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The United States'"East Base,"
Antarctic Peninsula

JEREH. LIPPs
Department of Geology

University of California, Davis
Davis, California 95616

The United States has long had an interest in
the Antarctic Peninsula region, beginning with
sealers such as Nathaniel Palmer as early as 1819.
But most of the U.S. antarctic effort has been
identified recently with the Ross Sea sector -
first at Little America, and later with the
relatively large installation at McMurdo Sound.

Ellen Bailey

Figure 1. Location map of the Antarctic Peninsula.

Yet U.S. expeditions have done important ex-
ploration and science on the Peninsula (Ber-
trand, 1971). The most significant expeditions
were the U.S. Antarctic Service Expedition
(1939-1941) and the Ronne Antarctic Research
Expedition (1947-1948). Both expeditions
wintered on Stonington Island, Marguerite Bay
(figures 1 and 2), near the base of the Antarctic
Peninsula. They constructed the first permanent
U.S. base on the Peninsula, from which explora-
tion and scientific activities were carried out (see
Bertrand, 1971, for an excellent history of the ex-

Ellen Bailey

Figure 2. Marguerite Bay.
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Figure 3. Neny Bay and vicinity, showing Stonington Island,
East Bose, and the existing (1975) British Antarctic Survey

Bose E.

peditions). This base, known as "East Base," was
abandoned by both expeditions. It is the oldest
U.S. base still standing in Antarctica.

U.S. Antarctic Service Expedition and East
Base. As a result of privately-financed U.S. ant-
arctic expeditions in the early 1900s, the U.S.
Government, with urging and encouragement
from President Franklin D. Roosevelt, launched
an official U.S. expedition in the late 1930s. The
U.S. Antarctic Service Expedition emerged from
two private and separate expedition proposals,
one by U.S. Navy Admiral Richard E. Byrd and
another by Richard B. Black and Finn Ronne, all
antarctic veterans. Admiral Byrd was soon
recognized as the expedition's leader and
foremost planner. Although the expedition was
financed and guided by representatives from the
Departments of State, War, Navy, Treasury, and
Interior, equipment and supplies came from well
over 100 private sources. Two ships, Admiral
Byrd's barkentine Bear (see Burroughs, 1970, for
an interesting history of this ship), chartered by
the Navy for $1 a year, and the Bureau of Indian
Affairs' diesel-powered North Star, loaned by the
Department of the Interior, were used to
transport the expedition to Antarctica.

President Roosevelt took special interest in the
expedition, communicating personally with Ad-
miral Byrd. On 25 November 1939 President
Roosevelt ordered that two bases be established:
West Base, on the east shore of the Ross Sea, and
East Base, on Charcot Island, Alexander I Land;

or, as an alternative in case a suitable site could
not be found at either of these places, on
Marguerite Bay. The bases were intended to be
relieved by a new crew in 1941 for continued
operation. World War II prevented this,
however.

North Star and Bear departed from Boston,
Massachusetts, on 15 and 22 November 1939 for
the Ross Sea via Panama and New Zealand. The
ships were soon unloaded at the Bay of Whales on
the Ross Ice Shelf, and construction of West Base
began. North Star then sailed to Valparaiso,
Chile, to pick up supplies, a plane, and
prefabricated buildings for East Base. Bear, with
Admiral Byrd commanding, sailed east for ex-
ploration with the seaplane and to meet North
Star in Marguerite Bay.

After both ships had been turned away from
Alexander Island and Charcot Island by heavy
pack ice on 3 March 1940, they finally met and
were anchored together at Horseshoe Island, in
northern Marguerite Bay (figure 2) on 5 March.
Air and ship reconnaissance finally discovered
two small islands in Neny Bay that might serve as
a base site (figure 3). On 8 March the northern-
most one, later named Stonington Island after
the home port in Connecticut of Captain
Palmer's Hero, was selected. Stonington Island,
tied to the Peninsula by glacial ice and snow, is
located about 5.5 kilometers southeast of
Debenham Islands, site of the base occupied
from February 1936 to March 19.37 by John
Rymill's British Graham Land Expedition.

The ships began unloading on 11 March, were
finished on 20 March, and departed for the
United States on the morning of 21 March, leav-
ing 26 men with Mr. Black in command (table).
Mr. Ronne was chief of staff.

While the men lived in tents, prefabricated
buildings were erected at the north end of the
island adjacent to the glacial ramp that led up to
the Peninsula (figures 3 and 4). On 27 March the
main building, 18 meters long and 7 meters wide,
was occupied. It contained the galley at the north
end and the leader's quarters and sick bay at the
south end, connected by a corridor off of which
there were five cubicles on each side. Five more
buildings were completed: a science building, 10
by 7 meters, with a meteorological tower at the
southeast end; a machine shop, also 10 by 7
meters and containing two generators; a small
hut, 4 by 4 meters, built by Mr. Ronne; a tax-
idermy shop made of an aircraft wing crate; and
a storage hut. The buildings had to be secured
with cables to prevent wind damage until snow
drifted around them. A small hut, which served
the air strip, was constructed from a wing crate
on the glacier above East Base.
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The crew was housed in various parts of the
base (Bertrand, 1972; F. Ronne, written com-
munication, 20 May 1976). In the main building,
Mr. Black had his own quarters; the medical of-
ficer, Lewis S. Sims, M.D., had space in the sick
bay, and 20 others were in the 10 cubicles. Mr.
Ronne and Arthur J . Carroll shared the 4-by-4-
meter hut, while the radio operator, Earl Perse,
slept in the science building's radio shark and the
meteorologist, Herbert G. Dorsey, Jr., stayed in
the meteorology office or tower.

The expedition brought a Curtiss-Wright Con-
dor biplane, an Army artillery tractor, and an
Army light tank to East Base, as well as dogs. The
tracked vehicles were used around the base. The
Condor was flown in May for local flights near
East Base until an accident and bad weather cur-
tailed its use until August. Exploratory flights
began in September, resulting eventually in map-
ping Alexander Island, George VI Sound, the
Dyer Plateau above East Base, and the Weddell
Sea coastline south of the Larsen Ice Shelf. The
plane was seriously damaged on 15 January 1941
when it fell into a crevasse on the base landing
strip, thus ending exploration by plane.

Remarkable sledge journeys were also made
from East Base. The most significant was the one
by Mr. Ronne and Carl Eklund to the southwest
end of George VI Sound. They were gone 84 days
and sledged 2,034 kilometers, making their trip
one of the longest of its kind ever in Antarctica.
The expedition also gathered much scientific
data in all fields, which are summarized in
Volume 89 of the Proceedings of the American
Philosophical Society.

As the season closed, Bear and North Star tried
to get back to Stonington Island but could not
penetrate the pack ice in Marguerite Bay on 24
February 1941. The ships then went north to the
Meichoir Islands to wait for improved ice condi-
tions. Little could be done to help East base, so
on 15 March North Star went to Punta Arenas,
Chile, for another year's supplies in case the base
evacuation was impossible or the ships became
beset. Meanwhile, Bear worked south to the
Biscoe Islands, where a landing strip was laid out
on Watkins Island (known then as Mikkelsen
Island), 195 kilometers north of East Base. The
East Base Condor, by this time repaired well
enough for evacuation, flew two trips to Watkins
Island to bring out all the men, data, and some
specimens. All other equipment, supplies,
specimens, and less valuable records were left at
East Base because of weight limitations of the
plane. A notice was put in the science building
that these materials were U.S. or personal prop-
erty, together with a request that valuable items
be removed by finders and that the Department
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Ellen Bailey

Figure 4. Portion of Stonington Island showing the layout of
East Base. From an unpublished map titled East Base,
United States Antarctic Service Expedition, 1939 .41, Ston
ington Island, Palmer Peninsula, Antarctica," drawn by J.
Glenn Dyer and deposited in the National Archives, Record
Group 126, Records of the Office of Territories, Records of

the U.S. Antarctic Service.

of the Interior be notified so that their return to
the United States could be arranged. Neither
could the expedition take the dogs, which were
destroyed, half by gunshot and the other half by a
dynamite charge timed for after the plane was
safely off the ice and there was no chance that the
crew might have to spend another winter at East
Base (Sullivan, 1957, page 169). The Condor
biplane was abandoned onWatkins Island.

East Base, 1941-1947. For 2 years, almost to
the day, East Base apparently remained as the
U.S. Antarctic Service Expedition had hurriedly
left it. Then in March 1943 the Argentine
transport vessel Primero de Mayo visited East
Base for two days (Anonymous, 1945). Much of
the equipment and most of the scientific collec-
tions of the U.S. expedition were recovered and
eventually returned to Washington, D.C. The
ship's personnel reported that the base was in ex-
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Figure 5. East Base, Ston•
ington Island, showing the
southeast side. Left to
right: Finn Ronne's hut, the
main building, and the
science building with the

meteorological tower.

cellent condition (Anonymous, 1945; Ronne,
1949, page 30).

During the later part of World War II the
British began to establish bases along the Antarc-
tic Peninsula as part of the then-secret Operation
Tabarin. As the war closed in 1945, British ac-
tivities in the region were reorganized as the
Falkland Islands Dependencies Survey (FIDS),
which was concerned primarily with topographic
and scientific work. By 1946 a base was needed in
Marguerite Bay to extend surveys farther south.
Under the leadership of E.W. Bingham, the

Figure 6. East Base and the middle part of Stonington Island
looking west from the glacier above the Island. R/V Hero is in

the background.

wooden vessel Trepassey arrived at Stonington
Island on 23 February 1946. East Base was in-
spected the following day and the FIDS party
moved into the main building. At this time,
Bingham (1947) reported that the U.S. base no
longer had its protective covering of canvas, that
the prefabricated panels had shrunk, and that
meltwater poured in and through the building.
From the mess lying about and the unwashed
plates, the uneaten meals, and the generally lit-
tered condition, the FIDS assumed that not only
had the Americans left suddenly, but that others
had carelessly visited the base (Walton, 1955,
page 24). Bingham was anxious to move from
East Base and to get the FIDS buildings under
way, so he selected a site about 230 meters south
of East Base for FIDS Base E. The FIDS base could
be occupied by 13 March, and the Trepassey
departed the next day (Wordie, 1947). The ex-
pedition also built a greenhouse alongside the
base to hydroponically grow flowers and
vegetables (Bingham, 1952).

The FIDS men utilized portions of East Base
past 13 March, however (Walton, 1955). They
cleaned the site and buildings, repaired a
generator and lighted the science building for
their use, and cleared the U.S. flying hut on the
glacier, where they laid a depot (Bingham, 1947;
Walton, 1955). Some items, such as chairs, two
prefabricated building sections, and supplies
were borrowed or used by the British, and others
were shipped to Deception Island to replenish a

214	 ANTARCTIC JOURNAL



burned base there or to other bases (Ronne,
1949, page 56).

In December 1946, Base E received word that
Mr. Ronne's private U.S. expedition would arrive
in February 1947 to reoccupy East Base. The FIDS
people removed their stores from the buildings
and straightened up and swept. They "tried to
make the base look welcoming and habitable" to
the Americans, despite much meltwater entering
through the damaged coverings (Walton, 1955,
pages 97 and 103). In the United States, however,
the British Embassy sent a note to the State
Department stating that East Base was in poor
repair and much disorder, an action Mr. Ronne
interpreted as intended to discourage him from
reoccupying East Base (Ronne, 1949, pages
30-31).

February and March 1947 were busy times at
Stonington Island. On 5 February Trepassey
returned with a replacement crew and material
for Base E, picked up some supplies for the
burned-out base at Deception Island, and
departed 7 February.' Major K.S.P. Butler was
left in charge. Four days later, the Argentine
vessel Don Samuel arrived (Thomas and Roberts,
1953a). East Base was examined and FIDS Base E
was visited by the crew. Don Samuel soon sailed
and was back at the Meichoir Islands on 14
February. On 20 February the Chilean vessel
Iquique arrived in Neny Bay (Thomas and
Roberts, 1953b). 2 The British base was visited the
next day, and some of the crew went over to East
Base. Iquique departed later the same day
(Walton, 1955). Another Chilean vessel,
Angamos, arrived on 7 March and put a party
ashore on 8 March (Walton, 1955). They left on
9 March, a few days ahead of the arrival of Mr.
Ronne's private U.S. expedition. During this
time much damage was inflicted on East Base
that resulted in controversy (New York Times, 25
March 1947, page 16; Times of London, 1 April
1947, page 3; Ronne, 1949; Walton, 1955).

Ronne Antarctic Research Expedition
(RARE), 1947-1948. Mr. Ronne had been on the
Second Byrd Antarctic Expedition and was chief
of staff at East Base during the U.S. Antarctic
Service Expedition of 1939. Mr. Ronne's op-

'Bingham (1947) reported that the Trepassey arrived on 3
February, whereas Walton (1955) and Fuchs (1952)
reported 5 February.

2Walton (1955, pages 107-108) states that Iquique arrived
late on 18 March and the crew went ashore that evening.

Wintering U.S. personnel, Stonington Island,
Marguerite Bay.

Name	 Position

U.S. ANTARCTIC SERVICE EXPEDITION (11 March 1940 to
22 March 1941), East Base

Richard B. Black	Base leader
Herwil M. Bryant	Biologist
Arthur J . Carrol	Photographer
Zadick Collier	 Machinist
Harry Darlington, III
Hendrik Dolleman
Herbert G. Dorsey, Jr.	Meteorologist
J . Glenn Dyer	 Cadastral engineer
Carl R. Eklund	 Ornithologist
Joseph Healy	 Operations
Archie C. Hill	 Cook
Donald S. Hilton	Surveyor
Paul H. Knowles	Geologist
Elmer L. Lamplugh	Communications
Lester Lehrke
Anthony J. L. Morency
Lytton Musselman
Howard T. Odom	Communications
Robert Palmer	 Supply officer
E.B. Perce	 Copilot and radio operator
William Pullen	 Aviation machinist
Finn Ronne	 Chief of staff
Charles W. Sharbonneau	Carpenter
Lewis S. Sims	 Medical doctor
Ashley C. Snow	 Chief pilot
Clarence E. Steele	Tank driver

RONNE ANTARCTIC RESEARCH EXPEDITION (12 March
1947 to 20 February 1948), Port of Beaumont, Texas,
Base

Finn Ronne	 Expedition leader
Charles J . Adams	Pilot
Harry Darlington	Pilot
Jennie Darlington
Robert H.T. Dodson	Assistant geologist, surveyor,

and trail man
CO. Fiske	 Climatologist
Jorge de Giorgio Valdes Cook
Sigmund Gutenko	Chief commissary steward
Charles Hassage	Ship's chief engineer
Lawrence Kelsey	Radio operator
James W. Lassiter	Chief pilot
William R. Latady	Photographer
Nelson McClary	Ship's mate
Donald McLean	Medical officer
Robert L. Nichols	Geologist, senior scientist, and

trail man
Arthur Owen	Boy Scout and trail man
Harris-Clichy Peterson	Physicist
James B. Robertson	Aviation mechanic
Edith Ronne	 Recorder
Isaac Schlossbach	Captain, Port of Beaumont,

Texas, and expedition
second-in-command

Walter Smith	 Ship's mate, navigator, and
trail man

Andrew A. Thompson	Geophysicist
Ernest A. Wood	Ship's engineer
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Figure 7. East Base viewed from the north. Left and right: the
science building and the main building. Left foreground: the
foundation, flooring, and west wall of the machine shop.
Right foreground: foundation and flooring of the storage
shed and stores piled against the back of the main building.
Background: dark buildings of the British Antarctic Survey

Base E.

portunity for his own expedition came at the end
of the war through determination and hard
work. He obtained about $50,000, services, and
equipment from private sources; in addition, he
acquired loans from U.S. Government agencies.
The Navy loaned a wooden, 56-meter oceango-
ing tug, ATA-215, renamed Port of Beaumont,
Texas, the Army Air Force loaned three aircraft,
and the Army provided two Weasels. The Army
Air Corps, through the efforts of Lieutenant G.
Llano (Polar Archive Center, National Archives
Record Group Number 401/112), provided
much gear and rations for testing under cold-
weather conditions (Ronne, 1949, pages 107-109,
268). The expedition nonetheless was the last
private U.S. antarctic wintering effort (table).

The objectives of RARE were the exploration of
the rest of the Antarctic Peninsula south of about
Marguerite Bay and of the western coast of the
Weddell Sea, and the collection of geophysical,
meteorological, and glaciological data. Much of
the exploration was to be carried out by airplanes
with dog teams establishing ground-control
points and exploration.

Even after putting the expedition together,
Mr. Ronne had much trouble before he arrived
in Antarctica. First his twin-engine Beechcraft
C-45 airplane, especially modified for
trimetrogon aerial photography, was wrecked
when it was accidentally dropped on the dock
during the loading of Beaumont. There was not
enough time to get a new one in the United

States, but fortunately another Beechcraft was
obtained at Aibrook Field in Panama.

Still another tragedy developed between
Panama and Valparaiso. About half of the 43
huskies developed distemper and died. Mr.
Ronne thought the dogs had been inoculated
against the disease; Darlington (1956) attributes
the sickness to improper care before departure.
New dogs could not be obtained in South
America, and Harry Darlington was deeply con-
cerned that surface travel, so vital to the success
of the expedition, would be severely curtailed.
During a stop at Valparaiso, Mr. Darlington and
his wife, Jennie, purchased what he thought were
two llamas and 1,000 kilograms of hay (Darl-
ington, 1956, pages 88-89). The llamas, which
Mr. Darlington thought might work well in the
snow, turned out to be alpacas. Still, they and
their hay were loaded aboard the ship.

At this point it was decided that Edith Ronne,
the commander's wife, who was serving a vital
role as recorder and news dispatcher on the trip
to South America, should stay with the expedi-
tion and winter in Antarctica. Mr. Ronne
thought it would be best if Mrs. Darlington, who
was to leave the expedition at Valparaiso, also
went for the entire year. Some of the men refused
to go to Antarctica for a year with two married
women, but they were soon placated (Darlington,
1956). Thus East Base became the place where
the first women wintered in Antarctica. 3 Also, a
young Chilean man was taken on in Valparaiso to
assist in galley duties. A total of 23 persons, in-
cluding a Boy Scout, comprised RARE.

After leaving Valparaiso the ship set course for
Punta Arenas. On the trip some of the huskies
broke loose and killed the alpacas. But Mr.
Ronne decided to keep their hay anyway for the
cook's five chickens. At Punta Arenas an ap-
parent sense of desperation sent some of the men
on a dog-searching expedition. With local help
they acquired several dogs, including a corgi, a
whippet, and some sort of "sheep dog" (Darl-
ington, 1956). Surely this was an odd antarctic
expedition!

When Beaumont arrived at Neny Bay on 12
March 1947 Mr. Ronne was quite bitter about

3Caroline Mikkelson, wife of Captain Klarius Mikkelsen,
accompanied the Lars Christensen 1934-1935 expedition,
setting foot on the continent at 78°36'E. 68°29'S. Apparent-
ly she was the first woman to actually set foot on Antarctica
(Aagaard, 1944, page 207: map, page 215; photograph,
page 216).
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the condition in which he found East Base. The
buildings and supplies were reportedly "utterly
ransacked, with rubbish thrown everywhere, and
what was not stolen had been broken" (Ronne,
1949, page 55). Aside from material borrowed by
the British, the damage was attributed to the
several shore parties that had visited the base
since the last U.S. party had been there. Mr.
Ronne, however, believed the FIDS was responsi-
ble for much of the damage and mess (Ronne,
1949, page 57). In fact, he thought that the FIDS
had occupied East Base since they had arrived in
1946, and that they had only recently moved into
their own buildings because Base E looked too
clean for a year's habitation (Ronne, 1949, page
57; Walton, 1955, page 129). This and the
political problems inherent to Americans occupy-
ing a base in territory claimed by Great Britain
resulted in difficult relations and an order from
Mr. Ronne restricting social contacts with the
FIDS. These feelings, however, were not held by
many others in either the British or U.S. parties,
according to the personal account of RARE by
Mrs. Darlington (1956). It took half of Mr.
Ronne's staff a month to clean up and refit East
Base, which he renamed "Port of Beaumont,
Texas, Base." The U.S. and British leaders
reconciled their differences over damages, flags,
territorial claims, and the use of the outhouse
because they knew that neither expedition could
accomplish much without the other: FIDS had the
dogs, and RARE had the aircraft essential for
maximum exploration. An agreement therefore
was drawn up that enabled the expeditions to
jointly map a generally-unexplored area bigger
than Texas. RARE was indeed a success in terms
of exploration, and much scientific data were
gathered as well (see Bertrand, 1971).

The Ronne expedition utilized the old East
Base in much the same way it had been used
previously. The Ronnes lived in the separate hut
built by Mr. Ronne in 1940. The rest of the ex-
pedition was housed in the main building, the
Darlingtons occupying their own space at one
end. This arrangement, according to Mrs. Darl-
ington (1956), put considerable strain on her new
marriage and caused tension among the men.
The machine shop and science building were
rehabilitated, as were the generators. The
chickens were housed among the scientists in the
science building, an arrangement that apparent-
ly was well received after eggs were produced. All
the buildings were connected by tunnels for easy
access during the winter. Although secrete, Mr.
Ronne also established the first U.S. post office
on the continent (Ronne, 1949).

The Port of Beaumont, after a brief trip to in-
spect the head of George VI Sound, was an-

Figure 8. Light Army tank and refuse pile with East Base in
background.

chored in Back Bay on the east side of Stonington
Island, where it was frozen in the sea ice until the
expedition's departure nearly a year later.

As the year closed the men were anxious to
leave rather than winter a second year with
meager supplies. But in February 1948 Beau-
mont was still locked in by sea ice. Attempts to
blast her free failed, yet Mr. Ronne seemed reluc-
tant to call on the U.S. Operation Windmill
icebreakers, known to be passing nearby (Darl-
ington, 1956). To Mrs. Darlington, it was crucial
to leave because she was several months preg-
nant. This information was passed to Mr. Ronne,

Figure 9. Broken stores and debris piled at the northwest end
of the main building. Some of the boxes bear shipping marks
identifying them as U.S. Antarctic Service Expedition or in-
dividual expedition members property. The debris also fills
the space between the main and science buildings. The signs
were put up by the British who stored dead seals in the main
building in recent years. The canvas covering is nearly all

gone from the northern parts of the buildings.
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Figure 10. The light Army tank and artillery tractor brought to
Stonington Island by the U.S. Antarctic Service Expedition in

1940, along with rusted and burned debris.

serve as an emergency refuge and for summer
work only. The older FIDS buildings had been
completely removed, and the only sign of them in
February 1975 was several concrete foundation
pillars. All debris associated with British ac-
tivities, except perhaps some at East Base, was
placed in plastic bags and removed on RRS John
Biscoe. Both British sites were quite clean in
February 1975.

During this period the East Base buildings,
although utilized by the British for various pur-
poses, gradually deteriorated. This process was
likely accelerated by visits of numerous expedi-
tions and tourist groups over the years. British,
Argentine, Chilean, U.S., and private tour ships
all passed in the vicinity of Stonington Island
during the 18 years since the Ronne expedition
left. Most of the activity in the area, however, was
British and Argentine.

and on 12 February he radioed the icebreakers
Burton Island and Edisto that he might need
assistance in freeing Beaumont. Those ships'
schedules permitted assistance from 23 February
to 1 March, but in actuality they arrived earlier.
Mr. Ronne's intention was to leave in mid-March
so that the expedition could finish its scientific
programs. However, he ordered Beaumont
readied and packing commenced. On 20
February, after a 1-day visit by the crews of both
icebreakers to Stonington Island, Port of Beau-
mont, hurriedly packed, was towed by Burton
Island free of the pack ice. Despite the rush, all
the equipment borrowed from other sources, all
data and specimens, as well as personal gear were
returned to the United States. The base was left
in good condition.

East Base, 1948-1975. The United States never
reoccupied Stonington Island following the
Ronne expedition's departure. The British,
however, maintained Base E as a year-around
facility until February 1950. Then for several
years it was used only during summers. In 1951
the Argentines constructed Base General San
Martin in the Debenham Islands, which they
maintained continuously until 1960. The British
again occupied Base E in 1957-1958. The FIDS
(renamed the British Antarctic Survey in 1962)
abandoned the. original buildings and con-
structed new ones a short distance farther south.
These newer British Antarctic Survey (BAS)
buildings were closed in March 1975 and now

East Base, 1975. On 9 February 1975 the U.S.
Antarctic Research Program's R/V Hero entered
Marguerite Bay for the first time just north of
Alexander Island. Pack ice prevented movements
farther south than about Cape Berteaux, so on 10
February, after biological and geological work at
Terra Firma Islands, Hero sailed to Stonington
Island, anchoring at 2105 hours. At 2107 a shore
party visited the BAS base and examined East
Base. BAS personnel escorted us around East
Base before we returned to Hero. Because of very
heavy winds Hero departed early in the morning
11 February and was unable to return to Ston-
ington Island until 1935 hours on 12 February.
For over an hour that day we made a more de-
tailed inspection of the East Base area. Figures 5
through 10 show East Base on 12 February 1975.

Three of the original buildings were still stan-
ding: main, scientific, and Finn Ronne's. The ex-
teriors of these buildings seemed in good repair
on the southern sides, but the canvas was gone
from the northern parts. Only the floor of the
storage hut and the floor and west wall of the
machine shop were still there. No evidence of the
taxidermy shop was seen. The interior of the
science building was rearranged, reportedly by
the British, so that there were shelves and tables
along the walls with most of the floor space clear.
The building appeared in reasonably good shape
and quite usable, as did Mr. Ronne's hut. The
BAS people advised that we not enter the main
building since it had been used to store dead seals
destined for dog food. The two generators left by
Admiral Byrd were gone from the machine shop.
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The grounds surrounding the remaining
buildings were a mess. Broken bags of coal and
boxes of stores, apparently mostly left by the U.S.
expeditions, surrounded the main buildings.
Some of the stores (popcorn, for example) were
still quite usable according to the British. A large
portion of this material appeared to have been
left by the U.S. Antarctic Service Expedition, for
numerous boxes bore that name or the names of
expedition personnel. To the north of the
buildings was a large, burned-out trash heap
capped by the rusted hulks of the U.S. Antarctic
Service Expedition's Army tank and artillery
tractor. Old barrels, nails, bolts, tin cans, and
chunks of iron were piled there. Farther north,
all the way to the northwest beach, were scattered
bits of debris. Between the trash heap and the
glacier was the remainder of Mr. Ronne's alpaca
hay, intermixed with decomposing seal remains.
And on the north, seaward edge of the glacier
was a large conical pile of refuse.

Until the First Byrd Expedition of 1928-1930,
no permanent structures had been built by the
U.S. in Antarctica. Admiral Byrd's Little
America bases on the Ross Ice Shelf have drifted
away. Thus East Base is the earliest remaining
U.S. station in Antarctica, and the first year-
around U.S. base on the Antarctic Peninsula.
This fact and the outstanding contributions in
exploration and science made by the expeditions
occupying the site suggest that the historically-
rich East Base is worthy of preservation and
restoration.

Captain Pieter Lenie and the crew of R/V
Hero cooperated generously in my request to ex-
amine the Stonington Island base despite poor ice
and weather conditions. Nicolas Temnikow and
three members of the British Antarctic Survey
assisted in the detailed site examination. In the
United States, George Llano, Alison Wilson,
Jerry Pagano, Finn Ronne, and Kenneth Ber-
trand helped with information and advice. At the
University of California, Davis, Ted DeLaca,
Malcolm Erskian, Mr. Temnikow, Robert
Daniels, William Showers, and Debba Kunk aid-
ed in various ways.
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U.S. Antarctic Research Program,
1975-1976

This section contains the balance of reports on U.S. programs in Antarctica and on related Stateside
data analyses and support during 1975-1976. Earlier installments were in the June and September 1976
issues.

Ecology of nearshore
foraminif era, Arthur Harbor and

vicinity (Antarctic Peninsula)

NIcoLAs K. TEMNIKOW
Department of Geology

Institute of Ecology
University of California, Davis

Davis, California 95616

Little is known of the nearshore foraminiferal
fauna of Antarctica. The harshness of the en-
vironment and the pack-ice barriers have usually
prevented research vessels from reaching near-
shore areas (Echols and Kennett, 1973).
Foraminiferal distribution and ecology in Ant-
arctica has thus been based chiefly on sediment
samples from waters deeper than 200 meters.

This study's purpose was to determine the
species composition, the density, and the
distribution of living, benthic shallow-water ant-
arctic foraminifera in the vicinity of Arthur Har-
bor, Anvers Island (64°46'S. 64°04'W.). The
field work was carried out from Palmer Station
on Anvers Island between December 1973 and
March 1975 with cooperation from personnel at
the station. This project is part of a
multidisciplinary investigation of foraminiferal
ecology along the Antarctic Peninsula under the
direction of J.H. Lipps (National Science Foun-
dation grants GV-31162 and DPP 74-12139).

Scuba diving and underwater photography

were used to observe subtidal communities and to
document the relationship between the
foraminiferal assemblages and the type of
habitat. A more accurate description of the ben-
thic environment is obtained by sampling with
the aid of scuba diving (Everson and White,
1969). By this means a diver may select the
sampling site and regulate the size of the sample
(Hulings and Gray, 1971).

A total of 119 bottom samples were examined
from 35 locations (figure). Cliff residue samples
comprised of benthic invertebrates and detritus
were scraped from the rocks and placed into a
diver's collecting bag lined with a fine-meshed
sac. Patches of cliff sediment and mud samples
from soft-bottom substrates were collected with a
plastic flour scoop and were stored during the
dive in sand sample bags.

Analysis of these samples revealed that the
foraminiferal community on the rocky cliffs en-
crusted with invertebrates is more diverse and
abundant than both the forarniniferal communi-
ty in the mud and the communities associated
with algae or the sediment beneath the algae.
The conspicuous difference between the two
substrates, cliff and mud, is the presence of a
dense growth of macroalgae and the abundance
of invertebrates, especially sponges, on the ver-
tical rock cliffs and their absence from muddy
substrates. A total of 81 species of foraminifera
were identified from the cliffs of the Arthur Har-
bor area.

Foraminifera found abundantly with tunicates
included Cibicides refulgens, R osalina
globularis, Tolypammina vagans, and Tur-
ritellella shoneana. Common and abundant
species found living in association with sponges
included A strononion stelligera, Cassidulinoides
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park erianus, Cib icides refulgens, Crib -
rostomoides jeffreysii, Gb bocassidulina crassa,
Pullenia su bcarinata, Pyrgo ebonga ta, R eophax
dentalinformis, Rosalina gb bularis, Tolypam-
mina vagans, Trochammina malovensis, T.
ochracea, and Turritellella shoneana.

Specimens of Tolypammina vagans found
abundantly or commonly in cliff residue samples
are rarer in cliff sediment and are absent in the
mud. This agglutinated foraminifer and
Cibicides refu igens, Crithio nina hispida, and
Rosalina globularis were found encrusted on
sponges, bryozoans, hydrozoans, tunicates,
various shells, algae, and pebbles. A need for a
firm substrate on which to adhere probably ex-
plains their absence in soft-bottom substrates and
their conspicuous presence in the coarser cliff
sediment and the rich cliff biota.

Floating ice has an impact on the cliff biota.
This ice may scour subtidal areas down to ap-
proximately 15 meters (DeLaca and Lipps 1976).
Common and abundant foraminifera present in
cliff residue samples from this zone included
Glob ocassidulina crassa, Patellina corruga ta,
Pyrgo elonga ta, Quinquelo culina seminulum,

Rosa lina glob u laris, To lypa m mina vagans,
Trochammina mabovensis, T. ochracea, and
Turritellella shoneana. However, Cibicides
refulgens, Gla bratella sp., Hemisphaeraniinina
depressa, Pyrgo e longa ta, Rosa lina glob u laris,
Trochammina malovensis, and T. ochracea were
dominant in the cliff sediment.

Shallow-water areas (2 to 4 meters) protected
from the scouring action of the ice contained
several species of foraminifera. Common and
abundant species included Cribrostomoides jef-
freysii, Fissurina diaphana, Pseudo parre ha ex -
zgua, Quinqueloculina seminulum, Rosalina
gb bularis, Textubaria wiesneri, Tolypammina
vagans, Trochammina ochracea, and Tur-
ritellella shoneana.

Stockton (1973) investigated the distribution of
mud-dwelling foraminifera in Arthur Harbor
based upon examination of 49 mud grabs. A
total of 23 species were identified, with at least
five benthic species (Glob ocassidulina crassa,
Hippocrepinella hirudinea, Psammosphaera
fusca, Reophax dentalinformis, and Trocham-
mina malovensis) found either commonly or
abundantly. Some forms that Stockton con-
sidered as rare, Cassidulinoides parkerianus, Pro-
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teonina tubulata (= Saccammina sphaerica),
Pyrgo williamsoni, Trocha mmina intermedia
(= T. ochracea), Uvigerina angulosa
(=Trifarina angulosa), and Webbinella
hemisphaerica (= Hemisphaerammina bradyz),
were collected in large quantities from the cliff
habitat. The variation in the foraminiferal abun-
dances between cliffs and mud may be attributed
to their displacement from a favorable into an
unfavorable habitat.

Many foraminifera found off the Antarctic
Peninsula have been encountered by workers who
have studied foraminifera off South America.
Lena (1966) noticed that the littoral
foraminiferal fauna off the tip of South America
is Subantarctic in nature but biogeographically
belongs to the Argentinean province. Such
studies must be noted because of the relatively
close proximity of South America to the Antarc-
tic Peninsula. Since the Early Tertiary the Scotia
Arc has served as a connection between these two
continents (Adie, 1963) and as a migration route
for benthic organisms (Dell, 1972). Out of 69
species encountered by Lena, 15 occurred in the
Arthur Harbor area. These included Cassidulina
(= Globocassidulina) crassa, Cassidulinoides
parkerianus, Cornuspira (= Cyclogyra) invol-
vens, Epistominella (= Pseudoparrella) exigua,
Fissurina earlandi, F. laevigata, Hemisphaeram-
mina bradyi, Hippocrepinella alba, Nodosaria
calomorpha, Ovammina sp., Patellina
corrugata, Pullenia su bcarinata, Quin-
queloculina seminulum, Saccammina decorata,
and Spiroplectammina bformis.

Echols, R.J., and J.P. Kennett. 1973. Distribution of
foraminifera in surface sediments. Antarctic Map Folio
Series, 17. New York, American Geographical Society.

Everson, I., and M.G. White. 1969. Antarctic marine
biological research methods involving diving. In: Under-
water Association Report 1060 (Lythgoe, J.N., editor).
91-95. Surrey, England. Life Science and Technology.

Hulings, Neil C., and J.S. Gray. 1971. A manual for the
study of meiofauna. Smithsonian Contributions to
Zoology, 78. Washington, D.C., Smithsonian Institution
Press.

Lena, H. 1966. Foraminiferes recientes de Ushuaia (Tierra
del Fuego, Argentina). Ameghiniana, 4: 311-336.

Stockton, W.L. 1973. Distribution of benthic foraminifera
at Arthur Harbor, Anvers Island. AntarcticJournal of the
U.S., VIII(6):348-350.

Intertidal region and molluscan
fauna of Seymour Island,

Antarctic Peninsula

WILLIAMJ. ZINSMEISTER
Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

I am grateful to my colleagues T. DeLaca, K.
Finger, A.P. Giannini, Jr, T.A. Kauffman,
W.N. Krebs, G. Zumwalt, and especially to my
winter companions T. Brand and R. Moe, for
their assistance. I thank Dr. Lipps, Department
of Geology, University of California, Davis, for
support and guidance. This paper is a summary
of my thesis submitted in partial fulfillment of
the requirements for the M.S. degree in ecology
at the University of California, Davis.
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During the 1974-1975 austral summer a joint
geological field party from Instituto Antártico
Argentino and Ohio State University spent 5
weeks studying the Late Cretaceous to Early Ter-
tiary stratigraphy and paleontology of the north
end of Seymour Island (Elliot et al., 1975). Much
time was spent examining outcrops exposed
along the sea cliffs. During low tides I observed
and collected molluscs from the intertidal region.
This brief note describes the intertidal zone and
its molluscan fauna along the north coasts of
Seymour Island.

Seymour Island is southeast of the north end of
the Antarctic Peninsula (figure 1). Ice conditions
are unpredictable because of the island's location
on the edge of the Weddell Sea. During the
1974-1975 spring and summer the prevailing
southeast winds drove the sea ice northward
along the east coast of the Peninsula. Most of the
ice passes along the east coast of Seymour Island
with lesser amounts of pack ice passing to the
west through Admiralty Sound. Shallow depths
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in waters around Seymour Island cause all large
icebergs to be grounded well offshore. Strong
longshore currents flow northward along the east
coast. These currents swing to the northwest as
they pass Cape Wiman at the north tip of the
island. Sand and silt eroded from the sea cliffs
are transported by these currents along the shore
and are eventually deposited in a large spit at
Larsen Cove, near the northern tip of the island
(figure 2).

The intertidal region of Seymour Island is
unique for the Antarctic. It varies from narrow
boulder beaches to broad mudflats and sand
spits. The type of beach and intertidal zone
depends on the degree of exposure to storms and
on the movement of ice and currents from the
Weddell Sea. The lithology of rocks from the sea
cliffs has special importance. The rocks generally
consist of loosely consolidated sandstones and sil-
ty clays with local conglomeratic lenses and in-
terbedded horizons with resistant concretions.
The loosely consolidated nature of the rocks leads
to exceptionally rapid erosion of the sea cliffs.

The intertidal region of Seymour Island may
be divided into two basic types. On the exposed
east coast, the beaches are narrow and consist of
boulders and sand. On the protected west side of
the island, north of Bodman Point, the intertidal
region is characterized by broad mudflats (figure
3).

Exposed coast. The intertidal region along the
exposed coastal areas varies from coarse, rocky
beaches to narrow, sandy beaches backed by
wave-eroded cliffs. The height of the cliffs along
the east coast varies from 0 to 100 meters. The
swash zone extending to the base of the sea cliff is
generally composed of very coarse gravels that ex-
tend to the mid low-tide zone. The sediment of
the intertidal region below the mid low-tide zone
depends on the lithology of the sea cliffs.

Beaches along regions where concretions are
common in the cliffs are quite rocky (figure 4). In
contrast, in areas where concretions are rare the
beaches are generally sandy with minor amounts
of small pebbles (figure 5). Ice erosion along the
east coast appears to be minimal. No microrelief
features (i.e., ice-push ridges) associated with ac-
tive ice movement were observed. During the
summer, brash ice drifts with the longshore cur-
rents and is grounded quietly at low tide. The
passive movement of the brash ice can be at-
tributed largely to the damping effect of large
icebergs grounding offshore.

Protected coast. In contrast, the west coast of
Seymour Island north of Bodman Point is
characterized by a broad, shallow, protected bay

Figure 1. Location maps for Seymour Island area.

with extensive mudflats (figure 6). Strong cur-
rents that flow through Admiralty Sound are
kept well offshore by Bodman Point. Almost all
the sand and mud carried by the streams of Cross
Valley and derived from the sea cliffs is deposited
on the immediate beach of this bay and forms a
broad mudflat 300 to 400 meters in width. There
is no evidence of any ice abrasion anywhere in the
bay, except for a shallow kettle-like depression

X117M,

-I

Figure 2. Large sand spit on the east side of Larsen Cove.
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Figure 3. Distribution of intertidal along the northeast coast
of Seymour Island.

along the beach where brash ice has been strand-
ed (figure 7). The only relief on the mudflats con-
sists of shallow and meandering tidal channels
and of low rock mounds. These mounds appear
to be erosional remnants of concretionary
horizons that have survived, whereas the loosely
consolidated sediments have been removed by
erosion. The shore along Larsen Cove near the
northeast tip of the island is also characterized by
broad and protected mudflats.

Intertidal molluscan fauna. The intertidal
fauna of Seymour Island is unusual for Antarc-

tica. The macrofauna is characterized by four
species of mollusks (Yoldia eightsi, Laternula
ellipitica, Pat inigera polaris, and A mauropsis
aureolutea) along with large numbers of species
of amphipods, isopods, and annelids. The large
isopod Serolis, previously recorded only from the
sublittoral zone of Antarctica, is also an impor-
tant element of the intertidal fauna. Red and
green algae occur as large masses on the mudflats
and in amongst the boulders on rocky beaches.
Diatom colonies typically cover rocky surfaces
with slimy, fur-like growth.

Two species of mollusks (Yoldia ezghtsi and
A mauropsis aureolutea) appear to be restricted
to the protected mudflats north of Bodman
Point. Neither of these species of mollusks has
been reported before from the intertidal zone,
although this may be because little is known
about the distribution and ecology of most Ant-
arctic mollusks. Powell's survey (1960) of antarc-
tic and subantarctic mollusks lists both species as
being sublittoral. DeLaca and Lipps (1976)
reported that Y. eightsi is a common member of
the subtidal, soft, muddy substrate fauna from
Anvers Island. Its occurrence on the intertidal
mudflats of Seymour Island indicates that both
species range into the intertidal region provided
that the proper substrate is present.

Numerous disarticulated valves of the fragile
bivalve Laternula ellipitica were found as beach
wash on both exposed and protected coasts.
Because no live individuals of L. ellipitica were
taken, it is not known whether this species actual-
ly lives in the intertidal region. Studies around
Anvers Island indicate that the motion of
grounded ice frequently dislodges L. ellipitica
(Kauffman, 1974). Once this feeble, burrowing
bivalve is removed from the soft muddy substrate
it generally falls prey to predators (Lipps, per-

Figure A. Rock beach on exposed east coast of Seymour	Figure 5. Sand and grave' beach on exposed east coast.
Island.
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sonal communication). Although the beach-
washed valves on Seymour Island may represent
individuals from a subtidal population, L.
ellipitica—as in the case of Y. eightsi—may ac-
tually range into the intertidal region.

The large limpet Patinigera polaris was only
observed on the boulder beaches of the exposed
east coast. Many individuals were found on the
sides and beneath large boulders. P. polaris ap-
pears to be restricted to the most rocky part of the
beach, and it was never observed in areas where
sand occurred in significant amounts between the
rocks. Migration of P. polaris into deeper water
would appear to be impossible because of the
sand and mud; during the winter freeze,
therefore, its survival depends on its ability to
migrate into cracks and crevices in loose
boulders. Frequent grounding of tabular icebergs
close to shore tends to dampen any storm-
generated waves; as a result, movement of loose
boulders on the beach appears to be minimal
even during storms.

Summary. This brief survey suggests that the
distribution of many shallow-water invertebrates,
for example Yoldia eightsi and Amauropsis
aureolutea, depends on the occurrence of a
suitable substrate. The extensive intertidal
mudflats along the west coast of Seymour Island
offer a unique opportunity for the study of the
distribution and ecology of shallow-water marine
invertebrates of Antarctica.

r4
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Figure 6. Broad mudflat just north of Bodman Point at low
tide.
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Figure 7. Broad mudflat exposed at low tide at the mouth of
Cross Valley. Shallow ponds in foreground result from
melting of stranded brash ice. Dark mounds on the mudflat

are resistant erosional remnants.
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A red phalarope (Phalaro pus
fulicarius) in breeding plumage on

Anvers Island

ROBERT W. RISEBROUGH
Bodega Marine Laboratory

University of California
Bodega Bay, California 94923

GEORGE E. WATSON and J . PHILLIP ANGLE
National Museum of Natural History

Smithsonian Institution
Washington, D. C. 20560

Although vagrants are infrequent south of the
Antarctic Convergence, a number of species—
especially herons, waterfowl, and Northern-
Hemisphere migratory shorebirds - have been
recorded (Watson 1975). The senior author col-
lected a male red phalarope (Phalaro pus
fulicarius) on the shore of a small freshwater
pond on Humble Island, one of the small islands
in the vicinity of Palmer Station, Anvers Island
(64 046'S. 64 003'W.) on 12 January 1970. It was
not surprising to find a vagrant phalarope in
Antarctica. This pelagic shorebird that breeds
north of 60°N. is able to swim and regularly oc-
curs as a migrant at sea south to the latitude of
central Chile, Patagonia, and the Falkland
Islands (Islas Malvinas). It was noteworthy,
however, that the bird was in alternate
(breeding) plumage and had enlarged gonads in
January when it should have been in dull basic
(eclipse, or winter) plumage.

The red phalarope normally begins molting its
chestnut alternate plumage on the breeding
grounds in late summer. The molt of the head
and body into gray and white basic plumage is
completed on the wintering grounds, and the
wings and tail are also molted mostly in
November. A prealternate molt of the body and
the tail (but not the wings) takes place on the
wintering grounds in March to May and birds ar-
rive again on the breeding grounds in June in
chestnut alternate plumage.

The Humble Island bird had apparently failed
to molt in the fall. The specimen (USNM 526211)
is in worn and faded chestnut body plumage with
scattered white feathers on the breast (a
characteristic of breeding male phalaropes that
are less brightly colored than their mates and
assume most reproductive responsibilities). There
is a little body molt on the rump, but wings and

tail are worn and had not been molted recently.
The testes were enlarged (left 7.5 x 5 millimeters,
right 7.5 x 7 millimeters) and the bill was bright
yellow with a little black at the tip. The failure to
assume basic plumage, the retention of bright
bill color, and the enlarged gonads in January in-
dicate a physiological malfunction that also may
have disoriented the bird and have led to its ap-
pearance far south of its normal winter range.

The only other record of a phalarope in Ant-
arctica was a Wilson's phalarope (Stegano pus
tricolor), a less pelagic species, at Fossil Bluff,
Alexander Island, on 13 October 1968 (Conroy
1971).

Dr. Risebrough's field work in Antarctica was
supported by National Science Foundation grant
GA-14202.
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International Weddell Sea
Oceanographic Expedition, 1975:

tritium measurements

ROBERT L. MICHEL
Department of Chemistry

University of California, San Diego
San Diego, California 92093

In early 1975, 61 water samples were collected
from aboard USCGC Glacier for tritium analysis at
the La Jolla (California) Tritium Laboratory.
These samples were collected in conjunction with
the 1975 International Weddell Sea Ocean-
ographic Expedition. Most sampling was in the
Weddell Sea and concentrated on studying the
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Tritium distribution in the Wedell Sea.

Tritium	Temper-

	

Depth	Units	ature	Salinity

	

(meters)	(± 10)	(°C)	(per mule)

STATION 8: 61 059.9'S. 49°20.4'W., 6 February 1975

	

5	1.03 ± 0.10	 -.033	33.519

	

96	0.80 ± 0.09	-1.734	34.478

	

3,255	0.75 ± 0.04	 -.716	34.642

STATION 13: 63 023.3'S. 43 034.0'W., 9 February 1975

	

5	0.89 ± 0.05	 -.895	32.755

	

80	0.61 ±0.05	-1.768	34.438

	

185	0.48 ± 0.04	 -.711	34.562

	

576	0	± 0.04	 .410	34.676

	

3,740	0.94 ± 0.05	 -.652	34.636

STATION 14: 63°45.7'S. 43°08.1'W., 10 February 1975

	

4,115	0.24 ± 0.04	-.567	34.642

STATION 16: 64 045.7'S. 42 037.8'W., 11 February 1975

	

5	078 ± 0.08	 -.578	33.804

	

40	0.82 ±0.08	 -.690	33.870

	

84	0.60 ± 0.04	-1.763	34.504

	

130	0.59 ± 0.04	-1.453	34.529

	

160	0.41 ± 0.04	 .000	34.650

	

4,579	0.15 ± 0.04	 -.560	34.653

STATION 17: 64 048.O'S. 42°30.9'W., 11 February 1975

	

4,458	0.11 ± 0.05	 -.524	34.650

STATION 19: 65 0 36.2'S. 41 054.1'W., 12 February 1975

	

4,388	0.21 ± 0.05	-.392	34.654

STATION 20: 65°55.6'S. 41°34.2'W., 13 February 1975

	

4,280	0.25 ± 0.04	 -.406	34.647

STATION 21: 66 027.O'S. 40°57.1'W., 13 February 1975

	

4,465	0	± 0.21	 -.417	34.652

STATION 22: 66°51.4'S. 40°46.2'W., 14 February 1975

	

5	0.62 ± 0.09	 -.376	33.820

	

20	0.60 ± 0.09	 -.525	33.822

	

85	0.35 ± 0.05	 -.928	34.566

	

137	0.12 ± 0.05	 -.005	34.645

	

4,445	0.01 ± 0.05	 -.410	34.645

STATION 23: 67°14.5'S. 40°27.1'W., 14 February 1975

	

4,397	0.21 ± 0.05	 -.393	34.648

STATION 24: 67°38.2'S. 39 059.0'W., 14 February 1975

	

0	0.98 ± 0.25	 -.091	33.854

	

64	0.74 ± 0.24	-1.619	34.508

STATION 26: 68°05.5'S. 44°19.4'W., 15 February 1974

	

0	0.40 ± 0.20	-1.513	33.939

	

44	0.27 ± 0.22	-1.627	34.387

	

82	0.56 ± 0.20	-1.354	34.536

	

137	0.40 ± 0.22	 -.187	34.629

	

296	0	± 0.24	 .180	34.663

	

572 a	0	± 0.21	 .418	34.688

	

4,017	0.16 ± 0.08	 -.511	34.645

STATION 27: 68 1 167'S. 46 042.0'W., 16 February 1975

	

1	1.06 ± 0.29	-1.823	34.206

	

32b	0.93 ± 0.21	-1.811	34.283

	

3,442	0.24 ± 0.04	 -.653	34.634

formation of bottom water. Some samples were
also collected in the Erebus and Terror Gulf.

Water samples were collected from Nansen
bottles, and were drawn into glass bottles which
then were sealed. All bottles had been flushed
with argon. Since 2-liter samples were desired,
most samples were taken from two Nansen bottles
spaced 3 meters apart. Some samples were col-
lected from the residue water of Nansen bottles
used to collect nutrient samples. The uncer-
tainities are larger since only about 250 cubic
centimeters of water were available for these
samples. More widely-spaced bottles were used in
sampling some water masses. The data should be
representative of the water mass involved. The
four samples of this type have been noted in the
table.

After collection, the samples were returned to
La Jolla for analysis. Results are given in the
table. The La Jolla Tritium Laboratory has a
blank value of 0.2 Tritium Units (a Tritium Unit

STATION 28: 68°28.3'S. 48°02.5'W., 16 February 1975

	

0	0.88 ± 0.11	-1.831	34.297

	

3,369	0.16 ± 0.04	 -.510	34.644

STATION 29: 68 036.2'S. 49 036.1'W., 17 February 1975

	

Snow	36.5 ±0.8

	

12	0.68 ± 0.04	-1.850	34.272

	

108	0.74 ± 0.09	-1.810	34.471

	

607	0.07 ± 0.04	 .493	34.680

	

3,339	0.44 ± 0.04	 -.590	34.642

STATION 30: 66 121.2'S. 45 100.4'W., 20 February 1975

	

0	0.55 ± 0.28	 -.697	33.904

	

50C	0.62 ± 0.24	-1.692	34.569

	

80	0.68 ± 0.24	-1.482	34.527

	

172	0.50 ± 0.24	 .079	34.651

	

270	0.40 ± 0.24	 .176	34.658
594d	0.06 ± 0.24	 .363	34.682

	

4,180	0.03 ± 0.04	 -.358	34.653

STATION 31: 63 008.0'S. 53°45.4'W., 26 February 1975

	

229	056 ± 0.04	-1.056	34.550

STATION 32: 63°21.8'S. 52°59.6'W., 26 February 1975

	

0	1.12 ± 0.11	-1.565	32.802

	

380	0.41 ± 0.04	 -.754	34.605

STATION 33: 63 142.3'S. 56 025.7'W., 28 February 1975

	

5	1.07 ± 0.08	-1.724	33.841

	

10	0.92 ± 0.08	-1.728	33.843

	

64	0.80 ± 0.08	-1.194	33.261

	

70	0.72 ± 0.08	-1.151	34.268

	

473	0.61 ± 0.04	-1.318	34.539

	

502	0.70 ± 0.04	-1.365	34.550

	

572	0.98 ± 0.04	-1.585	34.569

a, sample water from 547 and 597 meters; b, sample
water from 26 and 38 meters; c, sample water from 42 and
57 meters; d, sample water from 549 and 639 meters.
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is one tritium atom per 1018 hydrogen atoms).
This value has not been subtracted in calculating
the results in the table.

These samples were collected to study the in-
teraction of the various antarctic water masses.
The formation of Antarctic Bottom Water
(AABW) in the Weddell Sea was of particular in-
terest. Some idea of the time scale of AABW for-
mation and the water masses involved in its for-
mation should be obtained from tritium
measurements.

As the bottom-water layer is very thin in many
places, some difficulties were encountered in try-
ing to sample it. In many cases where it was pre-
sent the Nansen bottles tripped above the bottom
layer. Bottom water was sampled at four stations;
significant tritium concentrations were found in
three of the samples. Stations 8 (just south of the
Scotia Ridge) and 13 (in the northwestern Wed-
dell Sea) aro in areas of thick bottom-water
layers, and tritium concentrations here are the
highest of any of the bottom-water samples. They
approach the tritium levels found in surface
waters. Stations 27 and 29 were on a track run-
ning west toward the Larsen Ice Shelf. Station 29
shows a tritium concentration similar to that ex-
pected for water that is a mixture of surface
water, winter water, and warm deep water. All
other deep samples were in a transition zone be-
tween warm deep water and bottom water. They
show no significant tritium concentrations above
blank levels.

As expected, all warm deep water samples
show no tritium. This water has had no contact
with surface water in several hundred years and
any tritium would have decayed away. Highest
tritium concentrations are at the surface, where
the input of tritium from the atmosphere occurs.
Tritium concentrations tend to be lower in the
winter-water layer (temperature minimum) and
decrease to zero in the transition zone between
the winter water and warm deep water.

One profile was taken in the Erebus and Ter-
ror Gulf; substantial amounts of tritium were
found here at all levels. There is a layer of water
at the bottom that is high in tritium content and
low in temperature. It indicates the presence of a
mechanism that mixes a component of surface
water into the lowest layer of water in the gulf.

Technical assistance in sample measurements
was provided by Teresa L. Jackson. Theodore D.
Foster furnished the hydrographic data. This
work was supported by National Science Founda-
tion grant DES 75-07166. Sampling was carried
out under National Science Foundation grant
GA-41578.

Suspended sediments in southern
Chilean Archipelago waters:

R/V Hero cruise 76-4

F.R. SIEGEL,'J.W. PIERCE, 2 F.T. DULONG,'
and P.P. HEARN'

'Department of Geology
The George Washington University

Washington, D. C. 20052

2Division of Sedimentology
The U.S. National Museum

Washington, D. C. 20560

R/V Hero cruise 76-4 originated in Ushuaia,
Tierra del Fuego, Argentina, on 22 June 1976
and terminated in Puerto Montt, Chile, on 6 July
1976 after making 44 stations in the southern
Chilean Archipelago between latitudes 55022'
and 42°44'S. (figure). Samples at each station
were taken of suspended sediments at selected
depths and of bottom sediments. The portion of
the cruise track on the Chilean continental shelf
had to be cancelled because of poor weather from
the southwest: at one point, Hero was making
"full steam ahead" and moving only 1/2 knot. In
addition to the authors above, the scientific com-
plement included geologists F. Ferraris and C.
Vieira from the Instituto Chileno de Investiga-
ciones Geob3gicas, and R. Edwing, D. Kostick,
and I. Merin, all graduate students at The
George Washington University.

Suspended sediment sampling was done as
described in our earlier paper (Siegel et al.,
1976): we used a Reda submergible pump and
hose assembly, and large-volume Niskin bottles
(30-liter capacity) were used to obtain samples
from depths greater than about 140 meters. Ship-
board laboratory work also followed a scheme
similar to that described in the earlier paper.
Solid and liquid phases were separated im-
mediately after collection using a Millipore filter
transfer system with 0.45-micrometer filters of
47-millimeter-diameter (to determine the
amount of suspensate per unit volume of sea
water) and of 142-millimeter-diameter (to collect
enough material for mineralogical and
geochemical analyses). Suspensate was also col-
lected on 13-millimeter-diameter filters for scan-
ning electron microscope research on particulate
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morphology. Suspensate samples for major ele-
ment determination via X-ray fluorescence were
prepared by passing 1 liter of sea water through a
second 47-millimeter-diameter filter. Salinities
were determined aboard ship using a Plessy
model 6220 salinometer, and temperature
changes to depths of 275 meters were monitored
using a bathythermograph. The suspended par-
ticulate matter and the grab samples were placed
in plastic containers and stored in the ship's
freezer.

So far we have collated our accumulated data
and have finished with the first stage of the in-
vestigation: determinations of the amounts of
material in suspension (total particulate concen-
tration, and amount of inorganic and organic
phases taken separately). (A table giving station
location, depth to bottom, depth of sampling
levels, and salinity at these levels is available
upon request from the authors.)

After returning to Washington, D.C., the
samples were stored at -5°C until processing. The
47- millimeter filters were preweighed before the
cruise. Upon our return to Washington, D.C.,
they were dried in a dessicator for a minimum of
48 hours after which they were reweighed. The
difference in weight represents the total par-
ticulate in suspension weight. Every fifth filter
was set aside as a control and weight corrections
were made according to the gain or loss of weight
of these controls. The amount of organic and in-
organic phases was determined by firing at
1000°C for 1 hour.

The average suspensate concentration in
southern Chilean Archipelago waters is 0.81
milligrams per liter with a range of 0.11 to 2.83
milligrams per liter. Of this total, the average
mineral (inorganic) phase contribution is 0.37
milligrams per liter with a range of 0.06 to 2.63
milligrams per liter, and the organic phase con-
tent averages 0.44 milligrams per liter with a
range of 0 to 1.62 milligrams per liter. The total
suspensate concentration and organic phase con-
centration averages represent 134 samples. One
sample was not included in these calculations
because it is extremely anomalous with a very
high concentration of material and would have
increased the total suspensate and organic phase
average concentrations respectively by about 30
and 35 percent.

The highest concentration, excluding the
anomalous station, was found at station 43 off
the mouth of the Rio Yelcho (figure), which does
not discharge from a glacier. We found little
relationship between concentrations at stations
off the mouth of rivers discharging from glaciers
and those stations not so situated. This is not sur-
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Station locations during R/V Hero cruise 76-4, southern
Chilean Archipelago.

prising because the cruise did not take place dur-
ing periods of high meltwater discharge.

There seems to be an irregularity in the
distribution of suspensates with depth at a ma-
jority of the stations although 10 stations showed
a regular decrease in concentration with depth.
In continental shelf waters, near-bottom concen-
trations are generally higher than values in the
overlying water column. Departures from this
trend may be due to retarded settling at pyc-
noclines (Drake, 1971; Pierce, 1976) and are
especially marked in nearshore areas (Pierce et
al., 1976). The irregularity in the Chilean Ar-
chipelago may be due to one or a combination of
several reasons. First, pycnoclines undoubtedly
do exist in this area of deep fjords (Pickard,
1971). Malfunctions of the reversing ther-
mometers and limited depth capability of the
bathythermograph (275 meters) prevented
measurements of temperature in the greater
depths. Such pycnoclines may retard settling here
as elsewhere. Irregularity of input (seasonal as
well as geographic) and strong tidal currents
could also be contributing factors in the ir-
regularity of suspensate concentration with
depth.

We are initiating the second and third phases
of our research. The mineral fraction will be
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separated from the total suspensate and slides for
mineralogical determinations will be prepared
according to the technique described by Siegel et
al. (1976). After the preparation of 1-square-
centimeter microslides for X-ray diffraction
determinations of the mineral phase, remaining
mineral matter will be used for geochemical
analyses by atomic absorption spectrometry for
copper, zinc, lead, molybdenum, silver, gold,
chromium, platinum, nickel, and cobalt. Subse-
quently, correlative mineralogical and
geochemical data will be generated for stations'
bottom sample fine-size fraction. Our Chilean
colleagues are concerned with size and heavy
mineral analyses of the grab samples as well as
with studies of selected geochemical parameters.

The master of R/V Hero, Pieter Lenie, and his
crew provided excellent support to our program
this year as they had last year. This research is

funded by National Science Foundation grant
DPP 73-09317.
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Mineral suspensate geochemistry,
Argentine continental

shelf: R/V Hero cruise 75-3
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Suspended sediments were collected from
waters over the Argentine continental shelf
(48 000' to 53°30'S.) during R/V Hero cruise 75-3
to study the amount of suspensate per volume of
sea water, suspensate mineralogy, and corre-
sponding distributions of each laterally and with
depth. The cruise objective was to determine
from the data the potential of southernmost
South America as a provenance area for a por-
tion of the lutite fraction deposited in the Argen-
tine Basin as opposed to a southern continent
provenance area. A preliminary report was con-
tained in Siegel et al. (1976) and updated in

Pierce et al. (1976). Although the suspensates
taken during cruise 75-3 were not obtained with
the idea of doing geochemistry, samples from six
stations of the 44 made during the cruise yielded
sufficient inorganic material for analytical
analyses by atomic absorption spectrometry; one
of the six samples was done in replicate.

The samples are from the coastal zone between
latitudes 48°00' and 53°30'S. and represent
depths ranging from 5 to 78 meters. Only the
mineral matter component of the suspensates was
analyzed; the contents of mineral matter in the
analyzed suspensates ranged from 1.63 to 39.28
milligrams per liter. Analyses were made for cop-
per, zinc, lead, nickel, cobalt, iron, manganese,
and gold using a Perkin-Elmer 503 atomic ab-
sorption spectrometry unit. Samples were
prepared according to the lithium metaborate
fusion method described by Medlin et al. (1969),
and any matrix effect was accounted for by using
the simple standard additions technique de-
scribed by Fuller (1972).

Average metal contents of the samples ana-
lyzed were copper, X = 422 parts per million
(range of 171 to 760 parts per million); zinc,
X=262 parts per million (range of 117 to 475
parts per million); lead, X = 415 parts per million
range of 261 to 933 parts per million); nickel,

X = 310 parts per million (range of 142 to 440
parts per million); cobalt, X=71 parts per
million (range of 40 to 133 parts per million);
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manganese, X = 336 parts per million (range of
214 to 571 parts per million); iron, X = 2.52 per-
cent (range of 1.91 to 3.70 percent). Gold was
found in two of the suspensates.

No comparative data on the geochemistry of
sediments, suspended or deposited, exist for the
immediate study area, but ferromanganese
material at a depth of 90 meters from 50146'S.
67°28'W. is reported to contain high concentra-
tions of nickel (1.10 percent) and copper (0.80
percent). Compared to the limited published
data on the geochemistry of mineral fractions of
suspended sediments, our numbers are certainly
of the correct order of magnitude. The presence
of gold was unexpected, however.

One presence of gold is from our sample 6
(53 025'S. 67 035'W.) at a suspensate depth of 65
meters where the bottom is at 68 meters. This oc-
currence is exciting because it may be related to a
known land source and open up a new
geochemical prospecting technique for relatively
nearshore regions: use of suspensates. The sam-
ple site is located southeast of Bahia San Sebas-
tian. In 1891, gold was commercially extracted
by panning at El Paramo, on the north side of the
bay. A spit extends from the northeast extremity
of the bay to the south-southeast, thus indicating
the longshore current movement direction; if the
Coriolis force has any influence, the current will
be somewhat deflected more to the southeast.
Our suspended sediment data indicate movement
to the southeast as well. It is quite possible, then,
that the gold found in the suspensate derives from
the El Paramo area source.

Therefore, if the physical oceanographic pa-
rameters of a general study area are known (cur-
rent direction and velocity, for example) as well
as aspects of marine geology (such as mineralogy
of the suspensates and their relation to geological
material on land) and coastal morphology, it
may be possible to assign a potential source area
to geochemically anomalous suspended matter
and project a land geochemical exploration pro-
gram for that area.

During Hero cruise 76-4 (Siegel et al., 1976)
enough suspended matter was collected to carry
out relatively complete geochemical prospecting
analyses along with mineralogy and other scien-
tific data. We hope to do the same for the western
shore zone of the Antarctic Archipelago.

This research was supported by National
Science Foundation grant DPP 73-09317.
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Floor of the Ross Sea and adjacent
oceanic provinces

J . R. VANNEY
Institut de Geographie

Universite' de Paris, Sorb onne
Paris (F) 75005, France

G. L. JOHNSON
Office of Naval Research

Arlington, Virginia 22217

The submarine relief of the Ross Sea and its
northern neighboring ocean floor are an integral
part of the morphology of the southern oceans
and the genetic history of Antarctica and its con-
tinental margins. To delineate periantarctic sea-
floor morphology south of 60°S., we have com-
pleted several bathymetric charts and geomor-
phic studies (Vanney et al., 1972; Vanney and
Johnson, 1976 and in press), working westward
from the Antarctic Peninsula. Recent work in-
cludes a series of four bathymetric charts and a
physiographic chart of major sea-bed features of
the Ross Sea. The area considered extends
southward of 60°S. and from 155°E. to 140°W.
The figure is the southwestern chart of the series.
The remaining charts will be elsewhere (Vanney
andJohnson, in preparation).

Data sources. For oceanic areas, bathymetric
data have been compiled from the sounding
master sheet collection of the Defense Mapping
Agency (Hydrographic Center). Most of the data
were taken from aboard icebreakers and support
vessels of the U.S. antarctic program. Data from
the Soviet research vessel Ob, R/V Conrad of
Lamont-Doherty Geological Observatory, and
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USNS Eltanin under the National Science Foun-
dation (NSF) were also utilized. Coastal and land
contours were taken from Naval Oceanographic
Office charts.

The chart of Ross Sea bathyrnetry by Hayes
and Davey (1975) represented a remarkable ad-
vance in the delineation of major bathymetric
features to 3,000 meters in depth between
160°W. to Victoria Land. This map is too
limited in areal extent, however, to determine
the submarine canyons of the continental
margin, and this prompted us to extend their
studies.

Chart compilation. The depths have been cor-
rected from Mathews' tables (1939) for variations
of velocity of sound in sea water. Navigational
controls for route positioning and traverse den-
sities have naturally been variable in view of the
data's diverse origins. Large areas are still almost
devoid of depth data, whereas they are in excess
along the sea route from Christchurch, New
Zealand, to McMurdo Station, Antarctica.

In each case, however, an effort has been made
to obtain accurate plotting of position and depth
from all the bathymetric data available. Isobaths
have been drawn at 200-meter intervals.

Chart features. The continental shelf is broad
and deep and its southern embayment is oc-
cupied by the largest ice shelf in the world, the
Ross Ice Shelf. The rocky and narrow inner shelf
presents a contrasting morphology with a rough,
irregular sea floor. The shelf troughs are
remarkably wide and deep, especially along the
border of the rocky nearshore zone of Victoria
Land (JOIDES, Glomar Challenger basins). In
places, depths as great as 1,000 meters have been
reported. This is also the case in the northwest-
southwest basins off Marie Byrd Land.

A series of elevations form such marginal
banks as Pennell and Ross, with Iselin Bank as a
continuation delineated by the 1,000-meter con-
tour. The bank surfaces are relatively flat-floored
or smooth at depths of 400 to 600 meters with ir-
regularities consisting of hills and an elongated
crest. The bank/channel system is also present
beneath the ice shelf, principally south of Ross
Island (figure).

In contrast to the adjacent Bellingshausen-
Amundsen Basins (Vanney and Johnson, 1976
and in press), the striking difference is the nar-
rowness of the continental rise. The gently
graded rise is indented by some canyon systems
coursing toward the lower flanks of the mid-

Bathymetry of the
southwest portion of the
Ross Sea. Depths are in
corrected meters (Mat-
thews, 1939). Cruise tracks

are shown as dots.
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oceanic ridge. Also remarkable is the absence of
abyssal plains in this sector, and thus the regional
sea-floor morphology is a very significant inter-
ruption between the Amundsen (E) and the
Wilkes (W) abyssal plains (figure).

We plan to complete the series of charts to in-
clude the entire antarctic continental margin and
adjacent sea floor south of 60°S. within the next
year.

We are grateful for the valuable assistance of
the Defense Mapping Agency Hydrographic
Center, and of Dennis E. Hayes of Lamont-
Doherty Geological Observatory, Columbia
University.
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McMurdo Sound sea-level changes
in the last 50,000 years

S. M. MIAGKOV, G. N. NEDESHAVA,
and E. I. RIABOVA

Geographical Faculty
Moscow State University

Moscow 117234, Soviet Union

Well-known marine terraces lie as high as 23
meters in elevation on the McMurdo Sound
coasts. In the McDonald Beach (77°15'S.

166°21'E.) vicinity of Ross Island, rounded peb-
bles can be seen up to 28 to 30 meters in eleva-
tion, possibly marking a higher former sea level.
Additional evidence of relatively recent sea-level
changes comes from the distribution of tide
crevasses on and close to the northeast coast of
Brown Peninsula (78°05'S. 165°25'E.) and from
the nature of the deltas in the lower Salmon
Glacier valley (77°58'S. 164'05'E.).

A typical tide crevasse appears on the ice sur-
face as an elongated hollow bordered by two
parallel ice ridges covered by till; it contains some
remnant marine organisms. A group of tide
crevasses, the original pattern of which is de-
formed by the ice shelf movement, can be traced
for 5 to 10 kilometers seaward from the northeast
coast of Brown Peninsula (Miagkov, 1972). Their
position on the floating ice gives witness to the re-
cent rise in sea level. The magnitude of this rise
could be determined if we knew the water depth
there.

Another group of crevasses, superimposed on
the first ones, is active now. This group includes
three or four crevasses, located on the McMurdo
Ice Shelf within a 250- to 1,000-meter-wide strip
extending seaward from the shore. It too suggests
a recent rise in sea level. The adjacent slope's
steepness suggests that the rise was no more than
20 meters. It possibly was 15 meters, coinciding
with the depth of submerged terraces discovered
along the Ross Island shore by John Oliver,
Scripps Institution of Oceanography (oral com-
munication, December 1975).

A third group of three or four well-preserved
tide crevasses is parallel to the shore and has shell
fragments at the bottom. This group is up to 40
meters above sea level.

A horizontal strip also relatively rich in shell
fragments stretches along the northeast shore of
Brown Peninsula at an altitude of about 90
meters. This level in some places is accentuated
by a bench in the slope profile and a change in
the petrographical composition of the till cover.
These 90-meter features possibly correspond to
tide crevasses older than any described above.

All these groups of tide crevasses, with dif-
ferent stages of preservation and correspondingly
different ages, suggest the following changes in
sea level: (A) the lowering from not less than 90
meters to a level conforming to the depth of the
sound beneath the crevasse on the McMurdo Ice
Shelf, farthest from shore, (B) the rise to 40
meters, (C) the next lowering to possibly -15
meters, and (D) the current rise marked by the
youngest crevasses on the McMurdo Ice Shelf.

The magnitude of the first lowering may be
specified further using the results of a study of the
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Figure 1. Tide crevasses on
and close to the northeast
Brown Peninsula coast. 1 =
trace of the oldest visible
tide crevasse at 90 meters
in altitude (phase A); 2=
crevasses deformed by ice
movement on the McMur-
do Ice Shelf surface (phase
B);3 = tide crevasses 0 to 40
meters in altitude (phase
C);4 =outer of the youngest
crevasse group on the
McMurdo Ice Shelf surface
(phase D); 5 = moraine
cover of the ice shelf; 6 =

lakes.

gravel and sandy deltas of the Salmon Glacier
valley. The elevations of these deltas are 0 to
about 140 meters. The lower deltas are described
by Debenham (1921) and Speden (1960) as
lacustrine. Micropaleontological analysis of
deltaic deposits taken at 2, 35, 100, and 130

150
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0

E -50

-100

-150

Figure 2. The glacio-eustatic sea-level changes curve by
Shackleton and Opdyke (1973) (1), and the McMurdo Sound
level changes curve (2). Crosses mark the carbon-14 dates

available.

meters (first, seventh, ninth, and eleventh ter-
races) shows the presence of up to 20 species of
diatoms, including Nitzschia cylindrus Grun.,
Hantzschia amphioxys (Ehr.) Grun.,
H.pseudomorina Hust., Nazticula mutica Kutz.,
N. mutica var. ventricosa Kutz., N. contenta
Grun., N.pupula Kutz., N.pupula var. elliptica
Hust., N. cryptocephala Kutz., and Stauroneis
anceps Ehr. Less abundant foraminifera
(Cassidulina subacuta Gudina, Buccella hannai
arctica Voloshinova, Globigerina sp., and
Ehrenbergina sp.) and sponge spicules are in
samples from the first, seventh, and eleventh ter-
races. The good preservation of microfossils sug-
gests their appearance in situ. The quantity and
the species composition suggest an accumulation
of deltaic deposits in the near-shore seawater
freshened by the glacial melt. Hence the Salmon
Glacier deltas are of marine origin, in ac-
cordance with N. Nakai's conclusion that
mirabilite on the McMurdo Sound coasts up to
150 meters elevation is of marine origin (N.
Nakai, Nagoya University, oral communication,
December 1975). The shape of these deltas, and
their relationship to surrounding moraines,
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shows that they accumulated along the ancient
ice shelf edge during a general lowering of the sea
level. The highest deltas correspond perhaps to
that phase of lowering, the time of which is fixed
by the oldest of the visible tide crevasses (phase A)

For the determination of the age of these events
there are two groups of carbon-14 dates: a few
datings of the 7- to 13-meter marine terraces at
4,000 to 6,000 years old (Denton et al., 1975) and
a few of algae from the vicinity of Hobbs
Glacier. The oldest of the latter, obtained at
about 100 meters elevation, is roughly 40,000
years (Black, 1974; Black and Bowser, 1968).
Hence, phase A began more than 40,000 years
ago. The marine terraces of 4,000 to 6,000 years
of age correspond possibly to phase C.

All the sea-level changes discussed can be com-
pared with the glacio-eustatic sea-level curve of
Shackleton and Opdyke (1973). The result is
shown in figure 2, which suggests that for the last
50,000 years the relative sea-level changes in
McMurdo Sound have been caused by glacio-
eustatic fluctuation of sea level and by general
tectonic uplift of the coasts. The rate averaged
about 4 millimeters per year. The existence of
phase D shows the general uplift to be irregular,
and curve 2 of figure 2 is perhaps rather
simplified.

This work is part of a McMurdo Oasis glacio-
geomorphological study undertaken with the
support of the U.S. National Science Foundation
and the Geographical Faculty, Moscow State
University, U.S.S.R.
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Oceanographic measurements
under winter sea ice
in McMurdo Sound

VICTOR T. NEAL, HENRY CREW,
and ROBERT BROOME

School of Oceanography
Oregon State University

Corvallis, Oregon 97331

The processes involved in the formation of Ant-
arctic Bottom Water (AABW) have interested
physical oceanographers since the discovery of
AABW in the Weddell Sea (Brennecke, 1921).
AABW is believed to form in several antarctic
regions such as the Weddell Sea, the Ross Sea,
and areas near the Amery and Shackleton ice
shelves. The influence of AABW on the world
ocean is discussed by Warren (1971).

Theories to explain the formation of AABW
generally assume that at least one of these pro-
cesses is involved: (1) freezing of seawater (Bren-
necke, 1921), (2) interaction between seawater
and ice shelves (Jacobs et al., 1970; Seabrooke et
al., 1971; Gordon, 1971), (3) wind effects (Gill,
1973; Killworth, 1973), and (4) double diffusion
related to melting of sea ice (Gill and Turner,
1969). Most theories infer that austral-winter
conditions are important, yet few winter
oceanographic measurements have been made.

Our main field program was not planned to
take place until 1975, but support was available
in 1974 so measurements were made then. The
1975 field program was cancelled for lack of
logistic support. Unfortunately, in 1974 we had
only one current meter and no CTD (conductivity-
temperature-depth recorder), so the field work
had to be done with less than the desirable
amount of equipment.
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Figure 1. Stations occupied in September and October 1974.

We obtained useful data despite the equip-
ment shortage. McMurdo Sound winter
hydrographic data are scarce; others who have
reported such data in the last 20 years are Lit-
tiepage (1965), Tressler and Ommundsen (1962),
Gilmour et al. (1962), and Gilmour (1975). Cur-
rent measurements reported by Heath (1971) are
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Figure 2. Comparison of winter temperatures ( L =Crew &
Neal; o =Tressler and Ommundsen; o Littlepage).

also of interest although most were made in the
austral summer.

Due to logistics limitations and to ice condi-
tions (August storms caused early ice breakup)
the measurements were restricted to regions near
the ice shelf in McMurdo Sound (figure 1). A
party of four arrived at McMurdo Station on 1
September 1974 and spent 29 days on the ice.
Three stations were occupied: station I from 7 to
15 September, station II from 16 to 27
September, and station III from 28 September to
6 October. Water depths at the stations were 73,
517, and 556 meters. Station I was used primarily
for establishing procedures and testing equip-
ment.

Instrumentation. Two wooden huts were towed
from station to station by tracked vehicle. One
was a working hut (laboratory), the other, living
quarters. Instruments were lowered by a winch
through a 1-meter-wide hole in the ice beneath
the working hut.

Scientific equipment included deep-sea revers-
ing thermometers, water sampling bottles (NIO
type), a profiling current meter (an Aanderaa
meter enclosed in a special housing described by
Diiing and Johnson, 1972), and a microstructure
temperature probe previously used in the Arctic
(Neshyba et al., 1971). The profiling current
meter was allowed to free fall along a
hydrographic wire, recording speed and direc-
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Figure 3. High-resolution temperature profiles taken within
an 8-hour period at station II (times are indicated at top and
bottom of each profile). Profiles have been offset for com-

parison; temperature increases to the right in each profile.
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tion at vertical separations of 5 meters or less.
The current meter had a threshold of about 2
centimeters per second.

The microstructure probe, which can measure
temperature changes of 1 millidegree Celsius or
less, was lowered by conducting winch to give a
continuous analog record. Water samples were
taken to the laboratories at Oregon State Univer-
sity for salinity determinations.

Temperature. Data obtained with reversing
thermometers commonly showed variations of
nearly 0.05°C at the same depth at the same sta-
tion. The greatest scatter of temperature

Figure 4. Temperature profiles showing an inversion that
lasted nearly 1 hour (time of measurements indicated at top
of each profile). Profiles have been offset for comparison;

temperature increases to the right in each profile.

readings was between 100 and 300 meters. The
lowest temperature measured was minus 1.96°C.
Similar variability in temperature can be found
in Littlepage (1965) and Gilmour (1975). Figure
2 compares our reversing thermometer data ob-
tained at station II, temperature data obtained
by Tressler and Ommundsen (1962), and data
reported by Littlepage (1965). All these data
were obtained from the same general area in late
winter. The average of temperatures we observed
at station II was about 0.02°C lower than the
average of values obtained by Littlepage (1965)
and by Tressler and Ommundsen (1962).

Fine-scale temperature structure and its
variability in the water column were observed
with the microstructure probe. Figure 3 shows
how much the vertical profile changed in less
than 8 hours. The profile was initially irregular
with a distinct gradient; it later became nearly
isothermal.

We noted temperature inversions in several
microstructure records. Some (figure 4) persisted
for nearly 1 hour, but most features of the ther-
mal microstructure were not persistent. Even
though the large-scale vertical temperature and
salinity gradients we observed were similar to
those observed in the Arctic (Neshyba et al.,
1971), the microstructure in McMurdo Sound
was much more variable and less pronounced,
possibly due to the shear in this relatively shallow,
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ice-covered water. Profiles shown in figures 5a
and 5b indicate the transient nature of the
microstructure features. In figure 5b the vertical
movement of the features suggests the influence
of internal waves. However, most of the temporal
changes seem to be best explained by assuming
that eddies are carried along in the mean flow or
that convective mixing is taking place as a result
of ice growth (Lewis and Walker, 1970).

Salinity. Salinity measurements ranged from
34.70 per mule at 5 meters to 34.83 per mule at
550 meters. The average salinity obtained at sta-
tion II was 34.72 per mule, 0.06 per mule less
than that obtained by Littlepage (1965) and by
Tressler and Ommundsen (1962) (figure 6).
Samples taken at the same station and depth
varied only 0.02 per mule or less.

Littlepage (1965) questions the reliability or
accuracy of salinity measurements obtained from
water samples taken at or near the in situ freezing
point of sea water. Since we had no means of
determining salinity while on station, we did not
know if the water was at or near the freezing
point. Therefore, even though we did not observe
ice crystals in the water we did use screening to
prevent ice crystals from entering some of the
sample bottles. Sample bottles were brought into
a warm area of the hut to prevent freezing in the
bottle before samples were drawn. Salinity deter-
minations made from samples taken from screen-
ed bottles showed no significant or consistent
deviation from the other samples, the greatest
difference being less than 0.01 per mule. Ac-
cording to the equation for calculating the in situ
freezing point (Doherty and Kester, 1974), very
few samples were either at or below the freezing
point (most of our samples were taken below 5
meters). It seems that, as Lewis and Lake (1971)
propose, if supercooling existed it was transitory.

Water type. Jacobs et al. (1970) listed the
following water types in the Ross Sea: Ross Sea
Shelf Water, Ice Shelf Water, Antarctic Surface
Water, and Circumpolar Deep Water. Although
we were adjacent to the Ross Ice Shelf we did not
find Ice Shelf Water, which according to Jacobs
et al. (1970) should be colder than -2.0°C and
have an average salinity of 34.70 per mule. All of
the water we found was warmer and was within
the range of salinity and temperature (34.75 to
35.00 per mule and -1.80 0 to -2.05°C) of Ross
Sea Shelf Water.

Currents. The flow in McMurdo Sound,
although under large tidal fluctuations, seems to
provide a net transport east or southeast under
the Ross Ice Shelf according to Gilmour et al.
(1962). Tressler and Ommundsen (1962) found

that current direction varies with depth; it is
toward the west and northwest above 300 meters
(rotating clockwise with increasing depth) but
toward the north and east below that depth. Lit-
tiepage (1965) reported a general residual flow in
deeper waters toward the southwest most of the
year but toward the northeast in October-
December.

Heath (1971) made extensive current
measurements in the austral summer under sea
ice at six locations, most south and southeast of
McMurdo Station. Heath noted a clockwise rota-
tion with depth, especially in the upper layers,
and maximum speeds at intermediate and mid-
depth. He attributed the vertical variations in
speed to friction (with the ice and the bottom)
and concluded that near Ross Island "currents
may be directed under the ice only near high or
low tide and not between tides." At stations
where the water depth was over 500 meters he
reported an increase in current speed with depth
to within 100 meters of the bottom. His
measurements indicated that currents generally
rotated clockwise with increasing depth.

Our attempts to obtain continuous current
records at discrete depths were unsuccessful
because the clock in the current meter failed.
Therefore, our current data are from vertical

Figure 6. Comparison of winter salinity measurements
(	Crew & Neal; o =Tressler and Ommundsen;

o Llttlepage).
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profiles of horizontal currents. It is possible to
compare these measurements with others taken
earlier.

At station I the currents were nearly uniform
in magnitude from surface to bottom, averaging
about 6 centimeters per second. Current direc-
tion rotated counterclockwise with depth. At sta-
tion II all profiles showed fairly constant speed in
the upper 100 meters (1 to 2 centimeters per
second), but speed increased below that depth in
several profiles; direction generally was toward
the south with slight counterclockwise rotation
with depth. All profiles at station III indicated
currents flowing generally to the northeast at all
depths with some indication of greater speed at
mid-depth.

Where there was significant rotation of the
current vector with depth it was counter-
clockwise. The maximum current speed we ob-
served was 22 centimeters per second, while the
average speed was 5 to 8 centimeters per sec-
ond (about 60 percent of the magnitude reported
by Gilmour, 1962). Our current measurements
showed flow under the ice on the rising tide.
However, we did not get sufficient coverage to
confirm or refute Heath's (1971) statement,
"closest to Ross Island the currents may be
directed under the ice only near high or low tide
and not between tides."

This work was supported by National Science
Foundation Division of Ocean Sciences grant
GX-42577 for the International Southern Ocean
Studies. We thank Donald Johnson for use of his
equipment and assistance in processing current-
meter records. We thank Edwin Sobey for his
assistance in processing the data and par-
ticipating in the expedition.
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Mesozoic nonmarine ecosystem
and faunal data:

Antarctica, Tasmania and India

PAUL TASCH
Department of Geology
Wichita State University
Wichita, Kansas 67208

Food chain relationships (Tasch, 1974) were
found to be more complex on lower (crustacean)
and higher (fish) trophic levels based on new data
on fossil spoor from Storm Peak (84°35'S. 163°
55'E.) and Blizzard Heights (84°37'S. 163°53'E.)
(Tasch, 1976). Included among the spoor are:
braided structures at both localities and conchostra-
can valve borings, a coprolite of three whorls in-
corporating a fish scale, and broken spines at Bliz-
zard Heights. At Storm Peak apparent galleries of
an infesting organism occur on the interior of some
conchostracan valves.
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A preliminary palynological assay in collabora-
tion with J . M. Lammons (Trinidad Texaco) of
slides from my Transantarctic Mountains fossil
collection indicated those from Storm Peak (Upper
Flow) had a small residue after acid digestion with
a few spores and pollen and sparse floral frag-
ments; those from Blizzard Heights (Tasch Station
0) also had a small residue, but more spores and
floral fragments than those from Storm Peak; Cara -

pace Nunatak (Tasch Station 2) (Tasch, 1974) by
contrast contained dense plant and wood frag-
ments and numerous better preserved spores and
pollens. Further palynological studies are planned.
These data also point to more complexity in the
food chain: in this instance, in terms of additional
food resources. They also suggest denser wooded
areas in southern Victoria Land some 850 kilo-
meters from the Queen Alexandra Range.

The arthropods of the Tasmanian Triassic
(Knocklofty Formation chiefly and Ross sandstone)
(Tasch, 1975) include fossil conchostracan genera
as follows: Paleolimnadia (two subgenera and six
species); Cyzicus (Lioestheria) (three species) and
Paleolimnadopsis tasmanii n.sp., as well as a frag-
mental malacostracan carapace. The Paleolimnadial
Cyzicus faunal assemblage indicates probable corre-
lation with the Blina shale (Western Australia) and
the Mangli beds (India). Eastern Australia could
have been the source area for the Tasmanian paleo-
limnadids.

Field work in collaboration with the Geological
Survey of India (Tasch et al., 1975) systematically
sampled the conchostracan-bearing beds of the In-
dian Jurassic Kota Formation among others. An
important biostratigraphically related collection
(seven or more successive insect-bearing beds) was
found in the Tasch collection during processing.
F. M. Carpenter (Harvard Biological Laboratories)
is doing the taxonomy in ajoint study that will cover
the biostratigraphy and paleocology of these beds
as well. Dr. Carpenter's first-sight survey of the
collection showed that at least six insect orders and
possibly more were present: Coleoptera, Blattaria,
Homoptera, Neuroptera, and Heteroptera.

The Kota Formation's nonmarine biota have
several affinities with Jurassic equivalents in the
Transantarctic Mountains.

This research was supported by National Science
Foundation grant DPP 75-05831.
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Geologic studies in the southern
Prince Charles Mountains

EDWARD S. GREW
Department of Geology

University of Cal[ornia, Los Angeles
Los Angeles, California 90024

Geologic studies in the southern Prince Charles
Mountains, including detailed work at five localities
(figures 1 and 2), were made while I was U.S. ex-
change scientist with the 18th and 19th Soviet Ant-
arctic Expeditions (SAE) in 1973 and 1974 (Grew,
1975).
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Figure 1. Geologic sketch map of the southern Prince Charles
Mountains. This map is based on field work by Dr. Grew in
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detail in the southern
Prince Charles Mountains.
Field data have been
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graphs flown in 1973 at an
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Cumpston Massif sheet
was compiled on an un-
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from ERTS imagery, the
coordinates in the sketch
maps are approximate and
can be used only to locate
the sketch maps on the
Cumpston Massif sheet.
Only larger bodies of mafic
intrusive rocks and of
granite and pegmatite are
shown; some areas of Qua-
ternary deposits have been
Mount Ruker is the same as
unit "my" on Mount Sti-
near. The symbol on Mount
Stinear marked "544" indi-
cates the location of
sample 544, a pegmatite
mineral that gives a lead-
206/lead-207 age of 1035
±2 million years. (Analysis
by W. I. Manton, University

of Texas, Dallas.)
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Basement rocks at Mounts Stinear and Rymill are
dominantly pink or gray quartzo-feldspathic
gneisses containing biotite, hornblende, or garnet;
subordinate are migmatites, mica schist with kya-
nite and staurolite, and amphibolite. Pegmatite is
common.

Metamorphic rocks (shown as "ms" on figure 1)
are as follows: biotite gneiss; quartzite; slate, phyl-
lite, and mica schist; amphibolitic rocks; marble,

gypsum (Mount Maguire only), and calc-silicate
rocks; iron formation; conglomerate. Rocks ex-
posed in the east-west line of mountains from
Mount Stinear to Goodspeed Nunataks appear to
belong to a single stratigraphic sequence. This rela-
tion is suggested by the predominantly east-west
structural trends (figure 1; also see Trail and
McLeod, 1969; Tingey, 1975); conglomerates with
clasts largely of quartzite on Mounts Stinear and
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Dummett (east of Mount McCauley) and on Good-
speed Nunataks ("c" on figure 1), and by the dis-
tinctive sequence of quartzite and amphibolitic
rocks exposed on Mounts Stinear, Rymill,
McCauley, and Scherger. Rock types in this se-
quence (including subordinate mica schist) alter-
nate in layers a few meters to over 100 meters in
thickness. Cummingtonite is found in amphibolitic
rocks. Tingey and England (1973) report a similar
unit from Mount Menzies.

Metasedimentary rocks exposed on Mount
Ruker are (1) banded iron formation (150 to 200
meters thick, bottom not exposed), (2) green slate,
in places with carbonate (1,500 meters), (3) quart-
zite (in part conglomeratic or cross-bedded), slate,
and calcareous or ankeritic phyllite alternating in
layers 5 to 50 meters thick (300 to 400 meters),
(4) conglomeratic mudstone (10 to 35 meters, "c"
on map; figure 2), and (5) green phyllite (top not
exposed). The conglomeratic mudstone is brown,
unlayered, and has more matrix than clasts. This
rock resembles conglomerates from Mount Rubin
(Grikurov and Soloviev, 1974, page 27).

Dikes, sills, and tabular bodies of mafic rocks up
to 100 meters or more across are abundant on
Mounts Stinear, Rymill, and Ruker. These mafic
rocks in places have discordant and chilled contacts
and generally show evidence of recrystallization
during regional metamorphism. Mafic intrusive
rocks are widespread in the southern Prince
Charles Mountains (Tingey and England, 1973;
Tingey, 1975).

Kyanite, staurolite, sillimanite, and garnet are
common aluminum-rich minerals (figure 1). Other
aluminum-rich minerals are (1) chloritoid, asso-
ciated with staurolite and chlorite in quartzite on
Mount Rymill, (2) andalusite, on Mounts Rymill
and Stinear, and (3) cordierite in schist with quartz,
kyanite, sillimanite, staurolite, and biotite on Mount
McCauley.

High-angle faults on Mount Stinear were active
prior to regional metamorphism. Mafic rocks were
subsequently emplaced along some of these faults,
notably those striking north N. 25°W. to N. 450 W.
Faults exposed on Mount Ruker (displacements of
roughly 40 and 300 meters) and on Mount Maguire
(including the gently south-dipping fault between
the map units "ms" and "m y") are post-meta-
morphic.

A sequence of geologic events in the Prince
Charles Mountains consistent with available field
data is (a) deposition of sedimentary and volcano-
genic rocks on a deeply eroded gneiss complex;
(b) emplacement of mafic rocks and high-angle
faulting; (c) regional metamorphism, folding, and
emplacement of granite and pegmatite; and (d)
faulting.

I thank D. S. Soloviev, deputy chief of the 18th
and 19th SAEs, for logistic support and coopera-
tion, and members of the geologic parties of both
SAEs for their assistance and for sharing samples
and field data. I thank R. J . Tingey, Australian De-
partment of Natural Resources, for taking me to
Mount Stinear for a day in 1973 and for keeping me
informed of the results of Australian work in the
Prince Charles Mountains. I thank B. P. Lambert,
director of the Australian Division of National
Mapping, for sending me aerial photographs flown
by his organization. This research was supported
by National Science Foundation grant DPP 72-
05797.
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Weathering stages of a tholeiitic
basalt (dolerite), Queen Maud

Mountains

RAYMOND W. TALKINGTON, HENRI E. GAUDETTE,
and PAUL A. MAYEWSKI

Department of Earth Sciences
University of New Hampshire

Durham, New Hampshire 03824

The sparsity of datable material and key horizons
throughout most of the Transantarctic Mountains
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Figure 1. Location of the
study site (marked by ar-
row). Air photo (U.S. Navy
TMA 1006 4227 F31) look-
ing west across the Shack-

leton Glacier.

requires that much of the mapping and correla-
tion of glacial deposits, especially moraines, be
based primarily on qualitative techniques. One
qualitative method is to characterize the degree of
weathering of clasts covering these deposits (Beh-
ling, 1971; Calkin, 1971; Nichols, 1971; and
Mayewski, 1975). Lacking, however, is a detailed
understanding of the role and method of weather-
ing. To help solve this problem, soil studies have
been made by Claridge and Campbell (1968) in the
Shackleton Glacier region and Everett and Behling
(1968), Linkletter (1972), Behling (1971), and
Everett (1971) in the dry valleys of southern Vic-
toria Land. Studies on individual lithologies (see,
for example, Kelly and Zumberge, 1961) demon-
strate the need for more sharply delimited studies,
and we are examining a weathering suite of tho-

leiitic basalts (dolerites) from a site in the Queen
Maud Mountains.

In the austral summer of 1970-197 1, Dr. Mayew-
ski collected a sequence of weathered tholeiitic
basalts of the Ferrar Dolerite Formation for labora-
tory differentiation of internal and external weath-
ering zones. The site is in the northern Cumulus
Hills (figure 1) adjacent to the Shackleton Glacier,
at approximately 85°10'S. 175°30'E. The site con-
sists of a northeast facing slope at approximately
2,000 meters elevation. A columnar jointed, near
vertically dipping basalt dike, several meters wide,
forming a ridge crest, acted as a source area for
the basalt clasts. A litter of these clasts had ap-
parently spalled off the dike and onto an adjacent
slope (average slope angle 18°) composed of cryo-
turbated mudstones and sandstones of the Fre-
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mouw Formation. Solifiuction induced downslope
transport of the basalt clasts. A sampling traverse
was taken from the ridge crest to 60 meters down-
slope. As nearly representative clasts as could be
discerned by eye were collected 2, 8, 11.5, 14, 25,
30, 44, and 60 meters downslope from the ridge
crest.

The site has several advantages. It is representa -
tive of ice-free areas in the Queen Maud Moun-
tains, and it is small, thus minimizing microclimatic
effects. Also, the basalt clasts and the underlying
Fremouw Formation have widely divergent weath-
ering rates, the former being far more resistant,
thus minimizing their interrelation. The dike is an
unweathered source for comparison, and down-
slope transport has produced a weathering con-
tinuum with increasing distance from the dike
source. Lastly, the weathering suite has been above
the level of active outlet glacier inundation for ap-
proximately the last 4.2 million years based on cor-
relation with the elevation of nearby lateral
moraines studied by Mayewski (1975).

Following are results of our preliminary weather-
ing analysis.

Megascopic examination of characteristically
angular basalt fragments from the dike demon-
strates the variability of external morphology ver-
sus distance from the dike source (figure 2).
Samples closest to the source (most recently spalled)
display angular edges, nonpitted but slightly rough-
ened surfaces, and a deep-brown color. Farther
downslope, the samples, with increasing subaerial
exposure, show decreasing angularity, smoother
surfaces, darker brown colors, and cavernous
weathering in the form of hollows (maximum 1.0
centimeter in depth). Development of hollows is
accompanied by an increase in textural roughen-

ing within the hollows similar to the overall sur-
faces of the recently exposed samples.

In microscpi: analysis, the basalt dike repre-
sents a typical tholeiite. Principal minerals are basic
labradorite and subcalcic augite set in a reddish-
brown devitrified glass and quartzo-feldspathic
matrix. The texture is diabasic. Average grain size
for the plagioclase and subcalcic augite is 0.2 milli-
meter. Microscopic measurement of the depth of
penetration of various weathering zones on the top,
side, and bottom surfaces reveals a systematic trend
with distance from the source. To distinguish the
various zones, a general reference scheme was de-
veloped, based on the color of the stain, the con-
centration of the staining, and mineral phases
(including glass) affected by the staining, all of
which are related to increasing exposure to weath-
ering and, therefore, increasing distance from
source.

This preliminary discussion deals with the outer
two zones (4 and 5). Zone 5, the outermost or most
weathered zone, is typified by a dark, red-brown
coloration of the glass matrix and the pyroxene
core plus an extensive red-brown coating on the
plagioclase. Zone 4, the second zone from the
sample edge, shows light red-brown (burnt-orange)
coloration of the glass matrix and pyroxene core,
along with a slight alteration of the plagioclase core.
Zone 4 thicknesses were measured from the inner
edge of zone 5 inward toward the center of the
sample until weathering zone 3 was detected. The
thicknesses of zones 4 and 5 are plotted on figure 3.
The data suggest:

(1) Zone 5 thicknesses (top, bottom, and side) in-
crease in a generally linear fashion with respect to
distance from source (greater duration of ex-
posure). Minor breaks occur between samples at

244	 ANTARCTIC JOURNAL



1.5

Zone 5
In

.5

a,
a,
E

P

uJ(,)
Z
L)
	 Zone 4	

/1/I

=
I-

Oc	 20	 40	 60
DISTANCE (Meters)

sites 8 and 14 meters (top, bottom, and side), 25
and 30 meters (side), and 44 and 60 meters (top).
Zone 5 thicknesses appear to reach a critical value
at roughly 0.5 millimeter. This phenomenon is be-
lieved related to the relative degree of weathering
of the glass phase prior to total disintegration and
production of soils.

(2) Zone 4 thicknesses (top, middle, and side) re-
flect a less regular relationship to distances from
source than zone 5. Samples with less duration to
exposure from locations at 8 and 11.5 meters re-
flect irregular zone 4 thicknesses versus distance
from source, which changes to a more linear rela-
tionship at 14 meters for top and bottom thick-
nesses, but remains irregular for side thicknesses.
The random relationships are believed suggestive
of a stage of pre-equilibrium thickness attainment
that is prevented from being achieved for sample
sides due to differences in microclimate. These
microclimatic effects are less effective on insulated
sample bottoms and totally exposed sample tops,
and therefore, top and bottom thicknesses even-
tually demonstrate more regular characteristics.

(3) Bottom thicknesses are generally not as great
as top or side thicknesses. This suggests that at-
mospheric exposure is one of the decisive factors
controlling the thickness of weathering rinds.

The authors acknowledge the Institute of Polar
Studies, Ohio State University, Columbus, Ohio
43210, which administered National Science Foun-
dation grant GA-4029 under which the samples
were collected, and the Department of Earth Sci-
ences, University of New Hampshire, for facilities
and equipment necessary for the laboratory analy-
ses.

Figure 3. Zone 4 and 5 top, bottom, and side thicknesses
plotted as a function of distance from ridge crest. Top—
solid line; bottom—long dash, short dash; side—short dash.
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Accretionary lapilli and
lithophysal spherulites from the
Taylor Formation, Queen Maud

Mountains

8430'S

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

During the 1970-1971 field season, we found oc-
currences of accretionary lapilli and lithophysal
spherulites, both features of volcanic rocks, in the
Early Cambrian Taylor Formation adjacent to
Shackleton Glacier (Stump, 1976) (figure 1).

Moore and Peck (1962), in summarizing accre-
tionary lapilli, conclude that they are formed by
concentric accretion of moist ash in an airborne
cloud during explosive volcanic eruptions.

A specimen of the Taylor Formation containing
accretionary lapilli was found high on a ridge crest
north of Mount Orndorf, and though it was not in
place it probably was locally derived. The accre-
tionary lapilli occur as usually intact, aimed ellip-
soids with long axes to 5-10 millimeters in length,
and packed so that adjacent ellipsoids are in con-
tact (figure 2). Compositionally the lapilli consist of
microcrystalline quartz and feldspar, calcite, and
minor amounts of opaque minerals. In addition
some small (to 0.1 millimeter) crystal fragments of
quartz and plagioclase occur with long axes ar-
ranged concentrically within the ellipsoids. A slight
decrease of grain size occurs outwardly in the ellip-
soids, and most have an outer shell (5 millimeters)
of slightly darker material. The surrounding
matrix is composed of similar material, along with
broken crystals of plagioclase and quartz (to 1 centi-
meter) and patches of sparry calcity. Also present
are forms suggesting devitrified glass shards.

Although this is the first report of accretionary
lapilli from the "basement" rocks of the Transant-
arctic Mountains, they have been found in the lower
Mesozoic Prebble Formation of the Beardmore
Glacier area (Barrett, 1969; Barrett and Elliot,
1972), and in Cenozoic volcanic rocks of the Execu-
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*Now at: Department of Geology, Arizona State University,
Tempe, Arizona 85281. Figure 1. Location map.
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Figure 2. Accretionary lapilli. North of Mount Orndorf, sample
ES-02.

tive Committee range in Marie Byrd Land (Dou-
mani, 1960).

Spherulites are spherical masses of elongate crys-
tals radiating from a single point. They often grow
during devitrification of glassy, volcanic rocks and
are found in various units of the Taylor Formation
(Stump, 1974). Under certain circumstances sphe-
rulites are found with radial or concentric cavities,
called lithophysae, which may or may not be filled
in by later mineral growth. The "thunder eggs" of
Oregon are a type of lithophysal spherulite fam-
iliar to many rockhounds.

In discussing the origin of these features, Ross
(1941) concluded that volatiles held in solution in
volcanic glass are released during spherulitic crys-
tallization of anhydrous feldspar and cristobalite,
and that the increasing pressure of these released
volatiles combined with shrinkage due to cooling of
the enclosed material causes the opening of the
cavity.

Spherulites with both radial and concentric litho-
physae were found at Taylor Nunatak, the informal
type locality of the Taylor Formation (Wade et al.,
1965). They occur in porphyritic felsites containing
embayed quartz and euhedral plagioclase pheno-
crysts.

The concentric spherulites are 1-2 centimeters in
diameter and are bright pink, in contrast to the
dark-gray country rock enclosing them (figure 3.
Microscopically it can be seen that the spherulitt
are composed of very fine, radiating crystals ol
quartz and feldspar. The lithophysae, which ai u
not developed in all spherulites of this type, are
1-2 millimeter-wide crescentic openings, arranged
roughly parallel to the margins of the spherulites
and filled in by anhedral quartz and in some cases
a little calcite.

The spherulites with radial lithophysae are 1-3
centimeters in diameter and are dark-brown bodies

December 1976

Figure 3. Spherulites with concentric lithophysae. Taylor
Nunatak. Polished slab, sample ES-01.

set in a medium-brown groundmass (figure 4). In
thin section, the spherulites appear as recrystallized
mosaics of K-feldspar and perhaps quartz. Quartz,
calcite, and minor muscovite have grown in the
star-shaped lithophysae.

The discovery of accretionary lapilli and litho-
physal spherulites in rocks of the Shackleton Gla-
cier area serves to further substantiate the volcanic
nature of much of the Taylor Formation found
there (Wade, 1974).

This research was supported by National Science
Foundation grant GV-26652.
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Weathering and mineral synthesis
in antarctic soils

F. C. UG0LINI
College of Forest Resources
University of Washington

Seattle, Washington 98195

In the polar regions emphasis has been placed on
the prevalence of physical versus chemical weather-
ing, and in Antarctica the results of a study of Kelly
and Zumberge (1961) would seem to preclude any
possibility of chemical weathering of significance
today. Other studies conducted in the Mirnyy oasis
and in the ice-free areas of southern Victoria Land
advanced evidence that mineral alteration is pres-
ently occurring (Glazovskaia, 1958; Ugolini, 1964;
Claridge, 1965; Linkletter, 1971; Behling, 1971;
Bardin and Konopleva, 1975). Direct evidence of
(1) ionic migration and (2) a continuous unfrozen
film of water at the surface of the soil particles in
the frozen antarctic soils support the possibility of
contemporary chemical weathering (Ugolini and

Grier, 1969; Ugolini and Anderson, 1973). Pre-
vious studies in southern Victoria Land (Ugolini
and Bull 1965; Linkletter, 1971; Behling, 1971;
Ugolini et al., 1973) have shown that silt and clay
percentages increase from younger to older soils.
These results apparently indicate that weathering
is occurring and that there is a weathering-time
relationship. These findings suggest two possible
mechanisms for the formation of clay: (1) synthesis
of new minerals and/or (2) comminution or fractur-
ing of existing minerals. To establish whether the
increase of silt and clay is due to either syntheses
of clay minerals or to comminution or both, three
soils from Wright Valley, southern Victoria Land,
were selected: one relatively young, one of inter-
mediate age, and one old. The particle-size analy-
sis performed on these samples emphasizes the
importance of the parent material on the mechani-
cal constituents of soils. The old soil derived from
granitic bedrock has almost as much clay as the
intermediate soil formed on the moraine where the
glacier had provided the initial grinding of the
minerals. The young soil, however, despite deriva-
tion from glacial deposits, has the lowest clay con-
tent. Free-iron oxides, extracted either with oxalate
(Fe.) or with dithionate (Fed), are used as indices of
chemical weathering. The Fe O/Fed ratio is related to
the degree of crystallinity of the iron oxides lib-
erated through weathering. The lowest ratio re-
corded in the old soil indicates a high degree of
crystallinity, long exposure, and high intensity of
weathering. Thin sections of selected rock frag-
ments at different depths from the old soil show
that feldspar is altering to mica and that the de-
gree of weathering increases toward the surface.
The best documented case of in situ clay synthesis
was found in the old profile (Jackson et al., in press).
Here the feldspar in the granitic rock was weath-
ered, in the soil, into a clay mica that, in turn, was
weathered into montmorillonite that subsequently
was interlayered with iron, forming chloritized
montmorillonite. The mineralogy of the young pro-
file shows that the feldspar amount decreases with
particle size but still persists in the fine clay. The
major minerals in this fraction include montmoril-
lonite and mica vermiculite intergrade. Both
minerals are considered to be authigenic. In the
intermediate profile, montmorillonite and mica-
vermiculite intergrade occur in the coarse clay frac-
tion; both minerals are considered to be authigenic.
In this profile the prevailing minerals in the fine
clay fraction are mica- vermiculite intergrades;
whereas a vermiculite- montmorillonite intergrade
is the major constituent of the coarse clay fraction.
Both mineral assemblages are considered to be
authigenic.

Although not fully documented, the weathering
sequence in the young and intermediate soils seems
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to indicate that the feldspar is weathering to mica,
the mica into vermiculite, and vermiculite into
montmorillonite. The best documentation for the
synthesis of new minerals in Antarctica was ob-
tained from the old soil where the fission track age
of the soil mica indicates an age of 4.1 ±0.2 million
years in contrast to an age of 151 million years for
the parent rock mica (Jackson et al., in press). The
preliminary conclusion of this study is that mineral
synthesis is occurring in Antarctica; however,
additional dating by the fission-track method is
needed for ascertaining whether the mica is detrital
or authigenic in the young and intermediate soils.

This research was supported by National Science
Foundation grant DPP 74-20701.
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Examining antarctic soils with a
scanning electron microscope

MoTo! KUMAI, D. M. ANDERSON,' and
F. C. UG0LINI2

U.S. Army Cold Regions Research and Engineering
Laboratory

Hanover, New Hampshire 03755

Jones et al., (1973) report a study of volcanic ash
from Antarctica by scanning electron microscopy
(5EM) and by electron microprobe. The volcanic
ashes examined were collected at two sites near
Lake Vanda in the upper Wright Valley. They con-
sisted of amorphous, porous, friable, light-gray
volcanic materials. Their amorphous nature was
confirmed by a powder X-ray diffraction analysis
that indicated an absence of crystallinity.

Here we present the results of an investigation,
by SEM and energy dispersion X-ray analysis, of the
morphology, degree of weathering, and chemical
species for six samples of recent moraines and de-
composed sandstones from Antarctica (figure 1).

Energy dispersion X-ray analysis (EDxA). Eighteen
common elements (sodium, magnesium, alumi-
num, silicon, phosphorus, sulfur, chlorine, potas-
sium, calcium, titanium, chromium, manganese,
iron, cobalt, nickel, copper, palladium, and gold)
were identified easily by EDXA. The accelerating
voltage was 20 kilovolts. Eleven elements (sodium,
magnesium, aluminum, silicon, sulfur, chlorine,
potassium, calcium, titanium, manganese, and
iron) were determined to be in the soil samples.
Chromium, palladium, and gold (used in shadow-
ing) also were found. Phosphorus, cobalt, and
nickel were not observed.

EDXA was carried out for standard clay minerals
such as dickite 15c and montmorillonite 23. The
limit of detectability was determined using stan-
dard clay minerals and was found to be about 0.1
percent for sodium and potassium, and 0.01 per-
cent for iron.

Quantitative analysis for soil samples 2 and 3
from a recent moraine in lower Wright Valley was

'Now at the National Science Foundation, Washington, D.C.
20550.

'College of Forest Resources, University of Washington,
Seattle, Washington 98105.
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Figure 1. Beacon Valley, Wright Valley, and Lower Wright Valley Glacier, southern Victoria Land.

done by EDXA (table). Measurement 2 of soil 3 in the
table was determined to be pure silicon dioxide,
indicating that the sample was quartz. The results
demonstrate a heterogeneity that would not be seen
in bulk analysis.

SEM was used to examine soils from Beacon Val-
ley, from a lateral valley adjoining Beacon Valley,
and from lower Wright Valley:

Beacon Valley. A typical scanning electron

micrograph of soil 1 shows rounded grains that
were subjected to much mechanical and chemical
weathering. Using EDXA, chemical species such as
CaC12 , MgC12 , and KC1 were found on the soil
grains. Sulfur was absent. Soil 4 (figure 2a) is a
sandy soil derived from decomposed Beacon sand-
stone: the grains are rounded, indicating substan-
tial exposure to mechanical and chemical weather-
ing. Rhombohedral crystals (figure 2a) found on

%.-.
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.à '.	 b	 Energy, Key

Figure 2. Sandy soil sample 4 from Beacon Valley. (a) Rhombohedral crystals (CaSO 4) formed on rounded soil grains, and (b)
the EDX (energy dispersion X-ray) pattern of the rhombotedral crystal.
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many of the grains were identified using EDXA
(figure 2b) as CaSO4 . Pure silicon was found using
EDXA and was identified as quartz. Chlorides such
as KC1, NaCl, and CaC1 2 were found on grains of
about 30 percent of soil 4. We describe these ma-
terials from the Beacon Valley as ahumic, saline
soil. This finding agrees with those of earlier in-
vestigators.

Lateral valley. Soils 5 and 6 were collected on an
alluvial fan in the first lateral valley on the north-
west side of Beacon Valley. Soil 5 (0 to 6 centimeters
deep) and soil 6 (6 to 136 centimeters deep) were
examined using SEM and EDXA to observe their dif-
ferences with depth. A cubic crystal of 8.2 micro-
meters diameter resting on a mineral grain of soil 5

was confirmed by EDXA to be CaSO4 . A quartz par-
ticle (figure 3a) indicating mechanical and chemical
weathering, with contamination by elements such
as potassium, calcium, and iron, was identified us-
ing EDXA (figure 3b) in surface soil 6. Many mag-
netite and quartz particles were found, but chloride
was not found in either soil 5 or soil 6. Ca50 4 crys-
tals were found in the surface soil but not deeper;
this was the only observed difference between the
surface soil and the deep soils. We classify soils 5
and 6 as sandy, evaporite soil.

Lower Wright Valley. By contrast, a typical scan-
ning electron micrograph (figure 4a) of soil 2 ob-
tained at site 3 in the lower Wright Valley shows
grains having sharp edges, indicating weak mech-

Figure 3. Sandy soil 6 from first lateral valley. (a) Quartz particle showing weathering, and (b) the EDXA pattern indicating
quartz with contamination of potassium, calcium, and iron.

Quantitative analysis (weight percentage) by EDXA of soil samples from lower Wright Valley.

Soil 2
	 Soil 3

Element Measurement Measurement Measurement Measurement Measurement Measurement Measurement Measurement
1	 2	 3	 4	 1	 2	 3	 4

Na	-	 -	 -
Mg	-	 5.5	2.5
Al	12.5	6.1	12.2
Si	26.1	22.5	23.5
S	 -	 -	-
Cl	-	 -	 -
K	-	 3.7	3.1
Ca	5.1	8.0	-
Ti	-	 -	 -
Mn	-	 -	 -
Fe	-	10.8	-
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anical and chemical weathering and thus a rela-
tively young age. Magnetite and silicate were found.
Iron, GaG12 , and KC1 were found using EDXA in 7
percent of the grains. This sample is described as
an ahumic, saline soil.

The grains of soil 3 (figure 4b) from site 1, lower
in elevation than site 3, also have sharp edges
formed by comminution during glacial transport
and possibly by frost action after deposition. The
grains of soil 3 have sharp edges and less weather-
ing than those of soil 2. Particles of quartz, mag-
netite, and silicate minerals were found in this
sample using EDXA. Soil 3 is younger than soil 2
(Ugolini, 1966; Ugolini and Anderson, 1973), as
seen clearly in figure 4b, and is from a recent
moraine in the Trilogy Glaciation (Nichols, 1971)
in lower Wright Valley.

Chloride was found using EDXA on the grains of
7 percent of morainic soil specimens. We consider
that chloride probably was supplied from sea spray,
by wind, and by condensation nuclei of the snow
crystals (Kumai, 1976) and remained on the soil
grains after sublimation of the snow.

In conclusion, we did not find amorphous, por-
ous, friable volcanic materials in recent morainic
soils from lower Wright Valley, and we did not find
these materials in sandy, evaporite soil from the
Beacon Valley or the lateral valley.

This research was supported by ILIR DA project
4A 161 101A91D and by National Science Founda-
tion grant Gv-30058. We thank J . H. McAlear of
EMV Associates, Inc., and J . Sayward of the U.S.

Army Cold Regions Research and Engineering
Laboratory for helpful discussion.
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Mineral chemistry of
Kirkpatrick Basalts

PHILIP R. KYLE and DAVID H. ELLIOT
Institute of Polar Studies

and
Department of Geology and Mineralogy

The Ohio State University
Columbus, Ohio 43210

Geochemical studies at The Ohio State Uni-
versity (Elliot, 1970, 1972; Faure et al., 1974) have
shown that the Kirkpatrick Basalts from Storm
Peak, Beardmore Glacier, have high initial stron-
tium-87/strontium-86 and low potassium/rubidium

ratios similar to the Ferrar Dolerites from the
Transantarctic Mountains and the Jurassic doler-
ites from Tasmania (Compston et al., 1968).
Strontium-87/strontium-86 ratios, strontium con-
centrations, and major element chemistry all ex-
hibit systematic stratigraphic variations within a
sequence of 12 flows at Storm Peak (Faure et al.,
1974). The chemical variations are incompatible
with an origin by fractionational crystallization
processes. Faure et al. (1974) show quantitatively
that the chemical and isotopic variations could re-
sult from contamination of a tholeiitic basalt mag-
ma with iron-rich granitic material enriched in
strontium-87.

In continuing geochemical studies of the Kirk-
patrick Basalts, we have made preliminary micro-
probe analyses of mineral phases and the ground-
mass glass in samples from Storm Peak and a sample
from Brimstone Peak, northern Victoria Land

Table 1. Representative analyses of minerals in Kirkpatrick Basalt samples from Storm Peak.

Pyroxene
2	 3
	

4

	

50.6	50.7
	

49.3

	

1.58	1.59
	

0.89

	

0.68	0.80
	

0.55
14.9	18.6
	

31.0

	

0.33	0.36
	

0.62
13.4	11.0
	

6.63

	

17.65	17.6
	

11.2
nd.	nd.	nd.
nd.	nd.	nd.

	

99.14	100.65
	

100.19

Structural formulae
6	 6
	

6

	

1.938	1.943
	

1.980

	

0.071	0.072
	

0.042

	

0.020	0.023
	

0.017

	

0.479	0.595
	

1.041

	

0.011	0.012
	

0.021

	

0.764	0.630
	

0,397

	

0.725	0.723
	

0.484

	

36.8	37.1	25.2	An

	

38.8	32.3	20.6	Al)

	

24.3	30.6	54.2	Or

Oxygen	6
Si
	

1.970
Al
	

0.047
Ti
	

0.010
Fe	 0.652
Mn	 0.013
Mg	 1.101
Ca	 0.203
Na
K
Wo	 10.4
En	 56.3
Fs	 33.3

II

Si02	 53.1
Al203	 1.07
Ti02	 0.35
FeO*	 21.0
MnO
	

0.42
MgO
	

19.9
CaO
	

5.11
Na20	 n.d.
K20	 nd.
Sum	 100.95

Plagioclase	 Titanomagnetite
5
	

6

	

52.5
	

0.29

	

29.2
	

1.80

	

0.05
	

24.8

	

0.87
	

68.3
0.34

	

0.13
	

0.14

	

13.7
	

0.08

	

3.42
	

Sum	 95.75
0.23

	

100.10
	

Fe2O3	16.6
FeO
	

53.4
Total
	

97.45

32
9.556
6.263
0.006
0.132

0.034
2.680
1.206
0.053

	

68.0
	

Usp	 75.0
30.6

1.4

*Total Fe as FeO; nd., not determined;-, not detected. 1, 2: sample 27.36 grains 5 and 3 respectively. 3, 4: sample 27.41 grains 8 and
11 respectively. 5: sample 27.24. 6: sample 27.36 grain 5.
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Figure 1. Electron micro-
probe analyses of plagio-
clase in Kirkpatrick Basalt
samples, Storm Peak,
Queen Alexandra Range. 1:

Or -	27.1, flow 2.2:27.24, flow 7.
3: 27.36, flow 11. 4: 27.41,

flow 12.

Figure 2. Electron microprobe analyses of pyroxene in Kirkpatrick Basalt samples, Storm Peak, Queen Alexandra Range.
Sample Identification same as for figure 1.
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(Skinner and Ricker, 1968). Analyses were made at
the University of Otago (Dunedin, New Zealand)
using a JEOL microprobe. Table 1 gives represen-
tative analyses.

Plagioclase in Storm Peak lavas shows little com-
positional variation within a sample (figure 1) and
also between samples (with one exception). Pheno-
crysts in three samples have cores of labradorite
(An70-An65) with weakly zoned rims that may reach
An56 . Flow 12 (sample 27.41) from the top of the
sequence at Storm Peak has plagioclase that is com-
positionally distinct (An55-An42 ), being more so-
dium rich. Chemically, the four samples are gen-
erally similar except for Al 203 , which is lower in
sample 27.41.

Pyroxene analyses show an extremely wide range
in composition (figure 2) and consist of pigeonite,
augite, and ferroaugite with minor subcalcic augite
and subcalcic ferroaugite. The extreme iron en-
richment of Storm Peak pyroxenes is unusual and
shows a closer resemblance to the crystallization
trends observed in lunar basalts than to most terres-
trial tholeiitic magmas (figure 3). Pyroxenes in
deep-sea tholeiitic basalts are generally diopsidic
augite, although in some samples iron enrichment
adjacent to residual mesostasis may be similar to
that shown by the Storm Peak pyroxenes (Hodges
et al., 1976).

The range in pyroxene composition is probably
a metastable effect due to rapid (quench) crystalli-

Figure 3. Pyroxene crystal-
lization trends in Kirkpat-
rick Basalt from Storm
Peak and Brimstone Peak,
northern Victoria Land.
Comparative trends for
lunar rocks and terrestrial
tholeiitic magmas are from
McDougall (1961), Brown
(1957), Carmichael (1967),
and Bence and Papike

(1972). Apollo 15	 Apollo 11 12, Luna 16	 Apollo 12
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zation. Well-developed skeletal magnetites and tex-
tures indicative of quenching are common in many
samples.

A single partial analysis of a pyroxene rim has
a composition of Ca17Mg10Fe73 and an FeO content
of 35.1 percent. This is within the forbidden region
of the pyroxene quadrilateral (Lindsley and Munoz,
1969) in which pyroxene is not stable. It also lies
within the range of chemical composition of pyrox-
ferroite, a new pyroxenoid mineral discovered in
lunar basalts from Apollo 11 (Frondel, 1975). Fur-
ther analyses are necessary to determine the extent
of iron enrichment and to confirm the iron-rich
compositions.

Partial analyses of pyroxenes in the uppermost
of nine flows from Brimstone Peak (figure 3) are
the most magnesium-rich pyroxenes analyzed to
date in the Kirkpatrick Basalts.

Magnetite in Storm Peak lavas is titanium rich
and shows little compositional variation. Recalcu-
lation of the iron oxidation state (table 1) gives low
totals, suggesting that the magnetite probably has
been oxidized. In some samples, the magnetite has
oxidation "exsolution" lamellae of ilmenite.

Faure et al. (1974) estimate a composition for
the iron-rich granitic contaminant (table 2) they
consider responsible for the high strontium-87/
strontium-86 ratios in the Storm Peak lavas. Many
of the basalt samples have glassy groundmasses, the
amounts of which show a positive correlation with
increases in strontium-87/strontium-86. If granitic
melt was assimilated into the basalt magma, then
the glassy basaltic groundmass might have a com-
position approaching that of the contaminant. A
broad-beam microprobe analysis of the glass from

Table 2. Estimated composition of a granitic contaminant of
the Kirkpatrick Basalts and a measured composition of

groundmass glass in a lava flow from Storm Peak.

Si02	66.7	 69.1
Ti02	0.60	 0.72
Al203	7.1	 10.6
FeO*	 16.6	 6.22
MgO	 -0	 0.21
CaO	 1.2	 2.52
Na2O	 4.5	 2.65
K20	 3.1	 3.33

(1) Granitic contaminant of the Kirkpatrick Basalts calculated
by Faure et al. (1974). (2) Groundmass glass of Kirkpatrick
Basalt sample 27.24 from flow 7, Storm Peak. *Total Fe as FeO.
Electron microprobe analysis.

a single sample (table 2) shows many similarities to
the suggested contaminant. A few differences occur
particularly in the FeO* (total Fe as FeO) contents;
the suggested contaminant has 16.6-percent FeO*
whereas the glass contains only 6.2 percent. The
difference could be explained partly by crystalliza-
tion of pyroxene after addition of the contaminant.
The pyroxenes are extremely iron rich. The py-
roxene crystallization trends may therefore be a
metastable effect or may reflect the addition of a
contaminant to a primary tholeiitic basalt magma.

This research was conducted during an Ohio
State University postdoctoral fellowship. Electron
microprobe facilities were made available by the
University of Otago. D. H. Elliot collected the
samples during fieldwork supported by National
Science Foundation grants GA-12315 and GV-
26652.
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Preliminary interpretation of
potassium-argon ages of plutons

in northern Lassiter Coast and
southern Black Coast

PETER D. ROWLEY
U.S. Geological Survey

Denver, Colorado 80225

EDWARD FARRAR and SANDRA L. MCBRIDE
Queen's University

Kingston, Ontario, Canada

Plutonic rocks in the northern Lassiter Coast and
the southern Black Coast, Antarctica, mapped dur-
ing the 1972-1973 austral field season (Rowley,
1973), intrude rocks of the tightly folded Latady
Formation (Upper Jurassic) as well as overlying vol-
canic rocks. The geology is similar to that of the
southern Lassiter Coast (Williams et al., 1972).
Field relations, age determinations, and modal and
chemical data indicate that these igneous rocks are
part of a single calc-alkaline magma series. The

products of this series are correlated in age and
general composition (Rowley and Williams, 1974)
with rocks of the Andean intrusive suite of Adie
(1955). Plutons in the Lassiter Coast range in com-
position from gabbro to granite, but most are quartz
diorite, granodiorite, and quartz monzonite.

Potassium-argon ages were determined for eight
samples of plutonic rock from the northern Lassiter
Coast and the Southern Black Coast (table). Five
of these samples were collected from the largest
known pluton from the southern Antarctic Penin-
sula, the Werner batholith. It is about 25 kilometers
wide and extends from the southern Black Coast
at least 140 kilometers south to the central Lassiter
Coast. The batholith consists almost entirely of
quartz monzonite and granodiorite. A local, thin
mafic-margin phase, rarely more than 2 kilometers
wide, consists of quartz diorite, diorite, and gabbro.
Field evidence demonstrates that the main quartz
monzonite-granodiorite phase intrudes the mafic-
margin phase. Two biotite and one hornblende
potassium-argon age determinations were made
for the older mafic phase (samples 1, 2) of the Wer-
ner batholith (table). All three ages are Late Cre-
taceous, but the hornblende age is significantly
older than the biotite ages. The hornblende age
(114.4 ±6.8 million years) is probably close to the
true age of emplacement of the Werner batholith.

Potassium-argon ages of plutons in the northern Lassiter Coast and the
southern Black Coast, Antarctica.

Calculated age
Mineral	(million years)

Sample	 Rock type	Pluton name	analyzed	 ±2o-

1. Central Werner Mountains
(73°32'S. 62°29'W.)

2. Southwest Dana Mountains
(73°23'S. 63°15'W.)

3. Unnamed mountains, Black Coast
(72°50'S. 63°12'W.)

4. Eastern Playfair Mountains
(73°57'S. 63°04'W.)

5. Southwest Dana Mountains
(73°24'S. 63°19'W.)

6. Eastern Dana Mountains
(73°11'S. 63°19'W.)

7. Eastern Dana Mountains
(73°15'S. 62°10'W.)

8. Southern Hutton Mountains
(74°19'S. 62°41'W.)

diorite	Werner (east-central part)	biotite	107.9 ±5.1

diorite	Werner (west-central part)	biotite	101.3 :L1.8

do.	 do.	 hornblende	114.4 ±6.8
granodiorite	Werner (north end)	biotite	100.6 ±4.3

quartz	Werner (south end)	biotite	100.6 ±4.3
monzonite
granodiorite	Werner (west-central part) biotite

	104.9 ±4.6

granodiorite	Galan (northwest part)	biotite	104.3 ±1.9

diorite	Grimminger (northeast
	biotite	108.1 ±2.7

part)
mafic	Rath (central)

	
biotite	108.6 ±6.8

granodiorite

Locations of samples taken from 1:500,000-scale U.S. Geological Survey antarctic sketch map of Ellsworth Land (east part)-
Palmer Land (south part). Rock names from classification of Bateman (1961). Constants used: X = 0.585 X 10 10yr' = 4.72 X

10 0yr', K40/K = 0.0119%.

December 1976	 257



We believe that the biotite ages were reset and re-
flect reheating due to intrusion of the younger
quartz monzonite-granodiorite phase (compare
Mehnert et al., 1975).

Samples 3 and 4 are typical of the younger quartz
monzonite-granodiorite phase of the Werner
batholith. The age of this phase thus is considered
to be about 100 million years old (table). Sample 5
also is granodiorite, but it occurs at the roof of the
batholith adjacent to the older mafic phase (sample
2); detailed petrography and geochemistry demon-
strate that during emplacement it was contami-
nated by partial assimilation of the Latady Forma-
tion and the older mafic phase (W. R. Vennum,
unpublished data, 1976). Its older potassium-argon
age may reflect partial assimilation of biotite of the
older mafic phase.

The Galan batholith, consisting mostly of grano-
diorite, is about 20 kilometers east of the north-
ern Werner pluton. The Galan batholith intrudes
the northern edge of the Grimminger stock, which
consists of diorite and quartz diorite. The Grim-
minger stock was sampled because field evidence
suggested that it might be the oldest intrusive rock
in the Lassiter Coast and the southern Black Coast.
Its biotite age (sample 7) must be considered a mini-
mum age, for it may have been reset by intrusion
of the Galan batholith (sample 6). The Rath stock
consists of diorite and granodiorite and is 20 kilo-
meters south of the Werner batholith. The biotite
age of the Rath stock (sample 8) may have been re-
set, inasmuch as a small batholith, probably
younger, occurs several kilometers north of the
Rath pluton.

The new ages are similar to previously deter-
mined ages from plutons in the southern Antarctic
Peninsula. Ages of all plutonic rocks in the Lassiter
Coast and southern Black Coast range from 119 to
95 million years (Mehnert et at., 1975; Rowley
et al., 1975) and overlap the 109- to 102-million-
year dates on plutons (Halpern, 1967) in eastern
Ellsworth Land, which is less than 200 kilometers
west-southwest of the Lassiter Coast. Thus plutons
in the southern Antarctic Peninsula have a rela-
tively restricted time range in the late Cretaceous,
in contrast to plutons in other parts of the Penin-
sula (Adie, 1972).

This study was supported by National Science
Foundation grant AG-187 and by a grant from the
National Research Council of Canada.
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An unusual occurrence of
scolecite from the Antarctic

Peninsula

WALTER R. VENNUM* and JOANNE L. BENTZ
Department of Geology

Cahfornia State College, Sonoma
Rohnert Park, California 94928

White, fan-shaped aggregates of a fibrous zeolite
as much as 5 millimeters long coat fracture sur-
faces in diorite on the northern slope of a small
nunatak at 73°24S. 63°13'W. in the south-
western Dana Mountains of the northern Lassiter
Coast. This location is about 10 kilometers south-
west of Mount Barkow. X-ray power data (table)
indicate that the mineral is either natrolite or scole-
cite. Negative elongation, small extinction angle on
cleavage fragments, refractive indices above 1.505,

*Also: U.S. Geological Surve y , Menlo Park, California 94025.
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birefringence of 0.006, and noticeable dispersion
confirm its identification as scolecite. Mode of oc-
currence severely restricts the amount of material
available for thinsection examination; all optical
properties, except birefringence, were determined
by oil immersion.

The diorite is the oldest and outermost unit of
the composite Werner batholith—an elongate, con-
centrically zoned igneous body that extends 140
kilometers from an unnamed mountain range in
the southern Black Coast south to the Hutton
Mountains of the central Lassiter Coast (Rowley,
1973; Rowley and Williams, 1974). Potassium-
argon dating shows that all intrusive phases of the
batholith are Upper Cretaceous (Edward Farrar
and S. L. McBride, Queens University, Ontario,
written communication, 1975). The pluton in-
trudes black slate, siltstone, and sandstone of the
Upper Jurassic Latady Formation. Thin septa and
pods of diorite, as much as several hundred meters
wide, locally occur along the western margin of this
batholith in the southwestern Dana Mountains and
along its eastern margin in the central Werner
Mountains. At both localities, the diorite is intruded
by younger granodiorite that grades into the
quartz-monzonite core of the batholith. The intru-
sive contact between diorite and granodiorite is
exposed 25 meters south of the zeolite locality. De-
tailed petrography of the rocks in the area (Ven-
num, unpublished data, 1976) confirms that both
the diorite and thegranodiorite adjacent to the
zeolite locality are hybrid rocks that have assimi-
lated large amounts of the surrounding Latady
Formation.

Scolecite (CaAl2Si2O 19 . 3H20) is an uncommon
member of the zeolite group; its chief mode of oc-
currence is in cavities of basaltic volcanic rocks. Two
notable localities are the Tertiary basalts of Mull
and Skye and at Berufjord, Iceland. Scolecite also
has been reported in contact-metamorphosed cal-
careous rocks and as a hydrothermal mineral con-
centrated along fissures in other types of meta-
morphic rocks. Only rarely does it occur as a vein
or joint filling in quartz-bearing rocks (summary in
Deer et al., 1963).

Textural relations and experimental data by
others indicate that the scolecite on the Lassiter
Coast is of hydrothermal origin. The mineral fibers
embay and replace both plagioclase and quartz and,
where in contact with biotite, the mica is extensively
chloritized. Amphibole, however, is not replaced by
the zeolite. Coombs et al. (1959) stated that
sodium and calcium zeolites are unstable above
320°C, although they may be synthesized at tem-
peratures below 450°C. Koizumi and Roy (1960)
synthesized scolecite from a mixture of CaO Al203
• 3SiO2 in the presence of seed crystals of natural
scolecite in the range from 230° to 285°C at 1,100

kilograms per square centimeter water pressure;
they noted that scolecite breaks down to yield anor-
thite and wairakite + H 20 at 300°C at the same water
pressure. We conclude that the scolecite near
Mount Barkow formed from hydrothermal alter-
nation of the diorite by solutions emanating from
the granodiorite during its emplacement.

Stewart (1964) recorded scolecite in a list of min-
erals reported from Antarctica, but did not docu-
ment its locality. This mineral has not previously
been reported from the Antarctic Peninsula. Zeo
lites associated with plutonic rocks have been found
at only one other locality on the Antarctic Penin-
sula—the southern Bowman Coast, 500 kilometers
north of the Mount Barkow area. Fraser and Grim-
ley (1972) tentatively have identified stilbite and
chabazite of primary magmatic origin from both
tonalite and granodiorite in that region.

This study was supported by National Science
Foundation grant AG-187.
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X-ray powder data from Mount Barkow zeolites.

d (A) (obs)	 I	 hkl

	

6.645	 7	 001

	

5.896	 9	 111,310

	

4.756	 3	 040,400

	

4.412	 8	 131

	

4.230	 1	 311,420

	

3.663	 1	 510

	

3.230	 2	 060

	

3.095	 1	 600, 441

	

2.894	 10	 441

Copper-potassium alpha radiation, nickel-filtered, 35,000
volts, 18 milliamperes, powder camera diameter 114.6 milli-
meters.
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Cordierite and orthopyroxene
megacrysts in late Precambrian

volcanic rocks of the
Thiel Mountains

Table 1. Average chemical composition of 27 samples of
Thiel Mountains volcanic rocks.*

Standard
Mean	 deviation

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

Menlo Park, California 94025

G. R. HIMMELBERG
Department of Geology
University of Missouri

Columbia, Missouri 65201

Cordierite is a common metamorphic mineral in
certain high-grade gneiss and granulite terranes
(Reinhardt, 1968; Davidson and Mathison, 1974),
but it is comparatively rare in igneous rocks, being
more commonly reported from plutonic than from
volcanic environments. The occurrence of cor-
dierite and hypersthene megacrysts in silicic vol-
canic rocks of probable late Precambrian age in the
Thiel Mountains (figure) is of considerable petro-
logic interest because of recent experimental
studies (Hensen and Green, 1972; Winkler, 1974;
Green, 1976) that show cordierite to be somewhat

0°

9O0W

1800

Location of Thiel Mountains.

In weight percent (Ford, unpublished data).

refractory during partial melting of crustal rocks.
We therefore have begun a study by electron micro-
probe of cordierite and hypersthene compositions
to evaluate possible mechanisms for the origin of
this unusual mineral association in volcanic rocks
of the Thiel Mountains.

Volcanic rocks form the principal exposures in
escarpments and nunataks scattered over an area of
about 3,000 square kilometers (Ford, 1964). The
1: 1,000,000-scale geologic map of Schmidt and
Ford (1969) shows the distribution and map rela-
tions of these rocks with early Paleozoic granitic
plutons that intrude them. The granitic rocks are
biotite-bearing and apparently are free of cor-
dierite and hypersthene. The volcanic sequence
locally contains minor beds of siltstone and argillite.
The terrane on which this sequence was deposited
is not exposed, and the source of the volcanics has
not been identified. The lithologic character of

Table 2. Calculated mineral assemblage of average Thiel
Mountains rhyodacite, using method of Rittmann (1973).*

Quartz	 33.7
Sanidine	 30.1
Andesine (An37)	 21.4
Biotite	 7.3
Cordierite	 6.2
Magnetite	 0.5
Ilmenite	 0.5
Apatite	 0.4

*Amounts given are in volume percent.

SiO,	 69.8
	

1.3
Al203	 14.5	 0.5
Fe203	 1.1	 0.4
FeO	 3.0

	
0.6

MgO	 1.2	 0.2
CaO	 2.2

	
0.2

Na2O	 2.5
	

0.4
K20	 3.8	 0.4
H20+	 1.1	 0.3
Ti02	 0.69	 0.13
P205	 0.18

	
0.03

MnO	 0.02
	

0.03
Co2	 0.05	 0.06

100.1
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rocks in the vicinity of the conduit is therefore not
directly known.

Rock textures suggest that the volcanics are of
pyroclastic origin (Ford and Sumsion, 1971). Cor-
dierite and hypersthene or their pseudomorphs
are ubiquitous, cordierite in amounts less than 1
percent and hypersthene generally several percent
to rarely as much as 10 percent. Both minerals
occur as megacrysts and also as constituents of small
lithic inclusions (xenoliths) scattered in minor
amounts through the volcanic pile. Purplish vit-
reous cordierite, commonly 1 to 3 millimeters
across, is conspicuous in many hand specimens.
Microscopically, it is angular to blocky or rounded,
commonly with simple twins, and set in a fine
xenomorphic-granular matrix of quartz and potas-
sium-feldspar or rarely as large inclusions in plagio-
clase. Hypersthene megacrysts are mostly angular
to rounded and embayed, and are commonly al-
tered to biotite or chlorite. Hypersthene and more
rarely cordierite are major constituents of the lithic
inclusions, textures of which commonly resemble
those of granulites. Mineral assemblages of inclu-
sions are mainly hypersthene-labradorite and less
commonly are cordierite-labradorite and cor-
dierite-hypersthene-labradorite.

The average chemical composition of the vol-
canic rocks is shown in table 1. The rocks have little
chemical variation, as indicated by low standard
deviations. Several methods can be used to calcu-
late theoretical mineral assemblages (norms) from
rock chemistry. Using the common ciw method,
minor amounts of corundum are calculated, which
indicates the rocks' aluminous nature. However,
corundum is not in the actual mineral assemblage
(mode) and such minerals as cordierite and biotite
that are in the mode cannot be calculated by the
cipw method. However, all principal modal min-
erals of these rocks can be calculated by the method
of Rittmann (1973). The average "Rittmann norm"
(table 2), however, contains considerably more cor-
dierite than that actually present. The ratio of calcu-
lated quartz: potassium-feldspar: plagioclase (39.6:
35.3:25.1) indicates that the average rock is rhyo-
dacite in the classification used by Rittmann.

Mineral analyses were made with an Applied Re-
search Laboratory EMX-SM electron microprobe,
except for one analysis by standard methods of
separated cordierite made by Ellen G. Lillie (U.S.
Geological Survey, Washington, D.C.). For micro-
probe analyses, corrections were made for back-
ground, for mass absorption, for secondary fluo-
rescence, and for atomic number, and iron values
are total iron computed as Fe 2+. Microprobe analy-
ses of three cordierite megacrysts were made using
the separated cordierite as a standard. Ten ortho-
pyroxene analyses were made using minerals of
known composition as standards. Results show that

the cordierite is a magnesial variety (table 3), and
that orthopyroxenes are within the compositional
range of ferrohypersthene (table 4). Megacryst
varieties of both minerals have little compositional
variation. The composition of the single analyzed
orthopyroxene from a lithic inclusion compares
closely with orthopyroxene megacryst composi-
tions. Several minor constituents of cordierite were
not determined in the microprobe analyses, and
therefore the summation reported in table 3 is low.
Standard analysis shows the cordierite to contain
1.25 percent water, 0.25 percent carbon dioxide,
and 0.01 percent titanium oxide.

The rhyodacite is compositionally similar to cor-
dierite-bearing granite of the Australian New Eng-
land batholith for which Flood and Shaw (1975)
offer five possible mechanisms for cordierite ori-
gin: (1) magma contamination by surrounding alu-
minous wall rocks; (2) reaction of primary musco-
vite with biotite or residual melt; (3) reaction of
refractory garnet residuals as magma intruded up-
ward; (4) as phenocrysts crystallized from the mag-
ma; (5) as refractory residuals from the zone of
partial melting.

Arguments similar to those used by Flood and
Shaw (1975) lead to a similar conclusion: the most
likely origin of the Thiel Mountains cordierite was
as a refractory phase carried up from the site of
magma generation. The case for the Thiel Moun-
tains is stronger because cordierite also occurs in
granulite-like inclusions of New England granite.
The orthopyroxene megacrysts may also be refrac-
tory, as suggested by occurrence of the mineral in
lithic inclusions and by its textural characteristics.
Coarse quartz megacrysts that typically show deep
resorption embayments may also be party residual.
Cordierite is reported from other silicic volcanic
rocks in which it is believed to be refractory (Zeck,

Table 3. Average chemical composition of four
cordierite megacrysts from Thiel Mountains rhyodacite.*

Standard
Mean	Range	deviation

Si02	47.2	46.2-47.4	0.7
Al203	33.9	33.3-34.3	0.5
FeO	 8.2	7.3-8.7	0.7
MgO	 7.7	7.3-8.2	0.4
CaO (3 samples)	0.18	0.09-0.31	0.12
Na20 (3 samples)	0.18	0.14-0.21	0.04
K20 (3 samples)	0.15	0.08-0.21	0.07
MnO (3 samples)	0.35	0.12-0.78	0.37

97.9
100 Mg (Mg+Fe) in

structural formula	62.6	59.9-66.7	3.0

*In weight percent.
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Table 4. Average chemical composition of
orthopyroxenes from Thiel Mountains rhyodacite.*

MEGACRYSTS (9)	 In lithic in-
clusion (1)

	

Mean	Range Standard
deviation

Si02	47.4	46.5-48.9	0.7	47.9
Al203	3.39	3.09-3.69	0.23	3.07
Ti02	0.25	0.18-0.30	0.04	0.22
MgO	 13.7	12.3-14.6	0.9	14.6
FeO	 33.6	32.4-35.5	1.2	32.2
MnO	 0.60	0.54-0.69	0.05	0.56
CaO	 0.24	0.20-0.28	0.02	0.25
Na20	 0.01	0.00-0.03	0.01	0.02

100/(Mg+Fe) in	99.2
structural
formula	41.7	37.7-43.5	2.4	44.2

*In weight percent.

1970; Birch and Gleadow, 1974) and is known in
ignimbrite of anatectic origin (Pichler and Zeil,
1972). The refractory nature of cordierite during
partial melting has been demonstrated experimen-
tally by Winkler (1974) and by Green (1976).

Granulite terranes are not exposed in the Thiel
Mountains or in nearby areas. However, if the cor-
dierite and orthopyroxene megacrysts and lithic
inclusions are residuals from partial melting, they
suggest a parent terrane of that nature. Compar-
ison of mineral compositions with those in granu-
lite terranes elsewhere may support this view.
For example, an average distribution coefficient
[(KD.Mg Fe) (cordierite-orthopyroxene) = (Mg/Fe)
cordierite X (Fe/Mg) orthopyroxene] of 2.3 (range
of 5 values, 2.0 to 2.5) between megacryst pairs
compares closely with an average value of 2.43 be-
tween cordierite and orthopyroxene in Australian
granulite and is the same as that between cordierite
and hypersthene synthesized by Hensen and Green
(1972) under conditions of 5.4 kilobars pressure at
900°C. The megacryst K D values cannot indicate
exact values in the parent terrane owing to mixing
of residual crystals in the magma and possibly to
alteration during ascent, but they may approximate
parent values in view of the rather narrow compo-
sitional ranges of the minerals (tables 3 and 4).
Experimental studies by Green (1976) show that the
presence of residual cordierite and the absence of
garnet indicate depths of magma generation that
are less than 25 kilometers. Although megacryst-
pair KD values suggest a metamorphic percentage,
an igneous origin cannot be excluded by them since
occurrences of unequivocally igneous cordierite-
orthopyroxene pairs are not known to us for com-
parison.

Silicic volcanic rocks possibly correlative with the
Thiel Mountains rhyodacite occur widely in the
central Transantarctic Mountains. In other areas
the rocks are variably deformed and altered, gen-
erally under low-grade metamorphic conditions. If
primary refractory phases existed elsewhere, they
are no longer recognizable (at least none has been
reported). The Thiel Mountains occurrence ac-
cordingly may provide unique data for lower
crustal environments in this part of Antarctica, and
therefore more detailed study seems warranted.
The preliminary results reported here will be ex-
tended by additional studies to investigate compo-
sitions of cordierites in lithic inclusions and com-
positions of other phases to assess their role in the
partial melting process by which the rhyodacite
magma formed.

Fieldwork and early phases of laboratory studies
were supported by National Science Foundation
grants G-14694, G-14695, and G-18614. The Uni-
versity of Missouri electron microprobe used for
this study was purchased with assistance from Na-
tional Science Foundation grant GA-18445.
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Volcanoes of the Executive Committee Range
(1260 W., 760 to 77°S.) were first described by
Doumani (1964), and further work has been re-
ported by LeMasurier and Wade (in press). The
range is the largest and most petrologically varied
volcanic range in Marie Byrd Land; it includes rep-
resentatives of essentially all the rock types present
in the entire petrographic province. Lavas range in
composition from alkali basalt and basanite to inter-
mediate compositions such as hawaiite, mugearite,
and benmoreite. An extremely wide range of salic
rock types, paralleling those in the African rift
valleys, also occur and include phonolite, quartz
trachyte, alkali rhyolite, comenditic trachyte,
comendite, and pantellerite (figure 1). Strontium
isotope measurements (Halpern, 1970; Jones and

Walker, 1972; LeMasurier and Wade, in press) on
basaltic, intermediate, and some salic lavas are simi-
lar, suggesting they are from a mantle-derived
source and may be comagmatic. However, it is dif-
ficult to derive this great variety of oversaturated
and undersaturated salic rocks from the nepheline
normative alkali basalt magma that seems to be the
only primary magma type available in the province.
Several combinations of high- and low-pressure
petrologic processes seem to be called for. Rare-
earth element (REE) studies of these rocks have
focused on the Executive Committee Range be-
cause of the variety of rocks represented and the
fact that field and chronologic relations are better
displayed here than anywhere else in Marie Byrd
Land.

Thirteen lava samples from the Executive Com-
mittee Range together with an alkali basalt, basan-
ite, phonolite, and pantellerite from other parts of
Marie Byrd Land were analyzed by Dr. Rankin for
REE, cesium, barium, hafnium, lead, thorium, and
uranium using spark source mass spectrometry.
The analytical technique and precision of the
method are given by Howorth and Rankin (1975).
REE analyses are plotted normalized to the chon-
drite abundances given by Price and Taylor (1973).
Interpretation of the results is in progress. Results
and some preliminary conclusions are discussed
below.

Basanite (figure 2). The two samples have
similar chondrite normalized patterns that show
a small positive europium anomaly. Compared to
the alkali basalt (figure 3) the basanites are enriched
in REE. The REE distribution of the basanites is
typical of undersaturated basaltic magmas, which
are considered to form by partial melting of a
garnet peridotite mantle (Kay and Gast, 1973).

Alkali basalt-hawaiite-mugearite-benmoreite (figure
3). There is an increase in REE uranium, thorium,
and barium through this series of rocks; an excep-
tion is benmoreite 23A, discussed separately below.
All samples have a positive europium anomaly.
Alkali basalt and basanite (see above) generally have
small positive europium anomalies inherited from
partial melting and fractionation processes operat-
ing in the mantle (Kay and Gast, 1973; Sun and
Hanson, 1975). The europium anomalies in the
hawaiite, mugeraite, and benmoreite (50A) prob-
ably constitute a feature that in turn was inherited
from the alkali basalt parent. The progressive in-
crease in REE through the series is consistent with
an origin by fractional crystallization from an alkali
basalt parent.

Benmoreite sample 23A has an exceptionally
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Figure 3. Chondrite nor-
malized REE plot of alkali
basalt-hawaiite-mugearite-

benmoreite lavas.
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large positive europium anomaly (EuIEu* = 1.791)
and a high barium content. An anomaly of the mag-
nitude observed in 23A is unusual and difficult to
explain. The data suggest addition or accumulation
of large amounts of feldspar, but the sample is
nearly aphyric and shows no evidence of feldspar
phenocrysts that could be cumulus in origin. Low-
or high-pressure fractionation processes are un-
likely to account for the observed europium
anomaly.

Quartz trachyte (figure 4). Two samples
show extremely different REE patterns. Sample
24B has low barium (less than 50 parts per million)
and a large negative europium anomaly (EuIEu* =

l EuIEu* = the measured concentration divided by the concen-
tration estimated by interpolating the chondrite normalized
samarium and gadolinium values.

0.37) indicative of feldspar fractionation. The other
sample (42A) has an extremely high barium (1,600
parts per million) and a small positive europium
anomaly (Eu/Eu* = 1.08); petrogenesis of this
sample did not involve feldspar fractionation.

Phonolite (figure 5). Three phonolite samples
have similar REE patterns except for varying euro-
pium contents, and they must have evolved by simi-
lar processes. Feldspar fractionation in slightly dif-
ferent abundances would account for the varying
negative europium anomalies. Sample 54A is the
most fractionated with the lowest barium, highest
uranium, thorium, lead, and largest europium
anomaly, yet it has a total REE content intermediate
between the other two samples. It may have formed
from a parent with a lower REE content than
samples 20D and 71A.

Relative to the analyzed alkali basalt and basan-
ite, some phonolites show a greater enrichment of
the heavy REE compared to the light REE. As frac-
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Figure 4. Chondrite normalized REE plot of quartz trachyte
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Figure 5. Chondrite normalized REE plot of phonolite lavas.

tionation of most mineral phases present in these
lavas will not result in a greater enrichment of the
heavy REE compared to the light REE, it appears
that the phonolites were not derived from a parent
like the analyzed alkali basalt or basanite. A basan-
ite with a higher abundance of light REE, or a lower
abundance of heavy REE, would be a suitable
parent (compare basanite lavas from the McMurdo
Sound area) (Sun and Hanson, 1975, 1976; Kyle
and Rankin, 1976).

Salic lavas (figure 6). Characteristic of all
these lavas is their variable chondrite normalized
patterns and their large negative europium ano-
malies (EuIEu* ranges from 0.20 to 0.65). Substan-
tial quantities of feldspar fractionation must have
occurred during the formation of these lavas. The
parents and processes of fractionation are under
investigation.

W. E. LeMasurier collected the samples during
fieldwork supported by National Science Founda-
tion grant DPP 70-02980.
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Peter I Island lies in the southeastern Pacific
Ocean at 68°50'S. 90°40'W. about 240 nautical
miles off the Eights Coast of West Antarctica. Ris-
ing from the continental rise, it is one of the few
truly oceanic islands in the region. Few people have
been on the island, and little is known of its geology.

Thaddeus von Bellingshausen discovered and
named the island in 1821, and it was not seen again
until sighted by Pierre Charcot in 1910. A Nor-
wegian ship dredged some rocks off the west coast
in 1927, and persons from the Norvegia achieved
the first landing in 1929. USNS Burton Island
put a party ashore in Norvegia Bay in 1960; Crad-
dock collected 29 rock specimens at that time.

Peter I Island is a glaciated volcanic island about
20 kilometers long and 1,750 meters above sea
level. The few rock exposures are mainly in shore
cliffs; the narrow beaches contain large clasts of
rock and glacial ice (figure 1). A well-developed
marine platform surrounds the island and inter-
rupts the otherwise symmetric profile of a large vol-
canic seamount.

The observed bedrock consists of interbedded
flows of basalt and more siliceous lavas; flow thick-
nesses are mainly less than 10 meters, and apparent
dips are 5 degrees or less. Lavas vary from dense
to highly vesicular, and a few surfaces show pahoe-
hoe or ropy structure (figure 2). Some trachyan-
desite flows contain numerous gabbroid inclusions.
Dikes and small stocks cut the stratified rocks. A
single potassium-argon whole-rock age of 12.5 ± 1.5
million years was obtained on a basalt flow from
Norvegia Bay.

Broch (1927) described the 175 dredged rocks
and identified three rock types: basalt, andesite,
and trachyandesite. Andesite is lacking in the 1960
collection, but the trachyandesite from the shore
contains inclusions of gabbroid rocks. Most rocks
from the island are basalt; other varieties comprise
a minor fraction.

The basalts are hypo- to holocrystalline, com-
monly porphyritic, and consist of clinopyroxene,
intermediate plagioclase, metallic oxides, and oh-
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Figure 2. Ropy pahoehoe basalt flow, Norvegia Bay.
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Figure 1. View north along
beach at Norvegia Bay

V showing clasts of glacial
ice and volcanic rock. Ice
cliffs are about 25 meters

high.
Photos by author

vine. The trachyandesites are dense, prophyritic
aphanites comprised of plagioclase (mainly oligo-
clase) and hornblende phenocrysts and a matrix
of less calcic feldspar, augite, apatite, magnetite,
and cryptocrystalline material. Coarse-grained,
hypidiomorphic gabbroid inclusions occur in many
of the trachyandesite specimens. The mineralogy
of these inclusions is similar, but the relative abun-
dances of the minerals vary considerably. The min-
eral constituents, in order of generally decreasing
abundance in the inclusions, are: intermediate pla-
gioclase, diopsidic augite, low-iron hornblende,
basaltic hornblende, titaniferous magnetite, apa-
tite, olivine, and biotite.

In summary, the volcanic rocks of Peter I Island
are mainly oceanic olivine basalts, along with some
andesite, trachyandesite, and possibly benmorite
and trachyte. All of these rocks may represent a
single volcanic series, somewhat alkaline in char-
acter but lying chiefly in the transition field between
the tholeiitic basalt series and the alkali olivine
basalt series. Six chemical analyses suggest, but do
not establish, a bimodal distribution of volcanic
rocks in terms of silica proportions. The coarse-
grained gabbro-to-diorite inclusions in the trachy-

ANTARCTIC JOURNAL



andesites may have formed within the oceanic crust
or the volcano.

This research was supported by National Science
Foundation grant DPP 70-02991.
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Volcanoes formed by eruption beneath the ice
sheet (intraglacial volcanoes) are an especially inter-
esting part of the geology of Marie Byrd Land be-
cause, in addition to their petrologic significance,
they seem to record several aspects of glacial his-
tory (LeMasurier, 1972a; Hughes, 1973). However,
the best preserved examples of these volcanoes
(Mount Murphy, 75°30'S. 110°00'W., and Mount
Takahe, 76°20'S. 112°00'W.) are quite different
in size, shape, and internal structure from the
better known intraglacial volcanoes of Iceland and
British Columbia. The Byrd Land volcanoes have
been a subject of continuing study to determine
whether these differences are related to glacial his-
tory or to volcanic processes. I made a brief com-
parative study of the Icelandic volcanoes in summer
1970, and this year at Victoria University of Well-
ington I am continuing the work of comparing
Marie Byrd Land intragiacial volcanoes with both
submarine and intragiacial analogs in New Zeland,
Victoria Land, and Hawaii.

One objective is to explain the apparent absence
of pillow lavas and the unusually large thicknesses

(over 2,000 meters) of basaltic hyaloclastite (vitric
ash) in Marie Byrd Land intraglacial volcanoes. Ice-
landic examples, by comparison, generally are com-
posed of a large proportion of pillow lavas over-
lain by only a few hundred meters of hyaloclastite.
Petrographic studies this year are directed toward
comparing Marie Byrd Land hyaloclastites with
hyaloclastites that overlie pillow lavas in Iceland,
in the Hudson Mountains in Ellsworth land (75°S.
100°W.), and on Ross Island. From these studies
it now appears that hyaloclastites associated with
pillow lavas are composed largely of vitric (sidero-
melane) clasts that contain very little crystalline
material, whereas the Marie Byrd Land hyaloclas-
tites are composed of microlite-rich sideromelane
and tachylyte clasts. Bonatti (1967) saw similar re-
lationships in studying deep-sea hyaloclastites.

Results of this research are being prepared for
publication. The main conclusion, related to inter-
pretations of glacial history, is that the crystal con-
tent of lava at the time of eruption appears to de-
termine whether pillow lavas or hyalociastites will
form in deep water (for example, more than 500
meters) or beneath thick ice. Hyaloclastites in
Marie Byrd Land appear to be of a type that forms
in lieu of pillow lavas. This adds new evidence in
support of the interpretation (LeMasurier, 1972a)
that the great thicknesses of these deposits repre-
sent the growth of volcanoes beneath a correspond-
ingly thick ice sheet.

No significant petrographic differences between
submarine and intraglacial hyaloclastites have been
discovered. However, a review of the literature, and
an examination of several field localities in New
Zealand, leads to the conclusion that submarine
volcanics are characteristically associated with
marine sediment. This is particularly significant
with regard to interpreting the older hyaloclastites
in Marie Byrd Land (for example, Oligocene
through Pliocene). The absence of sedimentary
interbeds in these deposits now seems a more sig-
nificant indication of subglacial eruption than was
suspected when earlier reports were written.

The present exposure of thicknesses over 2,000
meters of late Quaternary hyaloclastite above ice
level at Mount Murphy and Mount Takahe remains
a problem of great potential significance. Hughes
(1973) suggests that these volcanoes record mas-
sive surges of the West Antarctic Ice Sheet. His
suggestion is appealing, and it may be supported
by the topographically high level of some moraines
in Marie Byrd Land. During a 1967-1968 Marie
Byrd Land survey, for example, I observed moraine
resting on 1.6-million-year-old pumice at the top of
Chang Peak (77°05'S. 126°40'W.), 820 meters
above present ice level.
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Mount Erebus (elevation, 3,794 meters; 77°
32'S. 167 009'E.), Ross Island, contains a per-
sistent lava lake of anorthoclase phonolite magma,
making it a unique geological phenomenon. Lava
was first observed in the crater in December 1972
(Giggenbach et al., 1973). Frequent strombolian
eruptions were heard from 24 December 1972 to
6 January 1973. During a brief visit on 4 February
1973, an ash eruption from a fumarole vent on the

south side of the inner crater lasted 45 seconds
(Treves and Kyle, 1973).

A surveillance period from 11 to 24 November
1973 was hindered by poor weather. On 11 Novem-
ber, however, viscous lava was observed flowing
from a small vent about 0.5 to 1 meter in diameter.
A small flow 15 to 20 meters long with a maximum
width of 3 to 4 meters moved slowly (1 to 2 meters
per minute) and entered a small convecting lava
lake 40 meters in diameter (Kyle, 1975).

In the 1974-1975 field season, a major French-
N.Z. expedition was mounted to sample gases from
inner crater fumaroles and also to sample and make
direct temperature measurements of the lava lake.
The expedition received U.S. helicopter support
from nearby McMurdo Station. The objectives were
not achieved because an unexpected increase in
explosive activity occurred. Detailed seismological
observations were made, however, using an array of
five seismographs. Ejected lava samples were col-
lected and audiovisual observations were made.
The lava area had increased to fill more of the
northern half of the inner crater than the previous
season (figure). Lava was observed to well up at the
eastern side of the lava lake and to move slowly
along a curved path before disappearing in a tunnel
at the western end. Strombolian eruptions from the
lava lake and a new explosive vent on the south
side of the inner crater were observed for the first
time. Bombs were observed at distances too close
for comfort.

Observations in November and December 1975
again were plagued by bad weather. A single seis-
mological station was established and run for 7
days. Audiovisual observations were also made.
The lava lake was observed briefly several times.
Lava filled the entire northern half of the inner
crater with the previous circular movements re-
placed by a series of overlapping areas where lava
was welling up. An average of two explosions per
day were heard in the camp area; they appeared to
be less violent than those heard on previous visits.

In summary, 4 years of intermittent observa-
tion indicate a steady expansion in the lava lake.
The frequency and violence of small strombolian
eruptions tend to be variable from year to year,
and no set pattern has been detected.

Special thanks are due to Samuel B. Treves, Uni-
versity of Nebraska, Lincoln, who has participated
in many of the expeditions cited above. Logistic
support was partially provided by the U.S. Antarc-
tic Research program (National Science Founda-
tion) and the N.Z. Antarctic Research Programme
(N.Z. Department of Scientific and Industrial
Research).
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approximately 3 to 4 million years old in McMurdo
Sound. Zone 3, which includes the upper parts of
both DVDP holes 10 and 11, includes faunas like
those from a number of Pleistocene and Recent
deposits around McMurdo Sound. The cored se-
quence records deposition in a deep fjord in the
Miocene, subsequent erosion possibly due to tec-
tonic uplift and grounding of the Ross Ice Shelf
followed by shallow-water deposition in the mid-
Pliocene, and further erosion and then deposition
in the Pleistocene from a grounded ice sheet and
floating ice.

The second Taylor Valley session presented
much physical data on Taylor Valley drill core,
especially that from the New Harbor and Common-
wealth Glacier DVDP sites. R. D. Powell, Victoria
University, presented and reviewed the results of
over 100 size analyses, which showed the extreme
variability in the core. A detailed profile of the
oxygen-18 value of porewater throughout the se-
quence at New Harbor was presented by I. Yang
for M. Stuiver, University of Washington, and
G. H. Denton, University of Maine. The data indi-
cate a fully marine environment down to 85 meters,
followed by transition to fresh water from 100 to
125 meters, then to brackish from 130 to 155
meters, and finally a return to near fresh from
150 to 184 meters. A paper by J. Park and Dr.
Barrett, Victoria University, presented a paleomag-
netic stratigraphy based on 33 mudstone samples
from DVDP holes 10 and 11. The data indicate at least
three polarity changes above the 120-meter level in
DVDP hole 10. Reversed samples from sediment be-
low 50 meters in DVDP hole 10 and 85 meters in DVDP
hole 11 indicate an age of more than 0.69 million
years for the strata at these levels, and the polarity
changes lower down suggest a minimum age of
about 4 million years for the oldest strata cored.

The second session ended with a sedimentologi-
cal interpretation of DVDP holes 10 and 11 by the
project geologist for the holes, B. McKelvey, North-
ern Illinois University. The sequences show an ir-
regular transition upward from diamictite in the
lower part to sandstone and gravelly sediment at
the top, probably reflecting a change from profuse
glacial rafting along with suspension and traction
current sedimentation to strandline and fluviogla-
cial deposition.

The third Taylor Valley session included contri-
butions on salt distribution and origin in the valley.
Sulfur isotope studies on thenardite and gypsum
by T. Nishiyama, Kyoto University (Japan), and
N. Nakai, Nagoya University (Japan), indicate that
the salts were derived from seawater probably by
wind action, and that the isotopic composition of
samples from the floor of the valley has been modi-
fied by subsequent bacterial reduction and oxida-
tion at present and higher lake levels. Dr. Nishi-

yama and H. K. Kurasawa, Kyoto University
(Japan), reviewed salt distribution and showed that
halite is the most abundant in the area, though both
thenardite and calcite are widespread. C. H.
Hendy, T. R. Healy, E. R. Rayner, and A. T. Wilson,
University of Waikato (New Zealand), presented
uranium-thorium ages from aragonite-rich lake
sediment. The ages fall in the range of 73,000-
125,000 and 185,000-210,000 years, and indicate
that the entire Lake Bonney Basin was flooded at
those times. Dr. Hendy observed that if the dated
beds resulted from proglacial lake sedimentation,
the younger dated beds rest on till deposited by a
much more extensive Taylor Glacier of probably
50,000 to 60,000 years ago (a warm period for
most other parts of the world). One dateable hori-
zon was found at 58 meters in the thick sequence
of tills cored at DVDP hole 12, and gave an age of
300,000 ±50,000 years. C. G. Vucetich, Victoria
University, concluded the Taylor Valley papers by
stressing the importance of topographic barriers
or thresholds to the history of the valley, and by
examining some outcrop evidence.

The Wright Valley session had two papers. The
first, by R. E. Behling, West Virginia University,
described in detail a buried soil that has features
indicating a wetter and perhaps warmer climate.
A paper by Dr. Toni, N. Yamagata, and J . Ossaka
reviewed the history of Don Juan basin. Ten years
of records show that the size of the pond, which
varies greatly, is inversely related to its salinity.
Study of core from DVDP hole 13, which passed
through 12 meters of salt-bearing sediment near
the pond, has shown that there is much more salt
in the sediment beyond the pond than in the pond
itself. These new data were used in a model ex-
plaining the origin of salt in the basin in terms of
seawater evaporation.

The disappointing results of drilling in McMurdo
Sound during 1975-1976 were presented early in
the seminar by Drs. Barrett and Treves; drilling
began late and was terminated early due to early
deterioration of the sea-ice platform after only 2
weeks. Two distinct layers nevertheless were pene-
trated; 13 meters of soft, pebbly, fine-to-coarse
sand underlain by 52 meters of weakly cemented,
well-stratified fine-to-medium sand. This was the
first attempt to use annual ice as a drilling platform,
and it was pleasing to hear of the successful opera-
tion of the equipment and the new knowledge on
the behavior of sea ice. Drs. Barrett and Treves
outlined a proposed plan for a final season's drill-
ing to reach the original objective and to sample the
pre-glacial sequence beneath.

One complete session and parts of two others
were used to present papers on the volcanic rock
Of DVDP holes 1, 2, and 3, which were drilled at Hut
Point Peninsula in the 1972-1973 and 1973-1974

December 1976	 273



field sessions. The first paper, a review paper by
P. R. Kyle, Victoria University, and Dr. Treves
described the general geology of the area and
noted that research on the core from the three
holes revealed the presence of abundant inter-
mediate rock types (hawaiite, trachybasalt, ben-
moreite, and mugearite) that are only sparsely
represented at the surface or do not occur at all.

S. S. Goldich, Northern Illinois University, then
read a paper by S.-S. Sun and G. N. Hanson, State
University of New York, Stony Brook, that pre-
sented a model for the evolution of mantle sources
for alkaline basalts and nephelinites based on a
study of the heterogeneities in the trace element
concentrations and lead and strontium isotope
ratios of core and surface specimens of Ross Island
rocks. They suggest that the heterogeneities result
from intrusion of basaltic melts into mantle sources
1,000 to 3,000 million years ago, and that the
mantle sources of alkali basalts and nephelinites
are mantle plumes from much deeper than the
presently convecting upper mantle that now is the
source of ocean ridge basalts.

Dr. Goldich and J. L. Bodkin, Pennsylvania State
University, reported that they had devised a new
method for fluorine analysis. Their results are in
good agreement with standards. They showed that
the average fluorine content of trachybasalts and
anorthoclase phonolites of the Ross Island area is
appreciably higher than that of basanitoids and
mafic phonolites, but that there is considerable
overlap. They see a good positive correlation be-
tween fluorine and P205 content. The results will
be used to study the origin of alkali-basalt magmas
and their crystallization processes.

The strontium isotope geochemistry of some
ultramafic nodules from the Ross Island area indi-
cates, according to J . S. Stuckless, U. S. Geological
Survey, and R. L. Ericksen, Northern Illinois Uni-
versity, that some have reacted with their host
rocks. Some show an apparent isochronal relation-
ship that indicates an age of 155 ± 17 million years,
which is the age of the Ferrar Dolerites. Isotopic-
reequilibration within the upper mantle or lower
crust at that time may explain this relationship.

The hyaloclastite of DVDP hole 3 was the sub-
ject of the paper presented by Drs. Treves and
Kyle. It is 214 meters thick and constitutes the old-
est unit of DVDP hole 3, which was drilled to a depth
of 381 meters at Hut Point Peninsula on Ross Is-
land. It consists of a 20.62-meter-thick upper unit
that is primarily blocky-palagonitic-lapilli-tuff and
a 193.55-meter-thick lower unit that is primarily of
lapilli tuff and blocky lapilli tuff. A lithologic dis-
continuity occurs in the lower unit at 218 meters.
Above this break the lapilli and blocks of the hya-
loclastite consist of rhonite-bearing olivine-augite
basalt. Below the break the lapilli and blocks of the

hyaloclastite consist of olivine-augite basalt. At 218
meters the tuffs contain rounded lapilli (clast?) of
volcanic rocks that do not occur on Hut Point
Peninsula or in the overlying units. These data indi-
cate a cessation of explosive volcanism, transport
of rounded lapilli (clasts) to Hut Point Peninsula,
and then explosive volcanism of rhonite-bearing
basalt.

Dr. Nakai's 6 oxygen-18 and 6 deuterium data
for the ice of DVDP hole 3 show that water at a depth
of 342 meters is identical to seawater, that the 6
oxygen-18 and 6 deuterium values increase grad-
ually with depth, and that these data may be pre-
sented as two smooth curves with a break at 200
meters. Eruption of the older unit into seawater
and the younger unit into a mixture of sea and fresh
water, such as might occur under an ice shelf, might
explain such a relationship.

Resistivity data on ice by L. D. McGinnis, North-
ern Illinois University, also indicate a break at 200
meters, but he likened the situation to present-day
groundwater situations near the coast, where a mix-
ing of marine and fresh water has taken place as a
result of the rising and falling of sea level during
glacial and interglacial periods. He also noted that
as the freshwater/saltwater interface migrates up-
ward and downward, the chemistry of the com-
bined water of the rocks will change, and that some
units might retain relict seawater preferentially.
Therefore, it is rarely possible for the present-day
water in any of these coastal rocks to be representa-
tive of the water in which they were deposited.

On the final day of the seminar two meetings
were held to discuss the future of DVDP and long-
term geologic drilling projects. The first was con-
vened to discuss the question of whether DVDP
operations should continue during the 1976-1977
field season to drill another hole in McMurdo
Sound. The group supported the concept of
deeper drilling in the Sound and agreed that a
detailed proposal should be prepared.

The second meeting provided an opportunity
for DVDP coordinators, consultants, and scientists
to present their ideas regarding future geologic
drilling in Antarctica. DVDP drilling operations
and the scientific data reported during the seminar
formed the basis for discussions.

Attendees acknowledged the lessons learned
from DVDP and urged that a spectrum of drill rigs,
ranging from a large rotary rig to the small Acker
rig, be employed in future drilling operations, and
recommended that a program of shallow drilling,
field investigation, and geophysical evaluation be
part of the site evaluation program. It was con-
cluded that DVDP clearly demonstrated the value
of continuous coring into the sedimentary rocks
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and bedrocks of Antarctica, and that there was con-
siderable scientific justification for undertaking a
number of deep-drilling projects in Antarctica in
the years to come.

Analysis of permafrost cores
from antarctic dry valleys

A. LINCOLN WASHBURN
Quaternary Research Center

University of Washington
Seattle, Washington 98195

Multidisciplinary laboratory investigations of dry
valley permafrost cores reported in Washburn
(1975) were continued this last year, and further
studies are projected. The principal dry valley
studies at the Quaternary Research Center concern
long cores from lower Taylor Valley, involving an
interstratified sequence of marine and terrestrial
sediments. This work includes (1) paleontology of
siliceous microfossils by H. Y. Ling, (2) sedimen-
tology and stratigraphy of sediments by S. C. Porter
and James Beget, (3) oxygen-isotope and radio-
metric analyses by Minze Stuiver and Albert Young,
and (4) chemical investigations by Fiorenzo Ugo-
lini. The emphasis during this past year has been
on cores from Dry Valley Drilling Project holes
8 to 12 as reported below by the above investigators.

Holes 8, 9, and 10: New Harbor (micropaleontology).
Investigation of 37 samples from hole 10 revealed
silicoflagellates at a depth of 137 meters and radio-
larian fragments at depths of 142 meters (lower
part of diamicton unit 4) and 149 meters (sandy
unit 5). In the cores studied to date from holes 8
to 10, radiolarians and silicoflagellates are rare and
species diversity is low. Nevertheless, occurrences
and age indications are generally consistent with
the oxygen-isotope analyses.

Holes 8, 9, and 10: New Harbor (sedimentology and
stratigraphy). Study of cores from holes 8 and 10 has
included analysis of lithic composition and micro-
fabrics. The results indicate the sediments are
dominated by rock types that crop out in lower Tay-
lor Valley. Mafic dike rocks are a recognizable com-

ponent (up to 20 percent) below a depth of about
150 meters, but are rare above that level. McMurdo
volcanics constitute a significant component of the
sediment above the 150-meter depth, but were not
found below that depth. These observations make
it likely that a significant change in provenance,
and possibly also in depositional environment,
occurs at approximately the 150-meter depth.
Microfabric analysis of diamicton layers shows that
two layers, at 70 to 74 meters and at 114 to 124
meters, are characterized by strong fabrics, whereas
the other diamictons apparently lack a fabric. The
two layers with fabric are compositionally and tex-
turally similar to those without. The presence of a
strong fabric is regarded as indicating deposition
by grounded ice, the resulting diamicton being
interpreted as a basal till. Diamictons lacking a fab-
ric probably were deposited either beneath an ice
shelf or from floating bergs and are interpreted as
glacial marine drift. Probably significantly, the
lower and thicker of the two basal tills is also char-
acterized by low 6 oxygen-18 values indicative of
a freshwater depositional environment (Stuiver,
Yang, and Denton, 1976).

Holes 8, 9, and 10: New Harbor (oxygen-isotopes).
Results of the work on permafrost waters in cores
8, 9, and 10 were reported in Stuiver, Yang, and
Denton (1976). In summary, the data indicate fully
marine or almost fully marine conditions to a depth
of 85 meters. From 85 to 100 meters there is a
transition zone to a much less saline environment.
From 100 to 125 meters freshwater conditions pre-
vail with possibly some addition of seawater, the
lowest 6 values being about —23 per mill. From 125
to 130 meters there is a transition zone from fresh
to brackish water, the brackish having 6 values
ranging from —7 to —14 per mill from 130 to 155
meters. From 150 to 184 meters the evidence indi-
cates return to nearly freshwater conditions, the
lowest 6 values being about —20 per mill.

Holes 8, 9, and 10: New Harbor (chemistry). Eleven
samples from hole 10 were studied for relative salt
concentration and composition of water extracts
from the frozen core. Measured were electrical con-
ductivity (EC), pH, and the following ions: NH4t
NO3 , PO43 , SO4 -2, Cl-, Nat K, and Mg2t

The results indicate freshwater conditions at a
depth of 37 meters as shown by EC (800 pmhos per
centimeter) and low concentrations of chloride (270
parts per million) and other ions. This finding is
inconsistent with the 6 oxygen-18 values, which
indicate marine conditions to a depth of 85 meters.
The existence of marine conditions at a depth of 46
meters is supported by high EC (2,500 pmhos per
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centimeter) and high chloride (710 parts per mil-
lion) and high sulfate (159 parts per million) con-
tents. A transition zone to a less saline environment
is indicated for depths of 68, 82, and 87 meters by
low chloride concentrations (238, 298, and 426
parts per million, respectively) and by sulfate con-
centrations (45, 39, and 132 parts per million) and
EC values. This interpretation agrees with 5 oxy-
gen-18 values at the depth of 87 meters but not
with the 5 oxygen-18 values for the two lesser
depths (68 and 82 meters), which argue for fully
marine conditions. Determinations at depths of
108, 111, and 113 meters indicate brackish condi-
tions with the total ionic content, including chlor-
ide, increasing, whereas 8 oxygen-18 values show
essentially freshwater conditions, as is also shown by
the chemistry at a depth of 119 meters. Finally,
marine conditions are indicated for depths of 113
and 155 meters as revealed by high EC values (3,500
and 5,500 pmhos per centimeter, respectively) and
high chloride and sulfate concentrations. This in-
terpretation is consistent with 8 oxygen-18 values
except at the 155-meter depth for which the 8 oxy-
gen- 18 values support essentially freshwater con-
ditions.

The reason for the discrepancies is not known
but may be due in part to leaching, which would
affect the ion concentrations but not the oxygen- 18/
oxygen- 16 ratios, and in part may be apparent only
and related to the need to establish a better defini-
tion of the limits between freshwater, brackish, and
marine conditions as determined by the different
approaches. These questions are under study.

Hole 11: Commonwealth Glacier, Taylor Valley
(micropaleontology). A study of the siliceous micro-
fossils of 139 samples from hole 11 is under way.

Hole 12: Lake Leon (micropaleontology). Of 29
samples from hole 12, none showed silicoflagellates
or radiolarians, although some unusual microfos-
sils were observed below the depth of 163 meters
in the sandy mud of a diamicton; these are being
examined with respect to their botanical or zoologi-
cal affinities.

This research was supported by National Science
Foundation grant opp 75-23075.
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Analysis of Ross Ice Shelf
geophysics

CHARLES R. BENTLEY
Department of Geology and Geophysics
Geophysical and Polar Research Center
The University of Wisconsin, Madison

Madison, Wisconsin 53706

Analysis of the geophysical survey of the eastern
half of the Ross Ice Shelf carried out during the
1973-1974 and 1974-1975 austral summers contin-
ued during the last year. The survey measurements
included seismic determination of sea floor depth
and gravity observations at 75 to 90 stations on a
50-kilometer grid spacing, and four seismic refrac-
tion profiles.

The sea bottom beneath the shelf is characterized
by a pair of broad ridges of about 200-meter relief
trending east-west normal to the boundary between
floating and grounded ice. A layer of sediment 0.5
to 2 kilometers thick lies on the sea floor; its upper
part, at least, is probably unconsolidated marine
till. Crystalline basement appears to underlie the
sediment directly except under and near Roosevelt
Island, where an intermediate layer exists. The iso-
static gravity field consists of alternating bands of
positive and negative anomalies roughly correlat-
ing with the submarine ridges and troughs, respec-
tively, suggesting that tectonic structure and not
glaciation is the fundamental determinant of ocean
bottom topography.

When the isostatic gravity anomalies are aver-
aged on 10 by 10 squares, the correlation with sub-
marine topography is essentially removed. The
smoothed anomaly field is consistently 15 to 20
milligals negative along the boundary between the
floating ice and the grounded ice sheet of West Ant-
arctica, increasing westward to zero along the cen-
tral axis of the ice shelf. The anomaly pattern is
consistent with the retreat at the end of the Pleisto-
cene of a grounded ice sheet extending from West
Antarctica to the center of the present shelf, but
not farther. It is completely inconsistent with the
existence of a grounded ice sheet across the entire
area of the present ice shelf as recently as 5,000
years ago, as has been inferred from glacial geologi-
cal evidence, unless that ice sheet was very thin and/
or advanced such a short time before its retreat
that it never became isostatically compensated. A
surging ice sheet might satisfy the requirements.

Electrical resistivity measurements have been
analyzed using a computer program that models a
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continuous variation of resistivity with depth. The
most satisfactory model at the 1973-1974 base camp
(82°32.5'S. 166°01'W.) corresponds to a bottom
melt/freeze rate close to zero and an activation
energy for electrical conduction of 0.25 electron
volt, in agreement with laboratory measurements
on antarctic ice samples. The actual resistivity in
the solid ice at a depth of about 100 meters lies
within 10 percent of 70,000 ohm-meters, thus again
confirming the very low resistivities typical of polar
glacier ice. At the 1974-1975 base camp (80'1 1.8'S.
161°34'W.) the resistivities through most of the ice
shelf are similar, but there is a highly resistive layer
(resistivity on the order of 1 million ohm-meters)
about 75 meters thick at the base of the ice. Since
the latter station lies on ice that has emerged onto
the shelf through a major west antarctic ice stream,
whereas the former lies on sheet-flow ice from the
Siple Coast, the basal layer may result from anneal-
ing and/or plastic deformation in the low part of the
ice stream.

This research was supported by National Science
Foundation grant DPP 72-05802.
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Past levels and present state of
northern Victoria Land glaciers

PAUL A. MAYEWSKI
Department of Earth Sciences
University of New Hampshire

Durham, New Hampshire 03824

Late Cenozoic glacial events and recent ice and
snowpatch adjustments were investigated during
the 1974-1975 austral summer in the region of the
upper Rennick Glacier, northern Victoria Land
(Mayewski, 1975). Three study areas were visited:
Morozumi Range and Helliwell Hills (figure 1) and
Evans Névé (figure 2). A forthcoming final re-
port (Mayewski and Attig, in preparation) will con-
tain a detailed glacial stratigraphy and former ice
surface reconstructions for the Rennick Glacier as
well as a discussion of the recent ice and snowpatch
dynamics in the area. Following, however, is an
introduction to the types of information available
from the three sites.

The Morozumi Range (figure 1), particularly
along its southeastern flank, contains deposits that
record several former ice surface levels of the Ren-
nick Glacier. The highest and oldest of these ice

surfaces completely covered the southern end of
the Morozumi Range with a minimum recorded
level of 410 meters above present ice surface. The
steeply sloping walls of the Morozumi provide too
active a mass-wasting environment for the preser-
vation of intermediate ice surface levels, although
further downslope gently tilting ice-free embay-
ments contain one to two sets of recessional mor-
aines developed from these intermediate stands.
Lacustrine deposits and strandline dating from a
warmer and/or moister period stratigraphically
separate these recessional moraines from a series
of ice-cored moraines that stand close to the present
margin of the Rennick. We examined the relation-
ship between these ice-cored moraines and the
present ice margin. Along lateral portions of the
Rennick, the margin has been modified into lobes
by general lowering of the Rennick ice surface and
attendant increase in topographic control by the
Morozumi. The resultant lobate margins are sensi-
tive regions for recording the present activity of
the Rennick. At such sites cliffed margins of the
lateral lobes of the Rennick are overriding ice-
cored moraines due to some fairly recent physical
readjustment and/or mass balance change. Simi-
larly, local alpine glaciers of the Morozumi appear
to be extending, while areal coverage of snow-
patches here has decreased since 1964. Possible
causes and effects of these snow and ice condi-
tions are being studied.
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Figure 1. View looking
south-southeast up the
Rennick Glacier. U.S. Navy
photograph 190 F-33 TMA

867.

In the Helliwell Hills (figure 1) a glacial record
was determined comparable to that in the Moro-
zumi. Additionally, striations, gouges, and grooves
mapped within an embayment along the southeast-
ern flank of the Helliwell Hills chart the pattern of
ice inundation by the highest ice surface recorded
in the area. These erosion features and the tills in
the area are being employed as basal ice environ-
ment indicators.

The Evans Névé area (figure 2) contains steep-
er slopes and less ice-free exposure than either the
Morozumi or the Helliwell Hills. Therefore, former
ice surface levels are recorded only by the presence
of erratics strewn on these steep slopes. This situa-
tion masks the detailed stratigraphy of the area.
Crevasse distributions of ice masses covering nuna-
taks but tied to the névé attest to a recent drop of
the ice surface level in this area (Mayewski, 1975).

Since our field season in northern Victoria Land,
glacial-geomorphologic studies of the Transantarc-
tic Mountains undertaken at the University of New
Hampshire have comprised three parts in addition
to data simulation from the upper Rennick Glacier
study. First, photographic and field observations of
recent activity and changes in snowpatch distribu-
tion along the Rennick Glacier are being used in a

time-sequence photographic analysis. These
changes are potential indicators of regional or local
climate change or physical responses to movements
of related larger ice masses. Second, we are making
megascopic, microscopic, and electron microprobe
analyses of weathering rinds on lithologically sepa-
rated clasts comprising the surface of glacial de-
posits. These analyses are being used to help define
the weathering environment and to differentiate
glacial deposits (Talkington et at., 1976). Third, a
rock glacier survey begun in 1968 with P. Calkin
(State University of New York at Buffalo) is in its
second to last year of measurements. The remain-
ing years' observations should give knowledge of
large-scale mass-wasting phenomena in southern
Victoria Land.

The field research in northern Victoria Land was
supported by National Science Foundation grant
DPP 74-15210 while I was a member of the Depart-
ment of Geological Sciences and the Institute for
Quaternary Studies at the University of Maine,
Orono, Maine 04473.
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Figure 2. View looking
south-southeast over
the Evans Névé to the
south-east of figure 1.
U.S. Navy photograph
068 F-31 TMA 1035.
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Ice velocities on the Ross Ice Shelf

R. H. THOMAS
Institute for Quaternary Studies

University of Maine, Orono
Orono, Maine 04473

Before 1973, movement of the Ross Ice Shelf had
been measured near the Transantarctic Mountains

(Swithinbank, 1963), near Ross Island (Stuart and
Heine, 1961) and near the ice front and to the south
of Roosevelt Island (Dorrer et al., 1969). Robin
(1975), assuming steady state, extrapolated these
data across the ice shelf by applying volume con-
servation principles to measured ice thickness pro-
files of the ice shelf.

As part of the Ross Ice Shelf Project (Zumberge,
1971), the U.S. Geological Survey made accurate
position fixes with a satellite-tracking geoceiver at
stations in the southeast quadrant of the ice shelf in
1973-1974 and again in 1974-1975. Comparison of
the fixes gives ice velocities with an estimated ac-
curacy of 5 to 20 meters per year depending on
the number and the geometry of satellite passes
recorded by the geoceiver.

Velocities have been interpolated between the
geoceiver stations using ice strain rates measured
at 41 stations in the same region (figure 1). These
stations were about 50 kilometers apart. Principal
strain rates were calculated for each station by

December 1976	 279



Ross Ice Shelf
Ross-v Strain rates (4-1)

)-- <
Island	 f	;I

2.1O

- Ice shelf grounding
line

±>( ^	I--"--

40

Ir /
-

Trans Antarctic \
Range

Figure 1. The southeast quadrant of the Ross Ice Shelf show-
ing principal strain rates that were measured during 1973-
1975. The same region is shown as a shaded area in the inset.
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Figure 2. Movement vectors in the southeast quadrant of the
Ross Ice Shelf. The points marked "B" and "C" identify ice

streams "B" and "C" referred to in the text.

measuring the deformation of triangular stake
rosettes that had a side length of about 1.5 kilo-
meters (Thomas and Eilers, 1975). Reconstruction
of ice velocity vectors from the principal strain rates
requires a known ice velocity and rotation rate at
one station. Geoceiver data provided ice velocities
at 11 stations, and the redundant observations were
used to infer the rotation rates since direct obser-
vation of ice rotation was of poor accuracy.

Extrapolation of ice velocity from a selected geo-
ceiver station (a) proceeds thus:

(1) Strain rate components along the line from A
to a neighboring station B, at a distance of about
50 kilometers, are calculated using the principal
strain rates measured at A and those measured at
B. The average of these two components is multi -
plied by distance AB to give the annual change in
distance between the two stations. Assuming, for
the moment, zero rotation of the line AB the ice
velocity at B can now be calculated.

(2) A similar sequence is applied to a third sta-
tion C, but now we calculate the annual strain along
both AC and BC. This information together with
the ice velocities at A and B is sufficient to give the
velocity at C.

(3) Stage (2) can be repeated for a fourth station
D, using B and C as control stations. Etc.

(4) All the calculated velocities require correc-
tion to allow for rotation of the line AB. This is
achieved by incorporating at least one extra geo-
ceiver station (G) as an unknown station. Compari-
son of the calculated velocity for G with the ob-
served velocity gives the angular rotation of the
line AB. Whenever possible, B was chosen to lie as
nearly as possible along the flow line through A,
thus reducing the magnitude of rotation correc-
tions. Moreover, comparison of results from several
sets of calculations using different geoceiver sta-
tions for the station A minimized residual rotation
errors.

We have assumed that strain rate variation be-
tween neighboring stations is linear, and this is cer-
tainly not generally true. Discrete zones of intense
shear exist within the ice shelf, and strain rate inter-
polation across such zones would lead to serious
errors. However, the considerable redundancy of
geoceiver velocities provided a continual check on
the accuracy of the calculations, and it was possible
to clearly identify those areas where rapid deter-
ioration of accuracy took place. The location of
these "error zones" shows excellent agreement with
shear zones on the ice shelf that are either visible as
bands of crevasses or inferred from the configura-
tion of ice streams and ice rises. Comparison of
results from several sets of calculations that avoided
these zones and used various geoceiver stations for
the A station gave a standard deviation that was
usually less than 25 meters per year. This gives
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some indication of actual errors since geoceiver
velocity errors are probably random. Ice velocities
at seven of the stations involved extrapolation from
distant A stations without the control of nearby geo-
ceiver stations, and errors are expected to be
greater than average.

The resultant ice velocity vectors are plotted in
figure 2. Stations on and near the grounded ice in
the northeast of the region have velocities that are
approximately equal to the estimated errors, so
they have been assigned a zero velocity. Velocity
vectors from an earlier survey (Dorrer et al., 1969)
are included in figure 2. These were derived from a
repeated precise survey of a 910-kilometer traverse
that was anchored to a fixed point on Ross Island.
Although the survey errors were minimal, the lack
of control away from Ross Island introduced inde-
terminate errors into the calculated ice velocities.
These reach a maximum at the stations included in
figure 2. Thus, the slight differences between our
results and those from the earlier survey are prob-
ably due to errors in the two surveys. Reoccupa-
tion of geoceiver stations that were planted in 1974-
1975 in the northeast quadrant of the ice shelf
should provide an independent check on the ac-
curacy of Dorrer's results.

The velocity vectors in figure 4 are significantly
different from those proposed by Robin (1975),
assuming mass continuity. Robin's ice stream "C"
appears to be completely inactive, and his ice stream
"B" is far more active than expected. This implies
that the ice shelf is probably not in equilibrium and
is compatible with the conclusion in Thomas (1976)
where solution of the continuity equation for the
flow line through the site of the proposed RISP drill
hole (figure 2) indicates that the southeast corner
of the ice shelf may be thickening 1 meter per year.
This would imply that the grounding line in this
region is advancing into the ice shelf at about 1
kilometer per year. Other flow lines are under simi-
lar analysis in an attempt to examine the equili-
brium state of the entire southeast quadrant of the
ice shelf.

Travis Gray of the University of Nebraska, Lin-
coln, assisted with the data reduction. The research
was supported by National Science Foundation
grant DPP 74-00475.
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Polar Research Board,
1975-1976

W. TIMOTHY HUSHEN
Polar Research Board

National Academy of Sciences
National Research Council

Washington, D. C. 20418

The Polar Research Board (PRB) was estab-
lished in 1958 by the National Academy of
Sciences to advise the United States on research
in the polar regions and as the Academy's adher-
ing body to the Scientific Committee on Antarc-
tic Research (SCAR) of the International Council
of Scientific Unions (ICSU). James H. Zumberge is
PRB chairman and serves as U.S. delegate to
SCAR. The work of PRB is supported by the Na-
tional Science Foundation (NSF) contract C-310
and by the Office of Naval Research (ONR).

The 38th PRB meeting was in Washington,
D.C., on 5-6 December 1975, and its 39th
meeting was in Dallas, Texas, on 2 April 1976.
Seven committee meetings, two ad hoc study
group meetings, two workshops, and an interna-
tional conference were held in 1975-1976.
Members also participated in the XIV SCAR
Meeting and Plenary Sessions in Mendoza,
Argentina, on 11-24 October 1976, and in 10
SCAR working group meetings and five interna-
tional conferences. Also, PRB sponsored
workshops to develop a scientific plan for the pro-
posed Nansen Drift Station in the Arctic, to
evaluate NSF's role in arctic research, and hosted
an international SCAR/Scientific Committee on
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Participants in the 2 April 1976 meetings of the Polar Research Board (PRB) at Southern Methodist University, Dallas, Texas. Left
to right (seated): Keith B. Mather, Norbert Untersteiner, James H. Zumberge (PRB chairman), Joseph 0. Fletcher, Mary Alice
McWhinnie, D. James Baker, Jr., and E. Fred Roots. Left to right (standing): Louis DeGoes, W. Timothy Hushen, William W.
Kellogg, David M. Hickok, Wilford F. Weeks, William S. Benninghoff, Gunter E. Weller, Robert H. Rutford, Theodore Sellin,
Joseph Bennett, and Troy L. Pewe. Participants not shown: Robert A. Helliwell, Duwayne M. Anderson, and Campbell Crad-

dock. PRB members not shown: Hans 0. Jahns, George H. Denton, and Laurence M. Gould.

Oceanic Research (SCOR) conference on living
resources of the southern ocean.

The Board reviewed its structure this past year
in view of changing patterns of polar research
and recent reorganization of both the National
Research Council and the National Science
Foundation. As a result, PRB disbanded all of its
standing panels and several ad hoc study groups
that had completed their work. The former panel
on glaciology was converted to a standing com-
mittee, and a standing committee on permafrost
was established. Other ad hoc committees and
panels will be created as needed and disbanded
on completion of their tasks.

Major ongoing activities include an assessment
of NSF'S arctic programs and planning for the
Third SCAR/ International Union of Geological
Sciences (IUGS)/ Inter-Union Commission on
Geodynamics (IUGG) Symposium on Antarctic
Geology and Geophysics, which will be at the
University of Wisconsin, Madison, on 22-27
August 1977.

International activities

XIV SCAR Meeting and Plenary Sessions,
11-24 October 1976, Mendoza, Argentina. Dr.

Zumberge (U.S. SCAR delegate), Cohn Bull,
Campbell Craddock, A.N. Fowler, Robert H.
Rutford, and Louis DeGoes were U.S. par-
ticipants in the meetings. Dr. Craddock is the
new International Union of Geological Sciences
delegate to SCAR, succeeding the late Richard
Willett of New Zealand. The agenda included:
report on the XIII SCAR Meeting; report on the
executive meeting, 25-26 June 1975, and con-
sideration of recommendations from XIII SCAR;
reports on the permanent SCAR working groups;
reports on the SCAR groups of specialists, and
report on SCAR symposia; relations with ICSU and
other ICSU organizations, and relations with in-
tergovernmental bodies; finances; election of of -
ficers and consideration of the meeting site for
the XV SCAR Meeting. A group of specialists on
environmental impact assessment of mineral
resource exploration and exploitation in the Ant-
arctic, chaired by Dr. Zumberge, was established
by SCAR in response to an invitation from the
Antarctic Treaty nations for detailed advice on
the matter. The group hopes to complete a
report in time for consideration at the Ninth Ant-
arctic Treaty Consultative Meeting in London,
England, in September 1977. The SCAR working
groups on glaciology and logistics also met dur-
ing this period.
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SCAR/SCOR Conference on Living Resources of
the Southern Ocean and meeting of the group of
specialists on living resources of the southern
ocean, 17-24 August 1976, Woods Hole, Massa-
chusetts. The Board hosted the conference and
group of specialists meeting in response to an in-
vitation for advice on marine living resources
from the Eighth Antarctic Treaty Consultative
Meeting (June 1975). Over 60 scientists from 14
countries attended the conference. The con-
ference group of specialists meeting reviewed
present knowledge of the living resources of the
southern ocean to develop a plan for future
cooperative studies in this area.

SCAR working group on biology, subcommittee
on conservation and subcommittee on bird
biology, 10-17 May 1976, Cambridge, England.
William S. Benninghoff (SCAR secretary), Sayed
Z. El-Sayed, Bruce C. Parker, David L.
Parmelee, and George A. Llano represented the
United States at these meetings.

Domestic activities

Polar Research Board, 5-6 December 1975,
Washington, D. C. (38th meeting). The agenda
included a report from the NSF Division of Polar
Programs (DPP) by Dr. Rutford, a briefing on the
Bureau of Land Management/ National Oceanic
and Atmospheric Administration (BLM/NOAA)
Alaska Outer Continental Shelf (OCS) Energy
Program by Rudolph F. Englemann and Herbert
E. Curl, a discussion of the Arctic Ice Dynamics
Joint Experiment (AIDJEX) and the Nansen Drift
Station Project by Norbert Untersteiner, a talk
on activities of the PRB permafrost panel by Troy
L. Pwé, a report on PRB glaciology panel ac-
tivities by Wilford F. Weeks, a discussion on
results of the Eighth Antarctic Treaty Con-
sultative meeting by Dr. Rutford and Robert E.
Hughes, a talk on living resources of the southern
ocean by Dr. El-Sayed, a discussion of ar-
rangements for the SCAR Symposium on Antarc-
tic Geology and Geophysics by Dr. Craddock, a
report on the XIV SCAR Plenary Sessions by Dr.
Zumberge, and a talk on the proposed Cape
Thompson Environmental Park by Dr. Ben-
ninghoff and Ronald K. McGregor.

In executive session, PRB: discussed an NSF-re-
quested evaluation of its arctic programs;
restructured the Board and disbanded the stand-
ing panels on biology and medicine, geodesy and
cartography, meteorology and climatology,
upper-atmosphere physics, oceanography, and

geology and solid-earth geophysics; converted the
panel on glaciology to a committee and estab-
lished a new committee on permafrost; agreed to
disband, after their work is completed, the ad
hoc study groups on Trans-Alaska Pipeline per-
mafrost, offshore permafrost, snow research and
control, glaciers and icesheet sliding, Nansen
Drift Station, and NSF arctic program review,
and to convene ad hoc study groups as needed;
again unanimously urged the chairman to con-
tinue for at least 2 more years after completing
this term at the end of 1975 and that NAS ap-
proval be sought; agreed that PRB should be com-
posed of members representing a broad range of
disciplines and asked the chairman to select a
social scientist and engineer to be
added to the Board; instructed the executive
secretary to place an announcement of the pro-
posed Nansen Drift Station in international
scientific journals, including the ICSU Bulletin.

Polar Research Board, 2 April 1976, Dallas,
Texas (39th meeting). The agenda included a
complete overview of NSF/DPP activities in the
Arctic and the Antarctic by Dr. Rutford, a report
on Antarctic Treaty developments by Dr. Rut-
ford, a discussion of the Arctic Review Workshop
by William W. Kellogg and David M. Hickok, a
report on the committee on permafrost by Dr.
Pewe' a discussion of AIDJEX, the Nansen Drift
Station, and POLEX by Dr. Untersteiner, a
description of a recently completed International
Southern Oceans Study cruise by D. James Baker,
Jr., a report on antarctic developments by Mary
Alice McWhinnie, a report on the Department of
State's role in the Antarctic Treaty Consultative
Meetings by Theodore Sellin, discussion of the
BLM/NOAA Alaskan OCS energy program by
Joseph 0. Fletcher and Gunter E. Weller, a
report on the SCAR/SCOR Conference on Living
Resources by Dr. Benninghoff, reports on the ef-
fects of mineral exploration in Antarctica and
preparations for the SCAR/IUGS/ICG Symposium
on Antarctic Geology and Geophysics by Dr.
Craddock, and a report on the plans for the XIV
SCAR Plenary Sessions by Dr. Zumberge.

The Executive session included discussion of
the proposed Committee on International Polar
Research, need for rotation of members, con-
sideration of the Nansen Drift Station report,
and response to a request from the Assembly of
Mathematical and Physical Sciences AMPS Of-
fice of Earth Sciences concerning new initiatives
in polar research.

Committee on permafrost. A standing com-
mittee on permafrost (formerly the ad hoc study
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group on permafrost) was established and
charged with reviewing the state of permafrost
research and its impact on the development of
the polar regions, providing guidelines for per-
mafrost research, and serving as the planning
group for international conferences on per-
mafrost. The committee met during the
Geological Society of America meeting in Salt
Lake City on 20 October 1975 and at the U.S.
Geological Survey in Menlo Park, California, on
30-31 January 1976. Discussion at the October
1975 meeting centered on ways to implement the
recommendations of the committee's recently
published report on research opportunities
associated with the Trans-Alaska Pipeline.
Reports on permafrost-related research problems
and projects made up the agenda of the January
meeting, with particular attention to the Arctic
Gas Pipeline project and its problems.

Ad hoc Alaska pipeline study group. In
response to an Interagency Arctic Research Coor-
dinating Committee request to develop a
permafrost-related research program associated
with the Trans-Alaska Pipeline, the study group
held a workshop in March 1975 and prepared a
report that was issued October 1975. The group
disbanded after the report was published.

Ad hoc study group on offshore permafrost.
The study group on offshore permafrost met in
January 1975 in Calgary, Manitoba, Canada,
during the Beaufort Sea Conference and
developed a draft of the report, Problems and
Priorties in Offshore Permafrost Research. The
report reviews the status and problems of per-
mafrost in the Beaufort Sea region in light of
possible offshore oil exploitation. Following
publication of the report in April 1976, the study
group disbanded.

Committee on glaciology. Established as a
panel in 1958, this group provides advice on U.S.
glaciological research. The committee most
recently met on 24-25 May 1976 in Tucson,
Arizona, and heard reports on the NSF
glaciological program, the International Antarc-
tic Glaciological Project, the Ross Ice Shelf Proj-
ect, the Greenland Ice Sheet Project, the Arctic
Ice Dynamics Joint Experiment, the Nansen Drift
Station Project, the Beaufort Sea Project, the
Mount Baker Study, and the Polar Experiment,
as well as on remote sensing and satellite pro-
grams with implications for glaciology. Regard-
ing the past operation and future of World Data
Center-A (glaciology), the committee formulated
a recommendation that the Institute for Arctic

and Alpine Research, University of Colorado,
Boulder, be selected as its new location. The
recommendation was transmitted to the
Geophysics Research Board, the National
Research Council group responsible for advising
on the World Data Center System.

Ad hoc study group on glaciers and icesheet
sliding. This study group was established by the
committee on glaciology to prepare a report on
research required to understand glacier and
icesheet sliding. The report was published in
January 1976, after which the group disbanded.

Ad hoc study group on snow research and con-
trol. Established under the committee on
glaciology, this group formulated an overall
research strategy for snow research and control.
Its report emphasizes the importance of snow
research and provides a focus for future efforts in
this field in the United States and Canada, and it
has been reviewed and approved by the parent
committee and a final draft is being prepared for
PRB consideration.

Ad hoc committee for the Nansen Drft Station
Project. In response to an invitation from ONR to
prepare a multidisciplinary research program for
the proposed Nansen Drift Station, this ad hoc
committee was established by PRB in June 1975.
The project calls for a wind-class icebreaker to be
placed at the Sadko Trough of the Laptev Sea
Continental Shelf, where it might drift for ap-
proximately 1,250 nautical miles in 2 years along
the axis of the Arctic Mid-ocean Ridge, finally
exiting into the Greenland Sea between Spitz-
bergen and Greenland.

Ad hoc committee to evaluate NSF arctic pro-
grams. This committee established by PRB
responds to a request from NSF. The committee
met in December 1975 andJanuary 1976, held a
workshop in March 1976 in Seattle, Washington,
and a final meeting in October 1976. About 50
representatives from universities, industry, the
State of Alaska, Canada, and North Slope native
groups participated in the workshop. Discussions
at that time, together with information provided
earlier from Federal agencies with major arctic
research programs and working documents
prepared prior to the workshop, served as the
basis of the committee's report, which is in
preparation.

U.S. organizing committee for the Third
SCAR/JUGS/ICC Symposium on Antarctic Geology
and Geophysics. The U.S. organizing committee
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was established (a) to arrange for and conduct
the symposium, which will be held at Madison,
Wisconsin, 22-27 August 1977, (b) to prepare
and distribute announcements, the call for
papers, programs, and abstract volumes, and (c)
to arrange for publication of the proceedings.
The committee met in October 1975 and
November 1976 to review the status of prepara-
tions, to consider possible field trips that might
be offered in conjunction with the symposium,
and to plan details of the symposium budget.

During 1975-1976, PRB issued the following
reports:

• U.S. Antarctic Research Activities, 1975-76
and U. S. Antarctic Research Activities Planned
for 1976-77 (report 18 to SCAR). November 1976,
84p.

• Catalog of Snow Research Projects (pub-
lished by U.S. Army Cold Regions Research and

Engineering Laboratory). October 1975, 103p.
• Opportunities for Permafrost-R elated

Research Associated with the Trans-Alaska
Pipeline System. October 1975, 37p.

• Earth Science Investigations in the U. S.
Antarctic Research Program (USARP) for the
PeriodJuly, 1975-June 30, 1976 (annual report to
SCAR). December 1976, 40p.

• Glacier and Icesheet Sliding. January 1976,
lop.

• Problems and Priorities in Offshore Per-
mafrost Research. April 1976, 43p.

• Scientific Plan for the Proposed Nansen
Drift Station. July 1976, 248p.

Most of the above reports, including those
mentioned earlier, are available from the Polar
Research Board, National Academy of Sciences,
2101 Constitution Avenue, N.W., Washington,
D.C. 20418.

South Pole computer system

R. HAMILTON and R.L. WALRAVEN
Department of Land, Air, and Water Resources

University of California, Davis
Davis, California 95616

Two Hewlett-Packard (HP) minicomputer
systems were installed at Amundsen-Scott South
Pole Station during the 1974-1975 austral sum-
mer season. These general-purpose systems pro-
vide for data acquisition and on-site data reduc-
tion and analysis. Researchers can output data in
real-time. Personnel from the University of
California, Davis, service the systems and help
other scientists program and interface their ex-
periments to the systems. Hardware and system
support software are described here.

Hardware. The two systems are basically iden-
tical. One is for on-line data acquisition; the
other is for off-line data analysis. Each system
consists of:

• HP 2100S minicomputer with 32K of 16-bit
parity-check memory, floating-point hardware,
extended arithmetic unit, memory protect, direct

memory access, and timebase generator
• System console (cathode ray tube)
• Paper-tape reader (eight-level, 1-inch)
• Paper-tape punch
• Line printer (80-character width, 365 lines

per minute)
• Two nine-track magnetic-tape drives (45 in-

ches per second, 800 bits per inch
The following hardware is available for

maintenance:
• HP 2100S minicomputer with 16K of 16-bit

Assignment of the on-line computer system
input/output channels.

Channel	 Assignment

10	 Time base generator for RTE
11	 -
12	 Paper tape reader interface
13	 Line printer interface
14	 Paper tape punch interface
15	CRT interface
16	 Magnetic tape interface
20	 Magnetic tape interface
21	 University of California

micrometeorological interface
22	 University of Nevada interface
23	-
24	-
25	-
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memory, floating-point hardware, extended
arithmetic unit, timebase generator

• System console (cathode ray tube)
• One nine-track magnetic-tape drive (45 in-

ches per second, 800 bits per inch)
A complete stock of electronic components is

kept at the station for maintenance use. Universi-
ty of California personnel have been trained by
Hewlett-Packard in maintenance of the
minicomputers and magnetic-tape drives.

An identical computer system is at the Davis
campus. Additionally, it has a magnetic disk
system for rapid development of programs.

Interfacing experiments to the on-line system.
The on-line computer system has 14 internal in-
put/output channels (table). Seven channels are
assigned to peripheral devices, three now inter-
face with experiments, and four are vacant.

Of the three experiments, the University of
California polarimeter is interfaced to the on-line
system by an HP 12930A universal interface with
16 input and 16 output lines. This interface can
transfer up to 1 million 16-bit words per second.
The connection to external equipment must be
within 5 meters of the computer system.

The other two experiments are interfaced to
HP 2570A coupler/ controllers located near the
experimental equipment. The coupler/con-
trollers are each connected to the on-line system
by an HP 12770A serial data communications in-
terface. This interface allows the coupler/con-
troller to be up to 3,000 meters from the com-
puter system via two sets of twisted-pair shielded
wire.

The coupler/ controller is a programmable
bidirectional data link that enables communica-
tion among up to eight digital interface slots.
The serial data communications interface is
plugged into one of these slots, and any of a

number of standard HP interface cards can be
plugged into the remaining slots. Thus, the com-
puter is effectively brought to the experiment.
Throughput is approximately 400 8-bit words per
second.

The coupler/ controller is expensive and must
be connected to an HP computer for testing. Per-
sonnel at the University of California, Davis, are
developing a cheaper alternative that can be con-
nected either to a teletype or to an industry stand-
ard teletype port on any computer. This means
experimenters can interface and check their
hardware at their home location without con-
necting to the HP computer. A simple application
is shown in the figure. Throughput is 218 4-bit
words per second.

Operating systems and user Programming.
Because the chance of a disk failure exceeds the
chance of computer memory failure, the decision
was made not to include a disk drive. One impact
of this decision involves the amount of time spent
developing programs. With the HP factory- pro-
vided paper-tape software, program develop-
ment is tedious and time consuming. Therefore,
to expedite program development, a magnetic
tape system was created.

User-written programs for on-line data ac-
quisition and off-line data analysis are im-
plemented with two separate but compatible soft-
ware systems. The first is a program development
and file-handling system that uses magnetic tape
for mass storage. With this system, programs can
be prepared for execution under the other
system, HP-RTE-C (Hewlett-Packard Real-Time
Executive, Core Based). HP-RTE-C offers a flex-
ible environment for running several programs
simultaneously for both on-line and off-line ap-
plications. Both software systems can co-exist in
the computer's memory, and an operator can
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easily transfer control from one to the other using
keyboard commands.

Before deciding to use the on-line data acquisi-
tion facility, a prospective user must be aware of
time and memory capabilities and limitations.
The University of California, Davis, service group
can be of help in determining what options are
available and should be contacted far in advance
of serious design of an experiment so that the
needs of the user can be evaluated and the right
decision made.

Purchase and installation of the computer
equipment at the South Pole was supported by
National Science Foundation grant DPP
76-00215.

Antarctic Marine Geology
Research Facility, 1975-1976

DENNIS S. CASSIDY and SHERWOOD W. WISE,JR
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

Curatorial activities

The Antarctic Marine Geology Research
Facility and Core Library, Florida State Universi-
ty (FSU), in 1975-1976 continued to receive and
process new sedimentary material, curate the col-
lections and distribute samples, and support
research by resident and nonresident in-
vestigators. Further physical improvements were
made to the facility. Staff participated in ship-
board collection from ARA Islas Orcadas (former-
ly USNS Eltanin) and Glomar Challenger.

From iJuly 1975 to 30 June 1976, 2,811 piston
core, 486 trigger core, and 30 phieger core
samples were distributed from Eltanin materials.
Piston core samples were taken from 176 in-
dividual cores representing 32 of the 55 cruises;
trigger core samples were removed from 377 in-
dividual cores representing 38 cruises, and
phieger core samples were from 21 individual
cores representing 5 cruises. Also distributed

from the Eltanin collection were 7 grab samples
from 6 stations aboard 6 cruises. This number of
Eltanin samples distributed is 58 percent of the
Eltanin total for 1974-1975 (Cassidy and Wise,
1975).

Non-Eltanin sampling increased in 1975-1976
as follows: 378 piston core samples were
distributed from 18 cores taken aboard cruise 7
of Islas Orcadas; 536 piston core samples from 15
cores, and 77 trigger core samples from 11 cores
were removed from cores taken aboard the 1976
cruise of USCGC Glacier in the Ross Sea; 25 addi-
tional samples were distributed from 25 trigger
cores taken aboard three Coast Guard ships
(Atka, Burton Island, and Glacier) that par-
ticipated in the Deep Freeze '62 expedition in the
Ross Sea; and 112 samples were distributed from
9 piston cores and 16 phleger cores obtained dur-
ing the 1968, 1969, and 1970 International Wed-
dell Sea Oceanographic Expeditions. Samples
distributed from Dry Valley Drilling Project
(DVDP) cores totaled 1,751 from seven holes. One
Anton Brun dredge sample was distributed.

The total 6,214 samples distributed were
received by 42 investigators representing 22 in-
stitutions in five countries. This total is 32
samples more than the samples total for the
1974-1975 reporting period, and maintains the
289 percent increase in sampling effort by the
facility over that of 1973-1974 (Cassidy and Wise,
1974). These sample totals do not include
miniscule amounts of core material used to
prepare, for example, smear slides.

The staff developed a technique (Elston et al.,
in preparation) for removing oriented,
paleomagnetic sample "plugs" from frozen,
sedimentary DVDP core. The technique involves
precooled, diamond-bit drilling of the ice-
cemented sediments using compressed air as a
drilling "fluid" (figure 1). Details will be reported
following refinement of the method.

Major acquisitions included 43 piston cores
and 28 trigger cores, together with one dredge
sample taken during Islas Orcadas cruise 7 in the
Falkland (Malvinas) Plateau (Warnke et al.,
1976). The longest recovered piston core was
1,691 centimeters; the shortest, 10 centimeters;
the average length, 655 centimeters. This
average length is within 20 centimeters of the
average core length of all Eltanin piston cores
(Cassidy, 1973). Trigger core lengths ranged
from 12 to 56 centimeters.

Also received were 66 meters of sediment core
taken during the 1976 cruise of Glacier in the
Ross Sea. Fifteen piston cores and 14 trigger cores
were recovered. Completing the receipt of DVDP
material were 78 meters of drill core from holes
14 (North Fork) and 15 (McMurdo Sound).
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Figure 1. Frozen Dry Volley Drilling Project core segment be-
ing dry-drilled for paleomognetic sample plug by Don Elston,

U.S. Geological Survey.

In preparation is a volume of core descriptions
to be published in the FSU Sedimentology
Research Laboratory Contributions Series. The
volume will contain a modified Deep Sea Drilling
Project (DSDP) format for lithologic descriptions
of the Islas Orcadas core and dredge sediments; a
list of all Eltanin cores giving cruise and core
number, longitude, latitude, water depth, and
trigger core recovery; yet-unpublished descrip-
tions of cores from Eltanin cruise 55; and maps of
each Eltanin cruise showing core recovery and
locations. Figure 2 illustrates the core description
format.

The curatorial work described above is sup-
ported by National Science Foundation contract
C-1059.

Research

Faculty and students associated with the FSU
Antarctic Research Facility studied the growing
collection of southern ocean drill and piston
cores, particularly those obtained from aboard

Islas Orcadas, Eltanin, and Glomar Challenger.
Emphasis was on micropaleontological and
sedimentological study of the southern ocean's
climatic and oceanic history as recorded in the
marine sediments.

Two members of the facility were aboard Islas
Orcadas during cruise 7 (Warnke et al., 1976),
which surveyed the Falkland (Malvinas) Plateau
region in the area of DSDP holes drilled the
previous year. The broad piston core coverage by
Islas Orcadas, together with the deep penetration
by Glomar Challenger and supplemental core ac-
quired during early Eltanin cruises, has enabled
a comprehensive approach to the history of the
Plateau region (Ciesielski and Wise, 1976). An
important result has been the establishment of
high-latitude, biostratigraphic zonations for ma-
jor microfossil assemblages found in this part of
the world. These zonations are particularly
useful; older sediments obtained at the drill sites
date back to the Jurassic. Biostratigraphies have
been established for diatoms (Gombos, 1976a,
1976b, 1976c), calcareous nannofossils (Wind
and Wise, 1975, 1976; Wise and Wind, 1976),
and silicoflagellates (Busen and Wise, 1976).
Other studies have helped to work out the
regional biostratigraphy and history of sections
such as the Bellingshausen Sea, adjacent to the
Plateau (Weaver, 1976; Weaver et al., 1976).

These stratigraphic studies have served as the
basis for paleoenvironmental analysis using
various microfossil groups ranging from
onychites (Wind et al., 1976a, 1976b) to coc-
coliths (Haq et al., 1976). They have enabled the
correlation of major paleoenvironmental events
such as carbonate compensation fluctuations
and/or eustatic sea level changes in regions both
adjacent to (Constans and Wise, 1975) and far
removed from (Peck, 1976) our study area. Con-
tributions to southern ocean geochemistry and
sedimentology by four members of the Facility
appear in Udintsev (1975).

To integrate regional and paleoenvironmental
analyses of southern ocean sediments with de-
tailed micropaleontologic and sedimentologic
studies, John B. Anderson (Rice University) com-
pleted research on the Weddell Sea (Anderson,
1975a, 1975b, 1975c, 1976). Dr. Anderson and
students Richard Wheeler and Susan Shepley
were in residence at the Antarctic Research
Facility for the 1975 summer quarter. With resi-
dent researchers, this group studied antarctic
glacial marine sedimentation.

This research was supported partially by Na-
tional Science Foundation grant DPP 74-20109.
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IS/AS ORCADAS PC 0775-13

Figure 2. Core description
format for Islas Orcadas
piston core 0775-13; stan-
dard Deep Sea Drilling Pro-
ject lithology symbols have
been used. The completed
volume of core descrip-
tions will include explana-
tion of symbols, descrip-
tive techniques, smear
slide analyses, and other
procedures and criteria
used in the organization of

the data.

LATITUDE: 119'31.1' S CORR. DEPTH : 4967 M. 271 14 FM,

LONGITUDE : 34'58,2' W CORE LENGTH : 1058 CM

LITHOLOGIC DESCRIPTION
0-220 cm: Diatomaceous ooze, light gray (50 5/2) to yellowish gray (59 712):

scattered gravel (to 5 mm): gravel (to 3.5 cm) from 75 to 145 cm; gradational

contact.

smear slides: 10 cm 84 cm 114 cm 181 cm

Quartz and Feldspar 3 3 2 2

Clay 15 10 15 10

Volcanic glass 1 1 2

Diatoms80 84 79 82

Radiolarians <1 2 2 5

Silicoflagellates <1 <1 <1 <1

220-469 cm: Diatomaceous mud, moderate olive brown (50 4/4); sharp color change
to grayish olive (109 4/2) at 311 cm; disturbed unit (watery) from 289 to 304 tin;
decomposed shale clast at 466 cm; gradational contact.

smear slides: 227 cm 281 cm 370 cm

Quartz and Feldspar 4 15 4

Clay 46 40 55

Volcanic glass 3 1

Diatoms 40 43 40

Radiolarians 7 <1

Sponge spicules - <1 -
Silicoflagellates <1 <1

469-610 cm: Muddy, diatomaceous ooze, dark greenish gray (53 4/1): scattered
gravel (to 5mm); gradational contact.

smear slide: 495 cm

Quartz and Feldspar 5 Diatoms 66

Clay 25 Radiolarians

Volcanic glass 1 Sponge spacales 2
Sil icoflaqel lates <1

610-900 cm: Mud, grayish olive (109 4/2); some coarse sand: gradational contact.

smear slides: 626 cm 725 cm 626 cm 725 cm

Quartz and Feldspar 25 24 Diatoms 5 4

Clay 65 62 Radiolarians 2 2

Volcanic glass 2 5 Sponee spicules 1 3
Silicoflagellates -

900-970 cm: Muddy, diatomaceous ooze, grayish olive (100 4/2); gradational contact.

smear slide: 906 cm

Quartz and Feldspar 2 Diatoms 52

Clay 45 Radiolarians
Volcanic glass <1 Silicoflagellates <1

970-1001 cm: Diatomaceous mud, dark greenish gray (500 4/1); sharp contact.

smear slides: 981 cm

Quartz and Feldspar 8 Radiolarians 3
Clay 62 Sponge spicules 1
Diatoms 25 Silicoflagellates 1

1001-1058 cm: Diatomaceous ooze, grayish olive (100 412); coarser texture towards
bottom.

smear slides: 1056 cm

Quartz and Feldspar 1 2 Diatoms 82
Clay 14 Radiolarians
Volcanic glass

Bottom topography: flat, Falkland (Malvinas) Outer Basin abyssal plain southeast
of gap in Falkland Fracture Zone.

Logged by; Kaharoeddim, Campbell, MacKenzie, DeFelice
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Ice core storage and
information exchange

CHESTER C. LANGWAY,JR., and ERICK CHIANG
Department of Geological Sciences

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

Our facility operates central and satellite ice
core storage libraries and a curatorial and in-
formation exchange related to the cores, most of
which we recovered in National Science
Foundation-sponsored field research in the polar,
subpolar, and temperate glacier regions. The
facility arranges for and assists in proper
transport of frozen samples from the field to the
central location (figure) or to a warehouse.

On receipt, an ice core is inventoried and pro-
cessed using established handling procedures.
First, all pertinent field data and stratigraphic
logs are checked and compared with the samples
received to assure accuracy and to provide a
datum for future studies. These data are placed
in a computerized data bank. All ice cores
recovered in Greenland and Antarctica since
1971 have individual data banks. For a list of the
ice core inventory up to the summer of 1974, see
Langway (1974); the table lists core received
since. The data banks contain primary
stratigraphy and available secondary core data
generated to date on each core. The headings
list: specific geographical and meteorological
conditions for each site, type core drill used and
whether the borehole was fluid filled, depth of
the coring and core diameter, date of core
recovery in the field, and any unusual cir-
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CORE STORACE
COLD LABORATORY

I	I	I

5 meters

Floor plan of the ice core storage facility, the cold laboratory, the warm laboratory, and the project office at the Department of
Geological Sciences, State University of New York at Buffalo.

cumstances that may bear on future core studies.
Listed in columns, the printout contains (depen-
ding upon availability of data for each core), in
continuous small interval spacings, the depth,
run/tube number, sample/delta (oxygen-
18/oxygen-16) value, age of sample, percentage
of melt features in the interval, dimensions and
description of melt feature, density and load
pressure at sample interval, in situ temperature,
how much ice core is still available, and the
amount of core used in the laboratory or institu-
tion and for what purpose. These ice core data
banks and ice core samples are made available on
request to the Chief Scientist, Division of Polar
Programs, National Science Foundation,
Washington, D.C. 20550. A new core-sample
distribution policy is available upon request from
the Division of Polar Programs.

The computer programs used for data bank
recording and distribution of samples and for
physical and chemistry studies on the ice cores
are listed in the bibliography.

The central ice core facility is supported by
National Science Foundation contract C-1010.
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Year	 Drilling	Depth	Data bank
drilled	Location	method	(meters)	available?

1969* Byrd Station CRREL thermal	400	No
1974 South Pole	CRREL shallow	101	Yes

J . 9, Ross Ice
Shelf	CRREL shallow	93	Yes

1974 Dye 2,
Greenland CRREL shallow	100	Yes

1975 Dye 3.
Greenland Swiss shallow	92	No

South Dome,
Greenland Swiss shallow	81	Yes

Dye 2,	CRREL wire line
Greenland	test drilling	20	No

South Dome,	 All used for
Greenland Swiss shallow	30	study

*Received 3 August 1976. Core drilled by University of Bern
(Switzerland) in 1969.
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Polar biological collections

B. J. LANDRUM
Smithsonian Oceanographic Sorting Center

The Smithsonian Institution
Washington, D. C. 20560

During the 1975-1976 season, staff of the
Smithsonian Oceanographic Sorting Center
(sosc) processed new collections of benthic
marine invertebrates from the southern oceans.
These specimens were collected by sosc techni-
cians Bruce Daniels and Craig Sharp who assisted
with ecological investigations conducted by Hugh
DeWitt and John Dearborn, University of Maine,
Orono. Specimens were collected during ARA
Islas Orcadas cruises 5 and 8. Abouth 91,600
specimens from 59 of the samples taken on the
first cruise were processed in this period.
Specimens are classified to major taxa for
distribution to scientists for systematic research.
Also, sorting of zooplankton samples from USNS
Eltanin cruises 51 and 52 was completed. Pro-
cessing of these collections and other antarctic
materials resulted in 1,383,123 specimens sorted
and 445,609 shipped to specialists from 1
December 1975 to 31 October 1976. SOSC con-
tinues to supply ocean-bottom photographs to in-
vestigators. This year, positives, negatives, and
prints from 228 camera stations were distributed
to investigators at six organizations.

Several abundant and more complex taxa re-
quire relatively definitive classification before
they can be distributed to specialists for effective
study. Our efforts this year to do so have concen-
trated on copepods from Eltanin cruise 51 and on
polychaete worms, both major fauna in antarctic
waters. The copepods from 81 samples were
sexed and identified to genera. Small, juvenile
stages of calanoid copepods were dominant
although small, and adult cyclopoids were also
numerous. Since copepod taxonomy is based on
adult morphology, the copepods from midwater
trawls fished on cruise 51 also will be classified.
The midwater trawls should contain more
mature specimens of greater interest to copepod
specialists.

Literature and keys for polychaete worms have
been compiled along with a partial reference col-
lection of identified specimens obtained from the
U.S. Museum of Natural History. Classification
to families is under way on some of the
polychaete collections made from aboard R/V
Hero. Fourteen polychaete specialists have ex-
pressed an interest in studying 28 families of ant-
arctic polychaetes. Although classification of the

huge antarctic collection at Sosc will take some
time to complete, this service will aid in insuring
that the group will be scientifically studied.

Specialists in the above taxa, or other groups,
who are interested in receiving specimens should
contact SOSC directly to discuss the status and
availability of the collections. Primarily, the col-
lections still available to qualified investigators
are various zooplankton, benthic invertebrates,
and some marine algae.

This project is supported by National Science
Foundation contract C-864.

Increase in Antarctic
Bibliography citations

GEZA T. THURONY!
Science and Technology Diuision

Library of Congress
Washington, D. C. 20540

The Cold Regions Bibliography project at the
Library of Congress continues to provide
bibliographic service to the National Science
Foundation and the science community. For ant-
arctic literature, this service consists of the
current-awareness listing, Current Antarctic
Literature, with abstracts (issued monthly),
author and subject indexes (issued every 4
months), and cumulations of the above in hard
cover as the Antarctic Bibliography (issued every
18 months). Microfiche copies of documents
referenced in the bibliography are made for the
National Science Foundation and the four U.S.
antarctic stations.

Volume 8 of the Antarctic Bibliography
(Government Printing Office, Washington, D.C.
20402, 1976), encompassing the bibliographic
file of January 1975 through June 1976, was the
first to be typeset by photocomposition, using a
Videocomp machine. Volumes 6 and 7 were pro-
duced on a computer line printer. The new
method provides typographic selection (option to
vary print size, availability of boldface and
italics), diacritics and special symbols, and
sharper images.

Volume 8 contains 2,452 items, 11 percent
more than the previous volume. This increase is
significant because it is on top of an already in-
tensive search effort. The increase is attributed to
initiatives in three areas:
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(1) After a slight regrouping of the project's
personnel, more time became available for trips
to libraries in the metropolitan area. Regular
visits were paid to libraries of the Smithsonian In-
stitution, the Geological Survey, the National
Oceanic and Atmospheric Administration, and
others, to borrow books and periodicals that
could not be located at the Library of Congress.

(2) Mechanized data bases that became
available to the Library's Science and
Technology Division through on-line access were
queried for pertinent citations not otherwise
identified. This increased the number of items
located through secondary sources. Despite their
usefulness, such mechanized data bases are an
auxiliary rather than a primary method of ac-
quisition: they provide citations rather than
documents and are therefore no substitute for
direct acquisition (the project needs the
documents to make microfiche), and the antarc-
tic literature is inadequately covered by the
subject- or mission-oriented abstracting and in-
dexing services (Thuronyi, 1975). Items located
through these data bases still have to be physical-
ly located, indexed, keyboarded, and in many
cases abstracted.

(3) By arrangement with two specialists not on
the project's regular staff, coverage of Japanese
and Scandinavian material was expanded.

These additional search efforts did not affect
the amount of material received through other
regular procurement methods used by the proj-
ect, such as exchanges, gifts, and the routing of
journals. We emphasize the usefulness to the

project of reports and reprints received directly
from authors and publishers; this speeds their en-
try into the bibliography. Producers of antarctic
literature are urged to send their publications to
the Cold Regions Bibliography Project, Science
and Technology Division, Library of Congress,
Washington, D.C. 20540

Librarians and investigators wishing to receive
Current Antarctic Literature, which is free,
should write to the Polar Information Service,
Division of Polar Programs, National Science
Foundation, Washington, D.C. 20550. Bound
volumes of the Antarctic Bibliography are
available from the Superintendent of
Documents, Government Printing Office,
Washington, D.C. 20402, as follows: 1951-1961
(LC 33.9: 951-61, $6.50); Volume 1 (1965 LC
33.9:1, $7.75); Volume 4 (1970, LC 33.9:4,
$7.60); Volume 5 (1971, SN 3018-0013, $7.70);
Volume 6 (1973, SN 3018-0015, $9); Volume 7
(1974, SN 0030-018-00016-8, $9.15). A limited
number of volumes 2 and 3 are available from
the author.

This project is supported by National Science
Foundation interagency agreement CA-30.
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News and notes

Geology/geophysics
symposium set for
August 1977

About 130 contributed papers
from 15 nations have been sub-
mitted and reviewed for the
Third Symposium on Antarctic

Geology and Geophysics, 22-27
August 1977 at the University of
Wisconsin, Madison. Also,
several papers have been invited
to keynote separate sections of
the symposium, which is being
sponsored by the Scientific
Committee on Antarctic
Research (SCAR), the Interna-
tional Union of Geological
Sciences, and the Inter-Union
Commission on Geodynamics.

The U.S. National Academy of
Sciences is host.

The symposium will treat the
following subjects: tectonic pro-
vinces and metamorphic facies
in the crystalline basement;
charnockites and enderbites;
stratigraphy and metamorphism
of upper Precambrian to lower
Paleozoic rocks; Phanerozoic
orogens and tectonics; Paleozoic
and Mesozoic paleogeography;
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Aerial view of a U.S. Geological Survey field camp at 82036'S. 51 045'W., near the
Dufek Massif, Pensacola Mountains. The camp was established in early
December 1976 as a base for detailed geological mapping of the Dufek intrusion
for 4 weeks during the 1976-1977 field season. Five of six field-team members are
pictured in the inset. Left to right: Constance J. Nutt, Anthony W. England,
Gerald K. Czamanske, Christine Carlson, Arthur B. Ford (project leader), and
Commander James Jaeger, U.S. Navy Antarctic Development Squadron Six
(commander of the LC-130 Hercules that flew the team to the Pensacola

Mountains site). Not pictured: Willis H. Nelson.

Station 20073
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U. S. Navy

In November 1976, when this photograph was taken, the U.S. Geological
Survey's geoceiver antenna station 20073 near Amundsen-Scott South Pole
Station was at 89059'43.19"5. 144027'53.22"E., about 522 meters from the true
geographic South Pole. At the present rate and direction of ice drift in this
region—about 10 meters per year—station 20073 would pass within about 30

meters of the South Pole in the year 2028.

Correction
Dates of minimum

temperatures at McMurdo,
Palmer, and South Pole stations
during May, June, andJuly 1976
("Monthly climate summary,"
inside back cover of September
1976 Antarctic Journal) were in-
advertently omitted. They were:
McMurdo (5/31, 6/2, and
7/13); Palmer (5/30, 6/24, and
7/14); South Pole (5/23, 6/23,

and 7/12).

Also, the average temper-
atures for May, June, and July
1976 at South Pole Station have
been recomputed as -59.8°,
-59.4 0 , and -60.6°C. These
values were derived by com-
puting the average daily max-
imum and the average daily
minimum temperatures and
then dividing the average
monthly maximum plus the
average monthly minimum
temperatures by 2. This formula
is also used to determine average
monthly temperatures for
McMurdo and Palmer stations.

stratigraphy, with emphasis on
correlations; paleontology;
Cenozoic history; volcanism and
volcanic rocks; magmatic rocks
and their relation to
metallogenesis; radiometric
dating; mineral deposits; the
Scotia Arc; areal geology and
geophysics; antarctic continen-
tal shelves, slopes, and adjacent
deep-sea fjords; crustal struc-
ture; reconstructions of Gond-
wanaland.

Two field trips and meetings
of the SCAR working groups on
geology and solid-earth
geophysics are planned in con-
junction with the symposium. A
second circular, which includes
housing and other information,
is available from Campbell
Craddock, Department of
Geology and Geophysics, The
University of Wisconsin,
Madison, Wisconsin 53706.
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Foundation awards of funds for antarctic projects

1 July to 30 September 1976

Below are listed National Science Foundation awards made in the transition quarter between fiscal
1976 (1 July 1975 to 30 June 1976) and fiscal 1977 (1 October 1976 to 30 September 1977). Each item
lists principal investigator or project manager, investigator's or manager's institution, shortened title of
award, award number, duration, and amount. A few investigators received joint awards from more
than one Foundation program, and the full amounts of their awards are shown in parentheses. Inter-
national Southern Ocean Studies awards were made by the Division of Ocean Sciences; all others, by
the Division of Polar Programs.

International travel

Cornell, Lanny H. Sea World. Bergen,
Norway, September 1976, for
meeting of the Food and Agriculture
Organization, advisory group on
marine mammal research. DPP
76-80613. 6 months. $1,166.

Tucholke, Brian E. Columbia Univer-
sity. Sydney, Australia, August 1976,
for International Geological Con-
gress Symposium on circumantarctic
marine geology. DPP 76-19446. 6
months. $564.

Services and support

Butts, L.G. Department of the Navy.
Operation of USNS Eltanin
(closeout). DPP 70-01006. $39,603.

DeGoes, Louis. National Academy of
Sciences. Operation of the Polar
Research Board. DPP 63-00009. 12
months. $119,300 ($219,300).

Devore, George W. Florida State
University. Curation of core and rock
collections. DPP 75-19723. 15
months. $132,370.

Johnson, James R. Holmes & Narver,
Inc. Station operation and other sup-
port. DPP 73-07187. 3 months.
$1,299,544.

Johnson, James R. Holmes & Narver,
Inc. Operation of Palmer Station
and research ship Hero. DPP
74-03237. 3 months. $604,553.

Johnson, James R. Holmes & Narver,
Inc. Dual-channel satellite naviga-
tion system for Islas Orcadas. DPP
74-03237. 3 months. $85,750.

Knapp, R.J. Department of Transpor-
tation. Installation of precision
depth recorder on USCGC North
Wind. DPP 76-23087. 3 months.
$12,000.

Neider, Charles. Collection and
development of data. DPP 76-24096.
10 months. $350.

Nordhill, Claude H. Department of
Defense. Logistics and support. DPP
76-10886. 3 months. $6,083,000.

Sellin, Theodore. Department of State.
Islas Orcadas costs at Capetown.
DPP 76-23963. 12 months. $60,000.

Thuronyi, Geza T. Library of Con-
gress. Abstracting and indexing ser-
vice for current literature. DPP
70-01013. 15 months. $144,800.

Vicente, Calixto E. Government of the
Argentine Republic. Operation and
use of the research ship Islas
Orcadas. DPP 74-12163. 6 months.
$378,400.

Westwater, James N. Photographic
documentation. DPP 76-24106. 10
months. $970.

Glaciology

Bennett, Hugh F. Michigan State
University. Seismic anisotropic in-
vestigations in the Minna Bluff area.
DPP 76-00435. 12 months. $94,000.

Bentley, Charles R. University of
Wisconsin, Madison. Geophysical
survey of the Ross Ice Shelf. DPP
72-05802. 12 months. $46,200.

Bentley, Charles R. University of
Wisconsin, Madison. Elastic-wave
velocities in the RISP drill hole and
ice cores. DPP 75-19220. 12 months.
$30,500.

Cameron, Richard L. Ohio State
University. Personnel mobility
assignment. DPP 74-01434. $4,363.

Clough, John W. University of
Nebraska, Lincoln. Management of
Ross Ice Shelf Project. DPP
72-02685. 12 months. $326,300.

Dansgaard, Willi. Copenhagen Univer-
sity. Isotope analysis of firn and ice
from the Ross Ice Shelf. DPP
76-16743. 12 months. $15,300.

Gow, AnthonyJ. Department of Army
(Cold Regions Research and
Engineering Laboratory). Ultrasonic
velocity investigations of relaxation
characteristics of ice cores. DPP
76-18401. 7 months. $13,200.

Kovacs, Austin. Department of Army

(Cold Regions Research and
Engineering Laboratory). Sub-
surface measurements of the Ross Ice
Shelf. DPP 74-23654. 6 months.
$71,300.

Morey, Rexford M. Geophysical Survey
Systems, Inc. Borehole
measurements on the Ross Ice Shelf
using an impulse radar. DPP
76-17235. 112 months. $28,900.

Thomas, Robert H. University of
Maine, Orono. Surface glaciology of
the Ross Ice Shelf. DPP 76-23047. 12
months. $64,800.

Biology and medicine

Ainley, David G. Point Reyes Bird
Observatory. Seabirds in marine
ecosystems. DPP 76-15358. 12
months. $20,800.

Barsdate, Robert J. University of
Alaska. Effect of ice facies on
phytoplankton. DPP 75-15851. 12
months. $60,000.

Dayton, Paul K. University of Califor-
nia, San Diego. Benthic community
investigations at McMurdo Sound.
DPP 75-08074. 18 months. $77,300.

Dick, Elliot C. University of Wisconsin,
Madison. Viral etiology and
epidemiology of respiratory infection
at an isolated station. DPP 76-19827.
2 months. $1.

Friedmann, F.!. Florida State Universi-
ty. Endolithic algae in the dry
valleys. DPP 76-15517. 24 months.
$14,800.

Hammel, H.T. University of Califor-
nia, San Diego. Hypothalamic con-
trol of thermoregulatory responses in
penguins. BNS 76-24053. 12 months.
$13,700.

Hanson, Robert P. University of
Wisconsin, Madison. Newcastle
disease and avian influenza viruses in
birds. DPP 76-21463. 12 months.
$39,500.

Holm-Hansen, Osmund. University of
California, San Diego. Biological ac-
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