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U.S. Antarctic Research Program,
1975-1976 austral summer

This issue of Antarctic Journal of the United States
reviews U.S. and related activities that took place in
and around Antarctica during the 1975-1976 aus-
tral summer. The issue succeeds the July/August
issues of former years, when the Journal was pub-
lished bimonthly.

The number of science papers in this issue-38-
is far smaller than the number that has appeared in
recent July/August issues. The small number of
papers reflects a field season in the U.S. Antarctic
Research Program that, in numbers of investigators
deployed, was about half the size of a "normal"
season. Two circumstances prevented deployment
of the usual number of investigators. First, a short-
age of funds in fiscal 1976 limited the number of
grants for antarctic research. Second, the program
diverted much of its resources to recovery of dam-
aged Lc-130s from a remote area in East Antarctica
known as dome C.

The airplane recovery project was highly success-
ful, with the Navy's Antarctic Development Squad-
ron Six flying two of the three damaged machines
out of the continent after heroic repairs by teams
from the Lockheed-Georgia Company (Marietta,
Georgia) and the Naval Air Rework Facility (Cherry
Point, North Carolina). D. A. Desko summarizes
the effort on pages 105-107.

While these activities were taking place, top ad-
ministrators in Washington, D.C., were making a
comprehensive review—the first since 1971—of the
U.S. program for Antarctica. The review resulted
in Presidential reaffirmation, in February, of the
importance of maintaining an effective U.S. pres-
ence in the Antarctic. Funding is to remain at least
at the present level. The review established that
the National Science Foundation will serve as the
single source of funding and management for the
program, with logistics to be provided by the De-
partments of Defense (U.S. Navy) and Transpor-
tation (U.S. Coast Guard). Science is to continue as

the primary expression of U.S. interest in Ant-
arctica.

The review focuses full responsibility for the ant-
arctic program on the Foundation and, in effect,
gives a green light for planning and implementing
needed science projects in the coming years. It as-
sures continued U.S. logistics capability to support
these projects. It provides the stability of funding
that will encourage good scientists to commit their
time to antarctic research.

The papers below were prepared shortly after
the return of investigators from the field, and they
are not intended to be final reports on research
results. Final reports are likely to appear in the
standard, refereed journals. They will be cited in
the Antarctic Bibliography and its monthly listing,
Current Antarctic Literature (the latter is available
from the Division of Polar Programs).

In addition to research reported on the follow-
ing pages, other U.S. projects took place in the
1975-1976 season. They were: "surface glaciology
of the Ross Ice Shelf" (R. H. Thomas, University
of Nebraska, oii 76-16995), "circumantarctic bio-
logical survey" (Sayed Z. El-Sayed, Texas A&M
University, o pp 75-09288), "meteorological obser-
vations at the South Pole" (Werner Schwerdtfeger,
University of Wisconsin, o pp 71-04033), "atmos-
pheric trace metals and halogens" (William Zoller,
University of Maryland, opp 71-04065), "analysis of
antarctic halocarbons" (R. A. Rasmussen, Wash-
ington State University, DPP 76-00437), "Dual Air
Density satellite program at South Pole Station"
(Kenneth McDonald, NASA Goddard Space Flight
Center), and "transfer of organochlorine pollutants
to antarctic ecosystems" (Robert W. Risebrough,
University of California, Bodega Marine Labora-
tory, opp 75-23520).

Guy G. GUTHRIDGE
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ARA Islas Orcadas cruise 51

HUGH H. DEWITT
Departments of Oceanography and Zoology

Ira C. Darling Center
University of Maine, Orono

Walpole, Maine 04573

Cruise 5 of ARA Islas Orcadas began in Buenos
Aires, Argentina, on 3 May 1975 and ended there
on 18 June 1975, encompassing 47 days at sea. The
cruise track (figure) passed across the southwest
part of the Argentine Basin to South Georgia
Island, thence to the northern South Sandwich

Islands (Saunders, Candlemas, Visokoi, and Zavo-
dovski islands), back to South Georgia, then west
along the Scotia Ridge to the deep pass between the
Scotia Sea and the South Atlantic, and finally north
again to Buenos Aires, a total of about 5,600 nauti-
cal miles.

This was a U.S. cruise (officially designated cruise
0575) and the University of Maine's antarctic bio-
logical research program was authorized to plan the
track and to coordinate the Argentine and U.S.
participants. Primary objectives of the cruise were
to investigate certain aspects of the biology of
demersal fishes, certain benthic invertebrates, and
zooplankton, especially krill (Euphausia superba),
and to make measurements of primary production.
Specifically, we wished to (1) estimate the abun-
dance, the biomass, and the population structure
of demersal fishes, (2) determine feeding behavior
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ARAIsIas Orcadas cruise 5:
portion of cruise track in
region of South Georgia
Island and the South Sand-
wich Islands. Numbered
circles are noon positions
from 9 May through 12
June 1975. Dotted lines,
200-meter isobaths. Dashed
lines, 500-meter isobaths.

'This is contribution number 93 of the Ira C. Darling Center
for Research, Teaching, and Service, University of Maine at
Orono, Walpole, Maine 04573.

Operation of ARA Islas Orcadas (formerly USNS Eltanin) is a
5-year cooperative effort between Argentina and the United
States to complete the circumantarctic oceanographic survey
begun by Eltanin in the early 1960s (SeeJanuary/February 1974
Antarctic Journal, page 30). Publication of Islas Orcadas pre-
liminary cruise reports in Antarctic Journal is a U.S. contribution
to the project. The first report in this series appeared in the
July/August 1975 issue (page 141).
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and rates of food intake and digestion for demersal
fishes and echinoderms, (3) increase knowledge of
the taxonomy and zoogeography of antarctic fishes
and echinoderms, (4) study the development and
distribution of zooplankton, especially krill, (5)
capture sufficient krill to permit experiments in
commercial processing, (6) develop cultivation
techniques for phytoplankton, and (7) determine
the standing crop and rates of production of phyto-
plankton. Investigators from the University of
Maine and the Museo Nacional Bernardino Riva-
davia in Buenos Aires carried out the studies on
fishes and benthic invertebrates. Personnel of the
Argentine Antarctic Institute studied the zooplank-
ton and culturing techniques for phytoplankton.
Phytoplankton standing crop productivity meas-
urements were made by investigators from Texas
A&M University and Scripps Institution of
Oceanography. A representative of the Smith-
sonian Oceanographic Sorting Center made gen-
eral invertebrate collections.

The cruise track was developed in relation to
the studies of demersal fishes and invertebrates,
and was designed to permit sampling in an area
where commercial fishing has recently begun
(South Georgia) and in a region virtually Un-
sampled (South Sandwich Islands). The zooplank-
ton program took advantage of deep-water por-
tions of the track. The unusual season of the cruise,
late austral fall, for which there are relatively few
data, made the entire track of interest for the phyto-
plankton measurements.

The Argentine Naval Hydrographic Service
made regular bathythermograph casts throughout
the cruise, and made standard Nansen casts at sta-
tions selected in relation to the biological work to
provide temperature, salinity, and dissolved oxygen
data. Continuous recordings of bottom depth and
surface temperature were also made throughout
the cruise. Other ancillary projects were surface
samples for planktonic foraminifera, and daily ob-
servations of the numbers and the species of birds.
The latter were of particular interest because of the
lack of observations in the regions visited during
the late fall.

From every point of view cruise 0575 was very
rewarding. Each group obtained at least the num-
ber of samples planned, and in some cases signi-
ficantly more. This success was in large measure
due to the very close cooperation between the scien-
tists, officers, and crew, especially that of Captain
Risso who admirably handled the ship, sometimes
in very difficult waters. I thank all of the people who
participated in making the cruise a successful and
a pleasant experience.

Ecological studies of fishes
and echinoderms during

ARA Islas Orcadas cruise 51

HUGH H. DEWITT
Departments of Oceanography and Zoology

Ira C. Darling Center
University of Maine, Orono

Walpole, Maine 04573

JAMES D. MCCLEAVE
Department of Zoology

JAMES H. DEARBORN
Departments of Zoology and Oceanography

University of Maine, Orono
Orono, Maine 04473

Our biological program aboard ARA Islas Orcada
cruise 5 during May and June 1975 investigated the
abundance, species composition, food habits, and
feeding rates of demersal fishes, and the species
composition, food habits, and general biology of
selected echinoderms. Most of our efforts centered
in the waters about South Georgia Island and the
northern half of the South Sandwich Islands. South
Georgia is one of few places in the Antarctic where

John H. Dearborn

Figure 1. Ten-foot modified Blake trawl being set from ARA
Islas Orcadas.

'This is contribution number 94 of the Ira C. Darling Center
for Research, Teaching, and Service, University of Maine at
Orono, Walpole, Maine 04573.
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commercial fishing has started, and the South
Sandwich Islands were not well known prior to
cruise 5. We therefore hoped to obtain basic popu-
lation and biological data from an area that is be-
ginning to be placed under fishing pressure and
from one that is virtually untouched.

University of Maine personnel aboard this cruise
were Drs. DeWitt, McCleave, and Dearborn, as co-
principal investigators; Richard E. Crawford,
Richard R. Eakin, Richard F. Shaw, and Timothy
E. Targett, all graduate students; and William
C. Townsend, a biological technician and orni-
thologist. Craig Sharp, Smithsonian Institution
Oceanographic Sorting Center (sosc), assisted with
the invertebrate studies and was responsible for
general collecting of all other organisms for the
sosc.

The cruise generally was an immense success.
We made 47 hauls with Blake trawls (figure 1) near
South Georgia Island and 37 hauls about the north-
ern South Sandwich Islands, most of which can be
used for abundance and biomass estimates (figures
2 and 3). The data are best from the continental
shelf to the north of South Georgia in depths from
about 50 to 200 fathoms. Bad weather and some-
what more rugged bottom topography prevented
our obtaining as complete data on the south side
of South Georgia, where several stations were aban-
doned or missed. The South Sandwich Islands are
all small and do not have extensive shelf areas. We
found trawlable ground close to each island visited,
however, and our best hauls were made at depths
less than 100 fathoms. Bottom topography west of
the islands was more rugged than to the east, per-
haps corresponding with the north and south sides
of South Georgia. Data from the South Sandwich
Islands, therefore, are more incomplete than from
South Georgia, and are least complete for waters
deeper than 100 fathoms on the west side.

The area richest in fishes was the shelf on the
north side of South Georgia at depths between 50
and 100 fathoms (figure 2). Catches were larger at
these depths than at either shallower or deeper
stations. Although the same general pattern was
seen on the south side of South Georgia, the abun-
dance of fishes was lower except at depths between
100 and 200 fathoms. Abundances were highest at
the shallowest stations in the South Sandwich
Islands and decreased with depth. A few shallow
stations, however, were essentially barren of all or-
ganisms and consisted only of black volcanic gravel
and pebbles. This was especially true near Zavodov-
ski Island, which has an active volcanic vent.

Eleven families of demersal fishes were repre-
sented in the catches. Figure 3 graphically shows
the relative importance of each family in each of six

depth ranges. Note the very great dominance of the
family Nototheniidae (antarctic cods) in waters
shallower than 200 fathoms, whereas the Mac-
rouridae (rat tails) are the overwhelmingly domi -
nant group in very deep water.

All fishes collected were counted and, when de-
sired, were tagged and measured. When catches
were large, the most abundant species were sub-
sampled and the subsamples were tagged and
measured. Weighing aboard ship was infeasible,
but all preserved specimens were remeasured and
weighed prior to being placed in alcohol. We will
use these data to estimate fish biomass for areas
where our samples are sufficient (e.g., where repeti-
tive tows were made in conjunction with food
studies).

Although most species were identified aboard
ship, some—especially the families Zoarcidae and
Liparidae—will require further work in the labora-
tory at Darling Center. The collections will help
us to better understand the faunas of both island
groups, especially those of the South Sandwich
Islands. We already have added one species to the
fauna of South Georgia (Champsocephalus esox) that
was previously known only from the Megellanic re-
gion, and several unidentified species undoubtedly
will also be new records. We hope to clarify the zoo-
geographic position of the South Sandwich Islands
between the Antarctic Peninsula and South
Georgia.

Stomachs were taken from demersal fishes col-
lected at stations along transects and at repetitive
stations at single locations to provide material for
three objectives: (1) describe the food habits of the
principal demersal fishes; (2) determine if food re-
source subdivision occurs in demersal fish com-
munities; (3) determine the 24-hour chronology of
feeding in demersal fishes. Further, studies of ben-
thic fish metabolic and digestive rates were carried
out aboard ship. Chronology data and digestive
rate data can be used later to estimate the daily
ration for principal species.

About 2,200 fish stomachs (excluding empties)
from 28 species were dissected out as quickly as
possible after capture, and the contents were pre-
served. To study resource subdivision, about 1,500
stomachs were taken in repetitive Blake tows at four
locations near South Georgia and at three locations
in the South Sandwich Islands. The South Georgia
samples are the most adequate and will provide
information on two communities at about 40
fathoms in depth and on two at 70 to 80 fathoms
in depth. In each of two chronology studies at South
Georgia and one in the South Sandwich Islands,
Blake tows were made six times over a 24-hour
period. More than 1,000 stomachs were collected,
which should provide information about late fall

50	 ANTARCTIC JOURNAL



0.2

J. 15

3.1

3.35

IN

Figure 2. Abundance of
fishes as related to depth
during Islas Orcadas cruise
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feeding chronology at depths of 10 to 70 fathoms
in two regions of the low Antarctic.

In addition to these analytical approaches, the
descriptive food habits, based on reasonable sample
sizes, of the following from the Scotia Arc should
prove interesting: five species of Notothenia, Trema-
tomus hansoni; two Harpagiferidae (Harpagfer bi-
spinis, Artedidraco mirus), Parachaenichthys georgianus
and several other Bathydraconidae, two Zoarcidae,
and Nematonurus sp.

As the first step toward developing an energy
budget for some benthic fishes, digestion and meta-
bolic rates of selected species were determined.
Digestion rate experiments were conducted aboard
ship on Notothenia larseni, N. angust[rons, and N.
gibberfrons. Digestion of foods naturally present in
the stomachs of newly captured N. larseni was
followed. Also, all three species were force-fed
preweighed meals, and digestion rates were deter-
mined by periodic sacrifice of individuals. Meta-
bolic rates at near ambient temperatures of about
20 N. gibberfrons and of about 10 N. angustfrons
were determined by measuring oxygen consump-
tion in a special chamber.

Large collections of invertebrates were obtained
during the cruise. Echinoderms are one of the
dominant benthic invertebrate groups on the
shelves surrounding South Georgia and the South

Sandwich Islands and three groups of echinoderms
(crinoids, asteroids, and ophiuroids) were of special
interest to us. These will be identified, and the
geographic and bathymetric ranges and substrate
preferences of individual species will be deter-
mined. These data will form the basis for a detailed
taxonomic and zoogeographic study of these im-
portant benthic groups at South Georgia Island and
at the South Sandwich Islands. Epifaunal species
that occur in very large numbers include the
crinoid Promachocrinus kerguelensis, the asteroids
Psilaster charcoti, Odontaster validus, Porania antarctica
glabra, Labidiaster annulatus, and several species of
Acodontaster, Lysasterias and Diplasterias, and the
ophiuroids Astrotoma agassizii, Ophiacantha vivipara,
Ophioperla koehieri, Ophionotus hexactis, Ophiuroglypha
lymani, and Ophiurolepis martensi. At the South Sand-
wich Islands there occurs an interesting population
of the ophiuroid Ophionotus victoriae. Instead of the
usual light-brown to yellowish color of the aboral
surface of the disc found in individuals farther
south, in specimens from these islands the aboral
disc surface is very dark-gray or even black, pre-
sumably a response to the extensive black volcanic
sand and gravel substrate found in the region.

Gut contents of selected species of common echi-
noderms are being analyzed in a continuing effort
to clarify the predator-prey roles of crinoids, aster-
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Figure 3. Depth distribution
and relative abundance (as
percent) of eleven families
of fishes at (A) South Geor-
gia Island (north side) and
at (B) the South Sandwich
Islands (from Saunders
Island northward). The dia-
gram width indicates the
percent of numbers at a
depth range. A dot or a
single line indicates less

than 4 percent.
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oids, and ophiuroids as abundant members of the
antarctic benthos. Identifications were made of
over 300 individuals' stomach contents, represent-
ing six species of asteroids and ophiuroids. Further,
we estimate over 12,000 individuals of 12 astero-
zoan species were preserved for later analyses of
stomach contents.

Whole invertebrates and tissues from selected
specimens were frozen aboard ship and returned in
dry ice to the United States. This material is being
studied by Dr. Dearborn and Edgar F. Lowe to de-
fine the trophic roles of ecologically important in-
vertebrates in the Antarctic. After obtaining dry
weights, standard methods are used to analyze indi-
viduals or groups of individuals for caloric content
and total protein, lipid, and carbohydrate. In some
cases different body parts are treated separately
so that the whole animal may be visualized in a more
ecologically informative manner. Discs and arms of
brittle stars, for example, are analyzed separately
because in many instances fish or invertebrate
predators may only obtain pieces of arms and not
the entire animal. Determinations are being made
initially on common species of crinoids, asteroids,
and ophiuroids. Other echinoderms and a variety
of other common benthic invertebrates, including
certain molluscs and crustaceans, are available and
will be analyzed later. Caloric data have been ob-
tained so far for the crinoid Promachocrinus ker-
guelensis, for the asteroid Acodontaster conspicuus,
and for the ophiuroids Astrotoma agassizii, Ophio-
notus hexactis, Ophiuroglypha lymani, Ophiacantha vivi-
para, and Ophioperla koehieri.

Remaining echinoderm groups (echinoids and
holothurians) and all other invertebrates obtained

from our stations during the cruise were generally
subsampled; this extensive material has been sent
to the sosc for sorting and for subsequent distri-
bution to specialists. Mr. Sharp was responsible for
this work, and we are particularly grateful for his
excellent assistance.

Throughout the cruise observations of sea birds
were regularly made by Mr. Townsend and Dr.
Dearborn. A total of 265 10-minute observations
were conducted, during which the number of indi-
viduals of each species seen per period was re-
corded. These data will be used to summarize bird
species densities at various latitudes and to corre-
late bird distributions with sea surface tempera-
tures.

Our programs's success was directly due to the
very great efforts in our behalf of the officers and
the crew of Islas Orcadas. We especially thank Cap-
tain Julio A. Risso for his handling of the ship dur-
ing trawling operations. That we were able to
sample in depths as disparate as 7 and 3,100
fathoms is indicative of his efforts to use the ship
as much as possible for the benefit of our program.
We also thank Roberto Fontanarrosa, first oceano-
graphic officer, and Miguel Clements, second
oceanographic officer, for their efforts in making
our over-the-side operations smooth and in helping
to plan station locations, for aiding our efforts at
speaking Spanish, and generally for making life
more enjoyable for a group of "Norteamericanos."
We also thank Petty Officer Omar Ramello and the
oceanographic crew for their work with the trawls
and winches, and for the many small things that
help to make life aboard ship pleasant. Finally, we
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express thanks to Paul Dudley-Hart of Alpine Geo-
physical Associates, Inc., whose knowledge of Span-
ish and of human nature made smooth many
awkward situations, and whose knowledge of
equipment saved us from mistakes and, sometimes,
losses. We also express our appreciation to all mem-
bers of the U.S. and Argentine parties for their
hard work and pleasant companionship. This re-
search was supported by National Science Founda-
tion grant Opp 74-08565.

A total of 101 samples were taken: 13 near the
bottom with a Hensen net, 10 near the bottom with
a Clarke-Bumpus net, 16 at intermediate depths
with a Hensen net, 27 at intermediate depths with
a Clarke-Bumpus net, 33 with a Hensen net
dragged horizontally, and two of 0- to 30-meter
plankton with an Isaacs-Kidd net.

Behavior of live Euphausia superba was monitored
in the ship's laboratories in an experiment that con-
tinued until several days after the return to Buenos
Aires.

ARA Islas Orcadas cruise 5:
marine biology

A. P. ToMo
Dirrección Nacional del Antártico

Buenos Aires, Argentina

Cruise 5 of the Argentine navy ship ARA Islas Or-
cadas began at Buenos Aires on 3 May 1975 and
ended at this port on 19June. The area worked was
in the vicinity of South Georgia Island and the South
Sandwich Islands. The members of the Argentine
team who made the trip are: Enrique Marschoff
(chief of the onboard Argentine group), Gustavo
Carrara, Carlos Duprez, and Luis A. Gonzalez,
of the Argentine Antarctic Institute; Richard
Ferriz, Guillermo Padilla, and Pascual Topa, of the
Argentine Museum of Natural Sciences, "Bernar-
dino Rivadavia."

Onboard research was conducted according to
two work plans approved by the national Office of
the Antarctic: zooplankton were studied by insti-
tute personnel, and benthic fauna were studied by
institute and museum personnel in collaboration.

Zooplankton. Conventional zooplanktonic samp-
ling was done along the ship's track by Hugh H.
DeWitt, University of Maine, who was chief scientist
of the cruise. Near-bottom waters were sampled—
proximity to the bottom was maintained by sonar—
to detect krill eggs and larvae. Large quantities of
zooplankton were collected using an Isaacs-Kidd
net, although we soon had to stop using it because
of winch difficulties.

Qualitative and quantitative samplings were
taken in vertical sweeps using Hensen and Clarke-
Bumpus nets. Surface samples were taken using a
smaller Hensen net towed by the ship. At stations,
samples were taken at selected depths verified by
sonar.

Benthic fauna. To obtain information concerning
fish abundance, sweeps were made with benthic
nets of the otter-trawl type. Twenty-four samples
were obtained: 18 with a 40-foot ott ;r net, four
with a 10-foot otter net, two with a large otter net
from the museum.

The material is being processed for uantitative
determination of population dynamics, taxonomy,
ecology, abundance, geographic distribution, and
other factors.

Good collaboration with the U.S. group per-
mitted us to collect more than the planned num-
ber of samples. Aboard ship, a device was made to
permit the same casting to invert and close a Nan-
sen bottle very near the bottom, after carrying out
a vertical sweep of variable duration with a Hensen
net that sampled the water at the bottom. This inno-
vation permitted measurement of bottom tempera-
tures (primarily of interest to the U.S. team) and
sweeping of the bottom water (of interest to the
Argentine Institute group).

We thank the Argentine navy crew of Islas Or-
cadas for their dedicated support.

Ecology of fishes and
echinoderms: RN Hero cruise 76-2

EDGAR F. LOWE and RICHARD E. CRAWFORD
Department of Zoology

University of Maine, Orono
Orono, Maine 04473

The ecology of demersal fishes and echinoderms
was studied in January, February, and March 1976
aboard RIV Hero cruise 76-2 in the vicinity of An-
vers Island (64°33'S. 63°35'W.), south to Adelaide
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John H. Dearborn

Giant fulmar chick on nest at Bonaparte Point, Anvers Island.
The bird has impaled a limpet shell on its mandible. This
sometimes occurs as chicks forage around the nest site

where limpet shells are dropped by adult birds.

Island and Marguerite Bay, and ashore at Palmer
Station on Anvers Island. These investigations con-
tinued field and laboratory studies begun by Uni-
versity of Maine personnel aboard ARA Islas Orcadas
cruise 5 in May and June 1975. As graduate stu-
dents in the Department of Zoology, we conducted
the field research this year under the direction of
James D. McCleave and John H. Dearborn.

A total of 49 stations ranging from intertidal to
depths of 750 meters were sampled as well as sev-
eral terrestrial stations. The following gear was
used: a 5-foot Blake Trawl (beam trawl), an Otter
Trawl, a 3-foot Beam Trawl, an epibenthic sled,
fish traps, long line, hand line, and hand collecting
in intertidal and terrestrial locations.

Our objective this year was to obtain data on the
ecological energetics of abundant benthic inverte-
brates (especially echinoderms) and fishes. In this
context, selected tissues or whole specimens of
asteroids, ophiuroids, crinoids, holothurians, and
echinoids were frozen or dried and shipped to the
University of Maine where the biochemical compo-
sition (i.e., total calories, water, ash, protein, lipid,
and carbohydrate) will be determined by standard
methods. From aboard Hero we were fortunate to
obtain gravid specimens of the shrimps Chorismus
antarcticus and Notocrangon antarcticus and some
brooding asteroids and echinoids. These specimens
were frozen with eggs or broods and were sent to
Maine for similar analyses. During intertidal col-
lecting, specimens of amphipods and the limpet
Patinigera polaris were obtained. This limpet is an
important component in the diet of antarctic birds

(figure), especially the southern black-backed gull,
Larus dominicanus, nesting along the Antarctic
Peninsula (W. Fraser, personal communication).
Therefore a seasonal study of the biochemical
composition of this limpet was initiated in coopera-
tion with William Fraser, a graduate student at the
University of Minnesota working under the direc-
tion of David F. Parmelee. Information from this
cooperative effort will be used to help understand
interactions between gulls and limpets over an ant-
arctic year.

Invertebrate studies at Palmer concerned two ex-
tremely abundant echinoderms, Ophionotus victoriae
(Ophiuroidea) and Odontaster validus (Asteroidea).
These organisms were maintained in flowing sea-
water to study feeding rates, growth, and changes
in biochemical composition during starvation.
Ophionotus studies were finally abandoned because
specimens would not feed well in the laboratory
and showed a high frequency of arm autotomy.
Odontaster validus, however, were maintained with-
out difficulty in the laboratory and individuals were
either tagged or isolated so that growth and feeding
rates could be followed. Odontaster fed on a variety
of foods, including ophiuroids and other asteroids.
For feeding rate studies Odontaster were maintained
on a fish or shrimp muscle diet. Data from these
feeding studies are being analyzed.

Fish studies at Palmer included investigation of
gastric evacuation rates of Notothenia coriiceps
neglecta. This species was maintained in the newly
refurbished seawater system, which provided excel-
lent holding conditions. Similar studies on N. gib-
berfrons were begun aboard Hero and concluded at
Palmer. Further work on the digestive physiology
of N. coriiceps neglecta and N. gibberfrons is under
way at the University of Maine and includes investi-
gation of the morphology and histology of the
gastrointestinal tract and examination of the acti-
vities of digestive enzymes.

N. coriiceps, N. gibberfrons, and N. nudfrons speci-
mens were frozen for shipment to Maine where
analyses of tissue lipids, proteins, ash, water, and
calories will be done. The effects of starvation and
experimental feeding on tissue composition were
studied at Palmer Station. This work is expected to
yield useful data on the bioenergetics of these abun-
dant antarctic fish. Growth rate determinations for
these three fish species are also being made by
examinations of scales and otoliths.

To study resource partitioning and feeding
chronology of benthic fish, tows were made with a
5-foot Blake trawl at depths of 50 to 100 meters off
Driencourt Point, Brabant Island. Five tows were
made over a 24-hour period and the fish collected
were measured and weighed. Dissected stomachs
were preserved and returned to Maine where Dr.
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McCleave and Timothy E. Targett will determine
the gut contents.

Some echinoderm and fish specimens were col-
lected and preserved for taxonomic purposes.
Fishes of the families Channichthyidae, Bathydro-
conidae, Liparidae, and Zoarcidae were obtained
and will be examined by Hugh H. DeWitt, Uni-
versity of Maine. Some heart urchins were col-
lected for examination by F. Julian Fell, Univer-
sity of Maine, while crinoids and asterozoans will
be determined by Dr. Dearborn.

We extend our appreciation to Captain Pieter J.
Lenie and the crew of RJV Hero for their enjoyable
company, their cooperation, and their excellent
field support. We also thank William Showers, a
graduate student at the University of California,
Davis, for field assistance. This study was supported
by National Science Foundation grant o pp 74-
08565.

Biology of krill
(Euphausia superba) and other

antarctic invertebrates

M. A. MCWHINNIE, C. DENYS, and D. SCHENBORN
Department of Biological Sciences

De Paul University
Chicago, Illinois 60614

These studies began upon our arrival at Palmer
Station on 28 November 1975 and ended when RIV
Hero departed on 9 March 1976, at the end of the
austral summer. Throughout the season 152
pelagic and 16 bottom samples were collected
(Isaacs-Kidd midwater and conventional benthic
trawls, respectively) aboard Hero (cruise 76-2) dur-
ing 24 days at sea. Other benthic and pelagic
sampling was accomplished in Arthur Harbor
using Zodiak boats. Sampling of krill at five depths,
mostly between 500 meters and surface, was usually
conducted from dusk to dawn. Sampling through

4-
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Figure 1. Krill sample being brought aboard RN Hero by Captain Lenle. Figure 2. Krill stations occupied In December 1975 and
January 1976 between Daliman Bay of Brabant island and the Argentine islands, north and south of Palmer Station (P).
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these hours takes advantage of diurnal migrations
of euphausiids and permits assessment of responses
to changing light intensity by different age classes.
During the day, samples were collected when char-
acteristic reflections from pelagic densities ap-
peared on the sonar record. A moderate degree of
correspondence was found between the character
of the sonar "blip" and krill populations. Captain
Pieter Lenie of Hero contributed greatly to sonar
monitoring and participated in all sampling (figure
1).

Sampling stations occupied in December were
reoccupied in January (early and midsummer) to
observe krill distribution characteristics in this area
as the summer advanced (figure 2).

Subsequent collections in February were taken
between Palmer Station (64°46'S. 64°05'W.) and
northward to the southeast of Livingston Island
(62°36'S 60°30'W.). A southern cruise in early
March reached the north end of Marguerite Bay;
the southernmost collection was southwest of Ade-
laide Island (67°15'S. 68°30'W.). The easternmost
sample taken this season was at 59°35'W.

Euphausiid collections were divided for diverse
studies: (1) formalin- preserved for species identifi-
cation, for determination of sex differentiation and
ratios, and for age classes; (2) histological fixation
for study of gonadal development; (3) frozen for
study of proteins and enzymatic analyses; (4) live

maintenance in seawater tanks aboard Hero for
growth studies (molting) upon return to the Palmer
laboratory.

Stock euphausiids were maintained at Palmer in a
flowthrough tank in the aquarium room where sea-
water temperature ranged from 10 to 3°C. For
growth rate studies, animals maintained singly or
two in a container were held within the same tem-
perature range. Molting was monitored and all krill
were fed freshly collected phytoplankton at least
once daily. Most animals molted at least once, while
many survived a considerable period and some
molted three times during this study. As is charac-
teristic of crustacea, some die in the course of molt-
ing. The average daily loss from all factors was 1 to
3 percent of the group under study (figure 3). In
the absence of currents from which krill filter phy-
toplankton, and under conditions of laboratory
feeding, the amount of plankton eaten was assessed
by visual evidence of food (color and volume) in the
digestive tract of these transparent animals, and by
fecal string production. Similar observations were
made with freshly collected animals at sea. Labora-
tory survival of krill is considered to have been good
throughout this study. Some small krill collected in
Arthur Harbor on 3 December were alive and feed-
ing at the end of the season after molting several
times in 3 months.

While krill were not generally collected in Arthur

Figure 3. Krill and their
molted exoskeletons: (a)
the animal successfully
completed molting and has
fed as shown by dark di-
gestive tract; (b) the animal
died in the course of molt-

ing.
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Harbor or in the nearby island groups, much evi-
dence of their presence was found in Adélie pen-
guin (Torgersen Island) and Dominican gull
(Bonaparte Point) colonies.

To determine growth increments, krill were
photographed between molts and body lengths
were measured from these records. This procedure
was adopted to reduce handling, mechanical dam-
age, and a rise in temperature, all of which occur
during direct measurement (figure 4). The growth
increment per molt of juvenile to young adults
ranged from 0 to 10 percent of the previous inter-
molt size.

Initial age class studies of preserved krill indicate
at least three size groups collected in Antarctic
Peninsula waters during the 1975-1976 austral
summer. Krill collected in straits and channels
among the South Shetland, Palmer Archipelago,
and Bisco islands indicated the presence of at least
three euphausiid species. Breeding adults were
sometimes evident through the presence of sper-
matophores on either males or females.

A correlation between size and gonadal develop-
ment, the criterion of maturity for reproduction,
has been reported to be low (for example, occur-
ring at body lengths of 27 to 49 millimeters) (Barg-
mann, 1937, 1945; Fraser, 1936). Histological
preparation of collected specimens will enable
maturity determinations relative to size in these
populations.

In a second study, the metabolic basis of low tem-
perature adaptation was continued using diverse
marine invertebrates. Emphasis was on Krebs citric
acid cycle oxidations. The oxidation rate of oxa-
loacetate (oxA) to malate is at least four times
greater than that of isocitrate to alpha-ketoglu-
tarate. This suggests that a large percentage of the
phosphoenolpyruvate, derived from glycolysis,
enters Krebs cycle by way of OXA and reduces oxi-
dative decarboxylations, thus conserving organic
carbons. The fish Notothenia neglecta shows a similar
oxidation of OXA, while the liver and skeletal muscle
of warmblooded gentoo penguins (Pygocelis papua)
and skuas (Catharacta macconnackii) follow the more
conventional intermediate steps of this cycle. Lung
tissue, however, resembles invertebrate tissue oxi-
dative patterns. Tissue levels of pyruvic and lactic
acids reflect these differences (lower in coldblooded
and higher in warmblooded animals). These results
extend an earlier study at McMurdo Station
(McWhinnie et al., 1975), which demonstrated high
glucose utilization through the hexosemonophos-
phate shunt, high lipid synthesis, and low carbon
dioxide production.

While observing large numbers of limpets in tide
pools (up to 50 to 100 per square meter), a study of

Figure 4. E. superba on 4 February 1976 (a) and after molt on
16 February (b). The size increase between these two dates

was 1 millimeter.

their tolerance to hyposaline media was conducted.
Glacial melt in the Palmer Station area during the
austral summer exposes limpets (Patinigera polaris)
to dilute seawater in such pools through a 9- to 10-
hour low tide period. Tolerance to a hyposaline
medium was studied with animals collected from
the Kristy Cove area and maintained in seawater
aquaria at 10 to 3°C. Survival and tolerance were
expressed as (1) the time for 50 percent of the ani-
mals to die (LD-50), (2) the locomotion and surface
adherence, and (3) the changes in wet weight when
maintained in 40-percent seawater. In early sum-
mer the LD-50 for small limpets (mean length of
31 millimeters) was 58 hours, while it was 48 hours
for large limpets (mean length of 46 millimeters);
in late summer these intervals increased to 76 and
62 hours, respectively. Although both size groups
held in dilute seawater reached a maximum wet
weight within 24 hours, small limpets gained sig-
nificantly more weight and exhibited greater swell-
ing of the foot.

Further, after 12 hours in 40-percent seawater,
80 percent of the small limpets retained the ability
to attach firmly to substrate despite a 13.4-percent
weight gain and some swelling. Large limpets, how-
ever, showed only a 7.4-percent weight gain with
little swelling. Less than 10 percent of the large lim-
pets remained capable of attaching to substrate.

We are grateful to Martin Curran, Holmes and
Narver, Inc., for his efforts in support of our pro-
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gram, to William Fraser for collecting skuas for this
study, to E. Douglas and R. Lockner for providing
penguin tissues, to the diving team (R. Daniels, Wil-
liam Showers, and D. Lame) of the University of
California, Davis, for providing numerous inverte-
brates for these studies, and to Captain Lenie and
the crew of Hero for their willingness to work
through the night to assist in our krill collections.

This research was supported by National Science
Foundation grant Opp 73-05890.
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sence of a summer bloom on the western side of the
sound. Our New Harbor study area thus is quite
unlike most antarctic coastal environments that ex-
perience a large, predictable burst of organic pro-
duction; as a result, the New Harbor site may have
closer affinities with the deep sea than with the
more familiar antarctic benthos.

Much effort was devoted to maintaining, moni-
toring, and evaluating numerous experiments
(figures 1 and 2) begun during the 1974-1975
season to test hypotheses concerning predator-prey
interactions, the natural history of scavengers, or-
ganic enrichment, dispersal and mobility of various
life cycle stages, annual growth patterns, benthic
succession, and larval settlement and early recruit-
ment patterns. One outstanding result is the
marked settlement patterns on artificial substrata
placed on the bottom and in the water column. In
particular, the "filter" effect of Odontaster validus
was clearly demonstrated. Several new experiments
were begun to test hypotheses concerning demersal
larvae, larval responses to various disturbances,
adult-larval interactions, effects of bacteria on lar-
val settlement, dispersal abilities of brooded young,
prey refugia, organic enrichment, various other
animal interactions, and the growth and recruit-
ment patterns of several benthic species. More
photographic transects and other references were
established in the sponge community and in soft-

Benthic communities of
McMurdo Sound

JOHN S. OLIVER, DANIEL J . WATSON,
EDMUND F. O'CONNOR, and PAUL K. DAYTON

Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92093

During the 1975-1976 austral summer we con-
tinued and expanded experimental evaluation of
the organization and maintenance of shallow-water
benthic marine communities of McMurdo Sound.
We also made extensive scuba diving surveys along
western McMurdo Sound, sampled the deep ben-
thos in the Ross Sea, and observed shallow-water
benthos beneath the Ross Ice Shelf at White Island.

Measurements of benthic and water column pro-
ductivity and chlorophyll levels show a north-south
productivity gradient along Ross Island, a distinct
coastal summer phytoplankton bloom, and the ab-

Figure 1. An array of sediment containers supported by a
subsurface float at New Harbor, McMurdo Sound. The rack Is
30 meters above bottom and will test hypotheses about the
midwater nature of benthic animal larvae. Tuffy scrubbers
attached to sides of the racks have proven to be a very attrac-

tive substratum for several suites of animals.
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bottom areas to measure growth, recruitment, and
mortality and to help establish animal densities,
cover, and biomass.

This season we dove extensively during the
plankton bloom period and observed many phe-
nomena that stimulated significant insights into
several old and new problems regarding functional
relationships in the community. Some of these in-
volved feeding periodicity and cycles, switching
behavior of predators and scavengers, mobility
patterns, and chemoreception.

The pattern of benthic succession following ice-
berg disturbance and in azoic substrata (manipu-
lated variously) was observed after 1 year. This
early phase is very similar to that documented in
temperate soft-bottom communities, and is charac-
terized by mobile peracarid crustaceans and fugi-
tive polychaete species. The early recovery period,
however, appears to be about three times longer in
the polar region.

We made several survey dives in some remote
and previously unstudied areas to document the
gross structure of bottom communities as well as
some interesting sub-sea level glacial and geomor-
phological features from Marble Point to the Gar-
wood Valley. Probably the most outstanding single
dive was made under the Ross Ice Shelf near White
Island. The bottom there is a loose cobble substrate
with an extremely steep slope. This was the first
observation of marine life under the Ross Ice Shelf,
and as expected the bottom community was gen-
erally characteristic of the substrate type and the
presumed input of organic material. The most con-
spicuous animals were the anemone Isotealia antarc-
tica (2 to 6 per square meter), two ophiuroids (4 to
10 per square meter), Odontaster validus, the bivalve
Laturnula elliptica, a holothurian (2 to 4 per square
meter), the sponges Polymastia invaginata and
Spaerotylus antarcticus, and several Trematomus
fishes. All of these species are common in areas
along Ross Island that are covered with annual sea
ice.

Finally, we had an extremely successful cruise in
the Ross Sea aboard USCGC Burton Island. We re-
covered several hundred live individuals of the
deepwater acorn barnacle Hexelasma antarcticum
and transferred them to our shallowwater study
areas at McMurdo Station and New Harbor, where
we have set up experiments to test hypotheses con-
cerning the effects of physical and biological stress.
This represents one of the first successful attempts
to work with living deep-sea animals in shallow
water and is being done in cooperation with Wil-
liam Newman, Scripps Institution of Oceanog-
raphy. We also obtained three sets of replicate bot-

June 1976

torn samples with a Smith-McIntyre grab from two
deep mud stations (500 and 900 meters) and one
mixed bottom (360 meters) in the Ross Sea. These
samples were washed over a nest of screens (the
smallest being 250 microns) and will be very im-
portant in examining the similarities in species com-
position and abundance relationships among slope,
shelf, and our shallow-water antarctic bottom com-
munities.

This research was supported by National Science
Foundation grant opp 75-08074.

Figure 2. One of many soft corals Individually marked at
New Harbor to measure growth and survivorship. The black

marks on the stake are 25 centimeters apart.
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Role of glycoprotein antifreezes
in the survival of fishes inhabiting

ice-laden seawater

A. L. DEVRIES, A. N. HUDSON, E. OSADA,
and S. GRABACKI

Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92037

Season's activities for this project began with the
arrival of Messrs. Hudson, Osada, and Grabacki at
McMurdo Station on 5 September 1975. With help
from U.S. Navy personnel, two fishing stations were
established and lines were set in McMurdo Sound
for the large antarctic cod, Dissostichus mawsoni. The
cod were caught in 500 meters of water; most were
measured, weighed, tagged, and released. Smaller
cods were injected with tetracycline and were
tagged with a lock-on numbered tail tag and two
numbered anchor tags. The latter were inserted in
the first and second dorsal fins. Tetracycline is in-
corporated into the boney structures (otoliths, fin
rays, and scales) of these fishes and when viewed
under ultraviolet light it fluoresces. If one of these
fishes were caught in a few years from now and
its otolith viewed under ultraviolet light, the tetra-
cycline would appear as a discrete fluorescent ring.
This technique thus could be used to age the cod
by relating numbers of rings to time. The tail tags
are imprinted with the request that, if recaptured,
the fish be returned to Scripps Institution of
Oceanography.
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Time course of biosynthesis of plasma protein and glycopro-
tein antifreeze. DPM = disintegrations per minute.

Small, undamaged specimens of D. mawsoni were
transported to the running seawater aquarium at
McMurdo for studies of the in vivo biosynthesis of
glycoprotein antifreezes. Specimens were accli-
mated to the 750-liter tanks for 3 weeks and food
was withheld. The specimen selected for each ex-
periment was anesthetized in seawater containing
Ms-222 and was placed on an operating stretcher
with seawater running over its gills. A cannula was
implanted in the caudal vein, and the fish then was
subjected to surgical operation involving an inci-
sion of 10 to 15 centimeters in length in the ventral
body wall and isolation of a branch of the hepatic
portal vein. This vein collects blood from the intes-
tines and lower body and delivers it to the liver. A
known quantity of radioactive alanine was injected
into this vein. The incision was then carefully
sutured and the fish was returned to a small hold-
ing tank for the duration of the experiment. After
the fish awakened (usually 10 to 15 minutes), blood
samples were taken through the cannula at speci-
fied intervals. Plasma from the blood samples was
separated centrifugally and this plasma was then
biochemically treated so that the amount of radio-
active label incorporated into newly-synthesized
plasma protein and glycoprotein antifreeze could
be determined by liquid scintillation counting tech-
niques.

Fish subjected to this surgical procedure survived
well. After awakening in the small holding tank,
they swam about normally and were active. At the
end of each experiment the fish was sacrificed, its
liver was homogenized, and free radioactivity was
determined, as well as the radioactivity of newly-
synthesized endogenous liver proteins (noncircu-
lating liver proteins).

Results of a typical experiment are seen in the
figure. No label was apparent in the plasma pro-
teins for the first 6 hours; thereafter, appearance
of the label followed a sigmoidal pattern until a
plateau was reached at approximately 40 hours.
Label appeared in the purified glycoprotein anti-
freeze in the same pattern, although with a longer
absolute lag time. Although final evidence will come
from a computer analysis of the kinetic constants
involved in the synthesis and secretion of the glyco-
protein antifreeze, the similarity in the shape of the
two curves strongly indicates that the glycoprotein
antifreeze is synthesized in the liver. Using cyclo-
hexamide, a potent inhibitor of protein synthesis
initiation, it was also determined that the glycopro-
tein antifreeze is ribosomally synthesized rather
than synthesized entirely by enzymes.

This research was supported by National Science
Foundation grant Opp 74-07917.
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Biota of antarctic pack ice:
RN Hero cruise 75-6

D. B. SINIFF and R. A. REICHLE
Department of Ecology and Behavioral Biology

University of Minnesota
Saint Paul, Minnesota 55108

From 8 October to 13 November 1975, we were
aboard the research ship Hero in the area of the
Gerlache Strait and northeast to Deception and
Livingston islands. This was Hero cruise 75-6.
Crabeater seals were the major focus of study, but
limited observations were made on leopard and
Ross seals. The research centered around: (1)
social structure and reproductive behavior, (2) daily
activity and local movements, and (3) interaction
between environmental conditions and such popu-
lation characteristics as sex and age structure, dis-
tributional patterns, and density.

In the Gerlache Strait, we found two distinct
types of crabeater social units: family groups and
mated pairs. We attempted to immobilize the adults
using sernylan (Phencyclidine hydrochloride), then
obtain their measurements and weights, attach
transmitters, and make behavioral observations.
From 22 October to 4 November we located nine
family groups and 13 male-female pairs of crab-
eater seals.

The doses of sernylan required to immobilize
were significantly greater than those suggested by
Cline et al. (1969). We think this need for higher
doses was the result of the physiological state of
the individuals encountered. The males were in
breeding condition, and the females were either
lactating or were members of mated pairs. One
female member of a mated pair took a standard
dose.

The family groups consisted of a male, a female,
and a pup. During the work it became obvious that
the females were very concerned about their pups.
If a male came too close to a female and her pup,
she would bite him—usually attacking his upper
neck region or the side of his jaw. The male showed
interest in only the female, and if she left the pup
he followed quickly.

We observed paired adult males and females in
close contact. The mated pairs were characterized
by bite scars on the side of the jaw and upper neck
of the male and by a bloody upper back region of
the female. Apparent attempts of males to mount
females and assume a copulatory pose were ob-
served several times on ice floes. Males bit females

in the upper back region, and forced their bodies
up over the females' back. Breeding was not seen
as the females observed always moved away from
the males during the mount.

The observations made during this cruise, while
limited, do enhance our knowledge of crabeater
seal social structure during the pupping and breed-
ing season. It seems most likely that males were
attracted to female-pup combinations because the
females were about to enter estrous. The fighting
between males and females when pups were pres-
ent indicated the females were not receptive to
breeding at that time, and appeared to be interested
only in the welfare of the pup. The males' attach-
ment to the females indicated that the males were
interested in breeding and had no apparent regard
for the pups.

Male-female physical contact, characteristic of
the breeding pairs, was not observed when pups
were present. Breeding thus may occur after wean -
ing. The breeding pairs described above may have
included adult females who were without pups dur-
ing the 1975 pupping season. This point needs to
be documented by collecting reproductive material
and following family groups through weaning.

This research was performed under National
Science Foundation grant opp 75-17719.
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Colonial behavior of antarctic
marine mammals in eastern

McMurdo Sound

D. DEMA5TER, R. HUEMPFNER, and R. SCHUSTER
Department of Ecology and Behavioral Biology

University of Minnesota
Saint Paul, Minnesota 55108

We investigated Weddell seals in the McMurdo
Sound area from 8 October through 15 December
1975. Since 1968 our program has been designed
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to elucidate the factors affecting population num-
bers and distribution patterns. In recent years we
have concentrated our efforts on understanding
the reproductive patterns of individually marked
adult females. An adult Weddell seal is physiologi-
cally capable of producing pups up to 5 years in a
row. Yet, in any one year the probability of her
pupping is between 0.6 and 0.7. Therefore, re-
search efforts in the 1975-1976 field season con-
centrated on (1) continuation of extensive tag
resighting to estimate the number of seals in various
age-sex classes, (2) collection of vaginal smears at
3-day intervals from female Weddell seals with and
without pups to examine possible differences in the
onset of estrous, (3) use of radio telemetry to de-
termine how many days after giving birth an adult
female with a pup will allow a territorial male to
approach her, and (4) establishment of an artificial
colony on the unbroken sea ice to compare growth
rate of pups and adult females at unusually high
densities with control females and pups at Hutton
Cliffs.

This year's abnormal ice conditions required al-
terations in the procedure followed in past years.
Under normal ice conditions, seals would be tagged
and the western side of Ross Island would be cen-
sused once a week via trackmaster. This year such
activities were not possible. Therefore, to main-
tain the continuity of individual seal records over
the past 8 years, we made four helicopter flights
north of the Erebus Glacier Tongue and weekly
censuses via trackmaster south of the tongue. In
this way we feel we accounted for a majority of
the pup production, and we observed an adequate
sample of previously tagged adults to maintain the
continuity of our tagging data.

To understand the decrease in annual produc-
tivity in this population, we wanted to determine
which adults were coming into estrous and which
were breeding. To make this determination we col-
lected vaginal smears from over 200 adult females.
The scheme involved taking smears from 10 fe-
males with pups and 10 females without pups at 3-
day intervals from parturition through 40 days
postpartum. With these smears we hope to dif-
ferentiate seals that have come into heat from those
that have not. Moreover, the smears may help dis-
cern the influence pupping has on the probability
of coming into estrous. As an independent check
on the time of breeding, we used radio tags that
emitted a specific radio signal whenever a radio-
tagged male approached a radio-tagged female.
The data collected from these radio-monitored
encounters suggest that breeding among parous
females occurs from 15 November to 10 December.

For the artificial colony studies, we put eight
females and their pups in a 60- by 15-meter en-
closure on unbroken sea ice. Only two holes were

drilled through the ice to allow access to the water.
At 1-week intervals, we weighed and measured
these animals and a control group at Hutton Cliffs.
We hope this experiment will suggest relationships
among pup rearing, nutritional status, and the den-
sity of the pupping colony. Preliminary analysis
suggests that there was no obvious difference in the
amount of scarring or the pattern of weight loss at
the experimental colony compared to the control
at Hutton Cliffs. During next season's censusing,
we hope to ascertain the effect of this year's ex-
perimentally induced high population density on
next year's reproductive success.

This research was performed under National
Science Foundation grant Opp 73-09316.

Physiological compensations
to respiratory alkalosis in three

antarctic penguin species

EVERETT L. DOUGLAS,' F. RUSSELL LOCKNER,2
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Cleveland, Ohio 44106

2Department of Biology
California State College, Sonoma
Rohnert Park, California 94928

During the austral summer, most penguins leave
the antarctic ocean waters and return to the rooker-
ies on land. At higher latitudes along the Antarctic
Peninsula, clear, sunny days with little wind are
common during the summer. When this happens,
nesting birds and their chicks are exposed to in-
tense solar radiation. This, coupled with their ex-
cellent body insulation, results in a rise of body
temperature and a subsequent 10- to 20-fold in-
crease in respiratory ventilation. An increase of this
order could result in excessive loss of carbon
dioxide from the blood, resulting in severe respira-
tory alkalosis as observed in other birds (Calder
and Schmidt-Nielsen, 1966, 1968) unless some
mechanism exists to regulate respiration during
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this period (Bouverot et at., 1974; Marder et at.,
1974).

The purpose of this project was to quantitatively
look at respiratory alkalosis in penguins and the
accompanying acid-base changes in blood. The
study was carried out at Palmer Station from De-
cember 1975 to March 1976.

Three penguin species were used: Adélie (Pygo-
scetis adeliae), chinstrap (P. antarctica), and gentoo
(P. papua). Only nonbreeding birds were selected,
and these were maintained in a large outdoor en-
closure with access to snow and seawater. All birds
were released within a week of capture. Catheters
filled with heparinized saline were placed in the
carotid artery and jugular vein on birds anesthe-
tized with halothane. Lidocaine HC  was used as a
local anesthetic. The recovery period was 24 to 48
hours. Blood was periodically withdrawn and pH,
PCO2 , and P02 measurements made using a radio-
meter blood microsystem (BMSZ MK2 and PHM 71
MK2). Hemoglobin concentration was measured
spectrophotometrically. Body temperatures were
monitored with a body thermistor placed inter-
muscularly. Field observations and similar labora-
tory measurements on chicks of differing age classes
were also obtained, but these are not discussed here.

During the experiments, the unrestrained animal
was placed in a temperature-controlled chamber
with catheters and thermistor leads running out-
side, allowing us to take blood samples and measure
body temperatures without disturbing the bird. An
observation port was available. After the bird had
quieted down and blood values were consistent for
2 to 3 hours, the temperature in the chamber was
gradually raised. Initial temperatures were 200 to
23°C, and were increased in 3°C increments. The
birds were maintained at each incremental tem-
perature until blood values became consistent (30
to 60 minutes). In this way an animal could be kept
at a certain elevated body temperature and ventila-
tion rate while the pH, pCO 2 , and P02 were being
monitored.

Blood parameters for resting penguins are given
in table 1. The values are comparable with other
birds (Calder and Schmidt-Nielsen, 1968), although
the carbon dioxide tensions are generally higher.
The effect of severe heat stress on the three species
of penguins is presented in table 2. Five to six repre-
sentative individual runs are shown for each spe-
cies. Below body temperatures of 40°C, all birds
were able to maintain blood pH and pCO2 within
nearly normal ranges. However, when body tem-
peratures increased to over 40°C, they experienced
hypocapnia and became alkalotic.

The three species demonstrated a high tolerance
for heat loads and differed only in the degree of
the response. The maximum change in pH and
PC Q, for gentoo penguins was almost twice that of

Table 1. Normal blood parameters for three species of
resting penguins.

Adélie (n) Chinstrap (n) Gentoo (n)

Body temperature (Tb) 38.5°C(5)	39.8°C (6)* 38.8°C (4)
Hematocrit (%)	44.4 (9)	43.0	(4)	44.3 (6)
Hemoglobin (gm.%)	16.2 (9)	17.4	(4)	16.0 (6)
pH	 7.50 (5)	7.52	(6)	7.51 (5)
Arterial pCO2 (mm Hg) 37	(5)	37	(6)	42	(5)
Arterial P02 (mm Hg) 83	(4)	82	(6)	81	(5)

*This value represents body temperatures taken on resting
birds under laboratory conditions. Body temperatures in the
field would be expected to be somewhat lower.

the Adélie and chinstrap penguins, and may reflect
their somewhat larger size and better diving ability
(Lenfant et al., 1969). Gentoo penguins were more
tolerant of higher body temperatures and were able
to maintain a higher blood pCO 2 for a longer
period. However, when a body temperature of
about 40.3° was reached, the birds began to venti-
late heavily and the pCO 2 fell heavily. We suggest
that under moderate heat loads these three pen-
guin species are able to undergo a sustained mod-
erate elevation in respiratory rate without becoming
alkalotic, and that at increased heat loads there is
little or no respiratory compensation to prevent

Table 2. Respiratory responses to severe heat stress.

Penguin	Weight (kg) LWR* zTb* zpH* zpCO2*

Ad6lie-2	3.50	8-45	1.6	0.04	14
Ad6lie-5	2.04	8-63	2.0	.17	23
Ad6lie-6	3.54	13-60	1.0	.23	17
Ad6lie-7	3.15	8-36	0.8	.27	10
Adélie-8	2.86	13-44	1.2	.18	17
Chinstrap-1	2.92	6-29	0.9	.08	13
Chinstrap-2	2.75	9-30	1.2	.10	12
Chinstrap-3	3.57	10-34	0.9	.08	18
Chinstrap-4	3.89	10-60	2.0	.02	2
Chinstrap-5	3.55	9-60	1.7	.26	27
Chinstrap-6	3.04	9-45	0.8	.08	10
Gentoo-1	4.78	7-76	0.0	.32	23
Gentoo-2	4.71	6-86	1.2	.33	26
Gentoo-3	4.09	4-47	0.0	.19	24
Gentoo-4	5.22	4-46	1.4	.24	28
Gentoo-5	4.23	6-46	0.0	.25	22

*VR, ventilation rate per minute at rest and at maximum heat
stress; ATb , increase in body temperature in C°; i.pH, increase
in pH at heat stress; ApCO2 , decrease in arterial tension (mm
Hg).
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alkalosis. The animals are able to tolerate this large
shift in acid-base balance.

This research was supported by National Science
Foundation grant o pp 74-18368 and National Insti-
tutes of Health grant HL 14640.
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Comparative syringeal anatomy of
three antarctic penguin species
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All three pygoscelid penguins (gentoo, Pygoscelis
papua; Adélie, P. adeliae; chinstrap, P. antarctica)
have loud, harsh calls that are used in intra- and
interspecific interactions during the breeding
season. The vocal displays of the gentoo differ from
those of both the Adélie and the chinstrap. During
loud mutual and ecstatic calling, gentoos have the
ability to vocalize on inspiration and well as expira-
tion.

In most birds, sound is produced as air moves in
a caudalcephalad direction past two thin tympani -
form membranes in the syrinx located at the
trachael-bronchial junction (Gross, 1964; Gottlieb
and Vandenbergh, 1968). The syrinx is within the
interciavicular air sacs (IcAS) and is moved by as
many as nine pairs of muscles that may originate
and insert wholly on the syrinx (as in passerines)
or, as in nonpasserines, that originate from skeletal
structures and insert on the syrinx. In most non-
passerines, vocalization is dependent upon three
factors: air movement, positive pressure in the
ICAS, and contraction of one or more pairs of
tracheal- syringeal muscles (Greenewalt, 1968;
Youngren et al., 1974; Lockner and Murrish, 1975;
Lockner and Youngren, in press).

The following descriptions are based on both
fresh and preserved dissections of 16 adult pen-
guins originally used in physiological studies. The
general structure of the trachea and the syrinx is
similar in all three species. The trachea consists
of a series of complete cartilaginous rings inter-
connected by connective tissue. Upon contraction
of the trachea, these rings form an imbricate pat-
tern when alternate rings slide over or under ad-
jacent ones. At the tracheal-syringeal junction, the
rings no longer overlap and are much less flexible.

Beginning at each bronchus, the syringeal drum
is completely divided dorso-ventrally, forming two
separate air pathways. This division continues an-
teriorly up the trachea for about one-third or two-
thirds of its length, depending on the species (table).

The syrinx, itself (syringeal drum), consists of
several complete rings extending into each bron-
chus. At the caudal margins of the drum, the rings
are incomplete medially and provide support for
the vibratory internal tympaniform membranes
(ITM). The ITM extend the entire length (-25 milli-
meters) of the primary bronchi. Medially, the two
bronchi are connected by a strong membrane
(bronch ides mus), which is attached to the esopha-
gous dorsally and the pericardium caudally. The
bronchidesmus is incomplete rostrally, leaving
about 5 millimeters of each ITM exposed to the ICAS.

Only two pairs of well-developed syringeal-
tracheal muscles are present in all three species.
Mm. Tracheolateralis originates from the urohyal
on the anterior-most part of the trachea. Each
muscle runs laterally down almost the entire length
of the trachea to insert on the anterior portion of
the syringeal drum. Mm. Sternotrachealis arises
from the coracoid process and runs obliquely an-
terior and dorsal to insert on the trachea just
caudal to the ICAS. Both muscles are innervated
by cranial nerve XII (the hypoglossal). Large
dermal muscles arising from the neck and inserting
on the hyoid are present in all three species. These
muscles are innervated by cranial nerve XI (spinal
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accessory), which is a branch of the vagus (Port-
mann and Stingelin, 1961). Although the hypo-
glossal crosses the vagus, and both are commonly
ensheathed a short distance from their emergence
from the cranial vault, there is no anatomical evi-
dence of vagal innervation of either Mm. Sterno-
trachealis or the tracheal portion of Mm. Tracheo-
lateralis.

In almost all individuals examined, at least one
hypoglossal nerve sends a ventral branch to the
contralateral muscle. These crossovers vary in
number (up to three) and size, and may cross from
left to right, right to left, or both. Similar cross-
overs have been described in diverse avian groups
(Nottebohm, 1971; Youngren et al., 1974; Lockner
and Youngren, in press).

Major anatomical characteristics of the three spe-
cies are summarized in the table (mean values from
preserved specimens). Although the gentoos are
considerably larger than either Adélies or chin-
straps, their tracheas are much shorter and less
flexible in terms of ability to expand and contract.
The bifurcation of the trachea does not seem to be
correlated to contractile ability (e.g., P. adeliae). The
relative lengths of Mm. Sternotrachealis are greater
for P. Papua than either other species. In fresh dis-
sections, the Mm. Sternotrachealis is noticeably
darker than Mm. Tracheolateralis in the gentoos,
which may be indicative of increased myoglobin
content.

In chickens and mallard ducks, Mm. Tracheo-
lateralis contracts with every exhalation, whereas
Mm. Sternotrachealis contracts only during vocali-
zation (Youngren et al., 1974; Lockner and Youn-
gren, in press). Since these two muscles are antago-
nistic, contraction of Mm. Sternotrachealis allows
the ITM to relax and vibrate in the expiratory air-
stream. Mm. Tracheolateralis contracts on inhala-
tion only, exerting tension on the ITM and prevent-
ing their vibration. Although no neurophysiologi-
cal data were collected for penguins, gross direct
stimulation of the anterior portion of the hypo-

glossal nerve resulted in strong contractions of Mm.
Sternotrachealis and in caudal movement of the
syringeal drum. In P. Papua, we suggest that Mm.
Tracheolateralis cannot exert sufficient force
against the relatively inflexible trachea to antago-
nize contractions of Mm. Sternotrachealis and thus
prevent inspiratory vocalization when a large vol-
ume of air is moving past the rr. The gentoo is
certainly capable of inhalation without vocalization,
and it is only during intense bouts of calling that
sound is produced on both inspiration as well as
expiration.

This research was supported by National Science
Foundation grant opp 74-18368 and National Insti-
tutes of Health grant HL 14640.
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Comparative syringeal anatomy of Adélie, chinstrap, and gentoo penguins.

TRACHEA	 MM. STERN OTRACHEALIS

Percentage Percentage of	 Percentage of
Number Body weight	Rings	Length	bifurcated of contraction Length	tracheal length

(grams)	 (mm)	 (mm)

4,600	74	145	69	 14	50	 34
3,800	44	183	34	 21	45	 24
3,000	97	185	63	 20	44	 24

Species

P. Papua
P. adelzae
P. antarctica
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Behavioral studies of
Adélie penguins

Airlift of live penguins to California

DAVID G. AINLEY, STEPHEN H. MORRELL, and
ROBERT J . BOEKELHEIDE
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Our field season at Cape Crozier (71°31'S. 169°
23'E.), Ross Island, from 22 October to 9 December
1975, was very successful and represented the last
in a population study of Adélie penguins (Pygoscelis
adeliae) that began in 1962. In our project we as-
sumed responsibility for completion of work init-
iated by personnel, the senior author included,
from Johns Hopkins University under the direction
of W. J . L. Sladen. During the 1975-1976 austral
summer we collected data on about 1,000 penguins,
ages 6 through 14 years, banded as chicks during
the 10-year period from 1961-1962 to 1969-1970.
The long and involved process of data analysis now
before us will no doubt be a task full of rewards.
When finished we will be able to describe the popu-
lation structure of the Cape Crozier penguin rook-
ery and the process by which young birds become
incorporated into the breeding population.

The major objective in the recently completed
field work was to assess consecutive-year mortality
among older penguins. Data collected during the
past two summers will be compared with those col-
lected for younger birds during the late 1960s. It
appears that our suspicions, which arose during
the 1974-1975 season, will be confirmed: mortality
is very high among older breeding individuals, but
is almost nonexistent among nonbreeders. In order
to rear young, an Adélie apparently subjects itself
to grave dangers, perhaps only a few of which we
know anything about due to our meager under-
standing of the pack-ice biology of this important
antarctic vertebrate. The oldest Adélie penguins
are those that were slow to mature, and thus did
not breed until quite old (6 to 8 years), or that are
habitually inept at producing young. It also has be-
come rather clear that mortality is much higher
among adult females than adult males.

This research was supported by National Science
Foundation grant Opp 74-15582.

FRANK S. TODD
Sea World, Inc.

San Diego, Calfornia 92109

The need for a temperature-controlled facility
to house antarctic penguins for research, educa-
tion, and display has been seen for years. Sea World
agreed to design and build such a complex, and the
National Science Foundation provided logistics for
collection of specimens. It was decided to acquire,
to acclimate, and to quarantine 80 Adélie and 20
emperor penguins. Twenty of the Adélies were to
be made available to H. T. Hammel, Physiological
Research Laboratory, Scripps Institution of
Oceanography, La Jolla, California 92037.

Sea World has been working with antarctic pen-
guins since 1970, when Adélie penguins collected
by Richard Penney in 1968 were transferred from
the New York Zoological Society to San Diego.
Some reproductive success has been attained with
these birds. Concurrently, work is continuing with
a colony of tropical penguins. During the first 3
months of 1976, six young have been hatched.

Guidelines for husbandry were developed based
on two austral summers of work in Antarctica. For
example, data obtained from penguin rookeries on
Ross Island and along the Antarctic Peninsula, as
well as from the small captive colony, suggest that
high-latitude antarctic penguins are subjected to
thermal stress if exposed to temperatures exceed-
ing 2°C. for extended periods. Before these inves-
tigations, 4° to 10°C. was considered adequate.

Since 1972, it has been difficult to bring birds
into the United States because of import and quar-
antine restrictions imposed by the Department of
Agriculture (USDA). These restrictions are intended
to prevent the introduction of Velenogenic Vicero-
trophic Newcastle Disease (VVND), a threat to
poultry. Almost 7 months were necessary to obtain
the import permits and to assure conformance with
USDA quarantine specifications.

The field participants, Scott Drieschman (Sea
World) and Randall Kaul (Scripps), arrived at
McMurdo Station in October and immediately con-
structed the acclimation units. Forty pairs of
Adélies were collected at Cape Bird, Ross Island.
Pair selection was based on behavior, and all were
banded as specific pairs. While the birds were un-
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dergoing the initial McMurdo acclimation (taught
to eat medicated fish from the hand, etc.) they
courted, built nests, copulated, and layed over 50
eggs. The emperor penguins were nomads col-
lected from the ice edge.

On 23 and 24 November, the birds were flown
from McMurdo Station to San Diego, California,
via Christchurch, New Zealand, and Honolulu, in
a Military Airlift Command C-141 whose interior
was kept at minus 4°C. Human passengers wore
their antarctic clothing throughout the flight, which
was accomplished without incident. On the pen-
guins' arrival at San Diego, USDA veterinarians
swabbed the birds and put them in quarantine.

At first, maintaining the birds in quarantine re-
quired 24-hour-a-day attention. Husbandry was
difficult owing to the restrictions. By the end of
the second week, the birds were responding well.
Tragically, during the night of 16 December fire of
unknown origin destroyed the quarantine building.
Within 10 minutes, the facility was a total loss. The
entire group of penguins succumbed to smoke in-
halation. The 24-hour-a-day regime had just been
concluded owing to the excellent response of the
birds, thus averting possible loss of human life.

While the death of the penguins terminated a
long-term research program, important biological
material was salvaged and made available to para-
sitologists, anatomists, and physiologists. Some
specimens were given to museums and universities.

This project was partially supported by National
Science Foundation grant BMS 73-00706 to Scripps
Institution of Oceanography.

Table 1. Neutrophil function assay: nitroblue tetrazolium
reduction.

NBT "POSITIVE" NEUTROPHILS
Austral	 Preisolation Postisolation	"P' value
winter	Subjects	(percent)	(percent)	(t test)

1972	22	-	2.9	-
1973	11	6.3	3.7	<.005
1974	10	7.9	5.5	<.005
1975	13	7.6	5.1	<.005
1976	10	7.5	(pending)	-

Mean	7.3	4.3

served as station physician during the 1975 austral
winter. His patients also were our research subjects.

Studies of human white blood cells were per-
formed during the 1975 winter in addition to speci-
men collections for later analysis at Stateside
laboratories. Leukocyte studies included neutro-
phil function assay utilizing the nitroblue tetrazo-
hum (NBT) reduction test, which began at the start
of the 1972-1973 South Pole field season. Current
results are tabulated with those of prior years in
table 1. These data show that the percent of neutro-
phils reducing NBT declines significantly during
winter isolation at the station. Other neutrophil
function tests included testing of phagocytosis and
destruction of several microorganisms (staphylo-
coccus, streptococcus, monilia, etc.). No postisola-
tion values are yet available for tests with these
organisms.

Other leukocyte tests were performed on lym-

Table 2. Lymphocyte transformation.

Human immune responses
during bioisolation

HAROLD G. MUCHMORE
Department of Medicine

University of Oklahoma Health Sciences Center
Oklahoma City, Oklahoma 73190

Opening of the new Amundsen-Scott South Pole
Station in January 1975 provided, for first time, a
field research laboratory for this project. Michael
G. Hummer, M.D., was the first scientist to winter
at the station in support of this project, and he also

MEAN STIMULATION INDEX* (SI)
MitogenlAntigen	Rhino Rhino

Subject	PHA PWM ET TT CAN 16 XS-200

Winter 1975	62	16	8.3 5.0	3.3	6.0	4.9
Postisolation

(15 subjects)
Winter 1976	76	42	13	5.0	2.8	3.3	3.4
Preisolation

(14 subjects)

*SI = counts per minute of mitogenlantigen lymphocyte sus-
pension, over counts per minute of control lymphocyte suspen-
sion. PHA, phytohemagglutinin; PWM, pokeweed mitogen; ET,
endotoxin; IT, tetanus toxoid; CAN, candida albicans; rhino
16, rhinovirus number 16; rhino XS-200, rhinoivirus (candidate
strain XS-200). The panel of mitogens/antigens was selected to
include standard substances (PHA, PWM, ET), antigens uni-
formly contacted (TT, CAN), and viral antigens of the rhino-
virus group, which are probably responsible for some of the
respiratory infections observed at the South Pole. These data
show lymphocyte stimulation with these substances.
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phocytes, including "T" and "B" cell enumeration
and lymphocyte transformation. In the latter pro-
cedure, transformation is quantitated by a radio-
active method utilizing tritiated thymidine to
measure the metabolic activity of the nucleus of
the transforming lymphocyte. Seven different
mitogens/antigens were incubated for 3 or 5 days
with lymphocyte preparations obtained from peri-
pheral venous blood. Following incubation, tn-
tiated thymidine was added to the lymphocyte
suspension and incubation continued for 16 hours
before processing for counting. Scintillation count-
ing was accomplished in the Department of Micro-
biology, University of Otago, Dunedin, New Zea-
land. Results of these tests are given in table 2.

This research was supported by National Science
Foundation grant Opp 72-05787.

Virus isolation from antarctic samples.

University	 Samples	Culture	Virus
laboratory	Year	passed	vest?	recovery

OTAGO
McMurdo	1974	37	No Herpes =
McMurdo	1975	39	Yes Para 1 = 5

Rhino = 2
Pole	1975	30	Yes	Para 1 = 2

Hepes = 1
OKLAHOMA

Pole	1973	22	No	Herpes = 2 (?)
WISCONSIN

McMurdo	1974	37	No Herpes = 2
Rhino = 1

Pole	1974	8	No	Rhino =

This table shows results of virus isolation efforts from nasal
and throat samples of antarctic personnel utilizing the culture
vest described to transport tissue culture cell lines and growing
virus cultures. Herpes, herpesvirus hominus (untyped); para,
parainfluenza; rhino, rhinovirus (untyped).

Enhancement of virus isolations
by utilizing tissue cultures

in the field

ALAN PARKINSON,' HAROLD G. MUCHMORE,2
L. V. SCOTT,' J. A. R. MILES,' and E. C. DICK'

'Department of Microbiology
University of Otago

Dunedin, New Zealand

2Department of Medicine
University of Oklahoma Health Sciences Center

Oklahoma City, Oklahoma 73190

3Department of Preventive Medicine
The University of Wisconsin, Madison

Madison, Wisconsin 53706

Field studies involving isolation of etiologic
agents of infectious diseases present many prob-
lems. Isolation of viral agents of human infections
from specimens collected in remote areas present
additional problems. Specimens collected in Ant-
arctica for viral studies must be frozen, stored, and
transported in liquid nitrogen (-200°C) or dry ice
(-79°C) to the laboratory, where viral isolation is
attempted in tissue cell cultures. It is difficult to
maintain these low temperatures, however, during

long flights to the laboratory. Virus isolation and
identification is a preliminary aspect of our project
aimed at the assessment of changes in immunity
in persons wintering in Antarctica. To improve
chances of viral isolation by decreasing the trans-
portation distance, specimens were processed at the
University of Otago, Dunedin, as well as at U.S.
laboratories (University of Oklahoma and Univer-
sity of Wisconsin).

These specimens for viral isolation consist of
throat and nasal washings collected in a transport
medium (Hank's balanced salts solution with 0.5-
percent gelatin plus antibiotics). Collections are
made at routine intervals during the austral sum-

Figure 1. The culture vest Is worn beneath a down vest and
the antarctic parka. To maintain incubation temperature, the

down vest is kept fastened.
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mer and winter, and additional specimens are col-
lected from individuals with symptoms of upper
respiratory infections ("cold"). These specimens
are then frozen and stored until they can be trans-
ported from the Antarctic for virus processing.

Only a few viruses were isolated from specimens
handled as outlined above, probably because prob-
lems of storage and transportation allowed any
viruses present to die before reaching the labora-
tories. Because of the poor yield, we decided to
enhance our virus recovery by taking tissue cell
cultures to the Antarctic and inoculating these
directly with the fresh specimens as soon as they
were collected. The cell cultures consist of a single
layer of cells growing in liquid medium on the in-
side surface of a container. These cell cultures grow
at body temperature (37°C), and they also present
problems of transportation.

To transport the cell cultures to the Antarctic,
we designed a vest similar to those used by bird
hunters to hold shotgun ammunition. The vest
(figure 1) has apron-like ties and is worn over the
shirt, which is under a down vest and the antarctic
parka. The down vest retains body heat, which pro-
vides suitable incubation temperature for cell and
virus growth or survival. A closeup of the vest
(figure 2) shows pockets that hold the cell culture
tubes. The tubes (figure 2) are 10- by 35-millimeter
screw-capped glass vials of 2-milliliter capacity, and
the vest has about 80 pockets for these small tubes.
Larger pockets to carry flat 100-millimeter tissue
culture flasks are at the bottom of the vest.

The tissue cultures were initiated in the tubes and
flasks in New Zealand. The flasks maintain the con-
tinuous cell-line tissue cultures, and are used as a
cell source for inoculating additional tubes in the
field. Tissue cells used in these studies included
monkey embryo kidney, primary monkey kidney,
human embryo lung, and HeLa cells. All these cell
lines were obtained from Australian laboratory
suppliers.

Inoculation of these tubes was accomplished by
adding 0.1-milliliter of a nasal washing or throat
gargle to duplicate culture vials of each of the four
cell lines. At South Pole Station or McMurdo Sta-
tion, these vials were incubated at 37°C in a roller
apparatus modified to hold the small vials. Between
these stations, and between the Antarctic and New
Zealand, these incubating vials were transported
in the vest. The original vial was subcultured once,
and the original and subculture was transferred to
New Zealand for further study. If viral activity was
detected, the vial was subcultured and maintained
in culture for transfer to New Zealand. Further,
samples of each isolate, as well as the remainder of
the original specimen, were frozen and transferred
to New Zealand in liquid nitrogen.

Results of these virus isolation studies are shown

Figure 2. Detail of the virus culture vest, showing one of the
10- by 35-millimeter vials being inserted into a carrying

pocket.

in the table. From 69 specimens inoculated into
cell cultures in Antarctica, 13 viruses have been
isolated (recovery rate of 19 percent). Of 104 frozen
samples processed entirely in home laboratories, six
viruses have been isolated for a 6-percent yield.
The greater number and variety of virus recoveries
utilizing the virus culture vest indicate that field
inoculation of tissue culture cell lines is the pre-
ferred solution to the problem of virus isolation,
but this was not a controlled study on aliquots of
the same specimen.

These viral isolates will be used as antigens in
serologic tests for specific antibody in serums col-
lected from winterers to determine any antibody
trends and group patterns. These studies will be
accomplished by standard virologic-serologic pro-
cedures, including radioimmune assay.

The isolation of herpesvirus hominis (untyped)
from throat samples of 1973, 1974, and 1975 wint-
erers is of particular interest. The possibility that
this virus is responsible for some midwinter respira-
tory infection episodes noted during these years
will be investigated serologically. This virus has
been recovered from acute respiratory infections
by Evans and Dick (1964). The usual clinical syn-
drome produced by this virus is "fever blisters,"
but, as such, the virus is likely to be recurrently
shed through the winter, and therefore could con-
ceivably play a role in producing acute respiratory
infections during mid-isolation when there are no
new outside contacts whatsoever.

This research was supported by National Science
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Foundation grant Opp 73-05787, and by research
funds of the U.S. Veterans Administration.

to be raised in the basin for California State Uni-
versity, Hayward, to provide details of the sedi-
mentary history of this region and to shed light on

Reference

Evans, Alfred, and Elliot C. Dick. 1964. Acute pharyngitis and
tonsillitis in University of Wisconsin students. Journal of the
American Medical Association, 190: 699-70 1.

ARA Islas Orcadas cruise 7

DETLEF A. WARNKE
Department of Earth Sciences

California State University, Hayward
Hayward, California 94542

PETER BRUCHHAUSEN and JOHN LABRECQUE
Lamont-Doherty Geological Observatory
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Cruise 7 (officially designated cruise 0775) of ARA
Islas Orcada.s (formerly USNS Eltanin) was a 52-day
cruise from Buenos Aires to Buenos Aires (30 Oc-
tober to 20 December 1975), concentrated in the
area of the South Georgia Basin, the Malvinas (or
Falkland) Plateau, and peripheral areas. The scien-
tific objectives of the cruise were five-fold:

(1) Investigation of the history of the water-
transport mechanisms in the Falkland (Malvinas)
Gap; that is, the history of Antarctic Bottom Water
(ABw) in this area as revealed in the sedimentary
record. To this end, cores were to be raised for the
University of Rhode Island.

(2) Geophysical investigation of the South Geor-
gia Basin and periphery through magnetometer,
gravimeter, and seismic-profiler studies by the
Lamont-Doherty team. As an adjunct, cores were

Station locations and corresponding corrected water depths:
ABA Islas Orcadas cruise 7*

	

Ship station Latitude	Longitude Corrected water depth
number**	(°S.)	(°W.)	(meters)

	

0(1)	37-13.1	54-23.2	445

	

49-40.9	40-23.6	2090

	

2	49-27.3	39-37.6	3336

	

3	49-23.9	39-12.9	3299

	

4	47-49.1	37-02.3	5616

	

5	48-51.2	36-33.3	4895

	

6	48-42.2	35-03.6	5087

	

7
	

47-57.4	34-59.6	5298

	

8	47-46.2	29-28.5	4712

	

9	47-51.3	29-10.0	4535

	

10	48-15.1	26-30.1	4502

	

11	49-58.8	25-54.9	4610

	

12	49-29.9
	

33-58.6
	

5080

	

13	49-31.1	34-58.2
	

4967

	

14	48-48.1	35-37.6	4989

	

15	49-31.4	36-02.2	4707

	

16	50-36.5	31-46.0	4440

	

17	50-58.1	24-39.9	4139

	

18	51-36.9
	

27-24.0	4194

	

19	51-20.1	35-08.8	4698

	

20 52-30.4	31-49.5	3395

	

21	52-35.5	27-16.4	4639

	

22
	

54-00.7
	

20-57.3	4394

	

23	55-59.9	17-07.5	4742

	

24	56-36.8	20-16.9	5053

	

25	56-34.7
	

20-17.2	5014

	

26
	

56-52.2	21-55.5	4174

	

27	57-02.7	23-34.3	5020

	

28	57-09.4	24-29.1	5254

	

29	57-11.6	25-29.6	3504

	

30	56-48.5	29-49.2	3272

	

32	56-14.0	30-36.1	2933

	

33	55-11.6	30-26.4	4623

	

34	55-08.2	31-05.5	5073

	

35	55-08.1	32-21.5	2489

	

37	52-41.3	42-05.9	2782

	

38	52-25.8	42-10.5	3603

	

39	51-58.4	42-21.7
	

2694

	

40	50-18.2	43-25.0	1605

	

41	50-00.7	43-34.7	2189

	

42	49-52.1	43-37.8	2621

	

43	50-13.2	44-08.8	1713

	

44	50-18.5	44-31.7	1651

	

45	50-25.0	44-52.4	1621

	

46	50-27.8	44-57.2	1599

	

47	50-32.9	45-18.4	1517

	

48	50-38.5	46-04.7	1493

	

49	50-44.1	46-20.2	1784

	

50	50-51.5	46-46.1	2344

	

51	50-57.3	47-02.1	2547

	

52	50-54.7	46-50.0	2558

	

53	50-52.0	46-36.6	2229

	

54	50-36.0	46-23.1	1856

	

55	50-38.0	46-39.1	2255

	

56	50-35.0	47-27.2	2637

	

57
	

50-34.9	47-30.7
	

2525

*See figure for plots of station activities. **No sample recovery
at ship stations 31 and 36.
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details of Neogene-Holocene antarctic climatic his-
tory. In addition, these cores were to provide ma-
terial for organic-geochemical analyses.

(3) Physical-oceanographic studies by the La-
mont-Doherty group were to be carried out in the
entire area of operations, but had as their main
objective the study of the suspected northward flow
Of ABW in the area to the east of the South Sand-
wich Islands.

(4) Dredging was planned west and northwest of
the South Sandwich Islands, an area of suspected
back-arc spreading. The objective was to recover
extrusive materials for analysis of geochemical
trends to substantiate, modify, or reject the hypo-
thesis of back-arc spreading.

(5) Investigation of the sedimentary and struc-
tural history of the elevated eastward portion of
the Malvinas (Falkland) Plateau ("the nose") by
Florida State University, using a series of cores
whose positions could be precisely predetermined
by means of available information from DIV Glomar
Challenger and other records.

The ship departed Buenos Aires at 0930 on 30
October. After initial equipment tests, the first sta-
tion was occupied on 4 November (figure). During
this and subsequent stations (table), weather was
severe, necessitating coring in winds to 25 meters
per second. These operations (for the University of
Rhode Island) had to be abandoned in favor of the
northernmost "loop" of geophysical track, which
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ARA Islas Orcadas cruise 7 track. Numbers identify stations, and symbols Indicate station activities. The 1,500-fathom isobath
is given.
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was completed between 9 and 14 November despite
strong westerly winds and troubles with both
winches. Between 14 and 17 November, three cores
were raised for the University of Rhode Island with
winds again up to 25 meters per second.

The ship next followed a predetermined track
back and forth across the South Georgia Basin,
and across suspected north-northwest to south-
southeast trending geologic features, mainly for the
geophysics. Also, salinity-temperature-depth (STD)
stations were occupied, and eight cores were raised
(for California State University, Hayward). Weather
was variable but mostly bad, with winds again to 25
meters per second. This phase lasted until 29 No-
vember, when station 07-75-33 was occupied.

Between 30 November and 4 December, an east
to west string of STD stations- hydrocasts (and
cores) was completed. This part of the track was
between the easternmost point reached on this voy-
age and the South Sandwich Islands (see map).
Westerly winds were 25 to 30 meters per second,
and floating bergs began to be a major problem.

The ship moved west on 5 December, passing
through the islands south of Candlemas Island, to
begin dredging in the suspected back-arc spread-
ing center. These operations were not fruitful.
Short piston cores were raised instead, and finally
a course was set for the Malvinas (Falkland) Pla-
teau. South Georgia Island was passed on 8 Decem-
ber. A severe storm on the way west turned out
to be the last major storm of the voyage.

Between 9 and 14 December, 21 cores were raised
for Florida State University on the Malvinas (Falk-
land) Plateau, and three STD stations were com-
pleted. The ship then headed back to Buenos Aires,
which was reached on 20 December.

Physical oceanography. The physical oceanography
group completed 21 STD stations, three hydrocasts,
and took 299 surface samples. In addition, deter-
minations of salinity, dissolved oxygen, silica, and
phosphate were carried out. Antarctic Bottom
Water was encountered on nine stations, with
various types of structure above it. The coldest tem-
perature measured was —1.45°C, and the salinity
minimum was 33.485 per mule. Antarctic stratifica-
tion was encountered on 16 stations, one station
showed subantarctic stratification, and the remain-
ing stations were within the Polar Front Zone. One
station was located on the South Sandwich Trench,
using the STD to a depth of 6,000 meters, the maxi-
mum length of conducting wire on the winch. A
hydrocast was made at the same location to extend
the depth from which information was obtained.
Unfortunately, the bottom of the trench could not
be reached because of the ship's drift.

Geophysics. The geophysical group gathered
about 8,000 kilometers of continuous geophysical
data. The primary goal of an intensive geophysical

survey of the South Georgia Basin was amply ful-
filled. About 2,900 kilometers of high-quality geo-
physical data were gathered within the basin, and
the postulated existence of a southeastern con-
tinuation of the Malvinas (Falkland) Scarp was
proved. Evidence of Mid to Upper Tertiary tectonic
activity within the basin appeared on seismic re-
flection profiles. Major sedimentary unconformi-
ties crop out in several locations and point to future
areas of research.

A magnetic profile taken over the eastern flank of
the hypothesized back-arc spreading center of the
Scotia Arc confirmed the hypothesis that the
spreading center has been active for at least 4 mil-
lion years. The sedimentary deposition rate over
the eastern flank appears to be abnormally high,
with approximately 0.5 second of sediment over
magnetic anomaly 3 (4 million years ago). Very
good geophysical profiles were taken over the Mal-
vinas (Falkland) Plateau region in support of the
Florida State University coring program.

Goring. In general, the coring was highly success-
ul. A total of 48 piston and 48 trigger cores were

taken with a recovery of 29.192 centimeters and
824 centimeters of sediment, respectively. The gen-
eral locations of the cores are as follows: one (prac-
tice core) on the Argentine continental shelf, eight
cores north and south of the rap in the Falkland
(Malvinas) Fracture Zone at 36' W., eight cores from
the South Georgia Basin, sevei t cores from the east
Scotia Basin and South Sanwich Island region,
three cores from the Malvin.s (Falkland) Chasm,
and 21 cores on or near the elevated unit of the
eastern Malvinas (Falkland) Plateau.

The cores taken vary greatly in lithology and
represent a broad spectrum of the Late Mesozoic (?)
and Tertiary stratigraphic sections. Sediments
cored in the South Georgia Basin and Falkland
(Malvinas) Fracture Zone are predominantly diato-
maceous, clayey silts. One core taken on the lee side
of the South Sandwich Islands is composed almost
entirely of volcanic debris, whereas three cores
taken to the west of the islands are predominantly
diatomaceous, clayey silts. Sediment from two of
the three cores taken in the Malvinas (Falkland)
Chasm are diatomaceous or silty diatomaceous
ooze. A third core taken on the north wall of the
chasm yielded a gravelly, coarse sand. Most of the
piston and trigger cores taken in these areas con-
tain Recent or Pleistocene sediments.

Older sediments with a large lithologic variety
were cored on the Malvinas (Falkland) Plateau.
Types of sediments encountered in this area in-
clude: foraminiferal ooze, foraminiferal-nanno-
fossil ooze, foraminiferal-diatomaceous ooze, nan-
nofossil ooze, diatomaceous clayey silt and chert.
Most of these sediments are Early to Mid-Tertiary
in age. Old sediments such as these are very rarely
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piston-cored and are valuable additions to a rela-
tively small collection of Early and Mid-Tertiary
deep sea sediment cores.

Personnel. United States: P. Bruchhausen, E.
Draganovich, J . Gdowski, C. Gutierrez, K. Katz, W.
Kelley, J . LaBrecque, J . Szelag, H.-P. Weber (La-
mont-Doherty Geological Observatory); P. Ciesiel-
ski (Florida State University); A. Federman, M.
Rasmussen (University of Rhode Island); D.
Warnke (California State University, Hayward).
Argentina: José Carlos Martinez Macchiavello,
Luis Estrada, Marcelo Keller, Juan List (Argentine
Antarctic Institute); Hector Fayanas (Naval Hydro-
graphic Service).
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International Weddell Sea
Oceanographic Expedition, 1976

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

La Jolla, California 92093

As part of the International Weddell Sea Oceano-
graphic Expedition (IwsoE), Scripps Institution of
Oceanography continued a physical oceanographic
investigation of the northwestern Weddell Sea
from 9 to 29 February 1976 aboard USCGC Glacier.
Despite delays in starting the expedition, which
reduced the time for scientific work in the Weddell
Sea to 3 weeks, and restrictions placed on Glacier's
ice operations, which prevented penetration of
heavy pack ice, some interesting new data were ob-
tained. Figure 1 shows the cruise track and posi-
tions of hydrographic stations in the Weddell Sea
during IwsoE, 1976.

Fifty-five hydrographic stations were occupied.

Figure 1. Track of USCGC
Glacier during the 1976
phase of the International
Weddell Sea Oceanograph-
ic Expedition. Dots indicate
positions of hydrographic
stations. Triangles repre-
sent positions where the
current meters were re-

covered.
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Figure 2. High resolution conductivity-temperature-depth
(CTD) recording instrument is lowered from Glacier In the

western Weddell Sea.

FIgure 3. Current meter mooring at sea surface after being
4,500 meters deep in the Weddell Sea for just over a year.

(GLACIER 976)
STATION NUMBER

Figure 4. Preliminary analysis of potential temperature for the section running from the central Weddell Sea to just east of the
tip of the Antarctic Peninsula.
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An electronic salinity-temperature-depth (STD) re-
corder was used at each station to measure the verti-
cal temperature and salinity structure. With the
aid of an acoustic pinger, the STD was positioned
to within about 20 meters of the bottom at most
stations. The STD was standardized against revers-
ing thermometers and salinity determinations of
water samples taken with Nansen bottles placed on
the STD wire. Complete Nansen casts were made
at 16 stations, and water samples were analyzed
for salinity, oxygen, phosphate, silicate, nitrate,
and nitrite. Further, 129 water samples were col-
lected and shipped back to the United States for
tritium analysis. A high-resolution electronic con-
ductivity-temperature-depth (cTD) recorder (figure
2) was used to investigate the fine structure of tem-
perature and salinity profiles at selected stations.
Altogether, 86 lowerings of the CTD were made.
Four net tows were made in the upper ocean to
obtain krill, but large numbers of krill were only
caught at one station. These were frozen and
shipped back to the United States for heavy metal
analysis.

A highpoint this season was the recovery of two
current meter moorings that had been set in 1975
(figure 3). Although the records have not been
analyzed, it appears that one current meter re-
corded current speed and direction, temperature,
and conductivity in the bottom water for over a
year. This record may show whether formation of
Antarctic Bottom Water is an intermittent process.

Figure 4 shows a preliminary analysis of the ver-
tical section of potential temperature from the
central Weddell Sea to the continental shelf east
of the tip of the Antarctic Peninsula. A thick layer
of very cold, newly formed bottom water may be
traced continuously up the continental slope, indi-
cating that bottom water may form even during the
austral summer.

Jason Middleton collaborated with me in the
physical oceanographic work. Robert Michel was in
charge of the chemistry program. Technical sup-
port was provided by Richard Mead, Walter Rich-
ter, Alan Rowe, James Schmitt, and Robert Yates.
All of the aforementioned persons are from
Scripps. Terence Long, Monash University, Aus-
tralia, participated in the data collection program.
The assistance of Glacier's marine science division
is gratefully acknowledged. This work was sup-
ported by National Science Foundation grant
75-14936.

Structural studies in the
Scotia Arc: "basement" rocks of

the South Shetland Islands
(R/V Hero cruise 76-1)

IAN W. D. DALZIEL
Lamont-Doherty Geological Observatory

Columbia University
Palisades, New York 10964

During December 1975 and January 1976, Rich-
ard Schweickert, Richardson Allen, Randall For-
sythe, and I, all of Lamont-Doherty, spent 4 weeks
studying all occurrences of probable pre-Jurassic
"basement" rocks in the South Shetland Islands as
part of the Scotia Arc tectonics project (Daiziel,
1975). Supported by RIV Hero (cruise 76-1), our
party mapped the coastal exposures of Elephant,
Clarence, Aspland, O'Brien, Eadie, and Smith
islands (see figure, next page). A brief landing was
made on Gibbs Island to supplement our early- 1975
work (Dalziel et al., 1975). Further studies also were
made of the Miers Bluff Formation on Livingston
Island (Hobbs, 1968; Dalziel, 1969; Dalziel, 1972).

Much laboratory work remains before a defini-
tive account of the rocks studied and an interpre-
tation of their origin and significance can be pre-
sented. We plan to prepare such an account for
the Symposium on Antarctic Geology and Geophy-
sics to be held in Madison, Wisconsin, in August
1977. Meantime, we state that the "basement" of
the South Shetlands consists of a variety of meta-
sedimentary and metavolcanic rocks with obvious
affinities to those comprising the pre-Jurassic "base-
ment" of the South Orkney Islands and the south-
ernmost Andes (Matthews and Maling, 1967;
Thomson, 1968; Dalziel, 1971; Dalziel and Elliot,
1973). The ultramafic rocks of Gibbs Island do not
outcrop on the coast of Aspland, O'Brien, or Eadie
islands. Blueschists comparable to those recently
discovered by British and Chilean parties at Cape
Smith, Smith Island (Smellie and Clarkson, 1975;
Rivano and Cortés, 1976), were studied around
that island's entire coast and were also found on
northern Elephant Island. The asymmetric folds
reported by Smellie and Clarkson (1975) as the
earlier of two sets of structures on Smith Island
are the dominant folds there, but they postdate
earlier isoclinal structures.

This research was supported by National Science
Foundation grant opp 74-21415.
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Index map of South Shet-
land Islands and northern

Antarctic Peninsula.
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Piston coring in the Ross Sea

THOMAS B. KELLOGG and ROBERT TRUESDALE
Institute for Quaternary Studies

University of Maine, Orono
Orono, Maine 04473

In January 1976 we boarded USCGC Glacier at
McMurdo Station to take a series of piston cores in
the southern Ross Sea. Unfortunately, the coring
winch was severely damaged by heavy seas while
Glacier was en route south from New Zealand. The
damage, restricted to electric and hydraulic sys-
tems, took 10 days to repair and resulted in a 2-
day delay in starting our coring program. The
resulting time limitations made us decide to concen-
trate our efforts in the restricted area along the
ice barrier between 173°F. and 173°W. and within
50 nautical miles of the Ross Ice Shelf, an area from
which there are no Eltanin cores suitable for our
study.

In 5 days we occupied seventeen oceanographic
stations. Piston cores were obtained at fifteen of
these. The cores range in length from about 10
centimeters to 10 meters with an average length
of about 3.5 meters. Sea surface temperature and
salinity data also were obtained at each station,
along with modern diatom samples (filtered from

seawater). Samples were taken from the tops and
bottoms of most of the cores while aboard ship;
these are being analyzed. The quality of the individ-
ual cores and their suitability for paleoclimatic
analysis has not yet been determined because the
cores were taken in plastic liners. Analyses of the
remainder of each core will be made after they have
been shipped back to the United States and their
liners have been opened.

Earlier in the season, Dr. Kellogg accompanied
another University of Maine field party, under the
direction of George Denton, on a number of trips
to the dry valleys. Closely spaced samples of marine
silts and clays were obtained from exposed sections
at New Harbor and at South River (near Marble
Point). Samples of marine (?) or lacustrine (?) clays
and silts also were taken from an entrenched stream
valley east of Commonwealth Glacier in Taylor Val-
ley. These samples and the Dry Valley Drilling Proj-
ect core from New Harbor should be helpful in
correlating the glacial stratigraphy of the dry val-
leys with that to be worked out from the piston
cores in the Ross Sea.

We thank the officers and crew of Glacier for their
able and untiring assistance during the coring pro-
gram, and Dr. Denton and his field party for their
assistance. We were in the field from 5 December
1975 to 20 January 1976. This research was sup-
ported by National Science Foundation grant
75-15524.
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Dry Valley Drilling Project,
1975-1976: first core drilling in

McMurdo Sound
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storage; the remaining supplies were cached at
Marble Point, near the drill site.

ke deflection and ice thickness measurements
were made throughout the occupation of hole 15.
Ice deflection data were quite different from those
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The purpose of drilling in McMurdo Sound dur-

ing the 1975-1976 austral summer phase of the Dry
Valley Drilling Project (DVDP) was to investigate the
history of the East Antarctic Ice Sheet. Using a
record of continuous seismic profiling (Northey
et al., 1975), several prospective sites were identified
where it was thought that the best sedimentary se-
quence recording the initiation and early history of
the East Antarctic Ice Sheet could be cored. The
first attempt was made in November 1975 when
DVDP hole 15 was drilled to a subbottom depth of
65 meters from the annual ice in the western part
of McMurdo Sound (77'26'14.19"S. 164°22'49.39"
E.). Water depth at this site is 122 meters.

Water depth was measured at the prospective
drill sites soon after a preseason flight (2 Septem-
ber 1975) to McMurdo Station. The drill camp was
established by two tractor trains, which moved
about 70,000 kilograms of drill and camp equip-
ment to the site. The camp operated from 24 Oc-
tober to 29 November 1975. Drilling ended on 21
November because cracks in the ice made it unsafe
to continue. All drill equipment and most of the
supplies were returned to McMurdo Station for
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Summary of lithology and structures in DVDP hole 15,
McMurdo Sound, Antarctica. Unit 1 (0 to 13 meters): Fine to
coarse sand, olive-gray to olive-black, moderately to very
poorly sorted with grains that are mostly basaltic in origin.
Scattered pebbles upto7o millimeters long of basalt, dolerite,
granitic, and metasedimentary rocks. Core soft and much
disturbed by drilling. Unit 2 (13 to 65+ meters): Fine to
medium sand, olive-black, moderately to poorly sorted with
grains mostly basaltic in origin. Lacks pebbles. Most core
shows plane parallel stratification on a scale of 5 to 50 milli-
meters. Thin beds of olive-gray silt are common from 19 to
25 meters and from 50 to 53 meters. Recovered core is firm
and shows little drilling disturbance, although Intervals with
poor recovery may represent softer sand that has washed

away.
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predicted (Nevel in Mudrey and McGinnis, 1975)
and indicate that the annual ice, when loaded, be-
haves as separate plates whose boundaries are
"healed" cracks. Ice thickness data show that the ice
at hole 15 grew slowly (well below the rate for
McMurdo Station's annual ice runway, 115 kilo-
meters south of the drill site, and for a station 30
meters from the drill site), presumably because of
the constant circulation of seawater for the drilling
fluid.

Site surveys established a detailed bathymetry,
which indicated that the drill site was on a flat-
topped rise with negligible water currents. Grab
samples showed that the sea floor consisted pri-
marily of gravelly sand derived largely from the
Late Cenozoic McMurdo Volcanic Group. The bio-
genic component of the grab samples was quite
varied, the benthos being similar to the "deep-shelf
mixed assemblage" of Bullivant (1967).

Core from hole 15 (figure) is mainly olive-gray
to olive-black basaltic sand; 52 percent of the cored
interval was recovered and 278 kilograms of wash
material was collected. The 65 meters penetrated
can be divided into two units: Unit 1, which is 13
meters thick, ranges from fine to coarse sand and
mainly is poorly sorted and silty; it generally is un-
consolidated and was much disturbed by drilling.
Unit 2, which extends down from 13 meters sub-
bottom, also consists of basaltic sand; but it is fine-
to medium-grained and it is better sorted than unit
1. Unit 2 also differs by having widespread plane
parallel stratification; rare small-scale crossbeds
and graded beds also were seen. The stratification
is tilted up to 35° and locally is plastically deformed
in the upper part of the unit; dips, however, be-
come smaller lower down. This bedding dis-
turbance is attributed to movement of grounded
ice at the site prior to the deposition of unit 1.

Petrography of the wash samples shows that be-
tween 65 and 80 percent is basaltic material de-
rived from the Late Cenozoic McMurdo Volcanic
Group. The remainder is material from the granitic
and metamorphic basement and sedimentary rocks
of the Beacon Supergroup and from the Ferrar
Dolerite—the major geologic units of the Trans-
antarctic Mountains. Core and wash samples were
carefully examined for fossils; only wash samples
from the base of unit 1 were productive, however,
yielding abundant bryozoans, foraminifera, and
ostracods of Recent age. Lithification in unit 2 indi-
cates that it is significantly older, though it could
still be as young as Late Pleistocene.

Sonic velocity measurements of 2.0 to 2.2 kilo-
meters per second for core from the lower part of
unit 2 are similar to those obtained farther out in
McMurdo Sound for the widespread layer above
reflector A (1.9 kilometers per second) (Northey
et al., 1975). This indicates that unit 2 is part of a

layer covering most of the floor of McMurdo
Sound.

Pore-water salinity from three samples near the
bottom of the hole is the same as or greater than
seawater. This, and the increasing downhole tem-
peratures measured by Gerald J . Bucher, Univer-
sity of Wyoming, make it appear most unlikely that
frozen ground will be encountered in further drill-
ing in this part of McMurdo Sound.

Core and wash samples were monitored for gas
throughout drilling at the site. Gas from depths
shallower than 22 meters subbottom consists, like
the normal atmosphere, of 20-percent oxygen and
80-percent nitrogen. Gas deeper in the hole con-
tained much more nitrogen and less oxygen, a
feature attributed to bacterial oxidation of organic
materials, and possibly also to denitrification of
nitrogen compounds. Methane in high concentra-
tion was detected at 64 meters. Ethane was tested
for, but none was found; this suggests that the
methane is syngenetic. Several more samples from
the bottom of the hole were tested, but no more
methane was found, indicating that the gas was
from a small pocket.

Hole 15 was the first DVDP hole to be drilled
using annual sea ice as a platform for the drill rig
and associated equipment and supplies. The result-
ing gain in experience and technical knowledge,
particularly on the movement and behavior of sea
ice under load, has been substantial. The surpris-
ing thickness of sand made drilling more difficult
than expected, and a variety of other problems,
notably those resulting from the unexpectedly
large tidal range, had to be overcome. Still, the
operation was completed safely and the experience
gained has greatly improved our ability to move
and operate drilling equipment successfully from
a sea ice platform. Our failure to reach the stated
objectives is attributed largely to the short drilling
period (16 days), which came about from delays in
moving equipment to the site (now seen as over
caution) and from an early breakup of the ice.

The scientific achievements from hole 15 are sig-
nificant. Although the penetration was not great,
it was sufficient to establish that unit 2 represents
the layer above reflector A, which Northey et al.
(1975) have traced right across McMurdo Sound
and into the moat across Ross Island. No age-
diagnostic fossils have been found, but the thicken-
ing of the layer in the moat and the dominance of
basaltic debris suggest a Plio- Pleistocene age. The
sediments of unit 2 are remarkable for the lack of
pebbles and coarser debris that would indicate
deposition from melting glacial ice. The texture
and composition of the sediment suggests that it is
wind-transported largely from the McMurdo Ice
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Shelf area to the south, and has been slightly
modified by bottom currents. If these tentative
interpretations are upheld by more detailed study,
there will have to be substantial revision of current
sedimentary models of marine glacial sedimenta-
tion to acknowledge the importance of wind trans-
port for nearshore sediments in extremely cold
climates. The nature of deformation in unit 2 is
another point of interest and is believed to indi-
cate the movement of grounded ice from the last
Ross Ice Sheet. Unit 1, with its Recent fossil assem-
blage at the base, appears to represent deposition
in open water by wind and melting ice over the last
several thousand years.

We thank all of the many people, and especially
the N.Z. drill team, that helped make it possible
to drill hole 15. This research was supported by

National Science Foundation contract o pp 71-
01656.
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Japanese activities in DVDP,
1975-1976

TAKES! NAGATA
National Institute of Polar Research

Tokyo 173, Japan

Two scientists, Katsutada Kaminuma (geophysi-
cist) and Nobuyuki Nakai (geochemist), both of the
Japanese National Institute of Polar Research, par-
ticipated in the Dry Valley Drilling Project (DvDP)
during the 1975-1976 field season at McMurdo Sta-
tion from 25 October 1975 to 8January 1976. Earth
science programs of Japanese participants during
previous austral summers have been in two cate-
gories: (1) participation in DVDP, and (2) imple-
mentation of research programs proposed by indi-
vidual investigators.

While drilling DVDP hole 15 during November
1975, gaschromatographic analyses were carried
out at the drill site to measure hydrocarbons, car-
bon dioxide, nitrogen, hydrogen, and argon dis-
solved in or released from drilling water. On 20
November 38-percent methane was detected in
gases collected from loose sediment samples of the
drill hole at 64 meters in depth.

Seven helicopter-supported sampling trips were
carried out during December 1975 to collect geo-
chemical specimens. Surface water, glacial ice, and
snow were collected to measure oxygen- 18/oxygen-
16 and deuterium/hydrogen of water from Wright,
Victoria, and Mires valleys. Carbon and sulfur
minerals for X-ray diffraction and isotope measure-
ments by mass spectrometry were also collected
mainly from Mires Valley and Cape Royds. These
samples will be analyzed in detail by Dr. Nakai and
his colleagues in the home laboratories.

We also visited Amundsen-Scott South Pole Sta-
tion on 29 December 1975 to collect snow samples
for geochemical studies.

In conjunction with DVDP objectives, we observed
microearthquakes in the McMurdo Sound area and
volcanic earthquakes around Mount Erebus on
Ross Island from 13 November to 18 December
1975. A seismological network was established on
the northern foot of Observation Hill, at McMurdo
Station on Ross Island. About one micro- or ultra
microearthquake was observed almost every day.
Reflected waves originated by the U.S. Navy's TNT
blasts for the PM-3A nuclear power plant dis-
mantling project at McMurdo Station were re-
corded by this seismological network. Upper crustal
structure under McMurdo Station will be analyzed
using this reflected wave data.
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Microfossuls from DVDP hole 15,
western McMurdo Sound

HOWARD I. BRADY and PETER N. WEBB
Department of Geology

Northern Illinois University
DeKaib, Illinois 60115

Dry Valley Drilling Project (DVDP) hole 15 was
drilled on McMurdo Sound at 77°28'4"S. 164025'5"
E., 15 kilometers due east of Marble Point. Water
depth is 122 meters, and drilling penetrated 64.5
meters of sediment below the floor of McMurdo
Sound. Core recovery was slightly less than 50 per-
cent. Very small samples (2 to 4 grams) were
examined from each core box. Wash samples of
sedimentary material suspended in the seawater
drilling fluid were collected routinely and are the
basis for most of the comments advanced here
(table).

The 64.5-meter succession is dominated by olive-
gray to olive-black fine to medium unconsolidated
sands and rare pebbly sands. Much of the succes-
sion is well stratified. High dip angles, up to 90° in
some instances, are particularly apparent below a
sub-seafloor depth of 12 meters. Drilling may ac-
count for some of the high dips reported during
logging.

Attempts at obtaining drill and gravity cores of
the uppermost few meters of sediment failed due to
drilling difficulties and the presence of a sponge
mat on the sea floor. Grab samples at the site re-
vealed a varied group of microfossils, principally
foraminifera, diatoms, and rarer silicoflagellates.
Bryozoan debris also occurs in microfossil residues.
The foraminiferal fauna is dominated by Cassiduli-
noides parkerianus (Brady), Globocassidu lina crassa
(d'Orbigny), C. biora (Crespin), and Tiyfarina angu-
losa (Williamson). Other taxa include Reophax denta-

linformis Brady, Haplophragmoides canariensis (d'Or-
bigny), Ehrenbeigina glabra (Heron-Allen and Ear-
land), and Cibicides refulgens de Montfort. Equal
proportions of Eucampia balaustium Castrocene and
Coscinodiscus spp constitute 60 percent of the dia-
tom flora. Other diatom taxa include Asteroplahphus
hookeri Ehrenberg, Actinocyclus diviscus Grun (Hus-
tedt), and Fragilariopsis antarctica (Castrocene).
Distephanus speculum (Ehrenberg) was the only sili-
coflagellate noted. Rare forams, broken sponge
spicules, and broken shell fragments were obtained
from wash samples between the seafloor and a
depth of 12 meters. A small core sample at 12
meters was barren, but a wash taken at this depth
was dominated by Ehrenbergina glabra (Heron-Allen
and Earland). Other taxa include Cibicides refulgens
Montfort, Globocassidulina crassa (d'Orbigny), La-
gena sp., Trfarina angulosa (Williamson), and Plan-
ispirina buccalenta Brady (Chapman, 1916). The
dominant ostracod is Australocythere (Muller). Bryo-
zoan debris occurs in abundance. Neither diatoms
nor planktonic foraminifera occur in the wash
sample of the 12-meter level.

Much of the same microfauna is present in wash
samples taken from the 12- to 23-meter interval;
it probably was carried down the hole. Core and
wash samples from the 25- to 40-meter interval
yielded only five broken foram tests and four bryo-
zoan fragments. The 40- to 64.5-meter interval is
barren.

All foraminiferal faunas are similar to those from
the Cape Barne-Cape Royds coastal area of Ross
Island (Chapman, 1916), the mouth of Taylor Val-
ley (Speden, 1962), and surface and upper subsur-
face core material in eastern Taylor Valley (Webb
and Neall, 1972; Webb and Wrenn, 1975, 1976). All
are provisionally dated as Pleistocene in age. No
reworked Miocene or Pliocene foraminifera were
noted in the 64.5-meter hole 15 succession from
McMurdo Sound. It appears from this preliminary
survey that in situ foraminifera do not occur below
12 meters. A change in lithology is recorded in site
logs at this level, with poorly sorted fine and coarse

Microfossils in DVDP hole 15, McMurdo Sound.

Depth
(m)

0

1-12
12.5
12-23

27-40
34-63

Core box	Wash sample
number	number

-	Grab samples

1-5	Wash 1-14
-	Wash 15
6-10	Wash 16-19

11-13	Wash 20-25
14-17	Wash 26-37

June 1976

Microfossils

Rich fauna of foraminifera, bryozoa, diatoms, sponge spicules, ostracods, and
some silicoflagellates

Bryozoan fragments, sponge spicules, and a few foraminifera
Rich fauna of foraminifera, ostracods, sponge spicules, and bryozoa
Large numbers of same microfossils as in wash 15, probably carried down the

hole
A few foraminifera and bryozoan fragments, probably carried down the hole
Barren
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sands occurring above and often steeply dipping
well-sorted fine to medium sand and silt below. Al-
though the entire succession is Pleistocene, it seems
possible that important disconformities may be
present. This is best resolved by paleomagnetic
procedures.

This research was supported by National Science
Foundation grant oii 74-22894.
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Microfossils from Taylor Valley

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

Northern Illinois University
DeKaIb, Illinois 60115

Micropaleontological examination of drill core
samples from Dry Valley Drilling Project (DVDP)
holes 8 to 12 in Taylor Valley reveals diatoms
(McCollum, 1976), silicoflagellates and radiolarians
(Washburn, 1975; Ling, 1976), foraminifera
(Webb, 1975; Webb and Wrenn, 1975, 1976, in
press), and miscellaneous fossils (Wrenn and Webb,
in press).

In the present study, we examined more than
300 samples from DVDP holes 8 to 12. Microfossils

recovered include foraminifera, ostracods, dia-
toms, silicofiagellates, radiolarians, spores and poi-
lens, and a variety of undifferentiated organic
material. Calcareous nannoplankton have not been
recovered. Macrofossil debris consists of fish scales,
fish bones (?), fecal pellets, scolecodonts (?), sponge
spicules, echinoderm spines, shields and ossicles,
molluscan fragments and plant debris.

Foraminifera are the dominant and potentially
most useful group in holes 8 to 11. Diatoms are
the only other microfossils occurring in any abun-
dance in these holes. Hole 12 lacks any biostrati-
graphically useful group.

All depth intervals cited here are taken from pub-
lished stratigraphic columns (Chapman-Smith et
al., 1974; Chapman-Smith, 1975; McKelvey, 1975).

Foraminfera. Biostratigraphic and paleoecologi-
cal aspects of foraminifera in holes 8 to 11 are dis-
cussed by Webb and Wrenn (1976, in press). This
group is best represented low in holes 8 to 11.
Preservation is extremely variable. The few poorly
preserved tests encountered in hole 12 are probably
reworked.

Ostracods. A few ostracod carapaces occur along
with the foraminiferal faunas. Preservation is gen-
erally good. The lone ostracod present in hole 12
at 164.19 meters is poorly preserved and is con-
sidered as reworked.

Palynomorphs and microforaminfera. Sparse yet
diverse microfossils are present in palynological
preparations. Pollen and/or spores (figure) are
present in all drill holes, but their frequency is low.
Preservation is generally good. A single Nothofagus
sp. grain is present in hole 10 at 131.13 meters.
Transparent spheroids are present in hole 12 at
11.65 meters. These are probably algae spores. No
spore or pollens attributable to a Paleozoic-Meso-
zoic Beacon Supergroup origin were noted. Micro-
foraminifera also occur in pollen preparations
from hole 10. These occur as chitinous linings
(figure) of foraminifera in which the calcareous
test walls have been etched away by hydrochloric
acid treatment during sample preparation. Test
linings were noted in hole 10 at 131.13, 133.49,
and 136.57 meters. Complete microforaminifera
(figure) occur in sediment smear slides from hole
10 at 172.09 meters, and from hole 11 at 205.96,
275.95, and 350.50 meters. Samples treated by
palynological techniques and containing chitinous
linings of microforaminifera have not yet yielded
whole microforaminifera in smear slide prepara-
tions. There is an apparent morphological rela-
tionship between the whole microforaminifera in
the smear slides and some of the normal fora-
minifera observed in the same sample. For ex-
ample, in a sample from hole 10 at 205.95 meters
Eponides sp. is present in both preparations. Echols
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Mlcrofossli material recovered from DVDP core samples In Taylor Valley. Includes palynomorphs (upper left), whole tests and
chitlnous linings of microforaminifera (upper right), scolecodonts (center), spicules (center and lower left), and fecal pellets

(center). Photos on lower right illustrate the role of diatoms in the composition of fecal pellets.
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and Schaeffer (1960) noted a similar relationship
and identified microforaminifera by comparison
with their larger morphological counterparts.

Diatoms. Holes 8 and 9 have not been examined
for siliceous microfossils. Diatoms are the most
commonly encountered siliceous group in holes 10
and 11. Poorly preserved broken frustules occur in
most samples. Diverse, relatively well preserved
floras occur in hole 10 at 149.57, 155.40, 162.35,
and 183.27 meters. The latter flora is particularly
well preserved and has a diversity greater than 20
species. The preservation and diversity of this flora
and the laminar nature of the sediments (McKelvey,
1975) suggest this is an in situ flora. Rich and di-
verse floras occur in hole 11 at 130.76, 205.96 to
218.90, and 246.44 meters. Diatom-based correla-
tions between holes 10 and 11 are probably pos-
sible but have not been attempted. Diatoms have
not been recorded in hole 12.

The diversity and preservation of diatoms in the
Taylor Valley successions is inferior to that re-
ported from the Ross Sea Deep Sea Drilling Proj-
ect (DSDP) sites (McCollum, 1975).

Silicoflagellates. Fragmentary silicoflagellates oc-
cur in hole 10 at 152.10 and 183.27 meters. None
were observed in holes 11 or 12.

Radiolaria. This group was noted in hole 10 at
125.86 and 183.27 meters. None were observed in
holes 11 and 12.

Sponge spicules. These are the most abundant
macrofossil fragments in holes 8 to 12. Megascleres
and microscieres occur in holes 8 to 11, while only
megascieres were recovered from hole 12. Preser-
vation of spicules is best in the lower sediments of
holes 8 to 11. Poorly preserved spicules, particu-
larly those in higher parts of these successions, are
frosted on the exterior. This is attributed to mech-
anical abrasion and possibly to chemical corrosion.
The few frosted spicules encountered in hole 12
are believed to be reworked.

Isolated sponge spicules can rarely be attributed
to a taxonomic group lower than family level (Lau-
benfels, 1955). However, for descriptive purposes,
the morphologic classification of Laubenfels can
be used to record the types of sponge spicules
(figure) encountered in the Taylor Valley material.
The following megascieres have been noted: oxea
(fusiform), style (smooth), style (tylostyle), cala-
throp (tetraxon), triact, triaene (antriaene), hexact
(triaxon) smooth and acanthose and pentacts (tn-
axon). Microscleres present include: sigma, calvi-
disc, chela (isochela and anisochela), streptaster,
and chiaster. Smooth cylindrical spicule fragments
are the most abundant form present. Such forms
cannot be assigned to any morphologic group.

Echinoderms. Fragmentary spines of echinoids
occur in hole 8 at 24.25, 92.09, and 95.28 meters
(Webb, 1975). Echinoid spines and well-preserved

ophiuroid spines, ossicles, and shields occur in hole
9 at 22.67 meters, and fragmentary echinoid spines
are present in hole 10 at 142.40, 172.09, 174.43,
179.87, and 183.27 meters.

Molluscs. Fragments were recovered from holes
8 to 11. Adamussium colbecki (Smith) fragments oc-
cur in hole 8 at 23.46 meters and in hole 9 at 72.67
meters. Similar shell fragments from 23.0 meters in
holes 8 and 9 have been dated by carbon-14 meth-
ods as 5,820 ±200 years before present (Stuiver et
al., in press). Unidentified and quite abundant frag-
mentary molluscan material occurs in microfaunal
residues in hole 8 at 144.55 meters and in hole 10
at 125.86, 170.35, and 179.87 meters. The heavy,
highly ornamented material from hole 10 at 170.35
meters has been submitted for carbon-14 dating.

Fecal pellets. Numerous spindle shaped fecal pel-
lets (figure) are present in hole 10 at 125.86 meters.
A solitary pellet occurs in hole 12 at 82.47 meters.
Scanning electron microscope study of freshly
broken pellets shows them to be composed of about
30-percent diatom fragments (figure) bound in a
fine noncalcareous inorganic matrix. Kaneps (1975)
described bilobate fecal pellets from Pliocene sedi-
ments at DSDP leg 28, site 266, south flank of south-
east Indian Ridge, and at site 274 on the lower
continental rise north-northeast of Cape Adare.
Kaneps' material differs in that the pellets are
bound in a calcareous cement.

Teeth. Two teeth-shaped elements occur in hole
10 at 131.13 and 136.57 meters. These might be
scolecodonts or part of gastropod radulas.

Fish. Small fish scales are noted in holes 10 and
12, while a few tiny bones are present in 10.

Plant debris. Wood fragments up to 3 millimeters
in length occur in holes 10 and 12. Finer sized ma-
terial is present in pollen preparations, and coarser
material is retained on sieves.

In conclusion, DVDP core samples contain an
abundance of paleontological material. Some of the
microfaunas occur in an abundance, diversity, con-
dition, and stratigraphic distribution that can only
support the argument for penetration of marine
waters into Taylor Valley from the Ross Sea. Taylor
Valley therefore had the configuration of a fjord
during much of the Late Cenozoic (Webb and
Wrenn, 1976, in press). The sediments, particularly
those in the lower parts of the dniliholes, are in situ
glacio-marine deposits, formed beneath open
marine waters, seasonal ice, permanent sea ice and
a thick, at times, grounded Ross Ice Shelf. Some
of the material discussed here, particularly that
from the upper level of the dnillholes (Pleistocene)
exhibits features suggestive of reworking in a ter-
restrial glacial environment. Preliminary age assig-
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nations for core depths cited here can be obtained
from Webb and Wrenn (in press).

This research was supported by National Science
Foundation grant o pp 74-22894.
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Dry Valley Drilling Project (DVDP) holes 8, 9, 10,
and 11, in eastern Taylor Valley provide excellent
calcareous benthic foraminifera assemblages. Hole
12, farther up Taylor Valley, contains only a few
poorly preserved foraminifera that probably are
reworked. Foraminifera from the eastern group of
holes are useful in correlation between the dry val-
leys and Deep Sea Drilling Project (DSDP) holes in
the Ross Sea continental shelf. Three broad fora-
miniferal subdivisions are detailed here. In ascend-
ing order these are referred to as microfaunal units
I, II, and III.

The lower microfaunal unit (I) extends between
183 and 172 meters in hole 10 and 328 and 205
meters in hole 11. These intervals contain more
than 30 species of minute, well-preserved benthic
taxa and a number of planktonic taxa including
Neogloboquadrina pachyderma (Ehrenberg). Micro-
fauna! unit I coincides with the lower part of
McKelvey's (in press) lithologic unit 5 in hole 10
and units 7 and 8 in hole 11. The latter sediments
are diamictites interbedded with laminated sandy
silty mudstones. Foraminifera are distributed
evenly throughout these sediments. The fauna ex-
hibits close affinity to Miocene faunas in the lower
part of the Cenozoic succession at DSDP site 273A,
in the western Ross Sea continental shelf. Hole 11
was terminated in Miocene sediments so there is
every possibility of a more extensive marine Ceno-
zoic record in eastern Taylor Valley.

The middle microfaunal unit (II) extends be-
tween 172 and 153 meters in hole 10 but has not
been recognized in hole 11 only a few kilometers to
the west. The interval contains rich assemblages of
robust but poorly preserved and often recrystal-
lized calcareous benthic foraminifera. Subdivision
II foraminifera are distributed through a relatively
narrow stratigraphic interval (about 20 meters).
These sediments occur in the upper part of McKel-
vey's lithologic unit 5, described as olive-gray mas-
sive and laminated sandy mudstones containing
occasional pebbles and fine medium-grade poorly
sorted sandstone. The boundary between micro-
faunal units I and II in hole 10 coincides with the
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base on a 1-meter breccia bed (at 171.55 meters)
(see McKelvey, 1975, P. 41).

Unit II microfauna are correlated with the Pec-
ten gravels of Wright Valley (Webb, 1972, 1974)
and the Scallop Hill Formation of White Island.
Correlation is also made with the uppermost part
of the Miocene-Pliocene succession at DSDP hole
273A. A Pliocene age is adopted.

The uppermost microfaunal unit (III) extends
between 153 and 0 meters in hole 10 and between
205 and 0 meters in hole 11. The uppermost part
of the unit is also represented in holes 8 and 9.
Large, diverse calcareous benthic foram faunas are
characteristic of the lowermost and uppermost 20
meters of this thick sedimentary succession. The
intervening interval is largely unfossiliferous.
Microfaunas are in situ and represent quite shallow
sites of deposition. No planktonic taxa have been
recorded.. In terms of McKelvey's (1975) lithologi-
cal subdivision the oldest microfaunal unit III as-
semblage occurs in the lower part of his unit 4
(diamictites and pebbly sandstones) and the young-
est in his unit 1 (pebbly coarse sandstones, con-
glomerates, and mudstone debris). The micro-
fauna is closely related to present-day microfaunas.
A Pleistocene age is adopted. The boundary be-
tween microfaunal units II and II coincides with
thin breccia beds in both holes 10 and 11 (McKelvey,
1975, p. 40, 54).

Microfaunal studies on core from holes 8 to 11
further confirm the influence of marine incursions
into the dry valleys in the late Cenozoic (Webb,
1972, 1974; Webb and Wrenn, 1975; Wrenn and
Webb, in press). Whereas Wright Valley has re-
vealed no evidence of marine invasion prior to the
Pliocene, eastern Taylor Valley was clearly a fjord
during the Miocene. Significant faunal and sedi-
mentary hiatuses punctuate the late Cenozoic
record in eastern Taylor Valley. These have been
produced by the interaction of the tectonic uplift
of the Transantarctic Mountains, fluctuations of sea
level, and alterations of grounding and floating by
the Ross Ice Shelf. The microfaunal record in hole
12 argues against marine penetration that far west
in Taylor Valley, at least during the Pleistocene.

Well-documented sampling and biostratigraphic
analysis has been immensely enhanced by access to
Barrie McKelvey's excellent site logging and subse-
quent column preparation. This research was sup-
ported by National Science Foundation grant oi'
74-22894.
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Emerged fossil marine deposits occur at New
Harbor, Taylor Valley, particularly near Dry Valley
Drilling Project (DVDP) holes 8, 9, and 10, despite
the absence of nearby well-defined emerged
beaches (figure). These deposits yielded numerous
carbon-14 samples of Adamussium colbecki; at all
sample localities abundant valves were enclosed in
the deposits and several were articulated. Further,
a sample that consisted of fragments of A. colbecki
was collected from holes 8 and 9.

Samples QL-160, QL-161, and QL-191 were col-
lected from stratified sand deposits with minor
amounts of gravel that lack associated glacial clasts
and that compose delta-like features located at
mouths of seaward-sloping stream valleys (figure).
DVDP holes 8, 9, and 10 (all three holes are at 77°34'
43"S. 163 030'43"E. and are located 1.9 meters above
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Location and laboratory
numbers of carbon-14

samples.

sea level) (Treves and McKelvey, 1975) were drilled
on the surface of the most prominent of these fea-
tures, situated at the mouth of Wales Stream. Core
logs indicated that fossiliferous, stratified sand
extends to at least 25 meters below the core tops
(Chapman-Smith and Luckman, 1974; McKelvey,
1975). A shell sample of A. colbecki, collected by
combining material from holes 8 and 9 from a
depth of 23 to 24 meters below the core tops (21.1
to 22.1 meters below sea level), yielded an age of
6,670 ±220 carbon-14 years before present (QL-
191). Further, a sample from a shell layer in the
southern edge of this delta-like deposit at an alti-
tude of 1.6 meters above high tide mark gave an
age of 5,500 ±70 carbon-14 years before present
(QL-161). If this latter date represents the general
age of the uppermost sediments of the delta-like
feature, then it follows that the fossiliferous sand
in the upper 24 meters of the cores is Holocene in
age and was deposited during an interval of about
1,200 years. We suspect that the surface of the delta-
like feature was cut by Wales Stream from emerged
shallow-water marine deposits, because other near-
by carbon-14 samples show that emergence over
the last 5,400 ±60 carbon-14 years before present
was sufficient to place relative sea level above the
delta-like feature during deposition of the upper-
most 24 meters of sediments. Inland deltas along

Carbon-14 dates of Adamussium colbecki in marine
deposits at New Harbor, Taylor Valley.

Laboratory Carbon-14 date* b carbon-13, 0/00 Altitude**
number	(yr. B. P.)	(w.r.t. PDB)	(m)

QL-164	5760 ±60	2.6	0.5
QL-160	5770 ±50	2.2	0.8
QL-155	5310 ±60	2.3	 1.0
QL-l53	5200 ±60	2.4	 1.4
QL-161	5500 ±70	2.8	 1.7
QL-159	5350 ±70	2.7	 1.9
QL-156	5090 ±50	2.4	2.2
QL-165	4620 ±60	3.0	2.9
QL-154	5630 ±60	2.6	3.3
QL-158	5860 ±70	2.6	4.2
QL-157	6150 ±80	2.7	4.5
QL-139	5240 ±40	2.7	5.0
QL-162	5970 ±70	2.3	5.3
QL-137	6050 ±70	2.8	5.7
QL-138	5800 ±70	2.8	7.5
QL-163	5400 ±60	2.6	8.1
QL-191	6670 ±200	2.0	-21.1 to

-22.1

*These dates are uncorrected for deficiency in carbon-14 in
antarctic marine waters and hence they are too old. The correc-
tion factor that eventually will be applied to these dates will fall
between 850 and 1,400 years.

**The altitude of all samples except QL-191 was surveyed
from high-tide mark. The altitude of QL-191 was determined
from core logs of Dry Valley Drilling Project holes 8 and 9
(Chapman-Smith and Luckman, 1974; Treves and McKelvey,
1975). Tidal range is on the order of 1 meter.
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Wales Stream have not yielded samples of A. col-
becki.

Samples QL-137, QL-138, QL-139, QL-153, QL-
154, QL-155, QL-156, QL-157, QL-158, and QL-159
were collected near DVDP holes 8, 9, and 10; samples
QL-162, QL-163, QL-164, and QL-165 were collected
from the north shore of New Harbor (figure). All
of these samples came from emerged, stratified
sand-and-gravel deposits that possess irregular
surface morphology and that commonly exhibit
scattered internal and surficial glacial clasts. Except
for their fossil content, these deposits generally
cannot be differentiated readily from adjacent sur-
ficial glacial drift. Moreover, they were deposited
contemporaneously with, and some occur adjacent
to, the delta-like deposits described previously; this
is shown not only by carbon-14 dates but by indi-
vidual beds near sample site QL- 160 that can be
traced from a deposit with large glacial clasts into
a delta-like deposit that lacks clasts.

None of the shell samples pinpoints an exact posi-
tion of past relative sea level, because A. colbecki
currently live on the floor of New Harbor at depths
greater than 4 meters and are most common at
about 25 meters (John Oliver, personal communi-
cation, 1975). However, the altitude and age of each
sample affords a minimum value of emergence that
has occurred since the date involved; actual emer-
gence exceeded these minimum values, perhaps by
substantial amounts. Hence, the table shows that
emergence during the past 5,400 years has ex-
ceeded 8.1 meters.

In addition to providing values of emergence,
the dates afford minimum ages for deglaciation of
New Harbor. We therefore dated the large number
of samples listed in the table to reduce the possi-
bility of overlooking the oldest shells.

Our present explanation for fossil marine de-
posits at New Harbor involves the following events:
During the youngest Ross Sea glaciation (Denton
et al., 1971), an ice tongue projected westward
from McMurdo Sound into Taylor Valley nearly
as far as Suess Glacier, damming an extensive
lake in the valley. Deposition of numerous deltas
and minor moraines accompanied ice recession
and concomitant lake-level lowering. The inland
deltas along Wales Stream were deposited into
a remnant of this lake dammed between the re-
treating ice margin near McMurdo Sound and
the high threshold of unconsolidated sediments
between Commonwealth Glacier and New Har-
bor. Southward recession of the grounding line of
Ross Sea ice into McMurdo Sound accompanied
ice-tongue recession from Taylor Valley. Hence,
fossil sediments in the delta-like deposit at the
mouth of Wales Stream indicate that both events
had occurred at New Harbor by 6,670 carbon-14
years before present (QL-157). Most of the recog-

nized emergence, which exceeded 8.1 meters, oc-
curred after 5,400 carbon-14 years before present
(QL- 163) without concurrent formation of emerged
beaches; although direct evidence is lacking at New
Harbor, considerable emergence probably pre-
dated 5,400 carbon-14 years before present. One
explanation for the absence of emerged beaches
is that the floating McMurdo Ice Shelf projected
northward into New Harbor until very recently, so
that the emerged marine deposits were uplifted
from beneath the shelf margin. In this case, the
glacial clasts were dropped into fossiliferous sedi-
ments accumulating beneath the shelf, except lo-
cally where streamwater melted indentations into
the margin of the shelf and hence precluded clasts
from being dropped into fossiliferous, stratified
sand accumulating at these sites.

We thank Michael Chapman-Smith for pointing
out several of the sample sites. This research was
supported by National Science Foundation grant
opp 75-20991.
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Geothermal studies in the
McMurdo Sound region
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Field research during the 1975-1976 austral sum-
mer focused on measurements of temperature in
Dry Valley Drilling Project (DVDP) driliholes. Mr.
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Bucher was in the field from 4 November 1975 to
8 January 1976.

Most field work this season involved studies of
DVDP holes that were drilled during previous sum-
mers. Data from these studies confirm earlier esti-
mates (Pruss et al., 1974; Decker, 1974; Decker
et al., 1975) for permafrost thicknesses near many
of the sites. These estimates are as follows: 440
to 500 meters near hole 3, 800 to 970 meters near
hold 6, 240 to 310 meters near holes 8 and 10,
about 400 meters near hole 11, and about 360
meters near hole 12. The new data also support
the propositions of Pruss et al. (1974), Decker
(1974), and Decker et al. (1975) that previous field
work yielded reliable estimates for equilibrium geo-
thermal gradients in several of the holes. The best
example is provided by measurements in hole 3 on
Ross Island. Here the first set of measurements on
1 November 1973 and the last log on 31 December
1975 through 3 January 1976 yield least squares
gradients in the 100- to 260-meter depth interval
that agree to within 5 percent. A similar conclu-
sion is implied by data for holes 8, 11, and 12 in
the dry valleys. Calculations based on the first and
last sets of temperature measurements at these
sites yield gradients that do not differ by more than
10 percent for the 30- to 135-meter interval in hole
8, for the 60- to 300-meter interval in hole 11, and
for the 40- to 180-meter interval in hole 12.

Holes 13 and 14 (Don Juan Pond and North
Fork) were logged once during the 1975-1976
season. Because the temperature log obtained for
lower portions of hole 13 is characterized by alter-
nating high and very low gradients, there is good
evidence for circulating groundwaters near this
site (also see Decker et al., 1975). In contrast to
negative gradients in the lower part of hole 14 on
19 January 1975 (Decker et al., 1975), measure-
ments there on 25-26 November 1975 yielded posi-
tive gradients that range from 38° to 54°C per kilo-
meter between 20 meters and the maximum acces-
sible depth of 60 meters. These positive gradients,
in turn, suggest that hole 14 can be used for heat
flow calculations and imply that permafrost could
extend locally to a depth of 350 to 360 meters.

Hole 15, in the western part of McMurdo Sound,
was logged three times in November 1975. On 17
November a temperature of about -1.1'C was
measured in the bottom of the hole at a depth of
184 meters (62 meters subbottom). Although drill-
ing had been stopped for only 6 hours, this meas-
urement was very stable. Other temperature meas-
urements in hole 15 were made shortly after drilling
(-8 hours) on 21 and 22 November. The 21 No-
vember log reached a depth of 184 meters, whereas
the 22 November one did not go below 180 meters
because sediment had flowed up the hole after drill-
ing. Measurements on the latter dates were very

stable and ranged from -1.90C in the waters just
above the sea floor to 0.1°C at a depth of 180 meters
(58 meters subbottom). The temperature was 0.3°C
at 184 meters on 21 November, indicating a tem -
perature change of 1.4°C since the hole-bottom
measurement on 17 November. Although the last
two logs are characterized by high and variable
gradients in lower portions of the hole, we defer
discussion of their possible significance due to a
lack of thermal conductivity data and the possibility
that our measurements do not represent equilib-
rium temperatures.

This research was supported by National Science
Foundation grant opp 72-05804.
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Hydrogeology in the dry valleys

KEROS CARTWRIGHT and HENRY HARRIS
Illinois State Geological Survey

Urbana, Illinois 61801

Hydrogeological studies of the two previous aus-
tral summers were continued during the 1975-1976
field season. With the exception of occasional visits
to Taylor Valley and the Dry Valley Drilling Project
(DVDP) McMurdo Sound site, all of our research
was confined to the western half of Wright Valley.
The field party included Mr. Harris (16 October
1975 to 30 January 1976), David L. Gross (27 Octo-
ber to 3 December 1975), Illinois State Geological
Survey, and Michael Chapman-Smith (3 December
1975 to 30 January 1976), University of Auckland,
New Zealand.

Our project's first month in the field this season
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was devoted to reconnaissance and sampling of un-
consolidated surficial materials at lower elevations
in western Wright Valley. Textural and chemical
characteristics of the samples are being determined.

In Don Juan Basin, water level recorders were
installed both in Don Juan Pond and on DVDP hole
13 (drilled in January 1975). Piezometers emplaced
in October 1974 continued to function, and meas-
urements were taken from them throughout the
season. Two evaporation pans, an aneroid baro-
graph, and a thermograph produced data for the
entire season. Data suitable for compiling a large-
scale topographic and bathymetric map of the basin
and pond were gathered. Water samples for chem-
ical analysis were periodically collected from the
pond and borehole. Samples also were taken from
the Upper Wright Glacier and from a number of
small ponds in the Labyrinth and from other loca-
tions west of Don Juan. Data from the basin now
are sufficient to allow mass and chemical balance
calculations.

The hydrographs reconfirm that Don Juan Pond
is a discharge point in an artesian groundwater
flow system; throughout the season, potentials in
the Don Juan Aquifer were higher than those in the
pond. Superimposed on the expected barometric
response of the aquifer were rapid fluctuations in
water pressure; these fluctuations appear to be due
to an intermittent loading of a confining layer over-
lying the aquifer. This phenomenon is being
studied to determine the source of the loading and
its significance.

Detailed study of flow systems occurring above
frozen ground began in December 1975. A series
of ten groundwater collection devices was installed
along the axis of the South Fork of Wright Valley,
just east of Don Juan, and along the slopes to the
south of Lake Vanda. Water tables were measured
and waters were sampled periodically until the end
of the season. Surficial material was sampled at the
sites and at a number of locations between the sites.
Material samples and moisture samples were also
taken periodically at several other locations where
flow systems were active.

Preliminary observations indicate that ground-
water flow systems in the active layer of permafrost
generally are small and that several such systems
can exist, unconnected, in close proximity. None
of these systems appears to have a measurable ef-
fect on the mass balance of either Don Juan Pond
or Lake Vanda; some small ponds, however, are
entirely fed by such systems. We expect chemical
analyses to indicate that groundwaters currently
are acting to transport salts in some Wright Valley
soils.

This work was partially supported by National
Science Foundation grant oii' 73-05917.

DVDP environmental impact
assessment and monitoring

R. VINCENT HOWARD, BRUCE C. PARKER, and
ROBERT D. RUGO, JR.
Department of Biology

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

Environmental monitoring of the Dry Valley
Drilling Project (DVDP) during October to Decem-
ber 1975 involved periodic visits to hole 15 on
McMurdo Sound to insure that proper environ-
mental constraints were followed. Sediment cores
from this drill site were sampled at McMurdo Sta-
tion to determine possible microbiological activity.
Postaudits of most inland drill sites were conducted
to determine the degree of recovery from previous
DVDP activities. Experiments to obtain baseline data
were carried out to improve monitoring methods.

McMurdo Sound drilling was halted on 20
November 1975 after 37.9-percent methane was
detected from the core sediments and because the
surface ice appeared to be breaking up. Using five
different media, failure to isolate microorganisms
from any level of the core suggests that the meth-
ane was not of recent microbial origin. Thus, the
possibility of the occurrence of hydrocarbons in
McMurdo Sound sedimentary rocks, which was
suggested and given low probability in the DVDP
impact assessment, remains real.

Postaudits of former DVDP drill sites in the dry
valleys disclosed several interesting facts, which
only are summarized in this report:

(1) At such former drill sites as New Harbor,
Lake Vida, and Don Juan Pond, soils contaminated
with DFA (diesel fuel Arctic) or calcium chloride
drilling fluids have begun to show signs of micro-
biological recovery. Calcium chloride-saturated
soils at Lake Fryxell resulted in a major reduction
in population and diversity of the soil microflora.
At other sites, DFA stimulated development of
microorganisms capable of growth on hydro-
carbons.

(2) From Don Juan Pond water, several micro-
organisms not previously reported for this site were
isolated in both fresh and saline media. This sug-
gests either introduction of microorganisms by
DVDP and other associated activities at Don Juan
Pond, or possible natural introduction associated
with fresher water entering the pond.

(3) Such other former sites as Commonwealth
Glacier, North Fork of Wright Valley, and Lake
Chad (Leon) showed little change, probably be-
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Reynler and liquid Im-
pinger aerosol samplers
operating outside the Lake
Bonney hut in November

1974. !!	

Mm

cause drilling was more recent (during the 1974-
1975 field season).

(4) At all postaudit sites, our sampling of micro-
bial aerosols included three techniques: membrane
filter concentration, Reynier impaction-agar plate
sampling, and liquid impinger collection (figure).
The liquid impinger technique generally resulted
in a 10-fold increase in microbial numbers and
usually in higher diversities of aeroplankton than
the Reynier sampler and the membrane filter tech-
niques, which generally revealed the lowest num-
bers and diversity. We think the superior col-
lection properties of the liquid impinger are
attributed to the breakup of soil particle aggregates
of microorganisms and to the elimination of desic-
cated conditions.

Three experiments were performed to obtain
additional baseline data. First, a visit to Amundsen-
Scott South Pole Station confirmed viable surface
microorganisms in the snow both inside and out-
side of the station. Microorganisms were also found
at the old South Pole Station, as was suspected
from 1974-1975 data.

The second experiment involved an attempt to
eliminate microbial contamination from small
buildings. Fumigation of the hut and field labor-
atory at Lake Bonney was preceded and followed
by aerosol sampling for microbiological contamina-

tion. This experiment, also conducted during the
1974-1975 season, showed that microbial aerosols
could be virtually eliminated by formaldehyde
candle burning. But microorganisms associated
with surfaces (wood, table tops, etc.) were only par-
tially reduced in numbers, as determined by Rodac
plate sampling.

The third experiment involved a transect with
six soil sampling sites about 3 meters apart in Bar-
wick Valley. All soil samples produced negative
results using several media. This suggests that the
soils of Barwick Valley are relatively undisturbed
(less than one culturable microorganism per gram
of soil).

Analyses of the chemical composition of air, soil,
and water associated with DVDP drill sites are under
way at Virginia Polytechnic Institute and State
University.

Monitoring activities included cleanup at DVDP
sites 6 and 14. Working with environmental moni-
tors, DVDP personnel bailed DFA from the drill site
in the North Fork of Wright Valley. This effort
was to prevent possible DFA contamination of Lake
Vanda. An increase in Vanda's lake level could re-
sult in flooding of the drill site, and the extent of
contamination would be contingent on the amount
Of DFA in the drill casing and surrounding soil.
Water was pumped down the casing in hopes that,
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once frozen, it would cap the hole and prevent
direct migration of any remaining DFA to the sur-
face. At Lake Vida, for the second consecutive
season environmental monitors bailed DFA from
the drill hole in an attempt to limit contamination
of adjacent soils.

Messrs. Howard and Rugo were in the field from
25 October to 15 December 1975. This research was
supported by National Science Foundation grant
oi 76-17643.

DVDP phase Ill

L. D. MCGINNIS
Department of Geology

Northern Illinois University
DeKaib, Illinois 60115

DVDP personnel, 1975-1976

Core logging and processing. New Zealand:
P. Barrett, K. Sillars. United States: C. Barnes,
S. McCormick, S. Treves.

Drill team. New Zealand: J . Hoffman, L.
Oliver, J . Meehan, M. Williams, J . Gupwell, M.
Wing, J . Barclay, T. Quigley, T. Griffin, N.
Stephenson, D. Murray, D. Dickson, M. McLeod,
W. Champion, 0. Lloyd, D. King. Canada: M.
McGale.

Heat flow. United States: G. Bucher.
Geochemistry. Japan: N. Nakai.
Hydrogeology. United States: H. Harris.
Geophysics. Japan: K. Kaminuma.
Project operation. United States: S. Treves.

The Dry Valley Drilling Project (DvoP), formu-
lated in 1971 by planners from Japan, New Zea-
land, and the United States, entered into its final
phase upon completion of hole 15 in McMurdo
Sound in November and December 1975. The proj-
ect was extended a year due to unfavorable ice
conditions in McMurdo Sound. Participants now
are directing their efforts toward resolving DvDP's
original science goals.

Formal presentations of DVDP research to date
were introduced to project participants by L. W.
Gander, N.Z. Minister of Science, at a second DVDP
seminar, held in Wellington, New Zealand, in
January 1976. A third and final DVDP seminar will
be held in Japan in mid-1978. Takesi Nagata, di-
rector of the Japan National Institute for Polar Re-
search, issued the invitation at a meeting held at
the National Science Foundation in late March.
Kou Kusunoki, also of the Japan National Institute,
is a principal organizer of the meeting.

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

Although analyses of DVDP core are certain to
appear in the literature in the months ahead, a
volume synthesizing DVDP research is in the early
planning stages. In addition to research reports,
several papers will be solicited from DVDP science
planners and administrators from the three par-
ticipating nations. Their observations on the proj-
ect, as it was initially conceived and ultimately
brought to fruition, are necessary to complete the
record.

Core from DVDP boreholes will remain available
to interested investigators. Information on obtain-
ing core specimens may be obtained by writing to
Dennis Cassidy, Antarctic Marine Geology Re-
search Facility and Core Library, Florida State Uni-
versity, Tallahassee, Florida 32306.

This research was supported by National Science
Foundation contract Opp 71-01656.
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Cretaceous conglomerates
and associated flysch of the

southern Andes

R. H. DOTT, JR., R. D. WINN, JR., and C. SMITH
Department of Geology and Geophysics
The University of Wisconsin, Madison

Madison, Wisconsin 53706

As a continuation of sedimentologic and tecto
studies in the southern Andes and the Scotia A
we returned to southern Chile in early 1976 to
vestigate Upper Cretaceous conglomerates a
associated flysch (rhythmically alternating sa
stones and shales commonly showing evidence
turbidity current deposition), which are very i
exposed along the eastern flanks of the Andes.
the early 1960s Kevin M. Scott studied these
Ultima Esperanza, near the famous Cerro Paine
(73°W. 51°S.) (figure 1), also under grants from the
National Science Foundation (Scott, 1966). The
Lago Sofia conglomerates (figures 2 and 3) are spec-
tacularly exposed there, and are important for their
record of the early uplift and erosion history of the
Cordillera to the west. In light of the extensive
structural studies in the southern Andes by I. W. D.
Dalziel and his coworkers from Columbia Univer-
sity, and sedimentologic studies by Winn and Dott
(see for example Dalziel et al., 1975; Winn and
Dott, 1975, 1976), it became apparent that the
Upper Cretaceous conglomerates deserved further
study with extension of Scott's earlier work south-

H. H. Doff, Jr

Figure 1. Cerro Paine northward across Lago Pehoe from a
ridge of Lago Sofia conglomerates in Ultima Esperanza,

southern Chile.

E. Smith

Figure 2. Gigantic flute structures on the base of a coarse
Lago Sofia conglomerate in Ultima Esperanza, southern
Chile. The flutes were scoured into underlying shale by large

turbulent eddies as the gravel was suddenly introduced.

ward into the Strait of Magellan region as a high
priority.

From a purely sedimentological point of view,
the Lago Sofia is the best-exposed example of an-
cient deep-water conglomerates known to us, and
the genesis of such deposits has been receiving in-
creasing attention of late (e.g., Aalto and Dott,
1970; Walker, 1975). Great advances also have been
made in the understanding of the deposition of
most ancient flysch deposits such as those of Ultima
Esperanza in a deep-sea fan setting. We therefore
were anxious to reassess these rocks with the benefit
of concepts developed since Scott's work.

Our efforts have been rewarded bountifully. We
feel that the deep-sea fan model applies well to the
Upper Cretaceous flysch sequence as a whole. And
Dr. Winn has fully documented the complex variety
of textural features of the Lago Sofia conglomer-
ates both in Ultima Esperanza and southward as
far as Dawson Island (approximately 70°30'W. 540
S.). Scott established that the conglomerates show
evidence of a variety of transport processes, such
as very viscous submarine mudflow, turbidity cur-
rents, etc. Of greatest interst to us, perhaps, is
the documentation of extensive evidence of ordi-
nary tractive transport in the form of large-scale
cross bedding—a feature generally considered very
rare in such coarse, deep-water conglomerates. Mr.
Smith is studying strata that overly the main Lago
Sofia sequence and that were long considered to be
shallow marine (molasse) deposits. We think that
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R. H. Don, .k.

Figure 3. Cliff face of coarse Lago Sofia conglomerate and
sandstone In Ultima Esperanza, southern Chile.

generally these instead also represent gravity-flow
deposits formed at moderate depths in a submarine
fan setting (i.e., at least below the normal wave
zone).

All three of us were in Ultima Esperanza in
January, and Messrs. Winn and Smith remained in
the field into April. Besides the support of Na-
tional Science Foundation grant O pp 72-05799, our
work was also generously supported by Chile's Em-
presa Nacional del Petroleo (ENAP), with whom Drs.
Dott and Daiziel have enjoyed a long and beneficial
mutual relationship. ENAP provided transporta-
tion both by truck and boat in the field, office space
in Punta Arenas, and generously made their data
available to us. We most heartily acknowledge the
continued assistance and companionship of Carlos
Castro and the wise counsel and encouragement
of Raul Cortés, Antonio Cañon, and Salvador
Harambour of ENAP's Punta Arenas office. Eduar-
do Gonzalez of the ENAP headquarters in Santiago
also was instrumental in making possible our co-
operative venture with his organization.
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Bottle-green iceberg near the
South Shetland Islands

KENDALL N. MOULTON and RICHARD L. CAMERON
Division of Polar Programs

National Science Foundation
Washington, D.C. 20550

On 10 March 1976 a bottle-green iceberg was
sighted in Moon Bay (62°35'S. 60°00'W.), Livings-
ton Island, in the South Shetland Islands near the
tip of the Antarctic Peninsula. The iceberg, shown
on the cover of this issue of Antarctic Journal, ex-
tended 8 to 10 meters above the water surface and,
judging from its water-worn appearance, was prob-
ably overturned. Some morainal material was seen
in the iceberg along a narrow band.

Icebergs of various colors have been reported in
Antarctica (U.S. Navy, 1943). "Black-and-white"
icebergs of dark and light ice have been sighted
north of the Weddell Sea (U.S. Navy, 1943). Two
kinds of icebergs have been described: (1) the
morainic iceberg with both debris-charged and
relatively clean ice, and (2) the bottle-green ice-

Aalto, K. R., and R. H. Dott, Jr. 1970. Late Mesozoic con-
glomeratic flysch in southwestern Oregon, and the problem
of transport of coarse gravel in deep water. In: Flysch Sedi-
mentology in North America (LaJoie, J . , editor). Waterloo,
Geological Association of Canada. Special paper, 7: 53-65.

Daiziel, I. W. D., R. H. Dott,Jr., R. D. Winn, Jr., and R. Bruhn.
1975. Tectonic relations of South Georgia Island to the
southernmost Andes. Bulletin of the Geological Society ofAmerica,
86: 1034-1040.

Mr. Moulton is associate manager of polar operations in the
Division of Polar Programs, and Dr. Cameron is the division's
program manager for advanced systems applications and gla-
ciology.
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berg, which has dark-green, translucent ice adja-
cent to clean ice. The dark portion of these ice-
bergs is rounded by water action. The morainic
iceberg is relatively common, and it usually is basal
glacier ice. The green iceberg, however, is an oddity
not readily explained.

The bottle-green iceberg sighted in Moon Bay
this year is a singularly translucent green with sun-
light reflected from melting ice crystals. If it is basal
ice, which is likely because of its band of morainal
material, it may well have white ice beneath it (be-
low the water line, and forming what probably was
its upper portion before it overturned).

Mary Alice McWhinnie, a DePaul University
biologist and one of those aboard RIV Hero who
saw this bottle-green iceberg in March 1976, is quite
sure that its color was nonbiological in origin
(McWhinnie, 1976, personal communication). She

has reported seeing red, brown, and green ice in
other locations, presumably colored by microor-
ganisms attached to the irregular surfaces of the
ice. The even color of this iceberg, however, sug-
gests that it is green throughout, and therefore
not of biologic origin. Samples were not taken.

This bottle-green iceberg is most likely basal gla-
cier ice that is colored by enclosed fine rock mater-
ial. Based on its color, the iceberg may contain iron,
copper, or other metallic compounds.

Reference
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Ross Ice Shelf Project, 1975-1976

JOHN W. CLOUGH and JOHN F. SPLETTSTOESSER
Ross Ice Shelf Project Management Office

The University of Nebraska, Lincoln
Lincoln, Nebraska 68588

The third year of field work in the Ross Ice Shelf
Project (RIsP) was to be a continuation of surface
geophysical and glaciological investigations and to
drill through the ice shelf, allowing investigations
of the shelf ice, of the water and possible life be-
neath the shelf, and of the sea-bottom sediments.
Budgetary constraints in the National Science
Foundation and a weakened logistics system caused
by the temporary loss of two of the U.S. antarctic
program's LC-130 Hercules airplanes forced de-
ferral of nearly all 1975-1976 RISP field activities
until the 1976-1977 season.

Dr. Clough is coordinator and science director of the Ross Ice
Shelf Project, and Mr. Splettstoesser is administrative director.

However, the glaciology project of Robert H.
Thomas, The University of Nebraska, Lincoln, in-
volving a resurvey of strain networks emplaced
from the Roosevelt Island camp during 1974-1975,
remained scheduled for the 1975-1976 season and
contract negotiations were under way to provide a
ski-equipped Twin Otter airplane for field support.
A shallow-drilling (100-meter) project under the
direction of C. C. Langway, Jr., State University of
New York at Buffalo, was also still scheduled for
Roosevelt Island and Siple Station.

The third temporary loss of an Lc-130 airplane,
in November 1975, cancelled both Dr. Thomas' and
Dr. Langway's projects for the season. Carl K.
Cripe, RISP Office, did a brief inventory of RISP
cargo at McMurdo Station and Christchurch, New
Zealand. Later in the season a complete inventory
was done by Holmes and Narver, Inc., of all cargo
shipped to McMurdo by RIsp principal investi-
gators, thus assuring receipt of items to be stored
during the 1976 austral winter in preparation for
planned 1976-1977 RISP field work.

An inspection of RISP wireline drill system com-
ponents was made at McMurdo by John H. Rand
and Larry D. Gould, U.S. Army Cold Regions Re-
search and Engineering Laboratory; all were in
satisfactory condition. Final preparations are under
way for the drill project and for the surface inves-
tigations planned to take place during 1976-1977.

This project is supported by National Science
Foundation contract Opp 72-02685.
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Phototheodolite resurvey in the
dry valleys

SERGEI MIAGKOV
Geographical Facility

Moscow State University
Moscow 117234, Soviet Union

A phototheodolite resurvey of features first sur-
veyed in 1970-1971 was conducted in the dry val-
leys of southern Victoria Land during the 1975-
1976 austral summer. These features are the
Méserve, Bartley, Sandy, Lower Wright, Taylor,
and Rhone glaciers, three glaciers of the Asgaard
Group, as well as slopes around the glaciers, where
different geomorphological processes are in action.

a

P.

U.S. Navy

Author sets up Moscow State University phototheodolite in
the dry valleys of southern Victoria Land during the 1975-

1976 austral summer.

The survey data will be fully processed at the Geo-
graphical Facility, Moscow State University. A pre-
liminary comparison of the images from the first
and second surveys under a common stereoscope
have already produced some interesting results.

The 5-year interval between surveys is acceptable
for studies of glacial changes. But some portions of
the glacier surfaces that are severely ablated have
lost their congruency, and therefore it is not pos-
sible to use the most accurate pseudoparallax
methods; instead two different maps must be com-
piled.

The 5-year interval between surveys is rather
short, however, for mass-movement studies of loose
debris on the glacier slopes. Significant changes
can only be obtained for the most active slope
processes and locations surveyed from the shortest
distance (50 to 200 meters).

There are no significant changes in dimensions
of the glaciers surveyed twice. In particular, the
tongues of Meserve, Bartley, and Rhone glaciers
have not changed (possible changes are less than
0.5 to 1.0 meter). Meserve Glacier's east edge in
the vicinity of the Meserve Hut probably had re-
treated 1 to 3 meters due to active dry-calving. This
retreat possibly reflects variability in the glacier's
position due to dry-calving processes. Ice walls
around the Meserve Glacier tongue appeared
higher and more monolithic in 1975 than they did
in 1970.

The phototheodolite images (figure) show move-
ment of up to a few tenths of a meter per year.
These data reveal details of the glaciers' surface
movements.

Changes in glacier surface elevation above the
inner moraines are noticeable on the photographs
of Taylor, Lower Wright, and other glaciers. This
will provide average thickness changes of these
glaciers.

Among currently active slope processes, linear
flows of over-saturated, fine-grained material and
massive solifluction movement are noticeable in the
vicinity of Lower Wright, Meserve, and Taylor
glaciers. The maximum solifluction movement is
perhaps a few centimeters per year. The creep of
dry, loose debris is much slower.

The success of this first phototheodolite resurvey
led to an extension of the planned survey program
last season. First-time surveys were made of the
edge of Wilson Piedmont Glacier in the Marble
Point region, of a small cirque glacier in the Olym-
pus Range, of Garwood and Walcott glaciers in
the Royal Society Range, of Commonwealth Gla-
cier in Taylor Valley, and of part of the McMurdo
Ice Shelf between the center of Brown Peninsula
and Black Island. Surveys of Meserve and Bartley
glaciers were improved by establishing another
phototheodolite base on the high slope of the Olym-
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pus Range that overlooks these glaciers as well as
Hart, Goodspeed, and Conrow glaciers. Long-term
studies of slope processes were begun for extensive
parts of Taylor Valley seaward from Taylor Gla-
cier, including Hughes, La-Croix, and Suess gla-
ciers, as well as rock glaciers between Suess and
Canada glaciers. The present phototheodolite sur-
vey system thus covers all types of glaciers and
slope processes typical of the dry valleys.

All technical information concerning these sur-
veys (about 30 stations) will be provided to inter-
ested glaciologists in the United States and in the
Soviet Union.

Field logistics support for this project was made
possible by the National Science Foundation, with
other support, including phototheodolite equip-
ment (Laboratory of Snow Avalanches and Mud-
flows) from Moscow State University. I heartily
acknowledge the generosity of the U.S. Antarctic
Research Program, including U.S. Navy Antarctic
Development Squadron Six (vxE-6), in providing
field assistance for this research.

Topographic mapping
field operations

W. R. MACDONALD
Topographic Division

U.S. Geological Survey
Reston, Virginia 22092

During the 1975-1976 austral summer, U.S.
Geological Survey (usGs) engineers were in Ant-
arctica for the 19th consecutive year to participate
in U.S. Antarctic Research Program (USARP) geo-
physical and glaciological studies and to establish
geodetic positions for mapping. Two projects were
planned: (1) the continuation of geoceiver- derived
position support for the Ross Ice Shelf Project
(RI5P), and (2) ajoint project with the British Ant-
arctic Survey (BAS) to establish positions along an
airplane-supported geoceiver traverse over a vast
area along the Antarctic Peninsula and eastern Ells-
worth Land. Also, two 1975 austral winter projects
continued at Amundsen-Scott South Pole (United
States) and Casey (Australia) stations.

Although reduced Lc-130 airplane support forced

cancellation of Melvin Y. Ellis' RISP assignment, he
was able to conduct a second assignment—a mirror-
flash experiment in reflecting the sun's rays into a
multispectral scanner aboard the Landsat satellite
at the time of an overpass and saturate one to four
pixels (80 by 60 meters each). The result is a Land-
sat image in which the location of the mirror con-
trasts sharply with the surrounding area, and the
point thereby is targeted. If the mirror is set up on
a point whose position has been established by
doppler observations and the flash is recorded, the
result is a photographic image of a ground control
point (a fundamental requirement for map com-
pilation). In Antarctica, where vast expanses of ice
and snow are without identifiable features, a means
of targeting ground positions is highly useful. Two
experiments were planned: one at Hut Point near
McMurdo Station, and the other at the RISP base
near Roosevelt Island. Although targeting of Land-
sat images had been successful at the USGS National
Center in Reston, Virginia, circumstances pre-
vented success in Antarctica this season. Lack of
air support caused cancellation of the January 1976
experiments, and clouds obscured the target area
in November 1975. Another attempt at mirror
flashing, however, is planned for the 1976-1977
field season.

The major USGS summer operation last season
was an internationally cooperative project between
BAS and USARP in the Antarctic Peninsula-Ells-
worth Mountains area, a region of mutual mapping
interest. The project was designed to maximize the
USARP and BAS resources to accomplish the com-
mon goals of (1) tying various independent sur-
vey nets together on a common datum, and (2)
providing control for present and future conven-
tional maps and Landsat mosaics. The USGS pro-
vided scientific equipment, data preparation and
analysis, and two engineers who were both cross-
trained and experienced in geoceiver observations
and conventional field surveys; BAS supplied ex-
tensive logistics support, including accommoda-
tions and supplies from Adelaide Island, airplane
(Twin Otter) and ship transportation, and support
personnel.

The first air sortie left Adelaide Island on 13
January 1976, the day after the USGS engineers
arrived from South America aboard RRSJohnBiscoe.
Expedition members were James W. Schoonmaker,
Jr., and Karl W. Gatson (USGs), Geoff Renner (BAS
geophysicist), and Giles Kershaw (pilot). Flying to
preselected sites and landing as close to them as
possible, the team simultaneously set up an emer-
gency camp and the geoceiver. When possible, the
geoceiver antenna position was transferred by con-
ventional surveying to the appropriate point.
During 9 days, 12 stations were occupied. Two
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occupations were extended to provide data for
tying the USGS Lassiter Coast traverses of 1970-
1971 and 1971-1972 into the worldwide datum.
The expedition returned to Adelaide on 21 Jan-
uary. Although airplane repairs and scheduling
forced a slowdown, the team established a station
at Argentina's Marambio base during 31 January to
4 February.

On 7 February the four-person team left Ade-
laide Island for the 570-nautical-mile flight to Siple
Station. Although the station was closed for the
winter, the National Science Foundation gave per-
mission to use the emergency camp as a staging
base for flights into the Ellsworth Mountains. Being
far from BAS bases, these flights depended on U.S.
fuel supplies cached at Siple. After opening the
emergency camp, part of the team flew south to the
Ellsworth Mountains, tying the 1962-1963 and
1963-1964 USGS traverses in the Heritage and
Sentinel ranges into the doppler system. Airplane
mechanical problems and extremely abnormal
communications forced a curtailment of flights
from Siple. However, the doppler station estab-
lished at Siple during the 1974-1975 season was
reobserved before the party returned to Adelaide
on 12 February.

Between 3 February and 1 March, operating
from Adelaide in short field trips by Twin Otter
and on one occasion by helicopter from HMS En-
durance, the team occupied eight more stations.
On 4 March transport shifted to the sea with k/V
Hero supplying transport to two stations; three
stations were occupied from RRS Bransfield during
the return northward to Punta Arenas, Chile. The
last geoceiver station was occupied on 26 March,
and the team reached Chile on 1 April.

The combination of Twin Otter airplane and
geoceiver proved to be ideal as 31 doppler stations
were occupied at 28 remotely scattered locations
ranging from Seymour Island in the north Ant-
arctic Peninsula southward to the Heritage Range
of the Ellsworth Mountains. This was an outstand-
ing achievement of international cooperation. Over
the past few years the geoceiver has proved itself
an essential polar surveying instrument; however,
when the technology is coupled with such a highly
mobile transportation system as the Twin Otter,
it becomes a most cost-effective surveying system.

Austral winter 1975 assignments continued at
South Pole and Casey stations. Doppler experi-
ments at the South Pole were conducted in sup-
port of ice movement, scintillation, and polar
motion studies and at Casey in support of the Inter-
national Antarctic Glaciological Project.

Andrew Hinely and William Graser are spending
the 1976 winter at South Pole Station. Their as-
signment began on 21 November, when they re-
placed Ralph Boschert and Jon Sorensen.

According to the data acquired by Messrs.
Boschert and Sorensen during 1975, the true
geographic South Pole is about 530 meters from
the present geoceiver antenna position, which is
located near the geodesic dome of South Pole Sta-
tion. Ice movement appears to be about 10 meters
per year along the 43°W. meridian. Using these
data, Messrs. Boschert and Sorensen, along with
an assistant, Keith Belt, U.S. Navy, may be the first
to know that they really set foot at the true geo-
graphic South Pole. They were instructed before
leaving Reston to run a site survey with a T2 theo-
dolite to stake out the location of the true geo-
graphic South Pole (TG5P). Working from the
geoceiver antenna site and its latest computed
position, they observed the sun for azimuth. Since
the geoceiver antenna and TGSP sites are not inter-
visable, the men had to establish intermediate sta-
tions and to compute and chain the distance to the
TGSP. To verify the TGSP position, they established
a remote tent camp and sledged the geoceiver, a
portable generator, and other equipment to it. With
temperatures around —37'C, the geoceiver was set
up and monitored for 3 days to obtain data from
37 consecutive passes of primary navigational satel-
lites. The resulting data, transmitted for reduction
to the United States, shows that their stake is within
10 meters of 90°S. A further refinement of the TGSP
position will be attempted when the sun rises next
austral summer.

Richard J. Neff completed his winter assignment
with the Australians at Casey Station on 26 January
1976. While at Casey, he spent about 6 months on
the plateau operating the geoceiver on three tra-
verses (autumn, midwinter, and spring) in which he
reoccupied 15 ice stations established during the
1973 and 1974 traverses by Robert Wilson and
David Schneider. In addition to his primary duties,
Mr. Neff participated in normal camp duties, in
two manhauling traverses lasting several weeks,
and in taking aerial photographs at Casey and
Macquarie Island. This was the final year of USGS
participation in the International Antarctic Glacio-
logical Project. All data have been reduced, and
the geographic positions have been transmitted by
teletype to Casey Station as well as to the director
of the Australian National Antarctic Research Ex-
pedition.

This research is supported by National Science
Foundation interagency agreement Opp 68-00484.
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Atmospheric processes and
energy transfers at the South Pole

J . J . CARROLL and K. L. COULSON
Department of Land, Air, and Water Resources

University of Cal[ornia, Davis
Davis, Calfornia 95616

Our main activities of the 1975-1976 austral sum-
mer were the exchange of winterover personnel
(Robert Jackson and Bruce Jackson replacing
Bruce Fitch and Robert Hamilton), maintenance,
calibration, and minor modification of energy-
balance instruments, revision of computer pro-
grams controlling the data acquisition functions,
and operation and subsequent return shipment of
the skylight polarimeter.

Severe constraints on air transport in Antarctica
this past season forced us to abort our planned in-
vestigation of spectral variations in the intensity
and polarization of solar radiation reflected by
snow.

As managers of the computer facility at Amund-
sen-Scott South Pole Station, additional programs
were developed for the National Weather Service
to process raw Rawinsonde data. This capability
enables all of their data analysis, cataloging, and
copying to be done with the station computers. This
brings the number of regular computer user
groups to five (National Weather Service, Uni-
versity of California, Davis, University of Cali-
fornia, Los Angeles, University of Nevada, and
station operation for inventory control).

This research was supported by National Science
Foundation grants Opp 74-01791 and oii 76-00215.

Aerosols and gases in the
antarctic stratosphere

D. J . HOFMANN, J . M. ROSEN, N. T. KJOME,
and G. L. OLSON

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

A. L. SCHMELTEKOPF
Aeronomy Laboratory

National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

Since 1972 the University of Wyoming's atmos-
pheric physics group has been conducting stratos-
pheric balloon soundings of ozone and aerosol
particles in the r >0.15-micrometer size range at
McMurdo Station and Amundsen-Scott South Pole
Station (Hofmann et al., 1972, 1973, 1975; Rosen
et al., 1974). For the 1975-1976 austral summer,
we proposed to add measurements of condensation
nuclei (cN) and to collect stratospheric gas samples
and return them to the United States for analysis
of chlorofluorocarbons and nitrous oxide (i.e., inert
gases that are important in the unnatural and
natural stratospheric ozone balance).

Due to funding and logistics problems, the pro-
gram was limited to four soundings at McMurdo
by two people aided by U.S. Navy personnel in
radio tracking and helicopter recovery of the bal-
loon payloads.

The four payloads consisted of one aerosol de-
tector, one CN detector, and two gas samplers. The
aerosol detector was the standard Wyoming dust-
sonde, employed previously in the program, which
measures the vertical concentration profile of aero-
sol particles having r >0.15 micrometer from the
surface to about 27 kilometers. The CN detector
used the dustsonde as a particle detection device
but had a thermal gradient diffusion growth cham-
ber attached to the inlet, thus lowering detectable
size range to r 0.0 1 micrometer. The gas samplers
were constructed by the stratospheric sampling
group of the Aeronomy Laboratory, National
Oceanic and Atmospheric Administration (N0AA).
Each sampler was capable of obtaining five air
samples at different altitudes during parachute
descent from about 26 kilometers. Data was tele-
metered back to McMurdo for the aerosol and CN
flights, while the recovered air samplers were re-
turned to NOAA for gas chromatograph analysis.
Test flights of single samplers at Laramie, Wyo-
ming, during the northern summer of 1975 indi-
cated that the collection and analysis scheme was
producing reasonable results (Schmeltekopf et al.,
1975).
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of the tropopause.

Although all balloons, control systems, and in-
struments performed normally, and all payloads
were recovered intact, the flights were not as com-
pletely successful as in the past. During the aero-
sol flight, a transmitter malfunction caused a data
loss above 15.6 kilometers; however, the concen-
tration of particles at this altitude was only about
1.2 per cubic centimeter, indicating that the en-
hanced aerosol layer observed between 15 and 20
kilometers in the Northern Hemisphere (probably
due to the eruption of the Guatemaulan volcano
Fuego in October 1974) was not present at this time
in the Southern Hemisphere.

The CN sounding was completely successful and
resulted in the first measurement of the vertical
profile of these small particles over Antarctica.
Surprisingly, the profile is not much different from
that observed over Laramie, Wyoming, about 6
weeks earlier. Both profiles are shown in the figure.
The arrows mark the position of the observed
tropopause; if the profiles were adjusted for equal
tropopause heights, they would be nearly identical,
except near the top of the sounding. We con-
clude that the CN distribution is probably similar
worldwide and that the stratospheric profile is some-
what dependent on the position of the tropopause.

Preliminary analysis of the recovered gas samples
indicate consistent results between the two flights
for nitrous oxide (i.e., a volume mixing ratio of
about 3 x 10 at 15 kilometers, decreasing to about
7 x 10-8 at 25 kilometers). These data suggest that
the sampling system performed as designed and
that no loss of sample occurred during the approx-
imately 3-week period between taking the samples
and analysis at the Boulder laboratory. Preliminary
analysis of chiorofluorocarbon data suggests pos-
sible sample degradation, however, and further re-
search is required to determine whether this is the
case.

Our field party consisted of Messrs. Kjome and
Olson. They were in the field from 5 to 26 January
1976. This research was partially supported by
National Science Foundation grant o pp 76-01901
and by Department of Commerce grant 04-6-022-
44019.
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Air-droppable buoys for
remote sensing

E. G. KERUT and T. L. LIVINGSTON
Data Buoy Office

National Space Technology Division
National Oceanic and Atmospheric Administration

Bay Saint Louis, Mississippi 39520

Our office has funded the development of small,
air-droppable buoys (figure) to support arctic re-
search. The buoys take advantage of the polar-
orbiting Nimbus-6 satellite to provide positioning
to within 5 kilometers, and for relaying any stored
information. Eight buoys, designated ADRAMS (Air-
Droppable Random Access Measurement System),
have been successfully deployed in the Arctic.

In discussions with John Kelley of the National
Science Foundation's Division of Polar Programs,
we became aware of how the buoy could be ap-
plied to NSF-sponsored antarctic research. We thus
decided to test the ADRAMS in the Antarctic to see
how it performs in that extreme environment.

By the end of January 1976, two ADRAMS buoys
were deployed in the Antarctic: one manually
placed at McMurdo Station and the other posi-
tioned nearby at New Zealand's Scott Base. Both
buoys are operating this austral winter and are re-
porting their positions daily. One has developed
a spurious signal, however, which causes its re-
ported position to be erratic with large errors. The
other buoy is reporting very successfully and is
providing reliable positioning information.

The buoys consist of a 56-centimeter-diameter
lexan sphere mounted on a 38-centimeter-dia-
meter, 30-centimeter-high cylindrical foam crash
pad. The electronics, antenna, and battery pack

form an integral unit inside the sphere, which is
free to rotate in any direction on teflon bearings.
The electronics module contains a pendulous
weight that, regardless of the sphere's final resting
position after deployment, properly orients the
antenna. A switch built into the crash pad is ac-
tuated by compression, and in turn actuates a guil-
lotine cutter that separates the parachute from the
buoy.

Deployment of the buoy is simple. It can be done
from any aircraft having an opening of 65 by 100
centimeters and from any altitude in excess of 90
meters. The buoy is merely tipped out the open-
ing and a static line deploys the chute.

The system is powered by newly developed in-
organic lithium batteries. These batteries allow
operation down to the present low temperature
limit of the system (- 50°C). The two antarctic buoys
will be retrieved next October, whereupon they will
be refurbished and improved to operate at a lower
temperature. Addition of an atmospheric tem-
perature sensor will be one of the buoy improve-
ments. Present plans include air deployment of the
rejuvenated buoys at inland antarctic locations
early in the coming field season.

Antarctic logistics support for this project was
provided by the National Science Foundation.
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Doppler radio soundings
of the ionosphere

over the Antarctic Peninsula

J . R. DUDENEY
British Antarctic Survey

Cambridge CB3 OET, England

T. B. JONES
Department of Physics
University of Leicester

Leicester LEI 7RH, England

The occurrence of propagating wave-like distur-
bances in the ionosphere is well documented, but
the cause of the disturbances and their role in the
energy balance of the atmosphere is poorly under-
stood (for reviews see Francis, 1975; Vasseur et

Figure 1. Map showing locations of stations involved in this
experiment (dots) and the corresponding ionospheric reflec-
tion points (crosses). Also shown are contours of constant

dip latitude.

al., 1972). We describe an experiment deployed
during the 1975-1976 austral summer in the Ant-
arctic Peninsula region to investigate the mor-
phology of the disturbances, with particular em-
phasis on the identification of the sources of their
energy. This is a joint undertaking by the Univer-
sity of Leicester and the British Antarctic Survey
(BAs) in collaboration with the instituto Antártico
Argentino and the U.S. National Science Founda-
tion. It forms part of the U.K. contribution to the
International Magnetospheric Study and will be in
operation for 2 years.

The experimental technique utilizes the doppler
principle that the frequency of a radio signal prop-
agating via the ionosphere will vary as its phase
path changes with time. Traveling disturbances at
ionospheric heights produce such changes, and
thus their periods can be determined from con-
tinuous monitoring of the induced frequency
shifts. If three transmitters are spaced around a
central receiver, the horizontal velocity component
of the disturbances can also be found by inter-
comparison of the three doppler signatures (for
technical details see Davies et al., 1962). For the
Antarctic Peninsula experiment (figure 1), the re-
ceiving station is located at the BAS geophysical
observatory on the Argentine Islands (65°15'S.
64°16'W.), and the transmitters are sited at the
United States' Palmer Station on Anvers Island
(64°46'S. 64°05'W.), the Argentine base Almirante
Brown in Paradise Bay (64°53'S. 62°53'W.), and the
BAS base on Adelaide Island (67°46'S. 68°56'W.).
The resultant triangle of reflection points in the
ionosphere is not ideal because of the relatively
long path to Adelaide. However, field trials carried
out during the 1974-1975 austral summer and
theoretical studies have shown it to be quite ade-
quate.

The results obtained from Antarctica are illus-
trated by figures 2 and 3. Figure 2 shows typical
summer local night behavior for a period of mod-
erate magnetic activity (Kp=24). The dominant
feature is a long period wave of about 2 hours with
shorter period waves (-20 minutes) superposed.
The long period wave is a so-called "large scale"
disturbance originating in the auroral zone to the
south, while the shorter period waves are "medium
scale" disturbances whose origins are more obscure.
Insufficient data are yet available for detailed mor-
phological studies, but it already is clear that dop-
pler amplitudes are largest during local night and
are correlated with magnetic activity. Figure 3
shows an example of very short period oscillations
(period —1 minute), which are a surprisingly com-
mon feature of the data. Similar oscillations have
been observed over the polar plateau (Davies and
Jones, 1968), but their origin is not yet known. We
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intend to report more fully on the data in the near
future.

We gratefully acknowledge the support of the
following organizations, without which the experi-
ment would not have been possible: British Ant-
arctic Survey, Instituto Antártico Argentino, U.S.
National Science Foundation, and the Science Re-
search Council of the United Kingdom. This paper
is published by permission of the director, British
Antarctic Survey.
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Ship operations, Deep Freeze '76

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

Port Hueneme, California 93043

Two icebreakers (USCGC Glacier and USCGC Bur-
ton Island), one dry cargo ship (USNS Private John R.
Towle), and a tanker (usNS Maumee) were used dur-
ing Deep Freeze '76 to support the U.S. Antarctic
Research Program. These same ships were de-
ployed to the Antarctic during Deep Freeze '75, and
the deployment schedule this past season was
similar in many respects.

Ice conditions in McMurdo Sound this season
were better than usual: only about 10 kilometers
of sea ice separated the icebreakers from Winter
Quarters Bay at McMurdo Station. While this ice
was hard and thick, favorable winds enabled the
icebreakers to create a wide, clear channel and
turning basin within 5 days. The rest of the Ross
Sea, however, offered more difficult ice conditions
than have been observed in the past several years.
The absence of early-season storms, which nor-
mally disperse Ross Sea pack ice, resulted in heavy,
compacted ice concentrations. Ice conditions at
Palmer Station presented no problems this season,
however, and ice conditions in the Weddell Sea
were not tested since Glacier was restricted to the
periphery of the Weddell Sea pack ice.

Icebreakers

USCGC Glacier. Glacier arrived at Wellington,
New Zealand, on 16 December 19.75. On 22 De-
cember it departed for Campbell Island, and off-
loaded over 14 metric tons of cargo there on
Christmas Day 1975. Bad weather with 52-degree
rolls marked the passage south until ice was first
sighted on 27 December at 63°S. Transit of the
Ross Sea pack ice was made with abnormal diffi-
culty; the edge of the fast ice 10 kilometers from
McMurdo Station was reached on 1 January 1976.
Channel-breaking to McMurdo on nine engines be-
gan immediately and continued without pause.

Burton Island joined Glacier on 4 January, and

both ships arrived abeam Hut Point, Ross Island,
on 5 January, and continued to widen the channel
and to break out a large turning basin, aided by
favorable winds. On 7 January this work was com-
plete, and Glacier departed McMurdo Station in
support of a University of Maine piston-coring
program in the southern Ross Sea. After complet-
ing 17 stations, Glacier returned to McMurdo on
13 January, and, with fuel and cargo, departed for
Palmer Station on 16 January. On 21 January a
Glacier crewmember was electrocuted (see March
1976 Antarctic Journal, page 42), and the ship re-
versed course to transfer the remains to McMurdo
Station. This was completed on 26 January, and
Glacier again headed for Palmer Station, arriving
there on 7 February. Over 7 metric tons of cargo
were loaded at Palmer for shipment to the United
States. Glacier then proceeded to the Weddell Sea
in support of Scripps Institution of Oceanography
and University of Minnesota research projects.

In a departure from the practice of previous
years, Glacier did not refuel in South America
before entering the Weddell Sea; therefore no ex-
tensive penetration of the pack ice was attempted.
Glacier left the Antarctic on 29 February, and ar-
rived at Long Beach, California, via Punta Arenas,
Chile, on 6 April.

USCGC Burton Island. Burton Island arrived at
Wellington, New Zealand, on 17 December 1975.
After completing shipboard helicopter repairs,
the icebreaker departed for McMurdo Station on
27 December, arriving there a few days later. On
9 January Burton Island left McMurdo for 5 days
of support to a Scripps Institution of Oceanog-
raphy bottom-sampling project in the Pennell Bank
region of the Ross Sea. Returning to McMurdo
on 14 January, the ship transferred fuel to Glacier
and created a berth in Winter Quarters Bay for
Maumee. On 21 January, within an hour of the news
that Maumee had been damaged in the Ross Sea,
Burton Island was under way to assist the tanker.
It took 44 hours to reach the ship, and another 48
hours to escort it to McMurdo. On 30 January,
after Maumee had offloaded its liquid petroleum
cargo at McMurdo, Burton Island helped Maumee
clear the ice wharf and escorted it to the edge of the
pack ice at about 67°S. On 4 February Burton Island
met Towle and escorted the cargo ship to McMurdo,
arriving on the morning of 7 February. With help
from Burton Island's crew, Towle was offloaded and
both ships departed for New Zealand, and on to
the United States, on 12 February.

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

Cargo ships

USNS Maumee. Maumee arrived at Puerto La
Cruz, Venezuela, on 26 December 1975. After tak-
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ing on its petroleum cargo, Maumee departed Vene-
zuela on 26 December, and reached 60°S. on 19
January 1976. The voyage to McMurdo Sound via
Panama was uneventful until 21 January, when,
at 71 027'S. 177046'E., as Maumee proceeded at dead
slow in heavy pack ice about 725 kilometers north
of McMurdo Station, the ship's bow suffered a 5-
meter gash (see March 1976 Antarctic Journal, page
40). Despite this damage, and with assistance from
Burton Island, Maumee safely reached McMurdo
with its cargo intact on 25 January. Maumee de-
parted McMurdo on 29 January after discharging
its cargo, and reached Port Lyttelton, New Zealand,
on 10 February. Temporary repairs were made to
the ship's bow in New Zealand, and Maumee reached
Jacksonville, Florida, on 20 March.

USNS Towle. Towle arrived at Port Hueneme,
California, on 15 December, intending to make use
of an extra week to perform routine boiler repairs
before loading up and departing for New Zea-
land and Antarctica on 19 December. Unfor-
tunately, events did not turn out this way. When
opened, the boilers were found to require exten-
sive and time-consuming repairs, and problems
also appeared in other areas, the most serious
being the discovery of cracked hull plating in the
area of the shaft alley. Dry-docking of the vessel
was required, and the nearest available dry-dock
proved to be San Francisco, California. Late on
6 January, repairs complete, Towle sailed from San
Francisco. But a failure of the stern gland packing
on 8 January created a serious leak and forced the
ship to divert to San Diego, California, for more
repairs. Finally, on 11 January, the ship once again
departed for New Zealand and Antarctica.

On 27 January, Towle arrived at Port Lyttelton,
New Zealand. Three days later the ship sailed for

U.S. Coast Guard helicopter hours flown during
1975-1976 antarctic deployment.

Purpose	 Burton Island	Glacier

En route to and from
Antarctica:
Test	 0	 1.4
Training	 13.1	 6.5
Administrative	 5.9	 4.5
Search and rescue	 0	 0.9

In Antarctica:
Test	 2.3	 3.7
Training	 1.0	 6.3
Administrative	 44.3	64.9
Science support	 2.7	16.4
Ice reconnaissance	 34.1	57.3
Survival training support	0	 14.4
Campbell Island logistics	6.7	 3.3

McMurdo. On 4 February, Towle rendezvoused
with Burton Island at the edge of the pack ice, and
arrived at McMurdo on 7 February. Towle berthed
at the McMurdo ice wharf, and in 5 days its cargo
was offloaded. On the morning of 12 February,
with 70 passengers aboard for the trip to New Zea-
land, Towle departed in company with Burton Island.
Little difficulty was met in clearing the pack ice,
and Towle arrived at Port Lyttelton on 17 February.
From there Towle proceeded first to Seal Beach,
California, to offload cargo, and then to Port Hue-
neme, arriving on 10 March and thus completing
what is expected to be the last Deep Freeze voyage
ever for this veteran antarctic ship.

The cargo ship operations were supported by
National Science Foundation interagency agree-
ment CA-165. Icebreaker support for the 1975-
1976 U.S. Antarctic Research Program was pro-
vided by the U.S. Coast Guard.

Air operations, Deep Freeze 76

D. A. DESKO
U.S. Navy Antarctic Development Squadron Six

Point Mugu, California 93043

Deep Freeze '76 air operations in support of the
U.S. Antarctic Research Program began in late
August 1975 when three Lc-130 Hercules airplanes
of U.S. Navy Antarctic Development Squadron Six
(vxE-6) departed from the Squadron's home base,
Naval Air Station Point Mugu, California, for the
annual "Winfly" (winter fly-in) to McMurdo Sta-
tion, Antarctica. U.S. Navy Rear Admiral J . B.
Stockdale, at the time immediate senior com-
mander of the Squadron, participated in this year's
Winfly operation, including the first turnaround
flights between McMurdo and Christchurch, New
Zealand. On 2 September 1975 two ski-equipped
Hercules landed at McMurdo despite a surprise
squall with blowing snow whipped by winds gust-

Commander Desko is commanding officer of U.S. Navy Ant-
arctic Development Squadron Six (VXE-6).
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Figure 1. Having been temporarily abandoned at dome C
(74°30'S. 123°10'E.) in East Antarctica for the 1975 austral
winter, LC-130 159129 awaits repair and recovery in the 1975-
1976 austral summer. This photograph of the damaged Her-
cules was taken during a late-October 1975 aerial reconnais-

sance of the accident site.

ing to 25 meters per second. During Winfly, vxE-6-
operated Lc-130s transported 146 passengers and
over 17,428 kilograms of fresh supplies, mail, and
other cargo from Christchurch to McMurdo.

The season's first uH-1N helicopter flight in the
Antarctic was on 12 October 1975. While the rest
of the helicopters at McMurdo were being pre-

pared for the season's flight operations after their
austral winter storage at the station, one was
readied a day in advance to conduct a general re-
connaissance of the accident site-15 kilometers
from McMurdo Station—where Jeffrey D. Rude, a
graduate student at Scripps Institution of Oceanog-
raphy, drowned (See September/October Antarctic
Journal, page 286).

A major support project for Deep Freeze '76 was
the recovery of two Lc-130 Hercules that had been
damaged in January 1975 and left at dome C (74°
SO'S. 123°10'E.) (see March 1976 Antarctic Journal,
page 38). This relatively large operation involved
both military and civilian aircraft technicians. The
operation started on 25 October with an aerial re-
connaissance of the dome C area to see if it was
practical to have sustained flight operations there
so early in the season (figure 1). The survey re-
suits were satisfactory, and flight operations com-
menced in an effort to establish a field camp at
dome C. Flight operations to Amundsen-Scott
South Pole Station began the same day: the open-
ing flight delivered 7,500 kilograms of cargo and
17 passengers.

Air operations progressed without incident until
4 November, when LC-130 148320 was damaged
on takeoff from dome C. That mishap reduced
the number of available Hercules to two, which
drastically revised the air operations plan for the
remainder of the season.

Helicopter missions and science projects con-
tinued, however, primarily in the dry valley and
McMurdo Sound areas. The pace of resupply
flights to South Pole Station was quickened to in-
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Figure 2. Its nose section
patched and otherwise
temporarily repaired, Her-
cules 129 nears readiness
for its 14 January 1976
flight from dome C to
McMurdo Station and on
to New Zealand and the
United States for perma-

nent repairs.
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Figure 3. Navy and civilian
crews at dome C during
Deep Freeze '76 repair one
of two LC-130 Hercules re-
covered from the site last
season. The average aus-
tral summer temperature at
dome C is –30°C. Here
crews are removing a dam-
aged engine from LC-130
148320, downed at dome C
on 4 November 1975 when
a JATO (jet assisted take-
off) cannister broke free of
its mounts and struck the
airplane's number 3 pro-

peller.

sure the station's readiness for the 1976 austral
winter in the event that one of the remaining two
Lc-130s should also be damaged. In early Novem-
ber the uH-lNs temporarily evacuated the 25-
person team at Dry Valley Drilling Project (DvDP)
site 1(a) (DVDP hole 15) on McMurdo Sound when
an approaching storm threatened the floating ice
platform for the project's drill rig and camp. The
South Pole Station fuel bladders were filled by 5
December, and on that same day the opening flight
to Siple Station was accomplished with a load of
5,000 kilograms of cargo and 10 passengers.

Meanwhile, at dome C a skiway was prepared and
efforts to recover the damaged Hercules continued.
On 26 December Lc-130F 320 (figure 2) was flown
to McMurdo, and on 14 January LC-130R 159129—
one of the two Hercules damaged at the site in
January 1975—was also flown from dome C (figure
3). Both airplanes entered facilities for major re-
pairs and are expected to be fully operational for
the 1976-1977 field season.

Siple Station was evacuated and closed on 31 De-
cember, in part because of the reduced air support
capability and also because one of the station's crew
developed hepatitis-B (see March 1976 Antarctic

Journal, page 39). The annual U.S. visit to the Soviet
Union's Vostok Station was on 18 January 1976,

led by Robert H. Rutford, division director of the
National Science Foundation's Division of Polar
Programs. Also on that day the dome C field camp
was evacuated and closed for the season. The sea-
son's final flight to South Pole Station was on 11
February.

Helicopter operations for DVDP ended in Jan-
uary. A total of 36,000 kilograms of cargo, 2,500
kilograms of fuel, and 207 passengers were trans-
ported to and from the drill site 115 kilometers
from McMurdo Station in over 125 flight hours.

Despite reduced Lc-130 air support for most of
the season, Deep Freeze '76 air operations were con-
sidered successful: all science projects were sup-
ported as planned, and all station logistics require-
ments were met. The helicopters flew almost 700
sorties in 867 flight hours, and hauled over 145,000
kilograms of cargo and over 1,500 passengers. The
Lc-130s flew over 2,000 hours, and transported
about 725,000 kilograms of cargo and nearly 2,700
passengers.

These activities were supported by National
Science Foundation interagency agreement CA-
165.
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Part of the dome C (7410'S.
123010'E.) field camp, built
by U.S. Naval Support
Force, Antarctica, during
the 1975-1976 austral sum-
mer. The Jamesways
housed Navy and civilian
crews for the Deep Freeze
'76 airplane recovery effort.

Public works activities,
Deep Freeze 76

HARRY SWYERS
U.S. Naval Support Force, Antarctica

Port Hueneme, California 93043

A heavy commitment to the aircraft recovery
operation at dome C in East Antarctica, the in-
creased use of traverses for cargo movements, the
successful use of experimental blasting techniques,
and a record production run by the water desali-
nization plant at McMurdo Station highlighted U.S.
Naval Support Force, Antarctica, public works ac-
tivities of the Deep Freeze '76 austral summer.

For 58 of the 75 summer support Seabees of
public works, the "summer" season began with
"Winfly" (winter fly-in) in early September. This
preseason work force was larger than those of pre-
vious years to augment the reduced crew that win-
tered at McMurdo in 1975. The force prepared the
annual sea ice runway complex and opened
McMurdo Station facilities for the season's 10
October commencement. Also the Winfly crew
completed construction of the new McMurdo com-
munications transmitter facility. Working with

Lieutenant Commander Swyers, U.S. Navy, is public works
officer of the support force.

Naval Shore Electronics Engineering Activity (Pa-
cific) personnel who installed the electronics equip-
ment, public works Seabees readied this modern
facility for its opening on 10 November.

Preparation of the annual sea ice runway com-
plex was hampered somewhat by storms during
September, but the work was completed in ample
time for the arrival of the first U.S. Air Force C- 141.
The early arrival of seals at Hut Point, combined
with unusually warm, sunny weather was cause for
concern that the ice runway complex would have
to be closed even earlier than the 23 December
closing of Deep Freeze '75. Continual maintenance
insured that a cover of about 5 centimeters of
"clean" snow was maintained on the runway, the
parking apron, and road surfaces. This insulating
blanket kept the complex usable until ice deteriora-
tion and a rise in ice temperatures forced closure
on 31 December.

In late October and early November, three trac-
tor-sled cargo swings or trains transported 55
metric tons of cargo and equipment and 49,000
liters of fuel approximately 100 kilometers from
McMurdo to the vicinity of Marble Point in sup-
port of the Dry Valley Drilling Project. Each train
consisted of two low-ground pressure D-8 tractors
towing cargo sleds with a supporting tracked ve-
hicle. This was the first U.S. heavy cargo traverse
in several years.

At McMurdo, the station's water desalinization
plant was modified to allow simultaneous opera-
tion of all three evaporator units to meet peak re-
quirements for freshwater. Previously, only two of
the three units could operate simultaneously. A
trial production run resulted in a 24-hour record
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output of 144,000 liters of freshwater, about twice
the normal daily consumption at McMurdo.

The Williams Field aerodrome on the Ross Ice
Shelf was manned by a reduced staff during the
season—even following the shift of airplane opera-
tions to the ice shelf skiway in January. The ski-
way itself was relocated 200 meters from the ice
shelf edge, and surveys were completed for a fur-
ther relocation of 1,200 meters during Deep Freeze
'77. Williams Field was the site of a successful ex-
periment to free buried, ice-bound structures using
explosives.

The season saw the demise of the manmade ice
wharf constructed in the 1973 winter. An early
season study showed that the ice wharf would be-

come unusable after the Deep Freeze '76 season.
After the largest remaining segment was used as a
fender for the fuel resupply ship Maumee, the
wharf was removed from Winter Quarters Bay. A
sample core was obtained from the wharf for study
of the effects of aging on manmade ice structures.
The cargo ship Towle was unloaded onto the re-
mains of Elliott Quay and a pontoon section. A new
ice wharf using improved techniques is being built
by the 1976 winter party.

These activities were supported by National Sci-
ence Foundation interagency agreement CA-165.

Nuclear power plant removal,
Deep Freeze 76

JAMES V. FILs0N
Naval Nuclear Power Unit

Fort Belvoir, Virginia 22060

Work continued during the 1975-1976 austral
summer in dismantling the PM-3A nuclear power
plant at McMurdo Station. Decommissioning of the
plant began in October 1973, following the decision
to end PM-3A operations (see January/February
1974 Antarctic Journal, page 30).

Most of the plant was dismantled and removed
during the 1973-1974 and 1974-1975 seasons. This
effort included removal of the reactor primary
building, four of the five large containment tanks,
the reactor pressure vessel, the roof, side panels,
and equipment in the condenser building, and most
of the primary and secondary systems.

This third year of dismantling operations
began on 16 October 1975 when I arrived at
McMurdo Station with the first contingent of the
Navy dismantling crew. Early season projects,
which were completed by 20 December, included
dismantling and removing the floor and founda-

Lieutenant Filson, Civil Engineer Corps, U.S. Navy, was
officer-in-charge of the PM-3A removal detachment during
the 1975-1976 austral summer.

tion of the condenser building, removal of the re-
maining systems in the secondary building, and
dismantling the chemistry laboratory building.
Removal of the primary system foundation and
backfill cooling system followed. These elements
were frozen in the surrounding crushed rock back-
fill and their removal was the most difficult project
of the season. After expending almost 270 kilo-
grams of TNT and dynamite, over 15,750 kilograms
of steel I-beams and 12" x 12" timbers were re-
moved.

A comprehensive radiological survey of the PM-
3A site was made using extremely sensitive instru-
ments capable of detecting low levels of contamina-
tion. Contaminated soil and rock was excavated and
staged for shipment to the United States for dis-
posal. To verify results of the site survey, 480 ran-
dom soil samples were collected and returned to
the United States for laboratory analysis. Due to the
late arrival of USNS Towle and to the condition of
the ice wharf, it was not possible to ship the con-
taminated soil and rock during Deep Freeze '76, as
previously planned. However, 370 metric tons of
radioactive waste were loaded aboard Towle for
shipment to the United States for disposal. The
Deep Freeze '76 PM-3A dismantling effort was com-
pleted on 10 February 1976.

Deep Freeze '77 austral summer efforts will include
removal of the remaining contaminated soil, final
cleanup of the pM-3A complex, and an extensive
site survey by an independent agency to verify that
the pM-3A dismantling project has been accom-
plished in accordance with Federal regulations
and with provisions of the Antarctic Treaty.

These activities were supported by National
Science Foundation interagency agreement CA- 165.
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Contractor support operations

E. R. KOENIG
Holmes and Narver, Inc.

Anaheim, California 92801

Holmes and Narver, Inc. (H&N), provided man-
agement, general science support, engineering,
and construction services for McMurdo, Palmer,
Siple, and Amundsen-Scott South Pole stations and
RIV Hero during 1975-1976. Supplementary man-
agement and logistics support services also were
provided at the following locations: Port Hueneme,
California; Jacksonville, Florida; Mayport, Florida;
Christchurch, New Zealand; Buenos Aires, Argen-
tina; Ushuaia, Tierra del Fuego, Argentina; Monte-
video, Uruguay; Punta Arenas, Chile; Talcahuano,
Chile.

At McMurdo Station, H&N personnel managed
and operated the Eklund Biological Center, the
Berg Field Center, the Thiel Earth Sciences Lab-
oratory, and the mechanical center. Further,
general logistics support was provided for research
projects in the Palmer, Siple, and South Pole sta-
tion areas.

McMurdo-based H&N construction personnel
completed a berthing complex and installation of
new water and sewer systems. A new frame berth-
ing facility and a warehouse were erected at
McMurdo, and a head and galley complex at Wil-
liams Field, near McMurdo, was nearly completed.
Finish work on these facilities will be done next
field season.

In addition to science support and to routine
station maintenance and operation, a construction
crew rehabilitated life-support systems at Palmer
Station and completed repairs on the station pier.
A total of 62 researchers participated in the 1975-
1976 U.S. program on the Antarctic Peninsula.

Hero made six turnaround cruises to Palmer
Station from Ushuaia, Tierra del Fuego, Argen-
tina, between mid-October 1975 and mid-March
1976. The first cruise penetrated the annual sea
ice to within about 5 kilometers of Palmer, with
further progress impossible due to an unusually
heavy concentration of brash ice. Two scientists,
assisted by Palmer support personnel, traversed to
the station over the annual sea ice. Hero supported
a whale census and a crabeater seal survey, and
conducted numerous marine biological investiga-
tions along the Peninsula. In addition to Hero,
vessels registered under the flags of seven other
nations (Argentina, Belgium, Chile, Norway, Po-
land, the United Kingdom, and Panama) made a

total of 20 calls at Palmer during the 1975-1976
field season. The British ship RRS Bransfield trans-
ported 428,000 liters of diesel fuel and 90 metric
tons of cargo from the United States to Palmer
Station. Hero transferred the cargo from Bransfield
to the Palmer pier. Substantial support to Palmer
was provided by the U.S. Coast Guard icebreaker
Glacier, which transported research personnel and
cargo from McMurdo.

At Siple Station, minor construction and repairs
were performed in preparation for the 1976 austral
winter. These included extending all arch pene-
trations, arch portals, and ladders, and main-
taining and modifying electrical, plumbing, and
structural systems. The emergency electrical gen-
erator building was structurally reinforced and air
intake and exhaust ducts were extended. When it
was decided to close Siple for the winter, inven-
tories were conducted, perishable items were pack-
aged for retrograde, and the facilities were winter-
ized and sealed. The station was secured on 31
December 1975.

Operations, maintenance, and research support
at South Pole Station continued during 1975-1976.
H&N construction personnel inspected and re-
paired station systems in preparation for the 1976
winter. A new snowmelter was installed and elec-
trical generator repairs were made. The kitchen
was modified and the station lounge was relocated
to avoid overcrowding in the dining area. Emer-
gency camp systems were inspected and tested, and
food and fuel stocks were supplemented. Housing
was provided for civilian and Navy personnel
acclimating at the South Pole before participating
in the dome C airplane recovery effort. A major
effort at South Pole Station this past field season
was the excavation and retrograde to McMurdo of
equipment and material from the cargo berm,
which otherwise would be lost due to snow burial.

Palmer and South Pole stations are being oper-
ated this winter by H&N personnel. Also, two H&N
personnel are wintering at McMurdo to prepare
facilities and equipment for 1976-1977 austral sum-
mer activities.

Over 364 personnel were processed through the
USARP Christchurch, New Zealand, forward stag-
ing area.' A total of 101 persons were processed
through South America for participation in USARP
Antarctic Peninsula activities. An office in Christ-
church, New Zealand, continued to be operated
year-round for the National Science Foundation.
This office provides services, including lodging and

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

110	 ANTARCTIC JOURNAL



transport arrangements, for persons traveling to
and from Antarctica, and coordinates cargo opera-
tions and customs processing. Also, local procure-
ment of emergency supplies in support of the re-
search program was done in Christchurch.

USARP cargo destined for Antarctica was
handled at Port Hueneme, California, and at
Mayport, Florida. All retrograde cargo was re-
ceived, processed, and forwarded from Port
Hueneme. About 466,000 kilograms of surface

and air cargo was processed at Port Hueneme, and
about 90 metric tons of surface cargo was handled
at Mayport. Personnel processing, including sched-
uling of physical examinations, was accomplished
at Anaheim, California, for 372 persons.

These activities were supported by National Sci-
ence Foundation contracts C-793 and C-852.

News and notes

Banded south polar
skua found in
Greenland

A south polar skua (Gatharacta
maccormicki), hatched and banded
in Antarctica, was found about 6
months later in Greenland after
a flight of over 14,000 kilometers,
ornithologists at the University of
Minnesota reported.

David F. Parmelee, professor of
ecology and behavioral biology,
termed the skua's flight "re-
markable but not record-setting."
The arctic tern, he said, regularly
makes flights from northernmost
Canada down the west coast of
Africa to Antarctica.

The flight of this skua, how-
ever, is unusual because of the
short time between banding and
recovery after such a long mig-
ratory flight. It provides the
strongest evidence to date that
south polar skuas migrate into the
Northern Hemisphere, Dr. Par-
melee said.

"This discovery," Dr. Parmelee
noted, "places south polar skuas
practically in the back yard of the

great skuas of Iceland, the
Faeroes, the South Shetland, and
the Orkney islands. This north-
ern skua was long believed to have
a distinct distribution, one that
did not overlap with that of the
southern skuas." Thus, he added,
sight records of the great skua off
North American coasts are now
highly suspect.

The south polar skua is a gull-
like bird about the size of a small
goose, with a heavy, powerful
beak and a wingspread of 120 to
150 centimeters. It preys on the
eggs and young of other birds,
particularly penguins. Early in
the austral spring before pen-
guins appear, it feeds on the
afterbirth of Weddell seal pups. It
also eats fish and krill in waters
around Antarctica, and garbage
around antarctic camps.

The skua that made the flight to
Greenland was banded at a nest-
ing ground on Shortcut Island,
near Palmer Station (64° 46'S.
64°05'W.) off the Antarctic
Peninsula, on 20 January 1975 by
David R. Neilson, a student from
Milwaukee, Wisconsin, who is
doing his graduate work on skuas
under Dr. Parmelee's direction. It

is believed that the bird left
Palmer by the end of March 1975.
It was recovered at Godthabs-
fjorden, Greenland, on 31 July
1975 by an Eskimo.

The south polar skua is be-
lieved to range farther south than
any other bird and has been
sighted several times at the geo-
graphic South Pole. In the Palmer
Station area, it interbreeds with
the much larger brown skua.

Dr. Parmelee suggested that
there is good evidence that the
one recovery of a Palmer-banded
skua in Greenland is not unpre-
cedented. "There evidently exists
in a Copenhagen, Denmark, uni-
versity museum an unbanded
specimen of a south polar skua
found in Greenland in 1902," he
said. "Indeed, there is the strong
possibility that the south polar
skua may be another bipolar mi-
grant, a sort of counterpart to the
arctic tern that breeds in the arc-
tic and migrates to the antarctic
pack ice for the austral summer."

The University of Minnesota
bird banding program is a co-
operative project with the Office
of Migratory Bird Management,
U.S. Fish and Wildlife Service.
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New name for
Foundation's polar
unit

Effective 19 April 1976 the
name of the National Science
Foundation's Office of Polar Pro-
grams was changed to the Divi -
sion of Polar Programs. The
change resulted from a general
Foundation reorganization an-
nounced in July 1975 by Direc-
tor H. Guyford Stever (see July!
August 1975 Antarctic Journal,
page 202).

The organizational structure of
the new division, which had been
the Office of Polar Programs since
December 1969, remains un-
changed. Robert H. Rutford,
former office head, continues
with the title of division director.

Staff changes

Duwayne M. Anderson joined
the National Science Founda-
tion's Division of Polar Programs
15 March 1976 as chief scientist.
George A. Llano, who continues
as the division's program man-
ager for polar biology and medi-
cine, had been acting chief scien-
tist since 1972. Dr. Anderson
previously was head of the earth
sciences branch at the U.S. Army
Cold Regions Research and En-
gineering Laboratory, Hanover,
New Hampshire. Other appoint-
ments have included adjunct pro-
fessor of earth sciences at Dart-
mouth College, visiting professor
of geology at the University of
Stockholm, distinguished visiting
professor at the Quaternary re-
search center and the department
of civil engineering, University of

Washington, and professor of soil
physics at the University of Ari-
zona. His main interests have
been earth and environmental
sciences in cold regions, includ-
ing physics, chemistry, and
mechanics of frozen ground. Dr.
Anderson holds the B.S. from
Brigham Young University and
the Ph.D. in physical chemistry
of soils from Purdue University.

On 1 March 1976 Joseph E.
Bennett became chief of polar
planning and coordination at the
Division of Polar Programs, filling
the vacancy created in September
1975 by the resignation of James
E. Heg (see September/October
1975 Antarctic Journal, page 285).
Mr. Bennett had been head of
special projects in the ocean sci-
ence and technology division of
the Office of Naval Research,
where he managed development
of a shipboard navigation system
for the University-National
Oceanographic Laboratory Sys-
tem (uNoLs). Also, at the Office
of Naval Research he was project
officer for development of an un-
manned arctic research sub-
mersible under contract to the
University of Washington. Mr.
Bennett holds the B.S. from the
U.S. Naval Academy and the M.S.
in geodetic science from Ohio
State University.

Naval Support Force
commander relieved

Captain Claude H. Nordhull
succeeded Captain Eugene W.
Van Reeth as commander of the
U.S. Naval Support Force, Ant-
arctica, and Navy Task Force 199
at ceremonies in Port Hueneme,
California, on 4 June 1976. Cap-
tain Van Reeth had been support
force commander since June
1974.

Former director of support ser-
vices and conference secretariat
at the Naval War College, New-
port, Rhode Island, Captain
Nordhill commanded Navy Ant-
arctic Development Squadron Six
(vxE-6) during Deep Freeze '72 and
was a member of the Squadron
during the previous 2 years. He
has been a professor of strategy
and policy at the Naval War Col-
lege, and holds the B.A. from the
University of Washington and the
M.A. in international affairs from
George Washington University.

Captain Van Reeth, a 30-year
Navy veteran and in previous
capacities long associated with the
U.S. antarctic program, has been
named U.S. Naval defense at-
taché at the U.S. Embassy in The
Hague, Netherlands.

Ice core drilling
conference
proceedings

Ice Core Drilling, containing 15
papers by 25 authors and repre-
senting the combined drilling ex-
perience of 10 nations in Ant-
arctica, Greenland, the Arctic,
and Canada, has been published
by the University of Nebraska
Press. The 200-page volume,
edited by John F. Splettstoesser,
presents the proceedings of a
symposium on ice core drilling
that was held at the University of
Nebraska, Lincoln, in August
1974 (see November/December
1974 Antarctic Journal, page 326).
The symposium was partially
sponsored by a grant from the
National Science Foundation.
Paper copies of the proceedings
volume are available for $7.95
(add 50 minimum shipping
charge; Nebraska residents add
3.5-percent tax) from the Univer-
sity of Nebraska Press, 901 North
17th Street, Lincoln, Nebraska
68588.
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Foundation awards of funds for antarctic projects
January to 31 March 1976 (Division of Polar Programs)

July 1975 to 31 March 1976 (Division of Ocean Sciences)

This list of recent National Science Foundation awards for antarctic research and field support supple-
ments a list that appears on pages 42-44 of the March 1976 Antarctic Journal.

Of the awards listed here, all those except the International Southern Ocean Studies awards were made
by the Division of Polar Programs between 1 January and 31 March 1976. The International Southern
Ocean Studies awards were made by the Division of Ocean Sciences between 1 July 1975 and 31 March 1976.

Amounts listed for Division of Polar Programs awards are for antarctic program funds only. A few
investigators with bipolar projects are funded using both arctic and antarctic funds, and the full amounts
of their awards are shown in parentheses. Very large awards, as to the Department of Defense for antarctic
logistics and support, often are made incrementally throughout a fiscal year, so the amounts shown may
not reflect the annual rate. Nearly all research awards are for a 1-year period.

Biology

Landrum, Betty J . Smithsonian Institu-
tion. Publication of proceedings of the
third international symposium on ant-
arctic biology. DPP 76-09204. $71,500.

Geology and geophysics

Dalziel, Ian W. Columbia University.
Structure and tectonic history of the
Scotia Arc and the Antarctic Peninsula.
OPP 74-21415. $49,900.

Elliot, David H. Ohio State University.
Biostratigraphy of the James Ross Is-
land area. OPP 74-21509. $20,000.

Ernst, Wallace G., and Edward Grew.
University of California, Los Angeles.
Metamorphic rocks of East Antarctica.
OPP 75-17390. $17,100.

Faure, Gunter. Ohio State University. Iso-
topic and geochemical studies in the
Transantarctic Mountains. OPP 72-
00459. $5,000.

Hanson, Gilbert N. State University of
New York, Stony Brook. Rare earth
analyses and geochronology for Dry
Valley Drilling Project. OPP 72-00470.
$7,500.

Lemasurier, Wesley E. University of Colo-
rado. Volcanic rocks from Marie Byrd
Land. OPP 70-02980. $20,000.

Lyddan, R. H. U.S. Geological Survey.
Mapping. DPP 76-00197. $60,000.

McKelvey, Vincent. (Arthur Ford). U.S.
Geological Survey. Geological investi-
gations in the Pensacola Mountains.
OPP 75-17682. $25,000.

*Amount in parentheses is full amount
of funding from both arctic and antarc-
tic program funds.

Spall, Henry. U.S. Geological Survey.
Paleomagnetism of Dry Valley Drilling
Project cores. DPP 76-00941. $5,400.

Stump, Edmund. Ohio State University.
Geology and paleomagnetism of Scott
Glacier area. OPP 74-04897. $7,100.

Washburn, A. L. University of Washing-
ton. Permafrost-core analysis, Dry
Valley Drilling Project. OPP 73-05834.
$24,000.

Webb, P. N. Northern Illinois University.
Late Cenozoic micropaleontology and
biostratigraphy. OPP 74-22894.
$20,000.

Zeller, Edward J. University of Kansas.
Resource and radioactivity survey by
airborne gamma ray spectrometry. OPP
75-08075. $11,000.

Glaciology

Clough, John W. University of Nebraska,
Lincoln. Management of the Ross Ice
Shelf Project. C-726. $190,300.

Meteorology

Franceschini, Guy A. Texas A&M Univer-
sity. Solar radiation over water. DPP
76-01121. $10,700.

Kuhn, Michael. Ohio State University.
Micrometeorology at the South Pole.
OPP 75-23048. $12,200.

Ohtake, Takeshi. University of Alaska.
Ice crystal precipitation. OPP 74-04037.
$39,300.

Rasmussen, Reinhold A. Washington
State University. Halocarbons. DPP 76-
00437. $15,000.

Warburton, Joseph A. Desert Research
Institute. Influence of precipitation-
forming mechanisms on the chemistry
of the Ross Ice Shelf. OPP 73-05843.
$25,000.

Upper atmosphere physics

Akasofu, Syun-Ichi. University of Alaska.
Midday auroras at South Pole. OPP 71-
04051. $29,300.

Cahill, Lawrence J. University of Minne-
sota. Micropulsation observations. OPP
72-05782. $12,500. ($37,500).*

Morgan, Millett G. Dartmouth College.
Analyze magnetospheric whistler data
from Halley Bay and continue obser-
vations. OPP 74-00694. $12,500.
($22,500).*

Rycroft, Michael J. University of Hous-
ton. VLF direction-finding studies of
whistler-mode signals from Siple Sta-
tion. OPP 75-13566. $13,800.

Ocean sciences

Hayes, Dennis E. Columbia University.
Reduction and interpretation of Islas
Orcadas geophysical data. OPP 74-
02238. $85,400.

Kennett, James P. University of Rhode
Island. Micropaleontology and paleo-
environment of marine sediments. OPP
75-15511. $4,600.

Kukla, George J. Columbia University.
Changes of snow and ice fields in time.
ATM 76-01062. $20,000.

Robinson, Edwin S. Virginia Polytechnic
Institute and State University. Ocean
tides beneath the Ross Ice Shelf. OPP
73-05873. $10,600.

International Southern Ocean Studies

Allen, John S. Oregon State University.
Time dependent flow in the Drake Pas-
sage. OCE 76-00076. $18,100.

(Continued on page 116.)
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Ships at Palmer Station, 1975-1976
Including the U.S. Antarctic

Research Program's RIV Hero, 10
ships registered under the flags of
eight nations called at the United
States' Palmer Station (64°46'S.
64°05'W.) during the 1975-1976
austral summer. As photographs
on these pages attest, the ships
represented a wide variety of
types. Their reasons for visiting
Palmer, and indeed for plying the
treacherous waters of the Antarc-
tic Peninsula region, were as
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varied: science, resupply of year-
round Peninsula stations, and
tourism (commercial and pri-
vate). These photographs were
taken from Palmer Station by
M. A. McWhinnie and C. Denys,
De Paul University, who were at
Palmer last summer from 29 Oc-
tober 1975 to 9 March 1976 to
study krill (see page 55).

Counterclockwise from upper
lefthand corner, with nation of
registry and date of arrival at
Palmer: M/S Lindblad Explorer
(Panama), 22 December, 12 and
28 January, and 12 February;
RRS Bransfield (United King-
dom), 23 December and 12 and
25 March; Piloto Pardo (Chile), 9
January and 6 February; ARA
Bahia Aguirre (Argentina), 16 Jan-
uary; Trismus (Belgium), 24 Jan-
uary and 24 February; Professor
Seidlecki (Poland), 1 February;
Rig Mate (Norway), 14 February;
USCGC Glacier (United States), 8
February; Gedania (Poland), 9
March.
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(Continued from page 113.)

Baker, James D. University of Washing-
ton. Transport measurements of the
circumantarctic current and analysis
of tidal and meteorological data. OCE
75-03961. $100,700.

Gordon, Arnold L. Columbia University.
Oceanographic atlas. OCE 74-09466.
$57,600.

Gordon, Arnold L., and Stanley S. Jacobs.
Columbia University. Physical oceanog-
raphy of northwestern Scotia Sea and
Falkland Plateau. OCE 74-15062.
$52,400.

Gordon, Louis I. Oregon State Univer-
sity. Chemical observations and inter-
relationships. OCE 76-00592. $67,700.

Hayes, Stanley P. Environmental Re-
search Laboratories, National Oceanic
and Atmospheric Administration. Cir-
culation of upper waters in the frontal
zone. OCE 76-06485. $14,000.

Joyce, Terrence M. Woods Hole Oceano-
graphic Institution. Dynamic observa-
tions at the polar front. OCE 75-
14056. $195,300.

Kirwan, A. D., Jr. Texas A&M University.
Interpretation of drifter observations.
OCE 74-12086. $22,100.

Kirwan, A. D., Jr. Texas A&M University.
Lagrangian observations. OCE 74-
12086. $40,000.

Neal, Victor T. Oregon State University.
International coordination of ISOS.
OCE 74-07981. $18,200.

Nowlin, Worth D. Texas A&M University.
Chemical and physical oceanography of
the circumantarctic current and frontal
zones (observations in Drake Passage
and Scotia Sea). OCE 74-14941.
$241,600.

Nowlin, Worth D. Texas A&M University.
Administration, coordination, and
planning. OCE 74-12032. $78,800.

Pillsbury, R. Dale, and Robert L. Smith.
Oregon State University. Long-term
variability of the circumantarctic cur-
rent in Drake Passage. OCE 74-12558.
$214,900.

Services and support

DeGoes, Louis. National Academy of
Sciences. Operation of the Polar
Research Board. C-310. $139,500.
($158,500).*

Hart, Harold. Department of Defense.
Analysis and recommendations for
polar field party support aircraft. DPP
76-11881. $23,000.

Landrum, Betty J. Smithsonian Institu-
tion. Curation of biological specimens.
C-864. $40,000. ($70,000).*

Langway, Chester C. State University of
New York at Buffalo. Operation of a
central ice core storage facility and data
bank. C-lOb. $25,000. ($35,000).*

Schilling, Enrique. Government of Ar-
gentina. Operation and use of the re-
search ship Islas Orcads. OPP 74-12163.
$275,000.

Van Reeth, Eugene W. Department of
Defense (U.S. Navy). Logistics and sup-
port. CA-165. $6,320,000.

International travel

Parker, Bruce C. Virginia Polytechnic
Institute and State University. Cam-
bridge, England, May 1976, for meeting
of subcommittee on conservation, biol-
ogy working group, Scientific Commit-
tee on Antarctic Research. DPP 76-
11983. $477.

Sea ice symposium
announced

A symposium on sea ice proc-
esses and models will be held at
the University of Washington,
Seattle, 4-9 September 1977
under the auspices of the Inter-
national Commission on Snow
and Ice and the Arctic Ice Dynam-
ics Joint Experiment (AIDJEx).
Focusing on large-scale processes
and models of processes, the sym-
posium is expected to provide the
first opportunity for presenting
results from the AIDJEX main ex-
periment and from the develop-
ing ship and satellite studies of
antarctic sea ice.

For more information, write to
Malcolm Mellor, Secretary, Inter-
national Commission on Snow
and Ice, U.S. Army Cold Regions
Research and Engineering Lab-
oratory, Hanover, New Hamp-
shire 03755.

Paleobotanist
receives Academy
medal

The National Academy of Sci-
ences has awarded its Mary Clark
Thompson Medal to Ohio State
University Professor James M.
Schopf. The annual award was
presented to Dr. Schopf in a 26
April 1976 ceremony in Wash-
ington, D.C.

An internationally known
paleobotanist and authority on
the geology of coal, Dr. Schopf
has done field research on coal
deposits and fossil plants in Ant-
arctica under Ohio State's Insti-
tute of Polar Studies and the U.S.
Geological Survey (usGs). He is
supervisor of the USGS Coal Re-
search Laboratory at Ohio State,
and has been a faculty member
there since 1950.

Dr. Schopf was chosen as the

29th Clark Medal recipient for
his "remarkably high level of
scientific and scholarly work in
both systematic paleontology and
stratigraphy as well as general
contributions to geological sci-
ence."

For the record

A minimum temperature of
—56.7°C was recorded at Amund-
sen-Scott South Pole Station on 29
February 1976, breaking the
previous February temperature
minimum for the station, —56.2°
C., recorded in 1957. Also, on 3
April 1976 a record minimum
pressure was recorded at the sta-
tion: 657.8 millibars. This ex-
ceeded the previous April mini-
mum pressure of 661.7, set in
1970.
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Monthly climate summary

FEBRUARY 1976	 MARCH 1976	 APRIL 1976
Feature	 McMurdo Palmer* South Pole McMurdo Palmer* South Pole McMurdo Palmer* South Pole

	

(date)	(date)	(date)	(date)	(date)	(date)	(date)	(date)	(date)

Average temperature (°C) -8.2	2	-40.6	-16.9	0	-54.0	-24.2	-1	-60.0

Temperature maximum	1.2	6	-28.9	-4.4	4	-37.8	-12.2	4	-41.4
(°C)	 (2/15)	(2/11)	(2/3)	(3/15)	(3/25)	(3/15)	(4/18)	(4/20)	(4/5)

Temperature minimum	-23.9	-3	-56.7	-26.6	-4	-70.3	-35.6	-6	-71.2
(°C)	 (2/29)	(2/28)	(2/29)	(3/31)	(3/31)	(3/1)	(4/5)	(4/29)	(4/21)

Average station pressure
(mb)	 988.2	 683.8	985.1	 680.1	981.7	 680.2

Pressure maximum (mb)	1000.4	 692.0	999.7	 696.1	995.3	 686.0

	

(2/15)	 (2/13)	(3/7)	 (3/6)	(4/20)	 (4/30)

Pressure minimum (mb)	871.7	 674.5	972.3	 663.5	971.2	 658.8

	

(2/20)	 (2/28)	(3/26)	 (3/31)	(4/10)	 (4/3)

Snowfall	 129.54	 trace	88.90	 trace	127.00	 trace

Prevailing wind direction	700	 450	900	 900	450	 900

Average wind speed
(mlsec)	 5.0

	
4.6
	

5.0
	

4.1
	

6.1
	

4.1

Fastest wind speed (mlsec)	16.1
	

14.4
	

25.9
	

17.0
	

25.9
	

17.5

	

70°
	

25°
	

180°
	

0°
	

180°
	

20°

	

(2/18)
	

(2/10)
	

(3/5)
	

(3/6)
	

(4/11)
	

(4/3)

Average sky cover	7.3/10
	

3.6/8
	

7.8/10
	

4.6/8
	

6.7/10
	

2.3/8

Number clear days	 0
	

3
	

3
	

12
	

8
	

11

Number partly cloudy days	5
	

14
	

9
	

8
	

3

Number cloudy days	24
	

10
	

19
	

18
	

14
	

8

Number days with visibility
less than 0.4 km	 0

	
2
	

0
	

7
	

0
	

4

*Temperature data unverified.

The Director of the National Science Foundation has determined that the publication of this periodical is necessary in the transaction of the public business required b y law of
this agency. Use of funds for printing this periodical has been approved by the Director of the Office of Management and Budget through 30 September 1979.
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