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U.S. Antarctic Research Program, 1968-1969
Review of the Summer Season

As is customary in the Antarctic Journal, we pre-
sent in this issue reviews and results of activities
during the past summer season. Similar reports of the
year-round activities in Antarctica, aboard Eltanin,
and at laboratories in the U.S.A. will be featured in
the September-October issue, while some of the inter-
national activities will be discussed in the November-
December issue.

Nearly 200 scientists and technicians, representing
about 50 institutions, participated in the past season's
field work. Of the 51 projects conducted, all but 3 are
reported on in this issue by the principal investigators
and their associates involved in the field work. Twenty-
four projects were in biology, 25 in the earth sciences,
I in topography, and 1 in upper atmosphere physics.

It is possible to describe some highlights of the sum-
mer's research, but there were none of the spectac-
ular scientific discoveries or achievements that charac-
terized the 1967-1968 season. There were also some
disappointments.

Aiitong the highlights was the arrival of the Na-
tional Science Foundation's new research vessel, Hero,
in the Antarctic Peninsula, where she will be working
in conjunction with Palmer Station during much of
each coining year. Her availability to the scientists at
Palmer made a great difference in their ability to
move around in the area, and she was utilized for this
purpose to the fullest extent both by geologists and
marine and terrestrial biologists. International cooper-
ation was furthered by her presence, and her trip to
Deception Island in the wake of the volcanic eruption
there was a boon to field and stateside scientists
awaiting word of the effects of the eruption. In fact,
the resulting report was the first account of the de-
struction based on the observations of trained scien
tists to be distributed by the Smithsonian Institution's
Center for Short-Lived Phenomena.

On the international scene, the highlight was the ar-
rangetnent which allowed Norwegian and British
scientists to work in the Kraul and Shackleton Moun-
tains, respectivel y . Fielding of these parties was made
posihle by the expert flying by pilots of Antarctic
Development Squadron Six.

The large-scale biologic-geologic-topographic sur-
vey that was located in Marie Byrd Land in the
1966-1967 and 1967-1968 seasons, this year concen-
trated on exposed areas in Ellsworth Land. Despite
the adverse weather which prevails in this area of

Antarctica most of the time, the multidiscipline party
was able to complete its work by late January.

A significant event was the closing in January of
Plateau Station, which had been in operation since
1965. Its deactivation again reverted to South Pole
the dubious distinction of being the highest, coldest,
and most remote of U.S. antarctic stations. Although
the data from Plateau have been interesting, the out-
post has had more than its share of operational prob-
lems, which have affected the research program ad-
versely.

The greatest disappointment of the past season was
the failure to retrieve the submerged buoys placed by
the International Weddell Sea Oceanograhic Expe-
dition--1968 to record data on antarctic bottom
waters. It is hoped that ice conditions will be better
next season, when another attempt will probably be
made to retrieve the scientifically important buoys.

Another disappointment was the unsuccessful at-
tempt to drill into bedrock at the bottom of the 2,164-
m hole drilled through the ice at Byrd Station in
1967-1968. Adding to the frustration was the entrap-
ment in the ice of the drill as well as an instrument
specifically designed to measure the age of the ice at
various levels in the borehole on the basis of small
samples (it takes tons of ice to measure the age by the
conventional C 14 methods).

These setbacks should not overshadow the fact that
it was otherwise a highly successful season, for they
represent only a small portion of the numerous proj-
ects conducted. The painstaking investigations carried
out by the scientists at the stations, at remote field
sites, and aboard ships proceeded well and continued
to add to the storehouse of knowledge about Antarc-
tica and its relationships to other parts of the world.

By virtue of the nature of the diversified program,
some of the reports presented in the following pages
contain conclusions based on analyzed and digested
data, but many, if not most of them are preliminary
at this point.

No account of field research should fail to mention
the continued gratifying and mutually beneficial ef-
fects of international cooperation on the program (a
list of international exchanges will be given in a later
issue). As Dr. A. P. Crary once noted: "No high-
light of antarctic activities and accomplishments has
yet topped that of the signing of the Antarctic Treaty."
It is in this aura of international harmony that the
U.S.A. continues to conduct its national program in
Antarctica.	 K. G. SANDVED
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The Ellsworth Land Survey
F. ALTON WADE

Department of Geology and Geophysics
Texas Technological College

and

CAMPBELL CRADDOCK

Department of Geology
University of Wisconsin

During the 1966-1967 summer season, the United
States began a multidisciplinary, helicopter-supported
scientific survey of coastal West Antarctica. The pro-
gram began near the Ross Ice Shelf in western Marie
Byrd Land, and the original plan was to work east-
ward that season through a series of camps to the
Eights Coast. The expected rate of progress was not
obtained, however, because of generally poor weather
and the limited number of flying days. During the
first season, the survey reached eastward to the Rup-
pert Coast and was conducted from a single camp in
the Edsel Ford Ranges. In 1967-1968, two permanent
camps and one tent camp were occupied as work pro-
gressed eastward to Mount Murphy. During the
1968-1969 season, the survey was completed with
studies in the Hudson Mountains, the islands of the
Amundsen Sea, Thurston Island, the Jones Moun-
tains, and the Eights Coast.

The scientific party ranged from 9 to 13 during the
1968-1969 season. Three geologists from Texas Tech-
nological College, who were responsible for the geo-
logical program early in the summer, were relieved by
three geologists from the University of Wisconsin later
in the season. Botanical studies were conducted by a
two-man party from the Ohio State University. One
worker from Washington University (St. Louis) col-
lected rock specimens for paleomagnetic investiga-
tions. Exchange scientists Boris Lopatin from the
Soviet Union and Fernando Munizaga from Chile car-
ried out geological studies in the first part of the
season. Four topographic engineers from the U.S.
Geological Survey established ground control for car-
tographic purposes. These scientists were supported in
the field by 13 officers and men of the U.S. Army
Aviation Detachment (Antarctica Support), 3 U.S.
Navy men, and a USARP field assistant.

The Ellsworth Land Survey was conducted from
two semipermanent camps, each consisting of four
Jamesway buildings. Camp 1 was located on the snow
dome of the King Peninsula. Camp 2 was established
about 5 miles northwest of the Jones Mountains, near
the site of former Camp Minnesota. A fuel cache was
laid by a C-130 near eastern Thurston Island so that
that area could be worked from either camp.

During the first week of November, Camp 1 was
erected and the scientific personnel arrived. Bad
weather prevented the start of work until November
15, allowing only eight days in all for helicopter
flying that month and December. Nevertheless, the
efficiency of the helicopters allowed completion of the
necessary work from this camp, and some of the geol-
ogists returned to McMurdo December 16. On the
same day, four Navy men were flown to the Jones
Mountains to begin construction of Camp 2.

The relieving scientific party made three unsuccess-
ful flights to Camp 2 before weather conditions per-
mitted landing on January 5. Camp equipment was
transferred on five C-130 flights, and Camp 1 was
closed January 10 when the three helicopters flew to
Camp 2. Helicopter operations in the Jones Moun-
tains began January 11, and the month proved to be
a favorable one for working. Scientific work by either
helicopter or motor toboggan was possible on two
days out of three, although the helicopters and 14
men were pinned down in Camp 1 January 13-17
after being caught in a sudden storm while working
on Thurston Island. Surveys of the Jones Mountains,
Thurston, Dustin, and McNamara Islands, and
Lepley Nunatak were completed from this base, and
Camp 2 was closed on January 30.

The discovery of the rock shelter and camp built
on Lepley Nunatak by a party from USS Glacier
for survival during a storm in February 1961 is of
historical interest. A cairn and survey post constructed
by the same expedition were also observed on Mc-
Namara Island. No trace was seen of Camp Minne-
sota, established in the Jones Mountains in December
1960.

The planned scientific survey of coastal West Ant-
arctica has now been completed from the Rockefeller
Mountains of Marie Byrd Land to the Eights Coast of
Ellsworth Land. Preliminary results of the field pro-
gram are reported in the following pages.

Geology of the King Peninsula, Canisteo
Peninsula, and Hudson Mountains Areas,

Ellsworth Land, Antarctica

F. ALTON WADE and KERBY E. La PRADE

Department of Geology
Texas Technological College

Geologic investigations were the responsibility of a
three-man team from Texas Technological College:
Craig M. White, basement geologist from the Univer-
sity of Wisconsin; Fernando Munizaga, geochronolo-
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USARP Jamesway building on King Peninsula six weeks after
erection. Access is by a tunnel through the drift. Camp included

three other .Jamesways.

gist from the Instituto Antártico Chileno, Santiago
dc Chile; and Boris Lopatin, basement geologist from
the Institute of Arctic Geology, , Leningrad, U.S.S.R.

Rocks of the Hudson Mountains and King Penin-
sula consist of olivine basalts and tuffs. Well-devel-
oped pillow lava occurs at Mount Nickens, but
elsewhere the lavas occur as thick layers of scora-
ceous olivine basalts, typically interstratified with
tuffs. Volcanic rocks rest unconformably on basement
rocks in the nearby Jones Mountains, but the contact
is not exposed in the Hudson Mountains-King Penin-
sula areas. Rocks exposed on the Canisteo Peninsula
and offshore islands consist of the basement complex,
principally granites, diorites, and gneisses. The meta-
snorphic rocks were noted in only two exposures,
Dyment Island and the unnamed southernmost island
of the Sterrett Islands. Granite-diorite rocks con-
tain abundant xenoliths of gneissic material which
resemble the gneiss cropping out in the two small
islands mentioned above. Gneissic rocks repre-
sent the oldest exposed rocks in Ellsworth Land,
and probably correlate with the medium-to-high-
grade metamorphic outcrops of Mount Petras, the
Kohler Range, Btar Island, Schneider Rock, the Fos-
dick Mountains, and the Mount Gray area of Marie
Byrd Land. Radiometric ages of the plutonic and vol-
canic rocks in the nearby Jones Mountains indicate a
Triassic and Cenozoic age, respectively (Craddock et
al., 1964; Rutford et al., 1968). At least two periods
of intrusive activity are indicated by the presence of
plutonic xenoliths, chilled borders, and discordant re-
lationships. Diabasic and gabbroic dikes are common.

Laboratory investigations of collected samples and
the analysis of data from a comprehensive geophysi-
cal program, including electromagnetic ice-thickness
measurements and magnetic measurements of the
entire area, are expected to support the hypothesis
that Marie Byrd Land and Ellsworth Land are dis-
rupted segments of a once larger East Antarctic Conti-
nent.

Craddock, C., T. W. Bastien, and R. H. Rutford. 1964.
Geology of the Jones Mountains. In: Antarctic Geology,
North-Holland Pubi. Co., Amsterdam, p. 171-187.

Rutford, R. H., C. Craddock, and T. W. Bastien. 1968.
Late Tertiary Glaciation and Sea-Level Changes in Ant-
arctica. Palaeo geography, Palaeoclinzatology, Palaeoecology,
5(1): 15-39.

The Geology of the Eights Coast

CAMPBELL CRADDOCK, CRAIG M. WHITE,
and ROBERT H. RUTFORD*

Department of Geology and Geophysics
University of Wisconsin

Responsibility for the geological prograni during the
latter part of the 1968-1969 Ellsworth Land Survey
rested with our three-man party from the University
of Wisconsin. Part of Thurston Island was studied by
White with helicopter support from Camp 1. All
of us who worked in the Jones Mountains from Camp
2 used both helicopter and motor toboggan transport.
The remainder of the area was studied by Craddock
and White in helicopters from Camp 2.

All of the significant and accessible rock exposures
along the Eights Coast from Lepley Nunatak to
Thurston Island were visited. Most rock outcrops
form steep faces that are commonly capped by active
ice, and many of these cliffs require significant climbs
from the closest landing site at their base. Lepley
Nunatak was studied as a unit, 3 outcrops were
studied on McNamara Island, 2 on Dustin Island,
and 45 on Thurston Island. Detailed work in the
Jones Mountains was concentrated in the area of
north-facing cliffs near Avalanche Ridge, but heli-
copter trips were made to previously unvisited locali-
ties in the eastern and southern extremities of the
range.

Lepley Nunatak consists of a massive, light gray
granitoid rock, epidotized along joint surfaces and cut
by numerous mafic dikes. McNamara Island is corn-
posed of light to medium gray dioritic plutonic rocks
with poorly developed foliation. Dustin Island consists
of light gray granitoid rock containing numerous an-
gular to rounded inclusions of fine- to medium-crys-
talline mafic rock.

The outcrops on Thurston Island feature a varied
assemblage of igneous and metamorphic rocks.
Granite, granodiorite, quartz diorite, and diorite pre-
dominate in the western half of the island. The

*Now at the Department of Geology, University of South
Dakota.
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eastern half consists of gneiss (some banded), amphi-
bolite, metavolcanics, granodiorite, diorite, and
gabbro. Contacts are rare, and the relative ages of
these rock bodies are in doubt. The Morgan Inlet
gneiss may represent the oldest rock on Thurston
Island; earlier work (Craddock et al.. 1964) gave a
Rb-Sr age of 280 m.y. on biotite from this rock.

Studies in the Jones Mountains were mainly on the
unconformity between the basement complex and the
overlying basaltic volcanic rocks to evaluate the evi-
dence for Tertiary glaciation. Volcanic strata just
above the unconformity contain abundant glass and
pillow-like masses suggestive of interaction between
lava and ice. Tillites with faceted and striated exotic
pebbles and boulders are present in several localities
in the lower 10 m of the volcanic sequence. Pre-vol-
canic grooves or striations measured at 50 sites on the
unconformity surface indicate a general northward
movement of the ancient ice. Specimens of several
basalt flows were collected for K-Ar measurements
to determine more precisely the age of the volcanic
sequence and the inferred early glaciation. Carbon-
ized fossil wood (probably Mesozoic) was discovered
in a pyroclastic rock in the basement complex.

Reference
Craddock, Campbell, P. W. Gast, G. F. Hanson, and H.

Linder. 1964. Rubidium-strontium ages from Antarctica.
Geological Society of America. Bulletin, 75 237-240.

Paleomagnetic Investigations in the
Ellsworth Land Area, Antarctica

LeROY SCHARON, AKIRA SHIMOYAMA,
and C. SCHARNBERGER

Department of Earth Sciences
Washington University

During the austral summer of 1968-1969, paleo-
magnetic investigations were continued in West Ant-
arctica, thus extending the investigations from Marie
Byrd Land into Ellsworth Land. The 68 oriented rock
samples collected from 23 sites will produce approxi-
mately 400 individual standard core specimens for
rock magnetic and paleomagnetic data.

In the Hudson Mountains, in which tuffs and oh-
vine basalt flows occur, 20 oriented samples were
taken from 7 sites. The sites were located at Teeters,
Velie, Meyers, and Inman Nunataks. Samples were
collected from Pryor Cliff and Mounts Moses and
Manthe.

Cape Menzel, Shelton Head, Hendersin Knob, and
other locations on Thurston Island yielded 21 samples
consisting of granites, diabase and mafic dikes, and
basalts. At least four plutonic bodies, most of which

probably have mafic dikes as well as felsite dikes, are
present. In the eastern part of the island, mafic dikes
occur in banded gneiss. A dio rite- to-gabbroic mass is
present in the north central portion of the island.
Granite-to-diorite bodies occur in the south central
portion of the island and contain "meta-volcanic"
rocks and mafic dikes. Granite-granodiorite-to-diorite
rocks occur in the western portion of the island. This
latter plutonic mass is probably the youngest body in
which mafic dikes are also present. About 10 miles
southwest of Thurston Island, a medium-grained
granodiorite plutonic mass forms Dustin Island,
where three samples were collected at Ehlers Knob.

In the Jones Mountains, 27 oriented samples were
collected from the area around Pillsbury Tower, on
Avalanche Ridge, and at Right Angle Peak, Lepley
Nunatak, and Inspiration and Forbidden Rocks.
These samples are diabase, diorites, mafic dike mate-
rial, and basalt. On the granite mass lies a felsite tuff
(maximum thickness of 30 m) with mafic and felsitic
dikes and, in addition, inclusions of carbonized wood
fossils. Above this formation lies a section (40 to 90 m
thick) of volcanic pyroclastics and olivine basalt
flow layers. K-Ar dating (Craddock et al., 1964) gives
22, 104, and 199 m.y. for the basalt, felsite porphyry,
and the granite, respectively.

Previous analyses of rocks of Cretaceous, Tertiary,
and Pleistocene ages have produced significant results.
During the summers of 1966-1967 and 1967-1968,
Cretaceous granites from Marie Byrd Land gave an-
cient magnetic pole positions of 28°S. 140°W. and
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Fig. 1. Projection showing (a) Areas of paleomagnetic field work
in Marie Byrd Land and Ellsworth Land, and (b) Ancient geo-
magnetic poles determined for Marie Byrd Land rocks and some

Jurassic rocks from East Antarctica.
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29°S. 126°W., respectively. These ancient magnetic
poles for West Antarctica are displaced from pole
positions for rocks of similar age in East Antarctica
(Fig. 1). Tes tiary dikes give a pole position of 62°S.
64°E., while Pleistocene volcanics give a pole position
of 78°S. 128°W. The paleomagnetic data, especially
the Cretaceous rocks, strongly suggest that East and
West Antarctica are unrelated geologically or structur-
ally. Schopf (1969), using an analysis of sea-floor
spreading, indicates that the reconstruction of Gond-
wanaland "would be simplified if West Antarctica is
not regarded as Part of the ancient Antarctic crustal
unit." Hamilton (1967) also suggests that the pre-Ter-
tiary complexes of West Antarctica are "disconnected
from each other and from the terranes of East Ant-
arctica." Paleomagnetic data further demonstrate that
West Antarctica is independent of the ancient ant-
arctic unit.
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Biological Survey of Ellsworth Land

GARETH E. GILBERT

Faculty of Population and Environmental Biology
and Institute of Polar Studies

and

TOMMY J . EARLY and HAROLD T. KING

Institute of Polar Studies
The Ohio State University

During the 1968-1969 austral summer, a biological
survey was conducted in that portion of Ellsworth
Land lying within approximately 71°30' to
75°00'S. and 90 0 00 to 104°00'W. Emphasis was
placed on the study of rock outcrops associated with
the Hudson Mountains, islands off the Waigreen
Coast, the Walker Mountains of Thurston Island,
Dustin Island, McNamara Island, Lepley Nunatak,
and the Jones Mountains. This study, as well as asso-

Fig. 1. Walker Mountains, Thurston Island, looking northwestward
from 600-m elevation. Mount Dowling in left foreground.

ciated studies in the Ellsworth Land Survey, was con-
ducted with helicopters from temporary base camps at
the base of the King Peninsula and at the Jones
Mountains.

Although laboratory analysis of the many samples
collected has not been completed, a summary of the
field observations has been compiled (Table 1).

The Hudson Mountains comprise volcanic nuna-
taks, 16 of which were biologically surveyed. Although
lichens occurred on 14 of the 16 nunataks, they did
not occur in dense communities and were widely scat-
tered. Well-developed moss communities were ob-
served on three of the nunataks, usually either in
cracks in rocks or in narrow crannies between boul-
ders.

Rock outcrops occurring on 11 islands off the
Waigreen Coast were investigated. All outcrops were
found to be of granitic rock, all had associated lichens,
and nearly all supported algal communities. Mosses,
however, were discovered on only one of the islands.
Adélie penguin rookeries were found on eight of the
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Fig. 2. View of Basecamp Valley toward Pillsbury Tower, Jones
Mountains.
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islands, the largest rookery containing several thou-
sand birds. Skuas were associated with most of the
rookeries.

The Walker Mountains comprise scattered nuna-
taks of quartz-diorite-gneiss, most of which are charac-
terized by steep slopes and are largely snow- and ice-
covered. Small rock outcrops are common, but many
are inaccessible because of steep slopes, blue ice, and
local crevasses (Fig. 1). Thirty nunataks were studied,
27 of which supported lichens; however, their density
was usually low. An exception at Boker Rocks was
characterized by dense lichen and moss communities
frequently dominated by a variety of lichens.

Dustin Island is a small island located east of
Thurston Island. It is essentially a low, snow-covered
dome with abrupt coastal bluffs, some of which have
associated rock outcrops. Only two outcrops were
accessible by helicopter: Ehlers Knob and Standifer
Bluff. Well-developed lichen communities occurred on
both outcrops, especially on the latter, where they
were associated with a small Adélie penguin rookery.
Mosses were also found on both outcrops.

A biological survey was also made of McNamara

Island and Lepley Nunatak, both east of Dustin
Island. The only two small accessible outcrops on
McNamara Island contained lichens and mosses.
Lepley Nunatak is relatively low and is composed of
light-gray granitic rock intruded by dark-gray mafic
dikes. During our last visit, its upper portion was
essentially snow- and ice-free, presenting a continuous
rock outcrop approximately 1 km in diameter. Abun-
dant lichens throughout the outcrop were the only
kind of organisms observed.

Considerable effort was expended in surveying the
complex mosaic of rock outcrops of the Jones Moun-
tains, which are located on the Eights Coast south of
Dustin and McNamara Islands (Fig. 2). Briefly, ap-
proximately one-half of the 21 rock outcrops studied
were associated with Upper Tertiary volcanics, while
the remainder were associated with older igneous
rocks. Approximately 75 percent of the outcrops sup-
ported lichens in varying degrees of density and flor-
istic richness, and approximately half contained
mosses. Three outcrops contained depressions with
thick algal mats in which individuals of one species of
rotifer were common.

Table 1. Summary of Ellsworth Land Biological Survey.

	

No. of	 No. of areas with:
Location	 areas studied I Algae	Lichens I Mosses I Petrels I Penguins I Skuas

Hudson Mountains ........................16	1	14	3	5	0	0
Islands off Waigreen Coast ................11	10	11	1	0	8	6
Walker Mountains ....................... 31	0	23	5	4	1	0
Dustin Island .............................2	1	 2	2	0	1	1
McNamara Island .........................2	0	2	2	0	1	0
Lepley Nunatak ...........................1	0	 1	0	0	0	0
Jones Mountains ......................... 21	3	15	9	7	0	2

	

Total .............................. 84	15	68	22	16	11	9

International Weddell Sea
Oceanographic Expedition

IWSOE-1969 was conducted from mid-February
till late March by USCGC Glacier and ARA General
San Martin. The expedition's primary objective, re-
covery of the four current-meter arrays placed near
74°S. 40°W. during IWSOE_1968 ,* was not achieved,
owing to severe ice conditions. Other research pro-
grams were carried out successfully, however, as dis-
cussed on the following pages.

Glacier's cruise track, shown at right, was based
on a map prepared by Thor Kvinge, University of
Bergen (Norway), who served as U.S. Antarctic Re-
search Program Representative on the expedition.

*Antarctic Journal, vol. III, no. 4, p. 80-88.
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Weddell Sea Benthic Studies

JOHN S. RANKIN, JR., KERRY B. CLARK

and

CHARLES K. BIERNBAUM

Marine Research Laboratory
University of Connecticut

The primary objective of this program was to study
the density and diversity of the deep-sea benthos in
the Weddell Sea using the anchor dredge and epi-
benthic sled.

Dredging in 1968 was hampered by ice conditions,
loss of sled, and a very primitive winch. No deep-water
dredging of over a few minutes' duration on the bot-
torn could be made in pack ice. An A-frame on the
starboard after end of the fantail payed out wire into
brash ice swept around it by the ship's wash. This
brash included chunks of ice too large to permit more
than almost OO wire angle.

In spite of these conditions, 5 successful anchor
dredge samples were obtained from depths of 650-
4,000 in with densities of 7,290 animals per square
meter to 7 per square meter. Three successful epi-
benthie-sled samples revealed 27 major taxa and 2,029
individuals at 650 m, and 16 taxa, 245 individuals at
1,926 in. After loss of the sled, this same general distri-
bution was observed using a Blake trawl, a biological
trawl, and a Van Veen grab.

Dredging on the International Weddell Sea Ocean-
ographic Expedition-1969 (IWSOE-1969) was facil-
itated greatly by the use of a heavy duty winch and a
lufl3ng crane on the starboard fantail quarter, permit-
ting longer and deeper dredging in heavy ice than
had been possible in 1968. As the ship moved through
pack and heavy floes, the ice was pushed aside
amidships and drawn into the wake aft of the ship,
resulting in relatively ice-free space by the crane. Also,
weight of the wire out, weights 100-500 m in front of
the dredge, and use of a pinger permitted wire out at
less than 10° angle. Light floes were not pushed
aside, but rafted against the wire. The epibenthic sled,
therefore, could be used only in areas of newly formed
ice or in open water since it required art hour or more
on the bottom.

Seventeen successful anchor dredge samples were
taken front depths of 250 to 4,700 m. Preliminary
results reveal the same general pattern of distribution
of animals with depth as found in 1968: on hard
substrate, clown to about 1,000 m, large numbers of
many groups of macroscopic animals; below 1,000 m,
on soft bottom, few kinds but large numbers of

smaller animals. Because of heavy ice concentration
and the necessity of remaining close to IWSOE-1968
station 0001 for possible retrieval of current meters,
9 of the anchor dredge samples were taken from
about 12 to 30 miles apart. It is felt that this should
permit a much more meaningful analysis of benthic
conditions than one from single samples from widely
spaced stations.

Four of six epibenthic sled casts in depths from
2,800 to 4,700 in successful. A surprisingly rich
composition of macroscopic animals, unobserved in
the anchor dredge samples, was found at depths of
3,000 and 3,700 m. The picture was very similar to
that of the shelf. However, very few animals were
obtained at 4,700 m.

Data obtained from IWSOE-1968 and IWSOE-
169 emphasize the high density and diversity of
benthic organisms in the Weddell Sea. They are quite
comparable to those from the North Atlantic Ocean
collected by Sanders, Hessler and Hampson (1965),
Hessler and Sanders (1967), and Sanders and Hessler
(1969), who developed the gear and method of analy-
sis used in the present study. No direct correlation
with any single environmental factor can he made at
this time except possibly type of substrate. If tempera-
ture, salinity, and other parameters are used as indi-
cators of different water masses, and bottom transects
made accordingly, some relationships may be found.
In general, bottorn temperature increases from shelf
to deep water. These considerations must await fur-
ther study of the data.

The eastern region of the Weddell Sea seems to be
as productive as the southwest and western regions, if
not more so. A thick bloom of phytoplankton, esti-
mated to cover about 15,500 km 2 (6,000 mi 2 ), was
observed on February 10, 1968, near the Filchner Ice
Shelf by El-Sayed (1968). An even greater bloom,
covering an estimated 52,000 km 2 (20,000 mi 2 ), was
encountered on March 15-17 3 1969, between
72 0 51.4'S. 30 0 46.2'W. and 70°52.7'S. 30°23.2'W.
Large numbers of seals, petrels, and Adélie penguins
on the surface, as well as an abundant herLthic, fauna
below, are evidence of the richness of the whole area.

About 500 lbs of preserved material and sorted sed-
iments were returned to the University.
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Research Program in Cooperation with
Argentina, 1968-1969

LUIS R. A. CAPURRO

Department of Oceanography
Texas A&M University

On the basis of the results obtained during the
International Weddell Sea Oceanographic Expedition
1968 (IWSOE-1968), the Hydrographic Office of the
Argentine Navy prepared for the participation of the
icebreaker ARA General San Martin in IWSOE-
1969. Different tentative lines of oceanographic sta-
tions were scheduled to be occupied during the cruise,
subject to ice and meteorological conditions.

As information on the ice conditions, obtained from
satellite information as well as aerial reconnaissance
in the area, was not very favorable, it was decided to
occupy the stations wherever conditions were ap-
propriate.

During February, most of the 20 stations shown on
the map were occupied. At each station, the classical
oceanographic elements were measured and contin-
uous salinity-temperature-depth (STD) recording
and bathythermograph casts were made. Samples
were collected for primary-productivity determina-
tions and plankton analysis.

Some of the preliminary findings seem to indicate
the following:

1. Physical and chemical data are in agreement
with those of former cruises, as far as the water-
mass identification is concerned.

2. Wide variations in temperature and salinity
found in the upper 50 in due mainly to
local ice conditions.

3. Winter water was detected at the normal depths
(50 to 75 m) and the deep, warm water at 250
to 500 m.

4. Antarctic Bottom Water, characterized by its
temperature and salinity values (0.6°C. and
34.66 %), was found at stations 256, 257,
258, and 259 from 3,500 in

5. In a 100-mile-wide area WNW of Cape
Norvegia, an indication was found of rather
warm water, believed to be the influx of the Cir-
cumpolar Current into the Weddell Sea and
the main source of the formation of the eastern
coastal channel.

6. Dissolved oxygen shows values similar to those
obtained on former cruises, although they are
smaller than those found by Eltanin at great
depths.

The stations occupied in the past in the Weddell
Sea are now being studied for quality control, water-

Stations occupied by ARA General San Martin

mass analysis, and their dynamic implications. Dr.
Theodore D. Foster, of Yale University, who partici-
pated in the cruise, is working on his research pro-
gram on the mechanism of seawater convection, more
specifically in the origin of the Weddell Sea bottom
water.

Plans are being developed to carry out addi-
tional work in the austral summer of 1969-1970 and
in the winter of 1970 at the Argentine General Bel-
grano Base.

U.S. Coast Guard Oceanographic Unit's
Participation in IWSOE-1969

GARY L. HUFFORD and ROBERT B. ELDER

U.S. Coast Guard Oceanographic Unit

The U.S. Coast Guard Oceanographic Unit again
participated in the International Weddell Sea Ocean-
ographic Expedition (JWSOE) from February 13 to
March 24, 1969. The program consisted of physical
oceanographic measurements, determination of nu-
trients and related chemical features of seawater, and
bottom photography. The purpose of this work was to
increase our knowledge of this little-known area and,
in particular, to investigate the formation of Antarctic
Bottom Water.

A total of 27 stations was occupied despite ex-
tremely heavy ice. Nansen casts were made at 25 loca-
tions to determine water temperature, salinity, pFI,
and dissolved oxygen, and to measure inorganic phos-
phate, nitrate, nitrite, ammonia, and silicate content.
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Salinity was determined with an inductive salinometer,
dissolved oxygen by a modified Winkler method, and
pH with a pH meter. Nutrient analysis was performed
at sea for inorganic phosphate, nitrate, nitrite, and
silicate. Additional water samples were frozen for on-
shore analysis of ammonia. At most stations, samples
were obtained as close to the sea floor as possible to
detect any changes in the parameters studied.

At eight stations, a continuous trace of salinity and
temperature versus depth was obtained using an STD
(salinity-temperature-depth) recording system.
Nansen casts were also taken at these stations so that
a comparison could be made between the salinity and
temperature recorded by the STD and those meas-
ured by reversing thermometers and salinometer. STD
casts were not taken at all stations because of failure
of the salinity sensor.

Bottom photographs were taken at five locations on
the shelf, slope, and abyssal plain of the southeastern
Weddell Sea. The compass-oriented photographs re-
vealed many organisms and their activity, as well as
current lineations.

The second IWSOE has added more information
about the virtually unknown southern part of the
Weddell Sea. This year's data coincide with the data
fi'oiii IWSOE-1968 and give insight to waters under
perennial ice. A possible mechanism for the formation
of Antarctic Bottom Water in the summer will soon
be published. Use of preformed nutrients, apparent
oxygen utilization, and specific alkalinity in tracing
water masses has augmented as well as supplemented
the physical data.

A total of 76 1/2 hours of seal census from
shipboard was accomplished between February 18
and March 24, 1969, as Glacier penetrated the pack
ice. All animals sighted within 220 yards on either
side of the ship were tallied. Adverse weather condi-
tions limited aerial census work using shipboard heli-
copters.

Distances traveled during census periods were de-
termined in three different ways: (1) measuring dis-
tances between satellite fixes, (2) dead reckoning,
and (3) drawing detailed course plots of the ship's
track. The last technique was believed most accurate
since changes in both ship's course and speed were
considered. Distances determined from the detailed
plots averaged 24 percent greater than the dead reck-
oning determinations and 19 percent greater than
computations from the satellite fixes. Final seal
density estimates have been based on the detailed
course plots.

The crabeater seal (Lobodon carcinophagus) was
by far the most abundant of the four species of ant-
arctic seals encountered in the Weddell Sea (Table
1). The average density determined for this species

Table 1. Seals observed in the pack ice of the Weddell Sea,
February-March, 1969

	

Total	Animals	Animals
number	per	sighted

Species	 seen	I sq n ml.	per hr.	Percent

	

Crabeater .................... 1136	5.99	16.85	97.01
Leopard	..................... 22	0.14	.29	1.88

	

Weddell ..................... 10	0.06	.13	.85
Ross	........................ 3	0.02	.04	.26

Total ................. I	1171	I	...	15.31	I 100.00

Population Study of Seals in the
Weddell Sea

ALBERT W. ERICKSON, DAVID R. CLINE
and ROBERT J . HOFMAN

James Ford Bell Museum of Natural History
University of Minnesota

From mid-January to mid-March 1968, a study was
commenced to gain information on the status and
population dynamics of antarctic seals. Such informa-
tion is deemed vital to the welfare of the animals in
the face of expected future comm-rcial exploitation.
Use of the icebreaker USCGC Gacier on the Inter-
national Weddell Sea Oceanographic Expedition-
1969 (IWSOE-1969) enabled us to gain further
knowledge pertaining to seals inhabiting ice-pack
areas of the little-studied Weddell Sea.

was 5.99 per square nm, nearly identical to that deter-
mined on IWSOE-1968. A peak count of 149 crabeat-
ers per square mile was made on March 9 between
74°22.45'S. 32 0 10.1'W. and 74°19.85'S. 32°24.7'W.
Observed densities of leopard seals (Hydrurga lep-
tonyx), Weddell seals (Leptonychotes weddelli), and
Ross seals (Ommatophoca rossi) were less than one
individual per square mile. It was substantiated that a
fifth seal species occasionally frequents the southern
Weddell Sea when an adult elephant seal (Mirounga
leonina) was sighted at 77 0 S. 34 0 W. on February 26.

During the late summer, seals were riot found in
large groups. Approximately 61 percent of the crab-
eaters were seen as lone individuals; the largest
pod consisted of 16 animals. Leopard and Ross seals
were always observed as lone individuals.

The effectiveness of anesthetic drugs used to immo-
bilize seals for biological studies was also examined.
Phencyclidine hydrochloride (Sernylan) in combina-
tion with the tranquilizer promazine hydrochloride
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(Sparine) was used to immobilize 30 crabeaters, 3
Weddells, 2 Ross, and 1 leopard seal in 1969. The
drugs were administered with an extension syringe
device. Twelve seals of three species were brought
aboard ship to monitor drug responses and to establish
suitable dosage rates. Results indicated that the drug
combination rate of 1 cc Sernylan with 2 cc Sparine
(or between .40 and 1.00 mg/kg Sernylan) is well
suited for immobilizing crabeater, Ross, and leopard
seals for up to several hours. However, the Weddell
seal has proven extremely sensitive to this drug com-
bination, as evidenced by the death of several subjects
during the past two years, even though dosages below
.25 mg/kg were administered.

Blood samples were collected from the 38 immobi-
lized animals. These will be analyzed by electropho-
resis to determine possible racial and phylogenetic af-
finities, establish base line hematology, and evaluate
the physical condition of seals. A .study of karyotype
characteristics was also initiated to further study
inter- and intra-specific biological relationships of the
seals. Blood samples and body temperature data
were collected from captive seals at different times of
day to study possible circadian rhythm influences on
seal behavior.

Shipboard counts of sea birds were conducted in
conjunction with the seal census. Fewer species were
sighted this year than in 1968, with the Adélie penguin
again by far the most numerous (Table 2). The em-
peror penguin was the only species to show a pro-
found change in abundance between years. This
change was attributed partly to the fact that this year,
the ship remained in waters closer to their rookeries in
the southern reaches of the Weddell Sea.

Table 2. Birds observed in pack ice areas of the Weddell Sea
during IWSOE 1968-1969.

	

Number Seen	I Percent Composition

Species	 1	1968	1	1969	1	1968	1	1969

	

Adelie Penguin ................... 6,571	3,473	69.53	68.95

	

Snow Petrel ...................... 1,686	673	17.84	13.36

	

Arctic Tern ....................567	335	6.00	6.65

	

Emperor Penguin ................. 310	449	3.28	8.91

	

Antarctic Petrel .................. 202	93	2.14	1.85

	

Wilson Storm Petrel ..............31	1	.33	.02

	

Cape Pigeon ..................... 25	 .26	-

	

Dove Prion ....................... 24	 .25	-

	

Chinstrap Penguin ................ 23	-	.25	-

	

Giant Petrel ...................... 8	8	.08	.16

	

Skua ............................. 4	5	.04	.10

	

Total ......................I	9,451	I 5,037	I 100.00	j 100.00

Above, right: A specimen of Ross seal (Ommatophoca rossi) on the
pack ice of the Weddell Sea, with USCGC Glacier in background.
Right: A crabeater seal (Lobodon carcinophagus) being hoisted
aboard Glacier for immobilization, karyotype, and circadian-rhythm

studies.

I-
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Marine Geology of the Weddell Sea

RICHARD D. Le FEVER, TERRY CHRISS,
and LAWRENCE A. FRAKES

Geology Department
University of California, Los Angeles

and

JERRY L. MATTHEWS

Scripps Institution of Oceanography
University of California, San Diego

A program of piston coring for marine geology was
carried out aboard USCGC Glacier during the Inter-
national Weddell Sea Oceanographic Expedition
1969 (IWSOE-1969). Because of limited time and
extremely heavy ice conditions, the shipboard sam-
pling program, including the coring plan, was some-
what restricted. In spite of these and other difficulties
relating to the widespread rocky bottom, the coring
program should be considered a moderate success.

Twenty-one cores were obtained from 19 stations in
23 attempts. Mean core length is 259 cm; longer cores
might have been obtained in some areas, but difficul-
ties were encountered in rigging for cores longer than
20 feet (610 cm). Penetration was limited in other
cases by the rocky bottom. Once on deck, the cores
were sealed and capped in the plastic liners, labelled,
and stored under refrigeration for transport to the
United States. They are currently under study, along
with Phieger cores obtained by the Coast Guard
coring operation of IWSOE-1968 and Eltanin cores
from the Ross Sea.

Preliminary laboratory studies include radiog-
raphy, grain-size analysis, and microfossil separa-
tions. Whole cores and split cores were photographed
by Ter Chien Huang in the laboratory of H. Grant
Goodell at Florida State University, and the X-ray
photographs were analyzed for sedimentary structures
at the University of California, Los Angeles (UCLA).
Sedimentary units observed constitute five general
categories: massive diamicton, stratified diamicton,
massive clays and muds, interlaminated sandy silts
and clays, and highly disturbed and burrowed clays
and diamictons. The massive diamictons are particu-
larly important because they are almost identical to
terrestrial tills in appearance, yet have apparently
been deposited in a marine environment. The inter-
laminated sandy silts and clays are apparently re-
stricted to the continental slope.

Grain-size analysis is performed using the contin-
uous-recording, automatic particle-size analyzer de-
signed and developed by Ronald J . Gibbs of UCLA.
This unit records the continuous size distribution of
samples weighing only 50 to 1,000 mg and permits the

sampling and analysis of sedimentation units less than
1 cm thick. Information is recorded on a strip-chart
recorder and later analyzed by a digital computer.
Grain-size parameters of Folk (1965) and Inman
(1952) have been modified for the portion of the size
distribution between 6 and —2 0 (15.6 microns to 4
mm) in an attempt to make our techniques and in-
terpretations applicable to consolidated rocks.

Statistical analysis of laboratory results involves dis-
tinguishing between tills and sediments of mudfiow
and ice-rafting origin using multivariate analysis based
on textural parameters (Landim and Frakes, 1968). A
modified discriminant function technique is extremely
successful in eliminating overlap between environ-
ments. With this method, it is possible to distinguish
the Ross and Weddell Sea sediments from very similar
sediments laid down as terrestrial tills and as subaerial
mudflows. Work now in progress will attempt to
define subenvironments of deposition within the Ross
and Weddell Seas.
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Dr. William D. McElroy
New NSF Director

Dr. William D. McElroy, formerly Chairman of the
Biology Department of Johns Hopkins University, has
been appointed Director of the National Science
Foundation. Ile replaces Dr. Leland J . Haworth, who
retired on June 30.

Additional information on the appointment will be
given in the September—October issue of the Antarctic
Journal.

Translations in Preparation
The following Russian monographs have been sub-

mitted to the Clearinghouse for F•cdcral Scientific and
Technical Information for translation under the
Israel Program for Scientific Translations:

Arctic and Antarctic Scientific-Research Institute.
Radiophysical methods of research in the Arctic Basin
and in Antarctica. Leningrad, 1968. 216 p. (Its
Transactions, vol. 284).

Arctic and Antarctic Scientific-Research Institute.
Problems in polar geography. Leningrad, 1968. 255 p.
(Its Transactions, vol. 285).
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Other Scientific Programs

BIOLOGY

Microbial and Ecological Investigations
of Recent Cinder Cones,

Deception Island, Antarctica

R. E. CAMERON

Bioscience Section
Jet Propulsion Laboratory

California Institute of Technology

and

R. E. BENOIT

Department of Biology
Virginia Polytechnic Institute

During the austral summer of 1968-1969, field trips
were made to cinder cones that arose in the sunken
caldera of Port Foster, Deception Island (62°57'S.
60°38'W.), which is included among the South Shet-
land Islands (Fig. 1). The new craters are within the
northwest sector of Deception Island, in Telefon Bay.*
A preliminary report of the results of the eruption was
made by Chilean investigators (Valenzuela et al.,
1968). The new island is roughly oval, about 930 m
long and 200 m wide, and composed of three prin-
cipal craters and a satellite crater (Fig. 2). The prin-
cipal and highest crater was indicated as having a
height of 170 m.

Previous investigations have been made on Decep-
tion Island for phanerogams and cry ptogams
(Longton, 1967), bacteria and yeasts from lakes
(Stanley and Rose, 1967), and soil of penguin rooker-
ies (Sieburth, 1965). No microbiological studies had
been made on relatively uncontaminated soils and
the new craters until our present investigation.

The main purposes of our preliminary investiga-
tions on the new island were to determine whether or
not any biota had become established since the erup-
tion and, if present, the life forms and the factors that
enabled them to adapt to their environment.

A campsite for environmental measurements was
established at site 702 with living quarters in an aban-
doned whalers' hut, across from the west crater, in the

CINDER
CONES

Figure 1. Deception Island, showing location of new cinder cones.

vicinity of a wrecked Argentine ref ugio. Samples of
"soil," primarily from the surface 2 to 5 cm, were
collected by aseptic techniques from 20 sites
throughout the new island and across from it. Water
samples also were collected in sterilized bottles from
ponds within the craters and in the water surrounding
the craters. Bacteriological fallout plates of trypticase
soy agar were placed at 6 sites for 10- and 20-minute
periods to detect aerial contaminants. These plates
were subsequently incubated at + 20°C. on board
Hero, with additional incubations made at JPL and
VPI. Gas samples were taken from the atmosphere
above the soil at site 702, and on the outside slope of

Figure 2. New volcanic islet within Port Foster, Deception Island,
January 1969.

*Unofficial names applied to the craters are "Isla Yelcho"
by Chile and "Islote Marinero Suárez" by Argentina. Per-
sonal communication, Fred G. Alberts, Geographic Names
Division, U.S. Army Topographic Command.
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the eastern crater, halfway up from the beach. Gas
samples were also taken from two fumaroles, sites 705
and 713 (Fig. 2), and subsequently analyzed by mass
spectrometry. Weather permitting, some environ-
mental measurements were made every three hours
from noon to 9:00 p.m., on January 25 to 29, 1969.
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Physiological Studies of Antarctic
Mosses, 1968-1969

JAMES R. RASTORFER and JOHN M. GNAU

Institute of Polar Studies

and

College of Biological Sciences
The Ohio State University

The second year of a two-year program directed
toward physiological studies of antarctic mosses was
completed during the past austral summer at Palmer
Station. F'ollowing several reconnaissance field trips,
five moss taxa were selected for comparative studies.
These taxa consisted of Polytrichum sp., Brachythe-
cium sp., Drcpanocladus sp., and Pohlia sp. from the
easternmost of the Corner Islands (Argentine Is-
lands) and Dicranum sp., Drepanocladus sp., and
Brachythecium sp. from Litchfield Island.

The new, well-equipped biology laboratory at
Palmer Station permitted the authors to carry out
assays and tests on plant materials as they were col-
lected from time field. Chlorophyll, protein, and car-
bohydrate contents were determined spectrophoto-
iiietrically on the five selected moss taxa. In addition,
photosynthetic and respiratory rates were measured
under controlled conditions by using differential respi-
ronmetry to measure oxygen exchange over a wide
range of temperatures and light intensities.

Except for Dicranum, the above moss taxa were
cultured on mineral agar and yeast extract in mineral
agar to test their regenerative capacities. There were
appreciable differences among the taxa tested in this
respect. Also, tissue samples of the above five taxa and
a few others were washed, dried, ground, bottled, and

shipped back to the University for element assays. Ap-
proximately one square foot of each of the selected
moss taxa was air dried, packaged in plastic bags, and
returned to the States for further physiological investi-
gations. Herbarium specimens consisting of 165
packets were prepared from plant materials collected
from various localities in addition to the Corner Is-
lands and Litchfield Island sites. The authors wish to
acknowledge their appreciation to the personnel of
USCGC Edisto and the research vessel Hero for their
cooperative field support.

Results of Bryological Field Work in the
Antarctic Peninsula, Austral Summer

1968-1969

R. M. SCHUSTER

Department of Botany
University of Massachusetts

During a period extending from early January to
February 7, 1969, intensive field work was pursued in
the Antarctic Peninsula from Hook Island, north of
Adelaide Island, northward to Admiralty Bay, King
George Island.

From 18 localities visited, approximately 750 speci-
mens were collected, giving a good cross section of the
bryophyte flora. Owing to a snowstorm on January
25 and 26, collections at the northernmost point
reached were very limited. The opportunities for field
work on the northern sectors of the Peninsula were
also restricted because of the tight schedule of
Hero and the fact that her trip was chiefly for sup-
port of field parties. In spite of these limitations, the
results outlined below show clearly the spectacular
additions to the known flora of the Antarctic.

Before my field activities of last summer, a small
number of Hepaticae had been found in the Ant-
arctic. These have been assigned to only two families,
Lophoziaceae and Cephaloziaceae.

According to my survey, 12, and possibly 13, species
occur. The most interesting additions are 4 species of
Ceplialo:iella (family Cephaloziellaceae), 1 of
Anthelia (Antheliaceae), Pachyglossa dissitifolia, and
Clasm atocolea geo rgiensis (Lophocoleaceae). Five
genera and three families are new to the Antarctic.
An increase in the liverwort flora of two and one-
half to three times has resulted. Most of the Flepa-
ticae were worked up at Palmer Station.

Of the taxa collected, Cephaloziella autoica, C.
hispidissima, and Lophozia antarctica are new to sci-
ence.

The Musci have been labeled and their identifica-
tion is being undertaken by Dr. H. Robinson of the
Smithsonian Institution. A report on these will follow.
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In addition to the bryological results, two finds are
noteworthy:

1. A Basidiomycete, Gerronenia sp., apparently new
to science, was found at Norsel Point. This is
only the fifth or sixth Basidiomycete known
from the Antarctic and is the southernmost find
of a Basidiomycete; the genus is new to the
Antarctic.

2. A large collection of the chironomid midge, Bel-
gica antarctica, was made on Hook Island; this
represents by far the southernmost find of a
dipteran in the Antarctic, and, except for Col-
lembola, the southernmost known site for in-
sects in the Antarctic.

Whenever feasible, bryophyte collections were made
sufficiently large so that 2 to 6 duplicates can be dis-
tributed eventually. Thus, a wide spread of bryolog-
ical material in institutional herbaria will result. In
addition, when time permitted, collections of lichens
were made for Dr. I. M. Lamb, Director of the
Farlow Reference Library, Harvard University.

Freezing Resistance in Fishes of the
Antarctic Peninsula

A. L. DeVRIES

Department of Food Science & Technology
University, of California, Davis

Some of the Trematomus fishes inhabiting Mc-
Murdo Sound, Antarctica, have been observed to rest
on masses of ice crystals in freezing seawater.
Recent studies have shown that such fishes have low
blood-serum freezing points (-1.9° to —2.0°C.)
throughout the season and are extremely resistant to
freezing (DeVries and Wohlschlag, 1969). Sodium
chloride, the most abundant salt in the blood of
temperate water fishes, accounts for only 50 percent
of the serum freezing-point depression in the Trema-
tomus fishes. Most of the remaining freezing-point
depression can be attributed to a serum freezing-
point depressant, glycoprotein. This compound has
been isolated and its properties are described else-
where (DeVries and Wohlschlag, 1969).

In contrast to McMurdo Sound, the waters of the
northern Antarctic Peninsula area are warmer and
are relatively ice-free during the summer. The fish
fauna of the Peninsula waters is also different from the
fauna inhabiting McMurdo Sound; nototheniid fishes
of the Peninsula fauna belong primarily to the genus
Not ot/zenia, and chaenichthyids are much more abun-
dant than in the McMurdo fauna. During the months

of January and February of 1969, three species be-
longing to the family Chaenichthyidae and three spe-
cies of Not otlienia were caught and their resistance to
freezing studied. Fishes were collected with an eight-
foot otter trawl from R/V Hero. Most of
the trawls were made in the shallow waters (40 to 200
m) on the relatively smooth banks westward of Bra-
bant, Hoseason, and Deception Islands. Fishing in the
waters adjacent to the Peninsula was unsuccessful be-
cause of the extremely rough bottom. Several speci-
inens of Trematomus bernacc/iii were also caught by
setting baited wire traps in a shallow-water channel
between the Melchior Islands. Fishes caught in trawls
were put in running seawater aquaria and their blood
was immediately drawn hypodermically from the
heart. Serum was collected from clotted blood, frozen,
and later analyzed at the biology laboratory at Palmer
Station. Analyses included determination of serum
freezing points using a Fiske osmometer, determina-
tion of concentrations of sodium chloride in the
serum, and determination of freezing points of di-
alyzed serum. Some of the live fishes were transported
to Palmer Station and freezing-resistance experiments
carried out in refrigerated aquaria. Body tempera-

Dr. DeVries extracting blood sample from the heart of a fish of
the genus Notothen,a.
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tures of two species of Notothenia and one species
of Trematonius were also measured.

Preliminary analyses of the data from serum freez-
ing-point measurements and freezing experiments in-
dicate that Notothenia coriiceps and N. gibberifrons
are as resistant to freezing as the species of Trema-
tomus living in McMurdo Sound. Notothenia larseni
and N. nudif ions are slightly less resistant to freezing
compared to N. coriiceps. In spite of the higher tem-
perature of the Peninsula waters, no difference could
be found in the level of freezing resistance when T.
bernacchii from the Peninsula waters were compared
to those of McMurdo Sound. Studies on 12 Chaeno-
cephalus aceratus, 2 Cliarnpsocep/ialus gunnari, and 2
Pseudochaenichthys georgianus indicate that these
chaenichthyid fishes are only moderately resistant to
freezing; the 3 species had serum freezing points of
about —1.2°C. Experiments in which fishes were sub-
jected to freezing conditions showed that there was
good agreement between the freezing temperature of
all fishes and the freezing point of their serum. Body
temperature measurements using a thermistor showed
that the body temperature in both resting and moder-
ately active fishes are only 0.02° to 0.05°C. higher
than the temperature of the surrounding water, re-
gardless of the water temperature. This finding indi-
cates that freezing resistance in antarctic fishes cannot
be attributed to thermnogenesis as has been suggested
by some investigators (Potts and Morris, 1968).

As in the fishes of McMurdo Sound, there is only
sufficient sodium chloride in the blood of the No-
tot henia species to account for half of the serum freez-
ing-point depression. Dialysis experiments showed
that a nondialyzable freezing-point depressant was
present in the serurn of all the fishes studied, although
in the chaenichthyids it was present in low concen-
tration. Electrophoretic observations and amino-acid
analyses indicate that the freezing-point depressant is
the same glycoprotein which has been identified in
the blood of the McMurdo Sound fish Trematornus
borchgrevinki (DeVries and Wohlschlag, 1969). A
detailed characterization of this substance is now in
progress.

This work was supported by National Science
Foundation grant GA-3919 and by a National Insti-
tutes of health postdoctoral fellowship to A. L. De-
Vries.
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Benthic Zonation on Submarine Cliffs in
the Vicinity of Arthur Harbor, Antarctica'

JOHN C. McCAJN' and WILLIAM E. STOUT

Marine Science Center
Oregon State University

For an examination of the zonation of benthos on
vertical rock faces, two sampling transect stations
were established in the vicinity of Arthur Harbor.
Station A, in an area of low surf activity, was located
on the rocky point adjacent to Palmer Station; station
B, in an area of high surf activity, was established on
the low-lying rocks southeast of Outcast Islands.

At both stations, 0.25 m 2 samples were scraped
from the rocks by the authors while scuba diving and
placed in a 1-mm mesh net bag with a 50-cm
opening. By using the opening of the bag as a guide,
we were able to estimate the size of the sampled area.

The rock face at station A was nearly vertical and
extended to a depth of approximately 45 m. Here the
rocky face met a gently sloping mud bottom. Down to
15 m the water was murky due to surf action, but it
cleared below this depth. The water temperature at
station A increased with depth, ranging from 0.4°C.
at the surface to 0.8°C. at 38 m. Between 12 and 15
m the water temperature increased 0.2°C., probably
indicating the lower limit of extreme surf mixing.

At station A, samples were collected at 1.5-rn inter-
vals to a depth of 15 m, and at 3-rn intervals from 15
to 30 m. The limpet Patinigera polaris and encrusting
algae were practically the only organisms present on
the fiat surfaces from the surface to a depth of 8 m,
Patinigera reaching a maximum of 50 per 0.25 m' at
1.5 m and extending well below the limits of our
survey. The cracks and crevices from the surface to 8
m were generally filled with gravel and shell frag-
ments and free of mud and silt. Several large organ-
isms occupied these areas, notably the sea urchin Ster-
echinus neumayeri and a species of the alga Des-
marestia.

The rock from 8 to 15 in had only a slight silt cover
and the kelp Phyllogigas grandifolius dominated. This
kelp lies flat on the rock, providing cover for nu-
merous large invertebrates, such as brachiopods, sea
stars, and the isopod Glyptonotus antarcticus, along
with a multitude of smaller invertebrates.

Below 15 m, the rock was heavily silted. Here the
organisms of the overlying kelp zone merged with

1 This work was supported by grant GA-1217 from the
National Science Foundation, Office of Antarctic Programs.

Now at the Smithsonian Oceanographic Sorting Center,
Smithsonian Institution.
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those of the mud bottom in a transitional zone. Gor-
gonians, glass sponges, and nernerteans, together with
the kelp zone organisms, extended into this region.

Station B had a different zonation in the upper
levels. As at station A, limpets, algae, and sea urchins
dominated the upper 8 m; however, the cover of Des-
inarestia was markedly denser. The density of limpets
at this station dropped rapidly from 44 per 0.25 rn2
near the surface to 10 per 0.25 m 2 at 14 m. On the
single dive that we were able to accomplish at station
B because of the heavy surf, we took 0.25 m 2 samples
at 3-rn intervals to a depth of 15 m and made counts
of limpets at 1.5-rn intervals to the same depth.

A few general results are apparent from the sorting
and identification of the organisms from the quantita-
tive samples, begun at the Smithsonian Oceano-
graphic Sorting Center. There are three distinct
zones between the surface and 30 m on the sub-
marine rock faces around Arthur Harbor: an upper
surf zone, a middle kelp zone, and a lower transitional
zone between the kelp zone and the mud bottom. The
surf zone probably is a direct result of ice-scouring
during the winter and is maintained by surf action
during the summer. The upper limit of the kelp zone
apparently represents the lower limit of ice scouring,
with its lower limit corresponding to the lower
limit of extreme summer surf action. Below the kelp
zone, currents and turbulence are weak and allow
silting of the rocks and the formation of the transi-
tional zone.

Smithsonian Institution Collections from
the First Antarctic Cruise of Hero

JOHN C. McCAIN*

Marine Science Center
Oregon State University

During the latter part of February 1969, collections
of benthic invertebrates were made by the author
aboard Hero for the Smithsonian Oceanographic
Sorting Center (SOSC). These collections from Adel-
aide, Brabant, Low, Deception, and Hoseason Islands
should provide valuable information on the benthos
in the shallow waters of the Antarctic Peninsula, sup-
plementing the deep-sea collections of USNS Eltanin.

In addition to Blake trawl, Petersen grab, and try-
net samples from these islands, 10 bottom-camera sta-
tions were occupied in Port Foster, Deception Island.

*Now at the Smithsonian Oceanographic Sorting Center,
Smithsonian Institution.

These camera stations, taken before the February 21
erupt;on, will provide information for the scientists of
the Instituto Central de Biologla of the Universidad
de Concepcion, Chile, who are currently carrying
out research on the effects of the eruptions on the
benthos of Port Foster.

Because of the irregular, rocky bottom of iiiuch of
the Antarctic Peninsula, benthic sampling is difficult;
however, besides the camera stations, 13 sampling sta-
tions were successfully occupied. From these stations,
over 200 gallons of henthic invertebrates were re-
moved and shipped to SOSC for processing.

A collection of fishes used by Dr. Arthur I)eVries,
of the University of California at Davis, for his study
of freezing resistance in fishes, was preserved for ship-
ment to SOSC. The 50 gallons of fishes included nu-
merous specimens of hemoglobin-free fishes and sev-
eral rare skates.

Preliminary Observations of Life
Between Tidemarks at Palmer Station,

64 0 45'S. 64°05'W.

JOEL W. HEDGPETII

Marine Science Center
Oregon State University

The ice-worn granite shore at Palmer Station ap-
pears, at first glance, to be barren at low tide, al-
though the tidal range is about five feet. The tides are
of the mixed semidaily and daily types; the lowest
intertidal level may at times be exposed for several
hours. During the summer months, a well-defined
band of filamentous green algae, including such
genera as En te ron o rp ha, Uloth rix, and Cladop Ii ora,
gives a green tint to the lower foot of the intertidal
region. Here and there are small thalli of various red
algae, including Leptosomia simplex, Curdiea raco-
witzae, and Iridaea sp., sparingly scattered in
crevices and sheltered places up to at least mid-tide
level. These red algae sometimes form patches in
shallow pools well above low tide. There is a sparse
population of small amphipods, worms, etc. among
the algae. The most conspicuous feature of the tidal
region is the grayish-pink covering of the crustose red
alga Hildenbrandia, which occurs in permanent tide
pools at mid-tide levels and forms an even line
marking the limit of tide zero in some places. Inter-
spersed in the filamentous algal belt, but more charac-
teristically in standing water, are diatom colonies
forming a brown, slimy, fur-like growth, made up of
such species as Achnanthes subsessilis, Licmophora
belgicae var. minor, Fragilaria planctonica, F. islan-
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Low tide at Palmer Station. Hildenbrandia below, with patch of
Iridaea sp. at right. Patinigera polaris is in center, and patch of
filamentous green algae at left. Tide level about 4-6 in. above zero.
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Diagram of intertidal zonation at Palmer Station.

dicae var. stricta, Achnanthes parvula, and Navicula
directa (in relative order of abundance).

The only large intertidal animal of this region of
the Antarctic is the limpet Patinigera polaris. Al-
though not conspicuously abundant, it may be found
in clusters well above the low-tide line, and on sheer
wave-swept faces (as on Litchfield Island, opposite
Palmer Station) it may occur sparsely several feet
above high-tide line. This limpet is much more abun-
dant below the low-tide line, attaining densities of
perh ''s 200 per m 2 at depths of 2 to 3 meters, ac-
cording to observations by John McCain and William
E. Stout.

Surface temperatures of the water at the low-tide
line were about 1.0°C. and air temperatures immedi-
ately adjacent to exposed limpets were 8.0 to 10.0° in
late January. The limpets appear to avoid situations
where they may be exposed to direct sunlight, but
these surfaces are also for the most part exposed to

the action of brash ice during the summer, which
may be a more significant factor than temperature in
controlling intertidal distribution of the limpets.
Judging from the aggregations of limpet shells at
feeding stations on rocky eminences well above the
sea, Patinigera polaris is obviously a significant item
of diet for some bird, probably the Dominican gull,
although feeding was not directly observed. These
middens consist of several hundred shells. Some
of the shells are surprisingly large, being nearly three
inches long and two inches high. If, as observed else-
where (fide B. Stonehouse, in litteris) , the gulls do not
feed on the bare rock surface but at the water's edge
or slightly below it, there must be a constant upward
movement of limpets during the ice-free periods of
the year. It is possible that they feed on the seasonal
algal growth.

In his general summary of the features of intertidal
life on antarctic shores, Knox (1968) indicates that
Patinigera polaris occurs primarily in pools. It may be
that this limpet can invade bare intertidal surfaces
only in sheltered regions protected from summer ice,
and even in such situations, may be removed by pre-
dation in regions where gulls are abundant.

The development of intertidal life in the Palmer
Station area is one of the simplest found anywhere,
restricted as it is to the lower foot or 0.3 m of the
intertidal region. The complete absence of barnacles
of any kind is noteworthy, and the apparent sparse-
ness of intertidal life is approached elsewhere on the
bare sunbaked rocks of the Galapagos, where there
are a few small snails, no upper zone barnacles, and
no limpets whatever (I-Tedgpeth, 1969). The conspic-
uous growth and well defined upper limit of the crus-
tose alga Hildenbrandia, in the Palmer region, below
approximately tide zero, supports the suggestion by
Gauld and Buchanan (1959) that the "Lithothamnia
zone" is one of the most universal and characteristic
phenomena of the seashore in all parts of the world.
At the Equator, the most significant factor limiting
distribution in upper intertidal regions may be the
heating of the sun, whereas, in the Antarctic, the
action of ice may be the most significant controlling
factor.

I wish to thank Dr. M. Neushul for determinations
of the algae and N. Ingram Hendey for determining
the diatoms and estimating their abundance.
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Studies of Respiration in
Antarctic Hemoglobin-Free Fishes

EDVARD A. HEMMINGSEN

Scripps Institution of Oceanography
University of California, San Diego

and

EVERETT L. DOUGLAS

Department of zoology
University of Missouri, Columbia

The mobility provided by R/V Hero to the
Antarctic Peninsula biology programs has solved ear-
lier problems of collection of marine material. The
new, well-equipped laboratory at Palmer Station has
added further capabilities for experimental studies in
the area. Utilizing these facilities during the past aus-
tral summer, physiological studies were carried out on
fishes of the family Chaenichthyidae. These fishes,
found only in antarctic and subantarctic waters, lack
hemoglobin in their blood, and oxygen is transported
only in physical solution. With the exception of some
fish larvae, and a few other trivial cases, the absence
of hemoglobin is unique among the vertebrates.

fected by the oxygen tension in the water at values
higher than 50 mm Hg. However, the rate decreased
sharply below this oxygen tension. Cutaneous respira-
tion was found to be substantial and may be of impor-
tance. Measurements of the oxygen tension in pre- and
post-gill water indicated that the gill efficiency was
moderate; only 10 to 15 percent of the inflowing
oxygen was taken up. The lactic acid concentration in
arterial and venous blood was strikingly low, even
after moderate anoxic stress; this indicates that con-
ventional anaerobic metabolism does not play an espe-
cially important role in these animals. The blood
volume was found to be about 8 percent of the body
weight, a value 2 to 4 times higher than that of other
teleosts. Thus, the major adjustment to the lack of
hemoglobin in the blood appears to be in the circula-
tory system. Material was prepared and preserved for
studies of vascularization of the tissues, fins, gills, etc.

The following fishes were incidentally collected
near the station: Notothenia gibberif ions, N. con-
iceps, N. nudifrons, Parachaeniclithys charcoti, Han-
pagifer bispinis, and Cygnodraco mawsoni.

Systematic Survey of Ciliated Protozoa
from the Antarctic Peninsula

JESSE C. THOMPSON, JR.

Department of Biology
Queens College

m!T
Photo: E. A. Hemming8en

Chaenocephalus aceratus. This specimen is 61 cm long.

Thirty-four specimens of Chaenocephalus aceratus
and one specimen of Pseudochaenichthys georgianus
were collected in the vicinity of Arthur Harbor. Most
of the specimens were caught on baited set-lines,
which proved more effective than bottom trawling.
The fishes were kept at the station up to four weeks in
improvised holding tanks with running seawater. The
temperature-controlled aquaria in the wet laboratory
were used for the experiments. Oxygen consumption
at rest was determined in either closed or flow-
through respirometers. Twenty-three determinations
in 13 specimens of C. aceratus, weighing from 566 to
2,160 g, gave a mean rate of 0.020 cm 3 O,/g/hr.
at 1'C. The oxygen consumption of P. georgianus
(35.7 g) was 0.028 cm 3 02 /g/hr. under the same con-
ditions. These rates are one-third to two-thirds those
of most other antarctic and arctic fishes which
hemoglobin. The rate of oxygen uptake was little af -

and

JOHN M. CROOM

Department of Biology
Davidson College

A taxonomic survey of ciliated Protozoa, primarily
of the order Hymenostomatidae, was extended to the
Antarctic Peninsula during the period of December
17, 1968, to February 5, 1969. Extensive collections
were made within a 40-mile radius of Palmer Station
with helicopter support from USCGC Edisto; sup-
port by R/V Hero permitted collecting from more
distant areas, such as Deception Island, Aitcho Is-
lands, Livingston Island, and King George Island.

Bacterized cultures were made from 434 water sam-
ples. Selected ciliates were studied with phase micros-
copy, and phase cinematography was used to record
morphological data from living Protozoa. Animals
were subsequently fixed and 244 permanent slides
were made, using the Chatton-Lwoff silver-nitrate
impregnation technique. Preliminary studies of these
slides have revealed the following marine genera:
Pseudocohnilembus, Uronema, Cyclidium, Pleu-
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M
M
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53.2
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56.3
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114.3
35.3
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124.9
82.0
84.0
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3.9
4.2
2.3
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1.8
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2.2
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7.3
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0.014
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0.014
0.014
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0.008
0.004
0.011
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ronema, Parauronema, Uropedalium, Euplotes, and
several unidentified hypotrich genera. Freshwater
genera observed included: Cyclidium, Vorticella, Spa-
t/i idiu in, Bu rsaria, Halte na, Microtho rax, Lacry-
maria, and several unidentified hypotrich and gym-
nostome genera.

No new genera were noted from the Antarctic Pen-
insula, and the genera identified have been found
commonly on other continents.

Oxygen Consumption of Some Antarctic
Pycnogonids

EVERETT L. DOUGLAS

Department of zoology
University of Missouri, Columbia

JOEL W. HEDGPETH

Marine Science Center
Oregon State University

and

EDVARD A. IIEMMINGSEN

Scripps Institution of Oceanography
University of California, San Diego

During January and February 1969 at Palmer Sta-
tion, the oxygen consumption of several large pycno-
gonicls was measured in a closed respirometer. Physio-
logical and biochemical studies of this worldwide
group of animals have been neglected, partly because
of the rather sinaIl size of species accessible to re-
searchers in temperate and tropical locations. The ac-
cessibilit y and large size of several shallow-water spe-
cies of antarctic pycnogonids made it possible to
measure their oxygen consumption (Fig. 1). All the

species examined turned out to be hardy laboratory
animals, living for weeks in aquaria with running sea-
water, withstanding such treatment as being dipped in
and out of aquaria, being carried by hand from one
place to another, and being subjected to bright lights
for motion picture photography.

The animals were collected by bottom trawls from
R/V Hero and by scuba diving. Sequential meas-
urements of respiration were made during 24-hour
periods on 14 individuals representing 7 species.
Oxygen consumption of the individual pycnogonids at
temperatures from 00 to 1.2°C. ranged from .004 to
.014 cc 0 3 /g/hr. (Table 1). Compared with values
for arctic isopods of similar size, these results are
about 3 times lower (Scholander et al., 1953). These
low values may be due to the possible absence of
respiratory pigment (Redmond and Swanson, 1968),
or to the rate of diffusion of oxygen through the
chitinous exoskeleton. Because of their shape, pycno-
gonids have a very large surface area to volume ratio.
In order to obtain some idea of the areas and volumes
involved, the areas and volumes of the legs were cal-
culated as if they were continuous cylinders, with the
mid-point diameter used as the mean diameter
(Table 1). The tarsal segments were not measured.
Inclusion of the trunk and proboscis would produce
even larger surface areas, but it seems likely that these
surfaces are not as critical in respiration because of
the structure of the circulatory system and the fre-
quent covering of trunk segments by epizoic animals.
It is possible that the animals clean their Jegs with the
shepherd's crook-like terminal part of their ovigers to
maintain the surface for respiration.

References
Scholander, P. F., Walter Flagg, Vladimir Walters, and

Laurence Irving. 1953. Climatic adaptation in arctic and
tropical poikilotherms. Physiological Zoology, XXVI:
67-92.
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Table 1. Pycnogonida observed at Palmer Station, January-
February 1969

Species

A mniothea carolznens,s Leach
A mmothea carolinen.sjs Leach --
A 1nmothea carolinensis Leach --
Pallenopszs cf. patagonica (Hock)
Pallenopsis cf. patagonica (Hock)
(,olo.nendeis australis Hodgson --
Colossen deis australis Hodgson
Colossendeis megalonyx Hock
Colossendeis robusta Hock
Colossendeis scotti Calnian _____
(:olo,vsendezs scotti Calmnan
Colossendeis scotti Calman
Decolopoda australis Eights
Decolooda australis Eights
*Calculated by W. E. Stout.
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Arthropods of Southern Victoria Land

WILLIAM J . VOSS and SPURGEON B.
STRANDTMANN

Department of Entomology
Bernice P. Bishop Museum

Owing to the illness of Dr. Russell Strandtmann,
the Principal Investigator, work planned for the Fos-
dick Mountains in Marie Byrd Land in the
1968-1969 summer could not be carried out. A pro-
gram under the direction of William Voss, assisted by
Spurgeon Strandtmann, was carried out in the dry
valleys of southern Victoria Land, on Ross Island,
and on several smaller islands in McMurdo Sound.
These activities consisted of becoming acquainted
with the conditions and methods of collecting in the
Antarctic and surveying and making collections from
new as well as previously studied areas. Since mois-
ture sources and populations of arthropods vary from
year to year, it is not always possible to re-collect in
exactly the same spots every year. However, several
sites were selected as close as possible to previous
ones.

The main impetus of the work last season was di-
rected toward collecting large samples, consisting of
250 or more individuals of each species at each site,
from fewer areas. These mites will be prepared, meas-
ured, and subjected to statistical analysis. Populations
of arthropods from different areas on Ross Island
will be compared, and these in turn will be collated
with specimens collected in the dry valleys. One
study, made with specimens of the mite Stereotydeus
mollis collected during the 1967-1968 season, has pro-
vided some interesting results on variations within the
populations as well as consistent characteristics of the
species compared.

The areas in which sites were selected for re-col-
lecting included Cape Royds, Cape Crozier, The
Strand Moraines, and Observation Hill in the Mc-
Murdo Station region. In addition, searches were con-
ducted at sites in several previously uncollected areas
of Taylor Valley, Garwood Valley, and the Dailey
Islands. Large collections were made from all of these
areas except on Observation Hill, which has been
greatly disturbed by construction activities.

Though attempts to rear several groups of mites in
the McMurdo biology laboratory were, for the most
part, unsuccessful, one very large group of mites was
collected in a mummified seal eyeball and maintained
within it for over 12 weeks. It was not determined
whether the mites were feeding on the dried flesh or
on a protistan growing within the eye.

*presen t address: Department of Natural Science, Fort
Worth Museum of Science and History, Fort Worth, Texas.

At most collection sites, the spatial distribution of
mites and springtails was rather uniform and the
numbers present somewhat sparse under those rocks
damp enough to support them. At almost all collec-
tion sites, the mites were more numerous than the
Collembola. However, on December 21, 1968, at The
Strand Moraines, approximately 77'44'S. 164'31'E.,
a small pool of water surrounded by rocks and pebbles
was observed. We found that almost every rock
within the immediate proximity sheltered a vast pop-
ul? ion of the springtail Gomphiocephalus hodgsoni.
It was possible to pick up two rocks, knock them
together, and dislodge several dozen specimens at a
time. Very few mites were evident, and an hour-long
search turned up only a small number. The reasons
for this unusally large number of springtails is not
known.

Biological Weathering in Antarctica

F. C. UGOLINI and C. C. GRIER

College of Forest Resources
University of Washington

Two major factors may govern biological weath-
ering in Antarctica: (1) the amount, type, rate of
accumulation, and composition of the biological
material; and (2) the mechanism by which biological
material and mineral substrata are brought into suffi-
ciently close contact that chemical interactions can
occur.

The first factor may be evaluated by examination,
characterization, and analysis of those soils having a
biological component, whereas the second factor is
primarily a function of the moisture status of the soil
or weathering surface. The field study of the
1968-1969 austral summer consisted of a series of
observations and experiments to evaluate these two
factors.

Antarctic soils which have a significant biological
component are- the Ornithogenic soils (guano soils) of
penguin rookeries and the Protoranker (moss-cov-
ered) soils. Lichens also contribute to soil formation
through chemical weathering by organic exudates.

The Ornithogenic soils were sampled at Cape
Royds (Ross Island) in the Adlie penguin rookery.
The samples were taken along a sequence from sites
presently occupied by penguins to sites abandoned for
some time. Ahurnic soils (Tedrow and Ugolini, 1966)
from the same area, uncontaminated byby penguin ex-
creta, were also sampled as a control. Samples were
also taken from a rookery at "Blacksand Beach" near
Cape Royds which had been reported by the Terra

Nova expedition of 1910 as abandoned at that time.
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The characteristic odor of guano was still present in
these soils after at least 60 years.

The Ornithogenic soil samples are presently being
analyzed for changes in both the biological and min-
eral components. Also, the uric acid-oxalic acid
ratios of the different-age soils have been examined as
a possible technique for providing the relative age of
guano and thus indirectly of the site.

The Protoranker soils were sampled at Marble
Point, on the Kar Plateau, and at The Flatiron
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Fig. 1. Ahumic soil profile, Cape Royds, Ross Island. Soil tempera-
tures: (A) Nov. 1, 1968, 0430; (B) Nov. 1, 1968, 1830; (C) Dec. 10,
1968, 0230; (D) Dec. 10, 1968, 1630. Soil water content (by weight)
Nov. 1, 1968, and C1 36 distribution in counts/mm. Dec. 10, 1968.

All times are local.
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Fig. 2. Ahumic soil profile, upper Wright Valley, Southern Victoria
Land. Soil temperatures (A) Nov. 9, 1968, 0500; (B) Nov. 9, 1968,
1430; (C) Dec. 3, 1968, 0300; (D) Dec. 3, 1968, 1400. Soil water
content (by weight) Nov. 9, 1968 and Cl" distribution in counts/
mm. Dec. 3, 1968. Frost table level remained unchanged through-
out experiment. Ice-cemented permafrost was found at 30 cm.

All times are local.

(southern Victoria Land) to gain information on the
contribution of mosses to weathering and soil-forming
processes. These samples will be analyzed for organic
components and for changes in the mineral substrata
brought about by the organic material.

Lichen samples attached to rocks were taken from
both the Kar Plateau and The Flatiron. This study is a
continuation of the one reported by Ugolini and
Perdue (1968) on the weathering of rock surfaces by
lichens.

Under the desert conditions of the ice-free areas of
southern Victoria Land, ionic transport in continuous
liquid-phase water films is believed to be the most
important mechanism by which biological material
and the mineral substrata are brought into chemical
contact. As part of investigating ionic transport, the
hydrothermal regimen of the soil and some microme-
teorological parameters were measured at chosen sites
located at Cape Royds, in lower and upper Wright
Valley, and on the Kar Plateau. Radioactive sodium
chloride (NaC1 T6 ) was placed either at the surface of
the frost table or at the surface of the ice-cemented
permafrost. Approximately one month afterward, soil
samples were collected and the redistribution of Cl"
was determined. It was found that at Cape Royds the
moist (approximately six Percent water content),
dark, volcanic Ahumic soil had thawed by the end of
December to a maximum of 27 cm. The radioactive
chloride tracer had moved to the surface, covering a
distance of 21 cm in 40 days (Fig. 1). Thawing had
extended only 7 cm in the lower Wright Valley,
where the soils are lighter in color, extremely dry (1-2
percent water content) and colder than those at Cape
Royds. Here, the radioactive C1 36 had moved only 7
cm in 25 days of temperatures continuously below
freezing. In the upper Wright Valley, the maximum
movement of C1 36 was approximately 7 cm (Fig. 2).
The soil here has a water content intermediate be-
tween that of the soils of Cape Royds and of the lower
Wright Valley.

These experiments clearly indicate that ionic mi-
gration occurs and that soil formation is proceeding
under extreme dry and cold conditions. Although mi-
gration of ions in soils under continuous freezing con-
ditions has been demonstrated in the laboratory
(Murrmann, I-Ioekstra and Bialkowski, 1968), our
findings are the first to be recorded under field condi-
tions.
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Factors Influencing the Distribution of
Antarctic Terrestrial Plants

EDMUND SCHOFIELD and EMANUEL D
RUDOLPH

College of Biological Sciences
and

Institute of Polar Studies
The Ohio State University

During the second field season of this study (No-
vember 1968 to February 1969), the climatic and mi-
croclimatic observations begun the previous season
were continued and other types of observations were
initiated. The study areas in Victoria Land (Kar Pla-
teau and the south ridge of Miers Valle y—Figs. 1
and 2, respectively) and on Ross Island (Cape Royds
and the Cape Crozier region—Figs. 3 and 4, respec-
tively) were visited several times for periods of three
to ten days each. Twenty-four-hour observations were
made of air (at various heights), soil (surface and
subsurface), rock, and plant temperatures; wind ve-
locity; total (sun plus sky) radiation: light intensity;
relative humidity; soil moisture; and cloud cover. Bio-
logical specimens (lichens, algae, and mosses) and
soil, water, snow, and rock samples were again col-
lected when required for use in correlating plant dis-
tribution with environmental factors. The acetylene-

PRIMARY FACTORS

	

Fig. 3.	 Fig. 4.

reduction technique was used with soil and biological
specimens to detect nitrogen fixation. Some mapping
of species distribution was done.

The preliminary conclusions reached during the
previous field season were generally corroborated. De-
pending upon the species, lichen distribution was re-
lated to such diverse environmental factors as wind,
soil composition, soil moisture, substrate characteris-
tics, and atmospheric water-vapor content. In some
cases—at Cape Royds, for example—local geography
was found to be of prime importance in terms of
presence or absence of plants.

Results to date indicate that an environmental
factor can be classified according to two schemes (Fig.
5) : (1) as either primary or secondary, depending
upon its position in a "cause-and-effect chain of fac-
tors" culminating in either the presence or the ab-
sence of plants, or (2) as either promotive or inhibi-
tive to plant growth. Each factor is classified under
beth schemes, and, as Fig. 5 shows, can even be both
inhibitive and promotive in a single area, depending
upon the way subsequent factors modify its effect on
the environment. At Cape Royds, wind is either a
primary inhibitive or a primary promotive factor, de-
pending UOfl the mediating influence of topo-
graphic features. At Kar Plateau, wind is the primary
promotive factor in a chain resulting in the growth in
one quite restricted area of the lichen Neuropogon

OBSERVED

	

SECONDARY FACTORS	 PLANT DISTRIBUTION

..ABRASIONQFSIC
UPWIND	*RAPID EVAPORATION	 ABSENCE OF VEGETATION

LACK  OF SNOW COVER
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SOIL MOISTURE	COMPOSITION

Fig. 5. Diagram of the interrelationships among environmental factors that influence lichen distribution
at Cape Royds. The factors are linked in a cause-and-effect chain that originates with four primary
factors that together determine or modify the secondary factors, and that ends in either the presence

or the absence of vegetation.
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antarcticus (Fig. 6). In the Cape Crozier area, wind
is also a primary promotive factor for this species, but
its effects appear to be modulated by a different series
of secondary factors. Near Miers Valley, on the other
hand, wind is a primary inhibitive factor. There, as at
Cape Royds, wind-carried ice and sand particles pre-
vent lichen growth by abrading upwind rock surfaces.
However, there is no promotive influence in down-
wind locations comparable to that at Cape Royds.

Secondary factors include soil composition and soil
moisture. At Cape Royds, there is a definite correla-
tion between soil salt content and the occurrence of
mosses and lichens. Soil salt content seems to depend
upon several of the other environmental factors, the
most important being soil moisture.

At Capes Royds and Crozier, there is a conspicuous
horizontal, north-south zonation of lichen species and
a similar vertical one which further analysis of collec-
tions may explain.

A moisture source is the sine qua non of antarctic
plant growth. For lichens, the sources are the fol-
lowing: (1) atmospheric moisture (water vapor) , (2)
precipitated snow, (3) blowing snow, (4) permafrost
moisture, and (5) least likely, 1iuid runoff. The phys-
ical characteristics and orientation (aspect) of the
substrate determine the availability to a lichen of such
moisture sources.

Comparative temperature measurements indicate
that, under certain conditions at least, a kind of tem-
perature "regulation" may occur in lichen thalli. Two
species of lichen, Buellia frigida (black) and Cab-
placa elegans var. pu!vinata (orange), were consist-
ently 1.5° to 40 C. colder than their substrates (Table
1). Photographs taken with black-and-white, in-
frared-sensitive film through appropriate filters show
that the thallus of C. elegans var. pulcinata reflects
a very high proportion of the near-infrared wave-
lengths (Fig. 7). A lower thallus temperature would,
in theory, increase the amount of atmospheric water
vapor available to lichens by ( 1 ) raising the relative
humidity above them, (2) causing actual condensa-
tion, depending upon the ambient temperature, and

(3) lowering the rate of evaporation of water from
the thallus. An analogous temperature effect—i.e., a
lower temperature in the vicinity of a lichen—was
found for N. antarcticus at Cape Crozier. Such tem-
perature-induced water-vapor sinks should be sought
as possible auxiliary sources of moisture for lichens
and other plants in the arid McMurdo Sound area.

In an effort to determine the presence of micro-
fungal disseminules in the air, sterile Petri dishes were
exposed at Miers Valley and McMurdo Station. The
microfungi trapped are being studied in the labora-
tory. The majority of them belong to the genus Peni-
cilhiuin.

We are indebted to Messrs. K. Eissinger, R. Todd,
F. Brownworth

'
and K. Anderson, U.S. Geological

Survey topographic engineers, for maps of two of the
study areas; to photographers R. Martin of Ant-
arctic Development Squadron Six, J . K. T. Craig of
Antarctic Support Activities, and H. Steiner of Naval
Construction Battalion Unit 201, for aerial photo-
graphs of the study areas; and especially to Messrs.
Ray E. Showman and Joseph B. Harvey, field assist-
ants, who aided in all aspects of the laboratory and
field work.

Fig. 6 (top, below). Port of an extensive covering of Neuropogon

antarcticus, a fruticose lichen, on a deposit of sandstone on Kar
Plateau. The lichen occupies an area of about 1 m2.

Fig. 7 (bottom, below). Caloplaca elegans var. puvinata on dark

kenyte near Cape Royds study area, photographed with Kodak
High Speed Infrared Film and Kodak Wratten Filter No. 89B. The
near-infrared wavelengths from about 700 to 900 nm, with maxi-

mum sensitivity from 770 to 840
nm, are recorded. The brilliance
of the lichen thallus is due to
high surface reflection, strong
fluorescence by algal chloro-
phyll, or both. High surface re-
flection would account for the	 -.

observations presented in Table
1. The arrows are 6 cm apart.	 -

Table 1. Comparisons of Lichen-Thallus and Adjacent Rock-Surface Temperatures
Tested in bright sunlight with Wallac Thermex Thermoanemometer, Model GGA2B,

with Probe NI-103.
Temperature Differ.

Date
	 Average Temperature, ca	 ence (Lichen—	Number of

(1968)
	

Rock Surface	 Lichen Thallus	 Rock) , C
	

Determinations

Caloplaci elegans var. pulvinata
on Black Rocks at Cape Royds

January 3
	

16.0	 12.0	 —4.0
	

1 each

January 23
	

18.1	 14.9	 —3.2
	

Lichen: 6
Rock: 4

Buellta /rigtda on Dark Red
Rock at Cape Crozier

December 14	 14.5	 13.0	 —1.5	 5 each

a The probe was moved at intervals of about 15 seconds from place to place on the surface being measured until a
Constant reading was obtained.
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Comparative Biochemistry of Proteins

ROBERT E. FEENEY

Department of Food Science and Technology
College of Agricultural and Environmental Sciences

University of California, Davis

During the last antarctic summer, there was a six-
member team from the University of California,
Davis doing biochemical research and collecting spe-
cimens on Ross Island and at Hallett Station. These
members were: graduate student Augusto Trejo-Gon-
zález; student assistants James Moore and James
Norris; faculty colleagues, Dr. Jerry L. Hedrick and
Frank L. Strong; and Project Director, Robert E.
Feeney. The party continued the programs of this
laboratory on the study of the physical and chemical
properties of proteins, including enzymes, of antarctic
species.

One program last antarctic summer was concerned
with the study of eggs of Adélie penguins from three
different rookeries: Cape Crozier, Cape Bird, and
Cape Hallett. No demonstrable differences were
found in the egg-white proteins from these three dif-
ferent rookeries, indicating close genetic relationships.
Two emperor penguin eggs were obtained frozen by
chopping them from the sea ice at the Cape Crozier
emperor rookery. One of these eggs was in perfect
biochemical condition for protein studies, while the
second was in good condition and was useful for ad-
junctive and confirmatory tests. In addition, eggs of
two New Zealand penguins were supplied by the New
Zealand Wildlife Division and are being included
in a general comparative study of the eggs of penguins.

The main program concerned the blood and muscle
proteins of two cold-adapted antarctic fish, Trema-
tonius borc/igrevinki and Dissostichus mawsoni. The
T. borchgrevinki were caught on hooks at the surface
and the D. mawsoni were captured alive from seals in
McMurdo Sound. In addition, small numbers of T.
hansoni and T. bernacchii were trapped at the bottom
of McMurdo Sound. Blood plasma from these species
is being used to fractionate and purify the freezing-
point-depressant glycoprotein present in their bloods.
Definitive Physical and chemical characterization of
this constituent is under way at the University of
California. Red blood cells were collected from several
of the species for the study of the physical and chem-
ical characteristics of the hemoglobin, and, in parti-
cular, the effect of temperature on these properties.
This work is also in progress. In addition, a new
program was started in muscle enzyme phosphory-
lase. The characterization of this protein and studies
of the effects of temperature on its properties are
under way.

The Ecology of Antarctic
Protozoan Ponds

RAYMOND D. DILLON, GARY L. WALSH,

and SAMUEL R. HETH

Department of Zoology
University of South Dakota

Additional studies to collect and enumerate melt-
water protozoans and their environment were under-
taken at Hallett Station between December 28, 1968
and January 18, 1969. Lakes and ponds in the dry-
valley area of McMurdo Sound and on Ross Island
were also examined in December 1968.

At Hallett Station, collections were made at weekly
intervals for three weeks and at hourly intervals dur-
ing one 24-hour period. Snow-melt ponds heavily
colored with penguin guano were contrasted with
clear meltwater ponds used by skuas as bathing 1)001S.
While fixed samples were being collected, samples for
chemical analysis were taken, millipored, and stained
for further enumeration and identification of proto-
zoan and biotic forms.

Chemical studies revealed pH values near 8 in
colored ponds with water temperatures 10°-12°C.
above air temperatures. Clear ponds had pH values
around 6 and temperatures 5°-9°C. above ambient.

Water samples from turbid ponds colored by guano
had to be diluted up to 400 times and filtered in order
to do the colorimetric determinations for NH,. Ex-
tremely high alkalinity and conductivity, caused by
greater concentration of electrolytes, also appeared in
the guano ponds as compared to the clear ponds. A
reverse trend was found with regard to NO 2 and
NO3. PO and SOi were markedly higher in the
colored 1)Oflds.

From a biological point of view, a large number of
a few species of algae and ciliates were observed in
the colored ponds. Their presence was due to the rich
contribution of penguin guano through fecal and food
contamination or by wash-in from the rookery.

On the other hand, a restricted population of pro-
tozoans of a more diverse variety was found in the
clear ponds of meltwater origin which gain some of
their enrichment from skuas that defecate or frolic in
them. Identification and enumeration of Millipore
filter samples and further culture isolation from soil
and meltwater ponds are continuing at the University.

Physical and chemical limnological data were col-
lected from 17 lakes and ponds in the area of Mc-
Murdo Sound and Ross Island. In general, surface
water temperatures were markedly higher than air
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temperatures; temperature stratification within the
water was most pronounced in shallow ponds. Oxygen
concentration was high at all locations, with pH values
always on the basic side. Conductivity readings indi-
cated high electrolyte concentration in certain ponds,
which may be explained by their close proximity to
the ocean, soil leaching, wind-borne material, or con-
tamination by birds. For instance, when melted, the
ice of Coast Lake at Cape Royds containing skua fecal
material indicated variable readings from 68 to 1,200
inhos.

PO4 and iron were found to be low at all sites, as
was NH 3 . The one exception was Pony Lake ("Home
Lake") at Cape Royds, which is adjacent to a penguin
rookery and sources of human contamination. NO3
and NO2 were low or absent at most sites except in
the cheisiocime of Lake Vanda and Pony Lake. SO4
varied between collection sites, but was highest at
"Pond II" on Cape Evans.

The I)1ysio(11e1nical information will be compared
at a future date with statistical data of protozoan
populations from identical sites as indicated.

Biology of Deep Diving in Antarctic
Birds and Mammals

G. L. KOOYMAN and W. B. CAMPBELL, JR

Scripps Institution of Oceanography
University of California, San Diego

This first season's field work on the study of various
behavioral and physiological aspects of deep diving
was primarily concerned with the emperor penguin
(Aptenodytes forsteri) and the Weddell seal (Lepto-
nychotes weddelli).

The late-winter flight to McMurclo Station, Ant-
arctica (September 3, 1968), permitted us to conduct

some experiments on behavioral responses to night
diving in Weddell seals. Procedures similar to past
work were used in these and later experiments with
emperor penguins (Kooyman, 1968). Winter-night
observations are of particular interest because of the
navigational problems inherent in finding isolated
holes under such low levels of light. Thus far, our
results indicate that the seals are quite conservative in
their diving efforts at night. However, confirmation of
any general trend will require more experiments.

Efforts to obtain certain physiological parameters
from unrestrained Weddell seals were initiated. Heart
rates on freely diving seals and complete recordings of
short dives, some lasting slightly over five minutes,
were obtained. Rates were also obtained from seals
sleeping in ice holes and in post-dive states, some after
dives of over 40 minutes.

An analysis of certain pulmonary functions was also
begun on seals diving from our ice station by inducing
them to breathe between dives into a small two-way
valve mounted over the breathing hole. One seal
became so adjusted to the valve arrangement over the
hole that she slept under it for a number of hours.
This method enabled us to determine post-dive tidal
volumes and oxygen consumption rates and should
work equally well for measuring alveolar gas composi-
tion and total lung capacity.

Applying techniques similar to those used in diving
studies of Weddell seals, we analyzed the diving ca-
pacities of emperor penguins. We observed dives of
this largest of aquatic birds in excess of 15 minutes,
longer than those reported for any other freely diving
bird. We also began to compare these and other ob-
servations made at the dive station with behavior in
more open water. These latter studies are still in pro-
gress.
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Photo: G. L. Kooyman

Emperor penguins diving from an isolated hole in thin sea ice. The 10-foot diameter hole was at
times occupied by as mcny as 30 birds simultaneously.
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Studies of the Rate of Development of
the Adélie Penguin Embryo

such a recent colonizer of the Antarctic that no such
mechanism has evolved.

JOHN R. BAKER

Department of Zoology
Iowa State University

In November 1967 at Hallett Station, I found that
when the Adélie penguin (Pygoscelis adeliae) egg is
laid, the embryo is at the same stage of development
and of the same size as the unincubated chick blasto-
derm. The naturally incubated penguin embryo
reaches the primitive streak stage in 3-4 days com-
pared to 15-18 hours for the artificially incubated
chick embryo. In November 1968 at Hallett Station,
two studies were done to determine whether this slow
development is due to egg exposure or is the natural
rate of development at any temperature.

For the first study, eggs 0-4 hours old were col-
lected and stored 1-5 days at 15°C. The eggs were
then incubated artificially in two groups, one at 34°C.
and the other at 38°C. Development was followed to
stage 13 of Hamburger and Hamilton (1951), equiva-
lent to a 2-day, 19-somite chick embryo. The rate of
development at 34°C. was similar to that reported by
Herbert (1967). Even with incubation at a constant
34°C., the Adélie penguin embryo required 3-4 days
to reach the primitive streak stage. Therefore, cooling
by exposure is not the only cause of the slow early
development observed with natural incubation. Incu-
bated at 38°C., the penguin embryo required 2-3
days to reach the primitive streak stage, and reached
stage 13 in 5 days. At 34°C., the penguin embryo
reached stage 13 in 7 days. Some factors in addition to
temperature must control the rate of development of
the penguin embryo since it could not be accelerated
to that of the chick by incubation at 38°C.

For the second study, my assistant (Mr. DeVere
Burt) observed the brooding behavior of pairs with
eggs of known (to within 4 hours) incubation age. At
comparable incubation periods, these embryos were
compared to embryos artificially incubated at 34°C.
The poor-brooding peripheral pairs lost so many first
eggs that it was not possible to compare the rate of
development of embryos incubated by good and poor
brooders. The rate of development, even with good
brooders, was found to be more variable than with
embryos incubated artificially at 34°C., probably due
to cooling of the egg associated with movements of
the brooding penguin.

This cooling is rapid under the severe conditions
under which these penguins breed. It would seem ad-
vantageous for a bird breeding in the cold to hold the
egg (in the uterus) until embryo heat production is
higher than heat loss. The Adélie penguin may be
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Adélie Penguin Orientation under the
Northern Sun

R. L. PENNEY and DONALD K. RIKEI{

Institute for Research in Animal Behavior
New York zoological Society and Rockefeller

University

Aclélie penguins (Pygoscelis adeliae) artificially dis-
placed to featureless snow areas in Antarctica use the
sun azimuth and a biological clock to steer straight
courses NNE with respect to their home longitude.
This behavior necessitates a clockwise compensation
for sun azimuth motion at the rate of 15° per hour
(Emlen and Penney, 1964; Penney and Etnlen, 1967).
Adlie penguins released under the northern sun and
using the same system of orientation should make
errors averaging 30° azimuth per hour because of the
apparent reversed sun azimuth motion. The purpose
of the present experiment was to determine if such
errors were indeed observable.

On November 30, 1968, five pairs of penguins were
captured at 2100 hrs. (0900 hrs. GMT) at Cape Cro-
zier, Ross Island, Antarctica (77°28'S. 169°14'E.),
and confined to individual transport boxes. By heli-
copters, trucks, and jet aircraft, the birds were trans-
ported to Grand Forks Air Force Base, Grand Forks
Co., North Dakota (47°47'N. 97°25'W.), within 58
hours of capture. During this period and the next six
days, the birds were subjected to varying light intensi-
ties and possible photoperiodic phase shifts due to
intermittent confinement in semidarkened boxes and a
small room with one window, and constant low-inten-
sity fluorescent lighting.

All releases were made under clear skies on Parti-
ally snow-covered fields between 0900 and 1600 hrs.
local time (CST). Two different release sites were
used. The first, used on December 3, was a stubble
field extending approximately 650 m E-W and 900
mu N-S. The second site, used on December 5 and
6, consisted of stubble and plowed fields extending
approximatel y 800 m E-W and 750 m N-S, with few
visible landmarks.
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The penguins were released by hand one at a time
in varying directions. After the birds had moved off at
least 50 m, their bearings were recorded every 2 min-
utes using a survey transit until they reached a dis-
tance of 170 to 320 m. At the time of the final obser-
vation, the headings of the birds were estimated while
closely observing the birds through the 25X transit
telescope. Estimated headings, when compared to ob-
servations of the tracks of the birds, were found to be
accurate within ± 5 ' . After the final observation, we
immediately drove out to recapture the bird and re-
turned to the release point, measuring the approxi-
mate distance by odometer. A total of 41 releases
was made with 10 birds.

Plotting the headings of the birds with respect to
true direction at the release points revealed no pre-

Shift in departure orientation and mean
vector (dashed arrow) for penguins re-
leased twice in the same day, compared

to the expected shift (solid arrow).

Change in departure orientation for penguins released
twice during the same day.

Time between Expected change in Actual change in
Bird	releases	orientation*	orientation
1	5 hr. 20 mm.	149cw	159°cw
9	3 hr. 55 mm.	107°cw	82°cw
8	2 hr. 20 mm.	67°cw	 70°cw
1	2 hr. 15 mm.	60°cw	 28°cw
3	2 hr. 0 mm.	50°cw	 12°cw
2	2 hr. 40 mm.	72°cw	46°cw
3	2 hr. 40 mm.	73°cw	54°cw
4	2 hr. 20 mm.	74cw	 5°cw
7	2 hr. 35 mm.	72cw	85°cw
5	2 hr. 30 mm.	73°cw	 4°ccw
9	2 hr. 25 mm.	68°cw	65°cw
1	2 hr. 35 mm.	73°cw	65°cw
10	2 hr. 30 mm.	73°cw	53°c'

5 Calculated on the basis of true sun-azimuth motion for local latitude
and the actual time period between releases.
cw	cicckwise
cow	counterclockwise

ferred direction. Headings plotted with respect to an
expected N. 10°E. direction for Antarctica on as-
sumed clock settings (using Cape Crozier time) and
an expected error rate of 30° per hour also showed
no preferred direction. These results indicate either
a complete lack of orientation to the sun or, not
surprisingly, a breakdown in clock synchrony between
birds during transport from Antarctica while confined
under lighting regimes vastly dIfferent from that of
their natural habitat.

Entrainment of a circadian rhythm to a new set of
Zeitgeher takes at least a few days (Aschoff, 1967;
Hoffman, 1965), yet a predictable clockwise change in
orientation should exist for the same bird released on
two occasions just a few hours apart. In 12 of 13 such
repeat releases (see table), the change in direction
selection was clockwise and on an order of magnitude
approximating the expected error rate of 30° per
hour. In the figure, the dashed arrow is the vector
mean for the departure directions, which differs by 22°
from the expected or hypothetical shift in departure
orientation. This difference is not significant when
subjected to appropriate statistical tests (Watson and
Williams, 1956: Stephens, 1962; Batschelet, 1965), in-
dicating that the penguins were indeed orienting to
the sun and making the expected errors. The two
birds which showed the least shift were individuals
which on both releases appeared to be attracted to a
series of white house trailers west of the release site.

This work was supported by NatiDnal Science
Foundation Grant GA-1488 and is part of a general
project concerned with the behavioral and physiolog-
ical bases of Adélie penguin sun orientation. Many
people gave assistance throughout the project; special
thanks are due to officers and men of Grand Forks
Air Force Base, the Military Airlift Command, and
the U. S. Navy Antarctic Development Squadron Six.
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Behavioral and Electrographic Study of
Sleeping and Waking Patterns in

Weddell Seals

JAY T. SHURLEY and ROBERT E. BROOKS

Veterans Administration Hospital (Oklahoma City)
University of Oklahoma Medical Center

and

ROBERT ELSNER*
and DOUGLAS D. HAMMOND

Scripps Institution of Oceanography
University of California, San Diego

In order to extend our previous biobehavioral ob-
servations (1967 and 1968) of sleeping and waking
patterns in human beings, several related studies were
made on the Weddell seal (Leptonycliotes weddelli)
at Turtle Rock, Erebus Bay, near McMurdo Station,
Antarctica, in November 1968, and in the marine
aquarium laboratory at Scripps in La Jolla, Cali-
fornia, in December 1968.

Suitable needle electrodes were hand-implanted in
a mature, 850-lb., nonlactating female confined in a
small pen on the ice and temporarily immobilized
with an intramuscular injection of Sernylan and
TranVet. Her bilateral brain wave and single chan-
nels of her eye movements, cardiogram, muscle tone,
and heart and respiratory rates were electrograph-
ically recorded on magnetic tape continuously for 30
hours through several periods of behavioral sleep and
waking.

A second, similar 30-hour recording was made from
a 12-week-old, 200-lb. female seal pup stranded and
confined in the channel of the marine aquarium labo-
ratory at Scripps. Finally, continuous behavioral ob-
servations of 1 male and 1 fema 1 e Weddell pup in the
ring tank at Scripps were recorded for 48 hours to
determine the spontaneous aflocation of time between
activity, alert inactivity, and behavioral sleep under
natural 24-hour light-and-dark cycles.

At this time it is possible to report only that, during
both continuous summer sunlight on the ice at Turtle
Rock and the 24-hour light-dark cycles at La Jolla,
there are periods of behavioral sleep, alert inactivity,
and active movement interspersed in each 24-hour
period, with no apparent fixed intervals between
cycles. Further, from qualitative inspection only, it is
possible to discern EEG patterns within the sleeping
periods which are closely similar to, if not identical

*Now at the Department of Human Physiology and Phar-
macology, University of Adelaide, South Australia.

with, human patterns classifiable as Rapid-Eye-Move-
ment (REM) and Slow-Wave (delta) sleep, with in-
termediate stages in the non-REM portion. Quantita-
tive analyses of periodic phenomena and sleep pat-
terns remain to be completed.
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Electroencephalographic and Blood Gas
Correlates During Simulated Dives in

Weddell Seals

ROBERT ELSNER*
and DOUGLAS D. HAMMOND

Scripps Institution of Oceanography
University of California, San Diego

and

JAY T. SHURLEY and ROBERT E. BROOKS

Veterans Administration Hospital (Oklahoma City)
University of Oklahoma Medical Center

This joint project for a preliminary, correlated
biochemical and electrographic study of the phy-
siology of diving asphyxia in the Weddell seal fol-
lowed on earlier work by Kooyman (1966), which
determined the natural diving time and depth of
Weddell seals to be in the order of 40 to 50 minutes
and at least 600 m, and by Elsner et al. (1968),
which determined circulatory changes in the pregnant
female seal and fetus during diving asphyxia.

Since the extreme sensitivity to hypoxia of the
mammalian brain makes 6 to 8 minutes the outer
limit for breath holding without irreversible brain
damage in man and in most terrestrial mammals, it is
of interest to understand brain tissue response in the
marine mammal, where natural dive times are in-
creased by a factor of 10.

Using deep intramuscular injections of succinyl
choline chloride, which produces extremely long (up
to 3 hours) periods of respiratory paralysis, we sub-
jected, in November 1968, three adults and three pups
of the Weddell seal species captured from the Turtle
Rock colony in McMurdo Sound to repeated sitnu-
lated dives by disconnecting the oxygen flow from a
Bird respirator or by 100 % nitrogen administration.

*Now at the Department of Human Physiology and Phar-
macology, University of Adelaide, South Australia.
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Measurements of blood ph, pQ, and pCO, were
made on the spot with a Radiometer blood gas ana-
lyzer, using blood drawn from a catheter implanted
retrograde in the left common carotid artery and
flushed periodically with heparinized N-saline. Bio-
electrical potentials from the brain, eye, nuchal muscu-
lature, heart, and chest wall of the animal were fed to
a Beckman biomedical recording and display system
for amplification, conditioning, and recording on a
seven-channel Ampex Model SP-300 FM magnetic
tape recorder. Signals were simultaneously monitored
on a four-channel oscilloscope as they went on or off
the tape.

The electrical activity of the brain, the eye move-
ments, muscle tonus, heart heat, and respiratory ex-
cursions of the chest wall were thus continuously sur-
veyed in clinical fashion while experimental breath-
holding (diving) asphyxia and pure nitrogen
breathing experiments were carried out in serial
fashion, interspersed with periods of normal aeration
of lung tissue with pure oxygen. The change in brain
rhythms from resting alpha and low-voltage fast to
high-voltage delta was taken as a measure of brain
tissue metabolic impairment, following which time
and degree of recovery were assessed by restoration of
normal vital signs and alpha-blocking response under
J)hotic stimulation. Serial measurements of carotid
blood pH, pO, and pCO9 were made at critical
points.

After a breath-holding dive of 65 minutes and a
second asphyxial period of 30 minutes of pure ni-
trogen, the first adult was released to return to the
colony in apparently normal condition, but was not
seen again. The second and third adults and all three
US were eventually experimentally dived to exitus.
Normal profiles of blood pH, pO 2 , and of brain,

heart, muscle, eye movement, and impedance pne1mo-
grain were established for the adult and immature
seals, and approximate hypoxia thresholds for irrevers-
ible brain-tissue impairment, with death as an even-
tual end point, were established. These data suggest
that Weddell seals J)OSSCSS an increased brain-tissue
tolerance for low oxygen tension when compared with
comparable data from terrestrial mammals.
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Circulatory Responses to Asphyxia in
Pregnant Weddell Seals

ROBERT ELSNER*
and DOUGLAS D. HAMMOND

Scripps Institution of Oceanography
University of California, San Diego

The second season of a study of physiological re-
sponses of diving Weddell seals was carried out in
McMurdo Sound during September, October, and
November 1968. Investigations of the first season
(Elsner et al., 1968) were centered on the determina-
tion of natural diving times of pregnant animals, res-
piratory properties of maternal and fetal blood, and
preliminary measurements of uterine artery blood
flow in the pregnant seal during the prolonged as-
phyxia of simulated dives.

The natural diving time studies were completed
during the past season. A total of 5 pregnant animals
were tested, and 41 dives lasting longer than 20 min-
utes were recorded. Maximum diving times for these
seals ranged from 39 to 60 minutes (Elsner et al.,
1969). The observations of both seasons suggest that
pregnancy does not seriously interfere with natural
diving since they compare favorably with Kooyman's
(1966) study of nonpregnant animals.

A prolonged dive by a pregnant seal might well be
an extreme example of maternal and fetal adaptation
to asphyxia. In an attempt to determine what special
physiological adjustments may occur and how these
might be related to the well-known circulatory redis-
tribution in diving seals for protection of vital organs
like the brain, blood-flow studies were carried out in
five pregnant Weddell seals. Doppler ultrasonic
blood-flow transducers were implanted aseptically
around uterine arteries of four animals. Since renal
blood flow has been shown to react to diving as-
phyxia by profound reduction, one animal was instru-
mented by implantation of a blood-flov transducer
on the renal artery.

After recovery from surgery, the animals were sub-
jected to experimental simulated dives while blood
flow was recorded. Asphyxiation always produced a
prompt and extreme slowing of the heart rate, as has
been noted in a great variety of diving mammals and
birds, as well as terrestrial animals and man during
submersion. Blood flow in the renal artery was
promptly reduced to about one-tenth of the resting
value, but uterine artery flow was reduced only
slightly and was sometimes unimpaired.

The maintenance of adequate uterine circulation is

*Now at the Department of Human Physiology and Phar-
macology, University of Adelaide, South Australia.
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essential for the fetus. The mechanism displayed in
Weddell seals is probably adapted to assure that,
through a long dive, the fetus can draw on the source
of oxygen stored in the large maternal blood volume.
The first season's studies of respiratory characteristics
of Weddell seal blood showed a very large maternal
blood volume with high oxygen capacity. These char-
acteristics, combined with increased affinity of fetal
blood for oxygen, suggest enhancement of gas ex-
change at the placenta. Thus several factors can be
seen to operate to protect the fetus.

This study has been supported by National Science
Foundation Grant GA-1215, National Institutes of
Health Grant HE-08323 and NIH Research Career
Development Award 5 K03 HE07469.
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Population Studies of Weddell Seals
at McMurdo Station

DONALD B. SINIFF, JOHN R. TESTER
and LARRY B. KUECHLE

Museum of Natural History
University of Minnesota

To obtain information on the population dynamics
of antarctic seals, one must study census methods,
migration patterns, population discreteness, and other
areas which aid in interpreting changes in population
levels. During the 1969 field season at McMurdo, we
carried out three distinct projects: (1) conducted te-
lemetry studies to gather information on the activity
patterns of Weddell seals, (2) collected blood samples
from seals around the Ross Sea area for electrophor-
etic analysis, and (3) initiated an aerial census based
on photographs made with a mapping camera of the
U.S. Navy's Antarctic Development Squadron Six
(VXE-6).

For the telemetry studies, a small fish house was
located at Hutton Cliffs, approximately 10 miles from
McMurdo Station. Small radio transmitters broad-
casting a continuous signal around 50 Mhz were
attached to Weddell seals with suture material (Figs.
I and 2). The signal was received and converted to a
voltage output which triggered an Esterline-Angus

mom

IH

Fig. 1 (top). Radio transmitter being attached to female Weddell
seal.

Fig. 2 (center). The seal with transmitter in place.
Fig. 3 (bottom). Recorder used to monitor the seals' activities.
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strip-chart recorder (Fig. 3) When the seals were
present on the surface of the sea ice, the signal was
recorded. When they entered the water, the signal
was attenuated. Each time the seals surfaced to
breathe, the sgnal was again recorded, which enabled
us to determine the duration of dives. The strip-chart
recorder monitored these animals 2-1- hours a day and
provided a fairly accurate picture of the daily activity
pattern of individuals. Nine female Weddells with
pups and one barren female Weddell were instru-
mented and monitored for approximately three weeks.
The peak activity occurred from approximately mid-
night to 10 o'clock in the morning and the peak of
haul-out occurred around noon to early afternoon.
Weather conditions recorded at McMurdo Station are
presently being evaluated to determine possible influ-
ences of environmental variables on these activity
patterns. A more detailed analysis will be published at
a later date.

Fifty 250 cc blood samples were taken from seals
around Ross Island and I-Iallett Station. Forty-nine of
these were from \Veddell seals and one from a crab-
eater. The hicod is now being analyzed by electro-
phoretic techniques in an attempt to measure differ-
ences in the protein structure of seals from various
areas of the Antarctic. These data will be analyzed

and compared with samples collected in the Weddell
Sea in 1968 and 1969.

Earlier investigations have utilized shipboard and
helicopter counts to obtain population estimates of
seals in the antarctic pack ice. These reports provided
the first density estimates and gave information on the
physical characteristics of the pack ice which were
attractive to seals. However, the logistic requirements
for such censuses are great and variables are difficult
to control. This past summer, in an effort to get more
standardized data in a short period of time, we ini-
tiated studies of the feasibility of black-and-white
aerial photography as a census technique. Transects
were flown over an area of the Ross Sea north of
Ross Island, and aerial photographs were taken ap-
proximately every mile along the transects. These pic-
tures are now being examined to obtain density esti-
mates of seals. At the present time, this method ap-
pears to be acceptable for obtaining gross estimates of
seal abundance. Identification of species of seals in
the photos does not yet seem possible utilizing these
techniques. However, differences in behavioral and
migration patterns separate species in time and place,
to some extent, and estimates of the species composi-
tion may be possible using this information. This ap-
proach is currently being evaluated.

CARTOGRAPHY

Topographic Mapping Field Operations,
1968-1969

PETER F. BERMEL

U.S. Geological Survey

The U.S. Geological Survey (USGS) assigned four
engineers to the Antarctic for the 1968-1969 summer
to establish geodetic control for topographic mapping
and to support other programs.

The USGS also assigned a photographic specialist
to advise Antarctic Development Squadron Six
(VXE-6) on visual navigational and photographic
procedures  for tl e n ai )ping photography flights. This
specialist also inspected and evaluated the resultant
aerial negatives to insure that they met mapping spe-
cifications.

The field engineers were deployed on the Ellsworth
Land Survey, where they established control in the
Hudson Mountains-Thurston Island-Jones Moun-
tains-Farwell Island area. The initial survey station

was an astronomic position established by daylight
stellar observations in the Jones Mountains, from
which the traverses radiated. The party completed
1,059 miles of primary and 275 miles of secondary
electronic traverse. They occupied 84 stations and
set 12 permanent bench marks. This control will
be sufficient for compilation of nine reconnaissance
topographic maps at a scale of 1:250,000, which will
cover approximately 40,600 square miles. During this
phase of the field season, the engineers were assisted
by the U.S. Arm y Aviation Detachment (Antarctica
Support) of Fort Eustis, Virginia.

The field engineers also compiled large-scale
planetable topographic maps of two biological study
areas in the McMurdo Sound area, established two
geodetic azimuths at the South Pole Station—one for
the Weather Bureau observer and one for the Coast
and Geodetic Survey geomagnetic observer—and reob-
served the astronomic position at the South Pole Astro
Pier. The annual reobservation at the Astro Pier is
essential to the determination of the rate of movement
of the existing Pole Station. These data will help
decide the exact location of the new South Pole Sta-
tion, when it is built, so that it will drift through the
pole proper at the midpoint of its expected life span.
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During the field season, VXE-6's photoconfigured
Lockheed LC-130F aircraft flew approximately
76,320 of the programmed 169,600 square miles
of tricamera aerial mapping photography. After
the aerial film had been inspected and evaluated in
Christchurch, New Zealand, approximately 50,000
square miles was determined to be of mapping
quality, pending later inspection of the contact prints
in Washington, D.C.

The major photographic effort this year continued
to be in the Antarctic Peninsula region, an area
known for its extremely bad weather conditions. Be-
cause the Peninsula photographic areas were outside
the range of the LC-130 aircraft flying from the
McMurdo Sound air facilities, it was necessary to

stage the aircraft out of Byrd Station for the southern
Peninsula area and out of Punta Arenas, Chile, for
the northern Peninsula area. However, neither the
information from weather satellites nor the reloca-
tion of the aircraft helped in photographing this
region. Photographic fill lines were also flown in the
Thurston and Berkner Islands areas, in eastern Ells-
worth Land, and along the Coats Land coast.

In addition, 75 percent of the programmed special
multidiscipline photographic projects were flown.
On these missions, black-and-white film was used for
penguin- and seal-population censuses, and color and
color infrared film was used for geologic investiga-
tions in the Transantarctic Mountains and in Marie
Byrd Land.

UPPER ATMOSPHERE PHYSICS

Investigations of Energetic Particles and
Radiation in the Polar Cap with

Balloon-Borne Instruments

MARTIN A. POMERANTZ
and GEORGE A. BAIRD*

Bartol Research Foundation
of the Franklin Institute

Investigations of the propagation of energetic parti-
cles into the polar cap are relevant to an under-
standing of the character of the magnetic regime in
the region where the field lines extend in an unclearly
defined manner far into space. Balloon-borne instru-
ments launched near the geomagnetic pole afford a
unique means of observing in detail, at a specific
location, the characteristics and temporal history of
enhanced fluxes of energetic particles of X—rays gen-
erated in the upper atmosphere by electrons, and of
nuclear -y-rays produced by protons with energies
below the atmospheric cutoff.

Many studies of polar cap absorption (PCA) events
and of electron precipitation effects in the auroral
zone have been conducted. At very high geomagnetic
latitudes, where the magnetic field is perpendicular to
the Earth's surface, attenuation is produced by the
atmosphere rather than by the magnetic field; hence,
solar particles are "stopped" through collisions rather

*On leave from the Physics Department, University Col-
lege, Dublin, Ireland.

than through magnetic deflection. The geomagnetic
field configuration and, in particular, the dynamics of
the magnetospheric tail give rise to differences in the
propagation of solar particles to different points
within the polar cap. These propagation differences
would manifest themselves as intensity differences
that might be detectable with identical balloon-borne
detectors flown simultaneously at different locations
or as time variations at a single location.

It has been observed that auroras occur when parti-
cles are precipitated near the outermost region of the
Van Allen belt and that the trapped flux simulta-
neously increases. This observation has led to the
suggestion that a local acceleration mechanism exists.
On the other hand, discrete auroral forms have been
observed at high latitudes where the field configura-
tion is not compatible with particle trapping.

Very-high-latitude studies of PCA events have been
made with riometer and ionospheric forward-scatter
techniques to measure the effect of interactions of
solar particles as manifested by the ionosphere. How-
ever, there has been a dearth of direct particle and
X-ray measurements poleward of the auroral zone. A
series of 7 flights was conducted at McMurdo Sta-
tion early this year, as the first step in an investigation
of particle phenomena in the polar cap with balloon-
borne instruments.

The instrument packages, carried aloft by 135,000-
cu.-ft. 1)lastic balloons, contained three Geiger-Mueller
counters operating singly and in coincidence, and a
NaT crystal scintillator with pulse height discriiiiina-
tion providing output signals corresponding to X-ray
energies >25 Key., >50 Key., >75 Key., >100
Key., and >500 Key. The objective of this program
was to carry out a preliminary reconnaissance for de-
termining the gross characteristics of events occurring
deep in the polar cap.

Since the data analysis is still in progress, it is pre-
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Cosmic-ray balloon being launched at McMurdo.

mature to cite the results. Extremely quiet solar con-
ditions prevailed during the very brief period avail-
able in the antarctic summer for launching the
flights. Therefore, any intensity variations that
might have occurred were of very small magnitude
and are much more difficult to resolve than effects
which would manifest themselves during solar particle
events or during extreme geomagnetic disturbances.

One of the goals was to search for possible diurnal
variations in the cosmic ray intensity. For this reason,
the launching times were staggered to insure a
round-the-clock coverage at ceiling altitude (7 mb.).
Preliminary analysis has revealed that the noon-mid-
night ratio is very close to unity, but the possibility
that small but significant time variations occurred can
not yet be excluded. Machine programs are now being
developed to push the analysis to the ultimate limits
impoed by statistical and experimental uncertainties.

These flights demonstrated that McMurdo is an
excellent site for carrying out investigations with bal-
loon-borne instruments. Some flights remained at
high ahiudes and within radio range for more than
two days. This limit could be significantly increased
by selecting a more effective location for the receiving
antenna and by adding a minimal ballasting arrange-
ment.

EARTH SCIENCES

Carbon Dating of Ice at Byrd Station,
Antarctica

C. C. LANGWAY, JR. and B. L. HANSEN

U. S. Army Cold Regions Research and
Engineering Laboratory

and

H. OESCHGER and B. STAUFFER

University of Bern (Switzerland)

Results from earlier research on carbon-dating of
ice, performed in Greenland using a melt-vacuum ves-
sel technique (Langway et al., 1965; Oeschger et al.,
1966) and later a unique, down borehole tech-
nique (Oeschger et al., 1967) suggested the feasi-
bility of developing a new system to be used in
conjunction with the current antarctic deep core-
drilling program (Ueda and Hansen, 1967; Ueda
and Garfield, 1968). The objective was to develop a
remotely controlled melt-extraction system that could
operate and make collections in a liquid-filled or a dry
borehole over entire vertical profiles of an ice sheet
for carbon-dating purposes and other solid, liquid,
or gas collections.

During the 1968-1969 field season, Cold Re-
gions R&E Laboratory and University of Bern re-
searchers conducted preliminary investigations related
to the carbon-dating program in the deep, liquid-filled
borehole (2,164 m) and in a shallow, "dry" borehole
(220 m) at Byrd Station. The pilot probe and auxi-
liary extraction lines, initially designed and engineered
solely for CO 2 collections, were exhaustively tested in
the main trench (-20°C.) and in the 200-m deep dry
hole. The tool is 7.2 m long, has a 15.4 cm diameter,
and can be lowered to any depth in a borehole where
a collection is desired. When in place, two hydrauli-
cally controlled seals are released to block a 3'/2-m
long portion of the borehole. Special precautions are
taken to avoid contamination. The space between the
seals is cleaned of its drilling fluid by releasing
CO2-free wash water from a heated tank. Melting the
ice along the borehole wall to collect the sample is
iniJated by injecting additional pure water. The
meltwater is then passed through an ion-exchange
column that collects the HCO, and CO,-; the pur-
ified meltwater flows through a heater for recircula-
tion. With this system, about one ton of ice can be
melted in 30 hours with a 10 KW power supply. One
down-hole gas sample was collected before a malfunc-
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Dirt-ice bands and a frag-
ment of granite in core from
2,162-rn depth (2 m from
bottom of ice sheet) at Byrd

Station.

tion occurred in a motor within, the probe, creating an
emergency situation that resulted in freezing-in of the
probe at the 200 m depth. Initial attempts to free the
probe by using a glycol solution and hydraulic jacks
were not successful.

The field trials showed that the melt-extraction
principles are sound. Valuable experience gained
during the tests will lead to improved design and
construction criteria being incorporated into the new
probes that are currently being built at the Institute
of Physics, University of Bern, for use at Byrd Station
in 1969-1970.

In addition to the borehole sample, five CO 2 sam-
ples were extracted from different depth levels in the
"Lead-Mine" ice tunnel at Byrd Station. Each sample
consists of a few hundred liters of air pumped from
the firn and trapped on molecular sieves. These sam-
ples will contribute to the understanding of the pro-
cesses of air inclusion durine	flfi,wll
glacier ice.
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transferred by refrigerated truck to cold storage facili-
ties at Littleton, New Hampshire. The assistance of
the drill crew and personnel of Task Force 43, who
together performed most of this work, is gratefully
acknowledged.

The drill hole at "Old Byrd" (drilled in the 1957-
1958 summer) is still accessible for temperature and
deformation measurements above 200 m. Originally
14.6 cm in diameter and 309 m deep, this hole has
closed off to less than 6.0 cm at 200 m. Closure rates in
the top 200 m have remained essentially linear at these
lower stresses, in marked contrast to the accelerating
closure rates observed at the higher stresses below 200
M.

Results of seven years' measurements along two
10-km-long accumulation-stake lines that traverse the
undulating snow surface around Byrd Station show
that the snow has been accumulating at the rate of

Core Studies and Related
Glaciological Investigations

ANTHONY J . GOW

U. S. Army Cold Regions Research and
Engineering Laboratory

Participation in the 1968-1969 antarctic field
season was limited to processing cores from the deep
drill hole at Byrd Station, conducting further meas-
urements of closure in the 309-rn drill hole at the old
Byrd Station, and remeasuring accumulation at snow
stakes around Byrd Station.

Approximately half of the total length of ice cores
(1,100 m) from the deep drill hole was packed and
returned to the United States aboard USN
Wyandot. The shipment reached Davisville, Rhode
Island, on March 15, 1969, and the cores were then

5cm
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10 to I  cm of water equivalent annually. This is
approximately 50 percent less than that measured at
"Old Byrd" during the IGY. Depressions are still ac-
cumulating appreciably more snow than the crests of
these undulations. Surface elevations were remeas-
ured to determine if these undulations are actually mi-
grating, but the results were inconclusive.

Core studies in the laboratory at Hanover, New
Hampshire, show that the cores are still relaxing
(manifested by a density decrease with time) and that
expansion due primarily to crack formation has been
greatest (0.6 percent in 16 mon ths) in brittle ice
from between 800- and 900-m depth. Deeper bubble-
free ice shows little evidence of brittle cracking; this
lack of cracks is attributed to the strongly oriented
crystal structure of the ice, which is apparently able to
dissipate much of the strain associated with expansion
upon release from high confining pressures. The dis-
appearance of air bubbles in the ice between 900 and
1,100 m, after bubble diameters have decreased to
about 0.15 mm, suggests attainment of a critical di-
ameter of bubble, which at the prevailing overburden
pressures (80 to 100 bars between 900 and 1,100 m)
encourages air molecules to diffuse into the ice, pos-
siLly as clathrate hydrates of air. Bubble-like inclu-
sions of air are now appearing in some abundance in
ice originally devoid of all trace of bubbles.

Glaciology and Glacial Geology on
Deception Island

JEAN-ROLAND KLAY' and OLAV ORHEIM2

Institute of Polar Studies
The Ohio State University

Deception Island (63°S. 60°10'W.) is a circular
volcanic caldera with a radius of about 6 km (Fig. 1).
In November and December 1967, a series of explo-
sive volcanic eruptions occurred NNhich blanketed
part of the island with volcanic material. The effects
of this eruption on the glaciers and geomorphology
were investigated during January and February 1969
by a three-man party from the Institute of Polar
Studies.

Through stratigraphic studies (carried out under
glaciological investigations conducted by Orheirn,
measurements of snow thickness and ablation, and
meteorological observations, the mass balance was de-
termined for an unnamed valley glacier (G 1 in Fig.
1, Fig. 2). The ash layer from the 1967 eruption (from

' Glacial Geology.
'Glaciology.
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1-2 cm thick in the accumulation area) was ex-
tremely well marked and will be an excellent reference
horizon for future stratigraphic studies. In the abla-
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elevation scale).

tion area, the ash had been extensively reworked by
running water.

The mean equilibrium line was determined by stra-
tigraphy to be about 250 m above sea level. Snow-
temperature measurements to a depth of 4 m and cli-
matic evaluations indicate that the glacier is temperate.

The net balance curve (Fig. 3) is fairly regular
except near the top, where considerable deflation
takes place.

The total positive balance for the accumulation
area was 14.1 >< 104 m3, while the negative balance for
the ablation area was —8.7 >< 10' m 3 . The total bal-
ance, when evenly distributed over the glacier surface,
corresponds to a mean areal net balance of + 0.10 in
(all values expressed as water equivalents). The sub-
glacial ablation is not included in the above figures.

The influence of the 1967 ash on the mass bal-
ance of the glacier was not very significant. In the
accumulation area, the ash is generally quickly buried,
and the only effect is to increase the absorption of
short-wave radiation at shallow depths. In the abla-
tion area, the ash influences the heat balance only
where the washing has caused local secondary accu-
mulations of ash; these occur as small ridges.

The glacier surface is dominated by five steps,
30-50 m high and 100-200 m apart, increasing in
steepness downglacier. For a better understanding of
the formation and movement of the steps, a detailed
strain net of 42 stakes was established.

Klay found, through glacial-geology investigations,
that more than half of Deception Island is ice cov-
ered; the remainder, except for some bedrock out-
crops and recent lava flows, is blanketed with ash
and debris. The ash and debris also mantle the lower
portions of some glaciers, and seem to control the
landform development on Deception Island. Because
of its small clay-sized fraction, water passes through
the ash and debris and drains off along the bedrock/
debris or ice/debris interface. In addition, features
formed by this loose material remain stable. The low
thermal conductivity of the ash and debris layer has
an insulating effect on the underlying ice. Dead-ice
masses were interpreted as glaciers severed by subgla-
cial eruptions that covered the glacier remnants with
thermally insulating volcanic debris.

The 2-rn-thick layer of ash and debris that covers
the lower portions of some glaciers originated in erup-
tions like the one of 1967. This layer is incorporated
in the ice in the accumulation zone of a glacier and
washed off by meltwater in the ablation, zone. The
covering accumulates again on the lower portions of
some glaciers, forming a thermally insulating layer.
When meltwater streams, heavily loaded with ash and
debris, flow on snow, mudflow-like features form.

Investigation made on "Black Glacier" (Fig. 1)
showed that surface undulations were ice-cored and
reached a height of more than 5 m from the debris/
ice boundary. They resembled the ridges in front of
glaciers G 1 and G 2. The surface slope on "Black
Glacier" is about the same as that of glacier G 1.

Several hypotheses could explain the formation of
these features: (1) bedrock control, (2) glacier re-
treat, (3) variation in thickness of deposited ash and
debris, or (4) Thule-Baffin type moraines, as described
by Bishop (1957).

Undoubtedly, the debris and ash cover blanketing
the lower parts of some glaciers is, to some extent,
responsible for the existence of surface undulations.

Reference
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Structural Glaciology of Meserve Glacier

GERALD HOLDSWORTH

Institute of Polar Studies
The Ohio State University

From the results of dimensional and deformational
measurements (Holdsworth, 1966; 1967) on the
ice tongue of Meserve Glacier, it is possible to recog-
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nize characteristics of the surface-velocity distribution,
the principal strain-rate orientations, and the geo-
metrical form of the snout. The characteristics are
directly analogous to the flow line and stress solutions
for the classic parallel plate problem (Geiringer,
1937) for a perfectly plastic substance (Fig. 1).

(a)

=;,. (o,(

(b)

7Z low loo—

(C) 

4E:III:IliIIIiiiii[

Fig. 1. (a) Classic parallel plate problem for a perfectly plastic
substance (all directions reversed); (b) model derived from (a)
showing flow lines and orientations of the principal stresses; (c)

Meserve Glacier tongue.

The important boundary condition of the base (i.e.,
no sliding), which is a consequence of the low basal
temperatures (-17.5 0 to —18 0 C.), combined with
low internal temperatures (minimum —19.7°C.) and
the thinness of the ice tongue (about 50 to 70 m on the
centerline), ensures slow deformations (0.9 to 1.8 cm
day ' on the surface) and the maintenance of a
cliffed margin. This latter structure derives its exis-
tence from the marked change in rheology of ice at
thicknesses of about 20 m combined with natural ab-
lation processes, including dry calving. In the per-
fectly plastic model, the cliff height would be 2K/

22 m, for a yield stress K = 1 bar and a mean
density iT = 0.9 g cm'.

Five broad flow zones of transitional character are
recognized within the region of the glacier tongue:

1. The surface compression zone, where the ice is
at least 15 to 20 m thick. The compression is
assumed to be maximum at the surface and
decays with depth, as has been demonstrated
elsewhere (Glen, 1956; Paterson, 1962; Hold-
sworth, 1969a).

2. The laminar flow zone, where the shear strain
rate is dominant and is related to the shear
stress in the form: =kr°, where k0.9 X 10-8
bar n .sec-1 and n 1.81 ±0.1 (Holdsworth,
1969a; Holdsworth and Bull, 1969); it is ap-
parent that n may be as low as 1.6±0.1.

3. A zone of enhanced laminar flow, where n is
expected to reach values of 3 or 4 at shear
stresses greater than 1 bar, corresponding to
depths greater than 45 m. The existence of this
zone is based on indirect evidence.

4. A basal zone of enhanced creep (at least 1 m
thick), which appears to be laminar flow to a
good approximation, except in regions very
close to the base around obstructions. Even
though shear stresses are less than 1 bar, n may
reach values of 5 or 6. The increased creep rate
is attributed to the presence of diffused salts and
finely dispersed debris in the basal ice. Salts
appear to have diffused upward 5.5 m, and ma-
croscopic debris has reached heights of 45 to 85
cm. The dispersion of this material is probably
governed by the theory of Weertman (1968)
with certain modifications (Holdsworth,
1969a).

5. A "semi-rigid" zone containing the cliff ice and
that portion a few meters back. Paradoxically,
this zone is generally an extremely constricting
boundary for the flow of the glacier tongue.

This last zone is important because it contributes
strongly to the maintenance of the surface compres-
sion, which starts in and continues below the icefall
as a result of bed curvature, thinning of the tongue,
and increased ablation down-glacier (Carnein, 1968).
The expression of this longitudinal compression,
which is estimated from surface strain rates to be
initially 4.8 to 5.1 bars, is deduced to be the series
of more than 13 buckles (or undulations) produced
as a result of surface instability (Fig. 2). These un-
dulations initially have wavelengths of 50 to 55 in
with a dominant value of 53 m. Amphtudes (up to
3 m) vary, resulting from continued compression
within the wave train and modification from ablation
and other effects.

Using the theory of Biot (1960), it is possible to
demonstrate (Holdsworth, 1969a) that under certain
conditions (1) ice fulfills the basic requirements of the
theory, and (2) the dominant evolving buckle wave-
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Photo by U.S. Navy for U.S. Geological Survey

Fig. 2. Meserve Glacier tongue, showing surface buckles or
undulations.

length can be predicted from a knowledge of the den-
sity of ice, the surface compression, and its decay with
depth. The calculated value (Holdsworth, 1969a) of
about 55 to 60 m is close to the measured values.

It is hypothesized that the theory may also be ap-
plied to the case of longitudinal tension, and, thus,
be used to explain the spacings of transverse crevasses
(Holdsworth, 1965; 1969b). The theoretical results
and the measured values are given by I-Ioldsworth
(1969a).
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Chemical-Physical Weathering, Surficial
Geology, and Glacial History of the

Wright Valley, Victoria Land

ROBERT E. BEHLING and PARKER E. CALKIN*

Institute of Polar Studies
The Ohio State University

The major objectives of the past field season in-
cluded accumulation of data for a surficial geologic
map and a preliminary determination of the relative
ages of axial and alpine glacier advances throughout
the Wright Valley. Criteria such as relative position of
moraines, drift lithology, surficial boulder weathering,
shallow seismic profiles, and some isotopic data were
utilized to differentiate at least four major glacial
advances each from the Wright Upper Glacier
(inland ice plateau) and Wright Lower Glacier (Ross
Sea ice advances), and three major advances of the
alpine glaciers of Wright Valley. The three alpine
advances recognized were apparently out of phase
with the westward invasions from the Ross Sea. Hv-
ever, time relations of alpine and Ross ice advances
with the eastward movements of the Wright Up-
per Glacier and inland ice are less well defined.
Distributions of drift suggest that there has been no
through-valley movement of the inland ice since the
formation of basaltic volcanic cones on the valley
floor some 4 million years ago.

Observations made during the field season in the
adjacent Victoria Valley system to the north, and in
the Taylor Valley and Mount Discovery areas will
facilitate correlations of the Wright Valley sequence
with that of the whole McMurdo Sound region.

*Now at the State University of New York at Buffalo.
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Detailed studies of soil-profile development and
sampling for laboratory evaluation of weathering was
initiated throughout the valley by Behling during the
latter part of the season. This work makes up the
second phase of the project and is intended to help
clarify the age relationships of axial to alpine glacia-
tion and perhaps suggest the climatic and physical
environment under which mineral alteration processes
have acted and are now acting.

Surveys of markers on a rock glacier in Wright
Valley, on the Packard Glacier, and on the sand
dunes below the Packard Glacier in Victoria Valley
were undertaken to complement geomorphic studies
initiated in 1961.	 5-

Ile
	Aft

Patterned Ground Studies
in Victoria Land

ROBERT F. BLACK and ARTHUR A. TWOMEY

Department of Geology and Geophysics
University of Wisconsin, Madison

During the 1968-1969 field season, the writers vis-
ited all field stations on Ross Island and in the dry
valleys where patterned ground is controlled by bench
marks. Widths of all controlled wedges were rneas-
ured. This season, as in previous years, measurements
were not always made at the optimum time, i.e.,
when ground temperatures reach their maximum and
inaxiiiiuin (losing of contraction cracks takes place.
Measurements at other times record more growth be-
tween bench marks than actually has occurred. Any
one austral suiiimer varies sufficiently from the norm
to make the precise time when measurements should
be made almost unpredictable. As a consequence, cor-
rection factors must be applied to each year's measure-
nients iii order to determine annual variability of
growth rates. The correction factor is obtained from
ground temperatures recorded continuously through-
out the year at McMurdo and in Taylor Valley. These
two recording stations were serviced immediately on
arrival in order to insure continuous thermal data
during the field season. Correction factors for locations
in \V right and Beacon Valleys and elsewhere are made
by extrapolations. The thermal data and contraction
data are now being reduced.

During the 1967-1968 field season, Arthur Twomey
installed a recording setup to determine the timing of
ice-wedge cracking at McMurdo Station. Ice wedges
forming Y-intersections were controlled to see
whether the three components of the Y cracked s!-
inultaneously. Preliminary analysis of the data sug-
gests that individual limbs of two Ys cracked at dif-

Photo: Robert F. Black

Fig. 1. Mirabilite crystallizing out of a small pond in the terminal
moraine area in front of the Hobbs Glacier.

ferent times. Another Y-intersection was controlled
for continuation of the test during 1969.

Samples of pond water in which mirahilite was pre-
cipitating (Fig. 1) were collected from the Hobbs
Glacier area. Analyses for carbonate were made in
the field by titration, and the remainder of the dis-
solved constituents will be determined in the labora-
tory. Sulphur and oxygen-isotope studies of the mate-
rials are under way in New Zealand at the Institute of
Nuclear Sciences. Studies of evaporite mineralogy and
brine compositions are being carried out at the Uni-
versity of Wisconsin.

Another saline discharge was examined and sam-
pled at the terminus of Taylor Glacier at Lake
Bonney. This dircharge came from the same location
and was of the same size as that studied earlier by
Black and Bowser (1968) and Black, Jackson, and
Berg (1965). (See also Black, 1969.) The samples
from the discharge are being analyzed at the Uni-
versity of Wisconsin.
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Fig, 1. Secondary mineral crusts on basaltic rock.
Traced from photomicrographs of thin secticns from
three different samples (A, B, C). Laminations in

calcitic portion of crusts are not shown. X50.

Diagenetic Syngenite from Victoria
Land, Antarctica

ROY C. LINDHOLM and FREDERIC R. SIEGEL

Department of Geology
George Washington University

and

Table 1. D-spacings of the mineral syngenite
.4STM Card	 Antarctic

11-117 (1965)	 sample
9.52 A	 9.50 A
571	 5.71
4.63	 4.62
3.16	 3.16
3.04	 3.04
286	 2.86
2.74	 2.74
2.51	 2.51

WAKEFIELD DORT, JR.

Department of Geology
University of Kansas

Vesicular basaltic rocks coated by thin layers of
secondary minerals were collected from an exposed
face of small lava flow that issued from a local vent
on one side of "Roaring Valley" about 5 miles north-
east of Mount Dromedary and about 1 mile south of
the terminus of Walcott Glacier, at an elevation of
1,500 feet. These encrustations are 0.05 to 1.0 mm
thick and white to greenish-yellow. X-ray diffracto-
grams show the crust to be composed of calcite,
gypsum, and syngenite (K 2 SO4 .CaSO 4HO). Chem-
ical analysis of representative crust material shows the
presence of 11.1 percent of potassium.

Petrographic analysis was complicated by the sim-
ilar birefringence (dependent on orientation) and
relief of syngenite and gypsum, and the fine grain-size
of the minerals. This necessitated identification of
each grain in areas of the crust studied. Each grain
was identified and recorded on a sketch (Fig. 1).
Syngenite and gypsum were distinguished by optic
sign and birefringence; syngenite is biaxial negative
with a birefringence of 0.017, whereas gypsum is
biaxial positive with a birefringence of 0.009 (Win-
chell and Winchell, 1951).

Some crusts are nearly monomineralic. Where two
or three minerals are present in the same crust, the
calcite is adjacent to the basaltic rock and the syn-
genite forms an outer layer. Gypsum is found between
the calcite and the syngenite. The calcite-sulfate con-
tact is sharp, whereas the two sulfates are usually in-
tergrown at their contact. Calcite is finely crystalline
(range of 2 to 8 microns). Calcitic portions of the
crust are 0.05 to 0.5 mm thick and thinly laminated
with individual laminae ranging in thickness between
5 and 30 microns. In some cases, the matrix of the
basaltic rock under the crust has been partially re-
placed by calcite.

Gypsum composed of grains that range in size be-
tween 0.05 and 0.4 mm also occurs interstitially be-
tween well-formed syngenite crystals (Fig. 1-C), but
shows no good crystals, although cleavage is some-
times rioted.

The grain size of the syngenite ranges between 0.03
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and 0.8 mm. Many of the smaller grains are well-
formed acicular crystals that are 0.03 to 0.3 mm long
and 0.02 to 0.01 mm wide. Fluid inclusions, 0.5 to 4.0
microns in diameter, are abundant in the syngenite
and the gypsum.

The textures described clearly show that calcite was
the first mineral to form on the basaltic rocks. Gyp-
sum crystallized after the calcite. There is no apparent
genetic relationship between the calcite and the gyp-
suni, as indicated by the sharp contact between the
two and the fact that gypsum commonly is in direct
contact with the host rock (where no calcite is pres-
ent).

The syngenite seems to be a diagenetic product
formed at the expense of the gypsum. Evidence is the
presence of well-formed acicular syngenite crystals in
more massive gypsum. This is best developed on one
area where the calcitic crust has been mechanically
separated from the basaltic rock, probably by displa-
cive growth of the gypsum (Fig. 1-C). The occurrence
of syngenite as the exterior layer of the crust suggests
that contact with the atmosphere was a controlling
factor in the formation of syngenite.

In studies of antarctic atmospheric chemistry, re-
ports reveal that aerosols range in composition from
nearly pure sulfuric acid droplets to nearly pure am-
monium sulfate so that sea salts and other particles
could react with sulfuric acid to give sulfate salts,
(Cadle ct al., 1968; Fischer et al., 1969) ; the
HSO 4 may have been formed by oxidation of SO2
in aqueous droplets containing sea salts. It was also
reported that SO 2 concentration maxima were
highest on the Ross Ice Shelf and at upper stations on
Mount Discovery, which is in the general area of the
syngenite development, as well as at 10,000 feet alti-
tude over Mount Discovery. This SO 2 may originate
from the stratospheric aerosol layer of sulfate near 20
km, first described by Junge et al. (1961), which is
thought to undergo its greatest downward mixing by
subsidence in the winter.

No reliable analyses of the potassium content of the
areosols in the area have yet been made (J . P. Lodge,
Jr., telephone communication, 1969). Potassium con-
tent of firn samples from the vicinity of Roi Baudouin
Base is 190 ppb, of which 15 ppb may be oceanic
contribution (Brocas and Picciotto, 1967). The syn-
genite described above may be the product of slow
reactions of the sulfate-rich aerosols with potassium
and the underlying gypsum. There is no evidence thus
far that the syngenite was produced from volcanic
gases; if it were, the syngenite should be present in
the vesicles of the host rock.

This research was supported by National Science
Foundation grants GA-1 143, GA-203, and GA-688.
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Geological and Geophysical Studies in
the Ice-Free Valley Area of Victoria Land

SCOTT B. SMITHSON, DONALD MURPHY,
and DAVID J . TOOGOOD

Department of Geology
University of Wyoming

During the 1968-1969 austral summer, detailed
mapping was continued in Victoria and Wright Val-
leys at a scale of 1:3,000. Regional mapping was done
at a scale of 1: 12,000; Taylor Valley and the Skelton
Glacier area were included in the studies.

Detailed mapping at Mount Insel in Victoria
Valley determined structural geometry that was more
complex than previously recognized. Three fold sys-
tems are present in the marbles and calcium-silicate
schists that comprise the metamorphic rocks in this
locality. The first and second fold systems consist of
isoclinal folds with near-horizontal axial planes. The
third fold system includes tight to isoclinal folds with
near-vertical northwest-trending axial planes. The
second and third fold systems have northwest-trending
axes; this coincidence of fold axes has made recogni-
tion of the separate fold systems more difficult. Gran-
itic dikes which are now folded and lineated were
emplaced between formation of the second and third
fold systems and show that these fold systems were
separate events in time. In Wright Valley, large folds
representing the third system are exposed in the valley
walls. The metamorphic rocks in this locality are
granitic gncisses and calcium-silicate schists. Two fold
systems are easily recognized here, but the presence
of three fold systems is uncertain. Augen gneiss is
closely associated with calcium-silicate metasedimen-
tary rocks in this locality. Three fold systems are also
present in metamorphic rocks in the foothills of the
Royal Society Range.
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Metamorphism ranges from gneiss-schist facies to
uppermost amphibolite facies. Coexisting orthoclase
and sillimanite indicate that metamorphic rocks in
Victoria Valley belong in the uppermost amphibolite
facies. In the foothills of the Royal Society Range,
coexisting muscovite and sillimanite indicate middle
amphibolite facies. In the Skelton Glacier area, sedi-
mentary rocks show slight metamorphism. Primary
sedimentary structures and probable detrital grains are
Common in the rocks, but some metamorphic biotite is
present and the rocks exhibit varying degrees of re-
crystallization. Graywackes, mudstones, calcareous
sandstone, limestones, siliceous limestones, and mans
Constitute the slightly metamorphic sedimentary rocks
along the Skelton Glacier. These rocks have the ap-
propriate composition to be low-grade equivalents of
the sillimanite-grade marbles, calcium-silicate schists,
and quartzo-feldspathic gneisses in the ice-free valley
area. Rocks of the Ant Hill Limestone show large-scale
folds and fracture cleavage developed in marly layers.

Diopside-plagioclase or diopside-quartz granofels is
a common rock type among high-grade calciuin-sili-
cate rocks that were most likely derived from calcar-
eous sedimentary rocks. In places where diopside-rich
rocks are boudinaged, they became amphibolitized so
that they were surrounded by rims of amphibolite.
Some of the amphibolite rims formed from diopside-
plagioclase granofels have compositions near basalt.
These occurrences have an important bearing on the
amphibolite problem because they demonstrate that
amphibolites of igneous composition can form from
sedimentary rock.

Larsen Granodionite forms a large, distinctive
pluton in Wright and Taylor Valleys. Contacts of
Larsen Granodiorite are gradational with augen
gneiss over hundreds of meters. Foliation is distinct
and common in Larsen Granodiorite and parallels
axial planes of the third fold system; lineation con-
sisting of large hornblende prisms plunges northwest
similar to axis of the third folds. This body of Larsen
Granodiorite can be called synkinematic with respect
to the third fold system. Other areas of granitic rocks
and migmatite are quite different and may not be
related to Larsen Granodiorite. Vida (Irizar) granite
forms distinctive, crosscutting postkinematic l)lutons.
Studies of areal variation in composition show the
Vida Granite to be quite uniform.

Gravity measurements were completed at the
Dailey Islands, in Taylor Valley, and from Cape
Archer to Alatna Valley near MacKay Glacier.
Bouguer gravity anomalies are near zero around
McMurdo Sound, decrease rapidly just west of Mc-
Murdo Sound, and reach values of —150 mgal in the
westernmost part of the ice-free valleys. High gra-
dients west of the coast must be due to a shallow
unexposed disturbing mass.

Paleomagnetism of Igneous Rocks from
lie Amsterdam, Kerguelen, and

lies Crozet

N. D. WATKINS and C. E. ABRANSON
Department of Geology
Florida State University

The palcomagnetisrn of oceanic islands is generally
valuable in understanding the genesis of ocean basins
in which large and complex tectonic movements are
suspected.

Although Tertiary paleomagnetic poles cannot be
used to detect east-west crustal movements, longitu-
dinal drift such as that which has been proposed for
the Indian Ocean (Le Pichon and Heirtzler, 1968) is
ideally suited to paleomagnetic testing, particularly if
reference points have been established for oceanic
islands in different, but known, tectonic regimes.

Paleomagnetic results from the Indian Ocean are
restricted to those from a limited sampling of Heard
Island (Irving et al., 1965), but reference Points
have been established for large collections from the
Middle and Late Tertiary volcanics of several Atlantic
islands (Watkins et al., 1966a, 1966b, 1968: Richard-
son and Watkins, 1968').

From February to April 1969, over 500 cores were
collected from more than 100 lavas and dikes in
known stratigraphic sequences from Ile de FE3t and
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Fig. 1. Maps showing location of islands visited for pa!eomagnetic
sampling during February-April 1969. Upper map shows location
of islands with respect to the Indian Ocean rise system (4,000-rn

bathymetric contour included).
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Tie de la Possession (in the i' es Crozet), Kerguelen,
and Tie Amsterdam (Fig. 1) . This work was made
possible by the generosity of the Administrator Pierre
Rolland of the 'l'erritoire des Terres Australes et Ant-
arctiques Franaises, who provided transport aboard
the vessel Gallini from Tie de la Reunion, helicopter
transport on the islands, and all other logistic support.

In. addition to paleomagnetic studies, potassium-
argon dating and geochemical and petrological exam-
inations will be performed on the materials collected.
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Calcium Salts from Taylor Glacier,
Southern Victoria Land

GEORGE C. STEPHENS
and FREDERIC R. SIEGEL

Department of Geology
George Washington University

l)urii:g the 1968-1969 antarctic field season, a
stud y of selected evaporite deposits was continued in
the dry valleys west of McMurdo Sound. In the
course of the field reconnaissance, an orange-colored
material issuing from the foot of Taylor Glacier was
collected. This orange matter is apparently dissemi-
nated zonally ill the glacier al)i)roximateiy halfway
(8 ill ') front the to1). In addition, red, euheclral
crystals. approximately '/ in. long, were found
lining steeply dipping fractures in the glacier; these
fractures are visible oil the sides of the glacier and are
thought to he tensional in origin.

Pttrographic and X-ray chifraction anal yses of the
fine-grained orange material and the red, euhedral
crystals show the former to be calcite and the latter to

be gypsum. In both cases, the coloring is attributed to
iron staining; the calcite contains 0.68 percent Fe.
Detrital, fine- to coarse-grained, poorly sorted, sub-an-
gular to sub-rounded sand-size grains of quartz, feld-
spar, biotite, hornblende, and miscellaneous accessory
minerals were found mixed with the fine-grained cal-
cite. Some of the larger grains (greater than 0.5 nun
in diameter) are granitic rock fragments. Many of the
detrital sand-size grains are also strongly iron stained.

This material occurs as an isolated patch within the
ice and is not laterally continuous. Field observations
suggest that the deposit is not controlled by, nor con-
cordant with, the layer of ice accumulation within the
glacier. The sediment was probably incorporated in
the glacier as it overrode a small evaporitic lake or
pond deposit, and the salts and detrital minerals were
subsequently forced up into the glacier along tensional
fractures. The gypsum has crystallized in place along
the fractures as evidenced by its euhedral crystal shape.

Acknowledgement is made of the assistance given
by a National Science Foundation Grant, GA-1 143.

A Reinvestigation of the Mawson Tillite,
Victoria Land, East Antarctica

HAROLD W. BORNS, JR.,
and BRADFORD A. HALL

Department of Geological Sciences
University of Maine

The objectives of this program were to reinvestigate
the age and origin of the Jurassic Mawson tillite,
which was first described by Gunn and Warren
(1962). A later New Zealand expedition (Ballance et
al., 1965) cast doubt on its glacial origin and tenta-
tively suggested a volcanic origin. They also indicated
that the rocks at Carapace Nunatak, which contain
fossils used by Gunn and Warren (1962) to date the
"tillite," were of different origin from the "tillite" in
its type area at Allan I Tills. Thus, the age and origin of
the Mawson tillite were opened to question.

Our own field work consisted of a total of four
weeks on Allan hills and Battlements and Carapace
Nunataks. The geology on Allan Hills and Battle-
ments Nunatak produced no evidence of a glacial ori-
gin for the Mawson tillite, but did produce ample
evidence that the major part of the deposit is volcanic,
consisting of debris flows emplaced by gravity after
original extrusion, probably as explosion breccias. The
evidence of such an origin consists, in part, of numer-
ous graded beds within the Mawson, the rock fabric,
and probable source vents of Mawson rock oil

 Nunatak.
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Rocks similar to the Mawson tillite of Allan Hills
are present on Carapace Nunatak beneath volcanic
sandstones assigned by Ballance et al. (1965) to the
Beacon group. We concur with the Jurassic age as-
signment of the Mawson by Gunn and Warren
(1962). In addition to the conchostracans and ostra-
cods previously reported from Carapace (Gunn and
Warren, 1962; Ballance et al., 1965), a newly discov-
ered locality produced well-preserved, large insect and
crustacean remains. Their paleoclimatic and paleo-
geographic significance has not yet been assessed.
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Fossiliferous Rocks in Moraines at
Minna Bluff, McMurdo Sound

H. J . HARRINGTON

Department of Geology
University of New England

Armidale, N.S.W., Australia

In 1959, limited exploration of moraines at Minna
Bluff and White Island in McMurdo Sound yielded a
few fragments of gray, white-weathering rnudstones or
vitric tuffs, similar to diachronous facies in New Zea-
land that range in age from Late Cretaceous to Early
Oligocene. It was naturally assumed that the ant-
arctic erratics would be within that age range.

From a small Minna Bluff erratic, C. H. Scott ex-
tracted a few Foraminifera, and L. M. Cranwell ob-
tained a small pollen component and abundant hystri-
chosphaerids and dinoflagellates. The age of this
fossil biota, probably Paleocene or Eocene, has been
discussed in a number of papers (Cranwell et al.,
1960; Cranwell, 1962, 1963, 1964a, 1964b, 1966:
Harrington, 1965). The biota is of paleoclimatic and
paleogeographic significance in indicating that the sea
in which it accumulated was "normal" and was adja-
cent to land warm enough to support a Nothofagus
forest. It also proved that this part of Antarctica
could have acted as a migration route or dispersal
center for Tertiary plants, linking the Andean region
with New Zealand and eastern, Australia.

Further searches were unsuccessful until 1966,
when some calcareous sandstone blocks, collected at
Black Island by P. Vella and A. 0. Frame, were

found to contain a microflora and a microplankton
similar to those in the Minna Bluff specimen, but
preserved in a different facies (McIntyre and Wilson,
1966; Wilson, 1967). More recently Wilson (1968)
has found that derived palynomorphs of Lower Ter-
tiary age are widespread in Holocene sediments on
the floor of the Ross Sea. In the 1968-1969 summer,
Tertiary macrofossils were found in a glacial erratic
boulder at Cape Crozier, Ross Island.

In January 1969, the writer, assisted b y R. Korsch,
spent a week of intensive re-collecting at Minna Bluff.
Three days and over 60 km of slow and careful tra-
versing yielded only two pieces of Tertiary mucistone,
but during the remainder of the week, several hun-
dreds of fragments of mudstones, calcareous sand-
stone, and conglomerate or diamictite were found.
The distribution of the erratics is, in fact, erratic or
unpredictable, being governed by the fact that the
different lateral and terminal moraines on the north
side of Minna Bluff form distinctive groups. Some
consist of basaltic rocks from the McMurdo volcanics,
others of blocks of trachyte and calcareous sandstone,
and yet others of plutonic and metasedimentary rocks
with scattered patches and streamlines of Tertiary
rnudstones. The microfossils in the sediments will be
processed in 1969 by L. M. Cranwell and others.

The source of the fossiliferous erratics is a matter of
considerable interest. It is considered very unlikely
that they have been derived from the west side of the
Transantarctjc Mountains in East Antarctica. It is
considered probable, however, that a Cretaceous and
Tertiary sedimentary sequence of the New Zealand
type is widespread in Marie Byrd Land and possibly
also under the floor of the Ross Sea and the ad-
joining continental terrace. Any attempt to he more
specific is difficult. Crary (1961, 1966) and Crary et
al. (1962) have shown, by seismic investigations, that
over 1,300 iii of low-velocity sediments occur beneath
the eastern Ross Sea near Kainan Bay and cover 645

of higher-velocity sediments, which Crary thought
might he of the same general type as the B-acon
sandstones, but which could be a Cretaceous and Ter-
tiary sequence. Crary has also shown that there are
thick sediments beneath the Ross Ice Shelf south of
Minna Bluff.

The discovery of Tertiary fossiliferous sediments
(and other rocks such as ignimbrites) as glaHal er-
ratics in McMurdo Sound is important in itself, but it
also indicates that very little is yet known about the
age and tectonic, history of the Ross Sea. It could be,
in part, a new ocean formed by rifting during the
Cenozoic. That problem, and others related to it,
point the way to research which could have economic
significance in future exploration for hydrocarbons
beneath the Ross Ice Shelf and adjoining oceanic
areas.
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Geology of the Roberts Massif, Queen
Maud Range, Transantarctic Mountains,

Antarctica

KERBY E. La PRADE

Department of Geology
Texas Technological College

The Texas Technological College field party con-
sisting of Charles King, William Schaefer, Fernando

Munizaga (geochronologist from Instituto Antártico
Cisileno, Santiago de Chile, Navy Photographer First
Class Bruce F. Moore, and the author was lifted out
of Ellsworth Land to McMurdo Station on December
16, 1968, and relocated for a week's invstigation of
the Roberts Massif, on the edge of the polar plateau,
on December 21.

A tent camp was established adjacent to the Massif,
immediately south of Misery Peak. Motor toboggans
provided transportation in the field. Objectives of the
short survey were to determine the age and correla-
tion of exposures of Beacon sedimentary rocks by
measuring sections and collecting a suite of plant and
possible animal fossils. This information was needed
to complete the survey of the Shackleton Glacier area.

Beacon Group sediments cropping out at Roberts
Massif consist of about 450 rn of massive, light-gray,
feldspathic sandstone alternating with thin to massive
units of gray shale. The age of the sediments is indi-
cated to be Triassic by the presence of Dicroidium
dutoitii sp. in beds exposed at Misery Peak
(Townrow, 1967). A thin, coaly section crops out
near the ice level on the north side of the Massif and
prolzably represents sediments of the Permian Buckley
Formation, first described in the Beardmore area by
Grindley (1963). Massive diabase sheets of Jurassic
age are coexistent with the sediments.

Beacon rocks have been named Mount Kenyon
Formation for thick exposures in Mount Kenyon
(85°13'S. 171°25'W.), 45 km to the northeast. The
Mount Kenyon Formation correlates with either, or
both, of the Fremouw and Falla Formations of the
Beardmore area, as recently redefined by Barrett (un-
published National Science Foundation report).

Sedimentary rocks of the Roberts Massif were for-
merly identified as Triassic Dominion Formation
(Grindley et al.,1964; Wade et al., 1965a, 1965b; and
McGregor, 1965), because Dicroidium was believed
distinctive for the Dominion Formation, which was
described by Grindley et al. (1964) as overlying the
I:alla Formation, reported to he nonfossiliferous
(Grindley, 1963). Barrett (unpublished National Sci-
ence Foundation report) reinvestigated the Beard-
more area in 1966-1967 and found the Dominion and
Falla Formations to be one and the same, with both
carrying the Dicroidium flora.

Fossils collected at Roberts Massif during last
seaon have not been identified. It is expected they
will include additional Triassic Dicroidium fossils.
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Weathering and Soil-Forming Processes
in the Antarctic Dry Valleys

STEPHEN C. PORTER

Department of Geology
University of Washington

The objectives of this two-year study are: (1) to
observe the type and intensity of weathering and soil-
forming processes in southern Victoria Land; (2) to
evaluate the effects of climate, parent material, and
time on weathering and soil formation; and (3) to
determine the degree to which the soils of southern
Victoria Land reflect soil-forming processes now ac-
tive in the ice-free areas.

Approximately two months of field work by George
0. Linkletter in the dry valleys from late October to
late December 1968 concentrated on a reconnaissance
of various till-mantled areas which have been assigned
limiting absolute ages by George H. Denton (personal
communication, 1968) and sampling of soils at Se-
lected sites in the Taylor Valley, on The Bulwark, in
front of the Hobbs and Walcott Glaciers, and in Gar-
wood Valley. Parent materials at 28 study sites in-
eluded till (19, bedrock (6), cavernously weathered
boulders (2), and alluvial-fan sediment (1). The
depth of the open pits range from 10 cm on the fresh
lateral moraine of an alpine glacier to more than 2 in
on till dated greater than 3.4 million years.

Observations and measurements made included sur-
face weathering characteristics at each site, variation
of temperature with respect to both time and depth at
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Photo: George 0. Linkletter

Excavating soil-study pit on young till in front
of the Walcott Glacier.

most sites, the location of nearby snowbanks, and the
attitude and microtopography at each site. Each pro-
file sampled was carefully described and gross lith-
ology was determined by pebble counts made in four
size ranges at various depths.

The project is primarily a laboratory investigation;
however, preliminary field observations may be suns-
marized as follows:

(a) Tills which have been assigned limiting ages
frequently show horizon development conissien-
surate with their relative ages. Older tills com-
monly display a noticeable segregation of
carbonates from the more soluble salts and dis-
tinctive color variation with depth.

El The depth to ice-cemented permafrost, often
assumed to be a function of the age of the de-
posit, is frequently a function of topography
and other factors which allow snowbanks to
accumulate.

(c) None of the tills sampled showed any indica-
tion of a lithologic discontinuity above the ice-
cemented layer.

(d) Moderately developed to well-developed struc-
ture encountered in some older soils often is
related to carbonate or salt concentrations at a
given level. In a few locations, no evidence of
carbonates or salts was found in the structured
horizon, indicating the possibility of an illuvial
clay concentration.

Analysis of the samples obtained during the 1968-
1969 field season is now being pursued at the Univer-
sity of Washington.
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Structural Studies in the Scotia Arc:
Livingston Island

IAN W. D. DALZIEL

Lamont-Doherty Geological Observatory
Columbia University

The South Shetland Islands lie on the southern limb
of the Scotia Arc, separated from the Antarctic Pen-
insula by the Bransfield Strait (Fig. 1). During the
1968-1969 antarctic summer, the author and his as-
sistant, S. J. Brocoum, spent approximately seven
weeks in the southeastern part of Livingston Island,
the largest of the group, carrying out geological and
geophysical studies pertinent to the tectonic history of
the Arc. This particular location was selected in order
to study the so-called False Bay schists, which were
tentatively assigned a Precambrian age by Hobbs
(1968), and a deformed but unmetamorphosed sedi-
mentary sequence, the Miers Bluff Formation (Hobbs,
1968).

The False Bay schists occur oil eastern side of
False Bay. They are mainly hornblendic, look like
part of a reuiona1lv metamorphosed assemblage, but
occur only as xenoliths within a coarse-grained ton-
alite. As pointed out by Hobbs (1968), there is no
conclusive evidence oil Island concerning
their age. In an attempt to settle this question, mate-
rial was collected for radiometric dating, which is now
being undertaken by Martin Halpern of the South-
west Center for Advanced Studies. Specimens of the
tonalite are also being dated; it is presumabl y a
member of the Andean intrusive suite.

Most of the available time in the field was spent
sttl(lving the Miers Bluff Formation, t1iic1i forms the
Hurd Peninsula between South Bay arid False Bay. It
is a flvsch-type sequence of alternating shales and
thin graywackes which also contains numerous beds of

relatively mature sandstone. Only plant fossils were
found and it is not yet known whether any of these
are diagnostic. Although tentatively correlated with
the Trinity Peninsula Series by Hobbs (1968) on
lithic grounds, the rocks are remarkably similar to the
Cretaceous sediments at Cape Legoupil, directly
across the Bransfield Strait on the Antarctic Penin-
sula, as described by Halpern (1965; see also Adie,
1964).

The rocks of the Miers Bluff Formation, dip north-
west at a low or moderate angle. They were regarded
by Hobbs (1968) as a normal upward-facing succes-
sion. However, the present study has shown that they
lie on the inverted limb of a recumbent fold of nappe
proportions which is refo!ded by at least two later sets
of structures. The hinge line of the recumbent fold
can he deduced from cleavage/bedding relations to
strike northeast-southwest parallel to the trend of the
Scotia Arc at this point, and the fold faces southeast.
The structural history of the Miers Bluff Formation is
similar to that of the Cape Legoupil Formation as
out1in€d by Miller (1966).

Two other projects were undertaken during the
field season. Approximately 1 50 cores were collected
for paleomagnetic study from the Miers Bluff Forma-
tion, the tonalite body, and numerous crosscutting
dikes. Also, a portable high-gain seismnogra)h was op-
erated for 10 days before it was damaged in transit.
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Pedology of the Trinity Peninsula and
Offshore Islands

K. R. EVERETT

Institute of Polar Studies
The Ohio State University

During the austral summer of 1968-1969, a recon-
naissance soil survey was made of part of the Ant-
arctic Peninsula and South Shetlands Islands. Tenta-
tively, eight soil types have been identified and are
considered at this time to be regionally significant:

1. Moderately well-drained to well-drained upland
soils. These soils display well-developed horizons
and occur on relatively stable sites, generally
bedrock outcrops, which offer protection from
high winds. Vegetation cover is slight, consist-
ing of scattered mosses and Usnea sp.

2. Moderately well-drained soils developed on mo-
raine material associated with pre-Recent valley
glaciers. The upper 12 inches of the profile may
be developed in scoria, while the depth of
leaching in the till ranges from 12 to 16 inches.
Vegetation consists of lichens, particularly Usnea
(two species), mosses, Deschampsia antarctica,
and Colobanthus crassifolius. In some cases, ex-
tensive areas have 100 percent coverage of Des-
champsia antarctica and mosses. Birds are im-
portant in the genesis of this soil type.

3. Similar to 2, but developed principally on raised
beaches, occasionally on kame deposits. Scoria
may make up a significant proportion of the
upper 12 inches of the profile. Vegetation com-
position and coverage is approximately the same
as 2 although Usnea sp. may be absent. Birds
are very important in its genesis.

4. Moderately well-drained to imperfectly drained
organic soils. These soils are generally developed
on steep, northward-facing slopes. Horizons of
poorly decomposed and/or moderately decom-
posed organic material overlie sandy mineral
soil which may have a high organic matter con-
tent or lie directly on blocky talus. Permafrost
frequently occurs within 10 inches of the sur-
face. Birds appear to be necessary for soil for-
mation. Soils are commonly associated with
giant petrel nest areas. However, this association
is not the case on Litchfield Island.

5. Very poorly drained to water-logged soils under
moss carpets. These soils commonly occur in
poorly drained basins which receive snowbank
melt or are extensively developed on broad,
poorly drained raised beaches on the Byers Pen-
insula, Livingston Island. Where water-logged

conditions prevail, little or no horizon develop-
ment is apparent. Organic matter accumulation
is less than one inch. SFghtly improved drainage
results in well-defined horizons. Thin, buried or-
ganic horizons are common. Permafrost is
usually less than 24 inches. Soils are generally
sandy and low in organic matter.

6. Very poorly drained organic soils under moss
carpets. Organic matter is coarse and fibrous
and may exceed 10 inches in depth. These soils
occur in sites similar to those for soil 5.

7. Poorly drained to imperfectly drained rookery
soils. Vegetation ranges from absent or scattered
to a nearly complete cover of Prasiola sp.

8. Well-drained to moderately well-drained,
shallow, slightly oxidized sands or silts over bed-
rock. Sites are subjected to intense frost action
and deflation. Vegetation is absent.

In addition to the soil investigation, the raised
beaches of the area were studied. On Livingston
Island, a general glacial chronology was developed
and related to the beach sequence in the False Bay
area.

Deception Island was visited shortly after the Feb-
ruary eruption. Surface samples were collected as
well as several soil profiles.

Other Research Projects
Active During the 1968-1969 Summer

Antarctic Avian Population Studies. Johns Hopkins Uni-
versity; William J . L. Sladen, Principal Investigator.

Effects of Seal and Fish Predation on Certain Benthic
Communities. University of Washington; Robert T. Paine,
Principal Investigator.

Glacial Geology and Chronology of the McMurdo Sound
Region of Antarctica. American Geographical Society;
George H. Denton, Principal Investigator.

Antarctic Journal
Circulation Increases

The availability of the Antarctic Journal through
the Superintendent of Documents has increased its
circulation significantly. As of July 1, 1969, the
Superintendent of Documents had sold 3,650 sub-
scriptions and 300 individual copies (May-June is-
sue). Other distribution by that office includes 579
copies to depository libraries.

Together with the official distribution made by the
National Science Foundation, the total distribution
of the Antarctic Journal has now reached 6,200 copies.
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Shackleton Range Traverse

SIR VIVIAN FUCHS

British Antarctic Survey

The Shackleton Range was discovered by the Com-
monwealth Trans-Antarctic Expedition in February
1956. The mountains extend for about 100 miles
along an east-west axis between latitudes 80°S. and
81°S. The highest peak is just 6,000 feet. In 1957,
surveyors David Stratton and Kenneth Blaikiock
made a &osed traverse by dog sledge, tied to astro-
fixes, through the western part of the range.

In recent years, the British Antarctic Survey has
succeeded in reaching these mountains on the ground
from Halley Bay, although it entailed a round trip of
over 1,000 miles for the tractors and (log teams, which
made it impracticable to spend any reasonable length
of time at work in the Shackletons. Therefore, the
generous offer of the United States to fly a British
party of surveyors and geologists from Halley Bay to
the mountains in 1968 was particularly appreciated
and gratefully accepted.

We were fortunate in being able to get Ken Blaik-

lock back for this work. Along with another surveyor,
Tony True, he flew via Washington, D.C. and Christ-
church to McMurdo Sound, where they awaited fa-
vorable weather for the flight across the continent.
On November 23, their LC-130 landed at Halley Bay,
where two geologists, two assistants, and 27 dogs, to-
gether with 10,000 lbs of supplies and equipment,
were loaded and the plane refuelled.

When the aircraft reached the Shackletons, only a
few peaks were visible through low cloud cover, which
made it impossible to locate the Stratton Glacier
where it was intended to land the party. After circling
the mountains for an hour, the pilot saw a small gap
in the clouds to the south of the range and was able to
make a skillful but very bumpy landing on the sastru-
gi-cut surface of the great, 40-mile wide Recovery
Glacier. At this time, the precise position was un-
known, but the plane was quickly unloaded and took
off for McMurclo in thick clouds.

When the weather cleared, the party found them-
selves about 30 miles west-southwest of Mount Green-
field. The three dog teams, therefore, spent several
days relaying the depot to a position some eight miles
southwest of the mountain. There the party divided,
the geologists with one team setting off to work the
rock exposure between the Stratton Glacier and

July—August 1969	 139



Mount Lagrange at the northwestern end of the
range. Next, they worked back across the Blaikiock
Glacier, from Mount Homard to Turnpike Bluff in
the southwest. Later, a visit was paid to the Herbert
Mountains, where Mike Skidiriore fell 200 ft. over
snow and scree, but was fortunate in suffering only
superficial cuts, bruises, and abrasions. His coin-
panion, Peter Clarkson, got him back to the depot
after a few days, and later they were able to make
another journey to investigate the western peaks of
the Read Mountains and, finally, Stephenson Bastion.
On January 23, 1969, they returned to the depot to
await the aircraft.

Meanwhile, the two surveyors and two assistants
(Nick Mathys and Harry Wiggans) concentrated on
providing precise ground control for the western part
of the Shackletons, the air photography having al-
ready been flown by the United States. The Telluro-
meter and theodolite traverse started and closed at
the depot, the first station being established on Mount
Greenfield. The traverse continued eastward to a nun-
atak on the east side of Cornwall Glacier, then north-
wards via Crossover Pass. Unfortunately, as the sur-
veyors were moving into position for the third Tel-
lurometer ray, Nick Mathys broke a leg. He was taken
back to the depot, where he was left in the care of
Tony True.

This accident left only Blaikiock and Wiggans to
continue the traverse, and they necessarily had to
travel independently of each other. However, taking
particelar care, they were able to make a complete cir-
cuit of Flat Top and close the traverse on the depot
by January 10. There, they found that Nick Mathys
and Tony True had observed a series of sun positions
for latitude and longitude, besides maintaining a very
complete series of aneroid readings for height compu-
tations.

The last traverse of the survey party comprised a
dogleg from the Cornwall Glacier, along the
southern peaks of the Read Mountains to 23°30'W.
on the southernmost peak at the east end of the range
near Otter Pass.

By January 23, all parties were awaiting pick-up by
the U.S. naval aircraft at the depot. Throughout, the
party had been in good radio contact with Halley
Bay, and on the 24th they heard that flying condi-
tions were perfect. At 0200 hrs on the 25th, the plane
landed and the group, together with their equip-
ment, was loaded in 20 minutes.

The return flight was uneventful, except for low
clouds at halley Bay, but this presented little problem.
By this time, the relief ship, Perla Dan, was at the
station and provided a small celebration, for the suc-
cessful conclusion of the joint U.S.-U.K. venture. It is
expected that one further season's work will provide
adequate ground control for the entire range.

Norwegian Antarctic
Expedition, 1968-1969

]'JTORL S. WINSNES

Norsk Polarinstitutt

The aim of the Norwegian Antarctic Expedition
was to carry out mapping, geological and glaciological
investigations of the Kraul Mountains (Vestfjella) in
western Queen IViatici Land. Members of the
expedition included Thore S. Winsnes, geologist and
leader; Audun Hjelle, geologist; Torbjørn Lunde, gla-
ciologist; Dag Norherg, topographer; Ola Steine, geo-
desist; and Kare M. Bratlien, radio operator.

The expedition, which was organized by the Nor-
wegian Polar Institute, Oslo, received the assistance of
the National Science Foundation in the provision of
American equipment and arrangements for logistics.
Only about 500 kg of scientific instruments were
brought from Norway.

The expedition party, ready to leave on November
14, after spending a fortnight at McMurdo Station.,
was further detained until November 22 by unfa-
vorable weather and radio conditions. The 6 members
of the expedition, equipped for 2½ months of field
operations, were taken from McMurdo to the Kraul
Mountains, making a short stop at Pole Station to
refuel the LC-130 1 lercules aircraft. After eight hours'
flight, the Hercules landed south of the central part
of the mountains in a spot particularly selected, after
a careful stud y of aerial photographs, as being the
most suitable for landing and base operations.

Work was organized into two field groups, each
consisting of one topographer and one geologist,
equipped with a motor toboggan and two Nansen
sledges for transportation. For safety, the groups tra-
velled together and operated from joint field camps.
They were in daily radio contact with the main base,
where investigations of snow accumulation and me-
teorological observations were carried out. In case of
emergency, this group could operate with a third to-
boggan as a rescue team. Radio contact with the
"outer world" was maintained through courtes y of the
South African National Antarctic Expedition
(SANAE) and Halley Bay Bases. The latter for-
warded messages to and from McMurdo through
Byrd Station.

On several sledge journeys, covering 800 kin in all,
the geology of the mountains was mapped, triangiila-
tions were made, and base measurements were taken.
The geology of the Kraul Mountains is rather monot-
onous, consisting of amygdaloid basic -to-in,teriiiediate
lavas in thick, nearly flat-lying beds. An ultrabasie
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Kraul Mountains

olivine-rich intrusive is dominant in the westernmost
part of the mountains. In the east, a small isolated
outcrop consisted of sedimentary rocks in a sequence
of about 50 m, containing a fossil Glosopteris flora
of Permian age. All mountains were crossed by do-
lerite sills and dykes.

Astronomical observations of the sun and stars
were made to get an exact location of the mountains;
for elevation estimation, a series of pressure readings
will be compared with contemporaneous ones from
SANAE and Halley Bay. Measurements of the mag-
netic field were also made. During work in the moun-
tains, animal and plant life were observed, and
some samples were taken.

In January, the glaciologist travelled 70 km north to
the ice shelf, where a snow pit was dug and core
drillings were made in order to compare the condi-
tions there to those at the main base. Facilitated by
favorable conditions, the work was finished ahead of
schedule. Owing to coarse sastrugi and soft snow, the
LC-130 aircraft experienced difficulty in becoming
airborne, but succeeded after climbing up a slope and
taking off downhill. After a day at the South Pole
Station, it arrived at McMurdo Station on January
20.

Animal Airlift, 1968
K. N. MOULTON

Office of Antarctic Programs
National Science Foundation

During the early morning hours of December 2,
1968, a (J-141 Starlifter, presently the largest trans-
port aircraft of the Military Airlift Command, lifted
off from the sea-ice runway at McMurdo Station with
a cargo of penguins, skuas, and seals destined for use
in biological research and zoological exhibitions in the
United States. The aircraft stopped briefly at Christ-
church, New Zealand, and Honolulu, Hawaii, then
proceeded to the continental United States where
specimens were offloaded at San Diego International
Airport; Grand Forks AFB, South Dakota; Scott AFB,
Illinois; and Andrews AFB, Washington, D.C. The
Starlifter arrived at Andrews Air Force Base at 2130
local time on December 2, just 36 hours after lifting
off from McMurdo Station. The touchdown at An-
drews brought to a successful conclusion the third
animal airlift of the U.S. Antarctic Research Program
during the past several years. The primary purpose of
the airlift was to support physiological research of

Weddell seals being conducted by Drs. Robert W.
Elsner and Gerald L. Kooyman at Scripps Institution
of Oceanography, and navigational studies on Adélie
penguins being conducted by Dr. Richard L. Penney
of the New York Zoological Society. To utilize fully
the airlift capabilities of the C-141, the National
Science Foundation agreed to fulfill several requests
from zoological parks and arrange for the return
of Adélie and emperor penguins as well as south polar
skuas for the Detroit, Cincinnati, St. Louis, and Mil-
waukee Zoological Parks. Representatives of the zoo-
logical parks arrived in late November to assist in the
collection of the animals and to accompany them on
their return to the United States. Coordination of the
field collecting and the selection of specimens was pro-
vided by Dr. Penney.

Drs. Elsner and Kooyman and their associates re-
turned four Weddell seals and ten Adélie penguins to
San Diego. Dr. Penney selected five skuas and ten
Adélies for use in orientation experiments. In addi-
tion, he brought back eight skuas for Dr. William J.
L. Sladen of Johns Hopkins University. The Detroit
Zoo received 20 Adélie and 10 emperor penguins and
5 skuas. The Milwaukee Zoo received 6 emperors
while the St. Louis Zoo obtained 8 skuas, 8 emperors
and 8 Adélies. Eight Adélies, 4 emperors, and 4
skuas were delivered to the Cincinnati Zoo.
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In transit to the United States, the passenger com-
partment of the Starlifter was kept at the lowest pos-
sible temperature and stops en route were kept to the
absolute minimum time. Portable air-conditioning
units were provided at Hawaii and San Diego airports
to maintain a comfortable environment for the ani-
mals while on the ground. It reflects credit on the
Military Airlift Command, the zoological park per-
sonnel who assisted in the handling of the animal
cargo, and all others who contributed to the success of
the animal airlift that all of the birds and seals were
delivered without loss or injury. The most critical
layover was at Scott AFB, where the C-141 was de-
layed 12 hours while awaiting favorable weather con-
ditions at Andrews AFB.

In addition to the airlift effort, a great (Teal of
careful field planning was necessary for the collection
of the animals. The Adélie and emperor penguins
were collected from colonies at Hallett Station about
395 mi. north of McMurdo Station. While the Adélie
penguins were collected from the immediate vicinity
of Hallett, the emperors were taken at Cape Roget,
about 22 mi. north of Cape Hallett, in an area acces-
sible only by helicopter. Two LH-34 helicopters of
Antarctic Development Squadron Six flew from
McMurdo to Hallett Station to help collect the
emperors. From Hallett, the birds were returned to
McMurdo Station aboard an LC-130 aircraft. While
at McMurdo, the birds were held temporarily on the
ice runway at Williams Field pending arrival of the
C-141 Starlifter from New Zealand. At this time,
the skuas were collected in the vicinity of McMurdo
Station and these, too, were moved to the ice
runway to await the arrival of the C-141. The most
critical phase of the operation involved the collection
of matched Adélies for Dr. Penney, which required a
helicopter flight to Cape Crozier timed to allow their
return to McMurdo prior to the scheduled departure
of the animal airlift. Two attempts were made; the
first aborted due to high winds, but on a second try
the penguins were collected and flown to Williams
Field.

The success of the lift was dependent on the
cooperation and assistance of many individuals. The
field collections were supported splendidly by the heli-
copter pilots of VXE-6 and both Navy and USARP
ground-support personnel at McMurdo and Hallett
Stations. The cooperation of the Military Airlift Com-
mand, particularl y the crew of the C-141 Starlifter,
and of ground personnel at the various stops, was a
definite factor in time success of the animal airlift
without loss of specimens. The support extended to
Dr. Penney by the personnel at Grand Forks AFB
was certainly a major contribution to the research
objectives of the animal airlift.

Deep Freeze 69:
An Overview

HENRY M. DATER

Chief, History and Research Division
U.S. Naval Support Force, Antarctica

In late March, the Navy concluded another season
of support to United States scientific research in Ant-
arctica. The successes of that season reflect the ex-
perience accumulated over the preceding 13 years--
years characterized by continuous, productive efforts
to improve techniques and equipment. Time has also
seen an increased understanding by both navyimien
and scientists of one another's objectives and require-
ments, leading to closer, more effective cooperation.

Evidence of these developments has been visible in
the general narrative of this year's logistic activities as
presented in previous issues of the Antarctic Journal.'
Further examples appear in the following pages,
where certain important activities of Deep Freeze 69
are discussed in greater detail by some of the men
who engaged in them.

For instance, the trend toward improved facilities is
clearly discernible in the season's construction pro-
gram, which is described by Captain Philip Hall,
USA. At the end of the International Geophysical
Year of 1957-1958, when the United States decided
to continue indefinitely its antarctic involvement, it
became apparent that stations hastily built for a liin-
ited perod of use would require considerable recon-
struction and renovation to render them permanently
habitable. As early as 1960, a base reconstruction plan
was drawn up for McMurdo, and a start made to
provide better living and working facilities. During
the following years, the plan has been frequently
amended and modified to take advantage of greater
experience or to meet changing requiremcnts. Captain
Hall reviews the progress made this past season, in-
cludirg the noteworthy completion of the service
portions of McMurdo Station's central personnel
builc'ing, the berthing areas of which are to he corn-
plcted next summer. He also indicates some of the
other construction projects planned for the future,
among them a replacement for South Pole Station.

In another article, Chief Edwin Groover, USN,
deals with one of the installations that has been
changing living conditions at McMurdo- -the nuclear
power plant, with its related water-distillation system.

Vol. III, no. 6, p. 223; Vol. IV, no. 1, p. 12-14; no. 2,
p. 47-51; no. 3, p. 79-83.
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The availability of the reactor was slightly less than
last year, but the total power production was actually
greater, as was water production. While fresh water
will probably never he abundant at McMurdo or any-
where else in the Antarctic, the station now has suffi-
cient for its basic needs, and work is continuing on
water-distribution and sewer systems. Again, the in-
troduction of new techniques and facilities is yielding
favorable results.

In his article, Captain Hall mentions a 1,250,000-
gallon increase in fuel storage at McMurdo Station.
Even without this new capacity, it was evident that
the long effort to increase fuel storage was bringing
signficant results. In past years, if a tanker did not
arrive by mid-December, it was frequently necessary
to curtail flying. This season, heavy ice conditions
caused an II -clay delay in the arrival of Alatna with
the season's first load of fuels, but Antarctic Develop-
ment Squadron Six (VXE-6) continued operations
unabated. In fact, as Commander E. W. Van Reeth
points out in his report, it was precisely in this mid-
I )eceiuber period that the squadron carried out one of
the busiest weeks in its history.

U.S. Navy Photo by H. C. Steiner

Seabees en!arging tuel tank at McMurdo. This project symbolizes
the interrelationship of construction, logistics, and aviation.

Shortly thereafter, another notable event in the
squadron's history occurred. On January 1, 1969, its
name was changed from Air Development Squadron
Six (VX-6) to Antarctic Development Squadron Six
(VXE-6). While this redesignation reflected more
exactly the squadron's function, it did not affect the
experience and skill with which officers and men per-
formed their duties. For the third successive year, the
squadron had an accident-free record. An accident-
free season was also posted by the U.S. Army Aviation
Detachment (Antarctica Support), which provided
field support for the Ellsworth Land Survey. At the
end of the season, this Army unit was disbanded, and
its helicopters were turned over to the Navy, thus
bringing to an end a distinguished contribution to
antarctic history. VXE-6 pilots will fly the machines
in Deep Freeze 70.

Although the heavy ice conditions in McMurdo
Sound did not hamper VXE-6, they did affect ship
operations. Not only were the arrivals of Alatna and
the cargo ship Put. John R. Towle delayed, but both
Alatna and the Coast Guard icebreaker Southwind
suffered ice damage to their propellers. In neither
case was the damage serious, but the time required for
repair placed Alatna farther behind in her tight
schedule, giving the latter part of the season the
aspect of a cliff-hanger. For a time there was con-
sideraHe concern as to whether Alatna could com-
plete the necessary four trips to McMurdo before
worsening weather brought the operating season to an
end. As it turned out, the last delivery was not made
until March 8, an unusually late date for resupply
operations in the McMurdo Sound area.

USCGC Glacier (right) en-
countered heavy ice in both
the Ross and Weddell Seas.	 t
USNS Pvt. John R. Towle (be-
low) in Winter Quarters Bay,
which she reached in mid-
January.

Navy Photo by H. C. Steiner

U.S. Navy Photo by C. H. Jackson, Sr.
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July—August 1969	 143



The persistence of the ice in Winter Quarters Bay
also impeded two efforts to further improve cargo
operations. One was the installation of protective
sheathing on Elliott Quay, the other a hydrographic
survey of the harbor to determine whether it can
accommodate a large T5 tanker next season. Neither
of the efforts was wholly thwarted. By working into
late summer, the Seabees completed almost half of the
Elliott Quay project, and the soundings obtained indi-
cate water depths are adequate to permit introducing
T5 tankers into antarctic service.

The ice conditions did greater damage to the Inter-
national Weddell Sea Oceanographic Expedition. It
had been planned that Glacier, after briefl y assisting
in breaking the channel in McMurdo Sound, was to
sail for Valparaiso, Chile, and from there to the Wed-
dell Sea, arriving in the first week of January. As it
happened, she could not leave the Ross Sea until
January 18, and only reached the Weddell Sea a
month later, forcing a drastic reduction of the scien-
tific program. Further setbacks were suffered when
Glacier found that the Weddell Sea was also heavily
iced. In fact, it proved impossible to penetrate far
enough into the ice pack to recover three current-
meter buoys set out the previous year. Considering the
lack of time, the scientists aboard Glacier did, how-
ever, carry out a substantial amount of oceanographic
work.

Heavy ice conditions appear to have occurred in
many parts of the Antarctic last season. In mid-Feb-
ruary, the U.S. icebreaker Southwind went to the
assistance of the Australian expedition ship, Tliala
Dan, which had aboard 33 men to occupy Casey Sta-
tion, the Australians' recently completed replacement
for Wilkes Station. Included in the group was a
4-man satellite-geodesy team from the U.S. Army To-
pographic Command.

Various forms of assistance were also exchanged
with the expeditions of other nations: in a record-set-
ting mission that Comdr. Van Reeth describes in his
article, British and Norwegian scientific parties were
placed in the field by VXE-6 aircraft; a Japanese
traverse party from Showa Station received fuel
during brief periods of rest at Plateau and South Pole
Stations; and the Soviet Union's Vostok Station
hosted a party that had flown from McMurdo Sta-
tion in connection with United States scientific equip-
ment operated at Vostok by the Russians. As has been
a long-standing custom, United States and New Zea-
land personnel worked closely together in both sup-
port and scientific activities.

It is, of course, too soon to view Deep Freeze 69 in
full historical perspective, but it is permissible to dis-
cern two themes that relate it to the past and the
future-enlightened international cooperation and
increasing technological competence.

Construction Report,

Deep Freeze 69

PHILIP L. HALL

Captain, USA
U.S. Naval Support Force, Antarctica

A considerable amount of construction was accom-
plished during the past summer at the U.S. stations in
Antarctica, particularly at McMurdo Station, which
is undergoing thorough redevelopment. Under the
general supervision of the U. S. Naval Support Force,
Antarctica, some 30 projects were accomplished or
initiated by Naval Construction Battalion Unit 201
(NCBU-201), whose 6 officers and 252 men were
augmented by 1 officer and 25 men of the U.S. Air
Force.'

It was the third consecutive season of antarctic coi'-
struction for NCBU-201, and the second in which the
Air Force provided a "Prime Beef" team. Deploy-
ment to McMurdo began with a 22-man advance
party that arrived at McMurdo on October 9. The
main group, including the Air Force personnel, ar-
rived a week later, and the McMurdo deployment
was nearly complete by the end of the month, when
work had begun on a variety of construction projects.

McM ur(Io Construction

The central and most complex project was the
completion of the galley, laundry, and mechanical
room that comprise the personnel building's subsist-
ence area. These facilities are equipped with the latest
in modern labor-saving appliances and systems, the
installation of which required the Seabees to use
highly sophisticated construction techniques. The
galley, whose dual serving lines can accommodate
1,000 men, received its acceptance inspection oil

 22 ad served its first meal on the evening of
January 30. The mechanical room-site of the build-
ing's boilers, water tanks, electrical controls, and other
service equipment-also passed an acceptance inspec-
tion, while the laundry was accepted by Antarctic
Support Activities on February 20. The berthing por-
tion of the personnel building, now partially complete,
will be finished next season.

1 While all of the Air Force personnel were at McMurdo,
32 Seabees (including one officer) deployed separately to
Palmer Station, departing Quonset Point Naval Air Station
in early December.

2 The designation is based on an acronym for Base Engineer
Emergency Force. Each team is comprised of personnel in
various construction skills who assemble from different bases
in response to unusual or unexpected needs at other locations.
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Among the major McMurdo construc-
tion projects shown in these mid-
season photos are personnel building
(1), in which the galley (above left)
and other areas were completed; the
frozen foods storage building (2); the
USARP field-party processing center (3
and above right); the USARP quarters
building (site 4 and below left); and
the administration-operations building
(5 and below right). Also shown are
two of the fuel tanks that were en-
larged during the season (6) and the
site of the Elliott Quay protection

project (7).

(U.S. Navy Photos)
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Work done on McMurdo's primary water-distribu-
tion and sewage systems will make life easier for this
winter's residents. The freshwater system's trunk line,
and the secondary lines to the personnel building, the
dispensary, and several other buildings were re-
worked with new heat tape and insulation, restoring
them to operation after two years of difficulties. (Sec-
ondary connection to the rest of the permanent facili-
ties requiring water and sewer service will be installed
next summer.) The water lines were also equipped
with an alarm system that monitors the temperature
at 100-ft. intervals. If the pipe temperature drops
below 40°F., the sensor activates an alarm on the
master control panel in the diesel generator plant,
which is continually attended. The man on watch can
then check the line or, if he considers it necessary,
empty the pipe by operating four remotely controlled
dump valves that are positioned at intervals in the
line.

Much of last season's construction effort was de-
voted to the erection of new buildings. A new frozen
foods warehouse was started and completed during
the season, undergoing its final acceptance in-
spection in early February. The shells of the adminis-
tration-operations building and the scientists' quarters
were erected, with completion scheduled for Deep
Freeze 70. The USARP field-party and equipment
center, begun during Deep Freeze 68, was completed
on December 8, permitting its use for much of the
summer season. The new VXE-6 shops and offices
building, also begun the previous season, is now nearly
complete, and should be ready for occupancy early in
Deep Freeze 70.

Another major project involved further modifica-
tions to McMurdo's fuel storage and piping system.
Storage capacity was increased by 1.25 million gallons
(to 6.1 million) by the addition of 8-foot high rings
to five of the existing tanks. Tanker unloading will be
much easier in the future due to the installation last
season of a new four-product terminal facility on El-
liott Quay; this will permit simultaneous pumping of
jet fuel, diesel fuel, aviation gasoline, and automotive
gasoline. Additional modifications to the fuel-handling
facilities included installation of a fire protection sys-
tem in the Hut Point pump house and the extension
of low-point drains for five tanks. Data for the prepa-
ration of calibration tables were collected for 12 tanks.

A major late-season undertaking was the installa-
tion of 120 feet of protective facing on Elliott Quay,
the ice ledge in Winter Quarters Bay that is used for
ship unloading. This ice wharf has suffered progres-
sive deterioration, and the breaking off each season of
undercut portions of the ice quay has reduced its
usable area. This prompted the design of a cantilev-
ered wood-and-steel facing to protect the ice ledge
from damage by wave action, ship offloading, and the
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Severe undercutting of ice foot (top photo) prompted installation
of cantilevers (center photo) that support a protective sheathing

for Elliott Quay.
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Other Station Construction
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U.S. Navy Photo by W. R. CurtRinger

Palmer Station.

discharge of warm effluent from ships moored to the
quay. Plans to install 300 feet of the protective facing
—deferred in Deep Freeze 68 because of the late ar-
rival of niaterials—were set back again this past
season by the extremel y late breakout of the ice in
Winter Quarters Bay. Consequently, onl y 120 feet of
it was completed, even though a small group of Sea-
bees stayed on the job into March. Plans are to con-
tinue this project in future years until a total of 900
feet of protective facing has been installed.

Other McMurdo projects during the Deep Freeze
69 sea , on included some modifications to the elec-
trical system 

'
further enlargement of the helicopter

pad, and the construction of foundation pads for the
USARP administration building, the USARP garage
a.:d storage building, a flammable-stores warehouse,
the communications transmitter building, a ware-
house, and two fuel-storage tanks (one to be of 2-mil-
lion-gallon capacity, the other of 500,000-gallon).

In retrospect, it can be said that very good progress
was made last season toward the overall redevelop-
imient of McMurdo Station.

Key Construction Personnel
Task Force 43 Assistant Chief of Staff for Civil Engineering-

Cmdr. Archer E. Church, Jr., CEC, USN.
Officer-in-Charge, NCBU-201--Lt. James R. Finn, CEC,

USN, to January 16, 1969; thereafter, Lt. John E. Perry,
Jr., CEC, USN.

Officer-in-Charge, Prime Beef Team—Capt. Norman S. Peter-
son, USAF.

Officer-in-Charge, NCBU-201 Platoon Alpha--Lt. Harry G.
Anderson, CEC, USN.

Construction at Byrd Station included the comple-
tion of a project to equip all escape hatch ladders
with safety cages (lattice enclosures to prevent serious
falls), completion of the vehicle exhaust system, and
modification of the generator building's exhaust sys-
tem. The most noteworthy project was the completion
of a cold air plenum, the primary purpose of which is
to eliminate excessively high temperatures in tunnel
L-7, which contains the generator building and galley.
By drawing cold air from the undersnow plenum
chamber and ducting it to exhaust over the main
heat-emitting buildings, heat-induced tunnel defor-
iliation should be reduced considerably.

Work at Pole Station was limited to two projects, a
complete rehabilitation of the generator building, and
the raising of the GMD tracking instrument radome
---which had become drifted In—to 6 feet above the
current snow surface.

At Palmer Station, the major projects were con-
struction of the station's second building—a combina-
tion warehouse / garage / recreation facility--and fin-
ishing the interior of the main station building. The
latter project was completed excet)t for some minor
work requiring additional material. The shell of the
multipurpose building was erected and some interior
work was done, with the remainder to be completed
next summer. Other work at Palmer Station included
construction of a 40 by 40-foot helicopter landing pad
made of metal decking panels, some roach construc-
tion, and the building of a small-boat landing ramp.

Future Construction
The ambitious construction program planned for

Deep Freeze 70 continues the emphasis on McMurdo
reconstruction. As has been mentioned above, several
major facilities will be completed during the forth-
coming season, and much new construction will be
undertaken at McMurdo, including a new adminis-
tration building for USARP, two fuel-storage tanks
with a combined capacity of 2.5 million gallons, and
an unheated warehouse. In addition, a 180-man
mobile quarters complex is to be built at Williams
Field .3

Further in the future is the construction of a new
South Pole Station, a design for which is currently
being prepared by the Naval Facilities Engineering
Command. Construction is expected to begin in Deep
Freeze 72, the 1971-1972 season.

This work is to be done by the Public Works Department
of Antarctic Support Activities as part of the Williams Field
redevelopment plan described in Antarctic Journal, vol. IV,
no. 3, p. 77-79. Specifications call for six 30-man units, but
exact occupancy figures cannot be cited until contract nego-
tiations are completed.

July—August 1969	 147



U.S. Navy Photo by C. H. Jack8on. Sr.

LC-130F flying by McMurdo Station. The Hercules continues to be
the mainstay of inland logistics.

Deep Freeze 69
Air Operations

E. W. VAN REETH

Commander, U.S. Navy
Commanding Officer

Antarctic Development Squadron Six

At 2020 hours on March 8, 1969, the last ski-
equipped LC-130F Hercules departed Williams Field
for Christchurch, N.Z., thus ending antarctic air oper-
ations for Deep Freeze 69, the fourteenth consecutive
season in which Antarctic Development Squadron Six
(formerly Air Development Squadron Six) has con-
tributed its many skills to the exploration and scien-
tific investigation of the Antarctic. Through diligence
and good fortune, it was also the third consecutive
season in which the squadron's operations were un-
marred by accidents.

An Early Start
This past season, air operations on the Continent

began with a September 3 flight to Williams Field
by two LC-130Fs. The main purpose of this early
fly-in was to transport 13 scientists and 7 helicopter
crewmen to McMurdo Station so that late-winter
field studies could begin, with local helicopter
support, as soon as conditions permitted.' Removed
from winter storage at McMurdo, the LH-34 helicop-
ters soon were restored to flying status, and the first
was test flown in the early hours of September 8.
Scientific support flights commenced the next day,
when a party from New Zealand's Department of
Scientific and Industrial Research was flown to a field
site.

1 Antarctic Journal, vol. III, no. 6, p. 225.

As in the preceding season, plans called for a
gradual reactivation of facilities on the Continent
leading toward full-scale operations in mid-October.
Accordingly, two Ilercules aircraft landed on Williams
Field's skiway on October 7 to commence the season
officially. Aboard these aircraft were Rear Admiral J.
Lloyd Abbot, Jr., the commander of the U.S. Naval
Support Force, Antarctica, and the commanding
officers of the various units which would be spending
the next five to six months on "the Ice." On October
9, the first C-121 Constellation flight from Christ-
church landed on the annual ice runway. Throughout
the following week, a series of turnaround flights by
LC-130 and C-121 aircraft delivered a steady flow of
personnel, equipment, and supplies to the Continent.
These welcome flights also returned to New Zealand
the majority of McMurdo Station's winter-over party,
which had been isolated since February of 1968. On
October 15, the squadron's remaining two LC-13OFs
arrived at Williams Field to stay, and by October 18,
the squadron's deployment was complete, all per-
sonnel being in position either at McMurdo Station or
with the squadron's heavy-maintenance detachimmen
at Christchurch.

Flights to the Stations
With all four "}-lercs" at McMurdo, operations

began in earnest. The season's first extended Hercules
flight over the Continent was made to reopen
Brockton Station on October 10. A few hours later
(at 3 minutes past midnight on the 11th), another
LC—. 130 touched down on a finger of snow alongside
Cape Hallett, to reactivate the station there, an act
that bad weather had delayed for two (lays. Similarly,
repeated attempts to reach Byrd Station were frus-
trated by extremely adverse weather. Byrd finally re-
ceived its first flight on October 18, three clays later
than planned.

The remaining fly-ins were less difficult. The ini-
tial flight to Amundsen-Scott South Pole Station
was made on November 1, as scheduled, and Plateau
Station was reached on November 15 without prob-
lems. With all of the permanent outlying stations acti-
vated, the resupply of these distant outposts became
an almost daily operation for the remainder of the
season (see table), although flights to Hallett Sta-
tion were ended asas of November 29 clue to time annual
deterioration of the sea ice in Moubray Bay.

Field Party Support
The placement of parties in the field and their

subsequent resupply were once again major missions
of VXE-6. In addition to the numerous field parties
placed and supported by helicopter in the McMurdo
vicinity, a number of distant investigative groups were
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delivered, logistically supported, and retrieved by
LC-130. Notable among the latter was the Ellsworth
Land Survey, a multidisciplinary effort that occupied
two camps in the Eights Coast-Thurston Island area.
Scouting the area from a VXE-6 Hercules, represent-
atives of the U.S. Antarctic Research Program and
the supporting Army Aviation Detachment chose a
site for camp 1 on October 21, but weather and com-
munication difficulties delayed establishment of the
camp on the King Peninsula until the 28th. The Army
unit, under Major Ben Luck, took delivery of its first
helicopter at the site on November 7. Additional frus-
trating delays were caused by the extremely poor
weather, historically prevalent in the area, but all air-
craft, researchers, and support personnel were in
place by November 14.

With the completion of the scheduled projects at
camp 1, the survey group moved to camp 2, which
had been previously constructed in the Jones Moun-
tains (near the site of former Camp Minnesota) by a
construction crew flown out from McMurdo Station
on December 19. Bad weather intervened again, and
the construction crew was marooned for several days
while storms and zero-zero visibility conditions prev-
ented the move from camp 1.

Although conditions permitted the U.S. Army
Aviation Detachment (Antarctica Support) to fly
during only 26 of the 74 available days at the two
camps, it nevertheless conducted 168 flights totalling
314.5 fly ing hours. In doing so, it comnpletcd its
second accident-free year in succession. The main
users of the helicopters were topographers of the U.S.
Geological Survey, biologists of the Ohio State Uni-
versity, and geologists from Texas Technological Col-
lege and the University of Wisconsin.

Another major field-party support mission by
VXE-6 was the transcontinental flight that placed
British and Norwegian field parties in the Shackleton
Range and the Kraul Mountains, respectively. After a

wait of one week for the right combination of fa-
vorable weather forecasts over the entire proposed
track, the flight departed McMurdo Station on
November 22 (in local time, just after midnight on
the morning of the 23rd). Refueling at South Pole
Station, the Hercules continued onward t  the Kraul
Mountains (73°10'S. 14°10'W.) to deliver a Norwe-
gian party led by Thore Winsnes to a site over 1,725
nautical miles (1,980 statute miles) from McMurdo
—the most distant camp placement yet accomplished.

The aircraft then proceeded about 280 nautical
miles southwest to Halley Bay, where it refueled and
took aboard an 8-man British group headed by Ken-
neth Blaikiock. This party, with its 3 sledges, 27 dogs,
and other field equipment, was flown to the Shack-
leton Range. (The ferrying of 27 sledge dogs in, an
1,C-1301' is a tale in itself. Suffice it to say that the
flight crew earned its pay that day!) The aircraft
then flew to the South Pole for a third refueling
before returning to McMurdo Station. The entire
flight took over 22 hours and covered 3,557 nautical
(4,100 statute) miles, and it has been described as a
"bold feat" that "strengthened international coopera-
tion in antarctic science." Both field parties were re-
trieved on schedule in late January.

Helicopter Support Around McMurdo
Helicopter support—always a major contribution of

the squadron—was indeed heavy daring Deep Freeze
69. Twenty-five scientific projects were assisted with
376 flights, and numerous requirements for photo-
graphic support, ice reconnaissance, search and
rescue, and other purposes were fulfilled. Truly the
workhorses of the McMurdo area, the LH-34D air-
craft made 531 flights for a total of 1,155 hours, or
almost 20 percent more than the 975 hours originally
programmed for the season. Included in these figures
is a November flight by two helicopters from Mc-
Murdo Station to Cape Hallett for the purpose of

U.S. Navy Photo by B. F. Moore

Building the first camp in Ellsworth Land. Survey party was
supported by VXE-6 and Army helicopter unit.
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U.S. Navy LH-34 he!icopters aided New Zealanders in setting up
Vanda Station in the dry-valley area.
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collecting emperor penguins from the Cape Roget
rookery, 25 miles north of Hallett. 2 During the three-
day mission, the helicopter crews assisted the scientists
in the penguin roundup.

Helicopter operations were not without their anx-
ious moments. On October 27 (the 28th, in local
time), an LH-34 returning to McMurdo Station from
Cape Crozier encountered high winds and lowering
visibility. When it became apparent that the aircraft
would be unable to reach McMurdo, the pilot, Lt.
Elliott Freeman, landed in near-whiteout conditions
on Windless Bight, about 9 miles from Williams Field.
As the weather rapidly grew worse and the winds
became stronger, survival gear was broken out and
tents erected. The crew was able to maintain commu-
nications with the Air Traffic Control Center at
McMurdo and kept the authorities advised of their
situation, but it was not until early the following
morning (local time) that the weather permitted a
rescue helicopter to reach the stranded crew and air-
craft. After preheating their now frozen engine, Lt.
Freeman and his companions--Lt. ( jg.) Ray La-
Rochelle and Petty Officer First Class Billy Burkhart—
proceeded to McMurdo without further incident.

Aerial Photography
Although the aerial photography program for Deep

Freeze 69 seemingly was not as ambitious as in former
years, the major areas chosen for coverage—
Graham Land, Palmer Land, and Ellsworth Land—
are notorious for extremely poor weather. In these
areas, there are comparatively few days of each year
that are relatively clear, and fewer yet that are clear
enough for precise cartographic photography. To
photograph these areas, LC-130F 148320—Ciudad
de Punta Arenas—operated from Byrd Station and
Punta Arenas, Chile. Weather information obtained
by satellite and relayed to the staging bases was of
great assistance to the meteorologist forecasting pho-
to-area weather, undoubtedly contributing to mission
accomplishments; nevertheless, many flights had to
be either aborted or but partially flown once the
operating area was reached. Despite the severe
weather handicaps, approximately 40 percent of the
Graham-Palmer-Ellsworth Lands program was com-
pleted.

' As reported in Antarctic Journal, vol. III, no. 2, p. 52,
this 395-mile flight was at the time believed to be the longest
nonstop helicopter flight made in the Antarctic. It may be, but
it was not the first time that a helicopter was flown from
McMurdo to the Cape Hallett area. In October 1958, an Air
Force C-124 crashed in the vicinity of Cape Roget, killing 6
and seriously injuring 3 of the 13 crewmen. When surface
rescue teams found it impossible to reach the survivors,
Admiral Dufek had an HUS helicopter flown from McMurdo,
accompanied by a U-lB Otter. While not conclusive, records
indicate that the 1958 flight may also have been nonstop.

DEEP FREEZE 69
AERIAL PHOTOGRAPHY FLOWN

tvSULA

SOUTH
900E

The fill lines' scheduled in three areas-- Thurston
Island, the Filchner Ice Shelf, and Coats Land--were
completed except for a small portion of the Filchner
1)hotographv Additionally, a number of special aerial
photographic requirements, including color and in-
frared work, were met and sometimes exceeded in the
McMurdo area and elsewhere, using both the spe-
cially configured LC-130 and C-121 aircraft.

Transoceanic Operations
During the course of the season, VXE-6 aircraft

moved more than 3,000 passengers between New Zea-
land and Antarctica, 80 percent of them travelling on
the squadron's two C-121s. The squadron also trans-
ported nearly 450 tons of cargo over the transoceanic
route, three-quarters of that amount being carried
south.

Also operating on the New Zealand-to-McMurdo
route for short periods were U.S. Air Force C-141s
and C-1 30H Hercules of the Royal New Zealand Air
Force. These wheel-equipped aircraft brought isiuch
additional cargo to Williams Field, as well as some
passengers. Under the name Operation Ice Cube, two
RNZAF Hercules made three flights to Williams
Field, the first arriving there on October 22, and the
last departing on the 24th. The C-141 Starlifters made
eight turnaround flights during a 12-day period
starting on October 2, each flight bringing about

Flight lines not completed in previous years.
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40,000 pounds of cargo to the Continent. Two other
C-141 flights were made, one on November 20 to
transport a VIP visitor party, and another on
December 1 to airlift a collection of seals, penguins,
and skuas to the continental United States.

Nuclear Power Operations,
Deep Freeze 68-69

Other Highlights
A highlight of the season was the arrival in De-

cember of the squadron's new LC-130R Hercules. An
improved version of the LC-130F, this new ski-
equipped transport possesses advanced communica-
tions and navigation equipment and is capable of
carrying up to three times the payload of its predeces-
sor "F" model, four of which have been with the
squadron since 1960. The new aircraft, which has been
named Aotearoa (the Maori name for New Zealand—
"Land of the Long White Cloud"), is a welcome
addition to the squadron's operational capability.

December also included a period of record activity
by the squadron—between December 15 and 22, 574
flight hours were logged, while 1,214,000 pounds of
cargo and petroleum products were delivered to out-
lying stations. During the same period, 286 passengers
were manifested on VXE-6 flights, and the squad-
ron's pararescue team amassed 40 practice parachute
jumps.

Conclusion
That the Antarctic Air Group completed a highly

successful, accident-free season, during which planned
objectives were generally met or exceeded, is a tribute
to the dedication and skill of the flight and mainte-
nance crews, but it is also a reflection of the cooper-
ation that exists between the interdependent organiza-
tions and individuals comprising the antarctic pro-
gram. Particularly notable is the c 1 ose relationship be-
tween the personnel of the National Science Founda-
tion and of the aviation elements. The aviation effort
also owes much to the who l ehearted support of the
meteorologists, communicators, air traffic controllers,
airfield maintenancemen, and other specialists of Ant-
arctic Support Activities. Perhaps nowhere more
than in the Antarctic is the interdependence of units
and individuals so vividly demonstrated.

Intra-Antarctic Cargo and Passenger Statistics

	

Number	Tonnage	Tonnage	Passengers

	

Station or Camp	 of flights	delivered'	backhauled' transported

Amundsen-Scott
South Pole	 128	1,153	170	992

	

Brockton ............... 12	50	21	58

	

Byrd ....................190	1,762	151	854

	

Hallett ................. 17	93	56	184

	

Plateau ................. 11	22	49	66
Ellsworth Land Camps	 422	186	39	150

	

Other
s
 ................. 20	48	30	144

	

Totals .............. 420	3,314	516	2,448

Includes passenger weights.
2 Includes aborted flights.

Byrd Substation, Vostok, and miscellaneous field party sites.

EDWIN D. GROOVER

Chief Equipment Operator, USN
Naval Nuclear Power Unit

Fort Belvoir, Virginia

1

'liii Photo by II. ('.Steiner

Fig. 1. In the near future, the electrical power produced by the
PM-3A (background) will be conveyed to the main staticn in these
newly installed conduits, which will replace overhead transmission

lines.

Operation of the PM-3A nuclear power plant
during crew Vii's Deep Freeze 68 tenure was notably
successful. Although plant availability was slightly less
in calendar year 1968 than in the previous year, a
greater quantity of electrical energy was produced.
Fresh-water production also increased significantly.
Major projects accomplished during the Deep Freeze
69 summer included the installation of a resistor in
the neutral bus of the PM-3A's main generator, relo-
cation of the high-pressure demineralizer to a position
out:ide the containment system, and replacement of
the pressurizer relief valves.

Electrical and Water Production Data
The nuclear power plant's availability to meet

McMurdo Station's electrical power requirements for
calendar year 1968 was 85.05 percent, down 1.19 per-
cent from the previous year. It should be noted, how-
ever, that both total electrical production and the
amount of exported electrical energy increased, to 10
kilowatt-ho.'rs and 7.86 )< 10° kwh respectively.' The
plant's availability and electrical energy production
are summarized in Table 1, which includes figures for
the diesel-fuel equivalent of the nuclear energy pro-
duction.

1 Exported. energy equals total production minus that energy
consumed by the power plant itself.
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Table 1. Summary of Electrical Energy Production

Calendar
year	 I	Availability'

1968	...........................85.05%
1967	...........................86.24%
1966	..........................%.77.42%
1965	......................... --60.87%
1964	......................... --35.89%
1963	............................42.20
1962	---------------------------29.03%

Totals

Authorized and capable of, or actually, exporting
power to station.

2 Taken from PM-3A weekly operating reports.
Computed with a conversion factor (13.48 kwh/gallon

Diesel-fuel

	

Kilowatt-hours produced	equivalent of net
production

	

Gross2	I	Net	 (gallons)

	

10,000,000	 7,680,000	 569,733

	

9,550,000	 7,400,000	 548,961

	

8,690.000	 6,780,000	 502,967

	

6,916,000	 5,240,000	 388,7245

	

3,240,000	 2,410,000	 178,783

	

4,123,000	 3,267,600	 242,4045

	

2,336,000	 1,803,0l0	 133,757°

	

44,855,000	I	34,580,640	1	2,565,329

of DFA) derived from actual White diesel operation
in 1967.
Estimate of exported electricity.
Supersedes previously reported data.

With the installation last year of the second water-
distillation unit 2, water production became more than
sufficient to meet the needs of McMurdo Station and
the PM-3A. This method of producing fresh water
has completely supplanted the earlier methods of
melting snow and collecting lake water. Water pro-
duction in 1967 and 1968 is shown in Table 2 ac-
cording to energy source. The relatively large amount
of water produced by diesel fuel in 1968 (over 1.34
million gallons, or 38.25 percent of the year's total)
results from the fact that McMurdo Station's electrical
demand is beginning to approach the maximum
energy capacity of the PM-3A. Therefore, on those
occasions when the gross electrical requirement ap-
proaches 1,800 kw, it is more economical to power the
water-distillation units with diesel fuel and keep the
full electrical load on the PM-3A than to split the
electrical distribution system and place part of the
load on the White diesel-electric plant.

Table 2. Water Production and Fuel Equivalency (Gallons)

	

1967	 1968

	

By nuclear energy ------------------------1,943,432	2,167,768

	

By diesel fuel ............................. 516,349	1,143,123

Total	..................................... 2,459,781	3,510,891
Diesel-fuel equivalent of nuclear power*	 56,693	63,237

*Computed with a conversion factor (34.28 gals water per gal DFA) derived
from Cleaver-Brooks usage of 17.5 gals/hr of DFA and 1he distillation units'
normal water output of 600 gals/hr/unit.

To further secure economical operation in winter,
when McMurdo's population is at its smallest, the
evaporators were operated at a higher output level
than consumption required, with the excess being ac-
cumulated in the 55,000-gallon freshwater storage
tank. This permitted periodic 6-day shutdowns of the

2 Antarctic Journal, vol. III, no. 4, p. 147.

water-distillation plant. Thus, the inefficiency of low-
rate production was avoided.

Winter Operations, Deep Freeze 68
With the advent of winter, Crew VII settled down

to routine operations, but, like all previous crews, it
was plagued with several unscheduled shutdowns of
the reactor. The most significant of these occurred on
Friday, September 13, 1968, when the power cable for
the reactor-coolant pump failed at the point where it
enters the containment vessel. Lacking a replacement
penetration assembly, Crew VII had to fahricat', test,
and install one by the most expedient irteans ('on-
sistent with safety considerations. This was speedily
done, and the power plant was back oil line by
September 24.

In addition to its direct operational tasks, Crew
VII conducted a winter-long training progralll. This
resulted in the certification during Crew Vii's
tenure of 12 men as watch supervisors, 5 as equip-
rnent operators, and 3 as control-room operators. The
training effort laid a sound basis for the annual crew
change in the early part of Deep Freeze 69.

Crew Relief
Crew VIII arrived atMcMurdo Station in October

1968 to begin an intensive in-plant training schedule
designed to complete its preparation for assuming the
responsibility of safely and efficiently operating the
nuclear power plant during its 1968-1969 tenure. The
members of Crew VIII performed commendably
before the qualifying board, which subjected them to
intensive oral examination prior to certifying individ-
uals for positions as operators or maintenance techni-
cians. On November 5, 1968 (the 6th, local tiiltr), Lt.
James P. Kurtz, CEC, USN, relieved U. Collldr.
Arthur D. Kohler, Jr., CEC, USN, as officer-in-
charge, and the PM-3A became the responsibility of
Crew VIII.
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Summer Maintenance and Modifications
Annual maintenance on the many and varied sys-

tei ns was accomplished with dispatch, along with
some modification projects. Significant modifications
effected d - ring the Deep Freeze 69 summer season
included the following:

1. Installation of a resistor in the neutral bus
of the PM-3A's main generator to limit elec-
trical failures due to the grounding of one phase
of the three-phase electrical system. This is one
of the steps necessary to allow extended parallel
operations with the White diesel-electric gener-
ating plant in the future.

2. Relocation of the high-pressure dernineralizer to
a position outside the containment vessel en-
closing the primary system. This modification
will permit routine recharging of the demin-
eralizer resins (which purify the coolant water)
with no interruption of reactor operation.

3. Replacetiment of relief valves in the primary sys-
teiii's pressurizer. The formiter 1)o1)1)et-ty1)C valves
were replaced with pilot-type valves in order to
reduce P1esslire leakage to a negligible level
while hopefully gaining other advantages.

The latter two modifications both required re-
routing of h gh-pressure piping. Consequently, certain
ones of Crew Viii's mechanical technicians were
given l)I'edeploymnent training in the art of welding on
high-pressure systems. The welding procedures for
which these personnel were certified were based on
the standards of the Naval Shi p Systems Command
and the Army Nuclear Power Program, and had the
approval of the Naval Facilities Engineering Com-
mand.

Plans for Plant Modifications
The only major PM-3A modification presently

being planned is a two-part project to permit the
future use of a new kind of core. The Type IV core,
wliich contains lower enrichment LTO2 rather than
the fully enriched cermet fuel in previous cores, is
expected to increase the period between refuelings
from slightly under 3 to almost 5 operational years.
Although of the same overall size as the present Type
II core, the Type IV is considerably heavier-3,250
pOlin(1s, as coIIul)ared with 1.68Y.

To accommodate the increased weight, it will be
necessary to structurally strengthen the fuel transfer
dolly (Fig. 2) that is used to convey a depleted core
from the reactor tank to an adjacent storage tank.
The spent-core rack in time storage tank also must be
strengthened. Accomplishment of this modification is
planned for the Deep Freeze 70 summer season.

The corresponding weights for uranium content are 597
kg and 33 kg, respectively. The Type IV (ore is of the pellet-
ill-tube type.

Fig. 2. This remotely operated dolly is employed to transfer a used
core from the reactor tank to the spent-fuel tank (photo below).
Visible in the lower photo are the dolly operating cables (lower
left and right) and a portion of the inter-tank tunnel in which
the dolly is positioned when not in use. (Normally, the spent-fuel
tank is filled with water to a level just above the heating coils;

these photos were taken during refueling operations.)

U.S. Navy Photos
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VXE-6 Achieves Safety Mark

Antarctic Development Squadron Six recently com-
pleted 30,000 consecutive flight hours without an
accident. That mark was passed on May 14, 1969,
while Comdr. Eugene W. Van Reeth, the squadron's
commanding officer, was at the controls of one of the
unit's five LC-130 Hercules aircraft. The 30,000-
hour figure, which includes both transport-plane and
helicopter time, is the equivalent of one aircraft
flying 24 hours a day for nearly 3-1/2 years.

Particular pride is taken in the achievement be-
cause it includes many hours of operation under con-
ditions not faced by many other aviation organizations,
as Comdr. Van Reeth pointed out at the ceremony
marking the achievement.
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Drilling in Snow, Ice, and
Frozen Ground in Antarctica

R. A. PAIGE

Polar Division
Naval Civil Engineering Laboratory

Port Hueneme, California

Both construction operations and subsurface ex-
ploration in Antarctica often require rapid and effi-
cient drilling in snow, ice, and frozen ground. In con-
struction, drilling is needed for wells and for emplac-
ing antenna guy-wire anchors, utilit y l)01e5, pile foun-
dations, and bollards for ship (locking. Exploratory
drilling is needed to determine the composition, den-
sity, temperature, and other subsurface physical pro-
perties of various terrains.

The lack of suitable drilling equipment and tech-
niques has hampered construction activities and ex-
ploratory drilling at McMurdo Station and, to a lesser
extent, at inland stations. To remedy this, the Naval
Civil Engineering Laboratory (NCEL) set out to
select and evaluate drilling equipment for antarctic
use and to develop efficient techniques for drilling in
snow, ice, and frozen ground. Between 1966 and 1968,
field tests were conducted by NCEL personnel in the
McMurdo Station area (Fig. 1), where air 	con-
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Fig. 1. Map of the McMurdo Sound region showing study area
(center).

struction program provided the opportunity to test
the equipment under actual operating conditions. The
varied terrain there also permitted testing techniques
appropriate to frozen ground, volcanic rock, sea ice,
fast ice with inclusions of sand and rock, glacier ice,
and deep snow.

Experimental construction drilling was performed
in frozen ground at McMurdo Station, and in snow
and ice at Williams Field and Outer Williams Field.
Most of the exploratory drilling was done on the Ross
Ice Shelf, but some additional work was conducted in
fast ice and ice-rock conglomerate at Elliott Quay in
Winter Quarters Bay. Two basic drilling miiethods
were employed : (1 dry drillIng, which uses coin-
pressed air or mechanical lift to remove the cuttings,
and (2) wet drilling, in which a liquid is used for that
purpose.

This paper describes the equipment used in these
investigations and discusses some of the methods de-
veloped for drilling in snow, ice, and frozen ground.

Drilling Equipment and Accessories

Most of the experimental drilling described in this
paper was accomplished with commercially available
equipment and accessories, although a few accessories
were fabricated in the field to improve certain tech-
niques.

Mobile Rotary Drilling Unit. A commercial rotary
drilling unit (Fig. 2) was used in developing construc-
tion drilling techniques for snow, ice, and frozen
ground. This hydraulically powered unit consists of a
drivehead (inset, Fig.2), a folding 12-foot tower (that
can be tilted from vertical to horizontal for transpor-
tation or for angle-drilling), a gasoline engine, and a
control panel mounted on a hydraulically powered
slide base having 18 inches of movement. The entire
unit can be controlled by a single operator. For niax-
imum mobility at McMurdo, the unit was mounted
on a 5-ton, 4-wheel trailer fitted with high-flotation
tires.

Drill Bits and Augers. Both commercially available
and custom-fabricated augers and bits were used
during the drilling tests. The types employed included
10-, 12-, and 24-inch diameter, continuous-flight, fin-
ger-bit earth augers; a 3-inch-diameter coring auger
6.5 feet (2 in) in length a 1.75-incli-diaiiieter, tn-
cone-roller rock bit; and a 14-inch-diameter, 9-foot-
long tube core drill. All are available from conuner-
cial sources.

The 6.5-foot coring auger (Fig. 3) is patterned
after the standard I-rn SIPRE coring auger, but with
the core barrel extended to 2-ni length for better
drilling efficiency in deeper holes.

The tricone-roller rock bit is normall y used to drill
in medium to hard rock formations. The wedge-
shaped teeth (Fig. 4) cut by exerting highly localized
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Fig. 2. Mobile rotary drilling unit; drivehead and fluid swivel
	

Fig. 5. Tube drill is 9 feet long, 14 inches in diameter.
shown in inset.

* ' 

Fig. 3. The NCEL 2-meter coring auger. Fig. 6. Tube drill's castellated cutting edge, with rock core.

pressure, causing the rock to fracture or spa!1. (This
requires a steady downward pressure on the bit as it
rotates.)

Tube core drilling bits, or tube drills, are normally
used to drill large-diameter holes up to 10 feet deep in
various rock formations that are too hard for augering
but not hard enough to justify more expensive
methods. The tube drill used at McMurdo (Fig. 5)
was fabricated from a 9-foot length of 14-inch-diam-
eter steel pipe. Its castellar cutting edge (Fig. 6) was
faced with tungsten-carbide particles of 1/8— to 1/
4—inch size, set in a brazing alloy matrix. This drill
cuts a 12-inch diameter core that usually jams in the
tube and is removed at the end of each drilling run.
The smaller cuttings are removed with a drilling
fluid.

Drilling Fluids. Both the tricone hit and the tube
drill require a circulating fluid to remove cuttings.
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Fig. 4. Tricone-roller rack bit.
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When the tube drill is used, the fluid, usually water,
is pumped down the drill rod at a rate of 80 gallons
per minute (gprn). The fluid is deflected by the
top of the core, flows down the inner diameter of
the tube, and washes outward across the cutting
edges.

When the ground temperature is above freezing,
air, water, or a water-based slurry is usable, but in
frozen ground or ice, fuel oil, antifreeze, brine, or
similar liquids should be used. When the tube drill or
the 4.75-inch-diameter tricone bit is used, the large
annular space around the 2.25-inch-diameter rod
requires a viscous liquid, preferably with an uphole
velocity of about 200 feet per minute (fpm). If corn-
pressed air is used, an uphole velocity of about 6,000
fpm is needed.

Because of the small annular space around the tube
drill, air or liquid can be successfully used in drilling
as deep as 9 feet, the length of the tube drill. At
greater depths, the space between the 2.25-inch-diam-
eter drill rod and the 15-inch-diameter hole requires a
liquid with the highest possible viscosity.

A self-priming tubular mud PUfll) with a rubber
volute was chosen for wet drilling because it is
suitable for pumping various liquids as well as mud,
dirt, and fine gravel without damage to its parts. The
pump is belt-driven by a 2-cylinder, air-cooled gaso-
line engine equipped with an electric starter. The
maximum delivery rate is 84 gpm, with a minimum
discharge pressure of 225 psi. The assembly, which
includes a discharge pressure regulator, pressure
gauge, and a low-point drain, was mounted on a 48-
by 66-inch, 2-wheel trailer.

Drilling in Snow and Ice
Exploratory drilling for density, temperature, crys-

tallographic, and other subsurface studies requires
good core recovery. Exploratory core drilling to
depths in excess of 50 or 60 feet in snow and ice is
difficult without adequate power-driven equipment,
and is not frequently attempted in glaciological re-
search. Data from greater depths can seldom be ob-
tained because of equipment, labor, and transporta-
tion limitations.

Construction drilling in snow or ice usually requires
relatively shallow holes of various diameters, de-
pending upon the purposes. As the recovery of cores
for scientific purposes is generally of little interest,
almost any augering method will suffice, as long as the
cuttings can be easily removed.

Core Drilling. Most exploratory core drilling in
snow and ice is performed with the standard 3-inch
diameter SIPRE coring auger that is 1 meter (3.
feet) long. For deeper coring, 1-meter extension rods
are connected with shear pins. This auger is well
adapted for hand drilling, but as the hole depth in-

creases, pulling up the auger to extract the core be-
comes extremely time consuming and laborious. A
1—hp electric motor can be used with this auger to
increase drilling speed, but this does not reduce the
time and labor required in retrieving the auger.

The NCEL 6.5-foot, or 2-rn, long version of the
SIPRE coring auger is more efficient because longer
cores are obtained on each run, but the problem of
removing cuttings, which are produced with both
augers at a rate of 7 to 8 cubic inches per linear inch
of hole, remains unchanged. (Cuttings normally
occupy about one-third of the barrel length in a full
auger core: overdrilling causes the cuttings to spill
over the top and jam the barrel when an attempt is
made to pull the auger.)

Tube Drilling. The 14-inch-diameter tube drill
was found satisfactory for both exploratory and con-
struction drilling. With seawater used to remove cut-
tings, this drill is highly efficient in ice, where the
drilling rate is about 1 fpm. In sea ice up to 9 feet
thick, a continuous core can be obtained that is equal
to the thickness of the ice. This core normally remains
afloat in the hole, from which it can he removed
with a rope snare or ice tongs. In fast ice containing
rock debris, the core usually remains in the tube, and
removal requires a combination of pushing, prying,
and pounding with a sledgehammer.

Although the tube drill does not function well in
snow because the cutting edges quickly become iced
over, holes up to 9 feet deep—one tube length—can
be drilled bv down pressure alone. (The use of a
drilling fluid is unsatisfactory in snow because of
absorption and slush formation.)

Auger Drilling. Continuous flight augers with dia-
meters of 10, 12, and 24 inches are suitable for
drilling to depths of 10 feet in snow, and for drilling
through annual sea ice where complete penetration is
possible in a single drilling run. Removal of cuttings is
a problem in deeper holes. For example, auger cut-
tings in deep snow have a granular, "sugary" texture
that is free-running and difficult to retain on the
auger flight.

iricone Bit Drilling. The 4. 75-inch-diameter tn-
cone bit was used to drill in the fast ice at McMurdo's
ice wharf, in sea ice at Williams Field, and in glacier
ice at Outer Williams Field. The penetration rate for
the tricone bit in ice is 6-8 fpm with cold seawater as
a drilling fluid. As ice is impermeable, the cuttings
are washed to the surface and present no problem.
This bit is most efficient when water is used as a
drilling fluid, but compressed air is adequate if pro-
vided in sufficient quantity.

Although the only samples yielded by drilling with
a tricone bit are cuttings washed to the surface, seven
exploratory holes drilled in Elliott Quay in this
manner provided good subsurface information be-
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cause of the strong contrast between ice and the layers
of basaltic sand and gravel that occur at various
depths.

The tricone bit also was used to drill through the
Ross Ice Shelf (McMurdo lobe on Fig. 1) near Wit-
hams Field. To eliminate the need for a casing and
drilling fluid, a coring auger was first used to drill
through the 60 feet of permeable snow at this loca-
tion. After changeover to the tricone bit, hot water
(approximately 200° to 210°F.) was used as a drilling
fluid to melt the ice cuttings as they formed, thus
preventing possible jamming. Similarly, when the tn-
cone bit was used to drill through glacier ice at Outer
Williams Field, warm water (40° to 50°F.) alleviated
the problem of cuttings and insured against freeze-up.

Drilling in Frozen Ground

Drilling in ground that is either permanently or
seasonally frozen presents problems that are not
usually encountered when drilling in unfrozen soil
and solid rock. These problems are caused by the
wide diversity of soils and soil textures, variations in
ice content, and the low subsurface temperatures that
require spccial and expensive low-freezing-point
drilling fluids.

At McMurdo, the black, basaltic surface soil thaws
to depths of 8-24 inches during the summer. Organic
matter is absent, but silt is found in varying amounts
beneath the windswept lag gravel. Relatively few var-
ieties of permafrost occur below the annually thawed
layer. The most common consists of angular, basaltic
rock particles of all sizes frozen, together with varying
amounts of ice (Fig. 7). For ease of discussion, this
material is here termed ice-rock conglomerate. An-
other form consists of basaltic bedrock containing ice
in joints and other voids.

A knowledge of seasonal ground temperatures at
various depths can be valuable in determining freeze-
point requirements for drilling fluids, potential
heat-flow conditions beneath buildings, and freeze-
back rates for structural members emplaced in per-
mafrost or ice. Figure 8 shows three representative
ground-temperature profiles obtained at McMurdo
Station during the summer of Deep Freeze 68. The
49°F. temperature attained at the 1-foot depth on
December 30, 1967, coincides with the maximum sea-
sonal intensity of solar radiation and demonstrates the
high heat absorptivity of the black, basaltic soil. Below
2 feet, the ground temperature remains under 32°F.
throughout the season; consequently, water or mud in-
troduced below that depth freezes rapidly, especially
in small-diameter holes. If not promptly used, any
hole drilled with a freshwater drilling fluid must be
pumped out before the column of water freezes, ne-
cessitating redrilling.

U.S. Navy Photo

Fig. 7. Specimens of frozen ground and "ice-rock conglomerate"
from McMurdo Station.
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Fig. 8. Representative air-ground temperature profiles at McMurdo
Station. Note the marked displacement of the mid-summer

(December) curve with depth.

Selecting the best method for drilling in perma-
nently frozen ground depends upon the nature of the
permafrost and the purpose of the hole. For construc-
tion drilling, the best method is that which will most
efficiently produce a hole of the desired depth and
diameter. Exploratory drilling requires subsurface
data obtained from core sections that are as complete
and uncontaminated as possible. The extraction of
such cores from the wide variety of frozen soils en-
countered in the Arctic and Antarctic is difficult be-
cause of many factors involving drilling equipment,
soil texture, ice content, and ground temperatures.
Where good cores are difficult to obtain, holes of suf-
ficiently large diameter will allow examination and
sampling along the sides.

Tube Drilling. The 14-inch-diameter, 9-foot-long
tube coring bit overcomes many of the problems en-
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countered in both construction and exploratory
drilling in frozen ground. A large-diameter construc-
tion hole is produced in one or two runs, and most of
the material from the hole is removed as a solid mass,
facilitating disposal. Good subsurface information is
easily acquired in exploratory work as an uncontami-
nated, 12-inch-diameter core is obtained. In addi-
tion, the large diameter hole permits access for fur-
ther examination and sampling of the walls.

The tube drill is very efficient to depths of 9 feet in
frozen ground and ice-rock conglomerate. Once set
up, its drilling rate is 6 feet per hour. Although its
efficiency progressively decreases with depths greater
than 9 feet, 18-foot holes are fairly easy to drill, and
holes to 60 feet deep are possible if care is taken to
prevent jamming.

During the summer, the tube drill performs most
efficiently when either fresh water or seawater at tem-
peratures near 32°F. is used as a drilling fluid. This
produces a clean, constant-diameter hole slightly
larger than the tube drill. Water warmer than 32°F.
melts the frozen soil or ice-rock conglomerate, thus
producing holes up to 24 inches in diameter. The
melting process causes a great deal of rock debris to
cave into the hole, but if the hole is kept clean, the
warm-water method can be used to produce large-di-
ameter holes up to 6 feet deep.

Compressed air can be used with the tube drill for
holes up to 8 or 9 feet deep if it is provided at the rate
of 600 cubic feet per minute. At depths greater than 9
feet, the annular space between the drill rod and the
hole is so large that cuttings cannot be blown out of
the hole. Also, compressed air introduces heat into the
hole; this, combined with heat from drilling friction,
melts the permafrost into a dense, sticky mud that
quickly freezes if drilling is stopped for any reason,
possibly trapping the drill unless it is removed imme-
diately.

When water is used as a drilling fluid, about 2
hours are required to drill 6-foot-deep holes for utility
poles, bumper posts, and bollards in the ice-rock con-
glomerate at McMurdo Station. This time period in-
cludes positioning and setting up the drill rig and
pump. Excavation of similar holes by air hammer
requires two men 1 or 2 days, depending on local
conditions. Excavation by jet burner takes less time
but leaves a large, bowl-shaped hole that is muddy or
watery, and poorly suited for use.

Tricone Bit. The tricone bit, used with either water
or compressed air to remove cuttings, is effective in
most varieties of frozen ground. Seawater at tempera-
tures near 29°F. is adequate for deep drilling because
it freezes slowly and does not cause the sides of the
hole to melt and cave in. This is especially important
in ice-rock conglomerate where melting may cause
rocks to fall into the hole above the bit, wedging it in.

Compressed air is not suitable for drilling to depths
greater than 10 feet unless the air is cooled to 32°F.
or lower. As with the tube drill, warm air and fric-
tional heat will melt the permafrost into a mud that is
not easily blown out of the hole and that quickly
ref reezes when drilling is stopped.

Experimental drilling with the tricone hit was at-
tempted in the solid basalt at McMurdo Station. This
rock is exceptionally hard, and it was found that the
drilling rate with compressed air was too slow for
practical use.

Conclusions
The tube coring drill is suitable for drilling large-

diameter construction holes and for subsurface explo-
ration in ice, ice-rock conglomerate, frozen ground,
and solid rock. Efficiency decreases as hole depth ex-
ceeds 9 feet, but depths UI) to 60 feet can be
achieved by taking care to prevent jamming. The
tricone bit is suitable for rapidly drilling siuuahl-diatut-
eter holes to great depths in all of these materials
except solid rock. Augering is practical only in snow or
clean ice to depths of approximately 10 feet.

An ample supply of drilling fluid is most impor-
tant in deep drilling with either the tube drill or the
tricone bit. If drilling fluid is lost or exhausted unex-
pectedly, the suspended cuttings quickly settle around
the bit and jam it in the hole. When completing a
coring run or stopping to add drill rod, it is inupor-
tant to run the drill string up and down a few times
to allow all suS1)enCl('d cuttings to wash down around
the bit and settle at the bottom of the hole.

Further Work in Progress
Present work is directed toward improving the

techniques for construction drilling in Antarctica,
with emphasis on increased maneuverability of the
drill rig and higher penetration rates in ice-rock con-
glomerate and frozen ground.

Errata in vol. IV, no. 2: on p. 49, the caption for the para-
chutist photo should read January 11 vice January 9 on p
52, five pilots should have been cited in connection with the
long-distance helicopter flight. On the flight to Hallett, one
helicopter was piloted by Lt. Comndr. T. Ch ider and Comndr.
D. Eldridge, the other by U. P. Thomas and IA. E. Freeman.
IA. (jg. ) J . Wilson arrived at Hallett by LC-]M, and on the
return helicopter flight, he replaced Lt. Couodr. Chulder, who
went back to MeM urdo aboard the Hercules. (Also see foot -
note 3 on page 150 of this issue.)

Erratum in Index to vol. II: the page citation for " Para-
rescue team " should read 74-76 vice 274-276.
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Antarctic Engineering'
PHILIP M. SMITH

Office of Antarctic Programs
National Science Foundation

Engineering and Social Change
Dean Chauncey Starr of the Engineering College,

University of California, Los Angeles, said recently
that he thought the engineer was today's true social
revolutionary . Whereas in the past, social change may
have been a function primarily of political, philos-
ophical, or humanitarian thought, Dean Starr believes
that it is created today primarily by the engineer. In
some cases, technology has outstripped man's ability
to adjust to change; it is here that the social role of
the engineer is most exposed.

The role of the engineer as an agent in social
change is nowhere better demonstrated than in Ant-
arctica. Our past progress, our present social relation-
ships, and our future prospects in Antarctica are func-
tions of technology. That this is true is illustrated by
con' idering that man's day-to-day experience in Ant-
arctica extends back only 70 years to the winter of
1898, when Belgica was entrapped in the Bellings-
hauen Sea. Her crew became the first men to cope
with the severe climate of the south polar winter.
They had no radios, no electric power for either sci-
ence or amenities, and no hope of rescue by any
means other than their own. Today, by contrast, men
live in comfort year around at the coldest place on
Earth.

In 1928 1 about 30 years after Belgica's entrapment,
the engineer's revolutionary role in Antarctica had
become clearly apparent with the operational use of
aircraft, tracked vehicles, and far-reaching communi-
cations on the first Byrd expedition. In other areas
---management and financing—change had not yet
become apparent. The Byrd expeditibn still depended
on the solicitation of much private support, in con-
trast to the government support now in effect. In
1928 and 1932, one took what one could get and was
grateful for it. One oldtimer told me that the donated
supply of a breakfast cereal was so abundant that the
clog kennels were floored with it.

In the 40 years since the first Byrd expedition, the
antarctic engineering revolution intensified, changing
the whole pattern of activity on the Continent. Now,
we successfully work throughout the winter in com-
parative comfort in the interior of the Continent, al-

1 Based on a talk given at the opening session of the Second
Antarctic Construction Seminar, Naval Construction Battalion
Center, Davisville, Rhode Island, May 7, 196B.

though we have sometimes come close to disaster and
hardship when our equipment or its maintenance has
failed. In the austral summer, we place parties all
over the Continent virtually at will.

This revolution has also brought changes which are
not beneficial. Wastes are visible at many antarctic
stations. At McMurdo, for example, smog became a
problem a few years ago. On some occasions, smoke
from burning trash has reduced visibi l ity on the Wil-
liams Field runway. Life style on the expedition has
also been affected by specialization and by growth.
Tragically, many individuals at McMurdo have
become alienated from the program's objectives.
Many sailors and officers involved in the support of
the operation are so far from the "front-line" that
they have no identification whatsoever with the scien-
tists in the laboratories and aviators and scientists in
the field.

Parallels Between Antarctic and North
American Development

Our experience in Antarctica will not seem unusual
if we compare it with events that have taken place on
other continents. Through such an examination, we
can learn to plan new engineering for the future. In
the history of American cities, one finds certain paral-
lels between the development of McMurdo Station
and the growth of cities such as Pittsburgh, Pennsyl-
vania, and Louisville, Kentucky. In the period be-
tween 1780 and 1820, these frontier cities served as
staging areas for man's further travel into the North
American interior. In a brief 40-year period, frontier
trading gave way to well-organized business and the
phenomenon of suburban development. The records
of the cities reveal problems of waste disposal, street
construction and lighting, and fire protection. In this
same period, construction along the river fronts pro-
ceeded with no thought for scenic protection; other
patterns of land use, which are apparent today when
one visits Pittsburgh or Louisville, emerged in this
early period.

The struggle in this period of frontier urban-
ization is paralleled in developments at McMurdo
Station in the 13-year period of our tenure. We also
have struggled, sometimes vainly, in our effort to im-
prove community services and utilities, often under
restrictions created by our earlier construction deci-
sions and outmoded planning principles. We have
been somewhat unappreciative of our "million-dollar
view" of the Royal Society Range, having obscured it
with a maze of telephone poles and wires which of-
fends the eye of the most insensitive person.. The his-
tory of Pittsburgh and Louisville shows that a contin-
uing planning effort should have been adopted at the
outset. The future could not then be predicted, much
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(Photos by W. R. Curt8inger, USN)

as we could not in 19 ,55 predict the future of Mc-
Murdo Station. But we are not now in the position of
the early town fathers in Pittsburgh, for we have some
notion of our future in Antarctica. Indeed, we have
opportunities today that the planners in North Ainer-
ica would find a source of envy.

Antarctic Planning Today
and the New Engineering Challenges
We did not believe at the time of the IGY that we

would be in Antarctica for more than, three or four
years. Little America V and the central core of pre-
sent-day McMurdo were designed as "gold rush"
towns. When the new Byrd Station was built in 1961,
we knew that the antarctic program would continue
for some time, but the decision to extend the program
had been so recent that a really effective analysis of
our requirements at that station was not possible.
Today, Byrd Station provides visible evidence of the
evolving program management. Palmer Station is the

first station which truly bears the imprint of our new
opportunities in planning.

Planning can be done more easily for Antarctica
than for most other areas of the world. Dr. A. P.
Crary, who until recently was Chief Scientist of the
Office of Antarctic Programs, has pointed out that
there are no pressing demands of private interests to
contend with in the Antarctic. 2 There is no need for
crash programs, although some programs seem to
take on that appearance at the last minute. Further-
more, there is a store of planning information, avail-
able. Perhaps most important, there are relatively pre-
cise figures available for the cost of the various sup-
port services. When a new scientific program is con-
templated, the logistic costs can be considered. Our
plans are updated annually, giving planners the op-
portunity to regroup when they fail.

There are also some difficulties in planning for Ant-
arctica. Some problems relate specifically to the mis-
sion of the National Science Foundation (NSF),
which is responsible for the coordination and funding
of the scientific activity. NSF is a nonoperational
agency supporting basic research; while our plans
may call for certain projects, we cannot hire scientists
to carry them out. Instead, we must hope that our
plans will be a true reflection of academic and gov-
ernmental scientific interests. Otherwise, we must
hope that some persuasion may bring the opportuni-
ties to the attention of qualified workers. Another fea-
ture of our planning is that both the Office of Ant-
arctic Programs and the U.S. Naval Support Force,
Antarctica operate on level budgets. In planning, a
level budget is painful, for it means that any innova-
tion necessitates the curtailment of funds for a pro-
ject already in progress. Budgetary restrictions can also
be advantageous, however, for they provide an oppor-
tunity to weed out the moribund. Coordination of our
two budgets is particularly important. It would be
unwise, for example, for NSF to curtail programs
which were at the same time receiving renewed lo-
gistic emphasis by the Navy.

Our five-year plan for the period 1968-1972 is now
in effect. What does it mean from the standpoint of
engineering? First, it is clear that by the mid-1970s,
we will operate only three permanent year-round sta-
tions—Palmer, Pole, and McMurdo. By then, Byrd
Station will be 12 to 14 years old; its maintenance
costs will have increased greatly, probably to the point
where the station no longer will be economically
useful in its present large size. Portable, temporary
stations like Plateau may be in continued use, but will
have short occupation at any one location. New in-
strumentation such as the radio ice-thickness sounder
will lead to extended use of remote-sensing aircraft.
Submersibles and other vehicles will have been intro-

2 Antarctic Journal, vol. III, no. 1, p. 10-14.
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duced. Automatic stations are certain to be in opera-
tion by virtue of the perfection of isotopic power sup-
plies, communications through synchronous satellites,
and other spinoffs of the space age.

Exciting new investigations that heretofore have
been technically impossible to conduct will become
feasible. One of the most important of these—sam-
pling by remote techniques beneath the Ross Ice
Shelf, which is the size of France—has long fascinated
workers in several fields. Biologists want to know if
life exists there. Oceanographers believe that the
bottom water of the world ocean may originate be-
neath the shelves. Glaciologists have long debated
whether the underside is melting or freezing. Conse-
quently, there is a desire to drill a hole, perhaps 4 ft.
in diameter, through the floating shelf and lower
automatic, remote-sensing equipment into the water
beneath. These new and heady projects demonstrate
the revolutionary role of the engineer, for none of
them would be possible without him.

Elements of a Systems Approach in
Future Engineering

How do we proceed in the years ahead to exploits
our planning opportunities? We should think care-
fully at-out and adopt the systems-analysis approach,
now widely used in government for planning, pro-
gramming, and budgeting. It has a few shortcomings.
One of them is that we generally relate it to the
inanimate. Actually, our "system" in Antarctica is a
human one to a very real extent. If one of us fails in
the accomplishment of his responsibility, the whole
system breaks down. In thinking of a systems ap-
proach to antarctic engineering, I urge that attention
be given to the human elements—the interaction of
personnel from the design phase on through to the
operation and maintenance of a station. A sys-
tems-analysis approach does not relieve the indi-
vidual of responsibility; instead, it strengthens the in-
dividual's performance.

The implications of a projected activity become
known through the analysis of all elements of the
problem, including, in our instance, such diverse fac-
tors as transportation schedules, procurement, and on-
going operational expenses. It is quite possible, I be-
lieve, to define our needs for a systems examination,
since we have better projections of our overall objec-
tives than most planners have. And, we have one
major advantage in our use of the systems approach:
we can obtain very good feedback. In many engi-
neering activities, such a user feedback is quite difficult
to obtain. We know right away from our users—espe-
cially the wintering personnel—whether they are
happy with our engineering.

As we think of a systems approach to our engi-
neering, we can consider the following factors, all of

which are important elements of a systems analysis,
along with specific objectives about the project itself:

Our stations are physically isolated, much in the
manner of ships at sea. The ebb and flow of trade,
supply, and resupply can be precisely measured. Our
construction and maintenance is actually more like
the construction and operation of a ship--a total en-
vironmental system—than a shore facility in the sense
that the term is used in regard to naval installations
in the United States. It might have been well to in-
clude the Naval Ships System Command, which
knows the problems of isolation, in the development
of a station such as Plateau.

We must use our knowledge of antarctic environ-
mental differences. When the preparations were being
made for the first winter support flight to Antarctica,
antarctic environmental differences were summarized
in messages from the ice. At McMurdo, the terminal of
the fly-in, the temperatures were in the neighbor-
hood of —30°C. At Palmer, temperatures were above
freezing and there was a drizzle. Meanwhile, at
Plateau, it was down to nearly —75°C. The fact that
Antarctica is a large continent with many different
environments escapes some engineers.

Standardization rather than diversification is pos-
sible. We are less dependent on the artificially stimu-
lated demands of society than are most engineering
activities. The most modern and the best-looking do
not have to be obtained for Antarctica because they
are so advertised or even because they are the least
costly.

Consolidation of utility systems is possible. All
utilities can be maintained by a single operating
organization. We do not have separate electric, power,
and fuel companies. Consider, for example, the desir-
ability of placing the power lines alongside the water
distribution system. This would eliminate the over-
head wires and their hazardous maintenance during
winter storms. It would permit simultaneous phys-
ical inspection by utility men of the water, waste, and
power-distribution systems.

Further in our systems analysis, we have the oppor-
tunity to consider the efficiency which comes through
manpower reduction, not its increase. We have no
need for full employment in Antarctica and do not
have to make work.

Pressure for the continuation of a bad antarctic
plan is small. There are relatively few political and
economic implications in our work. Our investment is
our own, not the investment of corporate stock-
holders. It should be noted that we are responsible to
the U.S. taxpayer—the real stockholder of our enter-
prise. Few taxpayers willingly promote increased costs,
especially those arising from a planning failure.

In our work, there is the opportunity to utilize new
developments from the Arctic. There are cities, such
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as Inuvik near the mouth of the Mackenzie River,
which are a little further along the line from frontier
village to city. Our planning should take into account
the rapid northward push into Canada and Alaska
and the way that the engineering requirements are
met.

There is one element of antarctic systems planning
on which I would like to dissent from the gener-
ally held opinion. Among working engineers in the
Antarctic, one hears a good deal about the "simplicity
principle," the rationale for which is that complex de-
vices will fail more quickly in Antarctica. In some
earlier, expeditionary phases of the antarctic program
such a principle may have been applicable: Today,
however, we are too committed to the engineering
revolution to retain or achieve simplicity. But the
main reason that I object to the simplicity principle is
that it insults man's capability! Man seeks challenge
in the unknown and in technological development.
The leveling process of simplicity also levels man.

We have a requirement for a new South Pale Sta-
tion by the early 1970s. There are new scientific pro-
jects—some of which I have mentioned and some
which I have not—all requiring new technology. Sys-
tems analysis can be employed in all of these under-
takings.

In Antarctica, we have three great advantages
which elude most planners. I have talked at some
lergth about the planning cycle. Secondly, there is the
umbrella provided to the program by the Antarctic
Treaty: we operate in a favorable national and inter-
national climate as a result of the 12-nation agree-
ment of 1961. A third important factor is that, to a
large degree, we are in control of our destiny. Our
activities in Antarctica are more nearly similar to the
emerging development of the North American Conti-
nent 100 years ago than they are to the adventures of
man in space. We have a handful of engineers at
work on our projects, while there are thousands in-
volved in NASA programs. That we have control of
our destiny should stimulate desire for excellence on
the part of all, and should develop a sense of collective
responsibility for our projects.

How Antarctica fits into the distant future cannot
be forecast, but it is certain that it will. It is only a
70—year span of time since the Belgica expedition in
1898. What we are building at McMurdo today will
surely be useful for 20 or 30 years--till the end of this
century—in Antarctica. We must constantly think of
our broader responsibility for the Antarctic Continent
and our collective involvement in planning as we
carry out our individual tasks in construction and
engineering. At some future point, we will be judged,
for the wisdom of our decisions will be evaluated just
as we now look back on an earlier phase of antarctic
activity and on man's use of North America.

Eltanin Cruise 37

Cruise 37 was oriented towards studies in physical
oceanography, with supporting data being obtained in
marine geology and geophysics. Objectives of the
oceanographic program were to sample the water
within topographic depressions on the antarctic conti-
nental shelf, determine its mode of formation, and
assess its influence on the deeper adjacent water and
observe the iriethod by which it escapes to deeper
water. The physical-oceanography prograiii was di-
rected by Dr. Arnold L. Gordon, Lamont-Doherty
Geological Observatory, who also served as USARP
Representative on the cruise. The physical-oceano-
graphy group included three students from Flinders
University, Australia.

Along the continental shelf between the Balleny
Islands and approximately 127°E. are topographic
depressions similar to those in the Ross Sea investi-
gated on Eltanin. Cruises 27 and 32. These depressions
may act as traps for the very dense water formed
along the coast of Antarctica.

Departing \Vellington on January 10, 1969, Eltanin
proceeded to 47°S. 174°E., then headed southwest-
ward to 5505 157°E. She approached to within 100
mi. of Young Island, then turned west along the con-
tinental margin of Antarctica on a zig-zag course. Ice
conditions prevented a visit to the French station
1)uinont d'Urville. At 128'E., the ship turned north
and proceeded to 51 °S. along 125°E., then turned
back to 56°S. She then proceeded to 50°S. 120°E.,
at which point course was set for Melbourne. A total
of 64 stations was taken.

The characteristics of the coastal water of Antarc-
tica were studied using STD equipment (with digital
magnetic tape recorder), the classical Nansen bottle
cast, the Laniont-Doherty designed tripod (bottom
current meter, bottom camera, and nephelometer)
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and XBTs (expendable bathythermographs). Water
samples were gathered for determination of dissolved
oxygen concentration (Carpenter modification of
Winkler method) and amounts of nitrate, phosphate
and silicate using the Auto-Analyzer.

Preliminary study of the data indicates that bottom
water in a limited amount is produced along the shelf
area of the Adlie Coast. This locally produced
bottom water has salinities of slightly less than 34.7
% and potential temperatures of approximately
—0.6°C. with oxygen saturation of approximately
904. At 135 0 E., this water leaves the continental
slope and penetrates into the deep ocean. In doing so,
it deflects a westward-flowing bottom current made up
of water derived front the Ross Sea. This Ross Sea-de-
rived bottom water has salinities of slightly more than
34.7(/)/()(), potential temperature of —0.4'C., and
oxygen saturation of approximately 62/. It is ex-
pected that the Antarctic Bottom Water derived from
the Ross Sea has some large-scale significance. How-
ever, the bottom water produced along the Adélie
Coast is not in st'fiIcient quantity to have more than
a fairly localized influence.

In addition to the above work concerned with Ant-
arctic Bottom Water production, the Antarctic Con-
vergence was investigated with XBTs and the STD.
The Convergence at 125°E. was crossed three tunes in
order to study temporal variations and the possibility
of detecting- a double polar front zone which has been
found east of the Macquarie Island. No such double
polar front was found at 125'E., and the variations
during the time of observation were minor.

Three profiles consisting of a total of 20 water sam-
ples of 10 1 each were processed for a study of the

content and thethe ratio of U234 U° 8 . These
samples were taken on behalf of Woods Hole Occano-
gra)hic Institution.

Surface plankton tows of long duration were taken
at four locations in order to obtain enough living
foraniiniferans for oxygen-isotope ratio determina-
tions at Lamont-Doherty. The plankton net was hung
from the bow to avoid contamination.

Other projects carried out during the cruise in-
cluded:

Bottom coring, Florida State University. The cores
obtained on the continental margin showed increasing
overall grain size towards the bottom of cores, while
those taken north of the margin had decreasing grain
size from top to bottom. No fine-grained sediments
were obtained on the shelf. Two of the cores con-
tained Foraminifera on top, but not in. the lower part
of the samples. Some of the FSU cores were turned
over to the Lamont-Doherty program and to Pro-
fessor Konrad H. R. Moelle of the University of New-
castle, Australia.

Professor Moelle also obtained some piston cores of

his own (for a total of nine). His particular interest
was to search for cosmic spherules, their concentration
and mode of deposition, and the depositional fabrics
associated with them. While the quality of the cores
obtained was generally good, they did not reveal
many cosmic spherules.

Meteorology, Bureau of Meteorology, Melbourne.
This program included 206 surface observations, 48
radiosonde and 11 rawinsonde observations, and 185
special observations during four crossings of the Ant-
arctic Convergence. Eight carbon-dioxide samples
were collected for the Scripps Institution of Oceano-
graphy and one oxygen sample for the U.S. National
Bureau of Standards.

Geophysics, Lamont-Doherty Geological Observa-
tory. In addition to the normal underway measure-
ments of the geophysical program (gravitometer,
magnetometer, and seismic profiler) taken by the La-
mont-Doherty geophysical party, a sonohuoy system
was incorporated into the program. (A sonobuoy is a
buoy used in conjunction with a hydrophone as an
economical method of obtaining seismic refraction
data without the need for a second ship.) This son-
obuoy system utilizes expendable passive sonobuoys
(supplied through the Office of Naval Research) to
obtain information on the velocity structure of the
sediments and uppermost oceanic crust. Sixteen suc-
cessful sonobuoy stations were made.

All underway geophysical projects were successful
with the exception of the seismic profiling, which was
not conducted during the first week of the cruise due
to a major overhaul of the compressors. Of special
geophysical interest were the crossings of the Southeast
Indian Rise, the Macquarie Ridge-Arc complex, and
the antarctic continental margin.

First Hero Cruise

in the Southern Hemisphere*
Departing from Miami, Florida, on October 23,

1968, hero Proceeded to Valparaiso, Chile, to begin a
cruise in southern Chilean waters that lasted from
November 12 to December 11. The cruise was under.
taken to study the marine mammals of southern
Chile, particularly the distribution and variation of
small whales, porpoises, and seals. Other objectives

*Extrac ted from report prepared by Dr. Kenneth S. Norris,
senior scientist on the cruise.
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included investigations of the chemistry of vision in
marine mammals; the collection of materials for gross
microscopic and ultrastructural studies of the porpoise
ear and eye; the accumulation of information on the
life history of the mammals, including their parasites,
sexual cycles, and stomach contents; research on por-
poise sound processing by means of brain implants on
anesthetized animals, and sound-velocity and -disper-
sion measurements on porpoise tissues thought to be
involved in sound transmission; and the recording of
underwater sound emissions.

Dr. Kenneth S. Norris, Director of the Oceanic
Institute at Waimanalo, Hawaii, and Professor of
Zoology at the University of California, Los Angeles
(UCLA), served as senior scientist on the cruise.
Other participants from UCLA included Edward W.
Shallenberger, Robert Barrett, and Kenneth A.
Bloome. Also aboard were William E. Schevill, Woods
Hole Oceanographic Institution; William N. Mc-
Farland, Cornell University; George W. Harvey,
Oceanic Institute: William Watkins, Woods Hole
Oceanographic Institution; Anelio Aguayo, Director
of the Estación de Biologia Marina, Montemar, Chile,
and Michael Barrett, UCLA.

In addition to the primary objectives, the expedi-
tion obtained collections for specialists not directly
involved in the cruise. These collections included
plants, hagfish, diving petrels, skulls of pinnipeds, and
visual pigments of marine vertebrates other than ceta-
ceans.

The cruise yielded an unexpectedly low number of
cetaceans, but the complex and obscure genus Lagen-
or/iynchus was observed, and a good series of speci-
mens was obtained, allowing study of pattern variation
and osteology in L. australis. Two specimens of the
little-known Cephalorhynchus coinrnersoni were re-
covered from the Straits of Magellan. Sightings of the
sea lion Otaria byronia and the fur seal Arctocephalus
australis numbered 2,400; 45 new localities, mostly of
Otaria, were recorded. Skeletal materials from an
entire stranding of the southern pilot whale were ob-
tained. The retinas from eight porpoises were dark-
adapted and frozen for later analysis at Cornell Uni-
versity.

The neurophysiological work suffered from the rel-
ative scarcity of animals. In the single successful an-
aesthesia that was performed, a small male of L. aus-
tralis was implanted and recordings made of cerebral
signals for about 30 minutes until the aninial died.

Many attempts were made to record underwater
sounds of marine mammals from Hero and the whale-
boat, both of which proved to be good listening plat-
forms. When Hero was on "silent ship" with all rotary
machinery stopped, no ship-generated sounds could he
heard. Recordings were obtained from both porpoises
and sea lions.

Plants were collected from 26 localities and 1,731
specimens were pressed, dried, and labelled. Among
the previously uncollected localities was the extremely
interesting Islas Barnevelt east of Cape Horn, Isla
Aguirre, and Isla London, and all outlying islands to
the Peninsula Brecknock. The plants are presently
being catalogued and studied by Mrs. Natalie Goodall
of Estancia ilaberton, Tierra del Fuego, Argentina.
They will be forwarded to Dr. Frederick C. Meyer,
Research Botanist, U.S. National Arboretum, U.S. De-
partment of Agriculture, Washington, D.C., who is ar-
ranging for their study and distribution.

Twelve collections (several hundred individuals) of
hagfish were made for Dr. Carl Hubbs, University of
California, San Diego, from the Golfo del Corcovado
to Puerto Maxwell, a few miles north of Cape Horn.
Visual pigments were obtained from fishes, the
steamer duck, kelp goose and magellanic penguins.
Five diving petrels were obtained for Dr. Braulio
Araya, and a new locality for the very rare rnagellanic
woodpecker was recorded. A few miscellaneous col-
lections were made of invertebrates as well as am-
phibians, lizards, and tadpoles.

Ten cetaceans (porpoises) and other biological
materials from the cruise are either deposited in the
United States National Museum or distributed to ap-
propriate scientists for stud y . The plant collection will
be deposited ultimately in the Berkele y Herbarium, at
the University of California.

Back Issues of the

USAPO Bulletin Available

The History and Research Division of the U.S.
Naval Support Force, Antarctica will accept requests
for certain back issues of the Bulletin of the U.S.
Antarctic Projects Officer, which was published from
1959 to 1965. The following issues are available: vol.
II (1960-1961), special supplement to no. 1*; vol. IV
(1962-1963, no. 1*: vol. V (1963-1964), nos. 7, 9,
10, Index and Errata; vol. VI (1964-1965), nos. 1
through 7, Index and Errata.

Only requests from libraries, polar authorities, and
current antarctic researchers can be honored at this
tune. Requests should be submitted on institution let-
terhead to the Division at Building 210, Washington
Navy Yard, Washington, D.C. 20390.

The Library of Congress holds a complete set of
Bulletins and can provide photocopies of those iSSUeS
that are not available from the Support Force. A
schedule of copying fees may be obtained froiti the
Library's Photoduplication Service, Washington, D.C.
20540.

In very limited supply.
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Command of Naval Support Force
Transferred to Admiral Welch

U.S. Navy Photo

In a brief ceremony held at the historic Washington
Navy Yard on June 19, the command of the U.S.
Naval Support Force, Antarctica was transferred
from Rear Admiral J . Lloyd Abbot, Jr., to Rear Ad-
miral David Fife Welch.

Admiral Abbot, who had headed antarctic logistical
operations since February 25, 1967, will assume com-
mand of Carrier Division 16, based at Norfolk, Va.
His tour with Operation Deep Freeze was marked by
the first scheduled winter flights to Antarctica, the
dedication of a permanent Palmer Station, the con-
struction at McMurdo of the Antarctic's largest
building, the acquisition of a fifth LC-130 Hercules
for Antarctic Development Squadron Six, and in-
creased use of satellite technology. A project of special
interest to him was the inauguration of a program to
inform support personnel about the objectives, nature,
and achievements of antarctic research.

The Support Force's new commander, a native of
Indiana, was commissioned in the Naval Reserve in
1941. He subsequently served on antisubmarine duties
in the Atlantic, earning the Bronze Star Medal. In
1945 and 1946, he commanded fist a high-speed
transport and then a destroyer escort. After postgrad-
uate studies, he took command of Underwater Dem-
olition Team One and led that unit in night hydro-
graphic surveys under fire and in reopening the port
of Chinnampo, Korea. For his serivce with UDT-1,
he was awarded the Silver Star. Admiral Welch's other
commimmiands have included USS Bausell (DD-845),
Mine Squadron 10, the Atlantic Fleet's Amphibious
Training Command, and Am phibious Group 4. It
was from the last of these that he came to Operation
Deep Freeze.

Admiral Welch's shore duty has included service as
Assistant Chief of Staff for Logistics with U.S. Naval

Forces, Europe, for which he was awarded the Legion
of Merit, and in senior staff positions with the Military
Assistance Command, Vietnam, where he earned a
Gold Star in lieu of a second Legion of Merit.

Admiral Welch holds a B.A. in chemistry from
Franklin College of Indiana, and an M.A. in educa-
tion from George Washington University. He has also
attended the Naval War College and the NATO De-
fense College, and taught at the Naval War College.
He was promoted to rear admiral in 1968.

Philatelic Mail for Deep Freeze 70

Philatelic covers will be accepted during the
1969-1970 season by two U.S. stations in Antarctica
and by three Deep Freeze ships. Byrd Station and
South Pole postmarks may be obtained by placing two
addressed covers, each hearing U.S. postage at letter
mail rate,* in an envelope addressed to:

DEEP FREEZE PHILATELIC MAIL
U.S. Naval Construction Battalion Center

Davisville, Rhode Island 02854

One cover will be forwarded to each station for
postmarking. If only one station's cancellation is de-
sired, the single submitted cover should have either
"Byrd" or "Pole" written in the lower left corner.
Covers must arrive at Davisville by September 1,
1969, to be processed for shipment to Antarctica.
Cancellations will be applied during the austral
winter, and collectors may expect to receive the covers
between October 1970 and March 1971.

Ship cancellations may be obtained by sending
covers to Deep. Freeze Philatelic Mail, followed by the
name and address of the ship whose postmark is de-
sired. The ships' addresses and the 1969 deadlines for
receipt of covers are:

USCGC Edisto (WAGB-284), Boston, Massa-
chusetts 02109—November 12.

USCGC Burton Island (WAGB-283), P.O. Box
20820, Long Beach, California 90801—November 19.

USCGC Glacier (WAGB-4), P.O. Box 20900,
Long Beach, California 90801—November 19.

Covers postmarked aboard these ships will be re-
turned to collectors as expeditiously as postal work-
loads and operations permit. These ships may
apply either their individual cachets or the Operation
Deep Freeze cachet to philatelic covers.

Collectors are limited to one cover from each of the
stations and ships cited above. Philatelic covers will be
returned unprocessed when more than the authorized
number are submitted, if insufficient or foreign
postage is provided, or if it appears that a commerical
motive is involved.

*Foreign collectors may use International Reply Coupons
to defray postal charges.
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Fifth Consultative Meeting of the
Antarctic Treaty Representatives

On November 18, 1968, Representatives of the 12
nations signatory to the Antarctic Treaty met in Paris
for their Fifth Consultative Meeting. Ambassador
Pierre Charpentier, who signed the Treaty document
for France in Washington, D.C. on December 1, 19591
was elected Chairman of the meeting, and Mr. Guy
Scalabre was appointed Secretary General. Michel
Debr, Minister of Foreign Affairs for France,
opened the meeting. The United States Representa-
tive and Chairman of the Delegation was Ambassador
R. Sargent Shriver, Jr. Other members of the U.S.
delegation included Mr. James Simsarian, Depart-
ment of State; Mr. Henry S. Francis, Jr., National
Science Foundation Captain James E. Heg, USN,
Department of Defense; and Mr. Maynard W.
Gil tman, American Embassy, Paris.

Representatives recommended nine measures to
their governments for furthering the principles and
purposes of the Antarctic Treaty. The most significant
recommendations, perhaps, are those dealing with
telecommunications and pelagic sealing. The "Meas-
ures for Improving Antarctic Telecommunications"
provides for a meeting of experts of the Consul-
tative Parties in Buenos Aires, Argentina, in Sep-
tember 1969 to consider ways and means to facilitate
the communication of scientific and other traffic. The
proposed meeting of experts will be the second such
meeting under the Antarctic Treaty.

Two measures recommended to governments dealt
with the conservation of antarctic pelagic seals. The
first of these revised the Interim Guidelines for the
Voluntary Regulation of Antarctic Pelagic Scaling,
originally recommended to governments by Repre-
sentatives at the Fourth Consultative Meeting in San-
tiago, Chile, 1966. Based upon the consideration of
SCAR, the interim guidelines were revised to des-
ignate the limit of permissible catch of specific spe-
cies, zones and seasons for sealing operations, sealing
reserves, and exchange of information. The second
conservation measure recommended that the govern-
ments consider a convention for the regulation of
antarctic pelagic sealing at the next Consultative
Meeting, based upon the interim guidelines. These
nine measures are now being considered by the twelve
countries and will become effective when and if ap-
proved by all twelve.

The Representatives, in conclusion, recommended
that their governments accept the invitation of the
Government of Japan to convene the Sixth Consulta-
tive Meeting in Tokyo in 1970, and thanked the Gov-
ernment of France for the splendid and cordial hospi-
tality provided for the Fifth Consultative Meeting.

Deep Freeze 69 Visitor Program

During the 1968-1969 austral summer, slightly
more than 100 individuals visited Antarctica as guests
of the U.S. Naval Support Force, Antarctica and the
National Science Foundation. Most of these mimade
five- or six-day visits during two scheduled periods in
November and January, but some, because of the
nature of their visits, came at ot 1 er times.

Visitors in November included representatives of Ii
of the nations signatory to the Antarctic Treaty. Their
itinerary was reported in an earlier issue of the Ant-
arctic Journal (vol. IV, no. 1, p. 34). Also viewing
U.S. antarctic operations in November were three
congressmen: Rep. Charles A. Halleck (R_Ind.),
Rep. Porter Hardy, Jr. (D—Va.), and Rep. William
L. Dickinson (R--Ala.'), all of the Armed Services
Committee. Three other congressmen, accompanied
by Dr. T. 0. Jones, visited Antarctica in December:

George F. Brown, Jr., (I)Ca1.) , of the Science
and Astronautics Committee and Representatives
Laurence J . burton (R—Utah) and Theodore R.
Kupferman (R—N.Y.), of the Territorial and Insular
Affairs Committee.

In January, Sir Arthur Porritt, the Governor-Gen-
eral of New Zealand, visited the Continent, accompa-
nied by his two sons and party. Other prominent visi-
tors from New Zealand were Mr. Charles H. Uphain
and Mr. Clutha MacKenzie; two members of the New
Zealand Parliament, Mr. William L. Young and Mr.
Trever Young; and Peter Snell, an Olyiiipic gold
medalist. The U.S. Ambassador to Australia, the Hon.
W. H. Crook, visited in November, with his 12-
year-old son and party.

Distinguished visitors from the world of business
and education included Mr. T. J . Watson, Jr.,
chairman of the board of International Business Ma-
chines: Mr. C. K. Funston, chairman of the hoard of
Olin Mathieson Chemical Co.; Dr. W. B. Henley,
provost of the University of Southern California's
College of Medicine: Mr. G. H. Dixon, president of
the First National Bank of Minneapolis and Mr. F.
Shor, associate editor of National Geographic.

Among time iiiilitai'y visitors this past season was
General H. M. Estes, Commander of the U.S. Air
Force's Military Airlift Command (MAC). With
Gen. Estes were Major General J . S. Sherrill and
Brigadier General E. J . White, both of MAC. Others
were Air Vice Marshal C. A. Turner of New Zea-
land; Rear Admiral F. Massey, Commander, Fleet
Air at Quonset Point, Rhode Island: and Rear Ad-
miral F. B. Voris, assistant chief of the U.S. Navy's
Bureau of Medicine and Surgery. Rear Adiiiiral
David F. Welch. preparing to take coImiimlafl(l of
Operation Deep Freeze this summer, rna(le a brief
visit to McMurdo, Byrd, and Pole iii February.
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