ditions were windless and flat calm). There was a nearly
total lack of the usual stratification layers, namely the cold
winter water and warm-saline-low-oxygen deep water. The
eddy appears as a cold core of water to at least 3,500 meters,
pronounced in all parameters. The low stability of the water
in the eddy core and its similarity to a low salinity-high oxy-
gen intrusion observed between the -0.10  to -0.40C
isotherms in the central Weddell gyre suggests the presence
of open ocean deep convection. Perhaps the continental
margins may not be the only means of deep-to-bottom con-
vection in the southern ocean.

Geology. Forty-seven piston and trigger cores were at-
tempted, with recovery of 44 piston cores and 31 trigger
cores. Calm weather, experienced technical aid, and the
thick sediment cover characteristic of the Atlantic-Antarctic
Basin yielded a total core length of 526 meters, over half of
which was produced by three-pipe cores.

Lithologies ranged from calcareous miniferal, diatom,
and foraminiferal oozes to coarse sand, pelagic mud, and
red clay. A sharp transition from pelagic to terrigenous
sediments was found in the longitude of Maud Rise (pelagic
to east), which may be indirectly related to the differing
water structure on either side of the Rise.

Geophysics. The geophysical objectives were to study the
Queen Maud Land coastal area and to determine the mag-
netic anomaly lineation and the basement depth of the
Weddell Basin. These are preliminary steps toward deter-
mining the evolution of the Atlantic-Antarctic Basin since
the breakup of Gondwanaland. A gravity survey of the
Atlantic-Antarctic Basin also was done since virtually no
marine gravity data exist for the region.

Continuous underway magnetic, bathymetric, gravimet-
nc, and seismic data were gathered over the track indicated
in figure 1. The gravimeter was a Graf Askania GSS-2
marine gravimeter mounted on an Anschutz gyrostabilized
platform. The cross coupling error was removed using an
analog computer. The seismic system used a 40-cubic-inch
Bolt type airgun and a 48-element single channel seismic ar-
ray. Precision depth records were taken at 3.5 and 12

Islas Orcadas cruise 11, Buenos
Aires to Cape Town

JOHN C. SCLATER', H. DICK', D. GEORGI 3 , W. WISE4,
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2 Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543

3Lamont-Doherty Geological Observatory
Columbia University

Palisades, New York 10964

4Department of Geology
Florida State University
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ARA Islas Orcadas left Buenos Aires 0905 27 October and
arrived off Cape Town the evening of 19 December 1976.
The ship steamed 7,300 nautical miles in 53 days with 4,800
miles being expended on the common track, 1,600 miles on

the detailed geophysical survey and the last 900 miles on sta-
tion (figure 1). We stopped 95 times and attempted three
salinity- temperature-depth (STD), 53 conductivity-
temperature-depth (cTD), 50 coring, and 15 dredge stations
(table). We averaged 180 miles per day with a loss of 3 days
relative to our original program due to bad weather. The
weather on the first part of the cruise and close to the ice was
better than expected. On the trip to Cape Town it was much
worse than we had anticipated. This bad weather south of
Cape Town severely curtailed our CTD program north of
45°S. Fortunately the stations lost on this cruise were made
up on the following cruise.

Geophysics. The geophysical survey commenced around
5'E with a series of short lines parallel and at right angles to
the expected N45 *W trend of the Africa/ Antarctica
spreading center. With these lines we were able to delineate
the posiiton of four spreading centers offset by four
transform faults (figure 2). One of the faults was named
after the ship and the other three after famous African
chiefs, Moshesh, Shaka, and Dingane. The Islas Orcadas
and Shaka transform faults were marked by 3-kilometer-
deep narrow gashes in the ocean crust. Respectively they off-
set the ridge axis 150 and 300 kilometers. Our line back to
Cape Town showed that the Shaka extended as an inactive
feature at least another 200 kilometers. In our detailed
survey around the Islas Orcadas Fracture Zone we dis-
covered a major ridge and a very prominent seamount either
side of the spreading just west of the fracture zone.
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Figure 1. Islas Orcadas
cruise 11: ship track with
station locations. All
bathymetric contours are

the 4,000-meter isobath.

WW

kilohertz. A proton precession magnetometer also was used.
Following are conclusions based on preliminary analysis of
the geophysical data.

(1) The central Weddell Basin has a lineated magnetic
anomaly sequence (figure 1). The magnetic anomaly linea-
tions strike at approximately 3300. The depth to basement
corrected for sediment loading suggests that the surveyed
area was formed during the Cretaceous. The strike of the
lineation direction is perpendicular to that of the western
margin of Queen Maud Land, suggesting that the margin
was a transcurrent fault during the breakup of Gond-
wanaland.

(2) Seismic records taken in the Weddell Basin show a
finely laminated reflector sequence with no apparent change
in reflector characteristics until acoustic basement. These
records suggest that turbidite deposition dominates the
basin's sedimentary history. This conclusion is supported by
preliminary analysis of core data. To the north and east of
Maud Rise the sediments appear to be largely current-
drifted, acoustically transparent sediments of probably
pelagic origin with accumulations of less than one-half sec-
ond. The topographic relief of the Maud Rise probably has
a significant effect on the sedimentation of the region by
directing the flow of terrigenous sediment from the Queen
Maud Land coast to the Weddell Basin.

(3) Large magnetic anomalies (1,000 gammas amplitude)
observed over the Maud Rise suggest that the rise is com-
posed of largely simatic type crust. Therefore, the Maud

Rise may represent either a portion of upwarped oceanic
crust or the site of extensive extrusion of basaltic magma.
The domed morphology of the rise suggests that the latter
hypothesis is more likely. Further analysis awaits reduction
of the acquired gravity data.

(4) A very large negative gravity anomaly (100 mgal) was
observed across the North Scotia Ridge and Malvinas Chasm
(- 100 mgal) though not across the South Scotia Ridge. The
anomaly suggests the possibility of vertical plate deforma-
tion along the boundary between the Scotia Plate and the
South American Plate.

Other remarks. An iceberg 200 meters in length was
sighted that was half white and half bottle green (a green
iceberg is described in Antarctic Journal, June 1976). Its
position was 68 132'S. 28'29'W. on 16 February 1977. The
division of the green and white ice was extremely abrupt; no
blending was apparent. Because of logistics difficulties, no
samples were taken.

The cruise succeeded in gathering high quality data in a
remote area. This difficult task was accomplished through
cooperative work of Argentine and U.S. participants.

We gratefully acknowledge the aid of the ship's Argentine
navy officers and crew in making this work possible and pro-
viding a comfortable life aboard the ship. Special thanks are
given to the science officers Roberto Parodi, Edwardo
Rodriguez, and Arturo Concela, and to the ship's com-
mandante, Don Eduardo Gaston Lestrade.
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Figure 2. Islas Orcadas
cruise 11 dredging and
primary geophysical area
(insert area of figure 1):
ship track and locations of
stations 42 through 81.

Bathymetry in meters.

Other geophysical work carried out during the cruise 11
included a survey of the south Georgia Rise, an east-west
gravity and topographic crossing of the Scotia trench, and
the collection of routine seismic reflection, gravity,
magnetic and topographic information along track.

Dredging. We attempted 15 dredges: six on the Conrad
Fracture Zone, eight on the Islas Orcadas Fracture Zone,
and one on the crest of the Africa-Antarctica rise near 11 °E.
A total of 730 kilograms of rock were recovered. A pinger
was used 250 fathoms above the dredge for section dredging
of the fracture zone walls.

Two of six dredges at the Conrad Fracture Zone recovered
rock other than glacial erratics from the upper portion of
the north wall of the Conrad Fracture Zone. Both contained
aphyric and plagioclase and olivine phyric basalts and
aphyric and plagioclase phyric fine-grained diabase. Many
of the diabases appeared to have been altered to the lower
greenschist facies. In addition several diabase-diabase con-
tacts and fragments of baked weathered basalt were
recovered. The dredge taken near the top of the wall con-
tained much more weathered and manganese encrusted
material and many more glacial erratics than that taken
lower down.

A total of 440 kilograms of harzburgite was recovered in
four successful dredges from the southeast wall, and 25
kilograms of basalt was collected in one successful dredge
from the northwest wall of the Islas Orcadas Fracture Zone.
The dredges from the 2.5-kilometer-high southeast wall
were spaced at even intervals from the top to the bottom.
The basalts consisted of aphyric and plagioclase and olivine
phyric varieties and a few clinopyroxene phyric samples. It
appears that while the northwest wall contains basalts
similar to those extruded at ridge crests the southeast wall
consists entirely of harzburgité of fairly uniform composi-

tion. Such a great thickness of periodite of uniform composi-
tion must represent upper mantle material along a fracture
zone.

One successful dredge was taken at the ridge crest near
11 °E containing 5 kilograms of aphyric fresh pillow basalt
fragments.

Physical oceanography. The objectives were to obtain a
trans-Atlantic hydro-chemical section to enable the study of
Antarctic Bottom Water (AABW) outflow from the Weddell
Sea and the addition of North Atlantic Deep Water (NADW)
to Circumpolar Deep Water (cDw) in the South Atlantic.

New equipment brought to the ship included a Neil
Brown conductivity-temperature-depth and dissolved oxy-
gen (cTD/02 ) probe, a Hewlett Packard minicomputer
system, and a 24-bottle surface activated water sampling
system.

After overcoming initial problems the equipment worked
well, and we were able to obtain 52 CTD/0 2 stations and col-
lect more than 1000 water samples. The water samples were
analyzed aboard ship for silicate and phosphate content and
provided calibration data for the CTD/0 2 probe. Eight sta-
tions were obtained in the Argentine Basin that clearly show
the presence of NADW. Five CTD stations were taken within
the South Sandwich Trench to detail AABW flow activity.
Thirteen stations were obtained between 28°W. and 2°E.
along 56°S. These stations have revealed a variety of deep
water mixing between CDW and the Weddell deep waters.
Between 58°S. 9E. and Cape Town 25 stations were taken as
part of a north-south section, the southern half which was
completed during the second leg of the cruise. A series of
closely spaced stations revealed a very narrow polar front
zone at between 49° and 50°S. North of the polar front we
crossed the subtropical convergence and the Agulhas cur-
rent system.
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Coring. The coring program had three objectives: (1) to
explore for and sample older (pre-Pliocene) sediments along
the northeast flank of the Maurice Ewing Bank (eastern
Falkland Plateau) and on the Northeast Georgia Rise in
order to elucidate the geologic history of these features, (2)
to extend the circumpolar bottom sediment survey into the
southeast Atlantic sector of the southern ocean, and (3) to
obtain closely spaced cores on a north-south transect
beneath the polar front in order to study the late Neogene
history of this important oceanographic feature. Core sta-
tions beneath the polar front were taken in conjunction with
physical oceanographic stations to provide optimum in-
tegration of modern sediment and hydrologic data.

Fifty piston and trigger cores were taken; sediment was
recovered from 45 piston and 18 trigger cores. Four of the
piston cores were presented to the shipboard representative
of the Argentine Museum of Natural Science. Piston core
sediment recovery totaled 443.27 meters (average 8.93
meters per core) and trigger core recovery was 7.40 meters
(average 14.8 centimeters per core). Lithologies sampled
ranged from calcareous nanofossil ooze, diatom ooze,
foraminiferal ooze, and red clay to sands, gravels, glacial
marine clastics, volcanic ash, and oceanic basalt. The
siliceous microfossils in core catcher samples were age-dated
aboard ship using available microscopic equipment. Core
data will be available from the Department of Geology,
Florida State University, Tallahassee, Florida 32306.

Of six cores taken on the Maurice Ewing Bank, four
penetrated to older sediments ranging from Eocene to
Miocene in age. This suite of cores complements a series of
22 cores taken on Islas Orcadas cruise 7 and adds important
new information concerning the depositional and erosional
history of the Falkland Plateau. Nine cores across the north-
east Georgia Rise recovered Plio- Pleistocene sediment, but
did not penetrate into older units which seismic profile
records show exposed just beneath 'lative thin mantle
of glacial marine sediments and oo

Thirteen cores were taken at hydrographic stations or
during geophysical surveying in the Malvinas Outer Basin,
the South Sandwich Island Arc, and along the easterly track
from the South Sandwich Trench to 8°W. longitude. The
final 21 cores were taken at 30' to 45' intervals along a
north-northeast track from 58 0 to 45°S., which passed
across the African-Antarctic midocean ridge and the polar
front at 50 0 -49 0S. Examination of core top samples in-
dicates that existing sediment facies maps for the area need
revision. Basaltic ocean crust was apparently sampled by
one and possibly two of the cores taken adjacent to the ridge
axis. Although core density along the transect was limited by
bad weather and mechanical problems, the transect pro-
vides the most detailed sampling yet available for study of
the sedimentological facies of the region, their relationship
to bottom topography and, through time, the paleoposition
of the polar front.
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which made cruise 11 so successful. We are grateful to
Lieutenant Parrodi, the oceanographic officers, the
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in maintaining operation and supervision of our on-deck
operations in often very unpleasant weather.
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The few older (pre-Pliocene) cores in the Eltanin collec-
tion were taken primarily along the flanks of intermediate
depth aseismic features such as the Kerguelen Plateau and
the Naturaliste Plateau (examples, see Kaharoeddin,
Weaver and Wise, 1973; Quilty, 1973; Constans and Wise,
1974). These cores have been important in reconstructing
the geologic history of these regions. In some cases they have
allowed important seismic reflectors to be dated (such as a
mid-Cretaceous reflector on the Kerguelen Plateau). In
other cases, they provide the only direct evidence of the
character and age of the sediment and microfossils
assemblages present, thereby shedding light on the paleoen-
vironmental history of the region.

Due to the unusual value of these older cores, an effort has
been made during planning of the Islas Orcadas cruises to
survey the several prominent intermediate depth aseismic
features that lie in the South Atlantic sector of the southern
ocean. These efforts have yielded 22 older cores, one of
which is of Cretaceous age, the third Mesozoic core taken
since the circumantarctic sediment survey began in 1963.
Islas Orcadas core 07-75-44 was taken 60 kilometers north -
east of DSDP drill site 327 on the eastern Falkland Plateau
(figure 1). A stratigraphic and paleoenvironmental analysis
of this core and a comparison with similar aged material
from DSDP hole 327A is given by Ciesielski et al. (1977). A
summary of that paper follows.

Islas Orcadas core 07-75-44 penetrated Campanian-
Maestrichtian carbonate ooze and chert (figure 2). Despite
its relatively close proximity to DSDP site 327, a significant
change in the planktic faunas and floras (particularly the
nannofloras), believed to be temperature dependent, is
noted between the two sites. Noted in particular is a sharp
reduction in the numbers of the planktic foraminifera
species Globotruncana arca (Cushman) going from north to
south across the Plateau. Similarly, at DSDP site 327 the
tropical coccolith species Biscutum constans (Gorka) (com-
mon at the more northerly site) is replaced by the species
Biscutum magnum Wind and Wise and B. coronum Wind
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Figure 1. Location of
Islas Orcadas piston core
07•75•44 and Glomar
Challenger drill hole 327A
on the eastern Falkland
Plateau, Southwest Atlan-
tic (from Ciesielski et al.,

1977).

and Wise. These latter species appear to prefer cooler
waters. Because of the relatively short latitudinal distance
between the two sites (62 kilometers), the sharp faunal and
floral changes observed are believed to have resulted not
from changes across a normal surface temperature gradient
but rather from a steepened gradient produced at the con-
fluence of two separate water masses. As shown in figure 3,
two primary paleocurrent systems are suggested to have con-
verged along the Falkland Plateau during Late Cretaceous
times. These would have served as a topographic barrier
separating the major water masses. The warmer northern
current would be the South Atlantic gyre, whereas the cur-
rent to the south would be analogous to the present West
Wind Drift. Assuming that the South American-Antarctic
Peninsula isthmus was essentially closed at this time (see
Barker et al., 1977), the southerly current could have caused
upwelling along the plateau, thus promoting the formation
of the biogenic silica and/or chert now found in the Late
Cretaceous sediments.

This research was supported by National Science Founda-
tion grant OPP 74 . 20109. Operational support by the
Argentine Naval Hydrographic Service is gratefully
acknowledged.
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An objective of Florida State University's participation in
ARA Islas Orcadas coring has been the acquisition of piston
cores near Deep Sea Drilling Project (DSDP) leg 36 drill sites
(Barker et al., 1977) on the eastern Falkland Plateau (figure
1). Older (pre-Pliocene) geologic strata crop out near the
surface over much of this portion of the Plateau. Piston core
samples from these older units can be correlated with
reference sections established at the drill sites. Study of the
stratigraphic sequence, which dates back to the Jurassic at
the drill sites, provides most of the evidence on which pres-
ent reconstructions of the sedimentologic and paleoclimato-
logic history of this sector of the southern ocean are based.

A piston core survey of the older units has been done dur-
ing the past two field seasons during Islas Orcadas cruises 7
and 11 (Warnke et al., 1976; Sclater et al., 1977). We
selected piston core stations in partial collaboration with
Peter F. Barker (geophysicist, University of Birmingham,
England) who was with Wise on DSDP leg 36. These stations
were located along Glomar Challenger and Robert Conrad

seismic profiles across the plateau at points where the prob-
ability of encountering older sediment appeared most likely.

Waters of the eastern portion of the plateau are shallow
(800 to 1500 fathoms), and cores can be raised in less than
an hour by the highly efficient Argentine deck crew of the
Islas Orcadas. Most of the cores for our study were taken
during cruise 7 under the shipboard supervision of
Ciesielskj. On cruise 11, Ciesielski and Wise were chief
geologists. Core catcher samples were age-dated aboard ship
by microscopy. Thus, age determinations made by any given
station could be used in final site selection for subsequent
stations. The scientific results of the study to date are in
press (Ciesielski and Wise, in press; Ciesielski et al., in press,
1977); a summary follows.

Paleontologic and sedimentologic analyses of 55 piston
cores (including 26 from the Lamont-Doherty Geological
Observatory and Eltanin collections; see figure 2) and three
DSDP leg 36 drill core sequences combined with seismic
reflection profiler data provide the basis for the study.

Micropaleontologic dating of the cores has been done
using the high latitude biostratigraphic zonations summa-
rized by these workers:

Calcareous nannofossils: Wise and Wind (1977).
Silicoflagellates: Ciesielskj (1975), Busen and Wise

(1977).
Diatoms: McCollum (1975), Gombos (1977), Weaver

(1976).
Our primary data is presented in a geologic map (figure 3)
and cross-section (figure 4) of older (pre-Pliocene) units
sampled beneath a thin veneer (1 to 2 meters) of
Plio/Pleistocene siliceous ooze and glacial marine clastics
that mantle the Plateau. Thirty-one of the piston cores
penetrated pre-Pliocene sediments, the oldest being Cam-
panian in age.

Comparison of faunal and floral assemblages of Creta-
ceous sediment from opposite sides of the Maurice Ewing
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Figure 1. Location of the Maurice Ewing Bank study area (black retangle) at the eastern end of the Falkland Plateau,
Southwest Atlantic sector of the southern ocean. The polar front position is from Gordon of al. (in press). Bathymetry (in

fathoms) for this and all subsequent map figures is from Leonardi and Ewing (1 971).
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map (from Ciesielski and
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Bank shows significant paleoecological differences which	compensation depth, coupled with a significant variation in

suggest that the Falkland Plateau served as an important	topography across the bank, contributed to marked changes

barrier between water masses in the South Atlantic during	in lithologic facies ranging from coccolith ooze near the

this time. During the Tertiary, a relatively high carbonate	apex of the bank to diatom ooze and zeolitic clay on its
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Figure 3. Geologic map
of older (pre-Pliocene)
strata sampled in the area
directly beneath a thin (1
to 2 meter) areawide cover
of P1 jo/Pleistocene
siliceous ooze and glacial
marine clastics (from
Ciesielski and Wise, in
press). Superimposed are
Glomar Challenger leg 36
and Robert Conrad 16-06
seismic reflection profile
tracks used in construct-
ing the geologic cross-

section of figure 4.
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Figure 4. Geologic cross-section across the Maurice Ewing Bank as interpreted from piston and drill core data and from
Glomar Challenger leg 36 and Robert Conrad 16-06 seismic reflections profiles (from Ciesielski and Wise, in press). Portions

of the section are adapted from or have been modified from Barker (1977, figures 9 and 10).
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flanks. Miocene coccolith ooze deposition ceased when the
center of high carbonate productivity (and the Miocene
Polar Front?) migrated north of the bank in response to
deteriorating climate associated with a severe late Miocene
continental glaciation on the antarctic continent. Strong
bottom currents associated with the Cretaceous Tertiary
event, the early Miocene opening of the Drake Passage, and
the late Miocene antarctic glaciation caused scouring and
removal of significant volumes of sediment, thus con-
tributing to the complex erosional history of the bank. Dur-
ing the late Miocene the last and most severe of these events
truncated the previously deposited upper Cretaceous to
Miocene sequence of sediments of the bank. The primary
erosional agent during the late Miocene was probably a
northerly component of the circumantarctic deep water that
impinged on the bank from the southwest.

Erosion of older pelagic oozes ceased with the deposition
of Plio- Pleistocene glacial marine clastics that essentially
"armored" the sediment surface with a protective, erosion-
resistant cover. Carbonate deposition in the study area
resumed during the latest Pleistocene, when the polar front
migrated to a mean position near the southern margin of the
bank.

This research was supported by National Science Founda-
tion grant DPP 74-20109. Operational support by the
Argentine Naval Hydrographic Service is gratefully
acknowledged.
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Basal sediment ages of Islas
Orcadas cruise 7 piston cores

PAUL F. CIESIELSKI and SHERWOOD W. WISE, JR.

Antarctic Marine Geology Research Facility
Department of Geology
Florida State University

Tallahassee, Florida 32306

As an aid to other investigators wishing to study ARA Islas
Orcadas cores, we present here preliminary basal sediment
ages for 45 piston cores taken on cruise 7, the first
multidisciplinary cruise (marine geology, physical
oceanography, and geophysics) of the ship to the southwest
Atlantic sector of the southern ocean. This cruise, which
began and ended at Buenos Aires, concentrated on the
Falkland (Malvinas) Plateau, the South Georgia Basin, and
peripheral areas (Warnke et al. 1976). The table lists piston
core numbers, latitude, longitude, water depth, sample in-
terval, age, and sediment lithology of the basal sedimentary
unit.

Sampling. Fully recovered cores, stored in plastic liners,
were sampled within 1 to 6 centimeters of their base; those
with disturbed basal sedimentary sequences were sampled
above the disturbed sequence as well. For all such cores
sampled in this manner, both samples gave similar ages.
Seven cores comprise a second group, from which samples
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were taken from material retrieved by the core cutter
and/or catcher (c/c). This sediment is stored as bag
samples.

Laboratory. Smear-slide preparations from each sample
were examined for their calcareous nannofossil, diatom,
and silicoflagellate contents and were age-dated utilizing the
high- latitude biostratigraphic zonations recently summar-
ized by:

Calcareous nannofossils: Wise and Wind (1977).
Diatoms: McCollum (1975); Gombos (1977); Weaver

(1976).
Silicoflagellates: Ciesielski (1975); Busen and Wise

(1977).
Pliocene and Quaternary sedimentary sequences were dated
using the diatom biostratigraphic zonation of McCollum
(1975), which has been used successfully in the southwest
Atlantic by Gombos (1977). Weaver's (1976) modification of
the early Pliocene portion of McCollum's diatom zonation
was used where possible.

The sediment age-dates in the table are preliminary. A
number of the determinations are based on examination of
only one sample and not on an examination of the entire
core. For those cases, it is difficult to detect complicating
factors such as reworking or contamination that might lead
to an improper age assignment. Investigators planning
detailed work on these cores may wish to obtain additional
confirmation of the age-dates provided. More detailed age
assignments (down to subepoch or biostratigraphic zone) for
some of the cruise 7 cores are given in Ciesielski et al. (in
press) and Ciesielski and Wise (in press).

This research was supported by National Science Founda-
tion grant OPP 74-20109. Operational support by the
Argentine Naval Hydrographic Service is gratefully
acknowledged.
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12
1 
14
1 
16
17
18
20
21
25
27
29
32
33
34
37
38
39

40
41
42
43
44
45
46
47
48
49
50
51
52
53

54
55
56
57

BASAL SEDIMENT AGES OF PISTON CORES

2090	50	 Sandy gravel
3336	800;1109	diatomaceous ooze;

diatomaceous mud
3299	c/C	 gravel
5616	1035; 1138	diatomaceous mud; mud
4895	1167	 mud
5087	842; 1006	pelagic clay
5298	1127	 muddy, diatomaceous ooze
4712	C/C	 mud
4535	*SEE NOTE, BELOW
4610	1634; 1664	diatomaceous ooze
5080	1094	 diatomaceous mud
4967	1056	 diatomaceous ooze
4989	184	 mud
4707	696	 diatomaceous mud
4440	891; 1689	diatomaceous ooze
4139	1130	 diatomaceous ooze
4194	565	 diatomaceous mud
3395	C/C	 *SEE NOTE, BELOW
4639	930; 1079	diatomaceous ooze
5014	1146	 diatomaceous ooze
5020	1107	 diatomaceous ooze
3504	15	 diatomaceous ooze
2933	581	 diatomaceous ooze
4623	255	 diatomaceous ooze
5073	78; 537	diatomaceous ooze
2782	1006	 diatomaceous ooze
3603	1137	 muddy, diatomaceous ooze
2694	C/C	 gravel

441	 diatomaceous, nannofossil ooze
C/C gravel
C/C gravel
381; 852	nannofossil ooze
687	 nannofossil ooze
474	 radiolarian-nanmofossil ooze
303	 nannofossil ooze
280	 radiolarian, namnofossil ooze
392	 diatomaceous, mannofossil ooze
461	 nanmofossil , diatomaceous ooze
159	 pelagic clay
63	 muddy, diatomaceous ooze
133	 muddy, diatomaceous ooze
177; 191	diatomaceous ooze; gravelly,

Siliceous ooze
275; 365	diatomaceous, nanmofossil ooze
341	 diatomaceous, oannofossil ooze
9 manganese nodule with mud
65	 radiolarian, diatomaceous mud

with manganese

Water Sample
Latitude(S) Longitude(l1) Depth (m) Interval(cm) Sediment Lithology

1605
2189
2621
1 713
1651
1621
1599
1517
1493
1784
2344
2547
2558
2229

1856
2255
2637
2525

Quaternary Age
Early Pliocene

Quaternary
Early Pliocene
Early Pliocene
Early Pliocene
Quaternary
Late Pliocene

Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Early Pliocene
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Pliocene with reworked
Mesozoic ? micrite

Early Miocene
Quaternary
Late Pliocene
Early Oligocene
Campani an/Maestri chtian
Late Paleocene
Late Paleocene
Early Miocene
Late Miocene
Late Miocene
Eocene (Early ?)
Early Pliocene
Early Pliocene
Late Miocene

Late Miocene
Late Miocene
Oligocene
Early Pliocene

'NOTE: Two piston cores, 0775-9 and -20, remain unopened, and therefore undescribed, due to special handling and
sampling requirements of a principal investigator, Dr. Detlef Warnke. Bottom sediment from one of these,
0775-9, is not available for dating at this time. C/C in the sample interval column denotes that dated
sample was from the core cutter and/or catcher.
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Deep sea drilling contributions to
studies of the evolution of the
southern ocean and antarctic

glaciation

JAMES P. KENNETT

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

The world ocean circulation system has exhibited major
changes through time as a result of topographic evolution of

the ocean basins, changing positions of continents, and
earth's climatic and glacial evolution especially in the polar
regions. Three major elements of paleoceanographic change
can be distinguished for the Cenozoic. The first of these is
related to the development of the circumantarctic circula-
tion system as southern land masses moved aside creating
unrestricted latitudinal flow; the second is a generally
reciprocal breakup of equatorial and lower latitude circula
tion as land masses moved across or developed in these
regions; the third is related to the development and history
of bottom waters of the oceans in response to climatic and
glacial events especially in the polar regions. Thus two of the
three major elements involved in global Cenozoic paleo-
ceanographic evolution are directly related to events occur-
ring at high latitudes, particularly in the southern
hemisphere. The evolution of the southern ocean itself has
had a fundamental influence on the development of antarc-
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tic glaciation, which in turn has affected global climatic
evolution including the north polar region.

Until rather recently, little was known about the long-
term climatic, glacial, and paleoceanographic record of the
southern ocean and Antarctica. Knowledge was mostly
restricted to the latest Cenozoic based on studies of piston.
core sequences and to accessible geomorphological evidence
in areas near the periphery of Antarctica that are not
covered by ice. Since December 1972, this dramatically
changed when the first of four drilling legs of the Deep Sea
Drilling Project (DSDP) commenced activities in present-day
antarctic and subantarctic regions (table). During these ex-
peditions 26 sites were drilled, these being equally
distributed throughout the present-day antarctic and sub-
antarctic water masses (figures). The initial reports for each
of these legs (Hayes et al., 1975; Kennett et al., 1975a;
Craddock and Hollister, 1976; Barker et al., 1977) form a
basis for our recent advances in understanding of paleo-
climatic, paleoglacial, and paleoceanographic evolution of
the region. The antarctic continent has been in a high
latitude position since the middle to late Mesozoic (McElhin-
ny, 1973; Lowrie and Hayes, 1975). Glaciation commenced
much later, in the middle Tertiary, demonstrating that near
polar position is not sufficient for glacial development. In-
stead, continental glaciation developed as the present-day

southern ocean circulation system became established when
obstructing land masses moved aside.

During the Paleocene (65 to 55 million years ago),
Australia and Antarctica were joined. In the Early Eocene
(55 million years ago), Australia began to drift northwards
from Antarctica forming an ocean (Weissel and Hayes,
1972), although cirumantarctic flow was blocked by the
continental South Tasman Rise and Tasmania. During the

Data on the four DSDP expeditions to the southern ocean.

DSDP LEGS

28	DEC., 1972--FEB., 1973: 10 ANTARCTIC SITES.

AUSTRALASIAN SECTOR,
29. MARCH--APRIL, 1973

	
8 SUBANTARCTIC SITES,

AUSTRALAS IAN SECTOR.
35, FEB.--MARCH, 19714

	
4 ANTARCTIC SITES,

S.E. PACIFIC SECTOR.
36. APRIL--MAY, 19714: 14 SUBANTARCTIC SITES,

FALKLAND PLATEAU AREA,

Location of DSDP cores in the southern ocean region and presentday distributions of the antarctic, subantarctic, and cool
subtropical water masses each respectively separated by antarctic and subtropical convergences.
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Eocene (55 to 38 million years ago) the southern ocean was
relatively warm and the continent largely nonglaciated
(Shackleton and Kennett, 1975b). Cool temperate vegeta-
tion existed in some regions (Cranwell et al., 1960) McIntyre
and Wilson, 1966). By the late Eocene (39 million years ago)
a shallow water connection had developed between the
southern Indian and Pacific Oceans over the South Tasman
Rise (Kennett et al., 1975a).

The first major climatic-glacial threshold was crossed 38
million years ago near the Eocene-Oligocene boundary,
when substantial antarctic sea-ice began to form
(Shackleton and Kennett, 1975b; Kennett and Shackleton,
1976). This resulted in a rapid temperature drop in bottom
waters of about 5°C and a major crisis in deep-sea faunas
(Benson, 1975). Thermohaline oceanic circulation was ini-
tiated at this time much like that of the present day. The
resulting change in climatic regime increased bottom water
activity over wide areas of the deep ocean basins, creating
much sediment erosion, especially in western parts of oceans
(Moore and Heath, in press). A major (2,000-meter) and ap-
parently rapid deepening also occurred in the calcium car-
bonate compensation depth (CCD) (van Andel et at., 1975;
Berger and Winterer, 1974). This climatic threshold was
crossed as a result of the gradual isolation of Antarctica
from Australia and perhaps the opening of the Drake
Passage.

During the Oligocene (38 to 22 million years ago)
widespread glaciation probably occurred throughout Ant-
arctica, although no ice sheet existed. By the Middle to Late
Oligocene (30 to 25 million years ago), deep-seated cir-
cumantarctic flow had developed south of the South
Tasman Rise as this separated sufficiently from Victoria
Land, Antarctica (Kennett et al., 1975a). Major reorganiza-
tion resulted in Southern Hemisphere deep-sea sediment
distribution patterns (Kennett et at., 1972, 1975a;).

The next principal climatic threshold was crossed during
the Middle Miocene (14 to 11 million years ago) when the
antarctic ice sheet formed (Shackleton and Kennett, 1975b;
Savin et at., 1975). This occurred at about the time of
closure of the Australian-Indonesian deep-sea passage.

During the early Miocene, calcareous biogenic sediments
began to be displaced northwards by siliceous biogenic
sediments with higher rates of sedimentation reflecting the
beginning of circulation related to the development of the
Antarctic Convergence.

Since the Middle Miocene, the east antarctic ice sheet has
remained a semipermanent feature, exhibiting some
changes in volume. The most important of these occurred
during the latest Miocene (5 million years ago) when ice
volumes increased beyond those of the present day (Kennett,
1967; Shackleton and Kennett, 1975a; Ryan et al., 1974).
This event was related to global climatic cooling; a rapid
northward movement of about 300 kilometers of the Antarc-
tic Convergence (Hayes and Frakes, 1975), and a eustatic
sea-level drop (Kennett, 1967) that may have been partly
responsible for the isolation of the Mediterranean basin
(Ryan et at., 1974; Berggren and Haq, 1976). Northern
Hemisphere ice sheet development began about 2.5 to 3
million years ago (Berggren, 1972; Shackleton and Kennett,
1975a), representing the next major global climatic
threshold, and was followed by the well known major oscilla-
tions in northern ice sheets. In the southern ocean, the
Quaternary marks a peak in activity of oceanic circulation
as reflected by widespread deep-sea erosion, very high

biogenic productivity at the Antarctic Convergence and
resulting high rates of biogenic sedimentation, and max-
imum northward distribution of ice-rafted debris.

This research was supported by National Science Founda-
tion grant o pp 75-15511.
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Core recovery: USNS Eltanin and
ARA Islas Orcadas

DENNIS S. CASSIDY and SUSAN SHEPLEY
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Tallahassee, Florida 32306

This article presents a graphic summary of recovery, by
cruise, of marine sediment cores retrieved aboard USNS
Eltanin and ARA Islas Orcadas. Figure 1 shows core length
for piston cores, and figure 2 that of trigger, Phieger, and
camera-Phleger cores. Figure 1 also provides the total
number of cores collected aboard each cruise and the
average core length per cruise.

These data serve no other purpose than to illustrate total
core recovery per cruise, number of cores retrieved per

cruise, and average core length per cruise. Some persons
have erroneously used such data to indicate success or failure
of a cruise (or cruises) relative to other cruises. This cannot
be done for several reasons.

Many factors contribute to the success of a shipboard pro-
gram, all of which must be considered to evaluate relative
coring success. Among them are precruise coring objectives,
cruise duration, steaming time between coring stations, ship
breakdowns, type of coring equipment used, weather, cor-
ing time alloted per coring station, water depths at coring
stations, lithologic character of the cored sediments, and
whether or not multiple or duplicate coring attempts were
made at the station.

For example, figures 1 and 2 show that the greatest total
sediment recovery for any two cruises was from Eltanin
cruises 39 and 45, both for piston and trigger core recovery.
At each coring station aboard these cruises, however, two
piston core attempts were made, and the trigger wire for
each was rigged with two trigger corers. The dominant ob-
jective of each cruise was core retrieval, and coring began
soon after departure from port. Coring continued along a
more or less straight line of clustered, closely spaced coring
stations. Duplicate piston coring was not done on other
cruises, although multiple trigger and Phleger cores were
recovered during some cruises.

The average core length per cruise is also a poor criterion,
since objectives may have been to core on the crests or flanks
of seamounts. In most of these cases, the overburden of re-
cent sediments will have been winnowed away, laying bare
the more indurated and older sediments that resist penetra-
tion. These sediments often have proved rare and hence
more valuable than those in long cores of homogeneous
composition retrieved repetitiously in deep, abyssal plains
consisting of easily cored biogenic oozes. Cruise 54, for ex-
ample, was successful in terms of the precruise objective,
which was to recover the oldest sediments (Cretaceous) ob-
tained by Eltanin (Kaharoeddin et al., 1973); this cruise,
though, ranks but 45th in total meterage of piston core
recovery among the 50 Eltanin/Islas Orcadas coring cruises.
(Eltanin cruises lasted from 11 to 80 days.)

Figure 1 indicates an increase in sediment recovery during
the later cruises. If coring success, however, is to be
measured in terms more indicative than the magnitude of
total recovery, we suggest use of such additional factors as
the average core length per cruise per unit of station time
alloted to coring as a function of water depth and sediment
type, together with the ratio of stratigraphically useful, un-
disturbed sediment length recovered to disturbed sediment
recovery, the latter rendered useless by piston malfunctions,
core liner implosions, etc.

Ultimately, coring success is a function of the significance
and value of the recovered materials to research objectives
and the quality of research upon the sediments, regardless of
total meterage recovered.

This work was supported by National Science Foundation
contract C-1059.
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Strontium isotopic study of
sediment from the Ross Sea

JACK KOVACH

Department of Geology and Geography
Muskingum College

New Concord, Ohio 43762

and

GUNTER FAURE

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

As part of a continuing study of the geochemistry and
strontium isotopic composition of sediment deposited in the
Ross Sea (Faure and Bannigan, 1975; Faure and Boger,
1976; Shaffer and Faure, 1976; Kovach and Faure, 1976;
and Kovach and Faure, in preparation), we present here a
preliminary report summarizing the results of a study of the
strontium-87/strontium-86 ratios and of the rubidium and
strontium concentrations of the fine-grained (less than 150
microns) noncarbonate fractions of sediment samples from
core E32-25 raised from a depth of 327 fathoms in the Ross

Sea at 78 031.0'S. 164'24.7'W. during USNS Eltanin cruise
32.

The strontium-87/strontium-86 ratios of the samples
analyzed range from 0.7119 to 0.7220. Rubidium and stron-
tium concentrations range, respectively, from 126 to 164
parts per million and from 113 to 174 parts per million.

In earlier studies, Shaffer and Faure (1976) and Faure
and Boger (1976) showed that the detrital silicate fractions
of sediment deposited in the Ross Sea in late Tertiary to Re-
cent time are mixtures of two components having con-
trasting strontium -87/strontium -86 ratios and strontium
concentrations. One of these components consists of
materials derived from the weathering and erosion of ig-
neous, sedimentary, and metamorphic rocks of Precam-
brian to Cretaceous age that form the bedrock of East and
West Antarctica (Craddock, 1970). The other component
originates from Late Cenozoic volcanic rocks of the McMur-
do Volcanic Group of Ross Island and Victoria Land (Kyle
and Cox, 1974) and/or from the Mesozoic and Cenozoic
volcanics of Marie Byrd Land in West Antarctica (Le
Masurier, 1972, figure 1).

The observed strontium-87/strontium-86 ratios and
strontium concentrations in sediment samples from core
E32-25 fit a hyperbolic curve. This result supports the
hypothesis that the detrital silicate fraction of the Late
Cenozoic sediment in the Ross Sea is dominantly a two-
component mixture of material derived from the weathering
and erosion of old sialic rocks (high strontium-87/
strontium-86 ratios, low strontium concentrations) and
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young volcanic rocks of basaltic composition (low strontium-
87/strontium-86 ratios, high strontium concentrations).

The measured strontium-87/strontium-86 ratios and
strontium concentrations can be used to estimate the con-
centrations of volcanogenic detritus in the sediment samples
by means of a two-component mixing model developed by
Boger and Faure (1974) and Shaffer and Faure (1976). The
mixing equation was derived by fitting a straight line to the
data points in coordinates of strontium-87/strontium-86
and the reciprocals of the strontium concentrations (figure
A). Figure A demonstrates that the data points form a
straight line (correlation coefficient = 0.95) whose equation
is given in the figure.

The strontium concentrations of the basaltic (B) and
sialic (S) components can be calculated from this mixing
equation by substituting assumed values of the strontium-
87/strontium-86 ratio (0.704 ± 0.001 for the basaltic com-
ponent and 0.730 ± 0.005 for the sialic component). After
the strontium concentrations of the basaltic and sialic com-
ponents have been determined in this way, they can be used
to calculate the concentration of the basaltic component of
any given sample from the strontium concentration of that
sample.

Estimates of the concentration of volcanogenic detritus in
sediment samples from core E32-25 calculated in that
fashion are given in figure B. The concentration of
volcanogenic detritus varies with depth in the core and may
be used to define stratigraphic layers which may be useful in
correlating sediment layers in piston cores collected
elsewhere in the Ross Sea.

The results of this study provide additional baseline data
for anticipated future studies of sediment cores to be
recovered from beneath the Ross Ice Shelf by the Ross Ice
Shelf Project.

The samples for this study (owned by the National Science
Foundation) were made available by D.S. Cassidy, Antarctic
Marine Geology Research Facility, Florida State University,
Tallahassee. This research was supported by National
Science Foundation grant OPP 72-00459.
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Sedimentary geochemical
processes near the Pacific-

Antarctic Ridge
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Metalliferous sediments have been reported from several
locations on the Pacific Antarctic Ridge (PAR) by Nayudu
(1971) and Piper (1973). The origin of metalliferous
sediments on the East Pacific Rise to the north has been at-
tributed to hydrothermal processes associated with
volcanism and sea-floor spreading (Bostrom and Peterson,
1966, 1969; Bender etal., 1971).

The purpose of this study was to establish geochemical
trends in the vicinity of the PAR, to ascertain the presence of
hydrothermal metallogenic activity on the PAR, and to inter-
pret the distribution of hydrothermal deposits in the light of
two current theories of metallogensis on active midoceanic
ridges. These are: (a) mineralized, juvenile, thermal fluids
emanate from the axial zone of active faulting and vol-
canism and precipitate the metals in the vicinity of the axial
zone (Bostrom, 1973) and (b) isolated, open, hydrothermal
convective cells that circulate sea water are operative in the
oceanic crust even at some distance from the axial zone and
may be a source of mineralized fluids (Lister, 1972;
Williams et al., 1974; Sclater et al., 1974; Anderson and
Halunen, 1974).

One hundred and twenty surface samples from the core
collection at the Antarctic Research Facility, raised from the
PAR, Southeast, and Southwest Pacific Basins south of 40°S.
between 80° and 160 0W. were analyzed for Si, Al, Ti, Ca,
Mg, Na, K, Fe, Mn, Cu, Zn, Ni, Co, Pb, and Sr using
atomic absorption spectrophotometry, and for P (as PO43)
using colorimetry.

Sediments on the PAR are enriched in Ti, Fe, Mn, Cu, Zn,
Ni, Co, Pb, and P. Volcaniclastic materials invariably con-
stitute less than 1 percent of the sediment and cannot ac-
count for the element enrichment on the PAR. Only 8 of 50
PAR samples were classed as Al-poor sediments (i.e.,
Al/[Al + Fe + Mn] less than 0.20). A group of calcareous.
Al-poor sediments in the vicinity of 40°S showed a Sr-
depletion that is suggestive of calcite recrystallization at
elevated temperatures or in the presence of Sr-poor pore
fluids (Kinsman, 1969).
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The distribution of Si, Al, Ca, Mg, Na, and K in the study
area is controlled predictably by the major lithogenous and
calcareous and siliceous biogenous constituents. With the
exception of Si, Mg, K and Na, no influence of biologic ac-
tivity on the precipitation of elements could be detected
south of the Antarctic Convergence.

Compositional criteria to discriminate metalliferous
active-ridge hydrothermal precipitates in the presence of
lithogenous materials and hydrogenous ferromanganese
precipitates were established from published analyses of
these materials. Biogenous materials were assumed to con-
tribute nothing to the heavy-metals content of sediments.
The sediment compositions were examined in ternary
diagrams in terms of deviations from predicted compositions
by mixing representative lithogenous material with fer-
romanganese precipitate using the relations Al-Fe-Mn, Al-
Fe-Ni, Al-Fe-Co, Al-Mn-Cu, Al-Mn-Zn, Al-Mn-Pb, Al-Mn-
Ni, and Al-Mn-Co.

The results showed that sediments remote from the PAR
have compositions which are consistent with a theoretical
mixture of lithogenous materials and ferromanganese
precipitates. Sediments from the PAR and adjacent areas are
Fe-rich with respect to Mn, Ni and Co, which is consistent
with active-ridge hydrothermal deposition. Ni and Co
enrichment could not be discriminated from hydrogenous
ferromanganese precipitation. Approximately 70 percent of
the PAR samples are anomalously enriched in Cu, Zn and
Pb, some as much as 10 standard deviations from the
theoretical mixture of lithogenous materials and fer-
romanganese precipitates. Cu, Zn, and Pb anomalies also
occur in the Southeast Pacific Basin. There is no continuity
in the magnitude of Cu, Zn, and Pb enrichment; rather,
they appear to be isolated pockets of enrichment.

The source of Cu, Zn and Pb enrichment is not entirely
clear. In nearly all cases, the anomalies occur in ordinary,
nonmetalliferous sediments. In the few cases where Cu, Zn
and Pb accumulation rates could be determined, they were
not found to be significantly higher than in hydrogenous fer-
romanganese deposits. A hydrothermal source is suspected,
however, since (1) the anomalies are confined to areas of
thin (less than 100-meters) sediment cover (Ewing et al.,
1969) and correlate with bottom roughness, (2) the
magnitudes of the anomalies correlate strongly with one
another, (3) the distribution of the anomalies is confined to
areas of Fe-enrichment, and (4) Cu, Zn and Pb are amend-
able to dissolution in chloride-rich hydrothermal solutions
(Helgeson, 1969).

The widespread but discontinuous distribution of Fe
enrichment and Cu-Zn-Pb anomalies in surface sediments of
the PAR and adjacent areas is best explained by the existence
of isolated, open hydrothermal convectice cells rather than
an axial hydrothermal system.

This research was supported by National Science Founda-
tion grants GA-40, GA-523, GA-1066, GA-4001.
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From 20 June to 6 July 1976, samples of suspended and
bottom sediments were collected from the R/V Hero at 40
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stations in the network of fjords along the southern coast of
Chile (Siegel et al., 1976 a). The work was an extension of a
study initiated the previous summer on the southern Argen-
tine continental shelf (Siegel et al., 1976 b) in an effort to
characterize the geochemistry and mineralogy of sediments
being deposited on either side of the Patagonian peninsula.
The region provides the rare opportunity to study sediments
deriving from similar source areas but traversing radically
different environments during transport and deposition.
Further, the location of the Chilean study area relative to
the South American porphyry copper belt favors the ex-
istence of metallogenic zones within regions that contribute
sediment to offshore areas. The situation may well provide a
chance to test the utility of recent sediments as a prospecting
tool in coastal waters (Siegel et al., 1976 c).

The analysis of the mineralogy and major element
chemistry of suspended sediment samples is essentially com-
plete. Work continues on the trace element chemistry of
suspensates as well as on the mineralogy, and major trace
element chemistry of bottom sediments. This paper outlines
the results to date.

Methodology. Sample collection techniques and the pro-
cedure for X-ray diffraction analysis were described in an
earlier paper (Siegel et al., 1976 a). Six major elements
(silicon, aluminum, iron, magnesium, calcium, and
potassium) were analysed in the suspended sediments by
thin-film X-ray fluorescence spectrometry, using a modified
version of the technique described by Baker and Piper
(1976). A small quantity (1 milligram or less) of suspended
sediment was collected on the surface of a 0.45-micron pore
size, 47-millimeter diameter Millipore HA filter by vacuum
filtration of seawater. After a washing step with 500
milliliter of distilled water, the filters were mounted on plex-
iglas ring supports with a cement of collodion and amyl
acetate. The rings serve to support the filters and prevent
curling of the filter surfaces during analysis. Because the
parts of the filters supported by the rings were masked from
the X-ray beam, background interference from the rings
and mounting cement was avoided. Calibration curves were
prepared using ground U.S. Geological Survey standard
rocks. Due to limitations of the analytical technique,
sodium, titanium, phosphorus, manganese, and sulfur were
not analyzed. Results were expressed as the oxide and were
weight-normalized to 100 percent. As the elements reported
normally comprise 95 percent or more of the mineral frac-
tion of the samples, it was felt that this technique would not
be subject to large errors and would adequately reflect ma-
jor trends.

Preliminary estimates of mineralogical variation from
sample to sample were made by measuring the height above
background of the major reflection of each mineral on the

X-ray diffractogram, summing the peak heights, and
calculating a "relative percent contribution to total dif -
fracted intensity" for each mineral. Although this method
cannot yield quantitative results because of variations in the
mass absorption characteristics of different mineral species,
it should adequately represent mineralogical trends among
samples.

Mineralogy results. The mineral suite in the suspended
sediments is dominated by chlorite and illite accompanied
by subequal quartz, feldspar, talc and amphibole (Siegel et
al., 1977). Talc is occasionally the dominant mineral phase.
Other minerals irregularly present include magnesian
calcite, dolomite, gypsum, and mixed layer clay. Areal
variations in mineralogy reflect the influence of large as well
as small scale geologic features. Sediments deriving from
predominantly metamorphic terrain tend to be enri rhed in
chlorite, while suspensates from waters draining mostly ig-
neous source areas generally contain less of this mineral and
more illite.

Discrete zones of higher concentrations of feldspar and
amphibole are apparent, this probably being due to small
scale mineralogic variations in major rock units. Unusually
high concentrations of talc in isolated areas may indicate
local hydrothermal alteration of basic rocks. Mineralogy
varies relatively little in vertical profile, with the exception
of deep (greater than about 140 meters) stations, where bot-
tom water suspensates often exhibit marked mineralogical
differences from those in surface waters. This most likely
reflects the influx of colder and denser glacial discharge
waters which originated in a geologically dissimilar source
area.

Chemistry results. The averages, standard deviations and
ranges of the six major elements determined in suspensates
are given in the table. An initial comparison of chemical
and mineralogical data suggests a general relationship of
chlorite with magnesium, illite with aluminum and potas-
sium, amphibole with iron, and feldspar with aluminum
and calcium. There was no apparent relationship of am-
phibole and talc with magnesium. A satisfactory explana-
tion of these discrepancies is not immediately available. Two
possibilities being examined are (1) error in X-ray
fluorescence analysis due to particle size effects and (2) sam
ple segregation caused by settling of coarse particles during
processing. A more detailed analysis of the mineralogy and
chemistry of anomalous samples is also being done.

The effects of biogenic particulate matter on the chem-
istry of suspensates appear to be limited to variations in
silica concentrations. Scanning electron microscope ex-
amination of samples that have higher than average levels of
silicon reveal correspondingly greater quantities of siliceous
diatoms.

Average values (in weight percent), standard deviations, and ranges of six elements determined in Chilean suspended
sediments.

N = 59 	Si02	Al20,

X	48.0	 14.7

7.7	 5.5

Range	28.0-56.4	2.0-23.7
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MgO	 FeO	 CaO	 K20

6.0	 8.8	 16.0	 6.3

3.4	 1.9	 11.4	 3.6

3.4-16.6	3.6-12.9	4.6.54.6	1.8-18.8
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Comparison with Argentine susensates. There are ob-
vious mineralogical differences between the Chilean suspen-
sates and a suite of samples collected off the Argentine coast
at approximately the same latitudes (Siegel et at., 1977).
Chemical data were not available for comparison. Mont-
morillonite is generally the dominant mineral in nearshore
Argentine suspended sediments, and kaolinite is ubiquitous,
although in much smaller quantities (Pierce et at., 1976).
Both of these minerals are absent in the Chilean sediments.
These observations appear to reflect the influence of
multistage processes operating on the Argentine side of the
Patagonian peninsula, as opposed to predominantly single
stage physical weathering processes operating on the
Chilean portion.

This research is funded by National Science Foundation
grant DPP 73-09317.
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echinoids of Cretaceous, Tertiary, and Plio- Pleistocene age,
and restudy of type and published specimens. The objectives
are to document the fauna, to attempt to classify species and
genera now incertae sedis, to develop echinoids as a tool for
dating and correlating Antarctic formations, to test working
hypotheses of zoogeographical relations implied by con-
tinental drift reconstructions, and to analyze the data for
time constraints on the events of the rifting apart of Gond-
wanaland.

Materials under study include an echinoid test and spines
collected by G.J. Hobbs of the then Falkland Islands
Dependencies Survey from the Pecten conglomerate of Lions
Rump, King George Island, South Shetland Islands, made
available by M.R.A. Thomson of the British Antarctic
Survey. Barton (1965) briefly referred to Hobbs' collections
but did not specifically mention the echinoid remains. Also
under study are echinoids collected by the 1911 Eighth
Amherst Expedition from Patagonian Beds mostly in the
vicinity of Mazaredo on the Gulf of St. George, made
available by Gerald P. Brophy of Amherst College and Karl
Waage of Yale University. Loomis (1913, 1914) only briefly
referred to the Amherst Expedition invertebrate fossils
because the expedition's principal collections were fossil
vertebrates.

The King George Island echinoids are the first to come
from the South Shetland Islands and are of great interest
with respect to both the history of the antarctic fauna and
the age and correlations of the Pecten conglomerate.
Similar deposits occur at Cockburn Island, Heard Island,
and in the McMurdo Sound region. Although the Patago-
nian echinoid fauna is better known (e.g., Ortmann, 1902;
de Loriol, 1901, 1902; Lambert, 1903; Bernasconi, 1959),
its full content and the higher systematic relations of many
species are still not known. The Amherst Expedition
materials may lead to an improved systematic and
paleobiogeographic analysis of the Patagonian fauna.
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Marine microfossils on the
McMurdo Ice Shelf
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As part of a continuing study of glacial and marine
sediments in the Ross Sea region, we studied surface deposits
on the McMurdo Ice Shelf during the past several field
seasons. The objectives of the study are:

(1) to place the McMurdo Ice Shelf within the overall
glacial history of the McMurdo Sound region;

(2) to study marine microfossils that occur in sediments on
the ice-shelf surface in order to determine what organisms
can and have lived under this ice shelf.

The McMurdo Ice Shelf, a northwest portion of the Ross
Ice Shelf, covers southern McMurdo Sound. Its surface is
largely an area of ablation; its thickness ranges from about
100 meters near Mount Discovery in the south to 15 meters
near the Dailey Islands in the north (Swithinbank, 1970. p.
475). Except for relatively clean ice derived from Koettlitz
Glacier, the upper surface of the shelf is covered by a thin
mantle of debris that commonly forms bands and swirls.

Moreover, it has been known since expeditions of the early
20th century that marine macrofossils occur, sometimes in
abundance, on the ice-shelf surface (Scott, 1905;
Debenham, 1919). Debenham (1919) suggested that the ice
shelf was maintained by water freezing onto the base and ice
ablating from the surface; marine sediment and macro-
fossils froze Onto the base of the shelf where it touched the
sea floor, and subsequently moved upward as a result of
basal freezing and surface ablation. Swithinbank (1970, p.
483) suggested that anchor ice also transported sediments
and macrofossils to the base of the ice shelf.

Finally, Gow and Epstein (1972) showed from measure-
ments of the variation of oxygen-18 in ice cores that the
northern half of the ice shelf in front of the Koettlitz Glacier
is composed of frozen seawater, hence strengthening
Debenham's (1919) original hypothesis of basal freezing and
surface melting.

In 1967-1968, 1968-1969, and 1973-1974 one of us (GHD)
mapped glacial deposits on ice-free areas fringing the
McMurdo Ice Shelf. These areas are covered by extensive
volcanic-rich ice-cored drift that is commonly marked by a
moraine ridge at its upper edge and that contains numerous
erratics of granite, dolerite, sandstone, quartzite, and schist.
This drift extends to an altitude of 610 meters on eastern
Minna Bluff, 428 meters on western Minna Bluff, 400 to 250
meters on the north flank of Mount Discovery, 420 meters
on Black Island, 270 meters on Brown Peninsula, and 260 to
240 meters on the outer coastal headlands near the Royal

Society Range; it forms tongues that rest on floors of ice-free
valleys fronting the Royal Range.

The configuration of the drift sheet, taken together with
striation trends on underlying bedrock and carbon-14 dates
of moraines, shows that it was deposited by a grounded ice
sheet that flowed westward across this portion of McMurdo
Sound during Late Wisconsin time. The drift surface com-
monly exhibits debris bands of erratic rocks that are consis-
tent with this former flow direction. Generally, these erratic
bands terminate abruptly at the tidal crack that separates
ice-cored drift from the McMurdo Ice Shelf. However, along
the northeast shore of Mount Discovery and the eastern
shore of Brown Peninsula, many debris bands pass directly
from the land onto the ice shelf; some bands drape over the
ice-shelf surface and extend to 200 meters in altitude on the
south flank of Mount Discovery.

These data suggest that debris swirls and bands on the
shelf in this area are remnants from former westward-
flowing grounded ice in the Sound. In turn, this led us to ini-
tiate a study of other debris bands on the shelf so that we
could reconstruct the transformation of the former
westward-flowing grounded ice sheet to the modern
northward-flowing ice shelf.

Particular attention was paid to the prominent debris
band that trends northward for 40 kilometers from Black
Island to the northern edge of the shelf. Carbon-14 ages by
one of us (Ms) on shells from this band were 6600 ± 60 years
(QL-166) at the northern edge; 5670± 100 years (QL-84) at
a position 10 kilometers south of the northern margin; and
1290 ± 50 years (QL-79) along the northern coast of Black
Island. Our results in dating modern marine material show
that about 1,300 years should be subtracted from these dates
because of carbon-14 deficiency in the seawater of the
McMurdo region. The results suggest that this debris band
was formed by ice that flowed along the northeast shore of
Black Island, where it incorporated shells, and then north-
ward to the ice-shelf margin; moreover, the dates suggest
that the grounding line retreated to a position south of the
north shore of Black Island prior to 5,300 years ago, the cor-
rected age of the northernmost sample. Hence, there are
debris bands of at least two origins in the McMurdo Ice
Shelf, one type remnant from a former grounded ice sheet
and the other inherent to the modern shelf.

Our efforts during the 1975-1976 and 1976-1977 field
seasons were directed toward a more complete sampling of
sediment and ice from the surface of the ice shelf. Two of us
(TBK and DEK) visited 44 sites; at each site, we collected shell
samples for carbon-14 dating (where available), sediment
samples for micropaleontologic and sedimentologic
analysis, and ice samples for isotopic analysis. These samples
are being analyzed; the initial results reveal two distinctly
different benthic foraminiferal faunas. Along the north
coast of Black Island, in the sample with a carbon-14 age of
1,290 years, the benthic fauna is dominated by the species
Ehrenbergina gla bra. This sample also contains many other
species including Trifarina earlandi and Globocassidulina
subglobosa. Two samples from 5 to 10 kilometers north of
Black Island were also analyzed; they show a shift in benthic
foraminiferal dominance to Trfarina earlandi. E. gla bra is
a minor constituent in both these samples. All samples
analyzed also contain sponge spicules, echinoid spines, rare
specimens of the planktonic foraminiferal species
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Globigerina pachyderma, rare to abundant ostracod shells,
and fragments of byrozoa, molluscs, and corals.

The final results of our micropaleontologic analyses
should allow us to reconstruct the history of the McMurdo
Ice Shelf and to determine what organisms lived beneath it.
The carbon-14 results will also show whether our hypothesis
is correct for formation of the prominent debris band north
of Black Island. A sequential series of dates will indicate
that the shell material was derived from the northeast shore
of Black Island, as the initial results suggest. If so, samples
collected at close intervals along the band should contain
microfossils representing sequential changes during the last
5300 years beneath this portion of the shelf. Finally, the
carbon-14 data, taken in conjunction with the geometry,
fauna, and lithology of the moraines, will allow reconstruc-
tion of the overall history of the McMurdo Ice Shelf. This
reconstruction will aid our interpretation of the glacial
history of the Ross Sea.

We thank the helicopter pilots and crewmen of VXE-6 who
assisted us in the sampling program. TBK and DEK were in
the field from 8 December 1976 to 3 January 1977. This
research was supported by National Science Foundation
grants DPP 75-15524 and DPP 74-20991.

References

Debenham, F. 1919. A new mode of transportation by ice. Quarter-
ly journal of the Geological Society of London, 75 (part 2): 51-76.

Cow, A.J., and S. Epstein. 1972. On the use of stable isotopes to
trace the origin of ice in a floating ice tongue. journal of
Geophysical Research, 77: 6552-6557.

Scott, R.F. 1905. The Voyage of the Discovery. Smith, Elder and
Company. London.

Swithinbank, C. 1970. Ice movement in the McMurdo Sound area
of Antarctica. International Symposium on Antarctic
Glaciological Exploration (ISA GE), Hanover, New Hampshire,
3-7 Sept. 1968. Publication no. 86 of the International Associa-
tion of Scientific Hydrology & SCAR, p. 472-487.

Antarctic Marine Geology
Research Facility, 1976-1977

DENNIS S. CASSIDY and SHERWOOD W. WISE, JR.
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Florida State University

Tallahassee, Florida 32306

The curatorial program at the Florida State University's
(FSU) Antarctic Marine Geology Research Facility and Core
Library during the period 1 July 1976 to 31 May 1977 has
been concerned primarily with (1) distribution of samples,
(2) receipt of marine sediment cores retrieved aboard Islas
Orcadas cruises 11 and 12, (3) laboratory procedures involv-
ing the cutting and describing of these and Islas Orcadas
cruise 7 cores, and (4) publication and distribution of two

volumes of core descriptions and attendant station location
data for Eltanin and Islas Orcadas core materials (Cassidy et
al., 1977; Cassidy et al., 1977). Other activities include
maintenance of the collections and the material resources of
the facility, and logistics efforts in active support of the ship-
board and laboratory research by resident and visiting in-
vestigators.

During this reporting period, 4,868 samples were
distributed from the National Science Foundation collec-
tions curated at the facility. The sample total continues to
be dominated numerically by Eltanin materials, from which
3,461 piston core, 40 trigger core, 2 Phleger core, and 2
camera-Phleger core samples were distributed. Piston core
samples were taken from 256 individual cores representing
38 of the 55 Eltanin cruises, and trigger core samples were
removed from 37 individual cores representing 14 cruises.
Phleger and camera-Phleger core samples were taken from
four cores of four cruises. Also distributed from the Eltanin
collection were two grab samples from two cruises.

Sample distribution from non-Eltanin core materials can
be summarized as follows: 521 piston and 4 trigger core
samples were distributed from 33 cores taken aboard cruises
7 and1 1 of ARA Is/as Orcadas; 45 piston core samples from
14 cores, and 30 trigger core samples from 14 cores were
removed from cores retrieved aboard the 1976 cruise of
USCGC Glacier in the Ross Sea; and 97 samples were re-
moved from 18 cores obtained during the 1968, 1969, and
1970 International Weddell Sea Oceanographic Expedi-
tions. Samples distributed from Dry Valley Drilling Project
cores totaled 664, and were from 13 holes.

Sample distribution was made to a total of 34 in-
vestigators, representing 20 institutions in five countries.
(Sample totals do not include miniscule amounts of core
material required for the preparation of smear slides.)

Evaluation of these data in reference to previously
reported sample distribution totals (Cassidy and Wise, 1974,
1975, 1976) requires consideration of two points: (1) the
sample total presented here, approximately 22 percent less
than the totals given for the last two reporting periods,
reflects sampling efforts over a shorter time than those
reported by past articles. This situation has been
necessitated by an earlier deadline date for the submission of
summary articles, (2) the shortened reporting period ex-
cludes the month of June, normally an active month for
sampling. At the time of preparation of this report, sam-
pling visits have been scheduled during this month for an
estimated minimum of 4,000 samples. These, plus the
reported total of 4,868, will exceed past efforts occurring
during the usual July 1 - June 30 reporting period by more
than 40 percent.

The acquisition of new materials includes the April 1977
receipt of 85 piston cores (approximately 900 meters) and 51
trigger cores (approximately 21 meters) retrieved aboard
cruises 11 and 12 of Islas Orcadas under the supervision of
five members of the facility (Sclater et al., 1977; Gordon
and LaBrecque, 1977). Descriptions of the sediments will be
made available to the scientific community following cut-
ting, describing, and analytical procedures in progress.

Also received were approximately 300 pounds of
refrigerated rock specimens collected in 1976-1977 in the
dry valleys region of southern Victoria Land by Imre
Friedmann (Department of Biology, FSU). The facility is
storing and cataloging these specimens in conjunction with
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Dr. Friedmann's research on endolithic blue-green algae as
primary producers in the antarctic desert ecosystem
(Friedmann and Ocampo, 1976).

Completed by the curatorial staff of the Antarctic
Research Facility were two volumes of data of interest to all
investigators concerned with marine sediments of the
southern ocean. One of these (Cassidy et al., 1977) is an in-
ventory of all Eltanin cores housed at the facility, giving
cruise and core number, longitude, latitude, and water
depth. This volume also presents individual core location
maps for the Eltanin cruises. The second volume (Cassidy et
al., 1977) compiles the lithologic descriptions of the Islas
Orcadas cruise 7 core and dredge sediments, and includes a
detailed account of the laboratory procedures and analyses
involved in the preparation of the descriptions. Copies of
these documents are available from the curator of the facili-
ty-

Research personnel of the facility participated in core
retrieval aboard Islas Orcadas. Paul F. Ciesielski and
Sherwood W. Wise sailed as co-chief geologists on Islas Or-
cadas cruise 11, accompanied by John C. Hattner. David R.
DeFelice was chief geologist aboard Islas Orcadas cruise 12
and was accompanied on the core crew by Duncan T.
MacKenzie. The two cruises recovered over 900 meters of
sediment, a near record for Eltanin and Islas Orcadas
cruises.

Analysis of the Islas Orcadas cores began aboard ship,
where core catcher samples were age-dated by microscopy.
These early results have contributed to studies that bear on
the geologic and paleo-oceanic history of the Falkland
(Malvinas) Plateau (Ciesielski et al., 1977a, 1977b;
Ciesielski and Wise, 1976; Ciesielski and Wise, in press;
Wise and Ciesielski, 1977).

Studies of Eltanin cores have continued with emphasis on
refining southern ocean biostratigraphic schemes. Weaver
(1976) concentrated on thc radiolarian stratigraphy of the
critical late Miocene-early Pliocene interval in the Pacific
sector of the southern ocean. This same interval has been of
particular interest for Islas Orcadas core studies in the
Atlantic sector.

Curatorial work is supported by National Science Foun-
dation contract C-1059. Research is supported by National
Science Foundation grant OPP 74-20109.
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Terrestrial geology and geophysics

Geology of the Ellsworth	This research is supported by National Science Founda-
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An area of scattered nunataks and small mountain ranges
between the Ellsworth Mountains (79 0S. 85 0W.) and the
Thiel Mountains (85°S. 88°W.) comprises the only presently
exposed geologic tie between West Antarctica and East Ant-
arctica. Within this area bedrock exposures occur, in
roughly southward order, in the Pirrit Hills, the Martin
Hills, the Nash Hills, the Whitmore Mountains, Pagano
Nunatak, the Hart Hills, and the Stewart Hills. In place be-
tween these outcrops the bedrock commonly lies near or
below sea level (Thiel, 1961).

The Ellsworth Mountains consist of a strongly deformed,
slightly metamorphosed sequence of Upper Precambrian
(?) - Paleozoic sedimentary and minor volcanic rocks. The
section is at least 13,000 meters thick, and fossils range from
Middle Cambrian to Permian in age. The structural grain
in this 350-kilometers mountain chain trends northwest at
its southern end but changes gradually to a northerly trend
at its northern end.

Although outcrops are limited, geologic similarities exist
among the Pirrit Hills, Martin Hills, Nash Hills, Whitmore
Mountains, and Pagano Nunatak. Each of these five areas
consists wholly or partly of intrusive plutons of mainly felsic
composition. Except for Pagano Nunatak, there are some
exposures in each area of the older countryrock that consist
of deformed metasedimentary rocks. Eleven radiometric
ages have been obtained on rocks from this region, in-
cluding one or more from each outcrop area except the
Martin Hills, and all these ages are between 163 and 190
million years.

The Hart Hills consist of deformed metasedimentary
rocks and probably younger altered gabbroic rocks. Tightly
folded metasedimentary rocks in the Stewart Hills have
yielded a radiometric age of 508 million years. In the Thiel
Mountains upper Precambrian metasedimentary rocks, in-
cluding one thin marble bed with stromatolites, are tilted
and cut by plutons with ages in the 470-720 my. range.

On the basis of composition, age, and structure the rocks
of Pagano Nunatak, the Whitmore Mountains, and areas
northward are considered part of the early Mesozoic
Ellsworth orogen. The rocks of the Stewart Hills and the
Thiel Mountains are assigned to the Ross orogen, but the
Thiel Mountains seem to preserve also the record of an older
late Precambrian intrusive event. The tectonic position of
the Hart Hills is problematic.

Geology of Queen Maud
Mountains and Marie Byrd Land

F. ALTON WADE

Antarctic Research Center
The Museum, Texas Tech University

Lubbock, Texas 79409

During 1976-1977, activities at the Antarctic Research
Center were primarily restricted to data reduction, map
compilations, and report preparation. Investigations con-
cerned the geology of two widely separated areas where field
studies had been carried out in previous years: (1) Queen
Maud Mountains in the vicinity of the Shackleton and
Ramsey Glaciers, and (2) Marie Byrd Land, particularly the
western portion.

A final report entitled "Geology of the basement complex,
western Queen Maud Mountains, Antarctica" was com-
pleted and submitted for publication in the Antarctic
Research Series, American Geophysical Union. The report
includes detailed descriptions of the three formations in the
late Precambrian-Cambrian age range that have been iden-
tified. Tentative correlation of each of the three formations
with a previously described formation in adjacent areas of
the Queen Maud Mountains is presented. The intrusive
complex exposed in the surveyed area constitutes a large seg-
ment of the Queen Maud batholith. Mineral composition
and petrology of each of 37 representative specimens are
presented and discussed. Radiometric ages indicate
emplacement during Ordovician-Silurian, thus indicating a
correlation with the Granite Harbor intrusives of southern
Victoria Land.

Continuing study of the geology of Marie Byrd Land is the
major effort of this research center. Four geologic maps of
western Marie Byrd Land have been completed. Base maps
used were from the Antarctica, 1:250,000 reconnaissance
series compiled and published by the United States
Geological Survey. The four quadrangles are: Alexandra
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Mountains, Guest Peninsula, Boyd Glacier, and Gutenko
Nunataks. The first three have been published, and the
fourth will be published later this year.

A final report on the Swanson Formation, Ford Ranges,
of probable late Precambrian-early Paleozoic age was sum-
marized in a paper presented at the Scientific Committee on
Antarctic Research meetings in Madison, Wisconsin. A
probable relationship of the Swanson Formation to the
Robertson Bay Formation of northern Victoria Land is
presented and discussed. Similarly is presented an even more
speculative relationship between the assemblage of rocks ex-
posed in the Fosdick Mountains, Ford Ranges, and those
comprising the Wilson Group of northern Victoria Land.

Plans for detailed surveys of two geologically critical areas
in central and eastern coastal Marie Byrd Land have been
finalized. During the field season 1977-1978 two camps will
be established. The first, to be occupied during November
and early December, will be located approximately at
75°45 'S. 135°W., north of the Flood Range. The second, to
be occupied during the latter half of the season will be at
75 130'S. 114"W., south of the Kohler Mountains. Field
teams from the University of Colorado, University of Maine,
University of Kansas, New Zealand, and Texas Tech Univer-
sity will comprise the party of scientific investigators.
Transportation in the field will be by helicopters of the
Navy's antarctic flying squadron.

The Antarctic Research Center is engaged in the compila-
tion of a series of maps of Antarctica and the extreme
southern portion of the floor of the Pacific Ocean as a part
of the Circum-Pacific Map Project of the Circum-Pacific

Council for Energy and Mineral Resources. The series in-
cludes the following maps: geologic, tectonic, mineral
resources, and energy resources. A panel composed of 13
antarctic geologists from six countries is providing informa-
tion for inclusion in the maps. The geologic map, exclusive
of the sea floor, has been compiled, and work is progressing
on the other three maps.

The Marie Byrd Land program is supported by National
Science Foundation grant DPP 75-19130.

With the Soviets in Antarctica,
austral summer 19761977

EDWARDS. GREW

Department of Earth and Space Sciences
University of California, Los Angeles

Los Angeles, California 90024

In the spirit of Article 3 of the Antarctic Treaty, the
Soviet Union and the United States have a tradition of cx-
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changing scientists to winter at a permanent station sup-
ported by the other country. I was the 16th U.S. citizen to
participate in this exchange (Grew, 1975, 1976). In austral
summer 1976-1977, the tradition was expanded to include
exchange of scientists for the summer period only. As a
result, I was able to join the 22nd Soviet Antarctic Expedi-
tion (SAE) to work in the Shackleton Range (figure 1).

My program with the 22nd SAE was a petrologic and
geochronologic study of the Shackleton Range metamorphic
complex. The complex is a Precambrian metamorphic ter-
rain consisting largely of amphibolite- and granulite- faci(IS
rocks that underlie unmetamorphosed sedimentary and
slate-grade metamorphic rocks no older than the late
Precambrian (Stephenson, 1966; Clarkson, 1972). In the
part of the Shackleton Range where I worked (Mount
Provender- Pratts Peak), the metamorphic complex consists
largely of migmatite, marble and caic-silicate rocks, am-
phibolite, garnet-hornblende gneisses, quartzose rocks, and
subordinate kyanite -garnet -biotite schist and ultramafic
rocks. The metamorphic rocks are cut by pre- and post-
metamorphic mafic dikes. Samples of migmatite and gneiss
were collected for rubidium-strontium (whole rock) and
uranium-thorium-lead (zircon) isotope analyses.

An important component of the 22nd SAE was a geologic,
geophysical, and cartographic investigation of the Weddell
Sea area, which was based at Druzhnaya (figure 1). Three
ships were involved in the transport of personnel and sup-
plies to Druzhnaya: Kapitan Gotsky and Penzhina (figure
2), both diesel-electric cargo ships of the icebreaker class,
and the passenger ship Bashkiria.

I joined the 22nd SAE on 25 November in Montevideo,
where I boarded the Gotsky. After the transfer of
Druzhnaya-bound personnel from the Bashkiria, the Pen-
zhina and Gotsky followed a lead that was open along the
east shore of the Weddell Sea from Cape Norvegia to the
northeast corner of the Filchner Ice Shelf, reaching the ice
barrier of the shelf near Druzhnaya 15 December (figure 3).
Druzhnaya (figure 4) is approximately 1.5 kilometers from
the barrier at 77'32'S. 40'13'W. (southeast of the U.S.
IGY station Ellsworth). First occupied in 1975, it is sched-
uled to serve as a summer-only base for the 5-year Soviet in-
vestigation of the Weddell Sea area. Accounts of Soviet ac-
tivities in the Weddell Sea area have been given in Pravda
(Bardin, 1977).

This investigation is similar to the 3-year study
(1971-1974) of the Amery Ice Shelf-Lambert Glacier area
(Grew, 1975, p. 3-5). The investigation of the Weddell Sea
area in 1976-1977 included geologic studies of the
Shackleton Range; aerial photography and topographic
mapping of the Shackleton Range, Theron Mountains,
Touchdown Hills, and Weddell Sea coast; aeromagnetic
survey of the southeast part of the Weddell Sea and nearby
coastal areas; airborne radar sounding of ice thickness; and
a seismic and gravity survey largely of the Filchner Ice Shelf
and the Weddell Sea. Objectives of the last program are to
measure thickness of the ice shelf, depth of the Weddell Sea
and depth of water under the ice shelf, and thickness of sea
floor sediments.

The Weddell Sea work involved 133 people under the
charge of V.N. Masolov, with 66 in aviation, 9 in geology
(including a specialist from the German Democratic
Republic), about 25 in geophysics, about 20 in cartography,

Figure 2. Penzhina from Kapitan Gotsky, Weddell Sea,
December 1976.

Figure 3. Unloading 11 .14 airplane from Penzhina at Ice bar-
rier near Druzhnaya Base, December 1976.

:

Figure 4. Flags of U.S.S.R., U.S.A., and German
Democratic Republic over Druzhnaya, December 1976.
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and the remainder in support. Logistics was provided by two
each of 11-14 and AN-2 airplanes and of the Ml-8 helicopter.

Geologic work in the Shackleton Range involved mapping
and detailed stratigraphic-structural studies of the
metamorphic complex and overlying sedimentary rocks, col-
lection of a Cambrian trilobite fauna discovered by Soviet
geologists near Mount Provender in 1975-1976, and map-
ping and studies of glacial deposits and geomorphologic
features. Field camps, which were established near Mounts
Provender (901 meters) (figure 5), Skidmore (864 meters),
and Wegener (1416 meters), served as bases for detailed
work; reconnaissance examination of other parts of the
Shackleton Range was carried out using the Ml-8 and the
AN-2. The skimobile "Buran" was deployed with great suc-
cess in geologic traverses originating from the field camps.

The geologists worked in the Shackleton Range from 30
December to the middle of February. I spent the season (30
December 1976 to 5 February 1977) at the Provender camp
situated at about 250 meters elevation. Field work was possi-
ble here on about two-thirds of the days. During this time,
temperatures ranged from a few degrees centigrade above
freezing in January to -13°C in early February; there were a
few days with fog, light snow, or high wind (averaging up to
18 to 20 meters per second, gusts to 25 meters per second).

On 5 February I returned to Druzhnaya and on the 7th I
accompanied Arthur B. Ford, U.S. Geological Survey, on
an LC-130 flight from Druzhnaya to McMurdo, arriving
there on 8 February.

I thank all the expedition members, particularly the
geologists, for their support and cooperation that resulted in
the successful completion of my field program. I consider
myself very fortunate to have had a second opportunity to
participate in the SAE. My summer in the Weddell Sea area
was a memorable and profitable experience.

The research was supported by National Science Founda-
tion grant DPP 75-17390.
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Geological comparison of the
Shackleton Range and the

Pensacola Mountains during the
22nd Soviet Antarctic Expedition

ARTHUR B. FORD

Alaskan Geology Branch
U.S. Geological Survey

Menlo Park, California 94025

An objective of the 22nd Soviet Antarctic Expedition
(SAE) at Druzhnaya Base in the summer 1976-1977 was a
geological study of the Shackleton Range (80140'S.
26'00'W.), a study started the previous year with the
establishment of this new summer-only Soviet base on the
edge of the Filchner Ice Shelf. The geological studies were
part of a larger program that included geophysical and
geodetic surveys, and that is expected in future years to be
expanded to other areas around the head of the Weddell
Sea. The surveys of the 22nd SAE used AN-2 and IL-14
skiplanes and MI-8 helicopters for aerial support.

The first reconnaissance, in 1957 (Stephenson, 1966), and
later more detailed surveys, in 1968-1971 (Clarkson, 1972),
of the Shackleton Range by British parties demonstrated
that similarities exist in the late Precambrian and early
Paleozoic records of this area and the Pensacola Mountains
300 kilometers to the southwest, a region in which I have
worked six summers (960-1976). Between 17 January and 7
February 1977 I visited the Shackleton Range, as a partici-
pant with the 22nd SAE, to compare the geology of the two
mountain regions. An understanding of the regional
geologic relations is required for interpreting the ancient
(late Precambrian and early Paleozoic) configuration and
tectonic history of this part of the continental margin of
Antarctica. The Pensacola Mountains- Shackleton Range
region is critically located in models of pre-Mesozoic Gond-
wanaland, for which many have been proposed. Paleogeo-
graphic and paleotectonic relations, such as here studied,
must be a principal consideration in interpreting possible
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joins of plates around the southernmost Atlantic, for
reconstructing the configuration of this ancient continent.

In late Precambrian time the Pensacola Mountains-
Shackleton Range region was part of a seaway, on the
margin of the craton, that appears to have extended the en-
tire 3,000-kilometer length of the Transantarctic Moun-
tains. Lithologic and bedding characteristics of the upper
Precambrian Patuxent Formation in the Pensacola Moun-
tains (Schmidt et al., 1964; 1965) indicate turbidite deposi-
tion associated with submarine volcanism. The Patuxent
correlates approximately with Clarkson's (1972) Turnpike
Bluff Group in the Shackleton Range. The Patuxent consists
of rhythmically interbedded subgraywacke and slate in
about equal amounts, whereas the Turnpike is chiefly
quartzitic, with locally abundant slate, and lacks volcanic
members and apparent turbidite features. The Turnpike
and younger units in the Shackleton Range were deposited
on an eroded surface of an older Precambrian crystalline
terrane that is part of the antarctic shield and dated as being
at least about 1,500 million years old (Clarkson, 1972). A
crystalline basement is not exposed in the Pensacola Moun-
tains (Schmidt and Ford, 1969), but a source of that type in
the vicinity shed sediments into late Precambrian and
Paleozoic basins of the area (Williams, 1969).

These relations indicate a shoreward transition in the late
Precambrian trough, from a eugeocline or deep-water
marginal basin in the Pensacola Mountains area to an en-
sialic miogeocline of the Shackleton Range. A volcanic arc
may have lain offshore at an unknown locality outboard
from the Pensacola Mountains. The Patuxent sandstones
are quartz-rich and, although locally interbedded with
pillow lava, contain only a small amount of volcanic detritus
(Williams, 1969). Chemical analyses show the sandstones to
contain about 75.3 percent silicon dioxide, 2.4 percent
potassium oxide, and 1.4 percent sodium oxide (average of
five analyses, D.L. Schmidt, unpublished data). Thus, they
correspond compositionally to the variety believed by
Schwab (1975) to be characteristic of "Atlantic-type" con-
tinental margins. ("Andean-type" margins are marked by
sandstones with a potassium oxide to sodium oxide of less
than 1, and with volcanic arc-derived components at least as
abundant as those from the craton.)

Orogeny played an important role in the development of
this part of the ancient antarctic continental margin. The
late Precambrian deposits in both the Pensacola Mountains
and the Shackleton Range were strongly folded and
metamorphosed in the greenschist facies in latest Precam-
brian time, during an orogeny probably corresponding to
the Beardmore orogeny elsewhere in the Transantarctic
Mountains. Following erosion and Cambrian deposition of a
sequence of limestone, rhyolitic volcanics and shale, the
Pensacola Mountains area was involved in a second major
orogeny, in the late Cambrian and Ordovician, correspond-
ing to the Ross orogeny elsewhere. The Pensacola Moun-
tains Cambrian sequence is strongly folded and locally in-
truded by a large granitic pluton dated as being 510 ± 30
million years old (Schmidt et al., 1965). Whether the
Shackleton Range also belongs to the Ross orogen, as in-
dicated by Craddock (1970), is uncertain. The Cambrian(?)
and Ordovician(?) (Thompson, 1972) unit in that area—the
Blaiklock Glacier Group of Clarkson (1972)—occurs only in
homoclines, some of which can be interpreted to be limbs of
folds, according to Clarkson. The homoclines might also be

inferred to be tilted fault blocks. Moreover, the Shackleton
Range apparently lacks evidence of early Paleozoic granitic
plutonism, which seems to be a characteristic feature of the
orogen, according to the map of Craddock (1970). Thus, if
the early Paleozoic Ross orogeny occurred in this area,
which seems unlikely, the effects were minor compared to
those in the Pensacola Mountains. It may be speculated
alternatively that the Blaiklock Glacier Group, which is
chiefly arenaceous and locally conglomeratic, was deposited
in a Ross foredeep on the craton. The possible broad folding
of the Blaiklock, if it is folded, may be related to the dying
out of deformation eastward over the foreland. A third ma-
jor orogeny, the Weddell orogeny of Triassic(?) age, is
recorded in the Pensacola Mountains by locally strong
folding of a Silurian(?) to Late Permian sequence (Schmidt
et al., 1965; Ford, 1972), but possible effects of this orogeny
have not been recognized in the Shackleton Range.

The area of the Pensacola Mountains and Shackleton
Range seems to be one of the very few areas known in the
Transantarctic Mountains where late Precambrian and ear-
ly Paleozoic continental margin relations to the antarctic
craton can be studied. These relations are still very poorly
known, in part owing to incompleteness of exposure and in
part to the poorly fossiliferous nature of many of the rock
units, which makes correlations highly uncertain. Addi-
tional collections of fossils from the Shackleton Range by
Soviet geologists during the 22nd SAE may narrow some of
these uncertainties.

Studies of the above and other relations between the two
mountain regions were carried out in cooperation with
Soviet geologists of the 22nd SAE. I was flown by LC-130
Hercules from McMurdo to Druzhnaya and by MI-8 heli-
copter to a field camp in the central Read Mountains, in the
southern part of the Shackleton Range, where I joined a
geological field party led by Oleg G. Shulyatin. Work from
that camp and a later one in the La Grange Nunataks was
carried out by ski and motor toboggan traverses, sup-
plemented by ski-equipped AN-2 biplane and MI-8
helicopter flights for reaching distant mountain areas.
Following this work I returned by AN-2 skiplane to
Druzhnaya and by LC-130 to McMurdo, accompanied by
abundant rock samples for further study, in the laboratory,
of petrographic, petrologic, and geochronologic relations of
the two mountain areas.

I am deeply grateful to M.G. Ravich, assistant director,
and G.E. Grikurov, leader of the 21st SAE at Druzhnaya
Base, of the Research Institute of Arctic and Antarctic
Geology, Leningrad, for making this visit to the Shackleton
Range possible. I thank the Soviet aircraft crews and other
support personnel at Druzhnaya (translated, friendly),
which I found to be very appropriately named, for their
unsparing help in all stages of my fieldwork; and I thank the
United States Hercules crews, under Commanders Dan
Desko and James Jaeger, pilots, for the flights to and from
this base, where perennial seafog makes conditions for
skiplane landings far from the most favorable. I especially
thank Valeriya Masolov, base leader at Druzhnaya, for ar-
ranging field logistical support; and KAPSh tent-mates Oleg
Shulyatin, Slava Michailov, and Grisha Klyametzeonok, of
the Soviet Union, and Hans Paech, of the German
Democratic Republic, for their generosity and hospitality in
the field. I thank D.L. Schmidt and W.H. Nelson (U.S.
Geological Survey), who were previous field companions in
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study of the Pensacola Mountains, for much helpful discus-
sion of the geologic relations here reported.

This research is supported by National Science Founda-
tion interagency agreement DDP 76-21663 with the
Geologic Division, U.S. Geological Survey.
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Geological studies of the Dufek
intrusion, Pensacola Mountains,

1976-1977
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'U.S. Geological Survey
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2Department of Geology
Stanford University
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Geological studies by the authors and geophysical studies
by A.W. England (USGS, Reston, Virginia) were focused in
the western part of the Dufek Massif (82 136'S. 52130'W.)
between 30 November and 30 December 1976. A base camp

was established at the LC-130 ski-plane landing site near
Walker Peak, from which motor toboggan and ski traverses
were made to sites of investigations. The massif and nearby
nunataks are underlain by layered mafic igneous rocks of
cumulus origin' that make up the lower part of the Dufek
intrusion, a Jurassic stratiform complex of immense size in
the northern third of the Pensacola Mountains.

The U.S. Geological Survey (USGS) made reconnaissance
studies using Army helicopters of all outcropping parts of
the intrusion in the summer 1965-1966. This work showed
that all of the Forrestal Range, located about 50 kilometers
southeast of Dufek Massif, is also underlain by part—the
iron-enriched upper part - of the Dufek intrusion (Ford and
Boyd, 1968), and that the body probably has an area of at
least 24,000 square kilometers (Behrendt et al., 1974). As
the thickness is estimated to be on the order of 8 to 9
kilometers (Ford, 1976), the original magma volume may
have been on the order of 300,000 cubic kilometers.

The 1976-1977 summer fieldwork was the beginning of a
detailed geologic study to obtain data on parts of the intru-
sion not adequately covered in earlier field studies and to in-
vestigate questions raised by the reconnaissance and ensuing
laboratory studies. Principal results of that background
work are (1) a 1:1,000,000-scale geologic map showing the
regional setting of the intrusion (Schmidt and Ford, 1969),
(2) two 1:250,000-scale geologic maps showing major rock-
stratigraphic units within and near the intrusion (Ford et
al., in press a, in press b), (3) the definition of units and
measurement of general stratigraphy of the layered se-
quence (Ford, 1976), (4) the recognition of the cumulus
origin of the layered rocks (Ford and Boyd, 1968), (5) the
analysis of rock magnetic properties and paleomagnetism of
the body (Beck and Griffin, 1971; Beck, 1972), (6) the deter-
mination of a strong iron-enrichment trend in rocks
stratigraphically upward in the sequence (Ford, 1970), (7)
the determination of iron-enrichment fractionation trends
in orthopyroxene, inverted pigeonite, and augite-
ferroaugite (Himmelberg and Ford, 1973, 1976), (8) using
coexisting pyroxene geothermometry, the calculation that
primary crystallization occurred in the temperature range
1180 0 to 1074°C (Himmelberg and Ford, 1976), (9) the
determination that compositions of the iron-titanium oxide
minerals largely reflect subsolidus recrystallization in a
calculated temperature range of about 900° to 600°C,
therefore showing little systematic change related to frac-
tionation except for apparent systematic variation in
vanadium and aluminum concentrations in ilmeno-
magnetites (Himmelberg and Ford, 1975, in press), (10) the
determination of the crystallization sequence bytownite- or-
thopyroxene, labradorite-pigeonite- augite, labradorite-
pigeonite- augite-magnetiteilmenite, labradorite-ferro-
augite- magnetite- fayalite-apatite (Himmelberg and Ford,
1976), and (11) the determination of a radiometric age of
168 million years for the intrusion (R.W. Kistler, USGS, un-
published data), showing it to be coeval with tholeiitic

'Formed by gravity settling of minerals and their accumulation on
the floor of the magma chamber. Such rocks are termed
"cumulates" and named by prefixing names of settled minerals, in
decreasing order of abundance, as in 'pyroxene-plagioclase
cumulate" (Jackson, 1971). Common rock name may also be used,
as in "gabbroic cumulate", if settled phases not specified.
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Figure 1. Fifteen-meter-thick dark layer of pyroxene
cumulate on northern spur of Neuburg Peak. Shows sharp
basal contact with light-colored plagioclase cumulate.
Gradational upper contact with gabbroic cumulate not ap-

parent.

igneous activity (Ferrar Dolerite) throughout the Trans-
antarctic Mountains, and establishing an upper age limit of
Middle Jurassic for the post-Permian Weddell orogeny in
the Pensacola Mountains (Ford, 1972).

The principal activities of the 1976-1977 geologic
fieldwork were (1) the geologic mapping of the Dufek Massif
area at 1:25,000 scale, for publication of 1:50,000-scale
geologic maps showing distribution of the significant
cumulate layers, (2) the measurement of additional
stratigraphic sections in areas not reached in earlier
fieldwork, and (3) the detailed sampling of selected
stratigraphic intervals on Walker Peak, Neuburg Peak
(figure 1), and Aughenbaugh Peak (figure 2) to investigate
the possible presence of cyclic units suggested by the
analytical work on pyroxenes (Himmelberg and Ford,
1976).

During the geologic mapping, layered gabbroic rock of
Brown Nunataks (located about 5 kilometers northwest of
Dufek Massif) was found to be considerably different from
gabbroic cumulates elsewhere. The rock is unusually
heterogeneous and shows much more irregularity of layering
than at Dufek Massif (compare figure 3 with figures 1 and
2). Large breccialike masses of noncumulus gabbro are
locally abundant and are postulated to represent magmatic
slump deposits from a nearby steep contact wall. The
geological relations thus seem to support geophysical inter-
pretations of England and Nelson (1977) that the ice-
covered contact of the intrusion lies much nearer Dufek
Massif, probably not far north of Brown Nunataks, than in-
ferred from the early reconnaissance surveys by Behrendt et
at. (1973, 1974).

Layered mafic intrusions often contain a variety of
metallic minerals (Wager and Brown, 1968), and therefore
we searched carefully for any evidence of metal concentra-
tions, in particular, of sulfide minerals that might contain

Figure 2. Repetitive thin dark layers of pyroxene
cumulates in gabbroic cumulates of Aughenbaugh Peak

near top of Dufek Massif.

Figure 3. Heterogeneous layering in gabbro of Brown
Nunataks.

significant amounts of copper and nickel, in order to begin a
study (by Czamanske) of these minerals and their variation
with fractionation. Walker (1961, p. 208) reported that ac-
cessory metallic minerals are common, locally forming con-
centrations as much as 15 percent of the rock, and include
bornite(?), chromite, ilmenite, magnetite, chalcopyrite, and
pyrite. We found that sulfide minerals are not common in
the Dufek Massif area, and we did not find concentrations of
more than a few percent. We also were unable to confirm in
the field the reported occurrence of bornite and chromite.
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Minor amounts of sulfides are typically associated with
country-rock xenoliths, probably as products of reaction
with the magma.

Preliminary results of chemical studies show that the
stratigraphic variations in minor-metal concentrations are
generally similar to those of other layered intrusions, at least
above their basal layers of ultramafic cumulates. (Basal
ultramafic cumulates are probably present in the Dufek in-
trusion, but they are not exposed.) These studies indicate
that higher cumulates become enriched in sulfur and, sur-
prisingly, the platinum-group metals, abundances of which
are greater in the Forrestal Range than in the Dufek Massif.
Little published information is available for comparing
fractionation trends of the platinum-group metals with
other layered intrusions. Analyses completed are mostly of
typical cumulates, although some data are available on
minor metals in pyroxenes and iron-titanium oxides
(Himmelberg and Ford, 1976, in press).

Preliminary results include the following: (1) chromium
abundance is 10 to 500 parts per million (ppm) in Dufek
Massif and decreases to below detectability limits (2 ppm) in
the Forrestal Range, (2) nickel abundance is 10-150 ppm in
Dufek Massif and decreases to below detectability limits (2
ppm) in the Forrestal Range, (3) platinum-group metal con-
centrations are mostly below detectability limits (0.004 ppm
for palladium and 0.010 ppm for platinum) in Dufek Massif
and increase somewhat in the Forrestal Range, where max-
imum known values reach only 0.044 ppm palladium and
0.010 ppm platinum, (4) copper concentration is 12 to 40
ppm in Dufek Massif and increases to 90 to 2000 ppm in the
Forrestal Range, (5) iron, titanium, and vanadium have
moderate to strong positive correlation with stratigraphic
height (correlation coefficient, r, of + 0.50 or greater), (6)
platinum, palladium, copper, cobalt, and sulfur have low to
moderate positive correlation (r = + 0.30-0.50) with
height, and (7) silica, magnesium, chronium, and the ratio
nickel/cobalt have moderate to strong negative correlations
with height. These studies will be expanded to include work
on samples collected in 1976-1977.

This project is supported by National Science Foundation
interagency agreements DPP 76-21663 and DPP 75-17682
with the Geologic Division, U.S. Geological Survey.
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Geophysical studies of the Dufek
intrusion, Pensacola Mountains,

Antarctica, 1976-1977
A.W. ENGLAND

U.S. Geological Survey
Reston, Virginia 22092

WILLIS H. NELSON

U.S. Geological Survey
Menlo Park, Cal!fornia 94025

Geophysical studies of the Dufek intrusion, Pensacola
Mountains, were made between 30 November and 30

0:53

'-4
'S

December 1976. These studies were part of a continuing in-
vestigation of the Dufek intrusion and had as their objectives
locating the ice-covered margin and estimating the thickness
of the pluton to the north and west of the Dufek Massif. The
field party comprised A.B. Ford', C. Carlson', G.K.
Czamanske', and C.J. Nun', who were primarily involved
with geological studies of the Dufek Massif, and the authors,
who were primarily responsible for geophysical studies in
ice-covered areas. The primary logistics elements were Navy
LC-130 transport between McMurdo and the base camp
(figure), Scott tents for shelter at the base camp, and motor
toboggans for traversing.

The Dufek intrusion is one of the world's largest layered
mafic complexes. This Jurassic intrusion underlies an area
about half as big as that of the Precambrian Bushveld corn-

'U.S. Geological Survey, Menlo Park, California 94025.
'Department of Geology, Stanford University, Stanford, California

94035.
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Geophysical traverse
routes. The four geo-
physical traverses (labeled
1 through 4 in the se-
quence in which they were
performed) were entirely
in ice-covered areas.
Treacherous crevasses
were encountered only
near the extremities of
traverses 3 and 4.
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plex of South Africa. The intrusion is lopolith-like and has a
diameter-to-thickness ratio of at least 20:1. Only parts of the
stratiform section are exposed. The ice-covered basal
member is inferred by Behrendt et at. (1974) to be 1.8 to 3.5
kilometers thick and to be present below the ice near En-
chanted Valley. Above the basal section, 1.8 kilometers of a
plagioclase- two- pyroxene cumulate is exposed in the Dufek
Massif (Himmelberg and Ford, 1976). Ford (1976) suggests
that a 2- to 3-kilometer-thick section above the Dufek Massif
section lies unexposed beneath the Sallee Snowfield. An ad-
ditional 1.7-kilometer-thick section of plagioclase-two
pyroxene-opaque oxide cumulate is exposed in the Forrestal
Range. The roof has apparently been eroded. Ford (1976)
believes that the 300 meters of granophyre topping the For-
restal Range section is within 1 kilometer of the original
roof. Regional geophysical studies (Thiel et at., 1958;
Behrendt, 1962, 1964; Behrendt et al., 1966, 1974) suggest
that the Pensacola Mountains are in isostatic equilibrium;
that the Dufek intrusion extends over 24,000 to 34,000
square kilometers; that the Dufek in general, is 8.86 to 6.2
kilometers thick; and that the Dufek lies along a transition
between a generally thinner crust (perhaps 24 kilometers) to
the west and a more normal continental crust (perhaps 32
kilometers) to the east.

The four geophysical traverses (figure) were designed,
within time, budget, and logistics constraints, to locate the
ice-covered margins of the intrusion under Jaburg Glacier
and under the ice north and west of the Brown Nunataks,
and to permit a better estimate of the thickness of the intru-
sion in the vicinity of Enchanted Valley. Survey stations were
established at approximately 300-meter intervals (as
measured by a Wilde3 T-2 theodolite) along the four
traverses, and measurements of gravity (using a LaCoste and
Romberg3 G-2 gravimeter) and ice thickness (using a radar
sounder, following methods described by Watts and
England, 1976), were made at approximately 600-meter in-
tervals. At 2-kilometer intervals along traverse 1, gravity was
measured at the corners of precisely surveyed, 100-meter-
per-side equilateral triangles to detect the strong across-
traverse, regional gravity gradient observed by Behrendt et
at., 1974. The expected regional gradient is greater than
+2 mgal/km to the northwest, and the sensitivity of the
measuring technique is about 1 mgal/km. Multiple
altimeter readings taken at all traverse stations and
microbarograph recordings at the base station will permit
an estimation of the expected errors in future gravity studies
of the Dufek intrusion, should elevation calculations be
based upon altimetry alone. Maintaining the survey line
consumed about 60 percent of the traverse time.

Preliminary analysis of the data shows that the margin of
the Dufek intrusion is reflected both in the topography of
the ice-rock interface and in a Bouguer gravity anomaly.
Along traverse 1, the margin is about 10 kilometers from the
base camp across Jaburg Glacier. Along traverses 2 and 4,
the margin is along the northern flanks of the Brown
Nunataks rather than 10 kilometers farther toward the
Ronne Ice Shelf (Behrendt et at., 1974). Observed ice
thicknesses are 300 meters at the base camp, 200 meters on
traverse 2 near Hannah Peak, as much as 600 meters toward

'Trade names are used for descriptive purposes only and do not con-
stitute endorsement by the U.S. Geological Survey.

the northern extreme of traverse 2, and 1.1 kilometers in
Jaburg Glacier. The analyses are underway to estimate
thickness of the Dufek under Enchanted Valley and to utilize
the gravity gradient data.

The project is supported by National Science Foundation
grants DPP 76-21663 and DPP 75-17682 to the U.S.
Geological Survey.
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Metamorphic basement rocks,
central Transantarctic Mountains

EDMUND STUMP

Department of Geology
Arizona State University
Tempe, Arizona 85281

Investigations on metamorphic basement rocks in the cen-
tral Transantarctic Mountains reached a temporary conclu-
sion in 1976 with the completion of my dissertation. This
research began in 1970 as part of a program of geological
reconnaissance mapping by the Institute of Polar Studies at
The Ohio State University, and was continued in 1974 when
a four-man party undertook detailed mapping in the Dun-
can Mountains. For comparative purposes the Antarctic
studies were complemented in 1972 by a tour of late
Precambrian localities in South and Southwest Africa along
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with a reconnaissance investigation in windows of the Cape
fold belt.

The importance of volcanism in the late Precambrian and
Cambrian record of the central Transantarctic Mountains
has been increasingly recognized in recent years. This
volcanic activity occurred over widespread areas and is seen
as the initial, eruptive phases of magmatism that
culminated in the emplacement of the Queen Maud and
Wisconsin Range Batholiths. By contrast, volcanic rocks do
not figure in the equivalent sequences in southern Africa. I
have suggested elsewhere that this variation is due to the dif-
fering tectonics of continental collision in the African sector
and subduction at a continental margin in the Antarctic sec-
tor, during consolidation of Gondwanaland in the late
Precambrian and early Paleozoic.

Research in progress includes a detailed chemical study of
the volcanic rocks from the basement of the Queen Maud
Mountains and coordination of the geological map of the
Shackleton Glacier quadrangle (1:250,000).

Publications to date are listed in the bibliography. The
report of Early Cambrian fossils from Taylor Nunatak was
incorrectly cited in Stump (1974).

This research was performed under National Science
Foundation grants GV-26652, GV-33767, and OPP
74-04897 to The Ohio State University.
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Japanese scientific activities in
the McMurdo region, 1976-1977

TAKES! NAGATA

National Institute of Polar Research
Tokyo, Japan

Six Japanese scientists visited McMurdo Station and Scott
Base during the austral summer field season of 1976-1977.
Names of the members and their specialty and their research
period are as follows: K. Kaminuma (geophysicist, National
Institute of Polar Research), 4 November to 12 December
1976, K. Yanai (petrologist, National Institute of Polar
Research), 4 November 1976 to 20 January 1977, T. Toni
and Y. Tanaka (geochemists, Chiba Institute of
Technology), 1 December 1976 to 5 January 1977, G.
Matsumoto (geochemist, Tokyo Metropolitan University), 1
December 1976 to 20 January 1977, and Y. Suzuki
(glaciologist, Institute of Low Temperature, Hokkaido
University), 1-20 December 1976. Four research programs
were carried out in this season:

Observations of micro-earthquakes (K. Kaminuma).
Microseismological observations with a three-component
seismograph were performed for 3 weeks at Scott Base and 4
days at Vanda Station, Eight micro-earthquakes were
recorded.

Geological survey and sampling of typical rock specimens
(K. Yanai and K. Kaminuma). The main purpose of this
survey was to compare geological structures of East Antarc-
tica with those of the Ross Sea area. This season is the first
year of the program. Gneisses and marbles of upper
Precambrian, granites of Paleozoic, Ferrar dolerites and
Beacon sandstones of Paleozoic to Mesozoic, and wooden
fossils and coals were sampled.

Geochemical studies in Dry Valley Drilling Project areas
(T. Toni, V. Tanaka, and K. Kaminuma). Water samples
were collected for chemical analyses from Don Juan Pond in
Wright Valley and from Lake Bonney in Taylor Valley.
Field geochemical studies also were carried at several points
in the dry valleys area. This is supplementary work to com-
plete DVDP geochemical research.

Search for meteorites (K. Yanai and T. Nagata). A U.S. -
Japan search for meteorites was started based on the past ex-
perience of collecting meteorites in Antarctica by the
Japanese participants. The U.S. participants were W.A.
Cassidy and E. Olsen. The selected searching sites are the
bare-ice areas in the following localities: Wright Upper
Glacier, around Mount Fleming, west of Mount Baldr,
around Horseshoe Mountain, the upper part of Taylor
Glacier, east of Mount Crean, south of Mistake Peak, north
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of Shapeless Mountain, around Mount Dewitt, Mount Lit-
tiepage and Robinson Peak, east of Carapace Nunatak, and
west of the Allan Hills (figure).

Two meteorites (Mount Baldr 1 and 2, or Mount Baldr a
and b) were collected from the bare-ice area west of Mount

Baldr. Nine meteorites were found and collected from the
bare-ice area west of the Allan Hills. These meteorites have
been named Allan Hills 1 to 9 (Allan Hills a to z). The
largest one is Allan Hills i (or 9), 407 kilograms. Allan Hills
b (2) is iron, and Allan Hills e (5) is achondrite, whereas all
the others are chondrites.

Antarctic search for meteorites

W.A. CASSIDY

Department of Earth and Planetary Sciences
University of Pittsburgh

Pittsburgh, Pennsylvania 15260

Before 1969 only four meteorites had been found in all of
Antarctica (Mawson, 1915; Tolstikov, 1961; Duke, 1965;
Ford and Tabor, 1971); these are listed in table 1. In 1969,
members of the Tenth Japanese Antarctic Research Expedi-
tion discovered nine meteorites lying on the ice near the
Queen Fabiola Moun tains* (Yoshida et al., 1971). The in-

aThe U.S. Board on Geographic Names officially recognizes the
mountain range at 71 030'S. 35°40'E. as the Queen Fabiola
Mountains. Japanese workers routinely refer to this range as the
Yamato Mountains, and to the meteorites found there as the
Yamato meteorites. Here I use the U.S. nomenclature for the
mountains and the currently accepted nomenclature for the
meteorites.

triguing feature of their find was that these meteorites did
not come from a single shower - five or six different
meteorite types were represented among them.

Searches have been made at the same locality during three
succeeding field seasons, and the Japanese collection from
that site now totals an incredible 992 specimens (Shiraishi et
al., 1976; Yanai, 1976; Yanai, personal communication).
Many of these probably are members of a number of
showers, and the meteorites found so far may represent only
30 to 300 individual falls. It is abundantly clear, however,
that an abnormal concentration of meteorites exists in that
part of Antarctica.

During field season 1976-1977, I was principal in-
vestigator on a search for meteorites in areas accessible by
helicopter from McMurdo Station. My co-investigator was
Edward Olsen of the Field Museum of Natural History,
Pittsburgh. We were joined by Keizo Yanai, of the Japan
National Institute of Polar Research, who had been
associated with some of the Yamato meteorite searches and
had led one of them. We planned to try to find meteorite
concentrations similar to the one at the Queen Fabiola
Mountains, 3,200 kilometers away.

When we began the field season we knew that two of the
pre-1969 antarctic meteorites had not been found on rock or
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in moraine: the Thiel Mountains pallasite had been found
on blue ice, and the Adlie Land chondrite had been found
in a slight depression on hard snow. The great majority of
the Yamato meteorites, however, had been found on bare
blue ice (some few had been found on blue ice mixed with
morainal fragments). In the vicinity of McMurdo, blue ice is
found often in glaciers moving through the Transantarctic
Mountains and as patches in the interface region between
this range and the continental ice sheet. Our program was to
search as many blue-ice areas as we could in the available
time.

Takesi Nagata, director of the Japan National Institute
for Polar Research, visited McMurdo briefly in late
November and early December, and he and Dr. Yanai
searched parts of the upper Taylor Glacier, without success.
It seemed reasonable to expect that some of the small
glaciers coming part way down the dry valleys would have
been transporting meteorites for long periods and depositing
them in their terminal moraines. Following this reasoning,
our party camped at the foot of Wright Upper Glacier,
where we spent some fruitless days searching the terminal
moraine, as well as the surface of the glacier. Part of the ter-
minal moraine was also searched with a mine detector,
without result. This was not particularly discouraging to us
because we had already found two meteorites: at the time
the helicopter had put us in we had also flown up to the
small glacier lying between Mount Baldr and Mount Flem-
ing, which was to be our next campsite. This patch of ice oc-
cupies a hanging valley over the upper reaches of Wright
Upper Glacier. We had almost immediately found two
meteorites on the ice; each was first sighted by Dr. Yanai.
They apparently were different types of chondrite, lying
about 700 meters apart. Thus, we could say that we had
found two meteorites during our first 20 minutes in the
field. Unfortunately, we did not find any more for the next 6
weeks.

Our search of the ice patch next to Mount Baldr disclosed
only that we had already found its two meteorites. During
succeeding weeks we searched ice patches above the
Airdevronsix Icefalls, which is the main source of Wright
Upper Glacier, and an extensive plateau area of blue ice
around Mount Dewitt. We also were able to get helicopter-
assisted surveys over a large area of blue ice at Mount Crean
and some smaller patches near Carapace Nunatak, all
without result.

In a final endeavor, we flew to an extensive blue ice field
on the plateau side of the Allan Hills and almost immediate-
ly began finding meteorites. Because we now had time
limitations, we asked the pilot to set up a search pattern and

taxi slowly over the ice at about 10 meters altitude. We
found that under those conditions he could see pebbles as
small as 2 centimeters in diameter lying on the ice. The area
of this ice patch is about 100 square kilometers, and in 4
hours of aerial searching over this exposure we found what
may be as many as nine meteorites. The last one, a
hypersthene chondrite, was found as 33 fragments scattered
over an area of about 4,500 square meters. The largest frag-
ment weighed 114 kilograms, and the parts summed to 407
kilograms (table 2).

The total weight of meteoritic material we recovered was
461.5 kilograms. Excluding the exceptional 407-kilogram
specimen, the average weight of our meteorites was 5
kilograms. There is an interesting contrast here with the
Yamato meteorite finds, which, although many in number,
have a total weight of about 100 kilograms and an average
specimen weight of 100 grams. It seems likely that many of
these meteorites are small individuals from large showers.
While this would explain why the Japanese teams have
found so many small meteorites, it would not explain the
relative lack of large meteorites in the collection. At both
sites, however, we are still dealing with the statistics of small
numbers of large specimens, and the apparent discrepancy
may disappear with further collecting.

Based on our field results, we conclude that local concen-
trations of meteorites can be found at many sites in Antarc-
tica. The most favorable places to search are areas where
blue ice is exposed and is disappearing by ablation, so that
meteorites are left behind on the surface, rather than mov-
ing away by flow and carrying included meteorites along
with it. At the Allan Hills for example, the ice could be flow-
ing against a barrier it cannot get around. At the Mount
Baldr site the situation is more clearcut. The glacier on
which we found the meteorites feeds down onto Wright Up-
per Glacier, but is much less important a source of ice for
Wright Upper Glacier than is the Airdevronsix Icefalls. The
mass of ice from the latter source merges with the ice coming
from the Mount Baldr source, and the two form a medial
moraine. This medial moraine very soon cuts across the
front of the Mount Baldr icefall and joins the lateral
moraine of the Wright Upper Glacier. This is a strong in-
dication that the Mount Baldr glacier currently contributes
nothing to the Wright Upper Glacier and is stagnant.

Meteorites we have recovered are being classified and
described. We are also filling a number of requests for
research material for such investigations as trace element
analysis, determination of time since fall, primordial lead
isotope ratio determinations, and magnetic studies.

Table 1. Antarctic meteorites found before 1969.

Name	 Type	Wt.(g)	Latitude	Longitude	Date of find
Adlie Land	 Chondrite	1,021	67011 'S.	142023'E	1912
Lazarev	 Iron	 10,000	71°57'S.	11°30'E.	1961
Thiel Mountain	 Pallasite	28,600	85°27'S.	900W.	 1962
Neptune Mountains	Iron	 1,070	83°15 'S.	550W.	 1964
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Table 2. Initial data on meteorites found during 1976-1977 field season.

Field collection nos. a	Typeb	Wt.(g)	Latitude	Longitude

MB-i	 Chond.	4,108	77035'02''S	160019'35''E

MB-2	 Chond.	13,782	77039'02''S	160022'25''E

AH-i	 Chond.	20,151	76°39'27' 'Sc	159033'15' 'Ec

AH-2	 Iron	1,510	76°39'27' 'c	159°33'16' 'E

AH-3	 Chond.	10,495	76047'29''S	159026'44''E

AH-4	 Chond.	 305	76045'16''S	159020'12''E

AH-5	 Achond.	1,425	76037'02''S	159°21'46''E

AH-6	 Chond.	1,137	76038'47''S	159022'57 'E

AH-7	 Chond.	410	76040'08''S	159021'46''E

AH-8	 Chond.	1,150	76039'27''S	159018'14''E

AH-9	 Chond.	407,041	76043'14''S	159°17'39' 'S

AH = Allan Hills. MB = Mount Baldr.
bAchond = Achondrite. Chond. = Chondrite.
cAH . 1 and AH . 2 were found 80 meters apart and were therefore assigned the same geographic coordinates.

During the coming field season we hope to investigate
blue

	studies in the South
blue ice patches somewhat farther north along the interface
zone between the polar ice plateau and the Transantarctic	Orkney Islands: R/V Hero Cruise
Mountains.

This research was supported by National Science Founda-	 77.1, January 1977
tion grant DPP 76-10800.
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R/V Hero departed Puerto Beigrano, Argentina, on 5
January 1977, bound for the South Orkney Islands. Geologic
work was performed 12 through 31 January 1977 on Corona -

*Alphabetical order,
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tion, Powell, Fredriksen, Michelsen, and Laurie Islands, as
well as the Robertson, Saddle, Weddell, and Inaccessible
Islands (figure 1). The ship returned to Ushuaia, Argentina,
via Palmer Station on 10 February 1977.

The purposes of the voyage were (1) to conclude structural
investigations of the so-called "basement" (i.e., probable
pre-Jurassic) rocks of the South Shetland and South Orkney
Islands initiated by Dalziel in 1968-1969 as part of the U.S.
Scotia Arc Tectonics Project (see Dalziel, 1975, 1976, and
Dalziel et al., 1975); (2) to augment the collections of
metamorphic and igneous rock from Coronation and other
islands available for petrologic study (Thomson, 1971, 1973
and 1974); (3) to investigate the Mesozoic rocks of the South
Orkneys as part of a program initiated by Elliot in
1974-1975 to study the late Mesozoic and Cenozoic evolution
of the Antarctic Cordillera by means of sedimentary deposits
of that age (Elliot et al., 1975); and (4) to augment the
somewhat meager collections of fossils from the South
Orkney Islands (Thomson, 1975; Thomson and Willey,
1975).

"Basement" rocks. Two tectono-stratigraphic units of
possible pre-Jurassic age are exposed along the Antarctic
Peninsula and on the islands of the South Scotia Ridge, a
metamorphic complex and a highly deformed but otherwise
unmetamorphosed sedimentary complex consisting predom-
inantly of greywacke and shale. The latter is known as the
Trinity Peninsula "Series" in the Peninsula, the Miers Bluff
Formation in the South Shetland Islands, and the

Graywacke-Shale Formation in the South Orkney Islands
(see Dalziel and Elliot, 1973). The graywacke and shale
complex is here taken together with the metamorphic com-
plex to constitute the geologic "basement" of the region.
This is in keeping with usage in southern South America.

Prior to 1971, knowledge of the "basement" rocks of the
South Orkneys was based on the extensive, but primarily
lithologic, observations by members of the British Antarctic
Survey on Signy, Coronation, Powell, and Fredriksen
Islands (see Thomson, 1968, 1973, 1974). The present in-
vestigations, taken with work on Laurie, Fredriksen, Powell,
and Signy Islands in the course of R/V Hero cruise 71-1
(Dalziel, 1971), enables the completion of a lithologic and
structural map of the "basement" of the entire South
Orkneys group. It is now clear that the South Orkney
Islands, including the Inaccessible Islands, all have geologic
affinities with Livingston, southern Elephant, and Gibbs
Islands of the South Shetlands, rather than with the
blueschist terrain of Smith, northern Elephant, and
Clarence Islands (Dalziel, 1976; see figure 2). A major step
forward in the understanding of Antarctic Peninsula-South
Scotia Ridge geology was made during the present cruise
with the recognition of a lithologic and structural transition
along the west coast of Powell Island between the overlying
Greywacke-Shale Formation of Laurie, Fredriksen, Powell,
and the Saddle and Weddell Islands, and the underlying
metamorphic complex of Coronation and Signy Islands.

Collections were made from the mafic dikes cutting the

Figure 1. Location map
of the South Orkney

Islands.

	

-60°30S	 46000W

o
0
, Inaccessible

Islands	0

- 60040'S

0I 
	

3020

	

-600501S	
KM

45 6 30W	 4500W	 44°30'W

Figure 2. Location map
of the northern Antarctic
Peninsula, South Shetland
Islands and South Orkney

Islands.

.00*	 50*

600$	 Elephant Island
\C	 Clarence Island.

Gibbs Island
Q\ 7

Livingston
Island

Smith
Island	0

Antarctica	

50
KM. 

Peninsula
650$ 

Coronation Island

South	Laurie
Orkney Is. Island

October 1977



he 

GB M 45010W	 45°00 W

kEast Cape

\ Rayner
(i	•-'	Point

Gibbon
. Soy L ewthwa/Ie	(1

Position
: approximate	't	 I

	

/	I
G	c (M—G	I

Island
J

C-	•	I

L
G—i:d 

John

Powell

$0 0 40'S

••

Coronation
Island

) 9 /

Robertson,
60048'S

Strait

Matthews

_A! Island

reaics

Michel sen :
Island

4

Grey
Island

Ii
Conglomeratic rocks
Greywacke-Shale Formation
Metamorphic co

P Plant locality
GB Gibbon Bay Sha

Dikes

- -- Conglomerate-me

-- Greywacke- Shale -'

f--- Fault

Islands

metamorphic rocks of Coronation Island for paleomagnetic
study, as well as from the "basement" complexes as a whole
for petrologic, structural, and radiometric work. Outcrops
visited for the first time along the northern and western
coasts of Coronation Island consist of metamorphic rocks
comparable with those occurring elsewhere on the island
(Thomson, 1974). At most of the new localities the typical
rock-type is a grey micaceous schist. However, marbles and
interlayered garnetiferous rocks were noted at three of the
localities and hornblende-garnet schists at a fourth.

100

implex	 Figure	3. Geologic
sketch map of the
Lewthwaite Strait area,

Ic	 South Orkney Islands. On
Powell Island the letter
symbols M--G and G-.-M
are used to representtamorphic complex contact	rocks transitional from the

metamorphic complex contact metamorphic complex to
the Graywacke•Shale For-
mation and vice versa; see

text for explanation.

Mesozoic rocks. The primary objective was to establish the
relations of the Mesozoic strata (see Thomson, 1971, 1973,
1974) which crop out adjacent to Lewthwaite Strait (figure
3) to the evolution of the Antarctic Codillera and its exten-
sion in the South Orkneys. Investigation of the sedimen-
tology of the Mesozoic conglomeratic strata showed that at
least five sedimentary facies are present and allows the
recognition of the sequences as alluvial fan deposits. Those
on Powell and adjacent islands were derived from the north
and east, and in their composition reflect the occurrence of
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the pre-late Mesozoic Greywacke-Shale Formation to the
east. Those on the Robertson Islands and eastern Corona-
tion Island were derived mainly from the metamorphic
basement rocks to the west. The alluvial fans probably are
related to Mesozoic fault block tectonics, in which inferred
north-south trending graben faults would have been impor-
tant.

Field observations have allowed some slight revision to the
previously published geologic maps, and these changes are
incorporated in figure 3. New localities at which the un-
conformity below the conglomeratic beds is exposed were
observed on several islands south of Matthews Island and at
East Cape. A new outcrop of the Gibbon Bay Shale was
found just west of East Cape.

Dating of the sequences is important, but it is not possible
from field observations alone to improve on the present
rather imprecise age assignments based on limited fossil
evidence (Thomson, 1975; Thomson and Willey, 1975).
Laboratory studies of fossil plants from two localities on
southern Powell Island (figure 3), and rare ammonites and
belemnites from Matthews Island may clarify the ages of
these rocks. In addition, new collections were made of
fossiliferous "calcareous grit" boulders that occur in the con-
glomerates at Rayner Point, and of the invertebrates from
the Gibbon Bay Shale which underlies the conglomerate.
The discovery of ammonites and belemnites in the shale
should, it is hoped, provide a more accurate age assessment
than has hitherto been possible. Bulk samples were also
taken for processing for microfossils.

Acknowledgments. We are grateful for the efforts of Cap-
tain Lenie and the crew of R/V Hero in helping us gain ac-
cess to areas of the South Orkney Islands highly unfavorable
to mariners. The scientific work was supported by National
Science Foundation grants DPP 74-21415 to Dalziel at
Lamont-Doherty Geological Observatory, Columbia
University, and DPP 74-21509 to Elliot at Ohio State
University and by the British Antarctic Survey.
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Marie Byrd Land volcanology

WESLEY E. LEMASURIER

Natural and Physical Sciences Division
University of Colorado at Denver

Denver, Colorado 80202

Project activities during 1976-1977 centered on comple-
tion of a year of study and research in New Zealand and on
planning for the 1977-1978 field season in Marie Byrd
Land. These activities were related to the three parts of the
project, which are (1) studies of intraglacial volcanoes in
Marie Byrd Land, (2) the tectonic relationships of vol-
canism, and (3) origins of the lavas that make up the Marie
Byrd Land volcanoes.

The intraglacial volcanoes in Marie Byrd Land are large
structures with flat summits, a low ratio of height to base
diameter, and very gently sloping flanks, similar to many
submarine volcanoes (guyots) but unlike the classic in-
traglacial volcanoes (or tablemountains) of Iceland. They
appear to be composed entirely of hyaloclastite, which is a
glassy fragmental deposit produced when lava is abruptly
chilled and fragmented during eruptions beneath water or
ice. These deposits provide a record of the history of the ice
sheet in Marie Byrd Land, including information about past
thicknesses and, perhaps, former ice surface levels
(LeMasurier 1972a, 1972b, 1976). To read the volcanic
record with confidence, one needs to know which individual
textural, structural, and morphologic characteristics of
these volcanoes are related to the subglacial environment of
eruption, which features are related to characteristics of the
magma, which characteristics record deep-water (thick ice)
as compared to shallow water eruptions, and whether any
characteristics distinguish between submarine and intra-
glacial eruptions. In view of these problems, it has been
especially valuable to compare the Marie Byrd Land
volcanoes with volcanoes formed by lava-water interactions
elsewhere in the world, in order to better understand how to
use the volcanic deposits to interpret glacial and tectonic
history.

In the last year, most progress has been in field studies of
structures found in a variety of pyroclastic rock types that
might be analogous to Marie Byrd Land examples. These
include studies of base surge and laharic deposits in the cen-
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tral North Island volcanic region of New Zealand and
studies of phreatomagmatic tuff cones in the Hawaiian
islands (e.g., Diamond Head). These studies will be helpful
background for renewed field studies of the Marie Byrd
Land intraglacial volcanoes scheduled for the 1977-1978
austral summer season.

The remaining topics in this project, the tectonic and
petrogenetic relationships of Marie Byrd Land volcanism,
are unusually interesting, because it appears that virtually
all post-Paleozoic rocks in the region are igneous. The
Cenozoic rocks are almost entirely volcanic, and Mesozoic
rocks are predominantly intrusive. Interpretations of
geologic history over the last 200 million years, therefore,
rest heavily on interpretations of igneous environments.
Petrologic characteristics that seem to have important tec-
tonic significance in this region are (1) the change from caic-
alkaline intermediate rocks to a bimodal alkaline volcanic
assemblage in early Cenozoic time, (2) the K 20/Si02 ratios
of the caic-alkaline rocks, particularly with respect to the
present continental margin, (3) the oceanic geochemical
character of the alkaline rocks, together with the abundance
and diversity of acid rock types, and (4) the systematic
migrations of volcanic activity along the lengths of several
linear volcanic ranges. These characteristics have been used
to help interpret relationships between the Marie Byrd Land
region, the Pacific-Antarctic ridge system, and the New
Zealand-Campbell Plateau continental block (LeMasurier
and Wade, 1976; LeMasurier, in press).

I hope in the coming season to study the relations be-
tween the intrusive and extrusive Mesozoic calc-alkaline ig-
neous rocks, and thereby to get a clearer picture of igneous
and tectonic activity along the Mesozoic continental margin
of Marie Byrd Land. New Zealand geophysicists plan to
cooperate in future efforts to locate magnetic anomaly pat-
terns over the Marie Byrd Land coast and continental shelf,
which might confirm sea floor spreading reconstructions
linking this region to magnetically distinctive portions of
New Zealand and the Campbell Plateau. New Zealand
geologists are planning to study potential geologic and
paleomagnetic links between New Zealand and Marie Byrd
Land during the coming field season. Several papers
scheduled for presentation at the Third Symposium on Ant-
arctic Geology and Geophysics, 22-27 August 1977, present
new data and ideas that form the basis for these future proj-
ects.
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Geothermal studies in Antarctica

EDWARD R. DECKER and GERALDJ. BUCHER

Department of Geology
University of Wyoming

Laramie, Wyoming 82071

This report summarizes some of our geothermal studies
with Dry Valley Drilling Project drill holes. Data include
subsurface temperatures, thermal conductivities, and three
preliminary heat flow values. The research was done under
National Science Foundation grant OPP 72-05804.

Temperatures. Subsurface temperatures were measured
at discrete points in the holes with thermistor probes in com-
bination with three-lead cables, Wheatstone-type bridges,
and electronic null-detectors. When the data for hole 6 are
neglected, the recent measurements of temperature in the
stable portions of all relogged holes were very precise. For
example, the temperatures measured on 20-meter intervals
below 50 meters in hole 3 were reproduced to within
± 0.01 °C, based on logs with different probes in November
1975 and January 1976. Similarly, temperatures below 40
meters in holes 11 and 12 were reproduced to within
± 0.02°C, when measurements were made on 20-meter in-
tervals with different probes during the 1975-1976 field
season.

We have not been able to reproduce temperatures in all
intervals of hole 6. Here, the most recent logs for the
120-250 meter interval differ by as much as 0.11°C, Below
250 meters, temperatures were reproduced to within
± 0.03°C, and the gradient of temperature between 250 and
300 meters was reproduced to within ± 10 percent.

Temperature data for selected drill holes on land are plot-
ted in figure 1. If perennially frozen ground is assumed to
occur in regions with temperatures below 0°C, these data
imply the permafrost thicknesses listed below.

Site	 Permafrost thickness, meters
Hole 3 (McMurdo station)	 440-500
Hole 6 (Lake Vida)	 800-970
Holes 8 and 10 (New Harbor)	 240-310
Hole 11 (Commonwealth Glacier)	 405
Hole 12 ("Lake Leon" — unofficial	 360

name)
Hole 14 (North Fork)	 350-360

Bucher and Decker (1976), Decker et al. (1975), and Pruss
et al. (1974) discuss the gradients used to determine per-
mafrost thicknesses.

Figure 2 shows two temperature-depth profiles for hole 15
in McMurdo Sound. Both sets of measurements were made
after drilling had been stopped for about 8 hours. Although
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high and variable gradients were measured in the lower por-
tions of the hole, their significance is obscure owing to a lack
of thermal conductivity data and the possibility that we did
not obtain equilibrium temperatures so soon after drilling.

Themal conductivity. Thermal conductivities were mea-
sured with the divided-bar systems and techniques described
by Decker (1973). The ice-saturated disks of rocks from
holes 14 and 3 were measured near mean in situ tempera-
tures of - 17.5 1 and - 12.5°C. The mean conductivity of
the samples of granite and granodiorite from hole 14 is 7.0
CDU (1 CDU = 1 millicalorie per centimeter-second- °C). The
mean conductivities of the volcanics from hole 3 change
with depth as follows: 5.9 CDU between 100 and 160 meters;
5.4 CDU between 160 and 220 meters; and 4.8 CDU between
220 and 260 meters. These conductivity values correlate
with different gradients in the same depth intervals.

The water-saturated samples of low porosity rocks from
hole 6 were measured at about 20°C. The mean con-

ductivities of the samples of the metamorphic rocks and
granite are calculated to be 6.3 CDU and 8.1 CDU, respective-
ly, after correction to the mean in situ temperature of about
-20°C.

Preliminary heat flow values. Existing basic heat flow
data for holes 3, 6, and 14 are tabulated below.
The uncorrected (unc.) heat flows were calculated using the
observed conductivity and gradient values for the listed
"depth-ranges."

The corrected (corr.) heat flow of 1.5 to 1.7 microcalories
per square centimeter per second in hole 3 is based on a first-
order correction (after Lachenbruch, 1957) for the steady
effect of unfrozen waters in nearby McMurdo Sound. The
corrected flux of 1.90 microcalories per square centimeter
per second in hole 6 directly follows a correction (after
Birch, 1950) for steady state two-dimensional terrain out to
lateral distances ten times the depth of the hole. The cor-
rected heat flows at both sites are very preliminary values in
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on land.
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Heat flow data for DVDP holes 3, 6, and 14.

Site

Hole 3

Hole 6

Hole 14

Conductivity
CDU

5.9
5.4
4.8

6.3
8.1

7.0

Depth-range
meters

100.160
160-220
220-260

60-190
190-300

30-60

Gradient
°C/km

28.8
37-4
45.0

Best value
33.4
25.2

Best value
48

Heat flow
microcal/cm°sec

Unc.	Corr.

1.7	-
2.0	1.4-1.6
2.2	1.5-1.7
2.1	1.5-1.7
2.10	1.90
2.04	1.85
2.1	1.9
3.4
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the sense that other possible disturbances have not yet been
considered.

The uncorrected flux for hole 14 is 3.4 microcalories per
square centimeter per second. The corrected heat flow in
Wright Valley cannot be determined without detailed ter-
rain and other corrections at this site.
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Geology of some volcanic rocks
from the Ross Island, Mount

Morning, and southern Victoria
Land areas

SAMUEL B. TREVES

Department of Geology
University of Nebraska

Lincoln, Nebraska 68508

During the 1976-1977 austral summer, field studies were
made on the volcanic rocks of Ross Island, the volcanic rocks
of the Ferrar, Taylor, and Wright Valleys, and Mount
Morning.

The purpose of the Ross Island work was to study and col-
lect inclusions. Toward this end, work was done at Hut
Point Peninsula, on some of the Ross Sea volcanic islands, at
Cape Crozier, and at Cape Bird and also at Brandau Vent,
Mount Morning, and Black Island.

At each site at least 500 inclusions were collected from the
matrix and identified. Representative suites were selected
for further analysis. In a preliminary way, our work shows
that the olivine (magnesium-rich), clinopyroxene (several
varieties), amphiboles (mostly kaersutite), and calcic
plagioclase megacrysts are optically and physically much
alike. The abundance, however, varies, and at some
localities some mineral phases are absent. Analysis of some

of the rarer components of our megacryst collection in-
dicates the presence of some spinel.

Inclusions of ultrabasic and basic rocks are also abun-
dant. Our data indicate that the composition of these rocks
ranges from dunite to amphibolite. A significant number of
them are feldspar-bearing. These feldspar-rich inclusions
have been called granulites (Stuckless and Erickson, 1976).

Our data indicate that each inclusion locality can be
characterized in terms of the kinds and abundance of the in-
clusions that occur there. At one of our localities, it is clear
that the inclusions of a younger unit are quite different from
those of an older unit. The younger unit contains abundant
peridotitic nodules; the older unit contains many
"granulite" nodules. A carbonate-rich inclusion that
resembles rocks that are common in carbonatites was also
collected from one of the localities.

Detailed mineralogical analyses of the nodules are being
made. These data will be supplemented by chemical
analyses of some mineral phases. It is hoped that this in-
formation plus some radiometric dates of the host rocks will
allow us to suggest an origin for these inclusions.

Work at Mount Morning consisted of mapping and sam-
pling of the volcanic rocks exposed on the southern flank of
this mountain. Surface exposures consist primarily of
basaltic (basanite) vents constructed of lava flows, a few
vents that resemble ash rings and some basaltic (basanite)
flows. These rest on poorly exposed, older trachyte flows (?)
and plugs that seem to be part of an older, deeply eroded
and dissected volcanic landscape.

The lower slopes of Mount Morning are mantled by
boulder till that contains many erratics. The higher slopes
are also mantled by till that consists of the local volcanic
rocks. In this area the volcanic vents and flows seem little
modified or sculptured by ice.

These rocks resemble the other alkaline volcanic rocks of
the Ross Island area. The lack of intermediate rocks and
small volume of trachyte, however, is striking. The younger
vents seem to be geomorphically younger than the flows and
vents to the north.

Volcanic rocks of the Ross Island province also occur im-
mediately to the north of Mount Morning in the Trans-
antarctic Mountains as flows and vents on the eastern lower
slopes of the Royal Society Range, as flows and several small
vents in Taylor Valley and as flows and vents in Wright
Valley. Trachyte (phonolite) and some intermediate rocks
(hawaiite) occur on the lower slopes of the Royal Society
Range. Our studies show that only basalt (basanite) occurs
in the Ferrar, Taylor, and Wright valleys.

These basalts (basanites) resemble other Ross Island prov-
ince volcanic rocks of this type, except locally they are
charged with inclusions of older rocks, primarily granitic
rocks. Some of these have reacted with the basaltic liquid
and show broad reaction rims, primarily, of clinopyroxene.

We hope that our work on these rocks will allow us to in-
tegrate the history of these units into a more comprehensive
volcanic history of the whole province.

We spent 10 days on Mount Erebus trying to investigate
the current volcanic activity and to monitor it for com-
parison with earlier results. Bad weather and limited visibili-
ty made it almost impossible to work at the summit. We
were, however, able to make some observations of the lava
lake. It seems to be larger than last year and to be convec-
ting more rapidly. The lava, which previously appeared to
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be very viscous, is seemingly much more fluid. Explosions
also seem milder and less frequent. In short, over the last 5
years, since the 1972-1973 field season when lava was first
observed in the crater, the lava lake has grown and the ex-
plosive activity seems to have decreased.

An examination of some of the anorthoclase phonolite
from bombs that appear to represent material ejected since
the last field season indicates no change in the character of
the lava. It still is remarkably similar to the much older
anorthoclase phonolite lavas that occur on the summit and
western flanks of Mount Erebus.

Several attempts were made to visit Carapace Nunatak to
study the volcanic rocks. Weather forced us to turn back
each time.

This research was supported by National Science Founda-
tion grant DPP 72-05800.
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consist simply of debris deposited by glaciers after transpor-
tation from other locations.

Measurements were made across eleven volcanic patches
(nine in Taylor Valley, one near Goodspeed Glacier in
Wright Valley, and one by the head of Meserve Glacier in
the Asgard Range). The nine outcrops in Taylor Valley were
distributed among four sites: Mount Coates, Mount J.J.
Thomson, Sollas Glacier, and Nussbaum Riegel. The rug-
ged topography restricted measurements to a single profile
across most of the outcrops.

Model analysis of the data has not been completed.
However, some preliminary observations are possible. The
anomalies range from several hundred to several thousand
gammas. The small cone in Wright Valley is positively
magnetized, but the outcrop on the wall of Taylor Valley
adjacent to Sollas Glacier is reversely polarized, suggesting
that there has been more than one period of intrusion. Many
of the other profiles exhibit considerable fluctuation.

The presence of a plug at depth is strongly indicated on
some profiles, but the evidence is somewhat ambiguous on
others. Detailed modeling should help to resolve this ques-
tion. Although many of the anomalies have significant
amplitude, they have rather short wavelengths and would
therefore be easily missed by an aeromagnetic survey using a
2-kilometer line spacing and a discrete sampling interval.

Field work was supported by National Science Foundation
contract C-642 (Dry Valley Drilling Project).

Ground magnetic studies of
volcanic rocks in the Taylor and

Wright Valleys region

C. PATRICK ERVIN and M.G. WOLF

Department of Geology
Northern Illinois University

DeKaib, Illinois 60115

During the 1971-1972 and 1972-1973 austral summers,
geophysicists from Northern Illinois University conducted a
regional aeromagnetic survey of the area around Ross Island
and the dry valleys of southern Victoria Land (Wong, 1973).
Analyses of these data indicated that magnetic anomalies
that could be detected using airborne techniques are
generally associated with the Ferrar Dolerite (Pederson,
1974). Except for these relatively discrete anomalies, the
magnetic field is quite smooth.

In Taylor Valley and, to a lesser extent, in Wright Valley,
there are numerous volcanics, primarily on the sides of
valleys (McCraw, 1967; Fleck, Jones, Behling, 1972).
Although volcanic rocks are usually quite magnetic, there is
no indication of their presence in the aeromagnetic map.

During the 1976-1977 austral summer, we made ground
magnetic measurements along profiles across a number of
these volcanic outcrops to ascertain why their presence was
not detected in the aeromagnetic survey, to provide ground
control for interpretation of the aeromagnetic data, and to
determine if the volcanics have associated feeder-pipes or
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Soil development in the Taylor
Valley and McMurdo Sound area

J.G. BOCKHEIM

Department of Soil Science
University of Wisconsin

Madison, Wisconsin 53706

In view of the paucity of suitable materials for absolute
dating, soils are useful in the relative dating of late Cenozoic
glacial events in East Antarctica. The following is a sum-
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mary of our soil studies for the last two field seasons
(1975-1976 and 1976-1977).

Detailed descriptions were made of 97 soil profiles on
moraine crests and ground moraine representative of Ross
Sea, Taylor, and alpine glaciations (Denton et at., 1971).
We collected 418 soil samples and compiled laboratory data
for 282 samples representing 68 soil profiles. These analyses
included pH, specific conductivity, water-soluble cations
(K + , Na +, Ca2 +, Mg2 +), water-soluble anions (Cl-,
SO42- , HCO3 -), and particle-size distribution. Extractable
iron and silt and clay mineralogy were determined on
selected soils derived from till deposited by Taylor Glacier.

Surface weathering features were recorded on plots rang-
ing from 39 to 314 square meters; these features include
boulder frequency, cavernous weathering, ventifaction,
planing to the surface, desert varnish, fragmentation in situ,
spalling, and pitting.

Despite variations in surface weathering, we observed few
differences in soils on drift representing the different Ross
Sea glaciations. Ross soils generally are unoxidized, low in
water-soluble salts, and poorly consolidated; and they do
not contain pseudomorphs. These soils occur on ground
moraine in relatively humid, coastal localities where ice-
cemented permafrost is close to the surface (18-46 cen-
timeters). Congeliturbation may inhibit or decelerate
horizonation and development of Ross soils. Ross soils are
more strongly developed on moraine crests away from the
direct influence of the ocean than on ground moraine. In
Wright Valley, drift on the "Loop Moraine,"* (77130'S '
162'18'E.) which was probably deposited by Ross ice,
features an oxidation profile 14 centimeters thick, matrix
salts to a depth of 39 centimeters, and salt concentrations to
depths exceeding 90 centimeters. Unlike Ross soils in the
McMurdo Sound vicinity, the soil on the "Loop Moraine" *
did not contain ice-cemented permafrost in the upper 1
meter. The "Loop Moraine" * soil is more strongly developed
than Taylor II soils but less developed than Taylor III soils.

Soils are similar on all alpine moraine systems adjacent to

name.

the Rhone, LaCroix, Canada, Hughes, Sollas, Marr, and
Walcott Glaciers. These soils commonly feature a thin,
slightly consolidated oxidation layer (10 centimeters or less)
over unoxidized, loose sand and gravel. Depth to ice-
cemented permafrost is variable. Pseudomorphs usually are
absent in alpine soils. Salt encrustations occur to maximum
depths ranging from 0 to 60 centimeters, depending on
depth to ice-cemented permafrost and proximity to playas
or modern lakes. Soils data indicate that alpine moraines
may be (a) young and of similar age or (b) so youthful that
soils are not useful in delineating small differences in age.
Alpine III soils are slightly less developed than Taylor II and
Ross II soils.

Differences were observed in soils derived from till
deposited by various advances of the Taylor Glacier. In ad-
dition to age, variation in Taylor soils is caused by
microclimate, especially the influence of past and present
lakes, frost sorting, and lithology of the parent material.
Table 1 summarizes morphologic characteristics of soils
derived from drift bearing (1) mixed igneous and metamor-
phic rocks in the lower Taylor Valley, and (2) rocks from the
Beacon Supergroup in the upper Taylor Valley. Even
though 22 soil profiles were described in detail for each of
the materials, additional sampling will be necessary. Inten-
sive sampling on two lateral moraines of different ages yield-
ed coefficients of variation as great as 98 percent. The varia-
tion in certain chemical soil properties on a single moraine
may be greater than the variation of that property on
moraines of widely differing ages.

Taylor II soils show the least profile development and ap-
pear to be considerably younger than Taylor III soils.
Taylor III and IV soils are similar in morphology, par-
ticularly in the lower Taylor Valley. Salt-cemented horizons
often are best expressed in Taylor III soils. Taylor IVa and
IVb soils are most differentiated in the upper Taylor Valley.
Soil formation proceeds more rapidly in soils derived from
Beacon materials than in soils originating from mixed ig-
neous and metamorphic materials, on surfaces of com-
parable age.

Soils were examined on Taylor II, Taylor III, and Alpine
III drifts above and below the uppermost level of Glacial

Table 1. Morphologic properties of soils developed on Taylor Valley moraines, as related to age and lithology of the drift.

Thickness	Depth of

	

Approx. age	No. of	Depth oxida-	Depth of salt	salt-cement-	pseudo.	Depth consoli-
Glaciation	(yrs x 106 B.P.)'	profiles	tion (cm)	encrust. (cm)	ed horizon (cm)	morphs (cm)	dation (cm)

MIXED IGNEOUS AND METAMORPHIC

Taylor ll	0.25	 2	0.11(5)2	12-70(41)	 0	 12.15(14)	28+50(39)
Taylor III	0.32	 3	15.25(20)	50-80(64)	0-17(10)	0.21(10)	62 + - 100 +(n.d.)
Taylor IVa	<1.6	 5	6.54(27)	25-56(45)	0.7(1)	0-23(12)	6 - 100+(n.d.)
Taylor IVb	2.1-3.9	12	10-39(24)	18-54(34)	0.4(0)	0-39(16)	14 - 100 +(n.d.)

22

BEACON SANDSTONE AND FERRAR DOLERITE

Taylor 11	0.25	 9	5-22(12)	0-16(9)	 0	 0.50(13)	5-33(14)
Taylor III	0.32	 7	5.30(21)	10-94(40)	0-20(11)	0-40(9)	10 —80+(n.d.)
Taylor IVa	<1.6	 3	10-26(16)	37-50(46)	0-7(2)	0-40(13)	62	- 103(n.d.)
Taylor IVb	2.1-3.9	3	27-36(31)	44-65(53)	8-26(17)	15-40(27)	30 - 105+(n.d.)

22

'From Denton et at., 1971; and Denton (personal communication).
'Average values given in parenthesis.

106	 ANTARCTIC JOURNAL



Lake Washburn in lower Taylor Valley. The lake apparent-
ly was present for a sufficient length of time to arrest soil
development on Taylor surfaces below 300 meters in eleva-
tion (the uppermost lake level). Depth of oxidation and
depth to which pseudomorphs are found are greater in soils
above the upper strandline in Taylor II and III surfaces
(table 2). With the exception of depth of pseudomorphs,
results are erratic on Alpine III moraines adjacent to the
Rhone Glacier. Gelifluction on steep, bouldery slopes has in-
fluenced soil formation in this area.

Buried, truncated, and relict soils were examined in
Arena Valley (77'49'S. 161001 'E.) on moraines overridden
by subsequent glacial advances. Very little glacial erosion is
suggested locally by the presence of buried soils containing a
desert pavement complete with ventifacts in situ (figure).
Other soils appear to have been mixed by the overriding
glacier.

Whereas Taylor II drift is generally greater than 3 meters
thick in Arena Valley, Taylor III drift is comparatively thin,
ranging from 0 to about 2 meters in thickness. Relict and
truncated soils of Taylor IV age (or earlier?) exist in inter-
moraine areas on what is otherwise believed to be a Taylor
III surface. Taylor IV drift is likewise thin on steep valley
walls, ranging from several centimeters to 2 meters in depth.
Soils are being used to study glacier dynamics in Arena
Valley.

Preliminary soil chemical data show a preponderance of
sodium and sulphate ions, regardless of soil age and loca-
tion, in the Taylor Valley-McMurdo Sound vicinity. The
chemistry, mineralogy, and origin of these salts are being
studied. Other problems being considered include the cause
of the disparity between soil weathering and surface rock
weathering in specific areas of McMurdo Sound and the ef-
fets of frost sorting on rates of soil formation.

Answers to these and other questions will contribute to

-t_
' V'4	.	-. -

-	<---	-.
a	 -

IJIz	.

,.

Buried soil in Arena Valley, showing desert pavement (II Db)
containing a ventif act preserved in situ (arrow). Measuring
tape is 90 centimeters long. Soil horizons are shown to

right.

1 B2

Table 2. Effect of Glacial Lake Washburn on soil morphology, Taylor Valley, Antarctica.

	

Depth	Thickness
Depth oxida-	salt encrust-	salt-cemented	Depth pseudo-	Depth consoli-

Profile No.	 Location	 tion (cm)	ations	(cm)	horizon (cm)	morphs (cm)	dation (cm)

TAYLOR II

75-15	Rhone Glacier	Above lake	U	 70	 0	 15	 50
76-9	Catspaw Glacier	Below lake	0	 12	 0	 12	 28

TAYLOR III

75-7	SollasGiacier	Above lake	25	 50	 17	 10	 100+
76-8	SollasGiacier	Above lake	21	 80	 0	 21	 98+
76-25	Hughes Glacier	Below lake	15	 62	 13	 0	 62+

ALPINE III

76-3	Rhone Glacier,	Above lake	0	 7	 0	 12	 12
West

76-4	Rhone Glacier,	Below lake	0	 50	 0	 0	 36
West

76-11	Rhone Glacier,	Above lake	25	 35	 0	 25	 25
East

76-12	Rhone Glacier,	Below lake	29	 28	 0	 12	 80+
East
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our knowledge regarding the morphology, genesis,
classification, and use of Cold Desert soils.

This study was supported by National Science Foundation
grant DPP 74-20991 to George Denton, Univeristy of Maine.
I am grateful to Dr. Denton for his assistance in all phases of
the study and for his congenial companionship in the field.
Bob Ackert, Tom Davis, Tom Kellogg, Galen Kenoyer,
John Pastor, and Noel Potter assisted in the field.
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Petrogenesis of Ferrar Group
rocks

PHILIP R. KYLE

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

Jurassic Ferrar Group rocks are widespread throughout
the Transantarctic Mountains, occurring as lava flows

(Kirkpatrick Basalts), dolerite sills and dykes (Ferrar
Dolerite), and volcanic breccias and mudflows (Mawson
Formation). The large layered gabbroic Dufek intrusion in
the northern Pensacola Mountains is presumably correlative
with the Ferrar Group (Ford, 1976).

Major element analyses of the chilled margins of Ferrar
Dolerite sills and dikes indicate three main magma composi-
tions (Gunn, 1966). In order of decreasing MgO and in-
creasing Si0 2 , the types are: olivine tholeiite, hypersthene
tholeiite, and pigeonite tholeiite (figure 1). Analyses of
Kirkpatrick Basalt flows indicate some have similar major
element chemistry to the hypersthene tholeiites and
pigeonite tholeiites, while many of the flows from Storm
Peak, Beardmore Glacier (Elliott, 1972; Faure et al., 1974)
are more evolved (figure 1). Kirkpatrick Basalts from
Brimstone Peak, northern Victoria Land (Kyle, unpub-
lished data); Blizzard Peak, central Transantarctic Moun-
tains (Elliot, 1972); and Carapace Nunatak, southern Vic-
toria Land (Gunn, 1962) span the range hypersthene
tholeiite to pigeonite tholeiite (figure 1).

Electron microprobe analyses of pyroxenes in Kirkpatrick
Basalt samples (figure 2) show a well developed crystalliza-
tion trend. Some of the scatter in the pyroxene compositions
is due to metastable crystallization. The crystallization trend
is however very similar to that displayed by pyroxenes in the
Dufek Intrusion (Himmelberg and Ford, 1976) (figure 2),
although the trend in the magnesium-rich pyroxenes from
the Kirkpatrick Basalts is more extensive. The basal hidden
section of the Dufek Intrusion is estimated to be 1.8 to 3.5
kilometers thick (Behrendt et al., 1974). It is likely that the
magnesium-rich pyroxenes in the Kirkpatrick Basalts give a
good indication of the pyroxene compositions likely to be en-
countered at depth in the Dufek Intrusion.

Plots of major elements against silica for Kirkpatrick
Basalts and chilled margins of Ferrar Dolerite sills (i.e.,
figure 1) show systematic and regular changes. As Si0 2 in-

Figure 1. MgOlSiO2
variation diagram showing
the systematic variation in
the chemistry of Kirk-
patrick Basalt flows
(Elliot, 1970,1972; Faure et
al., 1974; Gunn, 1962; Kyle,
unpublished data) and
representative chilled
margins of Ferrar dolerite
sills and dikes (Gunn,
1966; Hamilton, 1965). BP
and GC represent the bas-
altic parent and granitic
contaminant respectively,
which Faure et al. (1974)
considered were mixed to
give the observed major
element chemistry of the
Strom Peak lavas. Initial
87Sr!85Sr ratios (Faure et
al., 1972, 1974; Compston
et al., 1968) are shown for
selected samples. Note
the general lack of correla-
tion between ("'Sr/865r)
and both 5i02 and MgO for
the Ferrar Group as a

whole.
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Figure 2. Pyroxene crystallization trends in Kirkpatrick
Basalts from Storm Peak (crosses) and Brimstone Peak
(dots). Solid line represents the compositional trend of
pyroxenes in the Dufek Intrusion (Himmelberg and Ford,

1976).

creases, Ti0 2 , 2FeO (total Fe as FeO), Na 2 0, K2 01 and
P2 0 5 also increase, while Al 2 0 3 , MgO, and CaO decrease.
The major element chemistry of the Ferrar Group rocks as a
whole suggests a genetic relationship and is compatible with
a model of evolution by fractional crystallization processes.
The decreasing Al 2 0 3 and CaO suggest feldspar fractiona-
tion, while the decrease of MgO and CaO indicate fractiona-
tion of pyroxene.

To test such a model a number of least square mass
balance calculations (Bryan et al., 1970; Wright, 1974) have
been developed using ideal and microprobe analyses of
phenocryst phases found in Kirkpatrick Basalt lavas (Kyle,
unpublished data) and cumulate mineral phases in the
Dufek Intrusion (Himmelberg and Ford, 1976). Preliminary
calculations indicate that removal of 17 percent plagioclase
(An80), 14 percent augite (Ca36 Mg44 Fe20) and 8 percent low-
Ca pyroxene (Ca 8 M957 Fe35 ) from hypersthene tholeiite
(average of five analyses of chilled margins, Gunn, 1966)
will leave a 61 percent residual of pigeonite tholeiite
(average of four chilled margins, Gunn, 1966).

Kirkpatrick Basalts from Storm Peak have been described
by Elliot (1972) and Faure et al. (1974). The latter paper
suggested that variations in the major element chemistry
were due to contamination of between 20 and 40 percent
salic material. However, the major and trace element
chemistry can also be explained by fractional crystallization
processes. A mass balance model calculated using the
chemistry of mineral phases analysed in the Storm Peak
lavas suggests that flow 10 (sample 27.28) on removing 17
percent plagioclase (An 70 ), 5 percent low-calcium pyroxene
(Cag Mg64 Fe27) and 11 percent augite (Ca 37 Mg49 Fe 14 ) will
give a 67 percent residual of flow 6 (sample 27.17). Using
published partition coefficients (Paster et al., 1974; Sun et
al., 1974) and the above mass balance model solution it is
possible to determine if the trace element data, particularly
the rare earch elements (REE) also agree with the model. Us-
ing the measured REE content of sample 27.28, the
calculated REE content for sample 27.17 shows good agree-
ment (within the analytical errors involved) with that
measured (figure 3.).

The above models and calculations strongly support a dif-
ferentiation model for all Ferrar Group rocks. The con-
tamination model proposed by Faure et al. (1974) for
Kirkpatrick Basalt lavas at Storm Peak is considered unlike-
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Figure 3. Chondrite normalized rare earth element (REE)
abundances in Kirkpatrick Basalt lava samples form
Storm Peak. See text for discussion of calculated

values for sample 27.17.

ly for petrogenesis of the Ferrar Group for a number of
reasons:

(1) All Ferrar Group samples are characterized by high
initial strontium ratios which show no correlation with ma-
jor or trace element chemistry (figure 1). The uniform
nature of the initial strontium isotope ratios throughout all
Ferrar Group rocks is also extremely difficult to reconcile
with assimilation.

(2) Partial melts of lower crustal rocks would be feldspar-
rich; therefore Ferrar Group rocks should show positive
europium anomalies. In fact (figure 3 and unpublished
data) the rocks have negative europium anomalies consistent
with their origin by fractional crystallization of plagioclase
from a more basic parent.

(3) No xenoliths of granitic rocks have ever been found in
Ferrar Group rocks.

(4) It is unlikely that any differentiating magma would
have sufficient superheat to assimilate relatively large
amounts of crustal material (Pankhurst, 1969).

(5) The similarity of the mineral crystallization trends in
the Storm Peak lavas to those in the Dufek Intrusion strongly
suggest crystallization in a fractionating magma.

Although the variations in strontium isotope ratios of the
Storm Peak basalts show a correlation with silica content,
which Faure et al. (1974) attributed to contamination by
sialic material, it is felt that the variations in the strontium
isotope ratios can be as readily explained by post-eruptional
contamination and redistribution of rubidium. Two models
are suggested to explain the high strontium isotope ratios in
Ferrar Group and Dufek Intrusion samples:

(1) Selective contamination similar to that described by
Pankhurst (1969) has occurred, or

(2) The mantle is heterogeneous, as suggested by Brooks
et al. (1976).

Ferrar Group rocks are widespread along the Trans.
antarctic Mountains, and many have high Si0 2 low MgO
contents (suggesting considerable fractionation). Thus, a
consequence of the fractional crystallization model is that
cumulate rocks resembling those at the Dufek Intrusion are
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probably widespread. It is also predicted that there should
be a complete range in compositions of Ferrar Dolerites
(based on analyses of chilled margins) and that their
classification into three magma types (Gunn, 1966) may on-
ly reflect insufficient sampling.

This research was conducted during an Ohio State
University postdoctoral fellowship. D.H. Elliot collected the
Storm Peak samples during fieldwork supported by National
Science Foundation grants GA- 12315 and GV-26652.
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Coal forming elements in
permineralized peat from
Mountain Augusta (Queen

Alexandra Range)

JAMES M. SCHOPF

Department of Geology and Mineralogy
The Ohio State University

Columbus, Ohio 43210

A deposit of permineralized peat, the first to be reported
in the Gondwana area, was discovered in the Permian coal
measures on Mount Augusta in the Queen Alexandra Range
during the 1969-1970 antarctic field season (Schopf. 1970).
The mode of preservation has been described (Schopf. 1971)
and is most comparable to the calcareous permineralized
peat of Pennsylvanian age known as 'coal balls." The Per-
mian peat can be taken as a sample of the plant material
that was altered and entered into the composition of Gond-
wana coal. The present note presents a brief summary of the
nature of the plant remains in the sliced surfaces of the peat
specimens that are available.

The plant structures include sterns, roots, leaves, the
gametophytes of mosses, ovules, sporangia, pollen grains,
and fungal hyphae. Of these the best preserved and most
numerous are the roots that can be identified as Vertebra na
(Schopf, 1965; Gould, 1975). The fact that most of the roots
are of a similar type suggests that they represent the dorni-

nant plants of the peat forming vegetation. Fungal remains
variously represented in all kinds of peaty plant material are
indicative of degradation. Some small spheroidal fruiting
structures have been observed, and the sporadic abundance
of fungal vegetative hyphae is more common than in Penn-
sylvanian age coal balls.

Peaty material. Early in the course of these studies two
distinctly different types of organic preservation, colored
brown and black, were noticed that are not attributable to
kinds of plants, to mineralization, recrystallization, or
weathering. In many instances the contrast between "black"
and "brown" organic matter is similar to that in Penn-
sylvania coal balls where brown organic matter (humified)
usually preponderates and the larger black organic
fragments are easily recognized as representing the ingre-
dient of coal known as fusain or as fusinite. In coal
petrography, the coarser tissue fragments of black-opaque-
organic matter are generally assigned to Fusinite, the finer
textured opaque matter to micrinite, and a material in-
termediate between the brown and the black to semfusinite.
All three together, since they share the same properties, may
be grouped as inertinite. The change leading to this dif-
ference in organic preservation occurred very early in
diagenesis, prior to mineralization. Many of the per-
mineralized blocks from Mount August contain a
preponderance of the black organic material. Its occurrence
in Permian peat serves additionally to confirm one of the
peculiarities in petrographic composition of Gondwana
coals, many of which show high concentrations of inertinite
(Mackowsky, 1975).

The contrast between brown and black organic matter in
the permineralized Mount Augusta peat is sufficiently
prominent that peels prepared from etched surfaces, ac-
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cording to the method previously described (Schopf, 1971),
can generally be categorized as 'brown" or "black." The
general distinction of the two kinds of material usually is ex-
ceedingly sharp although some are intermixed. The reasons
for this sharp difference are by no means clear at this time
but it seems most likely that the contrasting preservation has
some sort of separate stratified relationship in the original
deposit that cannot be determined now. The present collec-
tion represents loose blocks of silicified material exposed on
a hectare or so of relatively level ground on one nose of
Mount Augusta. The relatively flat area from which the
blocks studied were hastily collected had been considerably
disturbed by frost heaving and ablation.

Although critical sampling was not feasible, the quantity
of rock surfaces examined (about 3-1/2 square meters) sug-
gested an approximate estimate could be made of the kinds
of organic preservation in the peat. The proportions may be
taken to indicate the kinds of peaty material that would
have contributed to a deposit of Gondwana coal if the peat
had not been preserved by permineralization. Planimeter
measurements were obtained for nonduplicating rock slices,
1 to 4 centimeters apart, which show the three kinds of peaty
material. The results are presented in the table.

Slice surfaces, permineralized peat from Mount Augusta.*

Kinds of peaty material	Area, cm 2	Area, %

"Brown" organic matter	 15,019.6	43.9
(humified)

"Intermediate" organic matter	1,468.5	 4.3
(semifusinized)

"Black" organic matter	 17,721.7	51.8
(fusinized)	 _________

Total	 34,209.8	100.0

*Areas determined by planimeter.

Discussion. A general account of Gondwana coal has been
given by Chandra and Taylor (1975). They remark (p. 146),
in comparison with northern coals, about the lesser amounts
of vitrinite and the greater amounts of inertinite (p. 142,
148) present in Gondwana coals. Although quantities of the
petrographic constituents vary from one coal deposit to
another, I believe this generalization regarding a higher
concentration of inertinite and lower concentration of
vitrinite is usually applicable. At least the permineralized
peaty material from Mount Augusta certainly tends to con-
firm these observations. The black organic material of the
Mount Augusta specimens would be converted into coal
dominated by inertinite. The composition of this deposit of
Permian peat may be indicative of the nature of peat
deposits elsewhere that gave rise to extensive deposits of
Gondwana coal.

Possibly this deposit also provides a clue tending to ex-
plain the common deficiency of vitrinite in Gondwana coal.
Vitrinite in general is derived from humic alteration and
compression of organized fragments of plant tissue.
However, organic matter that has been converted to iner-
tinite cannot possibly contribute vitrinite. This serves to
reduce the total amount of vitrinite that may be formed. In
ancient northern coal swamps many of the thick layers of

vitrain (= vitrinite) formed from the sclerotic periderm of
arborescent lycopsids (e.g., Bothrodendron, etc.) (Hickling
and Marshall, 1933), in which cell walls are exceptionally
thick. Only a few arborescent lycopsids contributed to coal
in the Gondwana coal measures. In general, the Mount
Augusta peat shows a great deficiency in sclerotic tissue
fragments with cells having thick cell walls.

Roots of arborescent vegetation make a predominating
contribution to the Mount Augusta peat, and many of these
show a strong development of secondary wood. However, the
wood in these roots, and other woody fragments, are
unusual in lacking any strong secondary thickening of the
walls of cells. Although the cell size may change, the same
cell wall thickness (organic mass) occurs in both early wood
and late wood and is remarkably thin. These roots had soft
lightweight wood comparable to that of some of the modern
"weedy" trees of tropical vegetation (Pierce, 1942). This very
soft type of woody tissue was incapable, when compressed
and coalified, of producing thick bands of vitrain. It could,
in fact, contribute only thin streaks of vitrinite in relatively
modest amounts.

If other Gondwana coals were derived from peaty deposits
similar to that on Mount Augusta in having much of their
organic substance contributed by lightweight woody tissues
and by inertinite, the vitrinite of these coals would generally
occur in thin and microbanded streaks, interspersed within
a matrix rich in inertinite. It has been recognized that dull
luster may result from concentrations of inertinite, but the
interpenetration of roots and rootlets has not been common-
ly regarded as an important source of vitrinite. Nevertheless,
the Gondwana coals are noted for having just these
lithologic characteristics.

Support provided by Naval Antarctic Development
Squadron Six was indispensable in obtaining material for
this study during the "Beardmore" expedition of 1969-1970,
David Elliot leader, which was supported by National
Science Foundation grant GA-12315. This report represents
a continuation of work under National Science Foundation
AG-82 to the U.S. Geological Survey.
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Resource and radioactivity survey
in southern Victoria Land

E.J. ZELLER, G. DRESCHHOFF, and K. CRISLER

Department of Geology
University of Kansas

Lawrence, Kansas 66045

F. TESSENSOHN

Bundesanstaltfiir Geowissenschaften
und Rohstoffee

3000 Hannover 51, Germany

This report describes the first systematic attempt at a
gamma-ray survey of the exposed rocks in a portion of Ant-
arctica. The area examined is in the Transantarctic Moun-
tains between 76°45' and 78'30'S. and extends from the
Ross Sea coast to the ice sheet. We examined rock radioac-
tivity with the aim of assessing the uranium resource poten-
tial of the area. Before beginning the airborne survey, a
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Figure 1. Comparison of radiation profiles measures on
the ground and from a helicopter over the Nussbaum Riegel
in Taylor Valley. Variations in the ground speed of the
airplane are responsible for the displacement of the in-
dividual features, but the similarities of the two profiles are
easily recognizable. The ground profile is based on 127 in-
dividual measurements. The airborne profile was flown at a
ground clearance of 15 meters and a forward speed of ap-

proximately 30 knots.

calibration test was made by comparing high precision
ground measurements with results from a helicopter borne
gamma-ray detector. Figure 1 shows the results of this test.
After completion of the test, the survey was continued using
airborne gamma-ray measurement techniques, but ground
checks were made where significant anomalies were
detected. As a secondary objective, an attempt was made to
test the feasibility of using gamma-ray detectors to locate
fallout zones in snow layers on the Ross Ice Shelf.

The results are summarized below.
(1) Within the study area the Beacon Group sediments

have shown no significant concentrations of uranium despite
their generally favorable geochemistry as a host rock. In
view of the small area, this disappointing result should not
be construed as a justification for abandoning the Beacon
sediments as potential bearers of uranium.

(2) The metasediments show overall low concentrations
of radioactive elements and appear to have the lowest
resource potential. They should be examined carefully,
however, in the area where they show lower grade metamor-
phic phases.

(3) Volcanics are interesting because of the high uranium
content in the trachytes. Though no substantial localizations
of uranium were found, these volcanic rocks should be ex-
amined more completely. Further, they are clearly potential
source rocks from which uranium bearing solutions might
be derived.

(4) The granites have higher than average radioactivities
when compared with other rocks in the area, but they are
not anomalously radioactive when compared to granites
from other continents. In fact, they appear to be normal
with respect to radioactive element concentrations. The
bodies examined were of uniform radioactivity and did not
show any significant local concentrations.

(5) The pegmatities of the lit par lit sequence at Mt.
Dromedary and Roaring Valley are clearly the most in-
teresting occurrences found to date. They show discrete
uranium and thorium minerals, and the sequence is very ex-
tensive. It was discovered too late in the field season to per-
mit more than a very cursory examination, but similar
radioactive pegmatite veins were found in Garwood Valley
and on the divide between the Radian and Pipecleaner
glaciers.

(6) There is strong evidence of the mobility of uranium
under the weathering conditions which prevail in the study

0	2	4	6	8	10	12
DEPTH IN FEET

Figure 2. Radiation profile from ice at Williams Field,
Ross Ice Shelf. The peak between 6 and 8 feet is thought to
represent fallout from the 1970-1971 series of French bomb

tests in the South Pacific.
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area. A more systematic study of the geochemical behavior
of uranium under antarctic conditions is warranted.

(7) In the course of the airborne radioactivity survey, an
area of fluorite bearing marble was discovered on the divide
between the Radian and Pipecleaner Glaciers. The oc-
currence of fluorite at this locality has been reported by
Blank, et al (1963). They noted the presence of minute pur-
ple fluorite crystals in the marble. We found two parallel
veins of almost pure botryoidal fluorite each nearly a meter
thick and traceable for over 100 meters.

(8) Positive results were obtained in a test of the
capabilities of the LC-130 airplane for gamma-ray recon-
naissance surveys. Although the LC-130 is unnecessarily
large and not very well suited to near-surface flying, its long
range capabilities would permit preliminary surveys to be
conducted in areas unreachable by other aircraft without a
major logistic effort.

We tested thè possibility of using gamma-ray detectors to
measure fallout products in the upper layers of snow on the
Ross Ice Shelf. In October 1976, a pit having a depth of ap-
proximately 4 meters was dug at Williams Field. To improve
counting geometry and to provide an uncontaminated sur-
face, a slot was cut in the vertical wall of the pit, and the
1,840 cubic centimeter crystal was lowered in 30-centimeter
(1-foot) increments in the slot with the crystal in the horizon-
tal position. At each increment a 2-minute count was made
using the accumulate mode of the analyzer. The results are
shown in figure 2. It seems that the radioactivity peak at 2
meters (6.5 feet) represents the 1970 and 1971 French series
of atmospheric tests conducted at Mururoa Island
(Anonymous, 1971).

Field operations were conducted from 17 November 1976
to 28January 1977. The research was supported by National
Science Foundation grant DPP 75-08075.
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Analysis of permafrost cores from
antarctic dry valleys

A. L. WASHBURN

Quaternary Research Center
University of Washington

Seattle, Washington 98195

Dry valley permafrost cores are being studied at the
Quaternary Research Center. The following summary

reviews and updates earlier reports (Washburn, 1975,
1976). Although the findings are believed to reflect the com-
plete cores, they are based on representative lithologies
rather than on continuous samples.

Siliceous microfossils (H. Y. Ling).

A total of 264 samples from Dry Valley Drilling Project
cores 3-4, 4A, and 8-12 were analyzed.

Core 3 (Ross Island). A few radiolarians occurred at
depths of 249-279 meters and 339-349 meters. Rare Tertiary
radiolarians in a sample at depth 198 meters can only be in-
terpreted as due to reworking or contamination from the
nearby source area.

Cores 4 and 4A (Lake Vanda), 9 (New Harbor), and 12
(Lake Leon). No siliceous microfossils were found.

Core 8 (New Harbor). Silicoflagellates and radiolarians
were observed in samples from 23-24 meter depths in sand
and gravel (unit 1). In the underlying diamicton (unit 2),
scattered radiolarians occurred between depths 53 meters
and 132 meters. The number of specimens observed are too
few to permit positive identification of age. This group of
siliceous microfossils was completely absent in the lowest
sand (unit 3). Comparison with results of similar studies on
foraminifera, oxygen isotopes (Stuiver et al., 1976; Webb
and Wrenn, 1975), and silicoflagellate and radiolarian oc-
currences at 23-24 meters agree with the oxygen-isotope in-
terpretation that deposition of Unit 1 was under full marine
conditions, and is further supported by (1) Adamussium col-
becki observed during core logging, and (2) recovery of well-
preserved, abundant foraminifera from unit 1. The scat-
tered rare occurrence of radiolarians in the underlying unit
2 may be reworked as in the case of foraminifera. On the
other hand, an abundant but poorly preserved foraminiferal
assemblage was found in unit 3 near the bottom of core 8,
whereas oxygen-isotope data indicate a fresh-water condi-
tion with some admixing of marine water. Since radio-
larians and silicoflagellates are marine planktonic
microorganisms, their complete absence from unit 3 may be
considered as negative evidence favoring the oxygen-isotope
interpretation.

Core 10 (New Harbor). Silicoflagellates were observed at
depth 137 meters, and radiolarian fragments at depths 142
meters and 149 meters. Therefore, possible marine condi-
tions at about the 137-meter depth can be inferred from the
silicoflagellates.

Core 11 (Commonwealth Glacier). The only fossils found
were from a sample at depth 292 meters, which contained
rare, incomplete specimens of silicoflagellates and
radiolarians, together with diatoms, thus suggesting a possi-
ble very limited marine influence at this depth.

The above observations on cores 8, 10, and 11 are consis-
tent with the oxygen-isotope data (Stuiver, personal
communication) rather than with the foraminiferal inter-
pretations (Webb and Wrenn, 1976). Further detailed ex-
amination of samples immediately above and below these
siliceous microfossil occurrences is being undertaken to ob-
tain more definitive results.

Core 12 (Lake Leon). Although no silicious microfossils
were found, some unusual microfossils occurred below depth
163 meters. Their affinity has been examined from both a
zoological and botanical aspect.
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Oxygen isotopes (Minze Stuiver and Albert Yang)

Cores 8-10 (New Harbor). The permafrost oxygen-isotope
ratios and chronology of cores 8-10 have already been
published (Stuiver et al., 1976). The conclusion was reached
that core sediments associated with the last intrusion of the
Ross Ice Shelf in the New Harbor region were deposited in a
marine environment (core depth 85 meters) as well as a
fresh-water environment (core depths 100-125 meters).
Oxygen-isotope ratio measurements on these cores provide
palaeoclimatic information and show that the extension of
the Ross Ice Shelf postdates 150,000 years before the pres-
ent; its retreat is radiocarbon dated at about 5,800 years
ago.

Cores 11-12. Waters analysed to date show a fresh-, or
near-fresh-water origin. There is a slight trend to lighter
isotope ratios in the upper part of core 11 and an opposite
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trend in the upper part of core 12. Only a fraction of the
available samples have been measured to date, and a more
detailed discussion will be given later.

Soil chemistry (F. C. Ugolini and W. Deutsch)

Cores 8-10 (New Harbor). The cores were analyzed for
electrical conductivity (EC), and clay was separated from a
selected number of specimens from core 8 and identified by
X-ray diffraction. The electrical conductivity values are
graphed in the figure. Although there is considerable scat-
tering of the EC values from the surface to depth of 40
meters, the values are low and suggestive of fresh-water con-
ditions. Between 40 and 60 meters, samples from cores 8
and 10 show an increase in EC, interpreted as a progressive
influx of marine conditions. The generally low values of the
EC from the depths of 65-120 meters indicate a less saline en-
vironment approaching fresh-water conditions.

Marine conditions as revealed by high EC values are
recorded for depths 126-168 meters. A return to fresh-water
conditions occurs from 171 to 180 meters, followed by a
marine environment below 180 meters. Although more data
are needed for establishing with certainty the inception of
fresh-water conditions at 60 and 171 meter depths, the
general trend of the figure tends to agree with variations in
oxygen-18 values (Stuiver et al., 1976). The major
discrepancy with the isotope ratios occurs in the first 40
meters, where conductivity values predict nearly fresh-water
conditions but the oxygen-18 variation points to a marine
environment. Agreement with the isotope ratios is evident in
detecting the influx of fresh-water conditions from 100 to
120 meters, and a return to a sea-water environment start-
ing at 126 meters and becoming fully marine at 150 meters.
The low conductivity between 171 and 180 meters coincides
with the return to fresh water as detected by isotope ratios.

The mineralogy of the clay fraction from different depths
of core 8 shows a composition similar to the clays from the
soils of the ice-free areas of southern Victoria Land in con-
sisting of an assemblage of detrital and possibly authigenic
minerals. Mica, feldspars, amphibole, and serpentine are
considered detrital; vermiculite, mica-montmorillonite,
vermiculite-chlorite intergrades, and halloysite and mont-
morillonite are assumed to be authigenic. No correlation ex-
ists between clay mineralogy and electrical conductivity
values; depths considered to represent fresh-water environ-
ment, because of the low conductivity values, have the same
minerals as those with high conductivity, representing
marine conditions. Additional samples are being analyzed
for both conductivity and clay mineralogy.

Stratigraphy and sedimentology (S. C. Porter and James
Beget)

Cores 8-10 (New Harbor). Examination has been com-
pleted and a report on the results has been drafted for
publication. Assessment of the provenance and depositional
environments of the sediments was based on lithic counts,
microfabric analyses, and studies of sand-grain surface tex-
tures, supplemented by isotopic and paleontologic analyses
by co-workers. The uppermost 39 meters consists of deltaic
sediments deposited in a shallow marine environment dur-
ing the middle Holocene following recession of a grounded
ice sheet in the Ross Sea (Ross Sea I). A thick section be-
tween 39 and 125 meters consists largely of diamictons of
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inferred glacialmarine origin. The lowest diamicton unit,
between 104 and 125 meters, has a strong fabric and is inter-
preted as a basal till deposited by grounded ice, probably
during the maximum advance of the Ross Sea I glacier.
Sediments between 125 and 154 meters include a thick
glacial-marine diamicton that may represent an early phase
of the Ross Sea I glaciation and (or) older Ross Sea glacia-
tions.

All sediments above a prominent unconformity at 154
meters contain clasts of the McMurdo Group volcanics in-
dicating a Ross Sea provenance, and sparse marine fossils of
Pleistocene age. Sediments below 154 meters are dominantly
marine, contain clasts of Taylor Valley provenance, and are
interpreted as having been deposited in a fjord environment.
Sediments between 154 and 172 meters contain a Pliocene
fauna, and sand grains from this interval have surface tex-
tures that suggest they are reworked glacial sediments. In
the lowermost 13 meters of sediment, which contains fossils
of Miocene age, a large number of sand grains have eolian
textures, but few have glacial features, suggesting that
although glaciers were present, they were a relatively unim-
portant local source of sediment.

Core 11 (Commonwealth Glacier). Preliminary analysis
indicates that sediments above a prominent discontinuity at

about the 205-meter depth contain McMurdo Group vol-
canics, implying an eastern (Ross Sea) provenance, whereas
sediments below that level lack this lithology. Relatively
strong microfabric strength in diamictons in the lower part
of the core, together with low percentages of Ferrar and
Beacon lithologies, suggest that these units may be tills
deposited by local alpine glaciers in the lower Taylor Valley.
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Logging summary of the Dry
Valley Drilling Project

L.D. MCGINNIS and D. OSBY

Department of Geology
Northern Illinois University

DeKalb, Illinois 60115

Geophysical logs were made in nine of the 15 Dry Valley
Drilling Project (DvDP) boreholes during the 1976-1977 field
season. Logs included natural gamma radiation, electrical
resistivity, and spontaneous potential (S.P.). Because all
holes but that at Don Juan Pond were cased from the surface
to the bottom of the hole, electrical and S.P. logs were run
only at Don Juan Pond. To correlate downhole observations
with physical and chemical properties of the core, electrical
resistivity of core samples was measured in the laboratory at
5-meter intervals and the salinity of pore ice in the sedimen-
tary section was determined every 2 meters for all boreholes
except holes 5, 7, and 9. Basic data for DVDP boreholes are
shown in the table.

Following are brief log descriptions of the boreholes.
Boreholes 2 and 3. Ross Island. Boreholes 2 and 3 are

located near the Thiel Earth Science Laboratory about 3
meters apart and therefore display similar gamma log
characteristics. The upper 97 meters displays relatively flat
curves. A sharp decline in natural radioactivity occurs at
unit 9 of Treves and Kyle (1973). Unit 9 is a tuff 3,24 meters
thick overlying 1.2 meters of pyroclastic breccia. This unit
separates augite-kaersutite basalt above from olivine-augite
basalt below. The radiation of the lower units is half that of

the upper units. Thus the thick (44 meters) basalt flow
described by Treves and Kyle (1973) has gamma radiation
characteristics similar to the underlying hyaloclastite which
forms the volcanic pedestal of Ross Island. Salinities of pore
ice in borehole 3 are all less than 20 parts per thousand
(ppt); sea water is 35 ppt. Average salinity of approximately
45 measurements is 3 ppt. There is no general trend in the
salinity-depth profile.

Borehole 6. Lake Vida. Erratic and low intensity gamma
radiation persists to a depth of 157 meters. Below 157 meters
the radiation intensity is nearly constant and is equivalent to
that in the upper units of hole 3 on Ross Island. The erratic
part of the gamma log curve is correlated with the in-
terlayered sequences of banded and massive biotite gneisses
(Kurasawa et al., 1974); the flat part of the curve is
associated with a massive biotite granite.

Boreholes 8 and 10. New Harbor. Boreholes 8 and 10,
drilled in glaciomarine sediments (McKelvey, 1975), display
a gradual increase in radioactivity with depth that never
rises to the high values of holes 3 and 6 in igneous,
crystalline rocks. In general, hole 8 remains slightly above
hole 10 in radioactivity; hole 10 has a double casing.

Pore salinities in holes 8 and 10 alternate from greater to
less than that for sea water from the surface to the bottom of
the hole. Bottom hole salinity is 72 ppt, the same as that of
the water that surged up into the hole and caused termina-
tion of drilling. Water less saline than ocean water is found
in a thin lens at a depth 170 meters below sea level.

Borehole 11. Commonwealth Glacier. The gamma log of
borehole 11 displays a very gradual increase in radiation
from an average of 100 seconds per hundred counts near the
surface to 40 seconds per hundred counts at 244 meters.
Below 244 meters the curve flattens to a nearly constant 40
seconds per hundred counts. The salinity log conforms to
the gamma log in that salinities greater than sea water are
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maintained below 240 meters depth. Down to 190 meters,
salinities are very low (average 5 ppt). Between 190 and 240
meters, salinities alternate from less than to greater than sea
water salinity. Bottom-hole salinity, as in borehole 10, is
about 72 ppt.

Borehole 12. "Lake Leon". * Gamma radiation in hole 12
is remarkably constant at 60 seconds per hundred counts
from the surface to the bottom of the hole. Two large devia-
tions with very low counts (160 seconds per hundred counts)
were observed between 60 and 75 meters depth. At this
depth the salinity-depth curve also diverges to less than sea
water. Except for this divergence, salinities gradually in-
crease from about 3 ppt near the surface to 70 ppt at the
sediment- basement unconformity. At the basement contact
the gamma log does decline about 10 seconds per hundred
counts (increasing radioactivity) and becomes somewhat
more stable. Basement here is described by Mudrey (1975)
as consisting of alternating bands of leucocratic gneiss and
biotite schist.

Borehole 13. Don Juan Pond. The gamma log in the Don
Juan Pond hole is directly related to the down-hole geology.
Low radioactivity near the surface (90 seconds per hundred
counts) increases to 30 seconds per hundred counts at the
sand-dolorite contact at 12 meters. The entire 41-meter sec-
tion of Ferrar Dolorite is marked by low amplitude undula-
tions averaging 105 seconds per hundred counts. At the base
of the Ferrar, radioactivity again rises to an average of 50
seconds per hundred counts. Crystalline basement underly-
ing the Ferrar Dolorite includes bands of biotite-
amphibolite gneiss, leuco-flaser gneiss, biotite-flaser gneiss,
and hornblende granodiorite (Mudrey et al., 1975).

Salinities in the sediment of the Don Juan Pond core were
greater than could be determined with our instrumentation

*Unofficial name. The lake is immediately east of Lake Chad.

(250 ppt); however, a resistivity log of the hole shows the Fer-
rar Dolorite to be the highest resistivity unit (up to 20 ohm-
meters). Near-surface sediments have resistivities on the
order 2 to 3 ohm-meters while resistivities decline to an
average of about 10 ohm-meters in the crystalline basement
below the Ferrar. An S.P. log shows potentials below the
limits of detection from the surface to about 60 meters. At
about 65 meters the S.P. curve rises to 6 millivolts
whereupon it again declines to about 1 millivolt at the bot-
tom of the hole. Thus the only natural potentials in the hole
are those just below the dolorite sill - basement contact.

Borehole 14. North Fork. The gamma log curve for
borehole 14 is marked by moderately low counts (80 seconds
per hundred counts) in the sedimentary section and con-
sistently higher counts in the crystalline basement (40
seconds per hundred counts). Salinities of pore ice in the
sediment range from several ppt near the surface to several
thousand ppt near the basement contact.

Borehold 15. McMurdo Sound. Borehole 15 drilled 65
meters into sediment at 122 meters depth in McMurdo
Sound shows near marine salinities in the upper 10 to 15
meters and declining salinities to less than one-fifth that of
sea water at 30 meters below the surface. Salinities remain
less than that for sea water to the bottom of the hole.

Summary. In general, crystalline rock in the dry valley
region is considerably more radioactive than sedimentary
rock. Marine sediments are slightly more radiogenic than
terrestrial. The gamma log curve at Lake Vida shows wide
variations in banded crystalline rock; however, in massive
granites the curve tends to stabilize and remain near the
higher radioactive materials in the dry valleys.

Some of the volcanic rocks of Ross Island contain higher
amounts of radiogenic material than any other rocks in the
dry valley region; however, the olivine basalts and
hyaloclastites at depth in boreholes 2 and 3 display very low
radiogenic levels.

Dry Valley Drilling Project boreholes.

Borehole	Drill	 Collar	Core	Drilling	 Geographic
no.	penetration	elevation	recovery	dates	 Log	description

(meters)	(meters)	(meters)

	

66.9
	 197
	

Jan 1973

	

47.6
	 171	Feb 1973

	

47.6
	

341
	

Sept - Oct 1973

	

84.0
	

17
	

Nov 1973

	

116.7
	

3
	Dec 1973

	

349.2	 303
	Dec 1973

	

18.5	 3
	Dec 1973

	

2.8
	

130
	

Jan 1974

	

2.8
	

33
	

Jan 1974

	

2.8
	

Oct - Nov 1974

	

80.2	 328	Nov - Dec 1974

	

75.1	 184	Dec -Jan 1974-75

	

118.4	 68
	

Jan 1975

	

68.4
	

77
	

Jan 1975

	

1.0
	

34
	

Nov 1975
2074 (recovery = 93%)

	

3	McMurdo Station

	

1	McMurdo Station

	

1,3	McMurdo Station

	

3	Lake Vanda

	

-	DonJuan Pond

	

1,3	Lake Vida

	

-	Lake Fryxell

	

1,3	New Harbor

	

-	New Harbor

	

1,3	New Harbor

	

1,3	Commonwealth Glacier

	

1,3	"Lake Leon""

	

1,2,3	DonJuan Pond

	

1,3	North Fork

	

3	McMurdo Sound

201
2
	

179
3
	

381
*4	 17

5	 4
6
	

306
7
	

11
8
	 157

9
	

38
10
	

185
11
	

328
12	 185
13
	

75
14
	

78
5*15	 65

2231

1 - gamma log
2 - resistivity and S. P.
3 - salinity and resistivity measured on core
* Drilled from lake ice in 70 meters of water and into bottom 17 meters.

** Drilled from sea ice in 122 meters of water and into bottom 65 meters.
*5* Unofficial name.
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The salinity and gamma logs at Don Juan Pond appear to
corroborate the arguments favoring ground water recharge
into the pond. The lowest salinities are found in the Ferrar
Dolorite, which is presumed to be the conduit through
which sub-ice sheet water is discharged to the glacial
periphery.

DVDP15
Fossils

- marine diatoms, forams,	Ice Sheet 2 retreatsponge mat
marine diatoms	 Ice Sheet 2 collapse
rare freshwater diatoms

freshwater diatom flora	Ice Sheet 2 - floating
- - benthic foram fauna

References

Kurasawa, H., Y. Yoshida, and M.G. Mudrey, Jr. 1974. Geologic
log of the Lake Vida core - DVDP 6. DVDP Bulletin, 3: 92-108.
Northern Illinois University.

McKelvey, B.C. 1975. DVDP sites 10 and 11, Taylor Valley. DVDP
Bulletin, 5: 16 . 60. Northern Illinois University.

Mudrey, M.G., Jr. 1975. Basement rocks in DVDP 12, Lake Leon,
Taylor Valley. DVDP Bulletin, 5: 71 . 77. Northern Illinois
University.

Mudrey, M.G.,Jr.. T. Toni, and H. Harris. 1975. Geology of DVDP
13 - Don Juan Pond. D VDP Bulletin, 5: 78-93. Northern Illinois
University.

Treves, SB., and P.R. Kyle. 1973. Geology of DVDP I and 2, Hut
Point Peninsula, Ross Island, Antarctica. DVDP Bulletin, 2:
11-82. Northern Illinois University.

Freshwater lakes in Pleistocene
McMurdo Sound

HOWARD THOMAS BRADY

Department of Geology
Northern Illinois University

Dekaib, Illinois 60115

Pw (1960) was the first to recognize that ice sheet
thickening in McMurdo Sound blocked the seaward ends of
Taylor and other adjacent valleys to form freshwater lakes
within them. This has been pursued and further developed
by Denton et al., (1968, 1970, 1974), and the glacial history
derived from lake levels is still under investigation. Evidence
from Dry Valley Drilling Project (DVDP) hole 15 suggests
that at least parts of McMurdo Sound (or even the entire
sound) experienced freshwater lacustrine conditions in the
past and that McMurdo Sound was an oasis as unusual as
present day dry valleys.

DVDP hole 15 penetrated the floor sediments of McMurdo
Sound 20 kilometers east of Marble Point, and partial core
was recovered between 122 and 184.6 meters below modern
day sea level (figure). Even though seawater was used as the
drilling fluid, the lowermost sediments from hole 15
(biozone M, zonule I) contain only freshwater diatoms such
as Navicula seminulum Grun, Nitzschia antarctica W. and
G.S. West, and a species of Melosira. Sedimentary pore
salinities are one-fifth that of sea water (McGinnis et al.,
personal communication). Biozone M represents a period
when a grounded ice sheet collapsed in McMurdo Sound

IL - rare marine diatom	deformation by grounded

2 - 1 	fragments	 Ice Sheet2
20m 	II

30m	 J-

BOZONE M	anuIej	 freshwater
diatoms

Core profile, DVDP hole 15 (McMurdo Sound).

and deposited basaltic material derived from the Tertiary
McMurdo alkaline basaltic province along with minor
amounts of crystalline basement, the Ferrar Dolerite and the
Beacon Supergroup sediments. Lacustrine conditions below
the present day sea floor are explained either by a grounded
Ross Ice Shelf blocking McMurdo Sound in the north and
southeast, or simply by ice sheet disintegration during stands
of low sea level.

Blocks of this ice sheet (ice sheet 1) probably grounded on
the continental shelf in western McMurdo Sound and sup-
plied material to the hole 15 site from streams that presorted
the material on the surface of the grounded shelf ice blocks.
This phenomenon still occurs today on the McMurdo Ice
Shelf and on the stranded ice block termed the Strand
Moraines near Bowers Piedmont Glacier. I analyzed an
alluvial fan from a stream flowing off the Strand Moraines
and found it to contain basaltic sediments unimodally sorted
around 400 microns. Since this alluvial fan formed on the
pack ice abutting the Strand Moraines, a sorting of 300
microns is not unreasonable even at some short distance
from such a disintegrating block. Similar sorting was found
in four samples from biozone M of hole 15.

Since the dominant lithology of hole 15 is basaltic, it is
difficult to accept that the material was deposited by ice
entering McMurdo Sound from the north. Admittedly, ice
streams flowing northward from the Transantarctic Moun-
tains to the southeast of Ross Island have flowed past its
eastern side and then backflowed into McMurdo Sound
(Denton et al., 1974). Even though these ice streams might
entrap basaltic material from northern Ross Island, their
dominant lithology should also include continental rocks.
Such does not seem the case in the hole 15 succession. Fur-
ther study is needed. Ice streams flowing from Mount
Discovery, Minna Bluff, Brown Peninsula, and Black Island
transport predominantly basaltic material and are the more
logical origin for the hole 15 sediments.

Following the deposition of freshwater sediments (biozone
M, zonule 1) a marine transgression occurred (biozone M,

Ice Sheet t collapse

KEY

: basaltic sands

-	bedding angles

no recovery
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zonule 2). The 6 meter of sediments embraced by zonule 2
are deformed by ice loading. The sigmoidal foresets within
the plane parallel bedding are beyond the normal angle of
rest (Barrett et al., 1976). This is not drilling deformation,
for there is a logical progression from the upper deformed
beds to underlying inclined and horizcntal beds within
biozone M. Further, laboratory processing of these
sediments indicates that they have been reasonably com-
pacted and perhaps, in places, semilithified. Lacustrine
deposition and a marine transgression were followed by an
ice sheet advance into the area. This deformed the upper-
most interval in biozone M and perhaps removed some of
the marine record (ice sheet 2).

When ice sheet 2 later floated, a thin but rich benthic mat
of foraminifera, bryozoa, and sponges developed (biozone
N, zonule 1). Unstable conditions followed during which an
ice sheet carrying basaltic material deposited sediments of
biozone N. It is not known whether the second disintegration
of an ice sheet in McMurdo Sound occurred in marine or
freshwater conditions. Rare marine and freshwater diatoms
are present. The freshwater diatoms could have originated
from surface meltpools on ice sheet 2, and deposition could
have been in marine conditions. If disintegration of biozone
N did occur in freshwater conditions, the depth of biozone N
(122 to 136 meters below present day sea level) is close to low
sea level stands suggested for the most recent glacial max-
imum (Flint, 1971). The lithology consists of coarse to fine,
poorly sorted basaltic sands. Pore salinities are marine
(McGinnis, personal communication), but the sediments are
unconsolidated and could be contaminated by the seawater
drilling fluid or by downward salinity creep. The upper 30
centimeters of hole 15 contains a modern day benthic mat of
sponge spicules, foraminifera, bryozoa, and diatoms that
developed in stable conditions after the retreat of an ice
sheet from the area. The front of present day McMurdo Ice
Shelf is now 60 kilometers to the south.

The presence of lacustrine sediments in McMurdo Sound
180 meters below present sea level is highly significant.
Because more than one ice sheet is indicated by the sedimen-
tary succession, the age of the lowermost interval is thought
to be pre-Wisconsin. If ice sheet 1 disintegrated in western
McMurdo Sound during low stands of sea level, this would
suggest that marine ice sheets disintegrate before continen-
tal ice sheets deglaciate and are more closely connected with
deglaciation than with the onset of glaciation (Wilson, 1964,
1966).

Alternatively, the lacustrine deposits of hole 15 might not
be related to low stands of sea level, but are explained by the
disintegration of a grounded ice sheet within McMurdo
Sound while the area is cut off from the Ross Sea by the Ross
Ice Shelf to the north and southeast. The high bedrock
thresholds at the head of glaciers flowing into McMurdo
Sound and the subglacial topography to the west indicate
that a grounded ice sheet in McMurdo Sound will be poorly
supplied with ice from a thin corridor of the East Antarctic
Ice Sheet (Crary, 1962; Drewry, 1972; Calkin, 1974) and
will not be as thick as ice streams flowing from the Beard-

more, Byrd, and other glaciers to the southeast. This means
that a Ross Ice Shelf blocking McMurdo Sound in the north
and southeast would be much thicker than the McMurdo Ice
Shelf within the sound and that the latter could downwaste
to create freshwater conditions while the Ross Ice Shelf re-
mained to act as a dam separating McMurdo Sound from
the Ross Sea.

The main difficulty with the latter explanation is that a
completely blocked McMurdo Ice Shelf would not complete-
ly downwaste due to the thick insulation of morainal
material that would cover its surface. It is more logical to
argue that the downwasting took place during low sea level
stands while the deeper parts of McMurdo Sound were still
open to the sea and while the shallow areas of the continen-
tal shelf were exposed to freshwater conditions. Some ice
could float to sea through the deep channels along the
western side of . Ross Island, and lateral drainage patterns
could develop toward this 1000-meter-deep moat.

This research was supported by National Science Founda-
tion grant DPP 74-22894, directed by Peter-Noel Webb of
Northern Illinois University.
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Cynodont reptiles from the
Triassic of Antarctica

EDWIN H. COLBERT

Museum of Northern Arizona
Flagstaff, Arizona 86001

The cynodont reptiles are among the most advanced of
those reptiles commonly designated as "mammal-like," the
various details of their anatomy showing many advances
toward the mammalian stage of development. The skull is
rather "dog-like," and the teeth are strongly differentiated
into anterior nipping incisors, a strong, piercing canine
tooth, and, in the sides of the jaws, cusped cheek teeth, well
suited for slicing flesh into small particles, thus making the
food readily available for quick conversion into energy.

The skeleton is well organized for an active mode of life,
with the feet placed beneath the body, so that in life the
animal walked with the belly raised off the ground, as does a
typical mammal. The vertebral column is defined into a
distinct neck or cervical region, a thoracic region, and a
lumbar region. Perhaps these reptiles possessed a dia-
phragm, as do mammals, and perhaps they had a covering
of hair.

Among the cynodonts are the galesaurids, generally
rather small forms, characterized among other things by the
strong expansion of the ribs, so that they overlap each other
from front to rear, thus adding strength to the body. And
among the galesaurids is the genus Thrinaxodon (figure 1),
very characteristic of the Lower Triassic Lystrosaurus zone
of South Africa.

Thrinaxodon has now been positively identified among
the fossils collected from the Fremouw formation of Antarc-
tica. The fossils comprise a good suite of specimens collected
from near the confluence of the Shackleton and McGregor
glaciers at approximately 85'13'S. 174'30'E., in which a
rather complete skeleton (figure 2) as well as skulls and jaws
(figure 3) are present. Detailed studies indicate that the
Fremouw fossils belong to the species Thrinaxodon
liorhinus, typical of the African sediments.

Brief mention was made of the presence of Thrnaxodon
liorhinus in Antarctica in a previous Antarctic Journal
[X(5): 250]. At that time the identification was tentative;
now it is firmly established. So it is that still another link has
been established connecting in a most intimate manner the
Lower Triassic tetrapods of Antarctica with those of South
Africa.

This new study adds more detail to the accumulating
evidence indicating a comprehensive Lystrosaurus fauna in
Gondwanaland at the beginning of Mesozoic time, a fauna
ranging across a considerable expanse of territory that
ultimately was broken into widely separated segments by the
rifting of the continents.

The study of Thrinaxodon liorhinus from the Fremouw
Formation was carried on jointly by E. H. Colbert and James
W. Kitching (University of the Witwatersrand, South
Africa), the research being supported in part by National
Science Foundation grant GV-24531.

Figure 1. Restoration of skeleton of Thrinaxodon liorhinus
Seeley.

Figure 2. Thrinaxodon liorhinus Seeley. American
Museum of Natural History 9500, natural mold of skeleton
in rock. From Thrinaxodon Col, Mount Kenyon, Transantarc

tic Mountains. Approximately 114 natural size.

Figure 3. Thrinaxodon liorhinus Seeley. American
Museum of Natural History 9517, latex cast of front of skull
and lower jaw, made from a natural mold in the rock. From
Thrinaxodon Col, Mount Kenyon, Transantarctic Moun-

tains. Ventral view, natural size.
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Paleontological investigations in
the Ellsworth Mountains, West

Antarctica

GERALD F. WEBERS

Department of Geology
Macalester College

St. Paul, Minnesota 55105

Antarctic faunas from the Heritage Range (centered at
79 0S. 85 0W.) of the Ellsworth Mountains, including a new
Late Cambrian trilobite fauna collected by a Norwegian ex-
pedition in the 1975-1976 austral season, have been under
study. Despite the relatively small number of rock specimens
collected, several new species are present. This fauna is
stratigraphically close to a previously reported prolific
trilobite-mollusk fauna (Webers, 1972) and promises addi-
tional fossil faunas in the thick (10,000 meters) stratigraphic

Steinkern of an antarctic Rostroconch, new genus and
species, from the north central Heritage Range of the

Ellsworth Mountains, 4X.

sequence exposed in the central and southern Heritage
Range. The trilobite-mollusk fauna continues to yield im-
portant new forms. Calyx plates of unknown pelmatozoans
have been recovered and represent at least two species. The
fauna includes probably the best preserved and most diverse
Late Cambrian mollusks known. Twenty species of mollusks
are present representing the four molluscan classes:
Monoplacophora, Hyolitha, Gastropoda, and Rostrochon-
chia. In addition, forms transitional to the Cephalopoda are
present.	 --

Monoplacophora are the dominant molluscan forms and
are represented by several genera and 10 new species.
Gastropoda are represented by four species referable to the
Macluritacea. Hyolitha are represented by four species
referable to Hyolithus, Contitheca, and Ort hot heca.
Rostrochonchja are represented by two species referable to
Riberta and to a new genus and mark the first antarctic oc-
currence of these forms. Protoconchs and early growth
stages of various mollusks indicate some radical changes in
shell shape during ontogeny and in some cases a complete
reversal of shell curvature.

The great diversity of mollusks along with a very diverse
trilobite fauna and other faunal elements which include ar-
chaeocyathids, articulate and inarticulate brachiopods, and
pelmatozoans, is indicative of a mild environment—
probably tropical.

The environment of deposition of the fauna appears to
have been shallow marine and possibly littoral. The
mollusks are the best preserved with protoconchs and early
growth stages preserved. Archaeocyathids are invariably
broken cylindrical forms only rarely preserving the early
growth stages. Presumably they were broken from their at-
tachments and transported to their resting sites. Trilobites
are disarticulated predominantly adult stages and were
probably also transported. The early growth stages as well as
every other growth stage (with some forms as large as 8 cen-
timeters) of the Monoplacophora, together with their ex-
cellent preservation, indicate that they dominated the
shallow, nearshore environment, perhaps with a sprinkling
of other faunal elements.

There appears to have been a marked period of adaptive
radiation for the mollusks in the Late Cambrian of Antarc-
tica. The diversity of molluscan forms argues for adaption to
a variety of life styles within the shallow water marine en-
vironment. Monoplacophorans probably include forms
adapted to rock clinging and detritus feeding. One unusual
monoplacophoran, Knightoconus antarcticus (Yochelson etal., 1973) is a precephalopod marking a direction toward
pelagic capabilities. The various representatives of the
Hyolitha perhaps also represent swimming forms. The
presence of the Rostroconchia with their anterior and
posterior siphons indicates an infaunal adaption (Runnegar
and Pojeta, 1974). It thus appears that the Late Cambrian
of West Antarctica marked a period of adaptive radiation of
the mollusks. This rapid diversication appears to have oc-
curred in tropical (perhaps littoral to sublittoral) en-
vironments. Somewhat later in the Late Cambrian this
molluscan radiation is represented in the north-central
United States. The diversity of forms is somewhat less, but
the fauna still occupied the shallow marine littoral to sublit-
toral environment and lived under tropical conditions.

This research was supported by National Science Founda-
tion grant P3V-0036.
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genera nonmarine dispersal routes between Africa, India
and western Australia can account for the distribution.

Cosmopolitan distribution of Mesozoic conchostracan
genera in the southern continents including Antarctica is at-
tributed to continental ligature or proximity. By contrast
the conchostracan speciation program was restricted to local
or regional situations (isolated lakes or ponds) (Tasch, in
press).

This research was supported by National Science Founda-
tion grant OPP 73-05831.
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PAUL TASCH	 Palynomorph preservation in the
Department of Geology	 Beacon Supergroup of the
Wichita State University
Wichita, Kansas 67208	 Transantarctic Mountains

All three Tasch stations at Carapace Nunatak were found
to have the components of Balme's Exesipollenites
Assemblage from the Perth and Carnarvon Basins of
western Australia (Jurassic, probably late Liassic). Excellent
palynomorphs were recently recovered from a few Storm
Peak samples (lower interbed, Tasch stations 0 and 1).
Residues were good to massive. This contrasts with the
general situation of palynomorph- barren beds in both lower
and upper interbeds at Storm Peak, These new data will be
reported by P. Tasch and J.M. Lammons at the Interna-
tional Palynological Colloquium, Leon, Spain in September
1977.

A paper with T.J. Jones on the "Conchostracan fauna of
the Carboniferous and Triassic of the Canning Basin" is be-
ing readied for publication by the Bureau of Mineral
Resources (CS I RO, Canberra, Australia). Besides descrip-
tion of the fauna, findings suggest a post-Carboniferous
dispersal of ribbed conchostracan eggs from Canning Basin
of western Australia to the Bowen Basin and the Newcastle
Coal Measures belt in eastern Australia. Permian ribbed
conchostracans from the Ohio Range, have long since been
shown to correlate with equivalents in the Newcastle Coal
Measures.

Correlation of nonmarine deposits of the Karroo System
"Phyllopod Beds" (Northern Angola) and those of the
Triassic Panchet Formation (Raniganj Basin, India) has
been strengthened by discovery of three conchostracan
genera common to both formations: Estheriina, Cornia,
Paleolimnadia (Tasch and Oesterlen, 1977). Since the
Triassic of the Canning Basin has species of two of these

ROSEMARY A. KYLE

Institute of Polar Studies

JAMES M. SCHOPF

Institute of Polar Studies and
Department of Geology,

The Ohio State University
Columbus, Ohio 43210

Flat-lying sedimentary rocks of the Early Devonian to Ear-
lyjurassic Beacon Supergroup occur throughout the Trans-
antarctic Mountains. Several workers (e.g. Schopf, 1962;
Norris, 1965; Helby and McElroy, 1969; Kemp, 1972; Kyle,
in press) have experienced difficulty in extracting
recognizable palynomorphs from Beacon rocks. The poor
preservation or absence of palynomorphs is attributed to
thermal metamorphism during the intrusion of the Jurassic
Ferrar Group dolerite sills and extrusion of the comagmatic
Kirkpatrick Basalt. This igneous activity has also resulted in
the carbonization of plant cuticles and woody material, the
semi-anthracite rank of the Permian and Triassic coal, and
the formation of zeolites typical of low grade metamor-
phism.

Over 500 samples from the Beacon Supergroup of the
Transantarctic Mountains have been processed for
palynological study. In some areas (e.g., southern Victoria
Land and the Nilsen Plateau, Queen Maud Mountains) only
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25 percent of the samples processed have yielded palyno-
morphs, and 25 percent of these assemblages contain
palynomorphs so rare or so poorly preserved that no worth-
while information can be gained from them. The yield in
the Ohio Range was somewhat higher; about 50 percent of
the processed samples contained palynomorphs, but
relatively few of these can be assigned with any certainty to
species level. The lithologies of productive samples include
light grey to black mudstones, siltstones, very fine and fine
sandstones. No palynomorphs have been extracted from
coal samples.

Carefully controlled oxidation and bleaching of the
highly carbonized assemblages can often clear microfossils
sufficiently to allow identification to species level. Preserva -
tion varies from barely recognizable black skeletal
microfossils to relatively well preserved yellow-brown pollen
grains and spores readily assignable to species level without
the need for clearing procedures. Palynomorphs probably
differ in their susceptibility to thermal alteration, resulting
in a bias in relative frequencies of species which should be
taken into consideration when comparing the more poorly
preserved of the antarctic assemblages with well preserved
assemblages from other Gondwana continents.

Palynomorph preservation shows no apparent relation-
ship to proximity of dolerite, apart from the absence of
microfossils within a few meters of a sill. Some stratigraphic
sections free of dolerite have produced only barren samples,
while other sections containing several sills 50 to 200 meters
thick have yielded assemblages of moderately well preserved
microfossils. Plots of the state of preservation against
distance from and thickness of sills show random distribu-
tion of barren, poor, and good samples. Schopf and Long
(1966) also found no systematic variation in coal rank (fixed
carbon and British thermal units) with distance away from a
sill. The effects of high temperature contact metamorphism
seem therefore to be restricted to strata immediately adja-
cent to dolerite sills. This seems to be an anomaly.

For future palynological work on the Beacon Supergroup
in the Transantarctic Mountains we suggest that light grey
to black mudstone to fine sandstone samples are most likely
to be productive. Collecting from sections with little or no
dolerite does not guarantee productive samples.

This research is supported by National Science Founda-
tion grant DPP 76-83030. This continues studies formerly
done under National Science Foundation grant AG-82 to the
U.S. Geological Survey G.M. Schopf), and an Ohio State
University postdoctoral fellowship by R. A. Kyle.
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Thalassiosira torokina n. sp.
(diatom) and its significance in
Late Cenozoic biostratigraphy

HOWARD THOMAS BRADY

Department of Geology
Northern Illinois University

DeKalb, Illinois 60115

Wrenn (1977) dates the lowermost intervals of Dry Valley
Drilling Project (DVDP) holes 10 (155.40 to 185.47 meters)
and 11 (202.45 to 328 meters) as late Miocene to Early
Pliocene. Diatoms have now been recovered from the sandy
mudstones and siltstones of these intervals. Diamictites (in
hole 11, 202.45 to 328 meters) contain foraminifera but no
diatoms. The thick ice tongues that produce diamictites pre-
vent photosynthesis, and this inhibits planktonic diatom
production.

The occurrence of Thalassiosira oestrupi (Ostenfeld)
Proskina-Lavrenko indicates an early Pliocene age for hole
11, 197 to 242 meters.

Thalassiosira torokina n. sp. (figure) occurs with T.
oestrupi. It is present in hole 10 between 157.76 and 183
meters and in hole 11 between 202 and 291 meters. Neither
taxa is known between 291 meters and the bottom (328
meters) of the drilled succession in hole 11.

T. torokina n. sp. is in Deep Sea Drilling Project (DSDP)
hole 266, core barrels 8/1 through 9/4, and in Eltanin core
34-19, 1.50 to 2.50 meters. In DSDP hole 266 this new
species ranges from the top of the 'b' event in the Gilbert to
the Epoch 5 boundary. In Eltanin core 34-19, the species oc-
curs in the interval below the c events in the Gilbert
(Watkins and Kennett, 1972). I examined the Miocene in-
terval in DSDP holes 279 anbd 266, and it seems that T.
torokina does not range down into the Miocene. Since this
species was only abundant in DSDP hole 266 in the earliest
Pliocene, it is suggested that the lowermost intervals of
DVDP holes 10 and 11 are 4.5 to 5.0 million years old.

The presence of diamictites in DVDP hole 11 and their
absence in DVDP hole 10 indicate that in the early Pliocene
ice tongues advanced from the polar plateau (Taylor glacia-
tions of Denton and Armstrong, 1968; Denton et al., 1970)
and floated within the valley fjord 4 kilometers from the
mouth of the valley. Miocene sediments may underlie this
early Pliocene succession, as neither hole 10 nor hole 11
penetrated to basement.

The species description is as follows.
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Description. Valve diameter 50-60 microns; valve surface
varies from slightly convex to convex-concave; areolae size
even over valve face (3-4/10 microns; areolae hexagonal but
rare areolae have one very short side so that they appear
pentagonal; areolae rows are nearly tangential but the end
of a row bends inwards; near the margin, a distinct narrow
submarginal zone of smaller areolae (2-3 rows) spaced
8-9/10 microns; a variable number of pores characterize the
central area varying in number from 12 to 30; margin, very
distinct, width 1.5 to 2 microns; six striae per 10 microns.

Location. DVDP hole 11, 202-291 meters, hole 10,
157.76 to 183 meters; DSDP hole 266, 8/1-9/4; Eltanin core
34/19, 1.50 to 2.50 meters.

Stratigraphic range. From top of the 'b' event in the
Gilbert to the interval in the lower Gilbert near the
Gilbert/Epoch.5 boundary. More cores should be inspected
to ascertain whether this taxon crosses the Miocene/ Pliocene
boundary. Present indications are that it is a species
restricted to the early Pliocene in the southern ocean.

Related species. There is some affinity to Thalassiosira
antiqua (Grunow) Cleve. T. torokina has a distinctive sub-
marginal zone and a greater number of pores in the central
area. It differs from T. burckliana Schrader (which does
have smaller areolae near the margin, and many strutted
tubuli in the central area) by its areolae pattern of bent
tangential rows and by its larger size. The areolae pattern is

Thalassiosira torokina Brady, (scale bar-10 microns): (1)
DVDP 11-291.30 m, (2) DVDP 11-291.30 m, (3) DVDP 10-

182.61 m,(4) DVDP 11-291.30 m, (5) DVDP 11-291.30 m.

close to that of T. excentrica (Ehrenberg) Cleve but it is not
as well defined.

Type specimens. Holotype and paratype material has
been deposited with the Smithsonian Institution,
Washington, D.C. 20560.

Name derivation. Torokina is a small native village in the
Solomon Islands. The name suggests the species is connected
with warmer than present-day conditions in the Antarctic.

This research was supported by National Science Founda-
tion grant DPP 74-22894 and directed by Peter Noel Webb.
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Extraction of diatoms from glacial
sediments

HOWARD THOMAS BRADY

Department of Geology
Northern Illinois University

DeKaib, Illinois 60115

Diatom bearing intervals are present in Dry Valley Drill-
ing Project (DVDP) successions from Taylor Valley, Wright
Valley, and McMurdo Sound. Reports have been published
on the preparation of samples for light microscope studies of
diatoms (Kanaya and Koizumi, 1966; Lohman, 1972;
Koizumi, 1973; Schrader 1973). These workers used pro-
cedures developed for relatively rich diatom-bearing
sediments and used a standard sample size of 1 to 3
milliliters of core. This volume is justified for normal
marine sediments but is too small for environments that
have high sedimentation rates or low productivity. In work-
ing with DVDP cores it is important to recover floras that:
survived in sediments reworked by grounded ice sheets, were
winnowed by bottom currents, or were masked by the high
sedimentation rates that characterize some glacio-fluvial
processes.

Foraminiferal workers often process 500 grams or more of
clastic sediments to obtain a workable fauna, while in nor-
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ma! deep sea conditions their standard sample size is about
10 grams. For the diatom investigation of DVDP cores, I nor-
mally processed 5 grams of material but sometimes used 20
grams to check an important interval.

Two processing steps were employed. The first step, boil-
ing samples in hydrogen peroxide, is standard. In DVDP
cores, acid treatment was not necessary because of low car-
bonate content. This has an added advantage in that
aragonite is preserved in prepared smear slides. The
presence and abundance of aragonite yields information on
evaporite sequences in lacustrine successions. The second
step developed by this author involved the use of a solution
of zinc bromide to float diatom frustules and separate them
from quartz and other common minerals. After the
sediments had been boiled in hydrogen peroxide, diatoms
were allowed to settle and clays were removed by repeated
decantations. A settling rate suggested by Mikkelsen (written
communication) of 10 minutes per centimeter was used.
Once clay was removed, samples were allowed to stand over-
night, and zinc bromide was then added until the density of
the water exceeded 2.3. Density was checked by simple
plastic gravity blocks. Samples were left for 24 hours, and if
the top of the settled sediment still contained diatoms densi-
ty was increased to 2.5. The uppermost liquid was then
decanted and distilled water added to it to allow the floated
diatoms to settle. Zinc bromide was removed from the solu-
tion by repeated settlings and the concentrate stored in 30-
milliliter plastic bottles.

This settling technique does not completely remove all
diatom frustules from a sample. Some are doubtless trapped
by settling mineral grains, but it seems that diatom frustules
increase in density during fossilization. A suggestion made
by Burckle (personal communication) that some water is
slowly exsolved from the hydrous silica matrix may explain
this phenomenon. However, this technique does make it
possible to recover whole diatoms from highly fragmented
assemblages and recycled successions. Although one does
not recover the whole flora it is possible to obtain important
and rare fossils that help place limits on the age of the sedi-
ment. Thalassiosira oestrupi (Ostenfeld) Proskina-Lavrenko
(not in pre-Pliocene sediments from Deep Sea Drilling Proj-
ect holes in the North Pacific, the Equatorial Pacific, or the
southern ocean) was discovered in DVDP hole 11 at 204
meters by this method. This discovery allows one to question
reports in which a Miocene (Webb and Wrenn, 1976) or
Late Miocene-early Pliocene (Wrenn, 1977) age was sug-
gested for this interval in hole 11.

The heavy liquid technique is an accessory tool for the
diatom biostratigrapher. When diatoms have been removed
by this method it is clear that statistical ecological analysis of
the included flora is not possible. The technique has proved
valuable in near-shore antarctic glacio-fluvial sediments and
may be applied to any sediments that contain highly
fragmented floras.

This research was supported by National Science grant
DPP 75-22894, directed by Peter-Noel Webb.
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Search at South Pole for the
pendulum mode of the earth's

inner core

L. B. SLICHTER, T. YOGI, M.JEFFERSON, W. SMYTHE,
P. RYDELEK, W. ZURN

Institute of Geophysics & Planetary Studies
University of California, Los Angeles

Los Angeles, California 90024

During the 1976-1977 austral summer season at the South
Pole, Paul Rydelek and Tadashi Yogi, using a thermal drill,
bored two 20-centimeter diameter holes of depths 3.3 and
30 meters. These holes are being used to monitor the tilt

CL
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FREQ. CPH

Spectral amplitudes at South Pole (4) and at UCLA (11).
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behavior of the ice, with the hope of expanding the
measurements of gravity variations to include all three com-
ponents of the gravity vector. Pendulums for tests in these
holes are being made at UCLA. Our current winter scientist,
Dr. Yogi, has taken extensive readings with a Burns-
LaCoste level placed at the top of the shallow hole. These
readings showed strong correlation with changing air
temperatures. Tests at the bottom of the hole, where the
temperature is essentially constant, are planned by Yogi.

A comparison of free mode power spectra of the Philip-
pines (7.3°N. 123.6°E.) earthquake of 16 August 1976
(magnitude 8), one observed at South Pole, the other at our
UCLA station in the geology building, is shown in the figure.
The respective gravimeters and their sensing and recording
systems and the record lengths used are essentially identical.
The spectra show the five free modes 0s 12 , OS13, 0S14,

0S 16 , in the period range 7.17 to 8.84 cycles per hour. This
comparison indicates the superiority of the observations at
South Pole. The meter 4 (Pole) record contains more
uniform peaks and lower background noise.

The South Pole gravimeters are being included in the
worldwide "IDA" network run by the University of California
at San Diego. Our new South Pole scientist will be trained at
UCLA in the operation of the IDA recording system. Our
regular observations will continue unchanged by the addi-
tion of the IDA equipment.

This research is supported by National Science Founda-
tion grant DPP 76-17234.

Burial of high level radioactive
wastes

E. E. ANGIN0 and E.J. ZELLER

Department of Geology
University of Kansas

Lawrence, Kansas 66045

A problem of continuing concern to many countries, in-
cluding several signatories of the Antarctic Treaty, is that of
disposal of high level radioactive wastes resulting from the
generation of nuclear power. In 1972, E.J. Zeller, D.F.
Saunders, and E.E. Angino proposed to the International
Atomic Energy Agency that parts of the antarctic continent
be given consideration as an international depository to
receive these wastes. The suggestion was to review the
possibilities and feasibility of such action. No suggestion was
made that the Antarctic be the depository. Only subsequent
investigations could support such a decision.

Since 1972, the concept has been studied further and has
evolved (Zeller et al., 1972, 1973, 1974, 1976; Angino et al.,
1976; Zeller and Angino, in press). The concept has shifted
from a consideration of effects of burial beneath or in the ice
sheet of East Antarctica to a review of geological considera-
tions pertaining to burial in areas that are ice-free. We sug-
gest that if geographical isolation is a more desirable feature

of a depository for high-level nuclear wastes, then the Ant-
arctic should be considered on an equal basis with any other
international site.

This approach was discussed in detail in a paper
presented by E.E. Angino at the 25th International
Geological Congress in Sydney, Australia, in August 1976
and subsequently published (Angino et al., 1976). Angino
and Zeller (in press) review some of the environmental im-
pacts to be expected from such a program and suggest that
the impact is likely to be greater in coastal areas than in the
interior. The environmental impact of any proposed burial
of high level radioactive wastes deserves detailed review.

Our investigations related to the concept of burial of high
level radioactive wastes in Antarctica are continuing,
although slowly.
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Antarctic cartography

W.R. MACDONALD

U.S. Geological Survey
Reston, Virginia 22092

During the 1976-1977 austral summer field season, the
U.S. Geological Survey completed two decades of carto-
graphic and geodetic support of the U.S. Antarctic
Research Program. Over the 20 years, 110 USGS men have
conducted field surveys to establish geodetic control for
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mapping and geophysical and glaciological investigations.
Their efforts, coupled with the compilation expertise of of-
fice cartographers, have resulted in the mapping of
1,410,000 square kilometers of territory previously un-
mapped.

Specifically these notable efforts have resulted in publica-
tion of 88 1:250,000-scale topographic maps covering
950,000 square kilometers and seven 1:500,000-scale sketch
maps covering 859,000 square kilometers (figure). Addi-
tional publications include a 1:10,000,000-scale two-piece
plastic relief map (surface/subglacial) of Antarctica and a
1:1,000,000-scale topographic map of the McMurdo Sound
Region. Several unpublished maps have also been compiled
directly in support of multidisciplinary scientific studies:

- 1:1,000,000- and 1:2,188,800-scale sheet of the Ross
Ice Shelf for RISP/RIGGS (principal investigator - R.H.
Rutford, 1972)

- three 1:50,000-scale topographic maps of the Pen-
sacola Mountains for geologic mapping (principal in-
vestigator - A.B. Ford, 1975)

- 1:100,000-scale topographic maps of Taylor and
Wright Valleys and Skelton Glacier for geologic mapping
(principal investigator - W. Hamilton, 1962)

- 1:2,400-scale topographic maps of the Cape Crozier
penguin rookery (principal investigator - W.J.L. Sladen,
1963)

- 1:20,000-scale topographic map of Wright Valley
Labyrinth (principal investigator - H.T.U. Smith, 1965)

- 1:600-scale topographic manuscripts (26 sheets) of the
McMurdo Station area compiled for construction and plan-
ning (principal investigator - Holmes and Narver, Inc.,
1976).

Since NASA launched the first Landsat, 23 July 1972,
USGS has conducted experiments, jointly funded by NASA and
NSF, directed at applying the new technology to meet the in-
creasing map needs of USARP. To date Landsat image maps
of Antarctica have been published for the Ellsworth Moun-
tains at 1:500,000 scale; for the McMurdo Sound region and
Victoria Land at 1:1,000,000 scale; and for the southern
Victoria Land dry valley area at 1:250,000 and 1:500,000
scale. Landsat images have also contributed significantly in
the compilation of seven 1:250,000-scale topographic maps
along the Marie Byrd Land coast and for revising much of
the coastal configuration of the continental map of Antarc-
tica published by the National Geographic Society (1975).
Preliminary copies of Landsat image maps compiled by
USGS have also proved valuable in photointerpretation to
better understand the ice sheet and ice streams of West Ant-
arctica.

Field operations for mapping during the 1976-1977
austral summer were deferred until 1977-1978; however,

two Survey men, J . Sorensen and D. Hall, provided Doppler
point positioning for geophysical and glaciological in-
vestigations in support of the Ross Ice Shelf Geophysical and
Glaciological Survey (RIGGs), and J. Fletcher and K. Barker
continued the year-round Doppler and seismological in-
vestigations at Amundsen-Scott South Pole Station.

In keeping with USGS policy of applying new technology to
earth science programs, JMR Doppler tracking equipment
was field tested during the 1976-1977 austral summer field
season. The JMR equipment consists of a lightweight, com-
pact, portable receiver and a microprocessor that provides
real-time coordinates printed on paper tape.

Sixty-three sites were occupied from Ross Ice Shelf Project
(RIsP) siteJ-9 and Roosevelt Island with the JMR receiver. Of
these, 53 were computed by the microprocessor, bypassing
the 6-month wait for precise site coordinates. An additional
39 geophysical study sites were occupied with Geoceiver
Doppler equipment from RISP/RIGGS camp C-16. These data
are being reduced and will be made available soon.

Both Geoceiver and JMR equipment ran almost perfectly
at temperatures as low as - 23°C. During the season, the
JMR real-time capability was useful as backup for the Inertial
Navigation System (INS) aboard the British Antarctic Survey
(BAs) Twin Otter airplane, which was plagued with random
failures. The real-time coordinates provided by the JMR
microprocessor made it possible for the BAS pilot to navigate
from the position established for J-9 by dead reckoning to
RIGGS study sites.

Doppler data collected at South Pole Station enabled the
USGS team, assisted by Robert H. Lyddan, Chief of the
Topographic Division, to mark the position of the true
geographic south pole. Using Doppler data and standard
surveying techniques, the team (Lyddan, Hinely, and
Graser) established the most precise position ever for the
true geographic south pole. At the present rate of ice drift -
about 10 meters per year—the Doppler station (20073)
located near the geodesic dome will pass within about 30
meters of the point in the year 2028. In November 1976 the
USGS Doppler station 20073 was located at 89 059'43.19 ' 'S.
144°27'53.22' 'E.

Precise positions derived from Doppler data for other
U.S. stations are shown in the table.

Seven maps at 1:250,000 scale have been published dur-
ing the past year: Mount Takahe, Crary Mountains, Mount
Murphy, and Toney Mountains in the Bakutis coastal area;
Dean Island, McCudden Mountains, and Mount Kosciusko
in the Hobbs Coast area.

Work is continuing on the final two 1:250,000-scale
topographic maps in the Kohler Range area and on a
1:500,000-scale sketch map of Palmer Land.

Precise positions for U.S. stations in Antarctica.

	

Station	 Site	 Latitude	 Longitude

	

20071	Byrd(1974)	 8000037.224 'S.	119030'07.443 'W.

	

20079
	

Siple (1976)
	

75056'23.668 'S
	

84014'55.705' 'W.

	

20125
	Palmer (1976)
	64 046'27.771' 'S

	
64 003'15.753' 'W.

	

19
	

McMurdo (1976)
	

77050'52''S.	 166°40'26' 'E.

	

20078	Dome C(1974)
	

74°39'02.454' 'S	124 0 10'03.342' 'E.
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During the 1976-1977 season cartographic work con-
tinued on a new topographic map series at 1:50,000 scale of
the dry valley area, Victoria Land. Eight maps formatted 1
of longitude by 15' of latitude cover a block between 77°15'
and 77'45'S and 160° and 164 0E. Contour interval is 50
meters with 25-meter supplementaries. Symbology is in ac-

cordance with specifications of the Scientific Committee on
Antarctic Research. Publication is scheduled for late fall
1977.

This research is supported by National Science Founda-
tion interagency agreement DPP 76-23088.

Sketch maps with
relief shading

Ross Ice Shelf
L _J planning mop Status of mapping by U.S. Geological Survey, July 1977.
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Ice and snow studies

Glacial history of the McMurdo
Sound region

MINZE STUIVER

Quaternary Research Center
University of Washington

Seattle, Washington 98195

and

GEORGE H. DENTON

Department of Geological Sciences
and

Inst it utefor Quaternary Studies
University of Maine
Orono, Maine 04473

We performed several projects in the McMurdo Sound
region during the 1976-1977 field season in continuing
research on the glacial history of the McMurdo Sound
region. First, alpine moraines fronting Rhone, Hughes,
Sollas, and Canada Glaciers in Taylor Valley, as well as
moraine systems deposited by Taylor Glacier in Arena
Valley, were mapped and were sampled for soil studies.
Preliminary results of the soil studies are given by Bockheim
(1977). Second, moraines were mapped on and near the
McMurdo Ice Shelf; preliminary results are given by Kellogg
et al. (1977). Third, additional sediment samples were col-
lected at intervals of 10-centimeters from units exposed in
stratigraphic sections near Lacroix and Commonwealth
Glaciers in Taylor Valley. Samples from these and other
stratigraphic sections in the McMurdo Sound region are
undergoing particle-size and lithologic analysis, as well as
examination for microfossils. Fourth, the narrow inner por-
tion of Taylor Valley between Suess and Canada Glaciers,
where drifts deposited by Taylor Glacier and by Ross Sea ice
crosscut each other, was mapped in detail. Finally, 17
samples were collected for carbon-14 dating.

The results of the carbon-14 dating program have af-
forded insights into the chronology of recession of the last
grounded ice sheet to occupy McMurdo Sound. Earlier,
Denton et al. (1971, 1975) and Denton and Borns (1974)
suggested that grounded ice sheets have repeatedly filled the
Ross Sea and McMurdo Sound. During the last glacial max-
imum, a lobe from grounded ice in McMurdo Sound pro-
jected westward into Taylor Valley to the vicinity of Canada
Glacier. This lobe dammed a lake that reached a maximum
surface altitude of 310-320 meters in the valley. Strandlines
and deltas on the valley walls record the lake; the presence of
esker nets in lower Taylor Valley suggests a subglacial source
for the lake water.

We are now completing a program of carbon-14 dating of

layers of freshwater algae that occur within deltas deposited
at the margin of this lake. The results indicate that the lake
surface probably reached its maximum altitude 17,000 to
19,000 carbon-14 years ago, presumably concurrent with
maximum glacial extent. The lake surface dropped shortly
after 17,000 carbon-14 years ago, presumably because the
ice lobe in lower Taylor Valley receded into New Harbor at
the mouth of the valley. Subsequently, lake level rose in the
Lake Fryxell basin in lower Taylor Valley between 14,500
and 12,000 carbon-14 years ago, possibly in response to
glacier readvance.

During final ice recession, a lake was dammed between
grounded ice in New Harbor and the threshold of uncon-
solidated sediments that crosses Taylor Valley about 4
kilometers inland from New Harbor. Deltas that now occur
along Wales Stream were deposited at the edge of this lake.
Algae from the lowest of these deltas afforded an age of
8340± 120 carbon-14 years ago (QL-993); this date is max-
imum for final ice recession. The oldest dates of marine
shells near New Harbor are 6670 ± 200* carbon-14 years ago
(QL-191) from 8 and 9 at the mouth of Wales Stream, and
6150±80* carbon-14 years ago (QL-151) from emerged
marine sediments near the present shoreline (Stuiver et al.,
1976a, 1976b); these dates are minimum for final ice reces-
sion. Taken together, the dates suggest that final ice reces-
sion from New Harbor occurred between 8340 and 6670*
carbon-14 years ago.

Minimum ages for glacial recession from western McMur-
do Sound are also given by carbon-14 dates of Adamwcsium
colbecki shells and algae from emerged marine sediments
near the mouth of South Stream, located on the west coast of
McMurdo Sound about 12 kilometers north of New Harbor.

Carbon-14 dates of Adamussium colbecki and algae from emerged
marine deposits at the mouth of South Stream (77°27 'S.

163044'E.).

Laboratory	Date	Altitude* *
number	(C 14 years B. P.)	(m)	Material

QL-70	5930± 200	6.6	Algae***

QL-71	6010±70	8.1	Algae***

QL-1041	5280±400	9.3	Algae***

QL-72	6430±70*	6.0	A damussium colbecki

QL-96	6350±60*	4.5	Adamussiumcolbecki

QL-1042	6120±50*	4.0	Adamussiumcolbecki

* The dates on Adamussium colbecki shells are uncorrected for
deficiency in carbon-14 in antarctic marine waters, and hence
they are too old. The correction factor that eventually will be
applied to these dates will be between 800 and 1400 years.

** The altitude of all samples was surveyed from high-tide mark.
Tidal range is about 1 meter.
The algae samples were too decomposed for identification.
However, the algae probably grew in the drainage system of
South Stream and was carried into a shallow marine environ-
ment by South Stream.
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The shells probably have not been transported far, because
delicate valves from each sample were articulated. Although
it was too decomposed for identification, the algae probably
was of freshwater origin and was washed into a shallow
marine environment by South Stream. The figure and the
table show the sample localities and the carbon-14 dates.

George Denton, James Bockheim, Robert Ackert, John
Pastor, and Philip Davis were in Antarctica from 15 Oc-
tober to 15 December 1976. The research was supported by
National Science Foundation grant DPP 74-20991. We
thank the the helicopter pilots and crewmen of the Navy's
Antarctic Development Squadron Six for field support.
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Finite element calculation of ice
deformation

CHARLES RAYMOND

Geophysics Program
University of Washington

Seattle, Washington 98195

This report describes 'progress on the development of
finite element computer programs for the calculation of
deformation of ice masses. Four types of programs have
been developed or are under development (table).

The first program is designed for analysis of rectilinear
flow, in which the flow velocity varies in a plane transverse

to the flow direction, but not along the flow direction. The
transverse section of a glacier is partitioned into triangular
"elements," and it is assumed that the strain rate is constant
within each element. The primary purpose is for analysis of
drag from the valley sides in glaciers or from laterally un-
dulating subglacial topography in ice sheets. It has been
used to analyse flow in seismicly measured cross sections of
Variegated Glacier (Alaska), as an aid in understanding the
dynamics of this surge-type glacier (Bindschadler and
others, 1975, 1977). Also, it has been used to analyse the ef-
fect of sliding velocity distribution on the pattern of surface
velocity in order to illuminate the potentialities and pitfalls
of calculating basal sliding rate from surface velocity
measurements (in preparation).

The second program is designed for analysis of plane
strain-rate flow, in which velocity varies with depth and
longitudinally, but not laterally. The longitudinal profile is
partitioned into quadrilateral elements suitable for planar
deformation of incompressible material (Nagtegaal and
others, 1974). The primary purpose is for analysis of situa-
tions where longitudinal velocity gradients are of major im-
portance such as near termini, ice falls, or places of
longitudinally undulating surface and bed topography. It
has been used by us or others for these types of problems
(Hooke, unpublished; Raymond, unpublished). A fine sub-
division into elements leading to a correspondingly large
number of velocity component and pressure unknowns is
necessary to get good results in most cases. Although the
solution method is practical for many problems, it has the
disadvantage that substantial amounts of computer core
and execution time are needed.

To overcome this disadvantage a third program was
developed for plane strain-rate flow. In this method a
glacier profile is partitioned into special, full-depth, glacier
"elements" by parallel lines perpendicular to the mean sur-
face slope. The shape of the depth profile of velocity is
assumed to be the same as for "laminar flow" of Nye (1952),
but the actual velocity magnitude is allowed to vary
longitudinally with a fifth order polynominal dependence
within each element. Only a small number of elements and
degrees of freedom are needed to describe a pointwise in-
compressible and continuous strain-rate field for a complete
glacier profile, which yields a great advantage in efficiency
in comparison to the more standard method of the second
program type. However, it does have its own disadvantages.
The most important is that it will not give good results when
the assumption about the shape of the depth profile of

Computer programs for calculation of deformation of ice masses.

Possible	 Method for
Application	 Element type	 Flow law	boundary conditions	nonlinear equations

Glacier - rectilinear flow

Glacier--planar deformation
Glacier-- planar deformation
Ice shelf— depth

independent deformation

Constant strain triangle
Quadrilateral

Full depth

Constant strain triangle

Power lawa
Power lawa

Power lawb

Power lawa

1.2.3.4,5
1,2.3.4.6
1,2.6

2, 3

Newton-Raphson
Newton-Raphson
Successive approx.

Successive approx.

Boundary condition types: (1) No slip. (2) Stress free. (3) Specified boundar y velocity distribution. (4) Specified boundary stress distribution.
(5) Relationship between slip velocity and boundary stress. (6) Periodic boundary condition.
aparameters may vary from element to element
bparameters must be constant throughout the glacier.
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velocity breaks down, as is likely when there are large fluc-
tuations of slope from the mean or the ice is nonisothermal.
However, comparison with analytic solutions for linear
viscous fluid and solutions from the standard finite element
method show that this new method does give excellent
results in many circumstances. The program has been used
to study the response of a parallel sided model glacier to har-
monic perturbations of its upper surface, and has given new
insights concerning concepts of wave propagation and diffu-
sion in the theory of glacier variations (Langdon and Ray-
mond, in press).

A fourth program is being developed for analysis of defor-
mation of ice shelves. It uses constant strain triangular
elements, which approximate the behavior of a triangular
prism passing through the full depth of the ice shelf. It is
hoped this program will be useful for analysis of deforma-
tion data from Ross Ice Shelf.

This work is supported by National Science Foundation
grant Opp 75-23519. James Langdon and Raleigh Roark
have made important contributions to the progress of this
work. The first two programs and detailed descriptions of
them are available from the author now, and descriptions of
the latter two are in preparation.

References

Bindschadler, Robert, William Harrison, and Charles Raymond.
1975. Variegated Glacier Studies-1974. World Data Center,
Glaciology, Boulder, Colorado. 47p.

Bindschadler, R., W.D. Harrison, C.F. Raymond, and R. Crosson.
1977. Geometry and dynamics of a surge-type glacier. Journal of
Glaciology, 18.

Langdon, James, and Charles Raymond. In press. Numerical
calculation of the adjustment of a glacier surface to perturbations
of ice thickness. Proceedings of the International Workshop on
Dynamics of Glacier Variations and Surges (29 September-12 Oc-
tober1976, Alma-Ata USSR).

Nagtegaal, J.C., D.M. Parks, and JR. Rice. 1974. On numerically
accurate finite element solutions in the fully plastic range. Com
puter Methods in Applied Mechanics and Engineering, 4:
153-177.

Nye, J.F. 1952. The mechanics of glacier flow. Journal of
Glaciology. 2(12): 82-93.

Investigations at dome C in the
austral summer of 1976-1977

ROBERT W. RISEBROUGH

Bodega Marine Laboratory
University of California

Bodega Bay, California 94923

Dome C(74°30 'S. 123°10 'E.) is one of three ice domes in
East Antarctica that have been named dome A, dome B,
and dome C. Radio-echo soundings (Robin, 1975) have

shown that dome C covers one of the world's thickest ac-
cumulations of ice, over 3,700 meters in depth (Scott Polar
Research Institute, 1974). The mean annual snow deposi-
tion is low: calculations by Lorius (1975) yield a value of 3.7
grams per square centimeter, or approximately 10 centi-
meters per year. Equivalent rates of deposition have been
reported by Soviet investigators at this latitude along a track
between Vostok and Mirnyy, to the west of dome C (Barkov,
1975). The thickness of the ice and the low rate of snow
deposition make this area of Antarctica one of, if not the
most, favorable sites in the world for the study of historical
changes in the chemical composition of snow. These changes
reflect past alterations in the chemistry of the atmosphere,
whether in the pre-industrial era, or over the past several
decades.

Thermonuclear explosions initiated pronounced global
changes in the chemical composition of the atmosphere and
of atmospheric fallout: at dome C levels of gross beta activity
rise sharply in the 1955 stratum (Lorius, 1975; Lorius, per-
sonal communication). This increase has also been observed
elsewhere in Antarctica (Picciotto and Wilgain, 1963;
Picciotto et al., 1964) and has been attributed to the Castle
series of thermonuclear tests undertaken in 1954. The detec-
tion of DDT and polychlorinated biphenyl (PCB) compounds
in antarctic snow and wildlife and the demonstration that
these organic pollutants could have reached the Antarctic
only through the atmosphere (Sladen et al., 1966;
Risebrough and Carmignani, 1972; Risebrough et at., 1976)
are further indications of recent changes in the chemical en-
vironment, not only of the antarctic atmosphere, but in the
entire world.

Initial studies at dome C were undertaken in the 1974-
1975 season by Lorius (1975) as part of the International
Antarctic Glaciological Project (see Antarctic Journal
X(2):51-55; X(4):200; and XI(1):36-37). Relief of that ex-
pedition on 15 January 1975 resulted in the disablement of
two LC-130 Hercules airplanes. Recovery operations were
undertaken in the 1975-1976 season and a base camp was
constructed at dome C. A third aircraft was damaged dur-
ing take-off in November 1975; recovery operations were
continued and completed the following year (see Antarctic
Journal X(2):61-62; X(6):323-324; XI( 1): 38-39;
XI(2):105-107).

During these two seasons, therefore, there was intense
human activity in the immediate vicinity of dome C. We
may assume that the chemical composition of the surface
snow was altered by the addition of traces of aircraft fuel, of
combustion products of both aircraft and fuel oil, and of
other chemical wastes such as the halocarbon propellants
from deodorant cans. Previously, we have demonstrated
elevated levels of PCB in surface snow approximately 1
kilometer from Palmer Station, most likely a result of com-
bustion of waste materials at the station in the past
(Risebrough et al., 1976).

Studies of cores from the Greenland ice sheet have
demonstrated changes in the atmospheric fluxes of lead and
mercury (Murozumi et at., 1969; Weiss et at., 1971), which
have been associated with changes in the global levels of
human technological activity. In our own studies of syn-
thetic organic compounds, we wish to approach such ques-
tions as these: (1) Is the transfer of DDT compounds to the sea
increasing in the Southern Hemisphere? (2) Are global en-
vironmental levels of PCB compounds now decreasing as a
result of restrictions on their use in the more industrialized
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countries? (3) What other synthetic organic compounds or
petroleum-derived materials are dispersed through the at-
mosphere? There are other questions that relate to global
fluxes of pollutants and past changes of these fluxes.

Levels of these organic compounds in snow, particularly
antarctic snow, are low, ranging from parts per quadrillion
(10- 15 gram per gram) to low parts per trillion (Risebrough
et at, 1976). The chances of sample contamination are very
high, either from past human activities in the vicinity of the
sampling site or from sampling and extraction operations.
The area about the South Pole is probably much too con-
taminated to permit such studies: it is much more likely that
pollutants originated from the nearby station rather than
distant sources many thousands of kilometers away. The
problem is universal: wherever we go, we bring and
disseminate our pollutants.

The strata at dome C that were deposited before 1975 and
after 1977 should contain only those pollutants that reach
the area from distant, global sources. Elevated levels, or the
presence of pollutants not detected in other strata, in snow
deposited in 1975-1977 would provide an indication of the
impact of local human activities. The low temperatures at
dome C further facilitate studies of the deposition of organic
compounds. These pollutants reach Antarctica in part
because they are volatile. Once deposited, levels in firn will
remain in equilibrium with those in the ambient atmo-
sphere, and the more volatile compounds would theoretical-
ly diffuse into other strata. The mean annual temperature
has been estimated by Lorius (1975) to be in the order of
- 53.5°C: the volatility of these compounds is therefore low,
and the chances are increased that once deposited in a
stratum, they will remain there.

Our party at dome C consisted of John Thackray, Peter
Millikin, Wayrnan Walker and myself. Thackray and
Millikin arrived on 25 December, shortly before the depar-
ture of the last of the disabled aircraft, successfully repaired,
for McMurdo. Walker and I arrived on 30 December. We
remained until 22 January.

Our sampling and extraction equipment had been ex-
haustively precleaned and tested for background levels of
contamination. The results of last year's effort may yet,
however, prove to be worthless. The interior of the aircraft
carrying much of our sampling equipment was sprayed with
DDT in Christchurch. The United States and many other
countries have given up the use of DDT for such purposes and
now employ nonpolluting pyrethrin mixtures for the
disinfection of aircraft. Although only the exterior of our
boxes and crates may have been affected, the chances of
subsequent sample contamination were significantly in-
creased. Sampling procedures in the field were altered to
detect such contamination, but at the present time the
analyses have not been completed.

Other difficulties were encountered. The interior of our
"clean hut" proved to be too cold for the passage of water
through the adsorbent columns. We then converted a por-
tion of a Jamesway hut into a laboratory, without knowing,

however, whether the samples would be contaminated by
the interior atmosphere. Other operations went well. With
"relative" ease, a trench was dug through approximately 50
years of deposition. Thirty samples containing in the order
of 100 kilograms or more of snow were melted and extracted
in situ for organic compounds. An additional 25 100-
kilogram samples were obtained for the determination of
plutonium isotopes, as well as polonium-210. Snow samples
were also obtained for measurements of gross beta activity.

We can envisage the creation of a permanent trench at
dome C, with markers in the walls labelling the years of
deposition. Successive investigators could then obtain sam-
ples of snow deposited over the past 50 years with a high
degree of certainty that a given year was actually being
sampled. We would thereby have access to a "museum" with
the chemical history of the Southern Hemisphere recorded
in its walls.

Our research was supported by National Science Founda-
tion grant DPP 75-23520.
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Nitrogen in south polar ice and
snow: tool to measure past solar,
auroral, and cosmic ray activities

BRUCE C. PARKER,* EDWARDJ. ZELLER,**
LAWRENCE E. HEISKELL,* and WILLIAMJ. THOMPSON*

*Department of Bwlogy,
Virginia Polytechnic Institute & State Unzverszty

Blacksburg, Virginia 24060

**Department of Geology
University of Kansas
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Wilson and House (1965) report nitrates plus nitrites in
antarctic snow and ice but detect no ammonia nitrogen.
Claridge and Campbell (1968) emphasize the importance of
this source of nitrogen to the productivity of terrestrial Ant-
arctica. Nitrogen oxides are formed in the upper at-
mosphere from auroral activity (Wilson and House, 1965;
McElroy and McConnell, 1971; Crutzen, 1970, 1971;
Nicolet and Vergison, 1971; Johnston, 1971) and from
cosmic rays of solar and galactic origin (Ruderman et al.,
1976). Sunspots correlated with the auroral activity have 11-
year, 22-year and other cyclic patterns (Pasachoff, 1977).
We find no attempt to test the hypothesis that changes in
NOx concentration with depth (age) in glacial ice reflect
these upper atmospheric and solar cycles. Accordingly, we
have begun studies of fresh South Pole ice core made
available during the 1976-1977 austral summer and are con-
tinuing to pursue the promising results using previously col-
lected South Pole ice core.

Core was cut into approximately 18-centimeter sections
with a clean ice saw, melted at room temperature, and
analyzed within 24 hours. For nitrate-nitrogen (NO 3 . N), we
used the cadmium reduction technique (American Public
Health Association, 1971), and for ammonia-nitrogen
(NH,-N), the phenol hypochlorite method (Martin, 1972).
Internal standards, replicate variability and precision of
these methods are discussed by Fortner et al. (1976).

The figure shows the data for NO 3 -N and NH,-N (as
micrograms of nitrogen per liter) from the sequential sec-
tioning of a 3.10- to 9.44-meter segment of South Pole ice
core collected in 1974. We detected no NO 2 -N in any of the
ice core sections, although we had detected low levels of
NO2 -N in ice and snow collected near South Pole Station in
January 1977. Note in the figure the NO 3 -N peaks at
3.28-3.43, 5.44-5.61, and 8.66-8.85 meters and the NH,-N
peaks at 3.44-3.60, 5.44-5.61, and 8.66-8.85 meters. Based
on estimates of a 19-centimeter average annual accumula-
tion of snow at South Pole (Gow, 1965; Epstein et al., 1965)
and the relatively small density change from the surface to
these shallow depths, we calculate the approximate
minimum ages of these ice sections from the 1974 core as
follows:

3.28-3.43m = 17.26-18.05igN/1 = 1957-1956
3.44-3.60m = 18.10-18.94zgN/l = 1956-1955
5.44-5.61 in 28.63-29.52gN/l = 1945-1943
8.66-8.85m = 45.57-46.57zgN/1 = 1928-1927

There are, of course, other peaks and low concentration
points elsewhere in this approximately 33-year sequence of
ice core. We suggest that these NO 3 -N and NH,-N level fluc-
tuations reflect changes in the rates of nitrogen fixation in
the upper atmosphere perhaps along with some second- and
third-order effects. Moreover, the 11-year cycles of sunspots,
auroral activity, and cosmic ray fluxes may relate to the con-
centrations of NO 3 -N and/or NH,-N found in South Pole
snow. The concentration peaks need not necessarily coincide
with those of sunspots, as auroral activities reach their max-
ima about 2 years after the sunspot maxima (Chamberlain,
1961) and the maximum production of NOx comes at the
minimum of the sunspot cycle when the solar magneto-
sphere fails to protect the earth from galactic cosmic rays
U.P. Lodge, personal communication.) The time lag for
deposition of nitrogenous matter in South Pole snow is
unknown, and the annual snow accumulation estimates,
along with errors from sastrugi, further complicate our core
age calculations.

Our failure to detect NO,-N and our detection of NH3-N
in the 1974 South Pole core at first may appear to differ
from the report of Wilson and House (1965). However, the
diphenylamine analytical method used by Wilson and House
did not distinguish between NO 3 -N and NO 2 -N. Further,
our mean value for NO 3 -N (38.54 ± 6.72) is rather close to
that reported for NO 3 -N + NO 2 -N by Wilson and House.
Fehsenfeld et al. (1976) assert that the rate constant for the
reaction NO 3 - + 0 3 NO2 - + 209 + 0.35 electron volt is
less than 10 cubic centimeter per molecule per second and
is too low a value for the reaction to have a significant role in
the stratosphere; in contrast, they recognize as significant a
number of reactions that lead to NO3-

As to the presence of NH,-N, we suggest it was previously
overlooked because the direct Nesslerization for NH,-N, as
used by Wilson and House, was sensitive only to about 15

3	4	5	6	7	8	9
Depth in Meters

NO3•N and NH4-N composition of 34 segments of 1974
South Pole ice core between 3.10 and 9.44 meters.
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micrograms nitrogen per liter. The concentration, thus,
would not have been detected by direct Neslerization. In
fact, using direct Nesslerization on seven samples of South
Pole ice core water containing levels of NH.-N ranging from
4.68 to 20.48 micrograms nitrogen per liter we detected no
change in absorbance from that of our blank.

While our data are still too limited for far-reaching con-
clusions, we suggest that NO 3 -N and NH,-N concentrations
in South Pole ice may provide a new, simple, and useful tool
for the measurement of past upper atmospheric phenomena
such as auroral and cosmic ray activities. Mechanisms such
as sea-to-air dispersal of substances also cannot be ruled out
as sources of second- and third-order effects. We do not ex-
pect that the same mean concentrations of NO 3 -N will
necessarily be found throughout the antarctic ice sheet.
However, if this be the case, we calculate that the average
annual electrochemical and photochemical fixation of
nitrogen oxides for continental Antarctica would exceed
2,000 metric tons of NO3 . This calculated value is especially
interesting when compared to the value of 7.6 million metric
tons of NO3 estimated for the earth's total annual physico-
chemical production (Kormondy, 1976). It would appear,
thus, that a re-estimate of the earth's total annual physico-
chemical production of nitrogen compounds, using data
from Antarctica, would help to achieve more accurate
biosphere estimates.

The potentials for using ice analyses of these types to
evaluate past sunspot activities, ice core ages, past world
climate, or the contribution of nonbiological nitrogen fixa -
tion to the biosphere are intriguing and deserving of further
investigation. Consequently, we are undertaking a much-
expanded investigation of ice core chemical composition.

We thank T. Yogi, Institute of Geophysics and Planetary
Physics, University of California, Los Angeles, for providing
the first ice core sample; Chester Langway, Jr., Department
of Geological Sciences, State University of New York, Buf-
falo, for providing sections of the 100-meter South Pole
core; the Division of Polar Programs, National Science
Foundation for enabling us to collect and use these cores;
and T. Allnutt, B. Bishop, D. Brown, J . Crate, V. Howard,
D. Wendt, and S. Wendt for assisting in the core collection
and processing. The ice cores were collected by others under
grants from the National Science Foundation.
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Thermal response to albedo
reduction on antarctic snow -

modeling results

H. LETTAU

Department of Meteorology
University of Wisconsin

Madison, Wisconsin 53706

Antarctica is the continent with "whitest surface" (highest
albedo) and coldest climates even though the South Pole
receives more 24-hourly extra-atmospheric insolation during
the December solstice than any other point on earth in any
season. If other conditions remain unchanged, how would
the thermal regime be modified if antarctic snow were per-
sistently "dirtied"? In the future this might occur if mining
or other industries were established on the continent and
dust, continuously emitted from smoke stacks, were permit-
ted to settle on downwind areas.

A quantitative answer to the question can be provided by
climatonomy. For previous applications of climatonomical
modeling to arctic and antarctic regions see H. and K.
Lettau (1975) and A. Riordan (1976); for details of a model
algorithm suitable for calculating thermal response caused
by albedo reduction see H. Lettau (in press). A brief sum-
mary of method and results follows. The south polar plateau
was selected for the study because: (i) summer insolation is
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relatively intense, (ii) diurnal cycles are absent so that
monthly means are sufficient to describe insolation varia-
tions, and (iii) multi-annual monthly climate data that pro-
vide means to evaluate physical parameters are available for
Amundsen-Scott South Pole Station.

Climatonomical modeling is based on the energy budget
of the air/ground interface, as described by the equation

(1— a*)G LWU— LWD+ E+ M+Q+S
(watts/M2)

where a* = surface albedo; G = surface-intercepted global
radiation (insolation by the sun's beam plus diffuse sky
radiation); LWU = surface-emitted longwave radiation up-
wards (LWU = €oT4 with T = surface temperature, c. =
surface emissivity, and u = Stefan-Boltzmann constant);
LWD = surface-intercepted longwave radiation downwell-
ing from the sky; E, M = fluxes of latent heat (E = evapora-
tion or sublimation, M = melting); and QS = fluxes of
sensible heat (Q = convection into or out of the air, S =
conduction into or out of the snow).

Climatonomical modeling requires the parameterization
of all terms on the right-hand side of the balance equation,
by either relating them to the independent (forcing) input
(G) and/or to the dependent variable of response which is
the unknown temperature T and its rate of change. The
resulting differential equation is solved by the
"climatonomic transform," which yields numerically the an-
nual and monthly means of T as well as all fluxes.

Tasks preparatory to model application include (i) deter-
mination of parameter values representative of the study
region, (ii) specification of those environmental factors that
remain unchanged (in this meso-scale application: solar
beam radiation, cloudiness, wind speed, wind direction, and
temperature at the top of the inversion layer), and (iii)
testing of the quality of the parameterization by a model
simulation of present conditions (see table).

If the climatonomical experiment is started by introduc-

ing a step-change in albedo, one must account for secondary
effects or physical feedbacks. In an antarctic study these in
clude (i) a slight though significant G-decrease due to re-
duced multiple scattering of diffuse light, (ii) summer
temperatures raised to the melting point producing an M-
term in the balance equation, (iii) refreezing of melt in
autumn resulting in an ice crust, (iv) increased storage
capacity since heat capacity and conductivity for ice are
larger than corresponding snow values, and (v) decreased
surface emissivity, since "dirty" ice has a lower emissivity
than snow.

The table summarizes the results obtained by starting
from an arbitrarily assumed a*modification from 0.85 to
0.65, and an € -modification from 0.99 to 0.91, with
justifiable changes in snow heat conductivity and capacity.
A comparison between present and modified values (in-
dicated by primes) shows that albedo reduction increases
primarily the summer temperatures, but due to the melt-
induced feedback, the winter temperatures are also
significantly milder. The change from negative to positive
annual averages of heat convection indicates that heat is ex-
ported from the modified region, while heat was imported
under initial conditions.

If the model should be applied to specific environmental
conditions, a very thorough study should be devoted to
determine a realistic albedo reduction by possible dust
deposition on meso-scale areas, to determine whether or not
the mass balance could be affected enough to change from
net accumulation to ablation.

Research was in part supported by National Science
Foundation grant GV-4 1033.
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Jan	Feb	Mar	Apr	May	Jun Jul Aug Sep	Oct	Nov	Dec	Year

G	405	230	40	-	-	-	-	-	5	148	354	463	137.1

	

375	212	37	-	-	-	-	-	5	137	328	429	126.9

LWU	200	169	132	118	116	116	116	116	116	134	169	200	141.8

LWU'	287	259	196	152	140	137	137	137	137	161	219	287	187.4

LWD	164	139	112	102	101	100	100	100	100	112	139	162	119.2
LWD'	226	203	156	126	118	116	115	115	116	131	172	225	151.7
E	9	5	1	-	-	-	-	-	-	3	8	10	3.0

	

20	11	2	-	-	-	-	-	-	7	17	23	6.7

	

M -	-	-	-	-	-	-	-	-	--	-	-	0.0
M	19	-19	-	-	-	-	-	-	-	-	-	-	0.0

Q	13	1	-11	-11	-13	-14	-14	-14	-14	-5	9	16	-5.0

	

23	18	-1	-9	-10	-11	-11	-11	-11	-1	17	29	1.8

S	3	-1	-4	-2	-2	-2	-2	-2	-1	2	6	5	0.0

S	8	8	-28	-17	-11	-11	-11	-10	-9	11	34	36	0.0
T	-29	-39	-53	-59	-60	-60	-60	-60	-60	-52	-39	-29	-50.0

T'	0	-7	-25	-40	-45	-46	-46	-46	-46	-37	-18	0	-29.7
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Microparticle analysis of the
101-meter South Pole ice core

E. M. THOMPSON and L. G. THOMPSON

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

During 3 days in November 1974 a 101-meter core was
recovered at the site of the new Amundsen-Scott South Pole
Station. We obtained one-quarter sections of this core for a
detailed microparticle analysis. The objectives of the
research are to test the feasibility of microparticle variations
for dating cores from regions of low annual accumulation,
to obtain a continuous record of atmospheric turbidity over
the last thousand years, to examine the variations in ac-
cumulation rates over the last millenium, to ascertain tur-
bidity changes due to increased industrial activities over the
last hundred years and investigate possible changes in the
elemental content of the aerosols, and to examine variations
in particle concentrations, size distributions, and elemental
compositions before, during, and since the Little Ice Age.

The microparticle facility described by Thompson (in
press) has been upgraded by interfacing the Coulter equip-
ment to automatic send-receive (ASR) teletype equipment
and by designing and implementing of a library of computer
programs for reduction, storage, retrieval, and representa-
tion of the microparticle data. The data from processed
samples are selectively examined and plotted, and all data
are stored by the end of the following day's processing.

A total of 6,218 samples representing the entire South
Pole 101-meter core have been analyzed for microparticle
concentrations and size distributions. The final data reduc-
tion and comparisons with other core parameters such as
variation in oxygen-18, gross beta activity, and ice chemistry
should provide an informative chronology of the last
millenium. The initial microparticle results are intriguing.
The figure illustrates 1-meter averages of the concentration
of particles with diameters greater than 0.63 micron for the
top 50 meters of the core. The top 3 to 4 meters of the core
exhibit anomalously high particle concentrations (figure) as
a result of human activities since the establishment in 1956
of old' south Pole Station. The dates in the figure are ob-
tained by counting the concentrated particle layers and by
assuming the presence of one annual particle peak.

The stratigraphic studies of Giovinetto (1960) which are
based on the identification of fall depth hoar layers, yield an
annual accumulation rate of 7.4 centimeters water over 69

South Pole Core
Average Total Number of Particles >0.63pm.
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Increase of dust concentration of 2.0 times during the Little
Ice Age.

years (1947 to 1878 AD.). Using the microparticle
chronology and the depth interval between successive
microparticle concentration peaks, we obtained a value of
7.8 centimeters water for the same accumulation period.
This suggests that the assumption of an annual microparti -
cle concentration peak is probably valid for the South Pole
site.

This assumption of an annual cycle has been found to be
valid for two other sites in Antarctica, namely Byrd Station
(Marshall, 1962; Thompson, in press) and at 66'00'W.
67°32'S. in Graham Land (Thompson, 1977). However,
final verification of this assumption for the South Pole

Year
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region requires the analysis of surface cores and associated
pit and stake measurements of accumulation. If the depth of
the 1955 layer (pre-IGY) resulting from the 1954 Castle
atomic bomb test (yield: 36 megatons) could definitely be
established by gross beta activity analysis of the top portion
of the South Pole core, it would help us set a fixed date from
which to count particle concentration layers.

Assuming that our chronology is reasonably accurate, the
figure illustrates a marked increase in the 1-meter particle
concentration averages (C) for the period between 1530 and
1810 AD., which corresponds to the late Holocene Little
Ice Age. The C value for the 22- to 46-meter segment is
32075 and that for the 13- to 22-meters section (1810 to 1900
A.D.) is 15209. Thus the Little Ice Age firn is 2.1 times dir-
tier than the firn immediately postdating that period. The
greatest increase in C is 66800 for the 23- to 24-meter seg-
ment, and this represents a greater than three-fold increase
over the C value of 22060 for the 3- to 22-meter section. An
error of up to 10 percent or ± 1 year out of each 10 years,
would not change our general conclusion that atmospheric
turbidity at the South Pole was greatly increased during this
most widely documented Neoglacial stade.

This research was supported by National Science Founda-
tion grant DPP 76-07745.
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1975; Kovacs and Gow, 1975; and Paren and Robin, 1975).
However, because of sounding system limitations, reflective
layers have not been detectable within the first 5 meters of
snow depth. In January 1977 an impulse radar system was
used to profile the shape and lateral extent of the brine layer
in the McMurdo Ice Shelf (Kovacs and Gow, 1977). A small
antenna (13 by 23 by 35 centimeters) was also used to deter-
mine if reflective layers could be detected in the upper 5
meters of snow. The radiated impulse center frequency was
625 megahertz with an estimated frequency spectrum of 375
and 875 at the - 3 decibel points.

The antenna was first supported 60 centimeters above a
sheet of aluminum foil. A recording of the two-way travel
time (t) of the radiated impulse from the antenna to the foil
and back was made on an FM magnetic tape recorder. An
individual impulse was later played back onto an X-Y plot
(figure 1). Since the velocity of a radar impulse in air (c) is
3 x 108 meters per second and the distance between the
antenna and aluminum foil was 60 centimeters, the two-way
travel time of the impulse from the antenna to the foil and
back was 4 nanoseconds. The distance between the peak of
the transmit impulse and its reflected peak from the
aluminum foil shown on the X-Y plot in figure 1 is therefore
4 nanoseconds.

The antenna was then supported 60 centimeters above the
snow surface (surface - 15°C). An X-Y plot of the impulse
travel time from the antenna to the snow surface and back is
shown in figure 1. The amplitude of the reflected signal
from the snow surface and the amplitude of the reflected
signal from the aluminum foil were then compared to deter-
mine the snow surface reflection coefficient and dielectric
constant. Since aluminum foil is a perfect reflector, the
amplitude of the reflected radar impulse from this surface
equals a reflection coefficient (pt-) of - 1. The reflected im-
pulse amplitude from the snow surface is 14.8 percent of
that from the aluminum foil. The reflection coefficient of
the snow surface (Ps) is therefore - 0.148. The dielectric
constant (Er) of snow was then determined to be 1.81, from:

I 1—es
€r = 1-

I+p 
S)

Dielectric constant and reflection
coefficient of the snow surface

and near-surface internal layers in
the McMurdo Ice Shelf

AUSTIN KOVACS and ANTHONYJ. Gow

U. S. Army Cold Regions
Research and Engineering Laboratory

Hanover, New Hampshire 03755

Radio and radar echo sounding of the Greenland and
antarctic ice sheets has revealed internal dielectric discon-
tinuous horizons called reflective or internal layers (e.g.,
Harrison, 1973; Elachi and Brown, 1975; Gudmandsen,

E

Time

Figure 1. Radar impulse signal reflected from aluminum
foil and snow surface.
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A 1.7-centimeter-thick slab of the wind-packed snow surface
was found to have a specific gravity of 0.419. This specific
gravity versus dielectric constant is in agreement with Cum-
ming's (1952) findings but not with Gudmandsen's (1971),
which indicate a specific gravity of 0.406 at a dielectric con-
stant of 1.81.

Following the above measurements, the antenna was
pulled along the snow surface for a distance of 10 meters.
The graphic record of transceived radar impulse informa-
tion collected on this traverse is shown in figure 2. In the
record three distinct reflection layers are apparent. The nar-
row time banding on the record at layer 2 indicates high fre-
quency reflection from a 'thin or low" dielectric discontinui-
ty while the wide band at horizon 3 indicates low frequency
reflection from a "thick or higher" dielectric discontinuity.
Unfortunately, the thickness and structure of these layers
were not determined for lack of coring equipment.

The X-Y plot of the two-way travel time of the radar im-
pulse in the snow at the north side of the profile is shown in
figure 2. Using the time scale determined from the earlier
calibration, the two-way travel time (t) to the three internal
layers a, b and c was determined to be 8.2, 12.3, and 15.4
nanoseconds. Assuming an effective dielectric constant of
1.8 for the snow, the effective velocity (Ve) of the radar im-
pulse in the snow was calculated to be 0.226 meter per
nanosecond from:

D= V -e2

The depth (d) to layers a, b and c was then determined to be
0. 85, 1.40, and 1.74 meters from:

V

This pilot study has revealed that layers of dielectric
discontinuity can be detected at shallow depths in polar
snow. Information on the composition or structure of inter-
nal layers was not obtained, but the shallow depth at which
they were detected suggests that they represent density varia-
tions in the snow, perhaps associated with summer melt
features less than 5 millimeters thick. A density variation is
also suggested by Keliher and Ackley (1976), who have ex-
plored theoretically conditions that could cause dielectric
discontinuities in polar snow and ice.

This study was supported by National Science Foundation
interagency agreement DPP 74-23654. The field assistance of
Thomas L. Fenwick is greatfully acknowledged as is the data
reduction assistance of Anne H. Kennedy and the consulta-
tion of Rexford Morey, all with Geophysical Survey Systems,
Inc.
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Antarctic pack ice cover
variations

GEORGEJ. KUKLA
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Figure 2. Graphic record of impulse radar profile informa
tion obtained on short traverse on the snow of the McMurdo
Ice Shelf. On right of the graphic record is a representative

radar transceive impulse.

Lamont-Doherty Geological Observatory
Columbia University

Palisades, New York 10964

Pack ice in the Southern Hemisphere in 1971-1973
dissipated later in the year and covered a larger area than
between 1974-1976 and probably also between 1966-1970.
The variation was generally in phase with fluctuations of
snow cover in the Northern Hemisphere.

This is a tentative result of our investigation of the
seasonal and year-to-year variation of snow and pack ice
fields in both hemispheres. The purpose of the study is to
quantify the information contained in National Oceanic
and Atmospheric Administration and Navy snow and sea-
ice charts and generate time related indices reflecting the
impact of snow and ice cover on climate. The present report
deals only with the Southern Hemisphere.

Sea ice around Antarctica is now routinely charted in
weekly intervals by the Fleet Weather Facility of the U.S.
Navy. Polar stereographic charts, in a scale of 1:18,000,000,
show several categories of sea ice concentration in octas. The
maps are prepared from visual interpretation of visible, in-
frared, and microwave satellite images, extensively cross
checked by ship and aircraft reports. They are available for
the 1971-1972 antarctic summer season and continuously
from December 1972 onwards.

The ice extent in selected seasons of the 1966-1972 period
was studied by Streten (1973) and Sissala et al. (1972). We
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(3) A rapid dissipation of the pack begins in November
and continues through January, with a noon solar angle be-
tween 25 and 40°. The wind breaks up the pack
simultaneously from the outer edge, from leads and
polynyas along the coast, and in leads and large polynyas
within the pack interior.

Figure 2 shows secular changes of the pack-ice area be-
tween 1967 and 1977. The average monthly ice extent for
November from 1971 and the extent at the end of November
for the 1967-1976 period are shown. A comparison of the
November ice extent with the 12-month running means for
the 1973-1976 interval shows that the changes of November
extent could be considered representative for the entire 10-
year period. If the relationship is valid, the peak annual
averages were reached in 1971-1973, in phase with the max-
imum snow coverage in the Northern Hemisphere (Kukla,
1976). Independent estimates of July and August ice cover
for 1968, 1969, and 1970 by Sissala et al. (1972), of March
1969 coverage byStreten (1973), and of the average monthly
ice extents during the late 1950s by Treshnikov (1967) all in-
dicate that the ice extent in the late 1950s and 1960s was
significantly less than in the early 1970s.

This study is supported by National Science Foundation
grant ATM 76-01062.

have reconstructed the ice edge (using available ESSA
television cloud photography and ship and aircraft reports)
for several additional intervals in this period. Additional
charts are needed to complete the set of monthly summer
maps for the 1966-1971 interval.

The pack ice area was measured using a 2° latitude by 2°
longitude grid overlay, which changes to 2° latitude by 40
longitude south of 70 0S. The following classes were
distinguished: (1) open water outside the pack-ice edge, (2)
open water within the pack, (3) ice of average concentration
from 1 to 3 octas, (4) 4 to 5 octas, (5) 6 octas, (6) 7 to 8 octas,
and (7) sea ice of unspecified density. The data are
tabulated separately for five meridional segments (figure 1).
The 1967-1971 summer monthly set and the 1972-1977 2
week set will be made available upon completion. An ab-
sorption index (q) representing the amount of radiation ab-
sorbed by the surface under fixed atmospheric conditions,
also will be calculated. The following tentative observations
can be made thus far:

(1) The buildup of ice fields from the February minimum
between 3 and 4 million square kilometers to the September
maximum of up to about 20 million square kilometers is
relatively slow. The accretion takes place in the zone with a
noon solar angle of about 10° or less. Large polynyas and
areas of weak ice are formed in the Ross Sea and in the area
centered around 65°S. 10°W., probably due to the effects of
upwelling (Zwally et al., 1976).

(2) In August the inner pack is closed, with less than 3 to 5
percent open water. However, from infrared photographs a
significant proportion of thin, young 'warm" ice is observed
in leads that alternately reopen and refreeze. This observa-
tion is based on preliminary comparisons of August 1976
microwave images with enhanced VHRR infrared
photographs U. Zwally, W. Dehn, and G. Kukla, in
preparation). Former estimates of the open water ratio in
the antarctic winter pack need revision (Ackley and Keliher,
1976).
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the vertical bar.

Iceberg thickness profiling using
an impulse radar

AUSTIN KOVACS

U.S. Army Cold Regions
Research and Engineering Laboratory

Hanover, New Hampshire 03755

Development and refinement of radio and radar echo
sounding techniques over the last decade have resulted in in-
struments that provide continuous profiles of subsurface
features and interfaces in snow, ice, and ground that
previously were unobtainable. During the 1976-1977 austral
summer, I used an impulse radar system to obtain con-
tinuous profiles of the relief and lateral extent of the brine
infiltration layer in the McMurdo Ice Shelf and of saline ice
growth on the bottom of the Koettlitz Glacier tongue
(Kovacs and Gow, 1975, 1977).

The impulse radar also was taken to a 100 to 500 meter
tabular iceberg drifting in McMurdo Sound (figure 1) to
determine if the system could be used to measure the
thickness of icebergs. A helicopter from USCGC Northwind
transported us to the iceberg. Besides an antenna, the radar
equipment consisted of an electronic console, a graphic
recorder, a 12-volt car battery, a 12-to-115 volt converter,
and an electronic interface box. This equipment was placed
in a lightweight Fiberglas boat sled (Ahkio). The antenna
rested on the snow surface and was fastened to the back end
of the sled with a 0.5-meter tether. The sled antenna
assemblage was then pulled by a member of the helicopter
crew along the major axis of the iceberg. Care was taken to
keep well back from the ends of the iceberg, which could
have calved because of wave erosion undermining the ice
walls at sea level.

The center frequency of the impulse radar system is in
part a function of the size of the antenna used. In this study,
the antenna fan was approximately 1 meter long, which

resulted in a pulse center frequency of 100 megahertz and
frequencies of 50 and 150 megahertz at the - 3 decibel
points. In theory, the transmit-receive antenna radiates
short pulse electromagnetic energy that penetrates below the
surface and is then reflected from one or more subsurface
features back to the antenna. The two-way travel time of the
pulse is displayed in real time on the graphic recorder in a
manner similar to a single-trace acoustic-profiling system
used for subbottom profiling of marine sediments. The
return times are equated to distance by assuming an effec-
tive dielectric constant of the medium between the surface
and the subsurface reflector.

Figure 2 shows the graphic record of the travel times for
the reflected impulse signal along the 400-meter-long
traverse. This record shows that the firn on the south end of
the iceberg contained a brine layer (Kovacs and Gow, 1977).
The concentration of the brine within much of the layer ef-
fectively blocked transmission of the radar impulse.
However, near its terminus the layer must have been thinner
and contained weaker brine that allowed the antenna-
radiated electromechanical energy to pass through, because
the bottom relief of the iceberg is plainly in evidence. It is
apparent from the record that this iceberg had significant
bottom relief. A third horizon, which extended across the
north half of the iceberg near the bottom, also appears on
the record. The nature of this reflective interface is not
known.

Sy assuming effective dielectric constants of 2.1 for the
firn above the brine layer and 2.8 for the firn and ice be-
tween the top and bottom of the iceberg, the depth to the
brine layer and the thickness of the iceberg can be deter-
mined from:

Ve =
	r

where V = effective velocity
c = velocity of radar signal in air = 3x108 meters

per second
= effective dielectric constant
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D=Ve

and then:
where D = depth

td = travel time from transceiver antenna on surface
to and from subsurface interface (scaled from
graphic record)

The calculated depths of the brine layer at the south and
north ends of the profile were 13.7 and 17.4 meters respec-
tively. The calculated thickness of the iceberg at station 4.5
and stations 5 through 17 ranged from 90.0 to 60.5 meters.

The apparent freeboard, based on the depth of the brine
layer at the south end of the iceberg is about 14 meters. The
average calculated thickness is about 72 meters. This gives a
freeboard-to-thickness ratio of 1 to 5.2, which is higher than
the 1 to 3.6 freeboard-to-thickness analysis of Gow (1968)
for antarctic ice shelves of similar thickness. This difference
implies that the iceberg has a thinner layer of firn and may
be of glacial rather than shelf origin. The highly irregular
bottom relief also suggests a glacial origin. Differential
wasting of the iceberg is of course another explanation for
the high ratio. The iceberg sides were not vertical. At one
site on the northern end they bulged out below sea level
presumably as a result of wave erosion and subsequent col-
lapse of ice from the undermined cliffs. As Kovacs and

Figure 2. Graphic record	South	
25m

of impulse radar profile in .	r	1
formation obtained during	I
traverse along major axis
of iceberg. Time between
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Mellor (1971) have shown, this calving can influence the
flotation level of small icebergs, that is, increase their
freeboard-to-thickness ratio. Conversely, at the south end of
the iceberg the sides could not be seen extending below sea
level. This would indicate that the keel sloped back under-
neath the iceberg.

This study has shown that thickness profiling of an iceberg
is possible. One might obtain similar results from the air by
mounting the antenna on a helicopter, as did Kovacs (1977)
when using impulse radar to measure the thickness of first-
year and multi-year sea ice in the Arctic.

This study was supported by National Science Foundation
interagency agreement DPP 74-23654. Helicopter and crew
support by USCGC Northwind is gratefully acknowledged.

Figure 1. Iceberg profiled in McMurdo Sound.
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seasons combined. Only 12 to 15 new sites remain to be
visited.

Three small camps were established for meteorological
and tidal gravity programs. In addition, field camps were
established on Roosevelt Island and at location C-7, where
shallow drilling to a depth of 50 meters was done and ice
cores collected.

RISP management office personnel in the field were P.
Breckenridge, B.L. Hansen, K. Kuivinen, W. Rierden, and
the author. Preliminary results are described in the follow-
ing reports. The work is supported by National Science
Foundation contract DPP 72-02685.

Ross Ice Shelf geophysical
survey, 1976-1977

CHARLES R. BENTLEY and KENNETH C. JEZEK

Ross Ice Shelf Project, 1976-1977

JOHN W. CLOUGH

University of Nebraska-Lincoln
Lincoln, Nebraska 68588

The third season of the Ross Ice Shelf Project (RIsP) was
the busiest to date. After being delayed for 2 years the RISP
drilling was begun this season. The RISP drill camp (J-9) was
occupied from October 19 until December 31. Antarctic
Development Squadron 6 airlifted over 400,000 pounds of
cargo toJ-9 from McMurdo.

Unfortunately, the shelf was not penetrated. When the
wireline drill became stuck and an access hole was not ob-
tained, several science projects were postponed or diverted
to other areas of Antarctica. Those projects are not included
below but are described elsewhere in this issue.

The Ross Ice Shelf Geophysical and Glaciological Survey
(RIGGs) began on 10 November with the reopening of
Roosevelt Island camp for the resurvey of strain networks
placed there during the 1974-1975 field season. A Twin Ot-
ter airplane chartered from the British Antarctic Survey
(BAS) arrived on 21 November to support the resurvey.
Thirty-four strain networks in the Roosevelt Island area
were remeasured. The resurvey was completed on 18
December, and the glaciologists moved to a new camp at
Q. 13. Survey work was conducted from this camp until 24
January, when the BAS Twin Otter left McMurdo for the
Antarctic Peninsula to conduct rescue operations there.

A second new camp, C-16, was occupied from 1
December until 8 February. A Twin Otter airplane,
chartered from Bradley Air Services, Ltd., was used to con-
duct survey work in this area from 17 December to 7
February. Despite poor flying conditions and interrupted
Twin Otter service, 80 new survey sites were visited. This is
equal to the number of stations visited during the first two

Geophysical and Polar Research Center
University of Wisconsin-Madison

Madison, Wisconsin 53706

The Ross Ice Shelf Geophysical and Glaciological Survey,
1976-1977 (RIGGs III) geophysical program continued work
from the 1973-1974 and 1974-1975 seasons (Bentley et al.,
1974; Clough and Robertson, 1975; Bentley, 1976).

The geophysical program started at J-9 drill camp in late
October with radio echo sounding profiles that indicated a
complex pattern of bottom crevasses in the area but con-
firmed the drill hole location previously selected as satisfac-
torily free of bottom crevasses. In November, extensive
geophysics was done at J-9. The main products were (1) ice
thickness profiling of an area 3 by 5 kilometers with a 0.5-
kilometer spacing, (2) two 1-kilometer wide-angle radar
reflection profiles perpendicular to each other, (3) ex-
periments with collinear radar antennas, which show a bet-
ter near-surface resolution than obtained from parallel
antennas, (4) three seismic P-wave refraction lines to a
distance of 2 kilometers with close spacing at short distances
(profiles were along azimuths differing by 60 degrees), (5)
two S-wave short refraction lines at right angles extending to
400 meters, with both SV and SH recorded, (6) excellent
determinations of both ice thickness and water depth
beneath the ice from shots fired in the bottom of the aban-
doned 150-meter core hole, (7) a gravity survey on the
radar-profiling network, (8) two electrical resistivity profiles
to 600 and 700 meters, respectively, at right angles to each
other (good results were obtained; there was no evidence of a
resistive basal layer, in agreement with the previous observa-
tions at RIGGS I base camp almost directly upstream), (9)
ultrasonic wave velocities measured in three directions on ice
core samples (see Kohnen and Bentley, 1977), and (10) a
complete radar polarization experiment, with each antenna
being rotated stepwise in 15-degree increments.

Early in December the University of Wisconsin group split
into two parties, one going to station C-16 and the other to
Roosevelt Island base camp. At C-16, most of the first
month was spent doing geophysics near the camp, owing to
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late arrival of the supporting Twin Otter airplane and
operational difficulties after it arrived. The station work
continued on an opportunity basis to the end of the season.

These measurements were made near C-16: (1) Surface
topography and ice thickness were surveyed on a network 5
by 2 kilometers with 1/2-kilometer spacing, revealing ice
thickness waves about 25 meters in amplitude and a little
more than a kilometer in length that were seemingly no
more than half compensated by corresponding surface
topography changes. An additional 11-kilometer line with
accurate leveling, emplacement of strain stakes, and radar
thickness measurements was established normal to the
"waves" in cooperation with the University of Maine.
Analysis should yield information about stress in, and flex-
ural strength of, the ice shelf. (2) Seismic short refraction
profiles, including P, SV, and SH waves, were completed
along three azimuths at 60-degree angles. (3) A seismic
wide-angle reflection profile was completed out to a distance
of 2.5 kilometers. (4) A 400-kilogram seismic long refraction
shot was recorded at distances of 23 and 26 kilometers. (5)
Two electrical resistivity profiles at right angles to each
other were completed. Results show a much less rapid
decrease in resistivity with distance than would be expected
on a resistivity-versus-depth model similar to that at J-9, yet
no increase as at Roosevelt Island base camp. (6) Radar

wide-angle reflection profiles were carried out along the
same two lines as the electrical resistivity profiles. (7) A
radar polarization study similar to that at J-9 was made.
There is little evidence for any depolarization at C-16. (8)
Seismic reflection (water depth) and gravity profiling were
done to a distance of 10 kilometers north, south, east, and
west from the station. A fifth gravity line was completed
along a diagonal direction to improve the coverage over a
remarkable, nearly circular, regional negative anomaly with
an amplitude close to 40 milligals.

At Roosevelt Island base camp in early December two
electrical resistivity profiles were completed out to 1200
meters with careful leakage control, confirming the ex-
istence of a basal resistive layer in the ice shelf, as previously
reported (Bentley, 1976 a,b). Preliminary indications from
another resistivity profile, 140 kilometers upstream along
the axis of the ice stream, are that a similar basal resistive
layer is found there. A wide-angle radar reflection profile
was completed at a station, probably on grounded ice, just
upstream from the Steershead Crevasses.

In mid-December the party moved to station Q-13 and
did a station program there similar to the one at C-16, ex-
cept that more extensive radar profiling for bottom crevasse
patterns and for delineation of internal layering within the
ice took the place of extensive surface topography and gravi-

Location map for RIGGS.
Heavy dots and lines:
1976-1977 stations and
radar flight lines. Light
dots and lines: 1973-1975
stations and flight lines.
Open circles: previous sta-
tions (Crary et al., 1962).
Large black labeled
circles: base stations

referred to in text.
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ty mapping. Work completed included (1) two wide-angle
profiles using the 35-megahertz radar and one with the 150-
megahertz radar, (2) one electrical resistivity profile, (3) 50
kilometers of radar profiling (on the surface), (4) 30
kilometers of gravity profiling, (5) 2 kilometers of seismic
profiling along radar wide-angle lines, (6) two seismic short
refraction profiles, including all three components of mo-
tion, (7) radar polarization experiments, (8) a seismic wide-
angle profile, and (9) one seismic long refraction shot
recorded at 23 and 25 kilometers.

In December, for reasons including absence of aircraft,
bad weather, and problems with navigational systems, the
airlifted survey of new sites went slowly. In early January the
work was delayed further by a crew change for one Twin Ot-
ter and an extended absence of the other on an emergency
mission to the Antarctic Peninsula. However, by mid-
January the survey program had taken a dramatic turn for
the better. At the end of the season 80 stations had been oc-
cupied (figure), most of them with all geophysical and
glaciological measurements: radar sounding of ice
thickness, seismic sounding of water depth, gravity,
establishment of a strain rosette, position determination by
navigational satellite, and near-surface snow sampling.
Only three desired sites outside of the 190-kilometer
operating radius from McMurdo were not occupied. (Those
three stations are in an interesting area in the north central
part of the ice shelf and will be occupied, if possible, during
the next field season.) Three stations were occupied for 1 or
2 days each, during which electrical resistivity measure-
ments, gravity observations, seismic short refraction
shooting, radar profiling, wide-angle reflection, and
polarization studies were done.

Airborne radio echo sounding was completed along 4,500
kilometers of flight lines (figure). Partly because of cloudy
weather, and partly because of summer snowfall, sighting of
survey sites from the air was less successful than in past
seasons. However, the inertial navigation system in the Twin
Otter was in good operating condition and ice thickness
variations are less complicated than in the eastern portion of
the shelf, so correlation problems are not anticipated.

Members of the field parties were D.G. Albert, C.R.
Bentley, L.L. Greischar, K.C. Jezek, J.F. Kirchner, H.
Pollak, and S. Shabtaie. Extensive assistance with the work
at J-9 by Heinz Kohnen is gratefully acknowledged. Work
was supported on National Science Foundation grant DPP
72-05802. This is University of Wisconsin, Geophysical and
Polar Research Center, Contribution 343.
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Glaciological measurements on
the Ross Ice Shelf

ROBERT H. THOMAS and DOUGLAS R. MAcAYEAL

Institute for Quaternary Studies
University of Maine at Orono

Orono, Maine 04473

Strain-rate measurements on the surface of the Ross Ice
Shelf were continued during the 1976-1977 austral summer.
The work forms part of the Ross Ice Shelf Geophysical and
Glaciological Survey (RIGGs), which involves measurement
of ice thickness, depth to sea bed, snow accumulation rates,
local gravity, and surface strain rates at a 50-kilometer grid
network of stations on the Ross Ice Shelf. At some of the sta-
tions, ice velocities are obtained from comparison of precise
position fixes, and holes are drilled for 10-meter
temperatures and for oxygen-isotope analysis of surface
snow samples. Surface strain rates are obtained from Kehie-
type strain rosettes (Zumberge et al., 1960) with 1 to 1.5
kilometer "legs."

RIGGS was started in 1973-1974 when 47 strain rosettes
were planted in the southeast corner of the ice shelf (Thomas
and Gaylord, 1974). Most of these were located and
remeasured during the 1974-1975 season, when 34 new
rosettes were planted in the northeast quadrant of the ice
shelf (Thomas and Eilers, 1975). Logistic problems led to
the cancellation of the 1975-1976 field program, so our
plans for this last season included remeasurement of
already-planted rosettes and installation of approximately
100 new rosettes to complete the survey in the western half of
the ice shelf. Most of this work was accomplished.

The 1976-1977 field party consisted of E. Penn of the
University of Nebraska at Lincoln, D. Schilling of the
University of Wisconsin Center, and T. Hughes, J . Lingham
and ourselves, all of the University of Maine at Orono. J.
Sorenson and D. Hall of the U.S. Geological Survey
operated satellite-tracking equipment to obtain precise posi-
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tion fixes at most of the stations. Field work began in early
November 1976 with the relocation and excavation of the
Roosevelt Island camp (RI on the figure). Resurvey of a 40-
kilometer network of stakes near the camp was completed in
time for the arrival of the British Antarctic Survey (BAs)
Twin Otter that was to fly us to the grid stations. All of the
stations that were planted during 1974-1975 and several
from the preceding season were located and remeasured by
mid-December. This work was accomplished despite con
tinuous problems with the Twin Otter navigation system,
and our success was primarily due to the determination and
complete involvement of the pilot and engineer, G. Kershaw
andJ. Nicholson.

Early in December E. Penn and D. MacAyeal joined
Charles Bentley's RIGGS group at C-16 camp (figure) in the
southwest quadrant of the ice shelf, where they continued to
establish new grid stations until early February 1977. Three
geophysicists then joined the group at RI camp to begin
planting new grid stations in the northwest quadrant of the
ice shelf. At the end of December this entire group moved to
Q-13 camp (figure). Although the BAS Twin Otter was
obliged to return to the Antarctic Peninsula for part of the
season 82 of the planned new grid stations were established.
During the 1977-1978 field season we hope to locate these
stations, remeasure the strain rosettes, and repeat the
precise position fixes.

Preliminary analysis of RIGGS data from the southeast cor-
ner of the ice shelf revealed an apparent thickening with
time of the ice in this region (Thomas, 1976a). Currently a
more complete analysis (Thomas and Bentley, 1977) con-
firms this trend if we assume that locally there is negligible
melting or freezing beneath the ice shelf. With this assump-
tion, average thickening rates upstream of Crary Ice Rise
(figure) are calculated to be about 0.3 meters of ice per year,
decreasing toward the north so that, near the Ross Ice Shelf
Project drill-hole, the ice shelf is approximately in
equilibrium.

The RIGGS data also will be used to test a finite element
computer model of the ice shelf that will examine the effects
on ice-shelf dynamics of ice rises and ice streams.

This research was supported by National Science Founda-
tion grant DPP 76-23047.
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B. STAUFFER and M. MOELL

Physics Institute
University of Bern, Switzerland

The scientific objective of the contribution of the Univer-
sity of Bern to the Ross Ice Shelf Project is to determine both
the age of the ice shelf at different depths and the time
elapsed since the water beneath the shelf has been in contact
with the atmosphere. This aim is achieved by measuring
naturally produced isotopes, mainly carbon-14, argon-39,
silicon-32, and hydrogen-3, in large snow, ice, and sea-
water samples.

On 20 October 1976, B. Stauffer, M. Moell, and W.
Bernhard, all of the University of Bern, arrived at McMur-
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do. Approximately 2.8 tons of scientific equipments were
checked, repacked, and sent to the drill camp site at J-9,
where the team began its work on 26 October. All downhole
and seawater sampling had to be cancelled due to dif -
ficulties with the drilling program. Sampling was reduced to
surface and near surface levels. Of major interest should be
a silicon sample extracted from 600 liters of water pumped
up from the water well (45 meters below the surface) and its
corresponding reference sample obtained from surface
snow. Both samples were collected by a new method using
ion exchange resin and will be measured at the Laboratoire
de Glaciologie in Grenoble, France. The results should yield
information on long term accumulation rates.

On 2 December, the Swiss group returned to McMurdo to
start a contingency program on the annual sea ice 5
kilometers out of McMurdo. Two samples of air (400 liters
each at standard temperature and pressure) were collected
by degassing 50,000 liter of seawater from a depth of 5
meters below surface. Carbon dioxide and noble gases will
be extracted from these samples, and carbon-14, argon-39,
and krypton-85 activities will be measured. Extraction and
measurements are difficult and require time consuming
laboratory work at the University of Bern. The results will be
important as reference points for future seawater samples to
be taken at J-9. Additional seawater samples for total gas
and tritium analysis were collected at the same site.

The contingency program on the sea ice could only be
carried out thanks to the generous assistance by U.S. Ant-
arctic Program personnel. Their help is very much ap-
preciated.

Geochemical and isotope studies of the University of Bern
are supported by NSF grant DPP 73-05933. Principal in-
vestigator of the project is H. Oeschger.
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Subsurface measurements of the
Ross Ice Shelf, McMurdo Sound,

Antarctica

AUSTIN KOVACS and ANTH0NYJ. Gow

U.S. Army Cold Regions Research and Engineering
Laboratory

Hanover, New Hampshire 03755

During January 1977 a dual-antenna impulse radar pro-
filer was used successfully to monitor the depth charac-

teristics, lateral continuity, and inland boundary of sea
water infiltration in the McMurdo Ice Shelf, McMurdo
Sound, Antarctica. The profiler was similar in design to the
instrument used in January 1974 by Kovacs (Kovacs and
Cow, 1975) in preliminary investigations of brine-soaked
firn.

This season's studies have provided much new interesting
information on the brine infiltration zone, including data
on changes in the elevation of the brine-soaked layer and ice
shelf thickness as a function of distance from the shelf edge.
Results of one traverse, extending from the shelf edge to
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some distance beyond the inland boundary of the brine
layer, are presented in figure 1 Of particular interest are
the prominent 4-meter step in the brine layer at a distance of
approximately 2,850 meters from the ice edge and the small
but significant change in the surface slope at the same loca-
tion. Radar profiling also reveals that the inland boundary
of the brine layer generally terminates in a series of steps.
This boundary was examined near Ross and White Islands
and carefully delineated at numerous locations between the
two islands.

We further determined that the hydraulic gradient
represented by the slope of the brine layer is 0.1 x 10, that
the bottom of the shelf has a mean slope of 1 to 115 and that
the height-to-thickness and height-to-depth ratios of the ice
shelf are 1 to 44 and 1 to 34 respectively. Observations

4Surface 5

along a traverse extending inland 7 kilometers from the ter-
minal boundary of the brine layer yielded new information
on shelf bottom relief.

Two holes were drilled for cores at the site of the 4-meter
step in the brine layer. Both holes penetrated the top of the
brine layer on the high and low sides of the step. Results of
tests performed on cores from these two holes are shown in
figure 2. Thin sections of cores were examined to determine
the effect of brine percolation on the structure of the firn.
Meltwater samples were taken to the Cold Regions Research
and Engineering Laboratory and are under analysis. These
analyses include measurements of the major cation and
anion ratios, designed to determine the extent to which sea
water brines are concentrated during infiltration through
the firn. Oxygen-18/oxygen-16 values will be measured to
provide background data on brine-free firn and also to fur-
nish additional information on isotopic exchange effects as a
function of distance in from the ice front. Extrapolation of
the firn density profile at the 4-meter brine step indicates

that the brine layer at this particular location is probably 10
meters or more thick.

Because of mechanical problems with the Swiss shallow
drill it was not possible to collect samples at the inland
boundary of the brine layer located approximately 50
meters below the surface. Coring at this location is needed to
determine (1) why brine infiltration terminates where it does
and (2) if significant vertical migration of brine downward
into the shelf is also occurring.

The eastern boundary of the brine layer was originally
delineated by Clough (1973), who emplaced bamboo
markers at intervals along the boundary. Most of these
markers were relocated during the current survey, and it ap-
pears that the brine layer is penetrating the shelf at the rate
of only a few meters per year. This movement is much less
than that needed to maintain dynamic equilibrium with a
measured shelf movement of approximately 100 meters per
year. This suggests that the lateral extent of brine infiltra-
tion in the McMurdo Ice Shelf is decreasing or that its
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lateral movement is the result of "surging" linked possibly to
periodic major breakouts of the ice front in McMurdo
Sound.

The glacial ice/saline-ice transition on the Koettlitz
Glacier tongue was investigated at several locations, but not
as extensively as originally planned because of extremely
rough surface conditions caused by intense ablation of the
glacier during December 1976 and January 1977 (see figure
3). However, the ice tongue was profiled successfully at a
number of different locations, and a representative graphic
record showing both the glacial ice/saline-ice transition and
the saline-ice/sea water interface is presented in figure 4. At
this site, approximately 18 meters of glacial ice is underlain
by up to 2 meters of saline ice. This result was verified by
drilling. To determine interface relationships of the glacial
ice/saline-ice transition, cores from this and earlier drillings
are being investigated for petrographic structure, salinity
variations, and isotopic composition.

This and previous years' observations of the Koettlitz
Glacier ice tongue indicate that the ice tongue undergoes
appreciable thinning (by surface ablation) before any
significant freezing of sea water occurs, and that the max-
imum thickness of accreted saline ice probably does not ex-
ceed 20 meters.

The field assistance of Thomas Fenwick of Geophysical
Survey Systems, Inc., is gratefully acknowledged. This
research was supported by National Science Foundation in-
teragency agreement DPP 74-23654.
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Ultrasonic measurements on ice
cores from Ross Ice Shelf,

Antarctica, drill hole

HEINZ KOHNEN

Inst it utefir Geophysik
der Wesralischen Wilhelms

Universitât Munster, West Germany

CHARLES R. BENTLEY

Geophysical and Polar Research Center
University of Wisconsin

Madison, Wisconsin 53706

As part of the Ross Ice Shelf Project (RISP), we made
ultrasonic investigations of ice cores recovered from the Ross

Ice Shelf during the 1976-1977 field season. The purpose
was to examine the variation of wave speed with depth, to
search for anisotropy, and to compare results with sonic log-
ging. Unfortunately, logging could not be done owing to the
lack of a fluid-filled hole in which to measure.

Field operations. The ultrasonic measurements were done
between 16 and 27 November 1976. A mobile laboratory
(lab van) was used; it had electrical power and good thermal
insulation, which kept the interior between - 6 1 and
- 12°C.

Only one of the two planned core holes was drilled,
yielding a continuous core sequence only through the upper
100 meters. Further penetration without coring reached 150
meters, then 5 meters more of core was obtained by thermal
drilling. Samples about 0.15 meters long were obtained
every 5 meters to 100 meters depth, and every 1 meter from
150 to 155 meters. The samples were brought to the lab van
immediately upon recovery and were given about 2 hours to
adjust to the ambient air temperature. Calculations showed
that temperature adjustment will be complete within a frac-
tion of a percent within that time. Thereafter, they were cut
with a band saw to individual specimen size for the
ultrasonic measurements.

Technique. A Krautkrmer usis 11 system with barium
titanate transducers was used. The equipment was operated
at 2 megahertz, chosen to balance time resolution, sample
dimensions, and energy attenuation. The time scale of the
oscilloscope was calibrated using aluminum rods of different
lengths, taking into account the ambient air temperatures.
The wave speed in the aluminum rods, and its temperature
dependence, were determined in the Universitt Münster.

Each ice-core sample was cut into several (usually three)
nearly cubical specimens of various dimensions between 10
and 70 millimeters. Travel times were measured on each
specimen parallel to the bore hole axis and along two
perpendicular directions normal to the axis, yielding a
travel time curve for each sample. The specimen lengths
were measured with a micrometer to ± 0.1 millimeter. Er-
rors in velocities are of the order of 1 percent. Figure 1 shows
examples of the travel time curves for different depths.

Results. In figure 2, the vertical and horizontal P-wave
velocities (designated Vi and Vi respectively) are plotted
versus depth. The most distinctive feature is the large range
over which the velocities vary for each sample. This range,
exceeding 100 meters per second, is not merely due to ex-
perimental errors, which are about ± 20 meters per second
(standard deviation). The simplest explanation, that the
shelf ice is anisotropic, is insufficient because the velocity
differences VN - Vi. (table) vary so irregularly down the
hole. It is unlikely that the ice shelf would have developed a
texture wherein the preferred orientation changes its direc-
tion drastically every few meters. On the contrary, fabric
studies in the Little America core have shown a texture that
varies much more regularly (Gow, 1963).

The explanation probably is in the crystal size. Chiang
and Langway (1976) report mean grain sizes of 5 square
millimeters (cross-sectional areas) at pore close-off (44
meters) and of about 40 square millimeters at 100 meters.
Extrapolating this trend according to the grain size increase
at other ice shelf locations (Gow, 1969) leads to expected
grain sizes of 80 to 100 square millimeters at 150 to 155
meters. Consequently, only a small number of grains is con-
tained in the samples, particularly the deeper ones, used for
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the ultrasonic measurements. Since velocities in the in-
dividual grains could vary over a range of almost 300 meters
per second depending on their orientations (Bennett, 1972),
the expected variation between samples, for a grossly ran-
dom distribution of orientations, would be substantial.

If we treat the velocity variations as random, and assume
that all the samples represent the same population, then the
mean of VN - Vi is insignificantly different from 0 (6 ± 12
meters per second). However, there does appear to be a dif-
ference between the upper hundred meters and the interval
from 150 to 155 meters. The mean for the upper part is
significantly positive (30 ± 9 meters per second) whereas
that for the lower section is negative, although not convinc-
ingly so (- 39 ± 27 meters per second). The greater velocity
in the vertical direction between 24 and 104 meters is consis-
tent with a weakly developed preferred vertical orientation
of the c-axes, such as that exhibited at the 61-meter depth at
Little America (Gow, 1963). The velocities between 150 and
155 meters, even if not significantly greater in the horizontal
direction, are not compatible with a more strongly
developed vertical preferred orientation, such as that below
100 meters at Little America (Gow, 1963). This may reflect
a west antarctic grounded ice sheet origin for the deeper ice.
From Thomas (1976), the depth to the boundary between
ice originating on the grounded ice sheet and on the floating
ice shelf would be about 90 meters (assuming steady state).

The velocities from each sample are averaged and plotted
against depth in figure 3. The velocities correspond to an

Measured velocities on ice core samples, together with
temperatures at which measurements were made. Vii: velocity
parallel to borehole axis, Vi: velocities perpendicular to that axis.

P-wave velocities [km/sec]

Depth	
Vn	Vi	Vt	 Temper-

ature
(m) kms	kms	kms	 (°C)

24	2.003	-	-	2.003	-	-	- 7
31.5	2.980	-	-	2.980	-	- 6
36	3.513	-	-	3.513	-	-- 6
41	3.510	3.452	-	3.482	58	- 7
45.5	3.725	3.746	-	3.736 - 21	-	- 8
49.5	3.872	3.845	3.670	3.796	27	175	- 8
55	3.861	3.818	3.856	3.845	43	5	-11
65	3.852	3.843	3.848	-	9	-12
69.5	3.899	3.854	3.862	3.872	45	37	- 9
75.7	3.868	3.804	3.862	3.845	64	6	- 8
80.5	3.844	3.838	3.821	3.834	6	23	- 8
85.1	3.873	3.892	3.814	3.860	- 29	59	- 8
91	3.891	3.852	3.868	3.870	39	23	- 8
94.7	3.862	3.858	3.810	3.843	4	52	- 9
99.2	3.855	3.857	3.906	3.873	- 2 - 51	- 7.5

104	3.947	3.903	3.862	3.904	44	85	- 9.5
150	3.883	3.938	3.808	3.876	- 55	75	-10.5
151	3.808	3.928	3.888	3.875	-120 - 80	- 9.5
152.3	3.927	3.831	3.860	3.873	96	67	-10
153.3	3.860	3.859	3.830	3.850	1	30	-11
154	3.853	3.902	3.962	3.906	- 49 -109	-10
155	3.787	3.936	3.962	3.895	-149 -175	- 9

/
DEPTH I	DEPTH= J	DEPTH=/	DEPTH=
65m f	85m 7	04m f	151m

5-	
/	

7	(pI	I	/

I	I	I	* PARALLEL TO THE BORE
HOLE AXIS

/	 / 	 /	• PERPENDICULAR TO THE
/	 0"	 50	 o"	BORE HOLE AXIS

0-	 50-
0	 50	 0	 50

SAMPLE LENGTH (mm)

Figure 1. Sample travel time curves on ice core samples
from different depths. One oscilloscope scale unit is about

1.7 microsecond.
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Figure 2. P-wave speed versus depth in the bore hole. Data
are listed in the table.
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Figure 3. Mean P .wave speeds and densities versus
depth. Solid line depicts smoothed velocities from seismic
refraction shooting. Circles connected by dashed lines are
values of average velocity. Unconnected dots are densities

(right hand scale).

average temperature of - 9.5°C; no temperature correc-
tions are applied because the influence of the small
temperature differences from sample to sample (table) is
negligible (about ± 5 meters per second).

Also shown in figure 3 is a smoothed velocity-depth curve
from refraction shooting at J-9 during 1976-1977. Both sets
of data show a close approach to maximum velocity at a
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depth as shallow as 50 meters, but the ultrasonic velocities
are significantly higher than the field measurements at all
greater depths. The maximum velocity from the refraction
shooting, 3,805 ± 10 meters per second, is typical of other
refraction shooting on the Ross Ice Shelf (Robertson, 1975;
Crary et al., 1962). When corrected to the temperature in
the lab van this velocity would be only 3,770 meters per sec-
ond.

The ultrasonic velocities, on the other hand, although
relatively high (mean for 150 to 155 meters is 3,879 ± 13
meters per second) are more in accord with those from other
antarctic ultrasonic measurements (Bennett, 1972; Bentley,
1972), refraction shooting on ice sheets (summary in
Kohnen, 1974), and laboratory measurements (summary in
Roethlisberger, 1972). The low maximum velocities from
refraction shooting on ice shelves have long been known (see,
for example, Thiel and Ostenso, 1961), but never well ex-
plained. The present study, at least so far, only heightens
the mystery, since the difference of some 100 meters per sec-
ond between the maximum velocities measured is too great
to be explained in terms of the anisotropy detected by the
ultrasonic measurements.

There appear to be some variations in average velocity
around a smooth average curve between 65 and 105 meters
depth. Whether these variations are real is difficult to say
because of the large scatter in the individual velocity
measurements. A suggestion of a similar variation appears
in the density depth curve (also plotted in figure 3, from
Chiang and Langway, personal communication, 1977) but
is far too poorly defined for any quantitative discussion.

The field work was financially supported by National
Science Foundation grant DPP 75-19220 and by the Univer-
sity of Münster, West Germany. Field support by the Ross
Ice Shelf Project operations staff is gratefully acknowledged.
This is University of Wisconsin, Geophysical and Polar
Research Center, Contribution 341.
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Ross Ice Shelf Project drilling,
October- December 1976

JOHN RAND

U. S. Army Cold Regions Research and Engineering
Laboratory

Hanover, New Hampshire 03755

On 27 October the drilling crew and cargo arrived at site
J-9 on the Ross Ice Shelf. The team consisted of John Rand,
James Morse, Robert Bigl, and Gerard Sheldon from the
U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL); B. Lyle Hansen from the Ross Ice Shelf
Project Management Office, University of Nebraska-
Lincoln; Henry Rufli from the Physics Institute, University
of Bern, Switzerland; and Steven Quarry from the State
University of New York-Buffalo.

The Ross Ice Shelf Project (RIsP) wire line core drilling
system, designed and constructed at CRREL, incorporates
various industrial components and rotary drilling tech-
niques. It is described by Hansen (1976):

A wire line core drilling system consists of a coring bit attached to
the core barrel outer tube assembly which is rotated by the string of
drill pipe, the non-rotating core barrel inner-tube and core lifting
assembly, a wire line hoist with an overshot attached to its cable
which is used to retrieve the core laden inner tube through the inside
of the drill pipe, a means of supporting and rotating the drill string,
and a means of circulating the drilling fluid which removes the cut-
tings from the bore hole, cools the coring bit, and stabilizes the hole.

The two drill strings used are shown in figure 1.
The proposed drilling was to include four holes: the water

well hole, the Bern hole, the core hole, and, finally, the ac-
cess hole.

The water well was drilled between 1 and 4 November.
The 12-inch-diameter hole was drilled to 48.2 meters. The
generally very cold and windy weather had adverse effects on
the drilling operations. Water well operation started on 12
November and ceased on 21 December. During the 39 days
of operation, water was produced and stored in the well at a
rate of approximately 50 gallons per hour.

Many problems arose during the drilling of the Bern hole
between 5 and 20 November. In addition to the poor
weather already mentioned, problems developed due to the
operators' lack of experience. However, the major problem
was the overshot, the tool used to lower an empty inner core
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barrel and retrieve the core-filled inner core barrel. On
three separate occasions this tool released accidentally, caus-
ing damage to the cutting bit.

Core was obtained to 103 meters before the third uncon-
trolled release of the inner tube resulted in a decision to ter-
minate all attempts to recover core with the wire line system
until improvements could be made to the overshot assembly.
On 22 November, open hole (no core being retrieved) was
drilled from 103 to 147 meters. The wire line system was

October 1977

WIRE LINE CORE DRILL

then moved to the access hole location. The CRREL thermal
drill was set up at the Bern hole to attempt to drill to a depth
of at least 250 meters. The hole was advanced to a depth of
152 meters where the thermal drill became stuck. All at-
tempts to recover the drill failed, and the cable was cut to
enable radio propagation studies to take place.

Accumulated delays in the drilling activities and the
problems that had developed in the drilling of the Bern hole
resulted in a decision not to attempt the core hole that field
season.
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Prior to the start of the drilling of the access hole, an aux-
iliary 7-inch-diameter hole had to be drilled 60 meters deep.
A submersible pump was placed in this hole to pump sea
water out of the access hole for use in later drilling opera-
tions. This operation was accomplished on 26 November,
and the drill was then moved 12 inches sideways to start the
access hole operation.

Figure 2 shows the general progress of the J . 9 access hole
operation. On 1 December, the hydraulic motor for the
vacuum pump failed. It was repaired in the field and put
back into service. An alternate prime mover was obtained in
case of further problems with the motor.

On the evening of 3 December, penetration stopped. As
the drill pipe was being pulled, the bit had become
separated from the drill string. The bit was retrieved, and
field repairs were made on it.

The next stoppage occurred on 9 December. When the
drill string was pulled, a section of the top stabilizer was
found to be missing. Damage to the bit was also noticed and
repaired.

On 12 December, drilling stopped at 310 meters. Again
the top stabilizer had been dislodged from its position. The
bit was again repaired and new shear pins added to the
stabilizers.

Drilling of the access hole stopped at 330 meters on the
morning of 13 December. The drill had been lowered down
the hole during the evening of 12 December. Drilling had
been resumed and a noticeable increase in penetration rate
(21 meters in 4.5 hours) and smooth drilling had been ex-
perienced. At the end of this crew shift, drilling halted and
the drill remained stationary for 30 minutes. At the start of
the next shift's operation the drill could not be raised,
lowered, or rotated. All attempts to recover the string were
unsuccessful. After several days, it was decided that the drill
should be left in place and recovery attempts resumed dur-
ing the next field season when new equipment could be
used.

Based upon the experiences of this season's drilling opera-
tions it is now known that it is not feasible to drill an open
hole through the Ross Ice Shelf due to closure of the drilled
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hole as a result of the flowing characteristics of ice. Weert-
man (1973), as a part of this RISP study, calculated the
closure rates for a proposed 500-meter hole on the Ross Ice
Shelf. Hansen (1976, unpublished) recalculated for an
assumed ice thickness of 420 meters and Rand's 100-meter
temperature profile at the drill site. Based on these calcula-
tions, it had been thought that it would be feasible to drill
an open hole to within several meters of the bottom of the ice
shelf, but the stoppage at 330 meters disproved this assump-
tion.

Operations this next year will include alternate liquid.
filled methods of drilling through the Ross Ice Shelf to ob-
tain an access hole.
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Polar ice core analysis

100
	 CHESTER C. LANGWAY, JR., and MICHAEL M. HERRON

Department of Geological Sciences
200	 State University of New York, Buffalo

Amherst, New York 14226

The polar ice core analysis program of State University of
New York, Buffalo, began in January 1975. The program is
integrated and multidisciplinary with the field portion
primarily involved with ice core and surface sample collec-
tions and the laboratory portion involved in detailed cold
room, warm laboratory, and clean room investigations.

The present emphasis on all studies is designed to
establish and characterize the nature of ice sheets during
their chronological development in the various geographical
locations and geophysical zones on the Greenland Ice Sheet
and on the Ross Ice Shelf and other antarctic locations. A
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thorough investigation is made of the physical properties
and chemical constituents of the shallow (< 100-meter), in-
termediate (< 1,000-meter), and deep (< 4,000-meter) ice
cores, as well as near-surface pit collections obtained during
earlier and present fieldwork.

Studies at our home laboratory include trace chemical
analyses using INAA, atomic absorption, specific ion elec-
trode and wet chemical techniques in a class 100 clean room
to determine base lines, trends and past precipitation
chemistry records, coefficients of dynamic mixing, in-
terhemispheric coupling, transport pathways, and residence
times. Physical property measurements include estimates of
net accumulation, ice fabrics, grain size changes, densities,
sonic velocity determinations, macroscopic stratigraphy,
and air bubble sizes, shapes, and pressures. These mea-
surements are made in order to obtain a fuller understand-
ing of the physical nature, the dynamic behavior, and the
rheological properties of large ice masses where the stress
and strain-rate history can be determined. A close field and
laboratory research interaction is maintained with glacio-
logical institutes or laboratories at the University of
Copenhagen, the University of Bern, Scripps Institution of
Oceanography, the University of Kansas, and U.S. Army
Cold Regions Research and Engineering Laboratory. The
results of all these investigations are made available to all
groups involved as soon as a phase of any study is complete.
This procedure allows for rapid dissemination of pertinent
data and is beneficial to the common research goals of the
teams.

The 1976-1977 austral summer marked the initial field
season for this program with activities including two in-
dependent remote shallow core (50-meter) drilling opera-
tions on the Ross Ice Shelf, participation in the Ross Ice
Shelf Project (RISP) at siteJ-9 (82'22'S. 168'40'W.), and
sample collections at various other ice shelf locations.

At J-9, Lyle Hansen and John Rand obtained a 6-
centimeter-diameter ice core over depth intervals of 0 to 100
meters and a 12-centimeter-diameter core over the 150- to
156-meter depth. An open hole was bored in between. Core
quality ranged from fair to excellent. Chemical collections
were made at a pit 10-kilometers upwind of J-9 to investigate
the horizontal homogeneity and seasonal variability of ma-
jor and trace elemental concentrations for comparison with
similar studies in Greenland (Langway et at., 1975; Klouda,
1977). Results obtained from the analysis of these surface
samples and samples collected from other sites visited will be
compared with earlier reported chemistry studies made on
the ice shelf to further delineate the glaciochemical regimes
of the Ross Ice Shelf (Langway et at., 1974; Herron and
Langway, 1976). Collections were also made for analysis of
fixed nitrogen concentrations and speciation using specific
ion electrode techniques. In addition, 48 samples were col-
lected over a 6-meter profile at J-9 for lead-210 dating and
the analysis of 238Pu 239+ 240pu and 14 'Am. The laboratory
work for these isotopes will be done at Scripps Institution of
Oceanography by E. Goldberg and the results will be used to
correlate interhemispheric relationships by comparing them
with a similar study made at South Dome, Greenland
(63 032'N. 44-35'W) (Koide et at., in press).

Another field team (M. Herron, E. Chiang, J . Cragin) was
instructed in the use of the Swiss shallow drill atJ-9 and core
drilled to 50-meter depths at both site C-7 satellite
(78-20'S. 179°51 'E.), located approximately 20 kilometers

from the ice front, and on the dome of Roosevelt Island
(79-22'S. 161'40'W.). Density was measured, stratigraphy
was recorded, and temperature profiles were taken at each
coring site. Y. Suzuki of the Japanese Antarctic Research
Expedition accompanied the Roosevelt Island operation as
an observer. Core quality at both locations was excellent. All
recovered ice and snow samples were returned to the central
ice core storage facility at State University of New York Buf-
falo (Langway and Chiang, 1976). These ice cores are
available for approved studies (see National Science Foun-
dation "Specimen and Core Sample Distribution Policy,"
March, 1977).

During the past year, several studies were completed in
the ice core laboratory and the chemistry/clean room
laboratory at our home institution. The main laboratory
research involved physical and chemical property mea-
surements on the J-9 and South Pole shallow cores obtained
in the field in November 1974 (Langway, 1975). The
physical property study of the J-9 core (Chiang and
Langway, 1976) showed that there is an abnormally high
rate of densification in the 40- to 90-meter depth interval
probably resulting from the confluence of ice streams
upstream from J-9. At the same depths, air bubbles are
stretched and alined parallel to the snow surface. There also
is a rapid increase in crystal size and a preferred crystal-
lographic orientation, all attesting to a high stress and strain
history of the ice shelf at these depths. The geochemical in-
vestigations (Na, Mg, K, Ca, Al) of these cores (Herron and
Langway, 1976) have permitted estimates to be made on the
influence of sea salt and continental dust sources to the
various glaciochemical regimes of Antarctica. Laboratory
methods were developed for the determination of the am-
monium ion in snow and ice samples (Busenberg and
Langway, in preparation). Ammonium was found to be a
major chemical constituent in Greenland samples measured
ranging from 6.3 to 36.5 micrograms per liter. Antarctic
samples are presently being measured. A comprehensive
study attempting to "fingerprint" or chemically characterize
the non-megascopic volcanic aerosol layers in ice cores is
continuing. Preliminary measurement on fumarole ice from
Mount Erebus shows high enrichment factors (over average
elemental crustal abundance) for Zn, Pb, and Cd.
Measurements of the refractory elements Mn, Si, Al, Fe, and
V do not appear enriched prior to 1900 A.D. in Greenland
core samples. Pb, Zn, and SO4 show anthropogenic increases
in post-1900 deposits (Herron et at., 1977). A laboratory
research study of the horizontal and vertical variations, on a
micro-, macro-, and meso-scale, of the elements Na, Ca, K,
Mg, Cl, Al, Pb, Zn, and Cd from Stations Milcent and
Crete, Greenland, was completed (Klouda, 1977). Standard
deviations of up to 25 percent were found for some elements
in surface samples collected over horizontal distances from
the same homogeneously appearing stratigraphic deposit.
This study is significant for the statistical filtering of the
horizontal variability, or noise, when interpreting the ver-
tical variations observed in long ice cores.

Stations Milcent and Crete ice cores have been studied
over their entire 400-meter profiles for physical property
variations (Miller, 1977). Of special interest in this study is
the correlation of the physical properties and fabric with the
seismic and ultrasonic wave propagation measurements
(Kohnen and Langway, in preparation). A detailed in-
vestigation of the lower 17 meters of the 1,390-meter Camp
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Century ice core was completed (Hoar, 1977). Results show
that this profile is heavily debris-laden with distinct
debris/debris-free bands; the air content is one-half or less
than that measured over the upper 1,000 meters; mineral-
ogical and X-ray examination of the debris shows near
uniformity in the composition of the particles but a slight in-
crease in clay-size at the top. Scanning electron microscope
study of the particles (Woo et al., 1976) indicates severe
abrasion and close packing of the particle in the aggregate.

The PICAP team prepared for and participated in the
Greenland field work associated with GISP-77 during the
summer of 1977 at Dye-2 (M. Herron and S. Hoar), Camp
Century and North Central (E. Chiang and J. Cragin), and
Camp III (M. Herron). This work was supported by Na-
tional Science Foundation grant DPP 77-04509.
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Central ice core storage facility
and information exchange

CHESTER C. LANGWAY, JR., and ERICK CHIANG

Department of Geological Sciences
State University of New York, Buffalo

Amherst, New York 14226

Our facility is responsible for processing, cataloging, and
distributing ice cores drilled in Antarctica, Greenland, and
other polar and sub-polar regions to approved recipients in
accordance with National Science Foundation ice core sam-
ple distribution policy. Under this arrangement a commer-
cial freezer facility stores most of the cores, with some
storage capacity located at the State University of New York,
Buffalo. A curator handles and arranges for redistribution
and shipment of the ice cores. A data bank is maintained for
each core recovered in the field and the data bank is
regularly updated (Langway, 1974; Langway and Chiang,
1976).

The objective of maintaining central core storage
facilities is to centralize and to maintain an accurate inven-
tory of the ice cores and other snow surface samples
recovered in National Science Foundation polar core drill-
ing operations in both the Northern and Southern
Hemispheres and to make portions of these samples
available to approved recipients at worldwide locations for
various physical and chemical investigations. Prior to sec-
tioning and redistribution of the core samples, preliminary
physical measurements are made. These and other data
from other investigations on each core are contained in a
computerized data bank. Pertinent information is available
to participating scientists either by print-out sheets or by
responding to specific requests.

New ice cores and snow samples were obtained in Antarc-
tica during the 1976-1977 austral summer (table 1). A core
was bored at site J-9 (100 meters, 6-centimeters diameter)
using the new wireline coring system and the U.S. Army
Cold Regions Research and Engineering Laboratory ther-
mal drill (5.1 meters, 12.7-centimeters diameter). Shallow
(7.6-centimeters diameter) ice cores were also obtained from
sites C-7 (50 meters) and the Roosevelt Island dome (51
meters) using the Swiss shallow drill. In addition, 48 bulk
surface sample were specially collected for investigation of
the 238 Pu, 23940Pu and 24 'Am concentrations and 10
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meters of the Vostok Station thermal core were obtained
from a Soviet field team. Forty-two shallow (10 meters deep)
firn cores collected by the University of Copenhagen, at Ross
Ice Shelf Geophysical and Glaciological Survey sites and the
South Pole, were also included in the total ice shipment
from Antarctica. All ice cores were safety transported from
the field to McMurdo and then transported in a refrigerated
compartment aboard USNS Towle to California and subse-
quently to the central ice core storage facility at State
University of New York, Buffalo. The entire shipment con-
sisted of 872 cubic feet (24.7 cubic meters) of samples
weighing approximately 9,000 lbs. (4,090 kilograms). The
samples arrived in Buffalo on 21 April 1977.

As shown in table 1, approximately 675 meters of new
shallow ice cores have been recovered from both northern
and southern polar ice sheets during this reporting period
(200 meters from Antarctica and 470 meters from
Greenland). Samples obtained in Antarctica in 1976-1977
and in Greenland in 1977 were expected to be available for
study by 1 September 1977.

The curator often assists in arranging for transport of ice
cores and other samples from the field. Two groups of

samples were taken to J.F.K. International Airport, New
York, for overseas shipment (Switzerland andJapan). Table
2 lists polar ice core samples distributed between January
1976 and August 1977.

All computer programs related to data analysis, the data
bank, and information exchange activities (Langway and
Chiang, 1976) were improved and translated from BASIC
language (DTSS) to FORTRAN (KRONOS). This included
an updated data bank for all the 400 meter and shallow
cores obtained in Greenland and Antarctica since 1971
(Dye-3, Milcent, Crete, South Dome, Dye-2 and Dye-3,
South Pole, C-7-1, C-7-2, and C-7-3, Roosevelt Island
dome, andJ-9). A technical note (Miller and Chiang, 1976)
and 12 new Ice Core Laboratory Data Bank Report Series
(computer printouts of the data bank storage) were written
describing this effort. Data plotter computer programs were
developed for depth/density, bubble pressure, and chemical
property studies for standardization of data treatment and
analysis (Miller and Chiang, 1976b; 1976c).

This work is supported by National Science Foundation
contract C-1010.

Table I. Arctic and antarctic ice core inventory.

Year
drilled	 Location

Antarctica

1976	 J-9, Ross Ice Shelf

1976	 C-7 Satellite, Ross
Ice Shelf

1976	 Roosevelt Island Dome

Greenland

1977	 Camp Century*

1977	 North Central**

1977	 Dye-2

Drilling
method

Wireline
(thermal)

Swiss shallow

Swiss shallow

Danish shallow

Danish shallow

CRREL inter-
mediate

Core
Diameter

6.0
(12.7)

7.6

7.6

7.8
7.8

7.8
7.8

7.8

Core
Quality

Fair to
Excellent

Excellent

Excellent

Excellent
Excellent

Excellent
Excellent

Excellent

Depth of
drilling

(m)

100
150-155.1

50

51

100.2
78.0

100.1
109.0

82

*Four cores augered, the second core (100.7 meters) and fourth core (70 meters) were transported directly to the University of
Copenhagen.

**Three cores augered, the second core (102 meters) was transported directly to the University of Copenhagen.
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6/20/76

7/15/76

7/29/76

8/9/76

9/8/76

8/16/76

8/16/76

11/10/76-
12/10/76

1/17/77

1/20/77

2/6/77

2/17/77

3/10/77

3/21/77

3/23/77

3/23/77

5/6/77

5/23/77

5/26/77

6/1/77

61:77-
6. 30 77
8'15 77
9 9 77

156

(Klouda)
Univ.
Copenhagen
(Dansgaard)
ICL/SUNYAB
(Busenberg)
ICL/SUNYAB
(Busenberg)
Washington
State Univ.
(Rasmussen)
ICL/SUNYAB
(Busenberg)
ICL/SUNYAB
(Hoar)
ICL/SUNYAB
(Kiouda)
Univ. Munster
(Kohnen)

ICL/SUNYAB
(Busenberg)
ICL/SUNYAB
(Hoar)

ICL/SUNYAB
(Hoar)
Hokkaido
Univ.
Univ. Bern
(Oeschger)

ICL/SUNYAB
(Herron)
Virg. Polytech.
Inst.
(Parker)
Univ. Kansas
(Zeller)
Virg. Polytech.
Inst.
(Parker)
ICL/ SUNYAB
(Chiang)
Washington
State Univ.
(Rasmussen)
Virg. Polytech.
Inst.
(Parker)
ICL SUNYAB
(Usselman)
Univ.
Copenhagen
(Dansgaard)

Table 2. Sample distribution: 1976-1977.

Date
sampled	Institution	Core sample	 Study

1/15/76	CRREL	Milcent	Chemistry; Hg absorption
(Cragin)	(Greenland)	study

1/19/76	ICL/SUNYAB Milcent	Chemistry; volcanic con-
(Herron)	(Greenland)	stitudnts

2/24/76	CRREL	Milcent	Chemistry; Hg absorption
(Cragin)	(Greenland)	study

4/21/76	ICL/SUNYAB J-9	 Bubble Pressures; physical
(Chiang)	(Antarctica)	properties

5/19/76	ICL/SUNYAB Crete	Physical Properties; crystal
(Miller)	(Greenland)	size, ice fabrics, bubble

pressures

6/1/76	ICL/SUNYAB Byrd Station	Particle analysis; Chemistry
(Antarctica)

J . 9	 0-isotope
(Antarctica)

Dye-3. 1971
	Ammonia

(Greenland)
Dye-I, 1971
	

Ammonia
(Greenland)
Byrd Station	Chlorofluorocarbons
(Antarctica)

Dye-3. 1971
	Ammonia

(Greenland)
Camp Century Embedded debris; physical
(Greenland)	properties
Crete, Milcent Chemical horizontal and
(Greenland)	vertical variability

J.9
	

Sonic velocities
(Antarctica)

Dye-3, 1971
	Ammonia, Sulfate, chloride

(Greenland)
	

determinations
Camp Century Embedded debris; physical
(Greenland)	properties
Camp Century	Ice fabric
(Greenland)
Byrd Station	Viscoelastic, dielectrics
(Antarctica)
	

(clear and debris-laden ice)
Camp Century Gas analysis
(Greenland)

J.9
	

Sodium
(Antarctica)
South Pole	Nitrates
(Antarctica)

South Pole	Radio isotopes
(Antarctica)
South Pole	Nitrates
(Antarctica)

J.9	 Bubble pressure; physical
(Antarctica)	properties
Byrd Station	Chlorofluorcarbons
(AnTarctica)

South Pole	Nitrates
(Antarctica)

Camp Century Sub-ice cobble composition.
(Greenland)	radiometric dating
Ross Ice Shelf. 0-isotope
South Pole
(Antarctica)
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Meteorology

Temperature regime of the South
Pole: results of 20 years'

observations at Amundsen-Scott
Station

W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin

Madison, Wisconsin 53706

When Amundsen in Norway and Scott in England
planned their expeditions to the South Pole about 67 years
ago, some information regarding the conditions to be ex-
pected on the antarctic plateau was already available. In
one of the greatest pioneering journeys of all time,
Shackleton and his companions had discovered and mas-
tered the Beardmore Glacier in December 1908 and had
progressed south to latitude 88°23 'S., only 180 kilometers
from the Pole. They had to turn back that close to their goal
since their supplies, food and fuel were insufficient, and
made it to their base on Ross Island only because of the
stamina of their leader. For 15 days, 1-15January, they had
stayed south of 87°S, at an elevation of approximately 3,000
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meters above sea level. Shackleton gave a clear description
of the antarctic plateau, including the daily temperatures
which fluctuated between - 23° and -40°, and averaged
- 29°C. He could not get, of course, any notion of the dura -
tion of the south polar summer. (Amundsen, 1912; Barrie,
1913; Shackleton, 1911).

When Paul Siple came to the South Pole on 30 November
1956, the first scientist to stay for a full year at this far-out
place, he did not hesitate to dig, in 4 days of hard work, a
5.5 meter-deep pit. The purpose was to measure the tem-
perature, which, at that depth, comes close to the mean an-
nual value. Knowing about the summer temperatures from
Amundsen's and Scott's reports, and assuming the
temperatures of the coldest month should be as much below
the annual mean as the summer temperatures are above it
("like it is in most other places"), he concluded that the
winter temperatures might drop below - 84°C (- 120°F), a
possibility he considered "half in apprehension and half in
excitement." Nine months later, he was surprised as well as
relieved to find that the winter of the antarctic plateau is dif-
ferent. In 1957, the lowest minimum was - 74°C ( - 101 °F),

recorded in September, which was also the coldest month 01

the entire winter (Siple, 1959).
Since 11 January 1957, regular meteorological observa-

tions have been carried out at Amundsen-Scott South Pole
Station (2,800 meters above sea level) without interruption.
This impressive record reveals two remarkable features of
the temperature regime. First, the south polar "summer" is
very short; not more than about 30 days between mid-
December and mid-January deserve that name. Two weeks
later, the average temperature already lies about 8°C below
that of the warmest days. This early and fast cooling on the
continent's high plateau was one of the adversities con-
tributing to the tragic end of Scott's journey. Second, the
south polar winter is, as climatologists say, "coreless."
Already in the last days of March it is nearly as cold as in the
six following months. In the 20-year average, July is the
coldest month, as Paul Siple expected, but only by a few
tenths of a degree; in the last two decades April was twice
and September four times the coldest month of the year
(U.S. Weather Bureau, 1962-75).

The figure and table 1 give more information about the

.iir	rtb	MAN	APR	MAY	JUN	JUL	AUG	SEP	OCT	NOV	DEC	JAN

South Pole temperature regime. See text for explanation.

Table 1. Monthly and annual mean and extreme temperatures at the South Pole, for the 20-year record January 1957 to December
1976. All values are minus degrees Celsius.

J	F	M	A M J	J	A	S	0	N	D Year

	

Mean	28.1 40.2 54.5 57.8 57.5 58.1 60.1 59.4 59.1 50.2 38.6 27.8 49.3

	

Mean daily max.	26.6 38.2 51.6 54.6 54.1 54.6 56.8 56.1 55.8 48.1 37.0 26.7

	

Mean daily mm.	29.5 42.2 57.3 61.0 61.0 61.5 63.4 62.9 62.5 52.9 40.1 28.9

	

HIghest max.	15.0 22.2 26.7 27.8 31.7 29.4 33.9 32.8 32.8 30.0 19.4 17.8 15.0

12 January 1958

	

Lowest mm.	40.6 56.7 70.3 72.8 74.4 76.1 80.6 76.1 77.8 68.3 53.9 38.3 80.6

22 July 1965
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South Pole temperature regime. The heavy dots represent
the 5-day mean values of the 20-year average of the daily
mean temperature for every calendar day, plotted for the
central day of each 5-day period. Hence, every dot
represents 5 x 20 = 100 days, smoothing out the random
variations more efficiently than a simple 20 year average for
each calendar day can do. The standard deviation of the 20-
year series for each individual day is between 2 1 and 3°C in
the summer and varying between 4° and 8° for the rest of
the year.

Table 2 shows the results of a harmonic analysis of the
unsmoothed series of 20-year averages for the individual 36
calendar days. Naturally, the simple annual oscillation has
the largest amplitude; the maximum is reached only 8 days
after culmination of the sun. The amplitude of the semi-
annual oscillation is slightly less than half that of the an-
nual; that is to be expected since the annual variation of the
primary forcing function, the incoming solar radiation, can
be approximated by a truncated cosine curve (substituting
zero for all negative values). The third harmonic oscillation
is much smaller. The composite of these three harmonics,
represented in the graph by the thin solid line, approximates
the mean annual march of temperature very well.

The figure suggests that the temperature regime of the
area near the South Pole is essentially determined by the
radiative energy budget, the short wave budget in the sum-
mer and the long wave in the winter half-year. During the
latter, the temperature inversion in the boundary-layer is
very strong. The temperature increases from about 215°K at
the surface to 237 °K in the isothermal layer 500 to 1,000
meters above, on the average. This makes the energy flux
outgoing from the surface comparatively small and the back
radiation from the warmer and moister layer large. The
Angstroem ratio (net long wave radiation flux divided by
surface-emitted flux) amounts to about 0.25 in the summer
and only 0.12 in winter. An additional factor is the eddy
flux of sensible heat downward (Dalrymple et al., 1966;
Lettau, 1977; Schwerdtfeger, 1970).

The remarkable temperature increase from the low values

Table 2. The annual march of temperature at the South Pole:
results of harmonic analysis.

Harmonic	 % of total
component	Date of maxima	Amplitude	variance

First	December 30	 15.2°C	78.9%

Second	Dec. 27 andJune 27	7.4	18.8

Third	Jan. 5, May 7, Sept. 6	1.6	0.9

in the first days of June to the winter maximum later the
same month calls for a comment. Statistical analysis in-
dicates that this feature can well be due to chance; only if it
were to appear with appreciable magnitude in the record of
many more years would one be justified in accepting it as a
real phenomenon whose cause should be investigated. The
same applies, of course, to the less pronounced changes be-
tween March and early October, and to an apparent rhythm
of approximately 30 days which an imaginative viewer may
find in the line of dots in the figure.

Considering the uniformity of the vast antarctic plateau
and the observed fact that the passage of pronounced fronts
is not a frequent event at the South Pole, the large values of
the standard deviation of the temperature series and cor-
respondingly the large variability from day to day in the
winter half-year may appear surprising and should be ex-
plained. Besides changes in surface wind speed, horizontal
advection of somewhat warmer or colder air masses, and the
changes in cloud cover which affect the radiation budget at
the surface, slight vertical motions in the lowest layer of the
atmosphere become important. This is because the
temperature increase with height is strongest in that shallow
layer. For instance, values of 3° to 5°C increase in the first
10 meters above the station thermometer (at 1.50 meters
above the snow) have been observed frequently. Under such
conditions, a downward motion in the surface boundary-
layer due to a minor divergence in the surface wind field,
persisting perhaps for only a few hours, can easily lead to a
temperature rise of a few degrees per hour. In the isother-
mal layer above the inversion, that is, at a pressure of 600
millibars approximately, the thermal effect of sinking mo-
tion is much smaller, 1 °C per 100 meters sinking
(adiabatically). Consequently, the contribution of a slow
sinking motion to the temperature variation with time must
be stronger in the surface layer than above it whenever the
surface temperature inversion is large. This is supported by
statistical data in table 3, comparing the interdiurnal
temperature variations at three levels in July (strong inver-
sion) andJanuary (weak or none).

Many observers served for one or more of the past 20 years
at the South Pole to produce a unique meteorological
record, only a small part of which could be summarized in
this short paper. Their dedicated work must be gratefully
acknowledged. The National Science Foundation supported
all of it, including this report, the latter through grant OPP
76-05702.
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Table 3. Interdiurnal temperature variations (root-mean-square) AT at the South Pole in January and July, com-
puted for three levels from the daily upper air soundings of 7 years.

	

JANUARY
	 JULY

Pressure	height above sfc.	AT	 Pressure	height above sfc.	AT

500 m	 2320m	 L8°C	 500 m	 2035m	 2.7°C

600	 1030
	

2.2
	

600
	 800	 3.2

690	 1.5
	 2.1
	

676
	 1.5	 6.4
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Geophysical monitoring for
climatic change at the South Pole Figure 1. New clean air facility constructed during the

1976-1977 summer. The main station is in the background.
•	.	-

JAMES T. PETERSON and VALENTINE S. SZWARC

Air Resources Laboratory
National Oceanic and Atmospheric Ad m /n,straf ion

Boulder, Colorado 8002

Amundscn-Scott South Pole Station supports one of foui
baseline monitoring stations operated by the National
Oceanic and Atmospheric Administration's (NOAA) Air
Resources Laboratory. An objective of this program is to
monitor climatically important variables at locations remote
from significant anthropogenic activity. From late 1975 to
late 1976, this program was carried out at the Pole by
Valentine S. Szwarc (station chief) and James Jordan (elec-
tronic technician). In late 1976, they were replaced by Brad
Halter and Gary Rosenberger. During 1976, the station was
located at the old clean air facility. In January 1977, two
NOAA personnel, Milton Johnson and Sam Oltmans,
helped the resident crew move the station to the new clean
air facility (figure 1). The new facility, constructed during
the 1976-1977 summer, was built on stilts to extend its
lifetime from snow accumulation. It is approximately 100
meters grid northeast of the fuel storage facility. Figure 2
shows monitoring equipment inside the building.

The measurement program included the following
parameters.

1. Carbon dioxide. A URAS-2T 101 infrared analyzer was
used for continuous measurements. Flask samples were
regularly collected twice a month. Ambient air was also col-
lected in flasks as part of a cooperative program with C.D.
Keeling of Scripps Institution of Oceanography. All flasks
are returned to Boulder and Scripps for analysis.

2. Total ozone. A Dobson spectrophotometer was used
without significant problems throughout the year.

3. Surface ozone. Duplicate sets of continuous data were
obtained with an electrochemical concentration cell and an
ultraviolet absorption Dasibi ozone photometer.

4. Solar radiation. During the austral summer, con-
tinuous measurements were made of (a) the direct solar
beam with an Eppley pyrheliometer on a solar-tracking

:

•.. '1.	AM

Figure 2. Inside new clean air facility showing carbon
dioxide (left) and ozone (right) monitoring equipment.

equatorial mount and (b) the incident global (direct plus
diffuse) solar flux with four Eppley pyranometers and an
ultraviolet photometer. The global flux measurements were
made with quartz. GG22, OG1, and RG8 filter hemi-
spheres.

5. Atmospheric aerosol optical thickness. A hand-held
Eppley sunphotometer was used to determine atmospheric
turbidity on occasions when clouds did not obscure the
direct solar radiation.

6. Atmospheric aerosols. Aitken nuclei concentrations
were obtained with two primary instruments: a General
Electric condensation nuclei counter and a Pollak counter
(in cooperation with A. Hogan of the State University of
New York at Albany). Back-up data were obtained occa-
sionally with a Gardner counter.

7. Meteorology. Air and snow temperature, atmospheric
pressure, and wind speed and direction were measured con-
tinuously.

8. Halocarbons. A 1-month test sampling program for
fluorocarbon-11 occurred during January 1976. Since
January 1977, monthly flask samples have routinely been
taken.
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The continuous data are routinely recorded on-site on
magnetic tape controlled by a NOVA 1220 computer. The
system performed well except for a period from September
to November 1976, when it was inoperable due to a faulty
circuit board. Backup strip chart recorders were used dur-
ing that time.

Several cooperative programs with other investigators
were also maintained by the station personnel. These in-
cluded carbon-14 flask sampling (L. Machta, NOAA), at-
mospheric acoustic sounding (F. Hall, NOAA), high-volume
sampling for radioactive fallout (H. Volchok, Energy
Research and Development Administration), high-volume
sampling for trace metals (W. Zoller, University of
Maryland), atmospheric electricity measurements (W.
Cobb/NOAA), riometer measurements of ionospheric ab-
sorption (E. Schiffmacker, NOAA and H. Chivers, University
of California at San Diego), and net solar and long-wave
radiation measurements (P. Kuhn, NOAA).

Recent publications using data from this program include
analysis of surface ozone by Oltmans and Komhyr (1976)
and of carbon dioxide by Keeling et al. (1976). A more com-
plete review of our monitoring activities at the South Pole
has been prepared by Watkins (1976).
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atmosphere. At present the research is organized to
systematically measure the year to year change in the con-
centration of F-II, F-12, CC14 and CH3 CC1 3 in the Antarc-
tic's atmosphere and in its snow and ice. The results of
previous expeditions have shown a steady increase in the at-
mospheric concentrations of these species in Antarctica since
1975. The data are consistent with the similarly observed ac-
cumulation of these materials in the atmosphere of the
Northern Hemisphere.

The results from the 1975, 1976 and 1977 field work are
shown in the table. The fluorocarbon data show a definite
trend for both an increase in the absolute concentrations
observed, but also a trend for a decreasing interhemispheric
difference. These observations are consistent with the
decrease in production and release of the fluorocarbons in
the last several years. The increase in CC!, over this period is
questionable as is the increase in its interhemispheric dif-
ference because of the difficulty of maintaining absolute
calibration standards for this species.

The increase in the methylchloroform level is consistent
with its exponential increased production and usage during
the past several years. The lack of any difference in the N20
levels between the Northern and Southern Hemispheres was
verified for the first time by in situ measurements this
January 1977. One of the advantages of conducting these in-
tensive halocarbon measurements during the austral sum-
mer is that data are obtained on a rigorously scheduled an-
nual basis; this generally minimizes the problem of seasonal
variability in the interpretation of the results.

The 1977 field studies included intensive measurements of
the latitudinal concentration distribution of the halocarbons
from Christchurch, New Zealand to the South Pole. The
variability of the troposphere over Antarctica was further
studied by daily sampling flights made between McMurdo
and South Pole Stations. The data obtained from 90
samples collected in eight flights over Antarctica and two
between New Zealand and McMurdo strongly suggested that
the concentration distribution of the halocarbons in the
lower quarter of the globe were very well mixed. This is con-

Annual interhemispheric differences.

Analysis of halocarbons in
Antarctica

R.A. RASMUSSEN* and E. ROBINSON

Department of Chemical Engineering
Washington State University
Pullman, Washington 99163

The continuing research objective of this project is to
determine the concentration distribution of the fluorocar-
bons and related chlorocarbons in Antarctica. The
measurements are made with the purpose of relating these
data with the global and polar atmospheric and precipita-
tion processes responsible for removing trace gases from the

*Now at Oregon Graduate Center for Study and Research, 19600
N.W. Walker Road, Beaverton, Oregon 97005.

Pullman	Antarctica	Ratio
concentration	concentration	north/south

(ppt)	 (ppt)

1975	F-li	125	 90	 1.39

CCL,	130	 120	 1.08

CH 3 CCI 3	90	 54	 1.67

1976	F-12	228	 195	 1.17

F-li	138	 113	 1.22

CC! 4	133	 121	 1.10

CH 3 CCI 3	98	 57	 1.72

1977	F . 12	251	 216	 1.16

F-lI	154	 127	 1.21

CCl,	144	 128	 1.13

CH 3 CCI 3	110	 70	 1.57
N 2 0	330 ppb	330 ppb	1.00
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sistent with the large scale subsidence of the atmosphere over
the antarctic continent.

The amount of decrease determined in the atmospheric
level of the halocarbons between New Zealand and South
Pole was within the degree of precision that could be main-
tained during the study for all of the flights except one. The
return flight from McMurdo to New Zealand which was the
last flight in the series showed a definite gradient of 3 to 8
percent increase in F-12 and F- il respectively as the flight
progressed northward. Also the average concentrations of
F-12 and F-li measured on the flight were 6-8 percent
higher than the average values observed between New
Zealand and McMurdo and over Antarctica during the
period of 7 to 16 January 1977. The interhemispheric north/
south fluorocarbon ratio of about 1.2 observed for the past
two years in Antarctica is slightly larger than the integrated
global north/south ratio of 1.10 to 1.12 determined during
the more intensive latitudinal surveys made between June
and November 1976.

Laboratory work is continuing on the study of the enrich-
ment of halocarbon gases in the surface snows collected at
the South Pole. Field experiments conducted in January
1977 observed the same enrichment phenomenon originally
determined in January 1975 for the occurrence of elevated
levels of the halocarbons in the surface snow at the South
Pole station.

This research was supported by National Science Founda-
tion grant DPP 76-00437.

Atmosphere's role in chemical
composition of Ross Ice Shelf

snow

JOSEPH A. WARBURTON and GEORGE 0. LINK LETTER

Desert Research Institute
University of Nevada System

Reno, Nevada 89507

The 1976-1977 austral summer was the second field
season of a study of the relationships between the at-
mospheric processes that produce precipitation over the
Ross Ice Shelf and the chemistry of the impurities contained
in the precipitation.

Two forms of ice-phase precipitation occur over the ice
shelf. Although snowfall is the dominant form, the deposi-
tion of rime and hoar during periods of fog may account for
up to 10 percent of the accumulation (Linkletter and War-
burton, 1976). Chemical analysis of samples collected dur-
ing the first year of this study showed that while the ionic
composition of the impurities in snow, particularly in
coastal and central portions of the shelf, is generally close to
marine proportions, the ionic ratios found in the fog deposi-
tion differs markedly from sea salt ratios (Warburton and
Linkletter, in press).

Two remote Ross Ice Shelf Project camps, J-9 Satellite
(82-22'S. 168°38W.) and F-9 (84 0 16'S. 171 '26'W.), were
occupied from mid-October 1976 to mid-January 1977. Ac-
tivity at these camps focused on the collection of samples of
falling snow during storms and rime and hoar during
periods of fog. Continuous records of snow crystals reaching
the surface were made durin all snowfall events using form-
var replication techniques. Approximately 150 precipitation
samples and 200 hours of snow crystal replica data were col-
lected during the 20 snow storms and 20 fogs experienced at
the camps. These samples will be used to study the temporal
variations in snow growth mechanism (diffusional versus ac-
cretional) and any associated changes in the chemistry of the
impurities contained in the snow.

Chemical analyses for major and trace elements will be
performed on approximately 1,000 snow samples collected
from 1-5-meter deep pits studied at the two camps (six pits
at each) and at 50 sites visited by Ross Ice Shelf Geophysical
and Glaciological Survey (RIGGs) field parties. Additional
samples were collected for beta activity and stable isotope
analyses. Detailed stratigraphic analyses and measurements
of snow density and hardness were made in each pit. These
samples will be used to study temporal and spatial variations
in snow chemistry over the ice shelf.

Detailed hourly meteorological observations were taken at
both camps for the entire field season. In addition, the con-
centration and composition of the aerosols over the shelf
during nonstorm periods were studied using filter collectors,
small particle counters, microchemical spot test techniques
and a cascade impactor.

The field participants were C. Cornish, J . Jesch, R.
Kunkle, G. Linkletter, M. Owens, and R. Young. This
research was supported by National Science Foundation
grant O pp 73-05843.

Desert Research Institute camp at J-9, Ross Ice Shelf.
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biologically hazardous. Calculations have shown, however,
that over the next 50 years, krypton-85 will significantly in-
crease the conductivity within the global atmosphere and
possibly alter the electrical characteristics and rain forma-
tion processes of the 1,500 or so thunderstorms imbedded in
the global circuit. The possibility that atmospheric
krypton-85 could lead to some form of weather or climate
modification cannot be ruled out. Owing to its relatively
long half-life and because there are no effective atmospheric
removal processes for krypton-85, it is important to docu-
ment the electrical state of the atmosphere at remote sites
such as the South Pole now to det'rt secular changes in the
future.

Atmospheric electric
measurements at the South Pole:

the krypton-85 question

WILLIAM E. COBB

Atmospheric Physics and Chemistry Laboratory
National Oceanic and Atmospheric Administration

Boulder, Colorado 80302

The National Oceanic and Atmospheric Administration
has been making atmospheric electric measurements at
Amundsen-Scott South Pole Station since 1968. The current
5-year program of surface and upper air measurements is
designed to establish an environmental benchmark of the at-
mospheric electric climate on the polar plateau. Such a
benchmark may be reevaluated in future years to detect
secular changes in the electrical climate of the polar
atmosphere—changes that may result from the activities of
man.

The type of electrical measurements being made at South
Pole must be interpreted first as a response to global varia-
tions in the atmosphere's electrical system and second as ef-
fects produced within the local environment. The South
Pole atmosphere is largely free of local environmental ef-
fects, and thus the measurements more nearly reflect global
variations of the electrical parameters. If future
measurements reveal that the electrical state of the south
polar environment is being altered due to an increase in the
level of suspended particulates or in atmospheric radio-
activity, then there must be cause for concern with respect to
a global climatic impact.

In January 1977 the electrical sensors were moved to the
new clean air facility, an excellent observation site and sure-
ly the world's premier "clean air" monitoring facility.
Special attention at this time is being given to the electrical
conductivity observations and the establishment of reliable
baseline values. The emphasis on conductivity has been
spurred by the recent interest in radioactive krypton-85 now
being released into the atmosphere.

Krypton-85 is a radioactive gaseous byproduct of nuclear
fission released to the atmosphere by nuclear explosions
and, in a controlled manner, by nuclear power plants.
Within the limits established by various regulatory agencies,
krypton-85, with a half-life of 10.76 years, is not considered

Measurements of trace gases and
aerosols in the antarctic

stratosphere

D.J. HOFMANN, J. M. ROSEN, G. L. OLSON, and N. T. KJOME

Department of Physics and Astronomy
University of Wyoming

Laramie, Wyoming 82071

A. L. SCHMELTEKOPF and P.D. GOLDAN

Aeronomy Laboratory
National Oceanic and Atmospheric Administration

Boulder, Colorado 80302

In January 1977 five balloon soundings were conducted
from Antarctica. These soundings measured the concentra-
tion of various trace stratospheric constituents, listed in the
table, and played a vital role in continuing a stratospheric
measurements program that began in 1972. The antarctic
stratospheric sulfate layer (aerosol particles with radius
greater than 0.15 micron) was first measured in that year,
and measurements of condensation nuclei (radius greater
than 0.01 micron) were added in 1976. The year 1976 also
saw the first attempt to recover air samples from the 15-30

1977 antarctic balloon soundings.

Launch	 Maximum
Date (1977)	site	Constituents measured altitude (km)

14January McMurdo N2 0, CF2C12 , CFCI 3	26.5

lsJanuary McMurdo N2 0, CF2C12 , CFCI 3	31

15January McMurdo Aerosol, r 0.15pm	27

18January South Pole Ozone	 30

19January South Pole Condensation nuclei,	25
r 0.01im
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Figure 1. Altitude profiles of nitrous oxide and
chlorofluorocarbon mixing ratios obtained over McMurdo.
The mixing ratio is given in parts per billion by volume

(ppbv) and parts per trillion by volume (pptv).

kilometer altitude range. The air samples are obtained dur-
ing parachute descent from about 30 kilometers and are
analyzed by gas chromatography by the Aeronomy
Laboratory of the National Oceanic and Atmospheric Ad-
ministration in Boulder, Colorado. These previous results
have been reported (Hofmann et al., 1972, 1973, 1975,
1976a; Rosen et al., 1974), and the analyses have been
published (Hofmann et al., 1976b, Schmeltekopf et al.,
1977).

Although the 1976 trace gas samples gave good results for
nitrous oxide (N 2 0), they failed to produce results for the
chiorofluoromethanes CF 2 C12 and CFCI 3 due to loss of the
gas to the sampler walls. It was later determined that im-
proper preflight sampler treatment was the cause, and the
problem was remedied for the 1977 balloon soundings. Thus
the first stratospheric profiles of these gases in the Antarctic
were successfully obtained during January 1977 over
McMurdo.

The results of two soundings about 20 hours apart, each
of which took five samples at various altitudes, are shown in
figure 1. The N 2 0 results of 1976 are also indicated. Data
from the two 1977 soundings are in good agreement, verify-
ing the observation of a nearly constant mixing ratio be-
tween 25 and 30 kilometers. This is somewhat unusual, as
previous measurements indicated profiles similar to the 1976
N2 0 profile.

The observed profiles could be a result of transport of air
from equatorial regions where the N 2 0 concentration is
higher at 25-30 kilometers (Schmelrekopf et al., 1977) or
could be a local effect, involving an unusual upwelling of air
in the 25-30 kilometer region over McMurdo. Additional
measurements will be necessary to determine if such profiles
are typical or unusual.

The aerosol profile for particles having radii larger than
0.15 micron at McMurdo, shown in figure 2, indicates an
unusual layered structure in the lower stratosphere (8-15
kilometers), which may have been related to minor volcanic
activity that occurred during the period in New Zealand.

Figure 3 shows the first vertical profile of condensation

October 1977

35

30 A
L
T

25

U
0

20 E

(km)

0	 I	 2
AEROSOL CONCENTRATION (No/crv)

Figure 2. Aerosol particle (r' 0.15.im) concentration pro-
file obtained at McMurdo. The smooth curved lines are lines
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nuclei (CN) ever obtained at the South Pole. Although the
stratospheric results are similar to those obtained at McMur-
do last year (Hofmann et al., 1976a) and at other stations in
the past, the highly concentrated layers in the troposphere
were not expected. Ground level measurements at South
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Pole generally suggest concentrations of less than 100 per
cubic centimeter exceeding 1,000 per cubic centimeter only
on rare occasions (Hogan, 1975). Again, more measure-
ments are necessary to determine if such profiles are typical.

Our field party consisted of Messrs. Hofmann, Olson, and
Kjome. They were in the field 3 to 31 January 1977. This
research was partially supported by National Science Foun-
dation grant DPP 76-17777 and by Department of Com-
merce grant 04-6-022-44019.
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Atmospheric processes and
energy transfers at the South Pole

J .J . CARROLL, K.L. COULSON, R.H. HAMILTON,
and B. JACKSON

Department of Land, Air, and Water Resources
University of California, Davis

Davis, California 95616

In 1976-1977 at Amundsen-Scott South Pole Station, we
relocated and continued energy balance measurements east
of the new clean air facility, analyzed our 1975 energy
balance measurements, and measured the intensity and

polarization of visible radiation reflected by the snow sur-
face.

A full description of the energy balance measurements is
in Carroll et al. (1977). In our initial analysis we evaluated
in situ operation and performance; this led to changes in in-
strumentation and procedures. Most changes were made
coincident with relocation of the sampling site following
completion of the new clean air facility inJanuary 1977.

The relocation should improve data quality for two
reasons. First, the new location increases the range of wind
directions for which meaningful boundary layer measure-
ments can be made; especially, it enables excellent fetch
conditions to grid south. Second, the station structures
should have no significant influence on the measured flow.
At the old location, the fuel arch distorted mean air flow—
especially when the wind was in the acute angle between
300 0 and 15° grid. This interference developed a deep
elongated drift south of the end of the arch and apparently
increased the easterly component of the wind south of the
arch.

Local radio transmissions have caused noise in the low
signal level sensors such as the radiometers, but this has been
reduced using active filtering. However, point-by-point
analysis of data still is required to separate good from noise-
contaminated samples. Malfunctions of mechanical sensors,
caused by snow and ice acretion in moving parts, were
reduced by increased preventive maintenance and improved
internal heater efficiency in the anemometers.

We determined the effective albedo of the snow surface in
the near ultraviolet (0.295 to 0.385 micrometers) and in the
solar (shortwave, 0.35 to 4 micrometers) bands using har-
monic analyses of simultaneously measured upward and
downward fluxes in these wavelength intervals (Fitch, 1976):
the average clear-sky shortwave albedo decreases from 0.87
to 0.84 (± .02) and the average clear sky ultraviolet albedo
decreases from 0.98 to 0.96 (± .02) as sun elevation in-
creases from 13 to 22 degrees. Surface effects, such as the
orientation of sastrugi with respect to solar azimuth, appear
to cause albedo variations of about ± 0.01, marginally
significant. No significant difference was found between
clear-sky and full overcast albedo.

An analysis of the energy balance for the 1975 austral
winter is nearly completed, and a partial summary of results
is in the table. The major components of the heat balance
were averaged over 10-day periods from 1/2- or 1-hour
averages of the individual components for periods when
transmitter interference was minimal (1200 to 1800 GMT).
In these calculations, the residuals (BALl and BAL2) are
the difference between the downward net radiation (NET1
or NET2) and the downward conductive heat flux at the
bottom of a 100-centimeter column of snow (F5), and the
heat gain in the top 100 centimeters of snow (Sdh). That is:

BAL = HS +P--= NET - Sdh - F5

This residual in turn equals the sensible heat flux (H 5) to
the air plus the cumulative error (s). The two values of the
net radiation represent two methods of measurement: NET1
is the calibrated output of a single radiometer directly sen-
sitive to the difference between the downward and upward
fluxes; NET2 is the computed difference in the downward
and upward fluxes measured directly by two individual
radiometers. Analysis of the probable measurement errors
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in each component suggest that the cumulative errors () are
the order of + 8 percent of the residual, or

H5 = BAL ± 8 percent

The rate of heat gain in the lowest 7 meters of air (Adh), a
measure of the mean horizontal advection of heat in that
layer, also is listed in the table.

The seasonally averaged data in the table are consistent
with published climatological averages. For example, the
average nocturnal net radiation given by Schwerdtfeger
(1970) is - 0.9 x 103 langleys per month, or about -30
langleys per day. The table illustrates the major role of
downward heat transport by the air in balancing the
radiative losses, and shows that the variability of the various
components increases considerably with decreasing averag-
ing period.

In December 1976, we measured surface reflection using
a computer controlled polarizing radiometer. The
measurements were made a few meters east of the old clean
air facility and included polarization, intensity, and phase
angle of reflected sunlight. These data are necessary for
proper interpretation of previously acquired measurements
of the same parameters in diffuse skylight. Between 15 and
20 vertical scans in the solar plane and three map scans were
performed in each of six narrow wavelength bands. The

data were initially analyzed on the South Pole computer
system, and plots of intensity and polarization were pro-
duced. Data from scans in the plane of the sun's vertical
show a polarization maximum of 12 percent at the horizon
directly below the sun and a broad tongue of unpolarized
reflected light extending from the local vertical toward the
antisolar horizon.

This research was supported by National Science Founda-
tion grant DPP 76-22260.
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Average nocturnal surface energy balance components (langleys per day) for 10-day periods and for the winter season (14 April through
20 September) 1975, calculated from data measured daily between 1200 and 1800 GMT.

Period
lianda	 Sdh*	 Adh

	 F	 NETI
	BALI
	NET2
	BAL2

	

104-113
	 0.64
	 1.24	-3.0	-38.2	-35.2	-37.3	-34.4

	

114-123	 5.08
	 0.16	-3.7	-32.8	-29.8	-29.9	-26.9

	

124-133	 -4.36	-0.4	 0.6	-28.0	-23.8	-26.2	-22.0

	

134-143	 -2.84	-0.04	-2.4	-41.0	-33.2	-38.5	-30.7

	

144-153	 -0.92	 0.88	-5.3	-35.8	-30.4	-34.2	-28.8

	

154-163	 -1.28	-0.48	-4.8	-40.6	-37.9	-38.6	-36.0

	

164-173
	 5.88
	 0.68	-4.1	-37.0	-39.4	-36.0	-38.5

	

174-183	 -2.12	-0.12	-3.7	-39.2	-33.2	-39.9	-33.9

	

184-193	 -0.60	-0.28	-4.7	-36.9	-29.9	-37.3	-30.2

	

194-203	 -4.84	-0.32	-3.9	-43.0	-34.0	-43.2	-34.1

	

204-213
	 3.92	 0.08	-2.8	-44.7	-45.8	-42.2	-43.9

	

214-223	 0.68	-0.20	-1.6	-22.4	-20.6	-23.0	-21.2

	

224-233	 0.84
	 0.28	-0.5	-34.5	-33.8	-34.1	-33.3

	

234-243	 -1.88	-0.64	-0.6	-27.8	-22.8	-28.3	-23.4

	

244-253
	 15.72
	 0.68	 - 9.9	-22.8	-11.7	-24.2

	

254-263	 -7.20	-1.36	-0.2	-29.2	-23.7	-28.3	-22.8

	

104-263
	 0.42	 0.01	-2.8	-33.8	-31.0	-33.0	-30.3

*See text for description of headings.
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crystals are present.
2105Z, 15 December 1976.

Lidar and replication studies of
ice crystal precipitation at the

South Pole

VERNN. SMILEY*, BRUCE M. MORLEY,
andJosEPH A. WARBURTON

Desert Research Institute
University of Nevada System

Energy & Atmospheric Environment Center
Reno, Nevada 89506

A lidar (optical radar) and an ice crystal replicator were
set up at South Pole Station for the austral summer of
1976-1977. The lidar sends an intense pulse of light from a
dye laser vertically into the atmosphere and detects light
that is backscattered from aerosols in the troposphere as a
function of altitude.

The lidar polarizes the output laser beam and can detect
if the backscattering has depolarized the beam. In general,
this allows one to discriminate between scattering from
spherical and nonspherical particles. Scattering from air
molecules, considered spherical, and from spherical water
drops does not change the polarization, thus returning a
signal that is polarized in the same plane as the transmitted
beam. Nonspherical particles, ice crystals, and most aerosols
depolarize the backscatter radiation. This light is detected
in both receiver channels, the one polarized parallel and the
other polarized perpendicular to the transmitted beam.

*Now at the Office of U.S. Naval Research, 223 Old Marylebone
Rd., London, NW1 5th, England.
Is

r14

12
>-
I-
U)
Z
LU
I-
z 10

LU

LU

W

The ice crystal replicator makes replicas in formvar of ice
crystals that reach the surface. Their shapes, sizes, and
growth patterns provide information on their growth time
and habitat. Size and number distributions also can be
determined.

The lidar was installed on the top floor of the Skylab
building and linked to the HP2 100S computer in the science
building, where the data were recorded on magnetic tape.

Figure 1 shows a typical return signal when ice crystals are
present. The return signals from both the parallel and the
perpendicular channels start or have their leading edges at
the same altitude. This indicates that depolarization of the
return signal is immediate, not from multiple scattering and
that the scattering particle is nonspherical or ice. The per-

DEC 12, 976 2110Z RANGE KM

Figure 2. Typical lidar return from a water drop cloud.
2110Z, 12 December 1976.
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cent ot depolarization in the return signal is also nearly con-
stant with respect to penetration depths of the cloud.

In figure 2 the altitude at which the signal is received in
the perpendicular channel is not at the same altitude as the
signal in the parallel channel. There is a lag in the perpen-
dicular channel, which indicates that depolarization is due
to multiple scattering from spherical particles in cloud
drops. Also, the percentage of depolarization in the return
signal is not constant. It starts at a low value at the first
penetration of the cloud and slowly increases as the beam
goes farther into the cloud. With this deeper penetration,
multiple scattering back to the receiver is more likely to oc-
cur.

This work was supported by National Science Foundation
grant o pp 74-04990.

Acoustic sounder operations at
South Pole Station

W.D. NEFF, H. RAMM, and F.F. HALL,JR.

Wave Propagation Laboratory
Environmental Research Laboratories

National Oceanic and A tmospherzc A dmznzst ration
Boulder, Colorado 80302

An acoustic sounder was in operation at South Pole Sta-
tion throughout 1975 (Neff and Hall, 1976 a, b). In the
backscatter mode, sound waves are scattered by small-scale
thermal fluctuations, thus defining the location of turbulent
inversion layers. At other scattering angles turbulent veloci-
ty fluctuations also contribute, giving a measure of the in-
tensity of the small-scale turbulence and its spatial distribu-
tion. The mean motion of the air volume advecting the
small-scale eddies also induces a Doppler shift that can be
detected using either analog or digital computer techniques.

During January and February 1977, we set up a sounding
system, utilizing bistatic geometry and Doppler principles,
at Amundsen-Scott South Pole station to study the tur-
bulence structure and evolution of the statically stable
boundary layer over the ice plateau. Because waves and
dynamical instabilities are an ever present feature of such
layers, we installed a sensitive pressure sensor array to track
the movement of such events across the site. We also
mounted a sensor on the 8-meter micrometeorological mast
to measure the root mean square (RMs) temperature dif-
ference between two platinum wire probes spaced 20 cen-
timeters apart in the horizontal. The so-called structure
parameter, CT, derived from this measurement is a function
of the surface heat flux and allows us to correlate surface
events with waves and instabilities aloft as seen by the
sounder. All these sensors are shown schematically in figure
1.

The sounders operated in the bistatic mode for a few days
prior to the departure of summer personnel. From these
data we have determined that the elevated scattering layers
documented during 1975 are the result of turbulence oc-

curring within an essentially laminar flow. Since the upper-
most of these multiple layers marks the top of the inversion
(or the bottom of the isothermal layer), this implies that the
inversion depth is not always determined by the effects of
surface friction and "eddy diffusive" effects, but depends at
times on larger scale dynamics. However, the acoustic
sounder does allow one to identify the surface layer within
the deeper inversion and will provide a means of testing
theories that relate the depth of this layer to surface
parameters.

During a short portion of the recording we obtained Dop-
pler information from the tilted (15 0 from the vertical)
monostatic sounder. In this mode the velocity component
along the beam is given by

vBeam = vHor sin 15° + wcos 15°

Since the vertical velocity, w, averages to zero, this allows
one to determine the mean wind component along the
beam. The fluctuations in horizontal velocity are also
weighted by sin 15 0 or a factor of 0.26. We calculated the
mean wind for the turbulent breaking wave case shown in
figure 2, and found a value near 4.5 meters per second.

Figure 1. Site plan showing the locations of the acoustic
sounders, microbarographs, and micrometeorological mast
relative to the new Clean Air Facility (CAF) at South Pole Sta-
tion. The main station is 200 meters to the left (to the west)

of the sounders.
South Pole Acoustic Sounder
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Figure 2. Acoustic sounder facsimile recording obtained
on 10 February 1977 at South Pole Station.
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Assuming a fluctuation in horizontal wind one-quarter the
mean wind, this leads to a maximum error of 0.3 meter per
second in the vertical velocities. The traces in figure 3 show,
however, that the vertical velocities approach 1 meter per
second aloft in the breaking waves. Note also the strong cor-
relation between the pressure variation at the surface and
the vertical velocities. The acoustic system, as installed, was
not intended to produce the horizontal wind component; the
values observed were nonetheless in reasonable agreement
with the 4.2 meters per second wind from 112° at 8 meters
on the University of California at Davis micrometeorology
mast. The CT-sensor mounted at 8 meters also showed, on
occasion, the effect of vertical mixing and increased heat
flux associated with these breaking wave motions.

The system is being maintained through the austral
winter by Gary Rosenberger and Brad Halter of the
NOAA-Global Monitoring for Climatic Change project. Dur-
ing 1978 we will set up a complete Doppler wind system
which will provide continuous wind profiles from about 30
meters to as high as 400 meters. This will allow us to monitor
the relation between the wind at the top of the surface inver-
sion and the surface wind and turbulent fluxes. Surface
fuxes will be provided by a three-axis sonic anemometer,
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Figure 3. Time series of the temperature structure
parameter (which is related to the surface heat flux), the
pressure fluctuations from one element of the
microbarograph array, and the acoustically-derived vertical

velocity. These are for the case shown in figure 2.
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adapted to cold temperatures, and a collocated fast response
platinum wire thermometer. This sytem is to be operated
during the winter of 1978 by Hans Ramm following the
setup in January.

This research is being supported in part by National
Science Foundation grants DPP 74-24415 and DPP
77-04865.
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Optical effects resulting from
airborne ice crystals

ROBERT GREENLER

Department of Physics
University of Wisconsin-Milwaukee

Milwaukee, Wisconsin 53201

A wide variety of optical effects results from reflection
and refraction of sunlight by ice crystals in the atmosphere.
Although the origins of some of these effects are well
understood, others remain a mystery, treated only by
speculation. We have developed a method of computer
simulation with which we can study these effects. We hope
to explain them in terms of the shapes and orientations of
the ice crystals that cause them. Given such understanding
we should be able to deduce information about the nature of
the ice crystals present in the sky by observing the optical ef-
fects.

Many effects can be explained in terms of light passing
through ice crystals in the shape of hexagonal prisms. Figure
1 shows two hexagonal-prism shapes, with different aspect
ratios. I will refer to the long one as a column crystal, and
the other a plate crystal. Figure 2 is a photograph showing
both kinds of ice crystals resulting from clear-sky precipita-
tion at Amundsen-Scott South Pole Station. A goal of this
work is to experimentally verify the nature of the crystals
that produce the effects.

Figure 3 shows that light going through alternate side
faces of the hexagonal crystal is deviated in precisely the
same way as if it were passing through a 60° ice prism. The
basic calculation we do is to determine the direction of such
a ray after passing through the crystal, starting with a par-
ticular orientation of the crystal and a particular elevation
of the sun. The result of such a calculation is displayed as a
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The 1976-1977 austral summer was interesting at the
South Pole with respect to near surface meteorology, blow-
ing snow and precipitation. Three "storms" occurred during
this period, when moist air from the Weddell Sea was
transported to the Pole. Preliminary meteorological and
aerosol analyses indicate that these air masses retained many
characteristics of maritime air during 4- or 5-day trajec-
tories carrying them over the ice to the Pole.

Additional field work was done near the station.
Precipitating and blowing ice crystals were collected on
prepared grids, and the ice was sublimed away for par-
ticulate analysis. The specimens are now under electron
microscopic analyses in an attempt to determine the
physical properties of aerosol particles precipitated to the ice
cap after being captured by ice crystals.

This research was supported by National Science Founda-
tion grant DPP 74-22534 and ATM 71-00621. I thank W.
Kosar, J . Hinkelman, M. Hamm, S. Schoenhals, and M.
Shride for providing the instrumentation aboard the
airplane; D. Desko for the outstanding performance of
flight and ground crews of vxE-6; R. Engelbretson (Naval
Support Force Antarctica) and his staff for meteorological
support at McMurdo; the New Zealand Weather Service
detachment for support at Pole; and the personnel of the
Naval Support Force Antarctica and Holmes and Narver,
Inc., who facilitated these programs through devoted and
often unpleasant labor.

A cold, low-level jet stream in the
Bransfield Strait: an example of

inertial flow

T. PARISH and W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin

Madison, Wisconsin 53706

The large scale atmospheric pressure field at sea level in
the Atlantic sector of the Antarctic frequently is such that
stable, cold air masses in the lower layers of the atmosphere
move westward from the central Weddell Sea and pile up
along the mountain wall of the Antarctic Peninsula. This
leads to an increase of pressure only along the east and
southeast side of the mountains, and in consequence strong,
approximately coast-parallel surface winds from the south-
southwest or the southwest are observed in the extreme
northwest of the Weddell Sea (Schwerdtfeger, 1975). When
the cold air finally rushes northward through the Antarctic
Sound into the Bransfield Strait, it comes abruptly into an
area where a quite different pressure field must exist.

Daily weather observations indicate that synoptic condi-
tions of this type are a frequent phenomenon, particularly in
fall and winter when the circumpolar belt of lowest pressure
tends to lie farther north (between about 63° and 60°S.)
than in the rest of the year. On days with a weak, or near

zero, horizontal pressure gradient over the Bransfield Strait,
an interesting development can be observed. Having passed
through the mountain gap between the tip of the Peninsula
and Joinville Island to the east, the jet of cold Weddell Sea
air moves in an anticyclonic arc across the (about 150
kilometers wide) Bransfield Strait, as can be seen from curv-
ed cloud streets on satellite pictures, and arrives as cold
easterly wind at the south side of Kind George Island and a
northeasterly one farther to the west. The latter was first
noted 30 years ago by G. de Q . Robin (1949), and is con-
firmed by many more recent observations.

The path of the cold Weddell Sea air corresponds very
well to the theoretical concept of inertial motion, a flow pat-
tern to be expected when only the Coriolis force is acting (on
a right angle) on a moving body. In reality, of course, there
is also the frictional force between the relatively warm
underlying surface and the cold air moving over it. The flow
pattern, with and without friction, corresponding to an
original wind speed of 20 meters per second is shown in the
figure. The three trajectories have been computed with
simplifying assumptions. A more rigorous approach would
take into account that the cold air low-level jet, intruding
into the warmer air over the Bransfield Strait, modifies the
original pressure field so that the theory of geostrophic ad-
justment has to be applied. However, a detailed study of
several individual cases (Parish, 1977) shows that the above
sketch is quite realistic.

From the practical point of view it is worth noting that the
Antarctic Sound and the area north and northwest of it is
prone to sudden, violent changes of wind and weather. To
get a forewarning, attention must be given to the wind and
temperature observations of the two Argentine stations
Marambio (100 kilometers south of the Antarctic Sound)
and Matienzo (250 kilometers southwest). When cold south-
westerly or southerly winds of 30 knots or more start blowing
at these stations, it takes only a few hours for the low level jet
through the Antarctic Sound to develop.

This study was supported by National Science Foundation
grant DPP 76-05702.
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Trajectories of a low-level jet stream of cold air in inertial
motion after passing through the Antarctic Sound. As-
sumed initial speed is 20 meters per second trajectory (a)
for frictionless flow, (b) and (C) for flow modified by weaker

(as over ice) and stronger (as over water) surface friction.
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Sea ice studies in the Weddell
Sea region aboard USCGC Burton

Island

S.F. ACKLEY

U.S. Army
Cold Regions Research and Engineering Laboratory

Hanover, New Hampshire 03755

Weddell Sea pack ice is of particular interest. Sea ice per-
sists in the western Weddell Sea primarily as a result of the
diverting influence of the Antarctic Peninsula, which causes
winds and the Antarctic Coastal Current (East Wind Drift)
to bend northward to parallel the Peninsula. This move-
ment and the climatic effects of the Peninsula produce cold-
er conditions and create a perennial sea ice pack on the
Weddell Sea side of the Peninsula.

Figure 1 shows that the summer pack generally is persis-
tent west of 45°W. from 64°S. to the antarctic continent.
North of 67 0S. (the Antarctic Circle), the radiation balance
probably corresponds to other regions around Antarctica
that are relatively free of ice during summer. The Weddell
Sea pack, therefore, is associated with the export of ice from
higher latitudes, that is, the region off the Filchner Ice
Shelf. There, low air temperatures and relatively high winds
are conducive to ice formation and advection.

Figure 1 shows the course taken by U.S. Coast Guard Cut-
ter Burton Island in the Weddell Sea during February and
early March 1977. The cruise track roughly paralleled the
ice edge during this period. Each day, when flying condi-
tions permitted, morning and afternoon helicopter flights
were made to the ice floes at the edge of the pack within ap-
proximately 20 kilometers of the ship. The ship stations
shown were also the stations for a biological productivity ex-
periment conducted by Texas A & M University (El-Sayed
and Taguchi, 1977).

We measured ice salinity by obtaining cores using a 7.5-
centimeter SIPRE ice coring auger, then logging and cutting
the core into containers. The containers were covered and
returned to the ship, where the ice was melted and its
meltwater measured for salinity using a Beckman portable
conductivity/ salinity bridge. To save time, and because of a
shortage of containers and space on the ship, salinity sam-

pling was done much less frequently than ice thickness
measurements.

The thickness sampling consisted of thickness measure-
ments taken from holes drilled by hand augering (usually
three per floe) using a CRREL ice thickness drill,
measurements of ice height above sea level (ice "freeboard")
in the drilled holes, and measurements of snow depths at
several locations around the floes. We sampled 51 floes and
drilled 139 holes between 63° and 761S.

Figure 2 shows the variation of ice thickness with latitude
obtained from the transect line shown in figure 1. The floes
in the northern region (63° to 66°S.) were generally thicker
than 2 meters and in two regions (63'56'S. and 64'57'S.)
exceeded 3 meters on average. We sampled "unridged" ice
as much as possible, so the 3-meter thicknesses represent ice
as thick on average as multiyear pack ice in the central Arc-
tic (Ackley et al., 1976). At higher latitudes in the middle of
the Weddell Sea (69° to 71 °S.) ice thicknesses exceeded 3.5
meters (mean floe values).

We measured the thinnest ice at the southernmost loca-
tions (73° to 75 130'S.). On the average, thicknesses did not
exceed 2 meters below 73°S. Figure 2 shows that, except for
69 1S., the trend is from thicker ice in the north to thinner
ice in the south. We thus conclude that advection is an im-
portant component in accounting for ice distribution in the
Weddell Sea: a stationary thermodynamic model would pro-
duce the opposite distribution; that is, the thickest ice would
be found in the south, where the coldest conditions prevail.

Analysis is under way to relate the observed ice thicknesses
to an ice circulation model for the Weddell Sea. Supplemen-
tal information on ice structure is given by the salinities ob-
tained from the cores. Thickness and salinity will be related
to the drift pattern and will assist in the interpretation of
emitted radiation patterns received by remote sensing satel-
lites that can be used for all-season, all-weather mapping of
sea ice.

An interesting aspect of our work was the discovery of ap-
parent relationships between ice salinity and biological ac-
tivity (ice algae) shown by in vivo fluorescence meas-
urements, by the Texas A & M group, of the core meltwater.
Correlation coefficients as high as 0.9 were obtained be-
tween meltwater salinity and fluorescence. Variations of
available nutrients, light, and structural support in the ice
may affect the growth of ice algae, which may be a major
primary producer.

CPO Ken Thoeni and HM2 James Phillipini helped to
collect the ice thickness data. The support of Burton Island
(Captain James Fournier, commanding officer) and its Avia-
tion Detachment 62 (Lieutenant Commander Roger Love,
commanding officer) are gratefully acknowledged. Ken
Golden assisted in preparation of the figures. This work was
funded by National Science Foundation interagency agree-
ment DPP 76-15351.
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Air-sea interaction studies using
an Xband radar at Palmer Station

JOSEPH A. WARBURTON

Desert Research Institute
University of Nevada System

Reno, Nevada 89507

A new 3-centimeter-wavelength radar system has been in-
stalled at Palmer Station (figure). A room on the top floor of
the rear building was refurbished prior to the installation of
the 2,000 kilograms of radar apparatus that arrived on RRS
Bransfield on 6 February 1977.

Four Desert Research Institute personnel including one to
stay the winter, traveled to Palmer to carry out the installa -
tion. The first ground clutter patterns of the region sur-
rounding Palmer were obtained with the radar on 21
February. The paraboloid antenna has been aimed to the
grid coordinate system. It is housed under a radome and can
be controlled by the operator to provide 360° or sector scans
in azimuth and up to 25° scan in elevation.

The purpose of the radar system is to provide information
on storm structure and motion, and how these might be af-
fected by the mountains of the Antarctic Peninsula. These
data, in turn, may be correlated with satellite observations
of the same region, local ice motion (some of which can be
observed directly by the Palmer radar), and satellite obser-
vations of the ice leads that develop in the Larsen Ice Shelf
along the western edge of the Weddell Sea.

The above requirements implied that a high performance
radar was needed, capable of observing detailed storm
structure at long range and ice motion at relatively short
distances.

Some of the radar data can be analyzed on site; however,
the majority of the data must be recorded in digital format
on magnetic tape for later computer analysis.

In addition to the above performance requirements, there
were also the practical requirements imposed by the fact
that the radar must operate with extremely high reliability
in the remote, harsh climate area.

Characteristics of the Palmer radar system. In general, a
radar capable of observing storm cells at long ranges must
have high radiated power, a large antenna, a long pulse
length and a sensitive receiver.

After all factors were taken into consideration, a 3.2-
centimeter-wavelength radar was chosen because the
precipitation on the Antarctic Peninsula is primarily in the
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form of snow and the attenuation for snow is relatively
minor at this wavelength. Also, because of the distinct
possibility that the curvature of the earth would prevent
radar detection of snow precipitation at ranges in excess of
90 to 130 kilometers due to the precipitation being primarily
generated at a relatively low altitude (below 3 kilometers),
the utility of the more conventional long range, high
powered, radar systems, may be negated.

For the observation of small targets (sea ice) on a smooth
sea, a high resolution radar in azimuth, with a long pulse to
achieve good long-range performance, provides the best
long-range pickup. The lower the target is on the water, the
higher the scanner height must be to avoid severe propaga-
tion losses. For closer range observations, however, the
higher resolution system experiences an enormous reduction
in performance due to interference off the water. Hence, the
3.2-centimeter-wavelength radar again appeared to be close
to the best choice for close-range sea-ice studies.

Special features. The radar has special devices to enable
its more efficient use and increase the speed of analyzing the
information it records. First, the radar information is
displayed on a storage oscilloscope. This type of oscilloscope
is able to retain the information recorded each time the
antenna rotates through its 360° circular scan. It makes one
revolution each 35 minutes and so successive locations of
moving targets (e.g., storm cells and birds) can be displayed
on the storage screen. This is particularly useful for making
photographic records of the behavior of these various phe-
nomena occurring within the range of the system. Second,
the data can be converted to digital form. This means that it
can be recorded on magnetic tape for rapid processing on
large computers. A new radar digital processor was designed
and built especially for this radar system. Third, a new
satellite communications link was established between
Palmer Station and the laboratories in Reno. The NASA
Applications Technology Satellite 3 (Ts-3) is used for this
link and provides voice, telecopy and digital data transmis-
sion capability. The link provides the means to watch storms
moving across this section of the Antarctic Peninsula on an
oscilloscope display located in Reno, Nevada.

Research applications. (a) Air-sea interaction: The large
differences that can exist between the water and air
temperatures in this region (up to 20°C) lead to transport of
water vapor into the lower atmosphere. If this flux transfer
is of sufficient magnitude, convective cloud development oc-
curs, resulting in relatively intense precipitation, with some
cellular structure being evident. The radar system is being
used to investigate these air-sea interaction phenomena.

(b) Sea-ice accumulation and movement: The radar is
also being used for ground-truth confirmation of very high
resolution radiometer (VHRR) satellite observations of sea-ice
within radar range, and particularly of the rapid sea-ice for-
mation from April to June, and its breakup and movement
away from the antarctic shoreline in the summer.

(c) Katabatic flow: Palmer Station is in a mountain-valley
regime where katabatic flow can be significant in affecting
sea-ice movement offshore from Anvers Island. If suitable
targets (radar reflectors or icebergs) are located within the
range of the radar system, their movements can be tracked
and data acquired on the relationships between these winds
and sea-ice drift along the west side of the Antarctic Penin-
sula.

174	 ANTARCTIC JOURNAL



(d) Biological studies: The radar may also be important
for studying the wildlife on the Antarctic Peninsula. Petrels,
gulls, and skuas must travel to open water to obtain their
food supplies. The distances they must fly over sea-ice to
reach the water affect their ability to survive the winter. The
radar is expected to provide valuable information that
might be used to predict survival or losses of these wildlife
specimens.

Personnel participating in this program in Antarctica
were John Kleppe, Paul Lag, Edward Schwalenberg, and
Joseph Warburton. This research was supported by National
Science Foundation grant o pp 76-17501.

Solar radiation measurements in
the Weddell Sea, 1977

Guy A. FRANCESCHINI

Department of Meteorology
Texas A &M University

College Station, Texas 77843

This field program was conducted aboard USCGC Burton
Island. The ship departed 10 February from Ushuaia,
Argentina, and penetrated the Weddell Sea, along the sea-
ice edge, to the barrier near 77.8°S. 35°W. The return leg,
through the Strait of Magellan and the Chilean inland
waterway, terminated at Valparai'so, Chile, 15 March (see
map in El-Sayed and Taguchi, 1977).

The science program consisted of three National Science
Foundation-sponsored efforts: an ice study (Ackley, 1977),
an integrated marine biology program (El-Sayed and
Taguchi, 1977), and a solar radiation effort by this writer,
who was expedition science coordinator. Only the radiation
program is considered here.

A primary goal of our research is to investigate the solar
radiation environment over waters surrounding Antarctica.
Both total and photosynthetically active radiation (PAR) are
of concern: the former because of its importance to air-ice-
sea energy budget studies; the latter for its relevance to
marine primary production. Since the Weddell Sea is a
region for which such radiation data are lacking, much of
our effort during the last year involved participation in this
expedition. Major emphasis was given to close coordination
with the onboard biological and sea-ice programs.

The sensing system was the same as that used on previous
expeditions. Two cross-calibrated pyranometers (Eppley
precision spectroradiometers) were used to measure the solar
irradiance. One measured the total flux (285 to 2800
nanometers); the other, a filtered sensor, measured the flux
in the infrared (700 to 2800 nanometers). From the dif-
ference in the two quantities measured, we determine the
PAR. In addition, a quantum sensor (Lambda silicon cell)
measured the photon count over the PAR waveband (400 to
700 nanometers). The sensors were pedestal-mounted on the
deck above the pilothouse at a height of 15 meters above
mean water level. A high starboard exposure was selected in

order to minimize ship-shadow effects. All signals were
recorded on analog strip-chart potentiometers.

Data are being reduced in terms of half-hourly, half- dai-
ly, and daily values of total irradiance, PAR, and photon
count. The relationships between these quantities will be in-
vestigated to determine their dependency on latitude,
cloudiness, and surface ice conditions. Special emphasis will
be given to correlating our findings with the results of in situ
experiments of biological primary productivity, and those of
the sea-ice study.

The availability of solar radiation data for the Weddell
Sea area is unique. Combining the anticipated results with
other findings for the western South Atlantic Ocean
(Franceschini, 1977), will give us a definitive description,
and better understanding, of the radiation environment in
this region. These composite results will then be integrated
with similar findings for limited sectors of the southwest S.
Pacific Ocean and the southeastern Indian Ocean
(Franceschini, 1973). Such an integrated study, though
areally restricted, will give us our first glimpse of the solar
radiation environment over the southern ocean.

On behalf of the scientific contingent, I extend sincere ap-
preciation to Captain James M. Fournier, U.S. Coast
Guard, and his crew of Burton Island for their positive con-
tribution to the success and high productivity of this field
program. Each is commended for his cooperative spirit, ex-
cellent support, active participation, and valued
camaraderie.

This effort was conducted under National Science Foun-
dation grant DPP 76-01121.
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Seasonal variation of incident
solar radiation over the South

Atlantic Ocean

Guy A. FRANCESCHINI

Department of Meteorology
Texas A &M University

College Station, Texas 77843

Our research is directed toward strengthening under-
standing of the distribution and quality of solar radiation
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over waters surrounding Antarctica. This knowledge is basic
to studies that are concerned with the energetics of physical
and biological systems in the region. During 1976-1977, our
efforts were twofold: processing, evaluation, and diagnoses
of data obtained during the fall and spring of 1975, and
continuation of the measurement program during the Wed-
deli Sea expedition aboard USCGC Burton Island in February
and March 1977. The latter effort is discussed in
Franceschini (1977a).

Through cooperative arrangements, all measurements
were made in the South Atlantic Ocean aboard ARA Islas
Orcadas: cruises 3 (14 to 26 December 1974), 4(12 January
to 24 February 1975), 5 (5 May to 16 June 1975), and 7 (10
to 26 November 1975). Data for fall and spring cruises 5 and
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7 are new information; data for austral summer cruises 3
and 4 are presented in Franceschini (1977b), but are here
for comparison.

Irradiance data are based on shipboard measurements
made with pyranometers (Eppley precision spectro-
radiometers). Two intercalibrated sensors, exposed 2 meters
above the ship's helicopter pad, constituted the system. One
measured the total incident flux (285 to 2800 nanometers);
the other sensed the infrared (700 to 2800 nanometers). The
difference between these fluxes defines the photosynthetical-
ly active radiation (PAR). Half-hour averages were obtained
from digital readings made at 2-minute intervals. Daily
values were determined by summing the half-hour averages.

4

45

•	.

\ (Fall

I).

\v
3 475

Summer
(I)
0

4)
-V
4-
4-0
-J

45	55	65
PAR (%)

Figure 1. The latitudinal variation of the average (profiles)
and range (horizontal bars) of daily incident solar irradiance
during three seasons as represented by data, for 5-degree
latitude belts, for Islas Orcadas cruises 3, 4, 5, and 7, in the

South Atlantic Ocean.

Figure 2. The latitudinal variation of photosynthetically
active radiation, PAR, expressed as a percentage of the daily
values given in figure 1. The profiles give averages; the
horizontal bars show the ranges. All refer to 5-degree

latitude belts for Islas Orcadas cruises 3, 4, 5 and 7.
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Based on daily values, arithmetic averages were computed
for 5-degree latitude zones.

Figure 1 shows the latitudinal profiles of the average,
daily total flux, and the ranges, i.e., interdiurnal extremes.
Figure 2 shows similar quantities of PAR expressed as per-
centages of daily totals. For convenience, range bars are
omitted for values less than 3 percent, although all data did
show small ranges.

Daily irradiance. Seasonal variations, associated with
astronomical constraints, were observed in the daily average
irradiances (figure 1). The largest values occurred during
cruise 3, which was centered on the summer solstice. During
late fall, as represented by cruise-5 data, the smallest
average irradiances occurred. For each latitude belt, these
fall values amounted to 5 to 14 percent of those during the
summer-solstice period. Intermediate values were observed
during the late spring and midsummer, as represented by
data for cruise 7 and 4, respectively. In general, the daily
fluxes decreased southward, and the minimum latitudinal
gradient was found during the fall. In response to changing
cloud amounts, interdiurnal ranges, often exceeding the
average values, were large in the 50° and 550 latitude belts.
The anomalous increase in the maximum value at 65°S. is
presumed to be due to enhancement by highly reflecting
snow and ice surfaces of the Antarctic Peninsula. Such a
coastal phenomenon may have relevance to physical studies,
e.g., ice melt, as well as to biological investigations.

Photosynthetically active radiation. PAR is of primary im-
portance to studies of biological primary productivity. The
magnitude of this quantity decreased southward, in general.
However, when PAR values are expressed as a percent of the
total irradiance, the percentage values increased southward,
in general (figure 2). Average percentage values were
smallest during cruise 3 when total fluxes were largest. Com-
pared to these summer-solstice average values, those for all
other periods, including minimum values, were larger at all
latitudes. In all latitude zones for each seasonal profile,
maximum values of percent-PAR were consistently associated
with minimum daily fluxes, and vice versa. That is, a larger
percentage was observed under cloudy skies than under clear
to partly cloudy conditions. Hence, sky conditions, as well as
astronomical factors, play a major role in modifying the
quality of solar energy made available to the ocean. Again,
the influence of snow and ice, which are highly reflective in
the visible part of the spectrum, may be inferred from the
data at 65°S. Enhancement of PAR in these coastal regions
could be important to the study of ecosystem energetics
around Antarctica. Indeed, enhancement by bright, sandy
beaches may play a similarly important role at other
latitudes.

As a consequence of changing cloudiness, incident total
solar radiation, as well as PAR invariably shows a diurnal

asymmetry with respect to local apparent noon. Since
seasonal or annual estimates of marine organic production
are often based on in situ experiments of half-day duration,
this diurnal asymmetry may introduce a misleading bias. Of
the daily total energy, the fraction realized in the p.m.
period varied from 40 to 60 percent during the late fall, and
showed a somewhat larger range, 37 to 65 percent, during
the late spring. These are similar to those found during
cruises 3 and 4: 44 to 70 percent and 36 to 63 percent
(Franceschini, 1977b). Appreciably larger variations were
found during the austral summer in the southeastern Indian
Ocean, 14 to 74 percent, and in the southwest South Pacific
Ocean, 15 to 63 percent (Franceschini, 1973).

Fortunately, our ignorance of the solar radiation environ-
ment over waters surrounding Antarctica is slowly being
reduced. As a consequence of the Weddell Sea Expedition
this year, there now remain only two areas that are essential-
ly data deserts: the southeast South Pacific Ocean and the
region south of Africa in the Atlantic and the Indian
Oceans.

The unique triple-point, where atmosphere meets water
and ice, presents another challenging problem. If the radia-
tional situation were accurately described, this would furn-
ish guidance toward a better understanding of the interac-
tions that take place at the barrier and the sea-ice edge.
Such a portraiture, stemming from coastal installations or
low-level flights, would be desirable, and could clarify the
suggested coastal enhancement reported in this study.

Of equal importance to energy budget studies is the
definition of the vertical distribution of radiation within the
water mass. In addition to forming a basis for heat budget
studies, such measurements would delineate the euphotic
zone and assist in quantifying marine photosynthesis.

The research reported here was made possible by Na-
tional Science Foundation grants o pp 76-01121 and DPP
76-01121. Thanks are extended to P. Dudley-Hart and the
Argentine contingent for assistance in monitoring the sen-
sors.
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Upper atmosphere sciences

Experiment communication and
data transmission through the
ATS3 synchronous satellite

J . KATSUFRAKIS

Radioscience Laboratory
Stanford University

Stanford, Cal!fornia 94305

An important criterion used in selecting the location of
Siple Station was that the site and its conjugate, Roberval,
Quebec, Canada, should be in view of geostationary (syn-
chronous) communications satellites positioned over the
Americas or the Western Atlantic. COMSAT's early plans
called for placing the Intelsat Communications Satellite
over the Western Atlantic at a longitude such that its eleva-
tion above the horizon at Siple Station would be about 5°, a
satisfactory condition for communications. Unfortunately,
when the satellite was put on station it was positioned farther
east and below Siple's horizon.

Fortunately, an alternative system has recently become
available through the Applications Technology Satellite
(ATS) series, managed by the Goddard Space Flight Center
of the National Aeronautics and Space Administration. For
much of the time until this year, experiments involving the
satellites were conducted at longitudes away from the Siple
meridian. However, it is now possible to use one of the
satellites several times a day on a continuing basis for com-
munication between Siple and the conjugate station Rober-
val and our home laboratory at Stanford University. The
satellite is ATS-3, and its use has significantly improved the

controlled wave-particle and wave-wave interaction ex-
periments being conducted at Siple and Roberval.

The use of a satellite relay overcomes many of the prob-
lems of long-distance communications, since efficient line-
of-sight radio transmission can be employed. For example,
the signal is not degraded by auroral storms, etc. Once free
of the earth's ionosphere, the signals traverse space with only
moderate attenuation; reliable communication is achieved
at relatively low power levels (ATs-3 radiates 2.1 watts). The
height of the orbit, 22,752 nautical miles, permits line-of-
sight transmissions from a single satelite to a third of the
earth's surface.

ATS-3 previously was used in antarctic operation in 1968
and 1969, when sea-ice conditions as seen by the ESSA Nim-
bus satellite were relayed to USCGC Glacier during the Inter-
national Weddell Sea Oceanographic Expedition. Now, the
Desert Research Institute of the University of Nevada, Reno,
is using the satellite from Palmer Station, while Stanford
University is communicating from Siple Station, as shown in
figure 1.

The main observation point for the whistler-mode signals
from the Siple transmitter is Roberval, as indicated in figure
2. The diagram shows three 500-millisecond transmitted
pulses separated in time by 1 second and traveling along a
geomagnetic field-aimed path at roughly 1/20th the velocity
of light. A key feature of the experiment is the occurrence of
rapid wave growth within an interaction region near the
equator. The detailed behavior of the pulses and the new
frequencies they may stimulate depend in a complicated way
on transmitter frequency, modulation, and power.

The immediate source of information on the success of a
particular transmitting strategy is the observer at Roberval.
In the past he has not been able to communicate directly
with Sipie, and operating strategies at Siple have been based
on available local information and on general guidelines
from the home laboratory. With the use of real time com-
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Figure 1. Illustration of
the use of the ATS-3 com-
munications satellite in
coordinating experiments
involving Siple Station and
its conjugate at Roberval,

Quebec.
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munications between Roberval and Siple, the Roberval
observer may now take direct part in an experiment as it
develops, judging the success of parameter choices at Siple
and recommending changes in strategies as needed. This ap-
proach has been highly successful; an example from one of
the first periods of Roberval-guided operation is presented
in figure 3. The upper panel shows a Roberval frequency-
time record for about 4 minutes on 12 April 1977. The lower
panel shows an expanded view of parts of the data during a
time when Siple transmitted two frequency ramps descend-
ing from 3.51 to 2.51 kilohertz. The Roberval operator had
noted the existence of natural noise at 3 to 4 kilohertz and
had recommended that Siple transmit as indicated. Ex-
cellent results were achieved; rapid wavegrowth occurred,
and intense rising emissions were stimulated by the descend-
ing ramps as well as by a train of pulses beginning at
1627:45 (upper panel).

The broadband VLF spectra recorded at Siple contain
much information needed in studies of wave-particle in-
teractions in the magnetosphere, magnetosp here -ionosphere
coupling effects, and the structure of the thermal plasma of
the magnetosphere. These Siple data are usually not re-
ceived at Stanford until late December of each year. The

C

)B

A

Figure 2. Diagram illustrating the propagation of pulses
from the Siple transmitter along a geomagnetic field-alined
path to a receiver at Roberval, Quebec, in the conjugate

hemisphere.
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satellite link now provides quick access to samples of the
data and thus improves our ability to evaluate current ex-
periments and to recommend modifications of transmitting
and recording strategies. Figure 4 (upper panel) shows a
frequency-time record transmitted from Siple via ATS.
Below is the simultaneously recorded data from Roberval.
The striated noise activity shows the effects of power line
radiation in the magnetosphere, involving the echoing back
and forth between conjugate points of wave packets at fre-
quencies that are high-order multiples of 60 hertz. The wave
packets exhibit temporal growth, and there is stimulation of
new frequencies.

In the future we plan to use ATS-3 in conjunction with
balloon and rocket programs at Roberval and Siple, and
also in conjunction with the ISEE (International Sun-Earth
Explorer) satellite, which will carry a Stanford University
VLF receiving experiment. Detailed in situ observations of
correlations between particles and waves is a major objective
of the ISEE satellite program. Such programs require a high
level of coordination in real time and will benefit greatly
from the ATS link. During the ISEE satellite experiment, our
plan is to monitor in real time the VLF spectrum observed at
Roberval and on the satellite. Information communicated
to Siple should greatly increase the likelihood of detection
on the satellite of Siple-induced perturbations of
magnetospheric particles.

It is presently planned to use ATS-3 during the lifetimes
of the present Siple Station and its successor at the same
location, Siple II.

This research was supported by National Science Founda-
tion grants DPP 74-04093 and DES 74-20084 and National
Aeronautics and Space Administration grant NGL-05-020-
008.

Siple/Roberval VLF transmitting
experiments

R.A. HELLIWELL, J . P. KATSUFRAKIS, C.G. PARK,
and D. CARPENTER

Radioscience Laboratory
Stanford University

Stanford, California 94305

An important problem in current solar-terrestrial
research is the interaction of waves and particles in the
earth's magnetosphere. "Clouds" of energetic protons and
electrons are frequently injected into the magnetosphere at
geocentric distances of several earth radii. These particles
can interact strongly with various types of electrostatic and
electromagnetic waves. One result is the precipitation of
some of the trapped particles into the earth's ionosphere.
The energy deposited by these precipitated energetic elec-
trons is converted to heat, light, x-rays, and enhanced
ionization. The excess ionization alters the conductivity of
the lower ionosphere and hence affects radio communica-

tions and the electrical state of the region extending from
the earth to the lower ionosphere.

Very low frequency (VLF) waves transmitted from Siple
Station, Antarctica are amplified as they travel through the
magnetosphere to the magnetically conjugate station at
Roberval, Quebec (Helliwell and Katsufrakis, 1974; Stiles
and Helliwell, 1977). The observed signals provide further
evidence that weak but coherent signals injected into the
magnetosphere may control relatively large amounts of
power in the form of precipitated energetic electrons. The
ratio of 'precipitated' to injected power may reach as high as
five orders of magnitude (50 decibels). One source of the VLF
waves is power line radiation (PLR). Earlier studies using the
Siple transmitter led to the recognition that harmonic radia-
tion from power distribution systems may play a major role
in the production of VLF magnetospheric noise (Helliwell et
al., 1975). Thus PLR may be an important factor in the loss
of electrons from the magnetosphere during recovery from
the disturbances during which the electrons are 'injected' or
energized. Previously acquired data from satellite OGO-3
now reveal that the commonly occurring discrete VLF emis-
sions of the outer magnetosphere, once thought to be
generated spontaneously, are actually initiated at harmonics
of the world's power systems (P. Luette, personal com-
munication, 1977). Thus there appears to be a subtle way in
which man has been perturbing the natural processes of
energy transformation and transport in the magnetosphere
and ionosphere.

The Siple transmitter is being used in further investiga-
tion of power line radiation. Figures la and lb illustrate an
event in which Siple transmitter signals appeared to 'turn
on' a 6-minute long VLF noise event whose frequency-versus-
time characteristics were dominated by power line harmonic
radiation. The records display frequency from 2.5 to 4.5
kilohertz versus time during a period when Siple was
transmitting 15-second long descending frequency ramps
between 3 and 4 kilohertz.

Examples of the frequency ramps can be seen in panels a
and b near 1556 universal time. (UT) The first and fifth
descending ramps were received after propagating once
along a field-line path from Siple to Roberval. The interven-
ing and following ramps represent the echoing back and
forth along the path of these original transmissions. Near
1557 another identical pair of ramps was transmitted.
Meanwhile, the echoing process was accompanied by wave
growth at a number of discrete frequencies. Panel b shows
the corresponding striation effects with higher time resolu-
tion. As the echoing wave packets grew in amplitude new
frequencies were emitted and the event broadened in band-
width.

Figure ic shows a similar event initiated by a lightning-
induced whistler whose causative atmospheric occurred just
before 1432:20. The whistler energy echoes back and forth
between Siple and Roberval, exhibiting wave growth and
emission of new frequencies. However, the entire event is
striated in frequency, indicating the influence of power line
radiation.

A major step has been taken toward the realization of ex-
periments in which Siple signals produce or trigger
precipitation of particles into the ionosphere. Figures 2a and
2b show results from a 1973 experiment in which bursts of
VLF noise recorded at Siple were correlated with amplitude
variations in fixed frequency VLF signals. The bursts of noise
propagating in the magnetosphere were presumed to have
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perturbed the orbits of interacting energetic electrons so as
to cause precipitation into the ionosphere. This in turn gave
rise to locally enhanced ionization near 90 kilometers
altitude, which affected the amplitude of VLF signals prop-
agating in waveguide modes beneath the ionosphere.

Figure 2b shows a noise event received at Siple on 11
September 1973. An arrow near 0928:45 shows an initial
noise onset. This was followed by fading and a further in-
crease in intensity until at 0929:22 (2nd arrow) there was a
sudden 'flaring' increase in the noise activity. Panel a shows
the field strength of NBA (24 kilohertz), a subionospheric

signal propagating from the Canal Zone to Siple Station.
The signal was perturbed at the times of the two arrows.
Following the second and more pronounced perturbation,
the signal amplitude recovered with a 30-second time con-
stant, which has been explained in terms of the normal
mechanisms for the removal of ionization from the nightside
D region.

Figure 2c shows a similar noise burst that was apparently
initiated by the fifth harmonic of the Siple transmitter on 6
April 1977 (nonlinear effects in the Siple transmitter pro-
duce high harmonic content). Several bursts of this kind

Figure 1. Spectrograms
showing the activation of
a several-minute-long VLF
noise event by frequency
ramps transmitted from
the Siple transmitter
(panels a and b) and by the
echoes of a lightning in-
duced whistler (panel C).
The striations within the
noise event are the result
of control of the wave ac-
tivity by radiation into the
magnetosphere	from
power	distribution

systems.

Figure 2. Examples of in-
tense VLF noise bursts of
a type known to be asso-
ciated with precipitation
of energetic electrons into
the ionosphere. Panel b
shows a spectrogram of a
VLF noise event recorded
in 1973 at Siple Station,
Antarctica. The amplitude
record above the spec-
trogram (panel a) shows
perturbations of the 24-
kilohertz NBA signal prop-
agating in the earth-
ionosphere waveguide
from the Canal Zone to Si-
pie. Large perturbations
occurred at the times of
the two arrows, when the
magnetospheric noise ac-
tivity increased abruptly.
Panel c shows a similar
noise event recorded in
1977 at Roberval, Canada,
magnetically conjugate to
Siple. The event appeared
to be initiated by signals
from the Siple transmitter.
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were initiated during a 30-minute period. They originated
at a time when the Siple transmitted waveform was par-
ticularly rich in sideband structure. The event took place
under daytime conditions when amplitude anomalies such
as that shown in panel a could not normally be observed.
However, experiments of this kind are continuing with the
objective of identifying the effects of the particle precipita-
tion.

This research was supported in part by National Science
Foundation grants DPP 74-04093 and DES 75-07707, and in
part by Office of Naval Research grant NONR N0014-
67-A-0112-0012.
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Electron precipitation associated
with very low frequency chorus
and thunderstorm electric fields

T.J. ROSENBERG

Inst it utefor Physical Science and Technology
University of Maryland

College Park, Maryland 20742

Rosenberg (1976) reports the outcome of high-altitude
measurements of x-rays, direct-current electric fields, and
very low frequency (VLF) radiowavc emissions obtained near
Roberval, Quebec (48 0N. 72°W.) in July 1975. Data ob-
tained in that program have been further analyzed in col-
laboration with the Norwegian Institute of Cosmic Physics,
Stanford University, and the University of Houston. During
the last year two results of particular note have emerged
from these studies:

(1) Simultaneous conjugate observations of electron
precipitation (x-rays) and VLF radiowave emissions were ob-
tained at Siple Station, Antarctica (76°S. 84°W.) and
Roberval during a magnetic substorm on 15 July 1975. The
data reveal a detailed correlation between microburst-like
electron precipitation above Roberval and 2-4 kilohertz
risers (chorus) recorded at Siple. Signatures in the light ion

and VLF noise data, obtained by the isis-2 satellite near the
Siple-Roberval meridian, place the plasmapause at 3 to 3.5
earth radii from the equator (L = 3 to 3.5) during this
event.

Using wave propagation and electron bounce times (from
an equatorial interaction region) that are consistent with the
observed time differences (0 to 0.1 second) between in-
dividual chorus elements and microbursts and with the
energies of the precipitated electrons (50 to 150 kiloelectron
volts), the value Ne of 1 to 10 per cubic centimeter is ob-
tained for the equatorial plasma density at L = 4.1. This
density estimate is supported by observations of whistlers
propagating outside the plasmapause within approximately
1 hour of the event. These data appear to confirm that elec-
tron microbursts and associated VLF chorus originate in
near-equatorial cyclotron resonance interactions.

Also, the wave-particle environment beyond the plasma-
pause is evidently complex in that such detailed correlations
are transitory. Further, the data illustrate the difficulty of
establishing a detailed correspondence between individual
microbursts and chorus elements from simultaneous particle
and wave measurements confined to one hemisphere.

(2) Some aspects of the interrelationship of magneto-
spheric substorm- associated electron precipitation and
thunderstorm electric fields have been revealed by a balloon
flight on 9 July 1975. The balloon was instrumented with an
x-ray scintillation counter and a double-probe electric field
detector and was launched from Roberval at 0820 universal
time (UT). A magnetic substorm of greater than 500 gam-
mas amplitude was observed on the ground at Roberval
from 0810 to 1050 UT. The main onset of the expansion
phase occurred at about 0900 UT and the maximum change
in horizontal component occurred at about 0925 UT. During
this period a small thunderstorm was developing a few miles
south of Roberval. The first lightning stroke was observed
on the ground at 0926 UT.

The x-ray data indicate that the substorm-associated elec-
tron precipitation was highly structured in time and reached
a maximum between 1000 and 1030 UT. During this same
period, the rate of lightning stroke generation by the local
thunderstorm also reached maximum; 102 lightning strokes
of apparently local origin were observed during this period.
Examination of simultaneous x-ray data for all 102 strokes
indicates a complicated variety of responses. In some strokes
no response was evident, while other appear to have trig-
gered a small increase in precipitation. Superimposed epoch
analysis of all 102 strokes indicates a small average increase
in electron precipitation at about 0.5 seconds after the
stroke.

The research at the University of Maryland was partially
supported by National Science Foundation grant DPP
74-01704.
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Dual coherent auroral radar
observations from Siple Station,

Antarctica

BEN B. BALSLEY, WARNER L. ECKLUND,
and DAVID A. CARTER

Aeronomy Laboratory
National Oceanic and Atmospheric Administration

Boulder, Colorado 80302

In December 1976 a dual coherent 50-megahertz auroral
radar was installed at Siple Station to study backscattering
from electron density irregularities in the E-region (altitude
approximately 110 kilometers). Past studies (Greenwald et
al., 1975) have shown that the backscattering irregularities
occur in regions where the auroral electrojet currents are be-
ing driven by the magnetospheric electric field. Since it has
also been shown that the backscattering irregularities move
at nearly the same velocity as the electrons drifting in
crossed electric and magnetic fields (Ecklund et at., 1977),
spectral analysis of the doppler-shifted return signal pro-
vides a measure of the electric field component approx-
imately perpendicular to the radar beam. Thus, the Siple
auroral radar provides information on the location and in-
tensity of the auroral electrojet currents and the magnitude
of the driving electric fields.

A requirement for observing backscatter with an auroral
radar is that the radar beam intersect the E-region nearly
perpendicular to the earth's magnetic field, since the elec-
tron density irregularities are field-alined and backscatter
strongly in the perpendicular direction. This perpen-
dicularity requirement restricts most auroral radar observa-
tions to a narrow range of azimuths centered on the
magnetic pole. However, at Siple the magnetic dip angle is
considerably lower than for an L 4 station in the northern
hemisphere. Thus, the Siple radar beams can be pointed
over a wide range of azimuths asnd still satisfy the perpen-
dicularity requirement. This allows observations at Siple to
be made both perpendicular and nearly parallel to the
predominate east-west irregularity drift directions.

The present antenna beam configuration at Siple is shown

in figure 1. E-region irregularities associated with the
auroral electrojets can be observed along each beam from
240 to 1200 kilometers from Siple. The 1200-kilometer E-
region horizon is shown in figure 1 by the dotted line. The
south antenna beam covers L 5 to L = 9, and the west
antenna covers L = 4.5 to L = 5.5.

Each antenna is connected to a separate 15-kilowatt peak
pulse power transmitter and receiver system. Pulses of 100
microseconds are transmitted simultaneously on both
systems providing a range resolution of 15 kilometers along
each beam. The transmitters are modulated in a single and
double pulse sequence so that both backscatter amplitude
and mean doppler shift can be obtained as a function of
range along each beam (Greenwald and Ecklund, 1975).
The received signals from each system are used to modulate
oscillographic recorders to produce continuous film records
of the backscattered signal intensity as a function of range
and time (RTI records). In addition, the received signals
from each system are processed by an on-line minicomputer
which averages the signals for about 40 seconds, and then
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writes the resulting profiles of backscattered power and
mean doppler shift as a function of range onto magnetic
tape.

A segment of RTI record obtained from the south-pointing
system on 29 January 1977 at 0800 universal time (UT) is
shown in figure 2. Range along the antenna beam increases
upward as indicated on the left edge of the figure. Time in-
creases from right to left, and about 25 minutes of record
are displayed in figure 2. On the hour, and at 10-minute in-
tervals, 150-kilometer range markers are put on the film.
The short-lived light dots at ranges of a few hundred
kilometers are meteor echoes, while the more continuous
diffuse regions are echoes from radar auroral irregularities.
The diffuse echoes extend from about 500 to 1100
kilometers from Siple. The regular pulsations near 0800 UT
are occurring at a range of about 900 kilometers.

An example of power and mean Doppler profiles ob-
tained on the south antenna from the magnetic tape at
0808:42 UT on 29 January 1977 is shown in figure 3. The 40-
second average profiles were obtained during the interval
indicated by the double arrows at the top of figure 2. The
upper profile in figure 3 shows the backscattered power (in
decibels) as a function of range from Siple (in kilometers).
Note that the backscattered power at a range of 780
kilometers is over 20 decibels above the background noise
level. The lower profile in figure 3 shows the irregularity
velocity along the radar beam. The velocity scale extends
from - 1000 to + 1000 meters per second and positive
values indicate irregularities moving toward the radar. The
irregularity velocity changes from about - 200 meters per
second at 600 kilometers range to about - 400 meters per
second at 825 kilometers range. This would correspond to
an eastward electric field component perpendicular to the
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Figure 3. Profiles of backscattered power (upper) and ir-
regularity velocity (lower) observed along the south antenna
beam during the interval indicated by the double arrows at

the top of figure 2.

south antenna beam varying from about 10 to 20 millivolts
per meter over the range from 600 to 825 kilometers. There
is also a narrow backscattering region centered at 960
kilometers range with an irregularity velocity of nearly
- 1000 meters per second corresponding to an electric field
component of about 50 millivolts per meter.

The preliminary results presented here are shown to brief-
ly demonstrate the capabilities of the new Siple dual auroral
radar. Detailed interpretation of the data and comparisons
with other experiments at Siple will be presented later. This
program is supported by National Science Foundation grant
DPP 75-03089.
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Polarization studies of Siple.
Roberval Pc 1 micropulsations

ROGER L. ARNOLDY and PETER B. LEWIS, JR.

Space Science Center— Physics Department
University of New Hampshire

Durham, New Hampshire 03824

LAURENCEJ. CAHILL, JR.

School of Physics and Astronomy
University of Minnesota, Minneapolis

Minneapolis, Minnesota 55455

If micropulsations, particularly Pc 1, are to be useful as
diagnostic tools to probe the distribution of cold and hot
plasmas in the magnetosphere, we must first understand
their propagation through the ionosphere. This is an
unresolved problem. Theory is available, but experimental
results are not at present readily interpreted by it. One
aspect of Pc 1 micropulsations that has not been studied
thoroughly but is central to the propagation problem is the
polarization of the signals. The digital three-axis data of
Siple and Roberval are ideal for such a study in that large
quantities of data can be processed using sophisticated com-
puter techniques.

184	 ANTARCTIC JOURNAL



(1)I--J0> -2

-3	i	I	i	I	I	I	I	I	I	I	I	i	I	i	I	I
02 03	04	05	06	07	08	09	10	11	12	13

9 JULY 1975 UT

-1

SIPLE STATION
0.6 02 03	04

0.4
0  0.2I.-w

0
W ILaU -0.2tW
88 -0.4

-0.6

ZI-0zLLJ

WLL
trw0000

9 JULY 1975 UT
05	06	07	08	09	10	11	12	13

Figure 1. One-minute H-
and D- component mag-
netic field values and
riometer voltage for an 11-
hour interval on 9 July
1975. Also plotted are the
10-minute values of the
correlation coefficients
(and 1- and 2- a standard
deviations) between H and
R and D and R. Local time
(LT) equals universal time

(UT) minus 5 hours.

calculations of the standard deviations, taking into account
the autocorrelations of the two independent time series in
each correlation. The one- and two- a standard deviations
are plotted as dashed lines above and below the zero correla-
tion lines. From the figure it is quite evident that at times
during the two magnetic storm periods significant correla-
tions at the three and four-standard deviation levels are
observed during some of the 10-minute time intervals.

Examples of the correlation between the riometer and
magnetometer data can be seen in the data (2-second data-

October 1977

points) plotted in figure 2. The first 10-minute interval
(0930-0940) illustrates a period when the correlation coeffi-
cient between H and R was about 4a (figure 1). However,
the following 10-minute interval (0940-0950 UT) has a cor-
relation at only about hr. The qualitative difference in the
correlation is evident in the data of figure 2, but the quan-
titative difference is not.

As noted above, fluctuations in the ionospheric con-
ductivity, and therefore in the magnetic field on the ground,
could result from particle (electron) precipitation being
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Figure 3. Plot of 2-
second values of magnetic
data from Siple and three
northern hemisphere sta-
tions for 0930-0940 UT on 9

July 1975.
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Figure 2. Plot of 2-second values of magnetometer and riometer data for 0930-1000 UT, 9 July 1975.

modulated at the observed frequencies. They could also
arise from changes in the electric field in the ionosphere,
perhaps produced by magnetohydrodynamic waves in the
magnetosphere (see, e.g., Doupnik et al., 1977). A deter-
mination of the importance of the wave hypothesis can be
obtained by referring to the magnetometer data obtained
from the Bell Laboratories stations in the northern
hemisphere area conjugate to Siple. If standing field line
resonance hydromagnetic waves are the cause of the electric
fields, and therefore the conductivity changes, the waves
should also be observed in the northern hemisphere (for ex-
ample, Lanzerotti et al., 1972a, and references therein). An
example of the Siple data and data (H- D- and Z-
components) from three of the northern hemisphere stations
for a period of high (about 4o) correlation between H and
riometer is shown in figure 3. There is no evidence of fluc-
tuations of the northern hemisphere magnetic field inten-
sities at the frequencies observed at Siple during the time of
the correlation.

This result suggests that the changes in the ionosphere
conductivity, as measured by the Siple riometer, were pro-
duced by particle precipitation into the ionosphere above
Siple (see Lanzerotti et al., in preparation, for additional
details). The particle precipitation into the ionosphere was
apparently asymmetric in the magnetosphere, being more
periodic and more intense over Siple than over the northern
hemisphere during the period studied. A consistent hypoth-
esis for the periodic nature of the particle precipitation over
Siple and for the nonexistence of conjugate wave phe-

nomena has the precipitating particles being modulated by
highly localized hydromagnetic waves in the magneto-
sphere. The narrow localization in latitude, together with
the atmospheric boundary condition of the waves, prevents
their observation at a ground station. Such considerations
on wave observations have been dealt with theoretically by
Hughes (1974) and by Hughes and Southwood (1976). Thus,
the waves are indirectly measured on the ground at Siple
because the precipitating particles produce the conductivity
changes that cause the magnetic field fluctuations. The par-
ticles apparently precipitate preferentially over Siple
because the near-equatorial loss cone is much larger in the
southern hemisphere than it is in the norther hemisphere at
the geomagnetic longitude of Siple (see, for example, discus-
sions in Lanzerotti et al., 1972b). Analysis of these problems
is continuing.

Logistics and field support for this research were provided
by the National Science Foundation.
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Simultaneous occurrence of short
period ionospheric and magnetic

oscillations in Antarctica

J.R. DUDENEY

British Antarctic Survey
Madingley Roth

Cambridge CB3 OET, U.K.

T.B. JONES

University of Leicester
Department of Physics

University Road
Leicester LEI 7RH, U.K.

Dudeney and Jones (1976) describe the experimental
technique and purpose of the high frequency doppler ex-
periment being conducted in Antarctica by the University of
Leicester and the British Antarctic Survey, in collaboration
with the Instituto Antartico Argentino and the National
Science Foundation of the U.S.A. (figure 1). Here, we
discuss more fully the observations of very short period
oscillations (periods of about 1 minute) briefly described in
the earlier report.

A typical observation of rapid oscillations is illustrated by
figure 2. This shows the doppler shifts, f, for all three paths
on a frequency of 5.417 megahertz and for two paths (AD,
PA) on a frequency of 4.286 megahertz. Three separate
events can be identified, timed at approximately 0337,
0356, and 0517 universal time (UT). The ray apogee heights
for the two frequencies were 290 and 250 kilometers respec-
tively, giving a vertical separation between the two sets of

soundings of 40 kilometers. The events appear to occur
simultaneously at both heights and all three reflection
points. Figure 3 shows the 0517 UT event on an expanded
time scale to further emphasize this point. The best time
resolution obtainable from the equipment is about 5
seconds. This implies that either the causative disturbances
are nonpropagating, or have apparent velocities exceeding
10 kilometers per second vertically and 40 kilometers per
second horizontally. Such high velocities rule out acoustic
waves as a cause in these cases, although the latter have been
reported from middle latitudes (Baker and Davies, 1969;
Davies andJones, 1971; Davies andJones, 1973; Yuen et al.,
1969; Weaver et al., 1970).

Figure 4 shows an enlarged portion of a La Cour
magnetogram recorded at Argentine Islands on the day in
question. Small oscillations (1 to 105 amplitude) can be seen
on the trace, whose times of commencement and cessation
agree exactly with those of the doppler events. The La Cour
magnetometer is unsuitable for studying small rapid fluc-
tuations of this type, so it is not possible to identify the class
of perturbations in these examples, but they are most prob-
ably Pi2 magnetic pulsations. A more sensitive magnetom-
eter has now been installed to study these correlations in

Figure 1. Map showing the locations of stations involved
in the experiment (dots). The receivers a.e located at Argen-
tine Islands and transmitters are at Palmer (PA), Adelaide
(AD), now Rothera Point, and Almirante Brown (AB). The
crosses indicate the positions of the ionospheric reflection

points.
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more detail. The correspondence between the rapid doppler
oscillations and magnetic oscillations is a consistent feature
of all the data analysed so far.

The link between ionospheric oscillations and magnetic
pulsations was first reported by Rishbeth and Garriott
(1964). These authors considered two possible mechanisms:
one was dynamo-motor action resulting from alternating E-
layer currents; the other was the interaction of a
hydromagnetic wave with the ionization. They concluded,
however, that neither mechanism was capable of accounting
for the magnitude of effects observed. Subsequently, Duffus

Figure 4. Portion of a La Cour magnetogram recorded at
Argentine Islands on 26 February 1976. Only the H-trace is

shown.
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and Boyd (1968) proposed that magnetoacoustic waves
propagating perpendicular to the geomagnetic field could
be the cause. Recently, Klostermeyer and Rottger (1976)
have presented further evidence linking magnetic pulsations
with ionospheric oscillations, using a single frequency single
path doppler experiment at Lindau (Federal Republic of
Germany). Their analysis indicates that a downward prop-
agating hydromagnetic wave could, after all, account for
the observations. Detailed analysis of the data from our
multifrequency, multipath network should help to resolve
the controversy, since the hydromagnetic wave theory
predicts a particular variation of o'f as a function of sound-
ing frequency which we can test experimentally. We hope to
report on this in the near future.

The authors gratefully acknowledge the support of the
following organizations, without which the experiment
would not have been possible: British Antarctic Survey, In-
stituto Antartico Argentino, National Science Foundation,
usd Science Research Council of the United Kingdom. The

j5aper is published by permission of the Director of the
British Antarctic Survey.
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Signatures of magnetic field
pulsation activity

R.R. HEACOCK

Geophysical Institute
University of A laska

Fairbanks, Alaska 99701

Data recording for the three-component induction
magnetometer system at Vostok continued with the same in-
strumentation and data recording formats as instituted by
V.P. Hessler in 1965. Duplicate records in the form of
Esterline-Angus strip charts and slow-speed magnetic tapes
are taken at Vostok, one set for the Soviet scientists and one
for the Geophysical Institute. Some parts of the analyses are
cooperative with the Soviet scientists, V.A. Troitskaya and
associates.

Data recorded at Vostok are being analyzed in conjunc-
tion with ground-based recordings taken at College
(Alaska), Macquarie Island (Australia), Thule (Greenland),
and at several sites in Finland and with data recorded on
satellites.

In this preliminary report, the pulsation "signature" con-
cept is discussed. It has been recognized for a long time that
there are fundamental difficulties related to the possibilities
that a given interval of pulsation activity observed at widely
spaced sites or on satellites is (a) a single event propagating

to the various observing points from a single source location
which is small in size compared to the magnetosphere, (b) a
single event propagating from a large source region, e.g.,
the dayside and flank regions of the magnetopause or the
region beyond, (c) a superposition of discrete events from
discrete source locations, possibly involving more than one
source mechanism, (d) an event in which different propaga-
tion paths from a source location are involved, with signifi-
cant differences in propagation time and spectra related to
the different propagation paths. It was found, in the course
of the present work, that the level of complication can at
least be reduced by paying close attention to the signatures
of the activity as seen at the various locations, with par-
ticular attention to the frequency-time signatures.

In retrospect, one sees that significant research progress
has been made in areas where the signature concept could
be exploited, e.g., the frequency-time form of a structured
Pc 1 event permits it to be identified at spaced sites and
utilized in studies of hydromagnetic wave velocities in the
horizontal F-layer duct (e.g., Manchester and Fraser, 1970).
In synoptic studies on Pi 2 events the time-amplitude
signature, that is, the onset time, is utilized (Fukunishi,
1975). Since Pi 2 events are the low-frequency parts of Pi
bursts (Heacock, 1967), the broadband frequency-time
signatures of Pi bursts furnish an additional means of identi-
fying these events at spaced sites and satellites.

Pi 2 events, or Pi bursts, are generally thought to be
related to substorm onsets (reviews: Saito, 1969; Jacobs,
1970). The present work has disclosed the following new
findings related to Pi bursts: (1) Though most Pi bursts
maximize in the night sector of the auroral oval and
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Figure	1. Waveform
recordings of broadband
activity	observed	at
Vostok, Thule, and at the
Hawkeye I satellite, which
was near apogee at these
times, 20.7 Re, over the
north polar cap and out-
side the magnetosphere.
Note the broadband
bursts 22-23 UT at
Hawkeye and compare to
figure 2. The Kp indices
were 2 (18-21 UT) and 3 +

(21-24 UT).

presumably originate in the magnetotail, some originate in
the interplanetary medium (figure 1). (2) Some observed Pc
3-4 activity originates in these Pi bursts of interplanetary
origin, the Pi 1 component being attenuated as the event
propagates onto closed field lines (figure 2). (3) Many Pi
bursts that originate in the magnetotail propagate to the
dayside and to the pole sites with clear impulse signatures
that might be confused with sudden impulses of solar wind
shock origin if only dayside data were available (figure 3).
(4) Some Pi burst events actually consist of several bursts
with a separation of one to several minutes between bursts.
This is an important consideration where power spectra are
being considered because the resultant spectrum is a func-
tion of the burst spacings as well as of the individual burst
spectra. (5) Some forms of low amplitude Pi activity ob-
served at dayside and pole sites consist of swarms of sudden

impulses like weak si's. The reproduce level for the Mac-
quarie H frequency-time display in figure 3 was raised to
show the existence of many low amplitude broadband im-
pulses. Impulses are also prominent on the College displays;
note the impulsive character of the activity in the interval
1720-1810 universal time (UT), though this would normally
be classed as Pc 3-4 activity with the assumption of a steady-
state source mechanism. Such activity as seen on figure 3 is
probably the same as that recognized by Lanzerotti et al.
(1973) on middle-latitude records. The relative importance
of impulse source mechanisms in the generation of Pc 3-4
activity, as opposed to steady-state mechanisms such as the
Kelvin-Helmholtz instability, merits more investigation.

The Pi burst that occurs at 2001 UT, 12 December 1972
(figure 3), maximized in amplitudes at Sodankyla,
amplitude records not shown here. A small substorm started
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at 2001. Sodankyla was in the late evening sector; local
mean midnight is at 22 UT. The event propagated, with
reduced amplitudes, to both pole sites and to the dayside
sites (figure 3). Some aspects of this event were previously
discussed (Heacock, 1976). On the same displays, a storm
sudden commencement signature is shown, listed by WDC-A
as occurring at 2145 UT. This event was also seen at all sites
though with reduced amplitudes at the nightside site
Sodankyla. The storm sudden commencement (scs) is most
prominent at Pc 4-5 frequencies as is usual with the ssc's
listed by WDC-A. Quicker impulses, with significant energy at
Pc 1-2 frequencies but lacking at lower frequencies, are seen
on the induction magnetometer displays but are not visible
on the ordinary magnetograms.

The Hawkeye magnetometer data were kindly supplied by
J.A. Van Allen, University of Iowa. This research was sup-
ported by National Science Foundation grants DPP 76-22331
and ATM 71-00617.
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side. A Pi burst at 2001 maximized at Sodankylä but is seen
at all sites. An ssc occurring at 2145 is also seen at all sites
but with least intensity at Sodankylà which was in the night

sector.
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Magnetospheric dynamics
programs at Vostok Station

J. D. WOOD and R.N.JOHNSON

U.S. Geological Survey
Denver, Colorado 80225

The U.S. Geological Survey (UsGs) served as the coor-
dinating agency for the cooperative U.S.-U.S.S.R. scientific
exchange program at Vostok Station (78.45°S. 106.870E.)
for the last year. Ralph N. Johnson, USGS geophysicist, was
stationed at Vostok from January 1976 until January 1977.
During this period the Vostok operations included the
following:

A USGS ultra low frequency (uLF) micropulsation program
(W.H. Campbell) that involved the continuation of a study
of geomagnetic- field fluctuations from 5.0 to 0.003 hertz at
Vostok. These ULF phenomena arise from field perturbation
processes in the outer regions of the magnetosphere. Field
fluctuations generated there are transmitted to the earth's
surface along the earth's magnetic field lines as currents and
hydromagnetic waves. Such geomagnetic variations are then
communicated to other global locations via the earth's
ionosphere. The magnetospheric field lines extending from
a geomagnetic pole station such as Vostok reach far to the
tail region of the magnetosphere.

The objectives of this research in ULF at Vostok are to
determine: (1) the physics of the excitation source region of
the pulsations, (2) the mechanism for propagation of the
signals from the magnetospheric tail to that region of the
earth, (3) the ionospheric effects upon the received signal,
(4) the transmission of the signal about the earth from a
point of arrival at lower latitudes, (5) the magnetospheric-
environment prediction capability of the detected field fluc-
tuations.

A micropulsation program was carried out for the Univer-
sity of Alaska (R.R. Heacock and V.P. Hessler). The in-
strumentation consisted of three-component induction
magnetometers recording on both strip charts and slow-
speed magnetic tape. Professor Heacock of the University's
Geophysical Institute uses the magnetic tapes for analysis of
incidence and propagation of micropulsation activity. He
compares the Vostok data with data from Thule, Green-
land, and stations around the northern auroral zone.
Valeria Troitskaya, Institute for the Physics of the Earth,
Moscow, uses the strip-chart records in studies of incidence
of micropulsation activity at Vostok and along a latitudinal
chain of Soviet stations.

A riometry program of collecting data on ionospheric ab-
sorption by observing the intensity of radio-frequency radia-
tion from the galaxy as modulated by changing radio ab-
sorption in the lower ionosphere provides information on
cosmic events such as disturbances associated with aurora
and PCA (polar cap absorption) events; it was operated for
the National Oceanic and Atmospheric Administration
(A.H. Shapley). The systematic description of such events
provides engineering data needed in telecommunications
Planning and geophysical data used in studies comparing
other associated ionospheric observations of special
ionospheric and aeronomical experiments.

All of the data discussed above were recorded in duplicate
in order to furnish original data records to the Soviets
without delay.

A Stanford University program U . Katsufrakis and R.
Heliwell) of very low frequency (VLF) measurements for the
analysis and study of propagation characteristics over ice
was to be operated, but no data were obtained in this pro-
gram because of instrumentation problems. The data
gathered for each of the above mentioned programs have
been transmitted to the organizations involved for use in the
described research activities.

This work was supported by National Science Foundation
grant OPP 76-06895.

High-latitude ionospheric
absorption

H.J.A. CHIVERS

Department of Applied Physics and Information Science
University of California, San Diego

Lajolla, California 92093

Measurement of radio wave absorption in the ionosphere
is an established technique for recording the precipitation of
energetic electrons and protons from the sun. The antarctic
continent is a unique location to conduct these observations
because the guiding action of the earth's magnetic field
brings the energetic particles into the atmosphere at high
latitudes. Similar observations can be made in the northern
hemisphere, and it is possible to operate stations in pairs so
that each is on the same field line. Since the field lines at
high latitudes extend deep into the magnetosphere, the
results obtained are caused by forces that operate in the
deep space environment. Various techniques, both ground
based and on satellites, can be used to explore the
magnetosphere, and so the absorption program is part of a
multisensor cooperative program operated by various in-
stitutions.

Although operations were suspended at Siple during
1976, the absorption measurements were continued at the
conjugate station near Roberval in Canada during most of
the year. An analysis technique, based on numerical in-
tegration of digital records, was developed during the year
and applied to test records from Siple Station to show that
variations in absorption and as small as 0.003 decibels were
detectable with the new system. Since it is expected that the
very low frequency transmitter at Siple could cause en-
hanced absorption by stimulation of the precipitation proc-
ess, it would be possible in the future to detect whether this
process takes place even if the effect is very small. In an ad-
ditional attempt to improve the detection of fluctuating
events, whether natural or manmade, a high pass filter was
installed on the equipment at Siple during January 1977 to
remove the signal level changes caused by the passage of the
antenna beam through the plane of the galaxy.
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The absorption observations initiated at South Pole Sta-
tion in 1975 were continued at both 30 and 51.4 megahertz
during 1976. Through most of the year the conjugate station
at Frobisher Bay in Canada was also operating so that it
became possible to further extend the catalog of fast onset
absorption events found at these locations. An analysis of
these records has already shown that the effect is due to a
precipitation process initiated by high energy particles occu-
pying a narrow region above the observing station. This
analysis is being further refined to allow for the absorption
caused by bremstrahlung radiation from the high energy
components of the precipitation event. In January 1977 the
equipment at the South Pole was moved to a more perma-
nent location in the new clean air facility, and in April 1977
the recording system at Frobisher Bay was changed so that it
is identical with the installation at the South Pole. This im-
provement will enable an accurate comparison of those
complicated events that originate far out in the magneto-
sphere.

As a contribution to a cooperative program between the
Soviet Union and various U.S. institutions, new equipment
for the measurement of ionospheric absorption was installed
at Vostok Station during January 1977. Since this station is
at a very high geomagnetic latitude, it is well within the
auroral zone, and absorption events there are caused mainly
by high energy protons of solar origin. When the records
become available in 1978 they will be compared with
records of absorption which continued to be made at
McMurdo Station through the cooperation of the New
Zealand government.

This research was supported by National Science Founda-
tion grant DPP 76-80556.

Auroras in the cusp feg iuii

S.-I. AKASOFU

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Auroral photographs taken simultaneously from the
South Pole and from DMSP (Defense meteorological satellite
program) satellites are still providing new findings. It was a
surprise to find that the midday part of the auroral oval, the
so-called 'cusp region', is devoid of discrete auroral arcs in
many DMSP auroral photographs. Figure 1 shows a mon-
tage photograph of the auroral oval taken from DMSP-8351
(orbits 6395 and 6402) on 10 June 1975; a cross locates the
southern invariant pole, and a line from the invariant pole
toward the top of the photograph indicates the magnetic

Figure 2. Simultaneous auroral photographs taken from
the South Pole and from the DMSP-8531 satellite at 1348
universal time (UT), 12 June 1975, together with several all-

sky photographs before and after the satellite passage.

[i

Orbit 6398	1041 UT JUNE 10 1 19756402 1727
Figure 1. Montage photograph of the auroral oval taken

from above the Antarctic on 10 June 1975.

(

.
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Figure 3. DMSP auroral photograph of the auroral oval
taken from above the Antarctic on 10 May 1975. Note in par-
ticular the radial alinement of auroras in the midday sector.

noon meridian. The midnight sector of the oval is located
toward the bottom, the afternoon-evening sector is on the
right side and the forenoon-morning sector is on the left
side. The auroral oval has a 'gap' in the midday sector.

Detailed examination of a large number of DMSP photo-
graphs shows that patches or isolated rays are almost always
present in the gap; they are sometimes too faint to be clearly
photographed. Our new finding is that even an extremely
bright discrete arc (mostly extending from the afternoon
sector) is always abruptly truncated at about the boundary
of the cusp region and does not extend into the midday sec-
tor. Figure 2 shows simultaneous observation of auroras in
the cusp region from below (the South Pole) and from above
(the DMSP satellite); the satellite photograph is shown in
negative, so that dark features are auroras. An arrow in-

dicates the South Pole, shown as a white dot. Because of a
limited field of view, it was not necessarily obvious from
ground-based all-sky photographs that auroras in the cusp
tend to be patchy, although the presence of isolated rays has
been reported in this region from time to time. Having
simultaneous DMSP photographs, we are now in a much
better situation in studying auroras in the cusp region than
in the past. DMSP photographs provide a wide view every
100 minutes, and all-sky photographs at the South Pole are
taken every minute, enabling us to study changes of auroras
in detail.

Another finding is that auroras in the cusp region
sometimes aline radially, converging to (or diverging from)
a point along the noon meridian. Figure 3 shows radially
alined auroras. I suspect that such a tendency has an impor-
tant implication in understanding the merging geomagnetic
and interplanetary magnetic field lines at the front of the
magnetosphere and in understanding the associated convec-
tive motion of magnetospheric plasma. It is our plan to ex-
amine possible relationships of the radially alined auroras
with the interplanetary magnetic field and substorm activi-
ty.

This research was supported by National Science Founda-
tion grant DPP 7 1-04051.
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Rocket measurements of energy
deposition in the atmosphere by

auroral X-rays

JAMES R. BARCUS

Department of Physics
University of Denver

Denver, Colorado 80210

Renewed interest has arisen in high altitude conductivity,
ion composition, other minor constituent distributions, and
their variability. One reason for this interest is a more
widespread recognition of the importance of understanding
any extraterrestrial influence on atmospheric electrical and
meteorological processes. The details of possible
mechanisms for actual extraterrestrial influence, such as
through aurora or solar flare effects, for example, are poor-
ly known. Nevertheless, there has been considerable specula-
tion concerning rather specific processes. Only through ex-
perimental examination of such speculations may we hope
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to gain a basis for eventual physical explanation of the rela -
tionships suggested.

To explore some aspects of the problem an interdisciplin-
ary team has been brought together by R. A. Goldberg of the
National Aeronautics and Space Administration's Goddard
Space Flight Center. Included are specialists in atmospheric
physics drawn from universities and government labora-
tories. The experimental program involves coordinated
rocket and balloon measurements aimed at identifying the
specific response of selected electrical parameters and minor
constituents to particle and x-ray bombardment of the at-
mosphere (Goldberg et al., in press). A high latitude phase
of the investigation was carried out at the Poker Flat Range
near College, Alaska, in late September 1976. A complete
description of the program and results will appear
elsewhere; only preliminary results pertaining to energy
deposition by bremsstrahlung x-rays are reported here.

A part of the instrument complement flown in the Nike-
Tomahawk payloads was an x-ray detector supplied by the
author and the co-investigator, Roger Williamson, Utah
State University. The instrument was intended for studies of
x-rays in the atmosphere below the bremsstrahlung produc-
tion region (90 . 100 kilometers attitude). The basis detector
was a collimated, thin window sodium-iodide crystal. Sen-
sitivity to x-rays ranged from approximately 5 kiloelectron
volts upwards. Energy analysis was performed in three dif -
ferential channels-5 to 10, 10 to 20, and 20 to 40 kiloelec-
tron volts, and one integral channel greater than 40 kiloelec-
tron volts. The instrument was mounted 45° from the spin
axis, forward-looking. Aspect variations due to rocket spin
provided information on the local angular distribution of
x-rays. Also, because of the intended rather low trajectory of
the rocket in the atmosphere, spin modulation provided ad-
ditional detail on atmospheric absorption, supplementing
the usual data obtained during up- and down-leg penetra-
tion of the atmosphere.

Below about 70 kilometers the x-ray measurements were
uncontaminated by direct electron impact effects (actual
electron penetration of the beryllium window or locally pro-
duced bremsstrahlung at the detector and surrounding
rocket skin). Above 70 kilometers, electron contamination
increased rapidly with height, and above the bremsstrah-
lung production layer the effects of the local electron flux
dominated detector response. However, in the height range
of interest for energy deposition by x-rays, electron con-
tamination could be removed using the data from the on-
board particle detectors.

The experiment provided height profiles of brems-
strahlung x-ray energy spectra for both up- and down-leg
transits of the atmosphere on two Nike-Tomahawk flights
(18.178 and 18.179) during modest to moderate auroral
disturbance conditions. From these data, we have derived
profiles of energy deposition by auroral x-rays.

The figure shows our preliminary (smoothed) estimate of
energy deposition for greater than 5-kiloelectron-volt
bremsstrahlung x-rays encountered during the flight of
18.179. This rocket was launched at 0137 Alaska standard
time on 23 September 1976 into a widespread, moderately
intense, post-breakup auroral event. Also shown in the
figure, for comparison, is the energy deposition for cosmic
rays, a major source during geophysically quiet, nightime
conditions. For this event, it is clear that energy deposition
due to bremsstrahlung exceded that from cosmic rays
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Preliminary results on energy deposition by auroral x-rays
encountered during the upleg portion of Nike-Tomahawk

18.179 launched from Poker Flat, Alaska.

throughout the mesosphere; also, the two sources were com-
parable in the upper stratosphere.

Comparison of the measurement with the calculations of
Berger et al. (1974) indicates that the bulk of the deposition
by x-rays above about 60 kilometers can be accounted for by
bremsstrahlung associated with a fairly intense but soft elec-
tron influx (about 5 x 10 9 electrons per square centimeter
per second) with e-folding energy of about 5 kiloelectron
volts. However, the level of deposition encountered at lower
altitude requires a greater number of penetrating x-rays and
therefore an additional and more energetic electron compo-
nent. This conclusion is in qualitative agreement with the
form of the measured x-ray spectrum, which indicates that
the primary electron flux was indeed of a two-component
charter (Barcus and Rosenberg, 1966). Quantitative
statements will be possible following detailed comparison of
x-rays and particle measurements.

The preliminary results presented here suggest that tran-
sient ionization effects due to bremsstrahlung x-rays are suf-
ficient to significantly increase mesospheric conductivity at
high latitudes. Moreover, when the primary electron spec-
trum possesses a hard component, the associated brems-
strahlung can deposit sufficient energy at upper strato-
spheric levels to lower the classical electrosphere. Both of
these effects are likely to have consequences on the cou-
pling of disturbance electric fields across the atmosphere
and on the distribution of the fair weather field as well.
These features and other questions relative to minor constit-
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uent variability are being pursued using experimental data
obtained in the program.

This work was supported in part by National Science
Foundation grants OPP 75-09291 and OPP 76-01349 and
NASA contract NAS5-22981.
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Cosmic ray intensity variations
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DAY

MARTIN A. POMERANTZ and SHAKTI P. DUGGAL

Bartol Research Foundation of The Franklin Institute
University of Delaware

Newark, Delaware 19711

Figure 1. Polar nucleonic intensity difference, derived
from superposed epoch analysis of the data recorded at
Thule and McMurdo, for positive to negative (+ -) and

negative to positive ( - +) IMF sector boundaries.

Since the sun is the ultimate source of cosmic ray intensity
variations, the galactic cosmic ray flux increases with
heliocentric distance. The theoretical models of the modula-
tion process predict a radial gradient in the cosmic ray in-
tensity.

Detectors carried by spacecraft respond to low energy par-
ticles, and the results of gradient measurements have been
somewhat controversial for several reasons. In any event,
similar observations at high energies, i.e., 10 giga-electron
volts (10 GeV), are not feasible.

Fortunately, cosmic ray observations at polar stations pro-
vide a unique method for evaluating the radial gradient for
relativistic particles. Theory predicts that a density gradient
in the ecliptic plane would give rise to a north-south asym-
metry in the intensity, with a sense that is determined by
whether the interplanetary magnetic field (IMF) points
toward or away from the sun. Data recorded at McMurdo
and Thule have clearly revealed a field-dependent asym-
metry (figure 1), thus establishing the presence of a radial
gradient. Calculations based upon these measurements show
that the magnitude of this gradient is about 2 percent per
Astronomical Unit (Duggal and Pomerantz, in press).

Interplanetary shock waves and tangential discontinuities

Figure 2. Composite nucleonic intensity at polar stations,
centered on the day (dashed line) of initial arrival at earth of

107 high speed solar wind streams.
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Radio scintillation studies

JAMES R. CLYNCH, H. LYLE Su pp , and ARNOLDJ. TUCKER

VNWNM moon
	 Applied Research Laboratories

University of Texas at A ustin
,:e
	 Austin, Texas 78712

Figure 3. Installation of the first of three 2-ton modules
atop the 15 foot cosmic-ray platform at South Pole Station.
The platform can be jacked to keep the remote sensors
above the level of the drifting snow. The recording equip-

ment is housed in the Skylab tower.

in the IMF can produce large Forbush decreases (Quenby,
1971; Lockwood and Webber, 1975; Duggal and
Pomerantz, 1976). However, most transient modulations
cannot be ascribed to this mechanism. A search for other in-
terplanetary processes that can affect the cosmic ray intensi-
ty has revealed that solar wind streams are the principal
cause of transient variations. Figure 2 shows that im-
mediately after the onset (day 0) of the high speed solar wind
streams recorded by Vela satellites, the nucleonic intensity
decreased significantly. Further, our analysis has indicated
that low speed flow patterns of solar wind are associated
with increases in cosmic ray flux. These developments are
especially interesting in that they appear to be crucial for
understanding the complex day-to-day modulations that
reflect the interplanetary climatology.

In the field, new cosmic ray sensors were installed at
Amundsen-Scott South Pole Station during the 1976-1977
austral summer (figure 3), replacing equipment that had
been used since 1957, and making this the world's most sen-
sitive detector.

This research was supported by National Science Founda-
tion grant O pp 74-00042.
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Doppler data collected over several years at the geodetic
satellite observatory, McMurdo, Antarctica (77.85°S.
66.67°E.) have been analyzed to determine the

characteristics of the ionospheric scintillations over the polar
cap. Similar data observed at Thule, Greenland (76.56°N.
291.23°E.) have been used to compare effects in the two
polar regions.

Coherent radio beacons at frequencies of 150 and 400
megahertz on the Navy navigation satellites were observed at
both stations. The dispersive nature of the ionosphere allows
the effect of the net columnar electron content to be re-
moved from the observations by combining the two signals
from each satellite (Tucker, 1973). The recorded data con-
sisted of the vacuum Doppler shift at some effective frequen-
cy. In the data processing, the effects of satellite motion,
and hence the Doppler shift, were removed, and the data
were scaled to an effective carrier frequency of 108
megahertz.

After processing, a set of residual Doppler data remains
which, in the polar region, is dominated by rapid phase
fluctuations generated as the ray path crosses variations in
the electron density and by the scattering from these varia-
tions. The net effect of the data acquisition equipment and
data processing algorithm is to generate 1-second averages
of these phase fluctuations.

Over 3,400 passes were observed, and these data, divided
into six blocks of days scattered throughout 1969, were ex-
amined in detail. Data from each pass were divided into 10
time segments (approximately 80 seconds per segment), and
a scintillation value (Sv) proportional to the root-mean-
square average phase error was computed for each pass seg-
ment (Clynch, 1975, 1977). The scintillations were assumed
to occur in the F-region, and the location was assumed to be
the point along the line of sight between the station and the
satellite at an altitude of 350 kilometers. Contour plots of
the average Sv in geographic and other coordinates were
prepared (Clynch, 1977). The data for these were averaged
over day blocks of 30 consecutive days. The frequency of oc-
currence of scintillations (Fos) was computed and contour
plots prepared.

The Sv contour plots show a peak near the stations,
although this effect is clearer at McMurdo than at Thule.
Due to the proximity of the magnetic poles to the stations,
the magnetic field lines at 350 kilometers over the stations
are almost vertical, and these peaks in 5v correspond to
regions where the line of sight and magnetic field are aimed.
This peak in Sv is therefore consistent with highly field-
alined irregularities (Briggs and Parkin, 1963).

Scintillations occur frequently in both polar regions.
Averaged over all seasons, the FOS is greater than 30 percent
over the northern polar cap for all geometries, and above 45
percent over the southern polar cap for most geometries.
There is also a seasonal dependence, with scintillations be-
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ing stronger and occurring more frequently in local winter
over both polar caps. In local summer, the FOS in both polar
regions is 15 percent or lower away from the horizons and
the field-alined geometries.

In addition to the residual Doppler data from 1969, a
noise figure (one number per pass) was examined for over
45,000 polar passes occurring between 1969 and 1973.
Several effects were observed in these data and are reported
in Clynch et al. (1977). Two of the most significant results
are an absence of a correlation of the scintillation intensity
or FOS with K over either polar cap and a diurnal pattern
in local winter with the location of the peak noise being a
function of the angle between the satellite's orbital plane
and the sun (Tucker, 1974).

This work has been sponsored by the National Science
Foundation under contract C-560. The authors express their
appreciation to R. Anderle and others at the Naval Surface
Weapons Center/ Dahlgren Laboratories, Dahlgren,
Virginia, who processed the data to remove the effects of or-
bital motion.
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Auroral infrasonic waves
observed at Windless Bight,

Antarctica

CHARLES R. WILSON

kilometers northeast of Scott Base on the Ross Ice Shelf.
Figure 1 locates the three microphones. The outlying
microphones (1) and (3) are connected by 13 kilometers of
surface laid wire to a radioisotope thermoelectric generator
(RTG) that is housed in a small hut at location (2). Three
separate channels of high frequency telemetry in the 150
megahertz range send the infrasonic signal data from
Windless Bight to the science building at Scott Base. Paper
chart and magnetic tape recorders record the pressure-
versus-time traces from the three remote microphones. Cook
and Young (1962) describe the infrasonic equipment.

Data collected from 30 November 1976 to 14 February
1977 show that the background wind-noise level on the
microphone traces at Windless Bight is lower than for any of
the other six infrasonic observatories we have operated in
Alaska, Canada, Sweden, and Norway. The high geomag-
netic latitude of Windless Bight that places it well within the
auroral oval, and the anomalously calm weather there make
it an excellent site for the study of infrasonic waves
generated by supersonic auroral electrojet motions (see
Wilson, 1969, 1975).

In the 45 days of data we have from Windless Bight, there
were 10 days in which auroral infrasonic waves (AIw) could
be identified and 2 days in which low velocity "mountain-
associated" infrasonic waves were found in the infrasonic
records. Because of the very low wind-noise level on the
records it was possible to see microbarom activity from
marine storms on virtually all the records. Microbarom in-
frasonic waves of about 10-second periods are generated by

Windless Bight auroral infrasonic waves.

Date (1976-1977)	Time	Azimuth	(0)	Trace velocity
(m/sec

6Dec	 1344	126	 675
10 Dec	 1929	 4	 590
12 Dec	 1655-1705	39	 510
20 Dec	 1448	146	 455

1503	94	 520
1509	112	 460
1633	116	 580

31 Dec	 0315	234	 540
lJan	 1550	102	 450

1715	115	 530
1802	121	 430

liJan	 2055	115	 530
2122	125	 520

12Jan	 0052	282	 530
1454	154	 420
1458	122	 560
1507	105	 1100
1543	129	 675
1559	110	 570

Geophysical Institute	 15Jan	 1549	94	 550
University ofAlaska	 1559	145	 450

Fairbanks, Alaska 99701	 1604	124	 500
1614	109	 570
1646	116	 500

11 Feb	 0559	144	 610
0618	194	 600
1523	135	 460

To detect atmospheric infrasonic waves in the period
range from 10 to 100 seconds, three infrasonic microphones
were installed during November 1976 in Windless Bight 27
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ocean wave activity. Coherent infrasonic waves of low trace
velocity of 370 meters per second from an azimuth of 1450
were observed on 16 January 1977, travelling from the direc-
tion of the Queen Maud Range and the Horlick Mountains.
Such "mountain-associated" infrasonic waves are thought to
be generated by jet stream interaction with the mountains.
They are commonly observed at the Fairbanks, Alaska, in-
frasonic station from three different mountain ranges.

The table lists the AIW observed at Windless Bight thus
far. The AIW have much higher trace velocities than
"mountain-associated" infrasonic waves and thus are easy to
identify. Figure 2 gives examples of discrete auroral in-
frasonic wave packets from auroral activity to the east and
poleward of Windless Bight. These AIW from 15 January
have high trace velocities of 450 to 550 meters per second,
indicating that they are arriving at the earth's surface with a
steep angle of inclination of around 45° from an auroral
source in the lower ionosphere. Because of daylight at
Windless Bight in January, no all-sky camera auroral pic-

tures were available for identifying the sources of the AIW
given in figure 2. However, coincident magnetic activity and
their high trace velocity confirm that they are in fact of
auroral origin. There is a seasonal variation in auroral ac-
tivity with minima at the solstices and maxima at the
equinoxes (Wilson, 1973). Thus, many more MW should be
observed in the forthcoming antarctic winter season at
Windless Bight.

Although we thus far have only 10 days during which AIW
were observed in the Windless Bight data, a clear mor-
phological tendency is already apparent. Of the 27 AIW
listed in the table, 22 of them arrived at Windless Bight
from a 60 1 range in true azimuth from 90 1 to 150° east of
north and 18 of these AIW occured within the universal time
internal from 1400 to 1800 hours or from 0200 to 0600 local
time. Thus AIW are being observed at Windless Bight in the
dawn sector propagating from a range of azimuths that ex-
tend from 150° parallel to the auroral oval in an east to west
direction to (90°) transverse to the oval in a poleward direc-

Figure 1. Windless Bight
three microphone in.

frasonics array.
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tion. This particular AIW morphology has never been
observed at any of the five lower latitude auroral zone sta-
tions in the northern hemisphere. The morphology of AIW
at Palmer, Alaska (,CG = 60.8 0), College (,CG = 64.90),
and Inuwik (.CG = 71.1°) as given in figure 2 by Wilson
(1972) shows that AIW in the dawn sector (universal time,
1600 to 1800) are propagating at these three northern
hemisphere stations from west to east and transverse to the
oval in an equatorward direction. This is in direct contrast
to the Windless Bight AIW just described. The decrease in
the number of AIW arriving from the northwest at Inuwik as
compared with College (see Wilson, 1973) can be ex-
trapolated to the very much higher magnetic latitude of
Windless Bight, of 79 0 , to explain the total absence of AIW
from the northwest in the dawn sector at Windless Bight.

The best tentative explanation of the AIW thus far ob-
served at Windless Bight in the dawn sector propagating
from east to west is that they are due to westward prop-
agating surges that move into the dayside sector of the
auroral oval up to local times as great as 1030 as observed by
Syun Akasofu on the South Pole Station aurora!
photographs (private communication). Further infrasonic
data from Windless Bight station during the winter night
should reveal the auroral source of these anamolous AIW.

I thank Robert Thomson of the Antarctic Division,
Department of Scientific and Industrial Research, New
Zealand, and Kevin Weatherall, the Scott Base scientific
leader, for their excellent help in making this joint U.S.-
N.Z. experiment possible. This research was supported by
National Science Foundation grant DPP 73-05897.
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Support and services

Language distribution of antarctic
literature

GEZAT. THURONY!

Science and Technology Division
Library of Congress

Washington, D.C. 20540

The Antarctic Bibliography has been identifying, sum-
marizing, and indexing the world's antarctic literature for
some 15 years. While abstracts are written in English, it has
always been the aim of the Cold Regions Bibliography Proj-
ect that compiles the publication to cover both English and
foreign-language works. The introductions to volumes 1
through 5 of the Antarctic Bibliography underscore this aim
by providing statistical data on languages covered and on
countries of publication. With the adoption of computer-
ized processing to produce Volumes 6 through 8, the prac-
tice of providing such statistical data in the introduction was
abandoned, perhaps paradoxically, as the computerized
record does include such data. The reason for omitting
statistics from these more recent volumes was the desire to
limit demands on program development and processing to
essentials. Some statistical data have now been extracted
from the stored computer records.

The sample examined consists of records entered into the
data base from November 1971 to October 1976, and covers
volumes 6 through 8, and part of the forthcoming volume 9,
of the Antarctic Bibliography. Only data concerning
language coverage have been computed; other data
available in the records relate to country and date of
publication; date of input, method of acquisition, etc.

The total number of records in the sample was 7,248.
They are divided as follows: English 5,368 (74.02 percent),
Russian 1,057 (14.58 percent), Japanese 264 (3.64 percent),
French 251 (3.46 percent), Spanish 214 (2.95 percent), Ger-
man 41(0.57 percent), Norwegian 14 (0.19 percent), Polish
11, Italian 9, Bulgarian 7, Afrikaans 6, and Czech, Dutch,
Flemish, Portuguese, Rumanian, and Swedish 1 each.

The numbers shown for English and Russian may be
somewhat misleading in that a significant portion of the
Russian literature is being translated into English. Of the
5,368 English items, 564 (10.51 percent) are translations
from Russian. Of these, 108 have also been cited in the
original Russian form and are thus included in both the
Russian and English counts. If the remaining 456 transla-
tions (i.e., 564 minus 108) are counted for both English and
Russian, the totals become 5,368 (69.68 percent) for English
and 1,513 (19.64 percent) for Russian. Finally, if transla-
tions from Russian into English are counted as Russian
rather than English items, the totals become 4,804 (67.28
percent) for English and 1,513 (21.19 percent) for Russian,
an even greater shift. The same could be applied to some of
the other languages, but with less significant results.
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In the introductions to volumes 1 through 5 there was a
lack of uniformity in accounting for translations; therefore,
the figures given in those volumes are not directly com-
parable with those shown here. Nevertheless, it is of interest
to note that the combined percentage of Russian items in the
five volumes was 22.6, higher than the largest ratio (21.19
percent) computed above. The proportion of French cita-
tions declined from 4.4 percent in volumes 1 through 5 to
3.46 percent in the present count, while Spanish citations in-
creased from 2.1 percent to 2.95 percent, presumably reflec-
ting a decrease in antarctic activities by France in 1972-1976
as compared to 1962-1971, and stepped-up activities by
some South American countries in the same time period.
The percentage of Japanese papers increased from 1.4 to
3.64, and Norwegian papers from marginal to 0.19. This
may be attributed to a more thorough search effort by the
project in Japanese and the Scandinavian languages, as
reported earlier (Thuronyi, 1976).

From this brief tally it appears that more than 99 percent
of the antarctic literature is concentrated in only 6
languages. We like to believe that this count reflects the true
output. If our readers, however, are aware of any foreign-
language literature—or English literature, for that matter—
that has gone undetected by us, we urge them to bring such
writings to our attention for inclusion in the Antarctic
Bibliography. Reprints, documents, citations, or any other
correspondence should be directed to the Library of Con-
gress, Science and Technology Division, Cold Regions
Bibliography Project, Washington, D.C. 20540.
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Conceptual design of a polar
research ship

A.F. BETZEL

Division of Polar Programs
National Science Foundation

Washington, D.C. 20550

In 1962, the National Science Foundation began a
research program in the southern oceans using USNS Eltanin.
The 84-meter ship was manned by the Military Sealift Com-
mand and in 10 years made 52 cruises in the southern

oceans, covering Atlantic and Pacific Ocean areas sur-
rounding Antarctica, but omitting the sector south of the
Indian Ocean.

Eltanin, now operated by Argentina and renamed Islas
Orcadas in a cooperative U.S.-Argentine science program,
is equipped for research in marine biology, physical
oceanography, marine geology, and geophysics. It has an
ice-strengthened hull, carries a science party of 20, and has
over 60 days' endurance.

Concurrently with the construction of Palmer Station in
1967, the Foundation funded construction of R/V Hero.
Hero is an ice-strengthened, wooden-hulled, diesel and sail-
equipped New England trawler. It is equipped for marine
biology and hydrographic work. Hero can accommodate
eight scientists for 30 days. Its small size (38 meters) is a
handicap during ocean transit in poor weather, but the ship
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excels in support of shallow-water biology and geology proj-
ects. Home port for this ship is Ushuaia, Argentina, during
the austral winter and Palmer Station, Antarctica, during
the austral summer.

Hero's small size, limited equipment, short endurance,
and heavy roll have classed her as less than ideal for antarc-
tic research. It is, however, "iceworthy," and can do some
work in loose ice pack. Hero is at midlife, and will phase out
in about 10 years.

Navigation in heavy polar pack ice has traditionally been
done by icebreakers of the U.S. Coast Guard. Each year the
Division of Polar Programs tasks the Coast Guard to break
the ship channel through the ice into the U.S. antarctic sta-
tion McMurdo and to support science programs in and
around the antarctic ice pack. Operating costs for these
large, powerful ships are high, and their availability is
limited because they must serve in both polar areas each
year.

The inventory of the world's ice strengthened research
ships is small and generally restricted to authentic
icebreakers fitted to support some science. The U.S. inven-
tory is restricted to the icebreakers operated by the U.S.
Coast Guard plus approximately six additional research
ships with some degree of ice strengthening but low en-
durance. None of these research ships are suitable for work
in and around the polar ice pack.

Realizing that both Eltanin and Hero must be retired
from service in the next decade, the National Science Foun-
dat'ion's Division of Polar Programs joined with the Office
for Oceanographic Facilities and Support in funding a con-
ceptual design of a new polar research ship. The Office for
Oceanographic Facilities and Support's interest in the new
polar ship stemmed from a proposal from the University of
Alaska for the construction of an iceworthy research ship for
operation in the Bering Sea and northward.

The principal investigators in the development of the con-
ceptual design were Dr. Robert Eisner and Mr. John
Dermody, University of Alaska, and Mr. John Leiby, Woods
Hole Oceanographic Institution. Their task was to design a
ship that is affordable to build and operate in support of

science in areas where loose to medium pack ice might be
encountered. The ship also would be able to support multi-
ple science programs on the open ocean. John W. Gilbert
Associates Inc., Boston, Massachusetts (marine architects)
and Arctec Inc., Columbia, Maryland (consulting
engineers), developed hull and machinery plans.

The principal investigators formed an advisory team of
experienced scientists selected from Scripps Institution of
Oceanography, University of Washington, Texas A & M,
Woods Hole Oceanographic Institution, Oregon State
University, and the University of Alaska to determine the
science support capabilities of the new ship. Questionnaires
were circulated asking basic questions concerning the
desired range, endurance, and equipment. From the
answers, the team evolved a conceptual design for an arctic
research ship and a lengthened version of the same design
for the Antarctic. The conceptual design was successfully
reviewed by German and Mime, naval architects, Montreal,
Canada.

The ship is equipped for stern trawling, coring, dredging,
and hydrographic stations. It has an antiroll flume tank just
below bridge level and a bow thruster for maneuvering on
station. The crew of 17 can support a science party of an
equal number or greater. Tie-down deck vans and bolt-on
deck equipment will enable the ship to support a wide varie-
ty of scientific tasks both in and out of ice. The ship's hull is
ice-classified the same as the Coast Guard icebreakers. Extra
scantlings and specially quenched and tempered steel form
the ice strengthened hull. The ship has an icebreaker bow,
but the rest of the hull shape strikes a compromise between
operations in the ice and in open water. The power plant
produces 3,700-horsepower: respectable, but not enough to
ram and break through solid pack.

The estimated cost of the arctic version is between $11.5
and $13 million expressed in April 1977 dollars. The cost of
the lengthened antarctic version is $0.5 million more. These
cost figures do not include fitting out the ship with deck and
science equipment.

This research was supported by National Science Founda-
tion grant OCE 76-10089.

Principal conceptual characteristics of the polar research ship:

Length overall
Beam
Draft
Displacement
Shaft horse power
Propellors
Rudders
Bow thruster
Propulsion
Range
Endurance
Living accommodations
Laboratory area

Arctic Version

59 meters
12.5 meters
4.8 meters
1600 metric tons
3,700
2 controllable pitch
2
1 water jet type
2 geared diesel engines
13,250 miles at 13 knots
60 days
17 crew, 17 scientists
195 square meters

Antarctic Version

70 meters
12.5 meters
4.8 meters
2100 metric tons
3,700
2 controllable pitch
2
I water jet type
2 geared diesel engines
20,000 miles at 13 knots
90 days
17 crew, 19 scientists
322 square meters
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Improvement of scientific
systems aboard ARA Islas

Orcadas

PAUL DUDLEY-HART

Woodward-Clyde Consultants
Plymouth Meeting, Pennsylvania 19462

and

ALFREDO YUNG and ROBERTO PARODI

Servicio de Hidrografia Naval
Buenos A ires, Argentina

At USNS Eltanin's commissioning as ARA Islas Orcadas in
April 1974, it was already known that considerable re-
equipping of the ship's science systems would be necessary to
sustain and increase its capability.

In keeping with changing scientific demands and techno-
logical advances, a plan was adopted to return the ship to its
pre-1972 capability first by replacing outdated or redundant
equipment and systems and second by expanding that
capability where needed.

Through gradual re-equipping since 1974, we hope that
the second goal will be largely realized by the end of 1977.
Every attempt has been made to satisfy the needs of U.S. in-
vestigators, with their primary interest in deep water, while
providing for the primary Argentine interest in the Argen-
tine continental shelf. In each case of equipment update or
introduction, investigators have been asked for comment so
the final decision can satisfy as many needs as possible. Fur-
ther comment is invited from all investigators concerned
with Islas Orcadas.

Below is a summary of the specific areas of improvement.
Navigation equipment. The original AN/SRN-9 dual fre-

quency satellite navigator (Griffiths and Hart, 1973) was
retired in 1975 after 10 years of service to be replaced by an
Apollon I single frequency satellite navigator. The new
system consists of a receiver feeding a Wang 600 calculator
equipped with a read only memory (ROM) module. It
depends on manually rather than direct entered data. In
October 1976, a Magnavox Model MX 702A dual frequency
satellite navigator also was installed. The Magnavox is inter-
faced directly with the ship's gyro and pitlog and gives fix
and dead reckoning information by means of Conrac
monitors located in the wheelhouse, computer center, and
electronics laboratory. These two pieces of equipment insure
data continuity and are checked against one another for
otherwise unnoticed navigation data irregularities. A new
model UL 100-3 Chesapeake EM (electromagnetic) log was
installed in 1975. In May 1977, a flush log sensor was in-
stalled with baffles for ice protection to avoid previous
navigation data gaps caused by having to retract the old
sword while steaming in ice.

Bathymetry and geophysics. The two EDO 333 recorders
used as precision depth recorders have been replaced by
Raytheon UGR (universal graphic recorders). the original 3.5
and 12 kilohertz capability has been improved by the ac-

quisition of a Raytheon precision transceiver fitted with an
additional 24-kilohertz oscillator and transducer allowing
better defined shallow water bathymetry and deep scattering
layer studies (the 24-kilohertz system is to be tried during
cruise 13/14). A new Lamont dual-channel profiler com-
plements the original EPC and Raytheon geophysical pro-
filers. Two new eels were provided by Lamont-Doherty
Geological Observatory. Before cruise 15, it is intended to
install two 60-cubic-foot-per-minute Bauer compressors in
the balloon shed to provide sufficient air to run a three-gun
array with a maximum collective capacity of 120 cubic
inches. The actual chamber capacity of each gun in the ar-
ray can be altered to give better data flexibility and quality.
Due to the prototype nature of the new configuration and
possible teething problems, the old seismic sound source
system will be maintained aboard and operational. This new
system is planned as the first step towards a multichannel
capability; analysis is underway as to the best method to in-
troduce.

The Varian magnetometer acquired in 1964 is to be
replaced by a new Varian V . 75 magnetometer and digitizer.
Digital output will be identical to the present system. There
will be twin analog displays of both total field and the last
three digits of total field. We hope to make this replacement
before the end of this year.

The Anschutz/Askania gravity system remains un-
changed.

Physical oceanography. In 1975 a Plessy model 9040
salinity-temperature-depth (STD) fish was acquired to
replace the old 9006 (which still remains in operation). In
1976, a Leeds and Northrop xxx . 'i analog recorder re-
placed the original xxx- y . Peripheral components have
been borrowed from the Argentine Antarctic Institute (i.e.,
9040 deck unit, rosette, digital display). We shall re-equip
the vessel with conductivity-temperature-depth (CTD) equip-
ment and retain the STD in reserve. The equipment envi-
sioned is a Neil Brown Mark III CTD with a Tektronix
cathod-ray-tube calculator data package. The schedule has
not been set for this re-equipping.

Improvements are envisioned to the vessel's expendable
bathythermograph, salinometry and nutrient analysis
capabilities.

The Dennison hydro winch's hydraulic power package has
been replaced by a similar but more modern and powerful
Lucas package which has so far been a great success by
reducing hydrowinch wire time by approximately 25 per-
cent.

Geology. As the geological program has remained essen-
tially unchanged, so has the vessel's equipment, with the ex-
ception of installing a new 671 Detroit Diesel engine in the
core winch. A prototype wire counter is being installed
which was designed specifically for the vessel's winch con-
figuration. Displays in the winch cab, in the electronics
laboratory, and on the main deck will monitor wire out and
distance to estimated bottom and will emit an alarm 100
fathoms from the estimated bottom. Heat flow equipment
may be re-installed.

Biological and dredging operations. All net and dredge
inventories have been maintained on the same basis as that
of Eltanin's. New Otter and Blake nets have been acquired
to achieve the above. The traditional rule of starboard side
only for these operations has been maintained and is, as
always, a disadvantage but necessary due to the stress limita-
tions of the main deck boom.
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Computer operations. The vessel's computer center re-
mains unchanged from the Eltanin configuration (Hayes
and Griffith, 1969). In lieu of leasing, the Argentine navy
now owns the system. One seemingly mundane but impor-
tant addition to the system is a Xerox 600 copier, which
reduces wasteful computer time lost in duplicating data.
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17-19 May, 1977. A second paper on this subject was
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Ed Schwalenberg (wintering at Palmer in 1977) and Joseph
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Research-configured LC-130R
airplane

W.S. KOSAR5

Satellite link between Palmer
Station and Nevada

J.A. WARBURTON

Desert Research Institute
University of Nevada System

Reno, Nevada 89507

A very high frequency (VHF) satellite communications
system has been built and installed to operate between
Palmer Station and Reno, Nevada. The communications
link uses VHF transponders aboard the National Aeronautics
and Space Administration's Applications Technology
Satellite 3 (ATs-3). Successful tests were also conducted last
December and January from Arrival Heights, McMurdo, to
Reno using ATS-1.

Both satellites are geostationary over the equator with
ATS-1 located at 149°W. and ATS-3 at 105°W. longitude.
Both systems receive at a frequency of 149.2 megahertz and
retransmit the received signal at 135.6 megahertz. Recep-
tion and transmission are through an eight-element phased
array antenna.

The installations at Palmer and the Desert Research In-
stitute (figure, p. 174) each consist of a VHF transmitter-
receiver (solid state), modem, and a six-turn helical antenna
that provides right-hand circular polarization. The band-
width of the antenna is sufficiently broad to allow for a
single antenna to be used for both transmitting and receiv-
ing. Each unit is fitted with a microphone, a telephone
handset and a phototelecopier for transmission of voice and
of hard-copy circuit diagrams, computer programs, or other
forms of messages. Both terminals are linked directly to
PDP-8 computers allowing for direct digital data transmis-
sion. Successful tests for bit rates up to 1,200 BAUD have
been conducted thus far. The link is to be used for transmis-
sion of processed radar data from Palmer Station to our
laboratories in Reno.

A technical paper describing the system and its uses was
presented at the May conference of NAECON, held in Ohio on

Division of Polar Programs
National Science Foundation

Washington, D.C. 20550

In the last few years, the National Science Foundation has
pursued a modification program to incorporate a science
capability in one of its LC-130R logistics airplanes. These
modifications include installation of sensor probes and aper-
tures and a pallet-mounted data logging system called the
Airborne Research Data System (ARDS). Trial flights with
the ARDS were conducted in Antarctica inJanuary 1977.

The data system was installed in October 1976 in the
United States. It was used for about 25 hours during deploy-
ment from California to New Zealand in October, for A.
Hogan (State University of New York at Albany) and R.
Rasmussen (Washington State University), who collected air
chemistry data. The data system and the investigators'
research equipment were removed in Christchurch, New
Zealand, and stored.

In early January 1977, the data system and the research
equipment were reinstalled in the airplane at Christchurch.
The plane flew to McMurdo Station for a series of flights to
test the system and to collect data for Drs. Hogan and
Rasmussen. In the next 9 days, 12 flights totaling about 67
hours were made. The system operated without failure, even
during ski landings and takeoffs at McMurdo's Williams
Field and at Amundsen-Scott South Pole Station.

Data shown in the table were recorded during each flight
and are available to other investigators. After return to
Christchurch the data system and research equipment were
removed from the airplane for return to the United States.

This science capability will not detract from the airplane's
main logistics function: the data logging pallet can be
removed easily and quickly. Most investigators' instruments
and equipment also will be palletized. The data system and
scientific instrumentation can be carried and used on
logistics flights when not all the cargo space is needed.

The serial digital partyline data logging system was
designed originally by the Naval Weapons Center, China
Lake, California, for U.S. Navy hurricane reconnaisance
aircraft. The system receives, records, displays, and prints

*Commander Kosar, U.S. Navy, is assigned to the Division of Polar
Programs as aviation project manager.
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data from various sensors and can record a maximum of 100
channels of information. Each channel consists of six data
digits.

The data are recorded on a nine-track computer-com-
patible magnetic tape recorder and a 25-lines-per-second
printer. In addition, a seven-track master data magnetic
tape recorder records voice communications and all 100
data channels. Special sensors installed on the airplane in-
clude total temperature, pitot-static, side slip and angle of
attack probes. These probes, installed by Kaman Aerospace
Corporation, are the same as those on some National
Oceanic and Atmospheric Administration Air Force
meteorological research C-130s. These data are routinely
recorded by the data logging system. The remaining chan-
nels, about 75, are available for use by investigators to
record data from their own instrumentation.

Since this airplane is used mainly for antarctic logistics, its
use for scientific purposes each year will be limited and,
therefore, must be closely planned and scheduled. Principal
investigators who want to use the airplane should submit
their request for aviation support to the Chief Scientist,
Division of Polar Programs, before submitting a formal
research proposal. This request, outlining science objec-
tives, instrumentation, services needed, and a proposed
flight plan, should be submitted no later than 15 March
each year for the austral summer field season 18 months
later. A panel in the Division of Polar Programs will review
the requests for compatibility with logistics requirements.
Investigators will submit formal proposals by 1 June for nor-
mal processing.

The Naval Air Systems Command administered acquisi-
tion of the data logging system and modification of LC-
130R no. 159131 for the National Science Foundation. The
National Center for Atmospheric Research provided
technical assistance under National Science Foundation
contract C-760.

Sensor parameters of LC- 1SOR. 159131.

Parameter	 Range	Resolution

HYDRODYNAMICS GROUP

Total temperature	 + 64 to -99°C	0.01°C
Dew point	 +50°to-75°C	0.1°C
Absolute pressure	 1200 to 100 m	0.04 mb

AIR MOTION/INERTIAL GROUP

Attack angle	 ± 92 mb	0.01 mb
Sideslip angle	 ± 92 m	0.01mb
Latitude	 0 to ± 90 0	 0.1 mm
Longitude	 0 to ± -180 0	0.1 mm
Ground speed	 0 to 999 kts	 I kt
Track angle	 0 to 3600	 1 0

True heading	 0to3600	 10
Doppler ground speed	70 to 999 kt	 I kt
Doppler drift angle	 ± 40°	 1
Radar altitude	 0 to 5K ft	 1 ft
Aircraft magnetic heading	0 to 360 0	.	10
Differential pressure	0 to 204 mb	0.01 mb
True air speed	 70 to 450 kts	 I kt

Contractor support

R.L. MURPHY

Antarctic Support Division
Holmes & Narver Inc.

Anaheim, California 92801

During the 1976-1977 austral summer season Holmes &
Narver, Inc. (H&N), deployed 118 employees to Antarctica
to work on their two support contracts with the National
Science Foundation. At the conclusion of the austral sum-
mer, 21 of these employees remained on the continent to
winter. Ten employees are at South Pole Station, three are
at Siple Station, and five are at Palmer Station providing all
operations and maintenance efforts to keep the life support
systems functioning. At McMurdo Station, three employees
are operating the Berg Field Center, the Eklund Biological
Center, and the United States Antarctic Research Program
(USARP) garage. (The Navy provides the other support func-
tions at McMurdo.)

Throughout the austral summer, 61 employees devoted
their efforts primarily to direct scientific support, and 36
worked at various locations on construction projects. In ad-
dition to the H&N employees, General Oceanographics,
Inc., under subcontract, provided 18 employees to man the
research ship Hero.

During the austral summer, the company provided sup-
port for 293 science grantees embarked on 85 scientific
research programs. Support services also were provided to
28 special visitors and 20 officials of the National Science
Foundation.

Early in the austral summer the newly designed Ross Ice
Shelf Project (RIsP) campJ . 9 was constructed on the Ross Ice
Shelf to support planned drilling. Despite - 40° C
temperatures at the start, the camp was completed on
schedule. When RISP drilling was curtailed due to technical
difficulties, major portions of the camp were disassembled
and stored on site. The camp will be reactivated next season.

A facelifting operation was initiated at McMurdo Station
in conjunction with the Naval Support Force Antarctica.
Several buildings no longer useable were dismantled, and
over 200,000 pounds of salvage material was removed from
the cargo storage area and shipped out of Antarctica.
Although much progress can be seen in the form of vacant
land, a great deal remains to be done to improve station ap-
pearance.

A new silhouette was added to McMurdo with completion
of the 'Mammoth Mountain Inn." This berthing facility is
adjacent to the "Chalet" (National Science Foundation ad-
ministration building) and has an architectural style to com-
plement the Chalet. Although finishing touches were not ap-
plied until January, the facility was ready for occupancy in
October 1976.

Early in December a fire in the furnace room caused
minor damage in the Berg Field Center. Cleanup did not
disrupt support of science activities. With the arrival of the
cargo ship injanuary, four new pickups and four new Spryte
tracked vehicles were received to upgrade the vehicle fleet.
One of the Sprytes was airlifted to Siple Station, but the
other three will support work on McMurdo Sound.
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"Mammoth Mountain Inn" near completion at McMurdo
Station.

Clean air facility at Amundsen-Scott South Pole Station.

At Williams Field, H&N rehabilitated 14 Porta Kamp
units for use as Navy berthing and built a new head and
galley complex for use at the airfield facility.

The new Siple crew found on arrival that the station had
not suffered from being unoccupied over the 1976 winter. It
took awhile to renew the customary warmth of the station,
but the experienced hands that accompanied the new crew
greatly assisted in restoring life to the station. For once, at
least, the lack of snow caused a postponement in antarctic
operations. The planned project to elevate the 21-kilometer-
long horizontal antenna had to be postponed for a year
when it was discovered that less than normal snowfall made
it impossible to reach the top of the antenna supports to in-
sert extensions. The project has been rescheduled for the
1977-1978 season.

A fire at Amundsen-Scott South Pole Station's summer
camp at the season's opening destroyed much of the personal
belongings of seven people. The head and galley complex
was destroyed by the fire, necessitating feeding all the sta-
tion's austral summer workers and visitors in the main sta-
tion. Despite a fluctuating population that peaked at 106
when McMurdo weather forced three LC-130s to spend the
night, two H&N cooks met the challenge so successfully that
the Pole became known as the fliers' favorite truckstop.

Two new structures dot the snowscape at South Pole, and
although radically different in appearance, they are based
on the same design concept. Each houses instrumentation
that needs to be elevated above the snow surface to accurate-
ly measure intended data. The first to be completed was a
tower for cosmic ray measurements; it was erected by H&N
in November. The equipment sits on a platform that can be
jacked up on columns as necessary to clear the snow surface.
The second structure is the clean air facility, a 7- by 17-
meter building surrounded by columns that hold it about 3
meters above the surface. It also can be elevated to maintain
sufficient space for prevention of snow drifting. A two-shift
construction effort was required to complete this facility on
schedule, allowing grantees to relocate their instruments
from the old temporary facility before the season's last flight
to the station.

At Palmer Station, two prefabricated, Fiberglas Heli-
Huts were erected to provide space for a new wet laboratory,
complete with sea water aquaria. Additional, higher
powered radio transmitters were installed to increase com-
munications reliability. The old, unreliable water
desalinization units were replaced with more cost effective
ones. Over 70 tons of scrap metal was removed from the sta-
tion dump and taken from the Antarctic by the Chilean ship
Yelcho.

The British Antarctic Survey ships John Bücoe and
Bransfield once again resupplied Palmer Station in January
and February 1977.

The research ship Hero suffered bow damage when it was
accidently grounded off King George Island in December
1976. One scheduled cruise was cancelled while the vessel
was repaired in Argentina. Later in the season, Hero called
at South Georgia Island during a research cruise. Hero is
only the second United States flag vessel known to have
visited South Georgia in the last century.

Back in Anaheim, all milestones were reached on sched-
ule in the $1.5-million project to replace Siple Station. The
steel arch and prefabricated building modules safely arrived
in McMurdo aboard USNS Bland. All is in readiness for the
start of construction during the 1977-1978 season. Construc-
tion is expected to take two full summer seasons, with the
new station being ready for full use in February 1979.

Design proceeded on schedule to provide all facilities
needed to support a 155-person Naval Support Force Ant-
arctica and Antarctic Development Squadron Six force at
Williams Field. Fabrication of building modules should
commence in July in the United States, but construction may
be phased over two austral summers due to shipping con-
straints. The $4-million replacement facility is scheduled for
completion on 1 January 1980.

Holmes & Narver, Inc., provided more support services to
the United Stares Antarctic Research Program than in any
of the other years since the corporation first entered the pro-
gram in 1968. The work is supported by National Science
Foundation contracts C-753 and C-852.

208	 ANTARCTIC JOURNAL



Air operations, Deep Freeze '77

D.A. DESKO

U. S. Navy Antarctic Development Squadron Six
Point Mugu, Calzfornia 93042

Air operations support of Deep Freeze '77 began in late
August 1976 when three LC-130 ski-equipped Hercules
airplanes of the U.S. Navy Antarctic Development
Squadron Six (vxE-6) departed the squadron's home base,
Naval Air Station Point Mugu, California, for the annual
winter fly-in (wINFLY) to McMurdo Station, Antarctica. Five
days after departing Point Mugu, the first WINFLY landing
of the season was made at McMurdo. Six logistics flights
from Christchurch, New Zealand, to McMurdo were com-
pleted carrying over 19,000 kilograms of cargo and 146
passengers. Over 17,000 kilograms of cargo and 17
passengers were retrograded from McMurdo Station to
Christchurch. Two flights were aborted during WINFLY
because of inclement weather.

UH-1N helicopter operations from McMurdo Station
commenced on 12 October 1976. Despite extreme cold early
in October, New Zealand and United States research field
parties were flown to the dry valleys of southern Victoria
Land on schedule.

On 18 October 1976, two LC-130s arrived at McMurdo
Station to start the regular summer season. The following
day, they departed McMurdo for the first Ross Ice Shelf
Project (RIsP) camp put-in. On 29 October, the opening
flight to South Pole was made, carrying 6,200 kilograms of
cargo, 230 kilograms of mail, and 16 passengers.

The season began with only two LC-130s. On 30 October,
a third arrived at McMurdo after jet-assisted take-off (jATo)
modifications at Lockheed Georgia Company. During the
first week in November, BUNO 159129, the fourth LC-130,
arrived at McMurdo.

Commander Desko was commanding officer of VXE .6 in Deep
Freeze '77.

November was a heavy month for put-in flights. On 1
November, a Hercules landed at F-9 (84'16'S. 171'26'W.)
for the second RJsP camp put-in. The third RISP put-in was
on 10 November at Roosevelt Island (180°11 'S.
161'36'W.). That same day, the initial flight to dome C
(74-30'S. 123°10 'E.) was made. This flight brought in a
crew from naval Support Force, Antarctica, to reopen the
camp and the ski-way in preparation for the salvage of BUNO
148319, damaged in January 1975. (Two airplanes were
salvaged from this site during Deep Freeze '76. See June
1976 Antarctic Journal, page 106).

Siple Station (75'55'S. 83'55'W.), which had been
closed for the winter, was re-opened on 13 November on the
first of many flights to be flown to that site during the
season. Two more RISP camps were established during
November: C-16 (81°15'S. 170°45'E.) on 26 November
and C-7 (79°S. 177°W.) on 27 November. On 29 November
a six-person party was flown to the Dufek Massif (82'26'S.
53'20'W.) to follow up on studies conducted in the area
during 1965-1966.

In December several more initial camps were put in and
one camp was closed on 8 December, C-7 was closed, and on
10 December C-36 (79'45'S. 168'27'W.) was established.
This opening was followed on the 15th with the establish-
ment of Q-13 (79°S. 180°W.). An initial put-in flight to
Mina Bluff (78°39'S. 167°30'E.) was made on 20
December. On 25 December, the culmination of 23 months
planning and hard work ended when the author and a crew
of three flew LC-130 319 from dome C. This recovery com-
pleted dome C salvage operations. The plane was flown to
Lake City, Florida, for overhaul. With an eye to using Byrd
Station (80°01 'S. 119'32'W.) as an intermediate station
while Siple Station is being reconstructed, a Naval Support
Force, Antarctica, field party surveyed Byrd Station on 27
December. The same day, a flight to Carrefour (68'20'S.
137'20'E.) was made to survey LC-130 BUNO 148321, which
crashed there during Deep Freeze '72. The terrain was too
rough to land, but the downed aircraft was photographed
for analysis. The annual flight to Vostok occurred on 27
December, and on the following day a flight was made to
Dufek Massif to pick up the field party there.

The Byrd Station party was picked up on 5 January 1977.
On 10 January, the first Atmospheric Research Data
Systems (ARD5) flight was made between McMurdo and

.-

- -

Figure 1. Three VXE•6 Hercules and a British Antarctic Survey Twin Otter at Amundsen-Scott South Pole Station wait for
the weather to improve at McMurdo Station in December 1976.
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Figure 2. LC-130F no. 319 awaits repair at dome C, 650
nautical miles from McMurdo.

South Pole Station. Other significant flights during January
included photomapping at Darwin Glacier (79054'S.
159 030'E.) on the 13th; a simulated aircraft accident search
and rescue flight that airdropped a Container Delivery
System (CDs) survival pallet and the pararescue team; clos-
ing J-9 on the 16th; a flight to the new Russian station,
Druzhnaya, on the 17th marking the first LC-130 landing at
that station; and a flight to the South Pole which dropped
the pararescue team on the 19th. F-9, Minna Bluff, and
Q-13 were closed on 24, 26, and 28 January.

February was the month for final flights to the remaining
stations. On 8 February, C-16 was closed. Siple got its last
flight of the season the next day; South Pole Station was
isolated 12 February; and, on 18 February the season's last
flight left McMurdo Station for New Zealand and home.

During the season, the squadron's LC-130s flew 3,381
flight-hours in 627 sorties. They transported 1.7 million
kilograms of cargo, 1.55 million liters of petroleum prod-
ucts, and 3,885 passengers. The UH-1N aircraft were flown
668 flights that totalled 1,119 flight hours; transported
130,000 kilograms of cargo, 10,700 liters of fuels, and 2,770
passengers.

Public works, Deep Freeze '77

H.M. SWYERS

Naval Support Force, Antarctica
Port Hueneme, California 93043

Completion of an ice wharf in Winter Quarters Bay,
relocation of Williams Field skiways and tower, interim
Williams Field construction, a second year of aircraft
recovery work at dome C, and earthmoving highlighted
public works during Deep Freeze '77.

The season began for 65 public works personnel with the
Wintei fly-in (WINFLY) in early September. First efforts were
construction of the 3,000-meter sea-ice runway, aircraft
parking areas, and roads, positioning of runway support
facilities, preparation of McMurdo Station for summer oc-
cupancy, and flagging of trails to Hutton Cliffs and Marble
Point. Two-year-old sea ice in McMurdo Sound made run-
way and road construction difficult because of rough sur-
face, pressure ridges, and cracks. Realinement of parking
aprons and roads was required after initial clearing revealed
uneven or weak areas. Part of the runway had to be chipped
to meet surface smoothness and profile criteria.

After the main deployment to McMurdo began in Oc-
tober, the focus, aside from support of the aircraft recovery,
was on construction and skiway relocation at Williams Field.
The construction comprised excavation and removal of two
modular buildings from 1 meter of solid ice and 3 to 5
meters of dense snow (including up to 2 meters of over-
burden) and repairs at a new site. Methods to remove the
modules ranged from axes and chainsaws to explosives and
D-8 tractors with bulldozer blades and rippers. At the same
time, Holmes and Narver Inc. rehabilitated modules
recovered by similar methods during Deep Freeze '76 and
completed a temporary galley.

The skiway was relocated approximately 1,200 meters far-
ther from the edge of the McMurdo Ice Shelf. (Initial move-
ment of the main skiway of 300 meters had been done dur-
ing Deep Freeze '76.) Ice shelf movement and periodic calv-
ing had brought the main skiway threshold close to the shelf
edge in early 1975. Movement of the shelf in the vicinity of
Williams Field is calculated to be approximately I 1 meters
per year. The new skiway location, expected to be useable
for 10 years, will be the site of the new Williams Field com-
plex to be constructed during Deep Freeze '79 and '80. The
relocation entailed construction of the 3,000-meter main
skiway and a 2,400-meter crosswind skiway, with construc-
tion of taxiways and parking aprons, and relocation of the
multistructure tower complex with air traffic control and
navigation aids. This operation was completed in late
November in preparation for the switch of primary air
operations from the sea ice runway (where wheeled airplanes
can land), which deteriorates in December or January, to
the skiways.

As interim Williams Field construction neared comple-
tion in December, the focus shifted to Winter Quarters Bay
for completion of the second-generation ice wharf. Primary
construction of the 100- by 250-meter, cable-reinforced ice
structure had been done in 1976 by Detachment ALFA
wintering personnel. They repeatedly flooded the surface in
shallow layer to create the 7-meter-thick "ice cube." Re-
maining tasks included the placement of mooring bollards
for ships and to secure the wharf to the shoreline, construc-
tion and placement of access bridging, and placement of a
20-centimeter-thick protective earth covering on the wharf.
Application of the earth cover involved excavation from
borrow sites, movement, and grading of approximately
5,700 cubic meters of earth. Final wharf preparation, ac-
complished just prior to the arrival of USNS Bland, involved
separating the wharf from the surrounding sea ice and carv-

Lieutenant Commander Swyers, U.S. Navy, is the support force's
public works officer.
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ing a vertical working face using explosives and the
icebreaker USCGS Northwind.

The new wharfs first season of use was heavy. In addition
to normal resupply and retrograde, approximately 4,700
cubic meters of slightly radioactive earth from the decom-
missioned nuclear power plant PM-3A was put on Bland for
disposal in the United States. The wharf held up well,
generally lived up to expectations, and appears capable of
lasting three to five more seasons.

Cessation of summer operations at McMurdo and
Williams Field was normal in all respects except one. For the
second successive year the sea ice failed to go out of McMur-
do Sound despite icebreaker efforts to assist. Sea ice runway
construction for Deep Freeze '78 will be difficult at best and
will be the first use of "three-year" ice since the advent of
LC-130 and C-141 operations in Antarctica.

Aircraft salvage at dome C

R.L. BELLAFRONTO

Naval Support Force, Antarctica
Port Hueneme, California 93043

On 15 January 1975 an LC-130F number 148319 (319),
landed at dome C in the heart of the Antarctic's eastern
plateau region (74 039 'S. 142'10'E.) to retrieve a group of
French glaciologists. Seven-hundred and nine days later, on
Christmas Day 1976, 319 left Dome C.

On its initial takeoff attempt, in January 1975, a jet assist
take-off (JAT0) bottle sheared from its mounting on the rear
of the aircraft fuselage and hit the right wing. The wing
caught fire and burned completely off, separating between
the number three and four engines. The airplane came to
rest on its undercarriage and its left wing tip.

Later that day, during a non-JATO, open field takeoff at-
tempt, another LC-130 was damaged when the nose landing
gear collapsed. Both air crews and all passengers were
rescued by a third LC-130.

During the 1975 austral winter, plans were made to
salvage both airplanes at dome C. Early in the salvage ef -
fort, on 4 November 1975, a third LC-130 was damaged at
Dome C when aJATo bottle separated from its mounting.

Lieutenant Bellafronto, Civil Engineer Corps, U.S. Navy, is assis-
tant public works officer in the support force and was officer in
charge of the aircraft recovery operation at dome C.

Immediately, plans were made to salvage the two lesser
damaged airplanes, and the repair of 319 was postponed.
Both airplanes were successfully salvaged during the Deep
Freeze '76 operating season.

From March 1976 through September 1976, extensive
planning and logistics efforts were again made to salvage
319. Under the leadership of the Naval Support Force, Ant-
arctica, this effort involved personnel of the support force
and of Antarctic Development Squadron Six (VXE-6). the
Naval Air Rework Facility, Cherry Point, North Carolina,
the Naval Air Systems Command, and the Lockheed-
Georgia Company, makers of the airplane. Major com-
ponents needed included a new starboard outer wing sec-
tion, a new center wing section, and four new engines and
propellers.

The plan called for activation of the dome C camp,
removal of snow from around the damaged airplane, and
removal of engine number one and the left outer wing panel
in preparation for towing the craft to the camp site, a
distance of about 3 kilometers.

Once at the camp site, the damaged center wing section
would be replaced, and the original left outer wing panel re-
installed along with a new right outer wing pane. All four
engines would be replaced. Substantial fuselage repairs were
necessary below the wing on the starboard side and in the
JATO attachment area.

The camp was opened as planned on 10 November. Four-
teen support force personnel activated the camp and equip-
ment and prepared a skiway and road to the crash site by 14
November.

On 20 November six men from VXE-6, 18 men from the
Naval Air Rework Facility (NARF), Cherry Point, and four
Lockheed-Georgia Company engineers arrived and im-
mediately began repairs.

While the repair sequence was a cooperative effort among
the four parties, there were major areas of assigned respon-
sibility. The Naval Support Force, Antarctica, was responsi-
ble for overall control of the project and directly for camp
and equipment support, skiway construction and mainte-
nance, and construction of the industrial scaffolding.

VXE-6 primary responsibility was for procurement, in-
stallation and connection of the engines and propellers, and
aircraft functional checks. The NARF technicians did the
structural repairs with assistance by the Lockheed-Georgia
Company engineers. Lockheed-Georgia Company was also
responsible for rigging the control surfaces.

Using air bags and hydraulic jacks the airplane was
righted to aid removal of the number one engine and the left
outer wing panel. Industrial scaffolding was erected over the
13-meter left outer wing panel, and the panel was lowered to
the snow with a three-ton winch.

With the wing panel removed, the airplane was in a sym-
metrical configuration, and ready for tow to the camp site.
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By the end of the 16th day it had been towed to the camp,
and the pace of repairs began to accelerate. Ship operations, Deep Freeze 77

The original concept called for the erection of 21 meters
of industrial scaffolding completely across the aircraft,
above the center wing section. To remove the 11-meter-
long, 3,400-kilogram center wing, it had to be raised 1
meter vertically, and then moved horizontally and lowered
to the surface. This was done by trolleys and winches
suspended from the industrial scaffolding. After removal
and reinstallation of the new center wing, the scaffolding
was to be reconfigured for installation of the outer wing
panels.

Since the wing of an LC-130 is over 5 meters high, the
scaffolding would have had to have been nearly 10 meters
high to allow clearance for the trolley and winch system.

To simplify the operation, a 6-meter-wide by 2-meter-
deep by 60-meter-long trench was carved in the snow sur-
face. A D-4 tractor towed the airplane into the trench.

The height of the scaffold was thus reduced by one com-
plete course, greatly simplifying erection. Additionally, no
scaffold was used for installation of the outer wing panels.

The outer wing dolly was maneuvered into position using
hydraulic jacks and two front end loaders. The outer wing
was then pulled into place with a "come-along" (chain
winch).

In all, 15 days were saved in scaffold construction and
removal operations through this innovation. With the com-
plete wing installed at the end of 32 days, the successful
completion of the project was within reach.

Though a great deal of electrical and mechanical connec-
tions remained to be made, the work was now familiar to the
technicians, and was well within their capabilities.

After installation of the engines, the airplane was towed
from the trench, and propellers were installed. The aircraft
was rigged and certified ready for flight by Naval Air
Systems Command representatives on 23 December. Inclem-
ent weather delayed the return of 319 to McMurdo Station
until Christmas Day.

The successful completion of this project was significant
in several aspects. This project represented one of the more
extensive LC-130 recovery operations ever attempted, and
certainly the most ambitious ever attempted in such a severe
environment.

It extended the horizons of the capabilities of people to
perform physically demanding work in temperatures
averaging minus 40 degrees C and at an altitude of over
3,600 meters. It demonstrated the feasibility of handling
large pieces of equipment under field conditions.

Credit also must be given to the planning and logistics ef-
fort that provided parts and material support on schedule at
the end of a 10, 000-mile  supply line.

JAMES F. ECKMAN

U. S. Naval Support Force, Antarctica
Port Hueneme, Calfornia 93043

The U.S. Antarctic Research Program was supported
during Deep Freeze '77 by the Wind-class icebreakers USCGC
Burton Island and USCGC Northwind. The supply ships were
the tanker, USNS Maumee and the dry cargo ship USNS
Schuyler Otis Bland. This was the first Deep Freeze opera-
tion for the Bland; the other ships are antarctic veterans.

Ice conditions in McMurdo Sound were more severe this
season than during Deep Freeze '76, as 34 kilometers of fast
sea ice lay between the icebreakers and Winter Quarters
Bay. The favorable winds of last season never developed, so
the channel and the turning basin remained filled with
brash throughout the ship operations. The rest of the Ross
Sea presented no unusual ice problems, nor did the Palmer
Station area. Ice in the Weddell Sea did not impede science
operations this season, as the work was mainly along the ice
edge. Nondisabling damage to Bland's propeller was the
only ice related ship damage, a pleasant change from last
season.

Icebreakers

USCGC Northwind arrived at Wellington, New Zealand,
on 1 December 1976, where the ship received engineering
repairs and embarked a science party from Columbia
University. The ship departed on 12 December for the
southern Ross Sea to support physical oceanographic
measurements (part of the Ross Ice Shelf Project) and to
continue a marine bird study by Point Reyes Bird Observ-
atory.

Two drifting data buoys were launched and expendable
bathythermographs were dropped before the first oceano-
graphic cast was completed on 19 December at 72°21 'S.
178'40'E. The 89th cast was completed on 3January 1977.
Northwind commenced breaking the channel into Winter
Quarters Bay on 4 January. The science parties debarked
while this was in progress.

Burton Island arrived on 8 January, and both icebreakers
continued icebreaking until Bland was escorted into Winter
Quarters Bay and berthed alongside the new ice wharf on 21
January. Burton Island departed enroute to Palmer Station
the next day, leaving Northwind to continue improving the
ice channel and the turn basin.

While Bland's cargo operations were in progress, North-
wind was tasked to break out the "annual" ice runway in the

*Commander Eckman, U.S. Coast Guard, Washington, D.C.
20590, is the support force's ship operations officer.
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hope that nature would take it out and provide a new sur-
face for next season. This was a vain hope, as neither the ice
runway nor the channel brash went out before the ships
departed the area.

Northwind helped Bland leave the wharf and escorted it
to open water on 2 February. The breaker escorted Maumee
into winter Quarters Bay on 4 February and refueled from it
while petroleum products were being pumped to McMurdo
Station. Northwind helped Maumee away from the wharf on
7 February and escorted it to open water in the vicinity of
Tent Island. Maumee proceeded to Port Lyttelton, New
Zealand, while Northwind proceeded to the inactive Hallett
Station to load almost a metric ton of meteorological equip-
ment for retrograde. The ship suffered some heavy weather
damage before calling at Campbell Island on 13 February.
Three New Zealanders and some cargo came aboard at
Campbell Island.

Northwind arrived at Wellington, New Zealand, on 16
February 1977 to offload personnel and cargo received at
the last two stops.

Burton Island arrived at Wellington on 19 December
1976. Engineering repairs were made while personnel and
cargo for Campbell Island came aboard. Floods caused by
heavy rains complicated events in Wellington before depar-
ture was made on 30 December. The ship anchored in Perse-
verance Harbor on 1 January 1977. Its boats were utilized to
offload the personnel and 12 metric tons of cargo to Camp-
bell Island. The outer band of pack ice was entered at
66'55'S. and transited in 24 hours. After leaving the pack
ice, heavy weather slowed the ship and caused some damage
on the forecastle. Burton Island entered McMurdo Sound on
8 January by going south of Beaufort Island. It participated
in channel breaking except for the period 15 to 19 January
when it was detached to assist Bland thru the pack ice.
Bland reported that the requested assistance was not needed
so Burton Island returned to channel breaking.

After Bland was berthed in Winter Quarters Bay, Burton
Island loaded science personnel, the U.S. Arms Control and
Disarmament Agency inspection team, and scientific equip-
ment for Palmer Station. It departed McMurdo Station on
22 January and arrived at Palmer on 2 February, where
cargo and personnel were offloaded. More than a metric ton
of retrograde cargo was loaded before the ship departed on
3 February. Three stations were visited enroute to Ushuaia,

U.S. Coast Guard helicopter hours flown during 1976-1977
antarctic Deployment

Month	Burton Island	Northwind

Nov	 2.6	 2
Dec	 19.5	 77
Jan	 117.8	 194
Feb	 65.3	 51
Mar	 5.6

TOTAL	 210.8	 332

Argentina: Chile's Presidente Frei, the Soviet Union's Bel-
lingshausen and Argentina's Marambio.

Burton Island called at Ushuaia from 8 to 10 February to
debark the inspection team and to receive science parties
and equipment for the Weddell Sea operations. The pro-
grams supported were Texas A&M University's circumant-
arctic biological productivity study and a sea ice program of
the U.S. Army Cold Regions Research and Engineering
Laboratory. After a 7-day extension of her schedule, Burton
Island made a final station near 64°S. She terminated
science operations at 60°S. enroute to Valparaiso, Chile.
The ship arrived at Valparai'so on 15 March, where the
science parties disembarked.

Cargo ships

Bland arrived at Port Hueneme, California, on 14
December 1976 to load. She departed on 22 December and
arrived Lyttelton, New Zealand, on 5 January 1977. In addi-
tion to cargo operations, Bland made some ship repairs
before departing Lyttelton on 12 January. The first iceberg
was sighted about 64'23'S. on 16 January. The recom-
mended ice routing furnished by Fleet Weather Facility
Suitland, Maryland, gave the ship plenty of maneuvering
room, enabling it to maintain speed except in periods of
reduced visibility. By 21 January, Bland was alongside the
new ice wharf at McMurdo Station. Cargo operations
started promptly and continued with minor interuptions un-
til Bland was loaded with 8,736 metric tons of cargo. Of
this, 7,831 metric tons was slightly irradiated soil and rock
from about the disestablished nuclear power plant at
McMurdo Station. This unusual cargo presented only two
problems of note. It was loaded from dump boxes as bulk
cargo in the ship's holds, and the longtime it took to do this
allowed Bland's water discharge to erode the ice wharf.

Bland was escorted through the channel on 2 February
enroute to Lyttelton. The work load in Port Lyttelton
precluded timely cargo operations on Bland, so the ship was
diverted to Port Chalmers (Dunedin), New Zealand, for a 9
February arrival. Cargo operations went smoothly, permit-
ting an 11 February departure for Port Hueneme, Califor-
nia, with a short stop at Seal Beach, California, to offload
JATO bottles. Bland arrived at Port Hueneme on 1 March
and departed on 14 March.

Maumee arrived at Caracas Bay, Curacao, on 7 January
1977. It shifted berths two times to complete loading the
petroleum products, taking departure from Aruba on 14
January. The voyage thru the Panama Canal enroute to
McMurdo Sound was uneventful. The recommended ice
routing furnished by the Fleet Weather Facility assisted
Maumee's passage through the pack for a 4 February arrival
in Winter Quarters Bay, Antarctica. Maumee's discharge of
her cargo to McMurdo Station and Northwind was unevent-
ful. The tanker departed on 7 February for Lyttelton, where
it made a short port call on 14 February for bunkers.

The cargo ship operations were supported by National
Science Foundation interagency agreement CA-165.
Icebreaker operations were supported by a National Science
Foundation agreement with the U.S. Coast Guard.
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Operational meteorology,
Deep Freeze 177

RONALD E. ENGLEBRETSON

U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043

Deep Freeze 77 operational meteorology for the United
States Antarctic Program commenced with the deployment
of eight Naval Support Force, Antarctica (NSFA)
meteorology personnel to Christchurch, New Zealand, in
late August. This group supported the winter fly-in
(wirwix) to McMurdo in early September. Following
wirwi. y , five members of the group went to McMurdo to
help the winter crew. Two remained in Christchurch to
assist and train New Zealand Meteorology Service personnel
destined for service at Amundsen-Scott South Pole Station.

During October 1976 McMurdo meteorology personnel
provided weather forecasts for support of international
search and rescue efforts in the Antarctic Peninsula area.

Flights into McMurdo on 7 October marked the begin-
ning of summer activities. On 11 October the last member
of the winter meteorology crew departed for warmer
climates.

October at McMurdo had record low temperatures;
minus 40°C was recorded. Temperatures as low as minus
54°C were observed at the Williams Field skiway. Wind chill
factors below minus 90°C occurred on several days. Skiway
temperatures above minus 29°C did not occur until late on
17 October, and above minus 18°C readings were observed
only for a few hours on 25, 26, 29, 30, and 31 October. Oc-
tober 1976 was the coldest October on record for the
McMurdo area, averaging minus 26°C.

During October meteorology field kits were issued to Ross
Ice Shelf Project (RIsP) and New Zealand parties for use near
McMurdo. Surface weather reports from RISP camps and a
New Zealand camp at White Island proved beneficial in
forecasting the approach and onset of severe storms.

November, a transitional month from winter to summer,
lived up to its stormy reputation. Severe storms with winds
gusting over 85 knots occurred during 4-5 November and
14-15 November. During both storms the wind measuring
systems at McMurdo Station and Williams Field were
damaged. Field party weather reports and information from
satellite imagery gave local forecasters adequate data to
generate several hours advance warning of the approaching
storms.

Early in November, meteorological equipment experts
from Fleet Weather Facility, Alameda, and the Pacific
Missile Test Center, Point Mugu, California, arrived in
McMurdo. In 3 weeks they installed several new sensing
systems at McMurdo and performed preventive mainte-
nance and calibration on all surface and upper atmosphere

Lieutenant Englebretson, U.S. Navy, was the meteorology officer
for the support force. He now is attached to the Naval Environmen-
tal Prediction Research Facility, Monterey, California.

observational equipment located at McMurdo and South
Pole Stations. The second New Zealand meteorology crew to
man the South Pole meteorology program passed through
McMurdo 2-4 November. A week later the initial New
Zealand crew returned to McMurdo enroute to New
Zealand.

The field camp at dome C (74.7 °S. 123.8°E.) was opened
on 10 November, and meteorological sensors for wind,
temperature, and pressure were installed. On 23 November
a special high altitude digital barometer for altimeter set-
tings was installed. The indicated altitude on visiting LC-
130s was within 3 meters of the recorded skiway altitude.

The first dedicated ice reconnaissance flight in several
years was conducted on 13 December. The 7-hours flight
reconnoitered the western Ross Sea and Hallett Station.
Special effort was made to identify multiyear ice, an ex-
treme hazard to ships.

Naval Support Force personnel installed temperature and
wind sensing and recording systems at Siple Station on 21-22
December.

A Navy Research Laboratory technician arrived on 14
December to prepare the Polar Automatic Weather Station
(PAWS) for field implant on Minna Bluff. On 26 December
the unit was transported the 70 kilometers to Minna Bluff by
helicopter as an external load. Design and structural failures
led to return of the unit to McMurdo on 23 January. In the
intervening period three trips were made to the site to at-
tempt field repairs.

A major snowstorm moved through the McMurdo area
during 7, 8, and 9 January. Twenty to 25 centimeters of wet
snow fell, and winds gusted to over 50 knots. The high winds
and wet snow were considered significant factors in the
structural failure of the antenna mast and sensor masts of
the PAWS.

January brought supply ships and related high interest in
the western Ross Sea pack ice conditions. Ice observers from
Fleet Weather Facility, Suitland, Maryland arrived in New
Zealand aboard the USNS Schuyler Otis Bland. One observer
remained on board Bland as it transited from New Zealand
to McMurdo. The other observer flew to McMurdo and
coordinated additional ice reconnaissance flights.

USCGC Northwind retrieved an upper-air ground
meteorological device (GMD) from Hallett Station for return
to a rework facility.

The end of January and beginning of February brought
the close of summer science field camps and a reduced
workload for meteorology. All nonessential meteorology
personnel were redeployed. The operational forecasters and
observers remained in McMurdo until the final flights.

In summary, upgrading of the ground satellite receiving
and recording equipment, combined with increased obser-
vations by field parties, significantly improved the
forecasting. Upgrading of field camp environmental sensing
equipment, such as the high altitude altimeter setting in-
dicator at dome C, provided additional flight safety.
Retrograde from Byrd, Hallett, South Pole, and McMurdo
returned several hundred thousand dollars worth of
meteorological equipment to Navy rework facilities for
overhaul. Finally, the Naval Support Force, Antarctica,
meteorology officer was established as the primary in-
vestigator for all U.S. antarctic operational meteorology.
This arrangement should provide the centralized control
and management continuity necessary for program develop-
ment and improvement.
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Media representatives in
Antarctica

RALPH KAZARIAN

Office of Government and Public Programs
National Science Foundation

Washington, D.C. 20550

Each year the National Science Foundation (NSF) sends a
group of media representatives to Antarctica to observe
first-hand the scientific research being done there and to
report to the public through words and pictures what they
learn.

The number selected to make the trip varies, but logistics
limitations normally dictate that no more than seven or
eight can go in any given season.

The media representatives are selected by the Founda-
tion's Public Information Branch from among applications
received from throughout the country and from represen-
tatives of all mass communications media. More applica-
tions are received each season than can be accommodated.
The Navy participates in selection by sending NSF a list of
persons to be considered for the tour. Next season the
recommending group will be broadened to include the
Coast Guard and the Military Airlift Command.

Ideally, the media group includes wire service represen-
tatives, newspaper reporters, magazine writers, and televi-
sion or radio newspersons. Among the selection criteria used
is the number of readers a newspaper or magazine has or, in
the case of television or radio, the number of viewers or
listeners. Attention also is given to geographic location of
the media so that as many regions as possible are
represented.

During the 1976-1977 season, seven newsmen went to
Antarctica accompanied by a member of the Foundation's

Public Information Branch. The newsmen are Walter
Sullivan, New York Times; Ron Kotulak, Chicago Tribune;
David Salisbury, Christian Science Monitor; Jack McWethy,
U.S. News & World Report; Trevor Armbrister, Readers
Digest; Terry Richard and Melvin Boyd, KCRA-TV
(Sacramento).

The newsmen arrived at McMurdo Station 8 December
1976 and visited Amundsen-Scott South Pole Station, the
dry valleys of southern Victoria Land, the Ross Ice Shelf
Project drill site, and other places where scientists were
working. News reports began appearing in the U.S. press
even before the group returned to the United States on 15
December. The stories eventually filed by the newsmen
ranged from an item about a Soviet team finding a "moun-
tain of iron" in Antarctica to a dissertation on South Pole
Station cuisine, which was described as "not the best, but
varied and tasty."

Front-page stories about Antarctica, accompanied by pic-
tures, many of them in color, appeared in the New York
Times, the Chicago Tribune, and the Christian Science
Monitor. Since all three newspapers have a syndicated ser-
vice, the articles appeared in many other journals
throughout the country. The Tribune, with a circulation of
more than 750,000 copies on weekdays, featured on one day
a two-page color spread on Antarctica. The February 28
issue of the U.S. News & World Report (circulation more
than 2 million) had more than two pages of color
photographs accompanying an article headed "Heating up:
global race for antarctic riches." Readers Digest, which has
an international circulation of more than 18 million, is ex-
pected to publish an article on Antarctica soon.

National coverage resulting from the press tour was not
confined to the print media. Station KCRA-TV in Sacramento
sent a five-part television series to CBS, which in turn made it
available to about 150 affiliated stations across the country.

The media tours of Antarctica are in keeping with the
Foundation's policy of keeping the public informed of the
agency's activities. In the case of Antarctica, the remoteness
of the continent imposes a news vacuum the press tours are
designed to help overcome.
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