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Economic Potentials
of the Antarctic

NEAL POTTER

Resources for the Future, Inc.
Washington, D.C. 20036

The great advance in geographic and scientific
knowledge of the Antarctic in the last 25 years has
brought increased speculation about the possibilities
that this bleakest of lands may contain economic
natural resources .2 What are the chances that this
"new" continent or its surrounding seas may be eco-
nomically exploited?

Economic or commercial exploitation of the Ant-
arctic faces formidable obstacles: The climate is more
severe than that of any other part of the world. Nearly
all the Continent has one to six months with little or
no daylight; 95 to 98 percent of the land (rock) is
covered by glacial ice up to 14,000 feet thick. The
sea is covered with pack ice for several hundred miles
out during the winter months. During the summer,
icebergs and pack ice extending some 100 to 500
miles offshore make ocean travel difficult and hazard -
ous. The area is remote from the principal industrial
and commercial areas of the world, which are concen-
trated between 30° and 60° North latitude.

Finally, international legal problems will probably
arise if anything of considerable value is found on the
Antarctic Continent. While the Antarctic Treaty pro-
vides that there shall be no new assertions of territorial
claims during its duration (at least until 1991),
there are overlapping claims that would require
adjudication if commercial values should lead to
increased interest in the area. The U.S.A. has asserted
no specific claims, and recognizes none, but reserves
its position throughout the area. The claims of Argen-
tina, Chile, and the United Kingdom overlap each
other, being based on varying grounds of discovery,
exploration, occupation, and grants extending back
to the rulers of medieval Spain. Australia, Belgium,
France, New Zealand, and Norway have claims in
East Antarctica. The U.S.S.R. contends that the
Continent was discovered by Admiral Bellingshausen

Summary of an independent study undertaken by Re-
sources for the Future, Inc. The full text of the report will
be published later this year by the American Geographical
Society, Broadway at 156th Street, New York, N.Y. 10032.

2 "Natural resources" are defined as any natural materials
or characteristics of significance to man—land, water, cli-
mate, plant and animal life, minerals, energy, or space for
living, working, recreation, and storage. "Economic" re-
sources are those which can be used or exported at a cost
which is less than their market value.

under the patronage of the Czar in 1821, though it
has not set forth specific claims.

Despite these formidable obstacles, journalistic
speculations often are glowing, and at least one au-
thority in the field of antarctic exploration has fore-
cast big things for the Continent in another 20 years.
Dr. Phillip G. Law, former head of the Antarctic
Division of the Australian Department of External
Affairs, once foretold whole mining towns hollowed
out of rock, with families living there the year around,
and predicted a tourist resort within 10 years in the
scenic area around McMurdo Sound.3

LEVELS OF COST

Here, I take economic values as equal to market
values, which are determined by demand and supply.
This means that the cost of supplying marginal units
of fish, coal, tourist services, or anything else must not
exceed what prospective buyers are willing to pay,
or the market will find these units not worth pro-
ducing, i.e., uneconomic. Thus, essential to the deter-
mination of whether the Antarctic may contain re-
sources in an economic sense is the level of costs to
be expected.

It is by no means practical to determine precise
costs of an industry for which we know neither
inputs, outputs, nor location, terrain, weather prob-
lems, ice problems, etc. I attempt here only to find
some indicators of cost levels in the Antarctic, as
compared to more familiar areas.

Though Antarctica is remote from the principal
world centers of population and industry, distance is
only a moderate handicap, for ocean freight is cheap
over long distances. More important than distance in
determining transportation costs are weather, topog-
raphy, and the costs of protecting and handling
certain kinds of freight in rough seas and severe
climate, and premiums for varying degrees of risk due
to weather, ice, remoteness, and lack of full informa-
tion for maps of land and sea. Cost variations due
to these causes are poorly known because the area
is one of exploration and experiment; least known,
perhaps, are the degrees of risk and appropriate
premiums therefor. Let us examine the range of
costs in four type areas: north of the pack ice; on
the coast of the Antarctic Peninsula and its islands;
at McMurdo Sound, location of the most southerly
and largest of the coastal stations now in operation;
and at inland stations on the glacial ice, like the
United States' Pole and Byrd Stations.

North of the Pack Ice. North of about 60° or
65°S. (depending on longitude, season, and weath-

Christian Science Monitor, January 8 and 9, 1965.
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er), there seem to be no very serious obstacles to pas-
senger ships or freighters beyond those encountered
in the North Atlantic—some drifting icebergs and
sea ice. The weather is, however, perhaps rougher
and foggier, and there is more ice present. Whalers
and fishing vessels have found it economical to sail
in these waters in recent years and, in the 19th
century, sealers found the accessibility so easy they
all but exterminated their prey.

Along the Antarctic Peninsula, pack ice prevents
access by sea only in winter and spring. Access with-
out icebreakers is possible on its west coast for several
weeks each year as far south as Anvers Island, and
irregularly and occasionally as far south as Alexander
Island near the base of the Peninsula. Reliable access
to this southern area depends on icebreakers, how-
ever, and safe access requires vessels with strength-
ened hulls. A number of other coastal areas are
also accessible without icebreaker assistance for a
few uncertain days or weeks each summer.

McMurdo Sound Area. Transport costs to Mc-
Murdo Station—representative of coastal stations at
many points around the Continent - will vary widely
depending on how much one allows for icebreaker
costs. The United States' heaviest icebreaker, USCGC
Glacier, with assistance from two smaller icebreakers,
generally opens a channel by mid-December. In
recent years, this channel has remained open for
about 10 weeks with but little work from icebreakers,
and it has been possible to unload freight onto an ice
quay at Hut Point. An initial expenditure for ice-
breaker services could thus enable several dozen
freighters to discharge and take on cargo in this area
each season. The chief costs over and above those
incurred in ordinary freighter work are those of
strengthened hulls and standby services of an ice-
breaker.

The annual cost of opening the McMurdo channel
with icebreakers is high, but could be reduced if the
season of access were shortened to 6 or 8 weeks
instead of the present 10 or 12, so as to let warm
December weather facilitate the ice removal.

Total costs listed in the U.S. Navy Task Force
43's Report of Operation Deep Freeze 65 for ships
(including icebreakers) were $2.3 million. Deliveries
were approximately 21,000 tons, for an average cost
of $110 per ton. These figures appeared to cover the
full, commercial costs of the freighters, but no more
than the operating costs for the icebreakers; full
costs might be over $300 per ton delivered. 4 Costs
of additional shiploads from New Zealand, however,
would have come to only about $30 per short ton

This would include the full cost of icebreakers for an
entire season, on the assumption that they could be used
in the Northern Hemisphere during the antarctic winter.

(1.20 per ton-mile). A more detailed discussion of
shipping costs to the McMurdo and inland areas
is given in the forthcoming book referred to in foot-
note 1.

For comparison, contemporary (1965) Conference
ocean freight rates on kerosene, New York to Rotter-
dam, were $29.25 per long ton ($26.12/short ton or
0.680/ton-mile). On automobiles, Detroit to Buenos
Aires, the rates were about $30/ton (or per 40 Cu.
ft.) on scientific instruments, New York to Naples,
$76.50/ton (or per 40 cu. ft., whichever is higher).

A significant alternative for the shipment of
freight to McMurdo Sound (as well as many other
points on the coast) is use of the antarctic vessels of
the J. Lauritzen Lines of Copenhagen, Denmark.
These ships—the Magga Dan, Thala Dan, and
others—carry about 2,000 tons of freight and gener-
ally operate without icebreaker assistance, though
they have little capacity to break ice. They can be
leased for about $2,200 per day, including travel
time from European ports.

If one of the Dan ships were used, about 80 days
would be required for a round trip from Copen-
hagen to New Zealand and 50 days for two round
trips from New Zealand to McMurdo Station. The
total cost of carrying 4,000 tons to McMurdo would
then be $286,000 or about $72 per ton. This is
competitive with the Deep Freeze 65 budget cost
plus my estimate of overhead on icebreakers, total-
ling $300 per ton. It is not, however, as low as our
estimates of the cost of a very large operation with
icebreakers, at $57 or even $30 per ton.

It should be noted also that, although Dan ship
costs are reasonable, without icebreakers their access
to the ice quay or to any land on Ross Island is
dependent on good luck with the weather and ice
breakout.

Reviewing these rates, it appears that freight costs
to McMurdo Station run from perhaps twice the cost
of shipping similar goods over similar distances in
other parts of the world, up to levels over 10 times
as high. The level to be assigned will depend prin-
cipally on how much of icebreaker costs we assign
to the freight in question, and which ocean-freight
rate in the temperate climates we use for comparison.
The marginal costs, for additional shiploads through
a channel already opened and protected by icebreak-
ers, and to a dock already prepared and operating, is
only moderately above that of running a ship in
any other sea.

Inland Stations. The costs of shipping to the inland
stations appear to be on the order of 3 to 10 times
as high as to McMurdo, which are, depending on
the assumptions we have discussed above, from 1
to 10 times those to U.S. coastal points.

The principal means of transport used by the
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United States to its inland stations is the ski-equipped
Hercules transport plane (LC-130). The cost of this
mode of delivery would seem about 800 per ton-mile,
as explained in the forthcoming book. If wheeled
planes were used, costs might be reduced by 50 per-
cent because of the greater load carried by, and the
lower cost of constructing, planes without the complex
and heavy skis. In the months of October and
November, wheel-equipped Constellations carry some
freight and most of the passengers between Christ-
church and McMurdo. The development of snow
or ice runways by new technologies of snow and ice
strengthening may also contribute to lower costs by
making possible greater use of wheeled planes and
heavier loads. Moreover, large and extended opera-
tions might economically develop a ski-plane designed
for snow operations only, which could reduce cost
and weight as compared to the LC-130, which can
land on either skis or wheels.

In summary, transportation costs by sea can be
calculated as ranging from only a little higher (in
some areas and for short seasons) than costs in more
temperate climates, up to levels as much as 10 or
more times normal shipping costs. Inland-station
transport costs range from 3 to 5 times U.S. air freight
costs, or from 30 to 40 times rail freight costs.

The resulting costs of fuel oils are calculated as
ranging from as low as twice U.S. coastal prices
delivered at McMurdo, to 33 times U.S. costs when
delivered at Byrd or Pole Station.

Costs per Man
A crude overall comparison of costs may be made

on the basis of total costs of operation per man, in
the Antarctic and elsewhere. Total 1964-1965 Navy
and USARP (U.S. Antarctic Research Program)
costs allocable to the principal U.S. stations (ex-
cluding direct costs of field expeditions and aerial
mapping) were divided by average population of
each station in that year, with the following results:

McMurdo ........ . $ 23,000 per man year
Inland stations . . . 102,000 per man-year
Palmer Station . .	83,000 per man-year

If some activities not basic to the stations' opera-
tions were eliminated from the accounting, costs
would be considerably lower; for example, the $300,-
000 icebreaker services at Palmer Station are probably
not necessary, and much of the icebreaker's time is
spent in biological research in the surrounding waters
or in supporting construction. If this charge were
excluded, the average cost per man-year at Palmer
Station would have been $50,000.

Let us compare these costs with those in domestic
industries, for which "value added" per worker is
at least indicative. "Value added," as conceived by
the Census Bureau, equals gross receipts from sale

of goods and services minus cost of materials, sup-
plies, energy purchased, and payments for work done
on contract. This difference includes wages, salaries,
and entrepreneurs' income, as well as charges made
to such accounts as depreciation, interest, and main-
tenance. The costs charged to the antarctic stations
include all of these except the depreciation and other
overhead costs on the icebreakers and interest on all
investments, but they include the cost of supplies and
energy. There is no "cost of materials" charge to
subtract, because the research stations produce no
material product.

"Value added" per employee for certain industries
in the United States, in 1964, were:

All operating manufacturing
establishments ............... $12,500

Tobacco manufacturers ...... . 22,400
Apparel and related products	6,230
Chemical and allied products	25,600

Mining (1963) ................ 25,800

Costs at McMurdo Station are thus of about the
same magnitude as value-added per man in some of
the high-value, capital-intensive industrial groups in
domestic manufacturing industry. While the conduct
of mining, storage, tourist, or other operations on
land at such shore points as McMurdo or Anvers
Island might incur considerable additional expenses
before "product" could be turned out, the figures
above seem to indicate what direct observation and
common sense would tell us: that shoreline opera-
tions in favorable locations during the short summer
season could be conducted at costs that may be only
moderately above those in temperate-climate, easily-
accessible areas. It is also clear that costs at inland
stations, dependent on air transport, are several
times this level, and would warrant commercial op-
erations only for goods or services of extremely high
value.

Costs in the Arctic

Additional light may be shed on costs of commer-
cial operations in the Antarctic by an examination of
costs in comparable climates in the Arctic. Antarctic
shore operations are conducted under conditions sim-
ilar to those found among the islands of northern
Canada, in northern Alaska, along the north coast
of the U.S.S.R., and on the coasts of Greenland.

Where overland transportation is involved, north-
ern costs are high owing to the lack of roads and rail-
roads, and the presence of muskeg and permafrost.
Operations in northern Canada move freight as much
as possible by river transportation (in summer), sup-

'U.S. Statistical Abstract, 1966, pp. 711 and 769.
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plemented by truck or sledge (in winter), and employ
aircraft for personnel and materials which cannot wait
on favorable seasons. Emil Dubnie in 1959 estimated
transport costs in the Arctic at from 20 to 100 per
ton-mile for ocean freight, 50 to 100 by rail (to
Churchill on Hudson Bay), 150 to 600 by air (DC-
3), and up to $3 or $4 per ton-mile for small-plane
(Beaver) work.' He estimated freight costs on north-
ern roads, where available, at 200 to 250 per ton-
mile, and on tractor trains at $1 to $2 per ton-mile.

In addition, requirements for supplies run higher
than in developed areas. Canadian experience with
shoran survey operations during 1946-1957 indicated
that as much as four times as large a quantity of sup-
plies per man-year were required for arctic opera-
tions as for those in subarctic areas.7

Total excess of arctic-operation costs over those in
other areas of Canada (principally Edmonton, as a
base for comparison) were estimated by Dubnie at
$3.50 to $9.00 per ton of ore mined. This compares
to average per-ton values of ores mined, as reported
in the U.S. Census of Mineral Industries 1958, of
$4.10 for copper and $12.50 for lode gold, with
ranges from $3.80 to $9.00 for copper and from $5.10
to $44.00 for lode gold. As Dubnie's estimate of the
excess arctic costs were as large as total costs per ton
in the average U.S. nonferrous mine, it appears that
arctic costs inland are of a magnitude to prevent
mining of any but the highest-value ores likely to be
found. Experience seems to confirm this conclusion;
the frequency of arctic mines is much less than their
geologic probability.

These costs of operation on land in the Arctic are
only vaguely suggestive of deterrents to antarctic op-
erations, of course, because in the Arctic only Green-
land has a continental ice cap, while the Antarctic
Continent is almost completely ice-covered.

The biggest barrier to commercial operations on
most antarctic shores will probably be the large over-
head involved in icebreakers and other equipment,
and labor involved in establishing a beachhead or in
preparing and maintaining an airfield (including
communications and weather reports and forecasts).
Bases of operation which are open several months a
year and are prepared to combat ice and weather
problems are likely to cost several million dollars an-
nually to establish and maintain. Operations inland
are very costly, up to levels four or more times as high
(per worker) as even the higher-value U.S. domestic

6 Dubnie, Emil. Some Economic Factors Affecting North-
ern Mineral Development in Canada. (Canadian Dept. of
Mines and Technical Surveys, Mineral Information Bulletin
No. MR 38), pp. 21, 27, 29, 30.

'The Arctic Basin. Washington, D. C., Arctic Institute of
North America, 1963, p. 248-249.

industries. These high costs seem likely to come down
as the technology of air freight continues to advance.

Technology may also reduce the cost of shore ac-
cess. The prospects of large oil reserves in the Arctic
Ocean areas of Canada and Alaska have led to inter-
est in possible super-submarines (with atomic power)
which would act as submersible tankers for economi-
cal transportation of oil beneath the ice pack. Such a
development might provide important possibilities for
access to the Antarctic.

MINERALS

Interest in the natural resources of Antarctica has
probably centered more on minerals than on any
other possibility. Journalistic speculations have been
most sanguine, and a number of leading scientists
have taken serious looks at the possibilities. Dr. M. G.
Ravich, a leading Soviet geologist, wrote in 1960 that
"East Antarctica, which is a part of the ancient Gond-
wana continent, may, like Australia, Africa, Brazil,
and India, contain certain valuable minerals, includ-
ing diamonds, gold, iron, mica, and others, and it
possesses significant coal resources. West Antarctica,
like the South American Andes, may contain depos-
its of lead, tin, copper, and gold. " 8

Professor Duncan Stewart of Carleton College
wrote in 1963 that "Within this ancient shield area
of [East] Antarctica there are minerals of potential
commercial value . . . In a hundred or more years
Antarctica may well be asked to supply . . . metal"
and listed 222 minerals which had been discovered in
Antarctica in the previous 70 years, 14 of them of
commercial value when found in sufficient quantity
and quality in more accessible parts of the world.'

R. A. Swan wrote in 1962 that "The Australian
government is placing great emphasis on the possi-
bility of locating and using such mineral resources in
its Antarctic Territory. One reason for its belief that
they may exist is that it is considered that a certain
geological similarity exists between parts of the Terri-
tory and the rich mineral-bearing region in Australia
lying between Broken Hill and Adelaide where ores
of uranium, lead, silver, zinc and other minerals oc-
cur. At the same time it must be appreciated that the
exploitation of significant deposits, if ever found in
the Territory, presents enormous difficulties. It is very
doubtful if minerals could be mined economically in

8 U.S.S.R. Academy of Sciences. Antarctica: Commission
Reports 1960. (Translated for the National Science Founda-
tion by the Israel Program for Scientific Translations), pp.
20, 32.

0 Bulletin of the U.S. Antarctic Projects Officer, vol. 4,
no. 12, p. 13.
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the Antarctic, at least in the foreseeable future." 10

Large mineral deposits almost certainly exist in
Antarctica, for it is a continent of medium size, and
indications are growing that it may in earlier geo-
logic epochs have been joined on several sides with
Africa, South America, India, and Australia in the
Gondwana continent. Since each of the "related"
continents contains numerous rich mineral deposits,
and since similar geological processes may have been
at work in the antarctic portion of Gondwanaland, it
is likely to contain rich deposits. East Antarctica is
considered by geologists to be a Precambrian shield
area similar to much of Siberia, Canada, and Green-
land. West Antarctica is geologically similar to the
mineral-rich Andes Mountains area of South Amer-
ica.

The exposed area of rock in Antarctica is far dif-
ferent from that of its geological relatives, however.
Perhaps less than 2 percent of East Antarctica is free
of ice cover. Exposed rock in West Antarctica is
probably less than 10 percent of that of the Andes.
While glacial deposits and lakes, vegetation, and
muskeg offer considerable impediment to geological
exploration of Canada and Siberia, the difficulty they
present is small by comparison with that of the ant-
arctic ice. Moreover, river gravels provide innumer-
able clues to upstream minerals; these clues are ab-
sent in the Antarctic, though it is possible to get some
slight help from the glacial deposits meagerly ex-
posed along some mountains and glaciers and on the
sea floor off the coasts. Finally, millions of people
have lived in and examined rocks in the area of the
northern shields, and probably thousands of special-
ists have looked for mineral deposits there, whereas
no one lives permanently and only a handful of spe-
cialists have looked for mineral deposits on the ex-
posed part of the antarctic shield. Locating minerals
is a relatively improbable event under these condi-
tions and with presently known technologies.

Recent advances in marine engineering and in
metallurgy have led to interest in the very large de-
posits of certain minerals on the ocean floor, particu-
larly the manganese nodules, generally containing a
number of valuable metals, found in rich deposits in
many parts of the world. Nodules high in manganese
have been reported by the U.S. research ship Eltanin
in Drake Passage. However, exploitation of nodules
in such deep, stormy, and fast-flowing waters is a
remote prospect, both because of the size of cheaper
land deposits and the large deposits of nodules in
more favorable locations.11

" Swan, R. A. Australia in the Antarctic. London, Cam-
bridge University Press, 1962, p. 369.

Brooks, David B. Low-Grade and Unconventional
Sources of Manganese. Washington, D.C., Resources for the
Future, Inc., 1966.

MJY111J]

Geologists examining wall of "coal mine" excavated in the
central Horlick Mountains.

Ocean-bottom photograph showing manganese nodules at about
2,880 fathoms. The photo was taken from USNS Eltanin at

42 0 31'S. 14504'W.
vj Photo
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Arctic Mining

While the geological evidence of mineral deposits
in the Antarctic is still meager and quite general,
some clues to the possibilities of exploiting antarctic
minerals, if economic deposits are found, can be
gleaned by examining the extent of mineral develop-
ment in arctic areas of somewhat comparable accessi-
bility and climate.

The U.S.S.R. has a number of large enterprises
in northern Siberia, but their existence is not a clear
indicator of economic viability because the Soviet
economy is guided as much by political as economic
criteria. Dr. T. E. Armstrong concluded in 1960 that
gold mining in the Yakutsk province of northern
Siberia might have a cost five times the world price,
but that diamonds in that area (Mirnyy) were highly
profitable in real terms. He appeared to feel that tin
and mica mines in the Yakutsk and mines for copper,
nickel, platinum, and cobalt at Noril'sk are economic
despite formidable problems of transportation and a
labor turnover rate running as high as 100 percent
per year. 12

Coal is mined in commercial quantities in the Nor-
wegian island of West Spitzbergen (about 78°N.)
and exported to both Norway and the U.S.S.R. De-
spite ice problems which restrict the shipping season
to seven months, Norway secures about a third of its
total coal from this source.

The Canadian Arctic has thus far produced rather
little, but appears to be at the beginning of a period
of large output. The Yukon and Northwest Terri-
tories together produced only $33 million worth of
minerals in 1964, but by 1967 had reached $125 mil-
lion (Canadian), nearly 3 percent of Canada's total
mineral production, with the opening of new lead-
zinc mines on Great Slave Lake. An operation in the
Yukon is expected to begin producing at the rate of
370,000 tons of lead and zinc concentrates in 1969,
making it one of Canada's largest producers. There
has been intense interest in the oil potential of the
Canadian arctic islands, where geological calcula-
tions indicate there may be deposits of many billions
of barrels.

Alaskan mineral production in 1964 was valued at
$66 million, of which over half was petroleum, and
nearly 30 percent was sand and gravel. Another 8
percent was coal for local consumption. The great
gold mines of the past are no more, though copper
deposits are currently being seriously explored at
Ruby Creek in northwestern Alaska. Petroleum and
gas developments began in 1957, first in Cook Inlet
near Anchorage, but in 1968 a very large field was
struck at Prudhoe Bay, east of Point Barrow, in a

Armstrong, T. E. Mining in the Soviet Arctic. Polar
Record, vol. 10, no. 64, p. 16-22.

truly polar environment. Means of transporting to
markets the enormous potential of this field have yet
to be developed, but the final outcome will carry
important implications for the Antarctic.

Greenland is interesting as the only area outside the
Antarctic covered by a continental glacier; it is also a
continental shield area, like East Antarctica. It has
advantages for mineral discovery and exploitation
over East Antarctica: its exposed area (not covered
by the ice cap) is about twice that of East Antarctica;
it has some ports accessible to ships throughout the
year; and it has been inhabited by man for many
centuries. Yet Greenland has been a poor mineral
producer, with total output worth not more than $2-
3 million a year, of which most was cryolite from a
mine now exhausted. Lead and zinc deposits have been
worked in various areas, but all are now closed. Plans
have been announced for mining some 3 million tons
of molybdenum ore per year near Mestersvig, but
work has been delayed because of high costs.

It is clear that mineral production in the Arctic has
been extremely limited for so large an area. The be-
ginnings of arctic mineral development are encour-
aging for the possibility of antarctic developments,
because they indicate that at least some of the diffi-
culties of operating in the Antarctic are now found
worth surmounting, and because arctic operations
may develop technology applicable in the Antarctic.
However, most arctic operations face lower costs than
those of the Antarctic; and since arctic minerals are
just now entering the realm of the economic, the era
of economic mineral operations in the continent of
the great ice cap appears remote.

This perspective of remoteness is reinforced by
consideration of the great land areas of the North
which remain to be intensively mapped, explored and
developed—areas about twice the size of all the Ant-
arctic Continent. In addition, there are areas of simi-
lar size awaiting the work of geologists and mineral-
ogists in- Africa, South America, Asia, and Oceania.
Finally, the continental shelves are just beginning to
be heavily exploited, opening another large area;
and drilling of the ocean deeps has been achieved,
opening the possibility of exploiting the bulk of the
world's surface, hitherto closed to human exploita-
tion, for mineral development.

Some of the new technologies for mineral discovery
are of use in the Antarctic, but most are likely to do
far more for other areas than for the Antarctic. The
newest techniques depend on observations of plants,
stream water, soil and rock, electric currents induced
in soil or rock, or magnetic anomalies within a few
hundred feet of the formations being examined—all
difficult or impossible to apply in the Antarctic. Only
gravimetric and seismic exploration—much used in
searching for oil—seem likely to be productive.
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High-Value Minerals

The only minerals likely to be worth exploiting if
discovered will be those of high concentration and
value, such as gold or diamonds. The deposits will
also need to be large to cover the costs of establishing
a base of operations. Do mines elsewhere operate at
such a profit that similar mines in the Antarctic could
sustain the high cost levels there? Are prices rising
toward a level that would pay the costs of mining in
the Antarctic, despite the present indications of un-
favorable price/cost ratios? The limited data avail-
able are discouraging:

Gold: The price has shown no long-term trend
relative to the general price level (U.S.) since 1870.
There are at present only about 20 economic gold-
mining areas in the United States and Canada,
although many more have operated in the past. Cur-
rent North American data offer little hope for the
Antarctic: most gold mines in the United States
would be uneconomic if costs were much higher. If
labor alone were only twice as costly as at present,
most if not all of the mines would cease operations. 13

Costs in the Antarctic are likely to be considerably
more than twice the level in the United States.

South Africa, where two-thirds of the current
world output of gold is derived, may present a more
hopeful analogy for judging antarctic prospects. Good
cost data are lacking, but we may judge that even
in this uniquely productive area of the world, costs
are fairly high despite cheap labor, for six mines were
over 8,000 feet in 1964, and others were being opened
at depths of over 5,000 feet. 14

Silver: Relative price underwent a long-term de-
cline from 1870 to about 1930, since when it has
fluctuated widely and tended upward. Profitable
silver mining ( aside from by-product silver produc-
tion at base-metal mines) is found in only seven or
eight areas in the U.S.A. and Canada.

Uranium: The price of uranium—$8 per pound
Of U308 in concentrates—seems encouraging to ant-
arctic prospecting, but the price of ore is only about
$19/ton. The low price of the ore and the complex-
ity of producing concentrates of even 1 percent of
U308 make uranium an unlikely prospect for ant-
arctic commercial development in the near future.

" The 1963 Census of Mineral Industries, vol. I, p. lOG-
22, showed three U.S. lode gold mines with more than 50
employees; these three had a payroll that was more than one-
half of the total "value added in mining." Since payroll is
part of "value added," a doubling of labor costs would more
than eliminate all profits or other costs included in "value
added," unless price of the finished product rose. Mines with
fewer than 50 employees generally had payrolls running to
75 percent or more of value added in mining.

14 U.S. Minerals Yearbook, 1964, p. 932-933.

Diamonds: The relative prices of both gem and
industrial diamonds have had a long-term down-
trend, but in 1966 stood at averages of approximate-
ly $100 and $5 per carat, respectively, or $25,000 and
up per kilogram. The chances of discovering dia-
monds in the Antarctic's very limited exposed area
are extremely small, for in historic times sizeable
deposits have been found only in small areas of India,
South America, Africa, and the U.S.S.R. Today 99
percent of the world's industrial diamond reserves are
in Africa, as is most of its gem diamond reserve. Kim-
berlite pipes might be found among the many in-
trusive formations of Antarctica, but even if found,
the chance that they contain diamonds is very small:
even in diamond-bearing areas of Africa, the pro-
portion of mninerable kimberlite pipes runs as low
as 1 in 26. In the "good" pipes, the ratio of dia-
monds to waste is about 1:15,000,000 so that flota-
tion, jigs, and other separating processes are a major
part of the mining establishment - a formidable
obstacle to antarctic mining.

Mineral Fuels

Coal deposits have been reported at numerous
places in East Antarctica where the Permian sedi-
mentary rocks are exposed. 15 One geologist has called
the Transantarctic Mountains "one of the world's
big coal fields," and indicated it would be mined if
it were in an accessible part of the globe. 16 However,
the coal is mostly mixed with sand, slate, conglomer-
ates, etc., to the point where it would require ex-
tensive crushing, washing, screening, and flotation
to separate the fuel from the rock. The greatest han-
dicap, however, is that most of the deposits are in
remote and inaccessible places.

The coal deposits might be economic if substantial,
long-term activities were set up at some inland point
near the Transantarctic Mountains, where fuel oil
costs nearly $3 per gallon. Economic coal mining
would depend, however, on the existence near coal
deposits of a very high-value activity requiring much
energy, and no serious competition from atomic power
or other technology.

Petroleum is an important possibility. In the less
accessible areas of Antarctica, beneath the ice cap,
large sedimentary basins are inferred by geophysical
soundings. In all of these areas, both seismic pros-
pecting and drilling would be enormously handicap-
ped by the overlay of ice. On the Continent, drilling
is impossible in most areas because the ice moves re-
lentlessly at speeds varying from a few feet to sev-

15 Mulligan, John J . , and others. Willett Range Coal De-
posits. Washington, D.C., U.S. Bureau of Mines, 1963.

14 J M. Schopf of Ohio State University Institute of Polar
Studies, in conversation with the author, September 15, 1965.
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eral hundred feet per year. Offshore drilling is im-
practical because icebergs and crushing pack ice
would destroy any rigs erected in these waters. Be-
neath the ice shelves, it might be possible to drill
with the aid of flexible pipe and drilling apparatus,
but most of the floating shelf ice is moving several
hundred feet a year.

Under any of these conditions, exploitation of ant-
arctic oil fields appears impractical without new and
probably expensive technologies. They may never
be worth the outlay because of the enormous deposits
of oil, shale, coal, and other fuels in more accessible
parts of the world, and because of the rapidly advanc-
ing technology of nuclear energy production.

In sum, the Antarctic probably has within it as
great a store of minerals as the "average" continent,
but its chances of having commercial minerals are
probably less than 1 percent of those of the "related"
continents—South America, Australia, and Africa.
While in total area Antarctica is a medium-sized con-
tinent, its exposed area is about the size of New
Zealand. The exposed area close to accessible shores
is considerably smaller still, and the chances of min-
eral discovery are reduced perhaps 90 percent by
the lack of a population—to examine curious rocks
and "stumble on" useful minerals—and of explora-
tory geological work. Finally, minerals rated corn-
mnercial by the usual standards will in most cases be
uneconomic because of the high costs imposed by
climate and other factors.

BIOLOGICAL RESOURCES
The biological resources of the Antarctic have been

the basis for its principal commercial business of the
present and past. While there are no plants, terres-
trial animals, or fish that have ever been exploited
commercially, the mammals of the sea offer import-
ant resources. Indeed, it was the value of one of
these—the fur seal—which led to the discovery of
the Continent about 1820.

Seals
Though Eskimos have used seal skins and blubber

for many centuries, the first serious commercial seal-
ing was in and near the Antarctic. It started about
1766 with the taking of fur seals in the Falkland
Islands and began in earnest about 1784. Old ac-
counts say that "millions were taken during the next
15 years," and fur seals are reported to have become
extinct in the Falklands by about 1800. Meanwhile,
hunting spread rapidly to the coasts of Africa, South
America, and Australia, and to the islands of Ker-
guelen, Crozet, South Georgia, Juan Fernandez, and
others. In the South Shetland Islands, reached by
1820, indiscriminate slaughter reduced the herds so

Elephant seals

U.S. Navy

I

rapidly that by 1825 the business was ruined, and
scalers began to take elephant seals for oil. This busi-
ness was less profitable than fur-sealing, yet the herds
were slaughtered at such a rate that elephant seals
also declined rapidly in number.

In the 1870s, it was discovered that the herds of
fur seals had recovered a little, and there was a brief
revival of fur sealing. The first year, one ship found
1,450 on South Georgia. Next year, five ships returned
but found only 600 seals. The third year, four ships
came, but they caught only 110.

For nearly half a century, fur seals were not seen
in the Antarctic, but they have begun to reappear.
The British ship Discovery found some on South
Georgia on its voyages between 1925 and 1951. In
1957-1958, an offshoot of the South Georgia colony
appeared to be establishing itself in the South Shet-
lands.

If the southern fur seals are protected by some
sort of international agreement, 17 it seems possible
that they might, after a few decades, produce an
annual harvest of a size similar to that of the northern
fur seal industry, which centers on the Pribilof Is-
lands in the Bering Sea (there are no fur seals in the
North Atlantic. The total take from the Pribilof seal
colonies is about 60,000 pelts, worth in the neighbor-
hood of $4 million in the raw state. The hair seals, if
taken for fur, hides, and oil, could yield a product
whose value might be $3 to $4 million annually in the
raw state, judging by North Atlantic yields. Elephant
seals can yield a small harvest of oil if properly pro-
tected.

17 Recommendation V---7 of the Fifth Consultative Meeting
of Representatives of Governments (November 1968) asked
the signatory governments to the Antarctic Treaty to "vol-
untarily take account" of the proposals of SCAR (Scien-
tific Committee on Antarctic Research), which called for
complete abstention from killing of fur seals, elephant seals,
and Ross seals, while permitting slaughters of hair seals in
the following numbers beginning in 1969-1970: craheater
seals, 200,000; leopard seals, 15,000; and Weddell seals,
10,000. The recommendation has not yet been approved,
but there has been almost no commercial sealing within the
area of application of the Antarctic Treaty (south of
60-S.).
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Whales

The Antarctic's resource of principal value is—or
was—the whale. While antarctic whaling dates back
only a little over 60 years, whaling in other waters
goes back many centuries, and has repeated many
times the tragedy of killing the golden goose by over-
catching. The antarctic whale stocks have been re-
duced to the point where the most useful course
appears to be to shut down the antarctic whaling in-
dustry completely. The size of the catch has declined
60 percent. Any antarctic whales taken in the near
future will reduce the possibilities of whale catches in
the more distant future by a value which will prob-
ably far exceed that of the current catch (even after
appropriately discounting the future). Complete ces-
sation of catching has already been provided for the
blue whale, which only two decades ago constituted
the bulk of the catch as well as the most profitable
part of it. The fin whale, next largest of the baleen
(whalebone) whales, has also passed the point where
complete cessation of catching should be instituted,
and vessels of all nations except Japan and the
U.S.S.R. have abandoned antarctic whaling. Most
of the whales now caught are of the sei species, about
one-sixth as large as the blue; 70 percent of the catch
is now taken north of 50°S., whereas in better times,
80 percent was taken south of 60°S.

Revival of whaling will take perhaps 50 years of
complete or nearly complete cessation of catching,
for these species reproduce slowly, and so few are
left that there is serious concern over their survival.

The value of the antarctic whale catch, if all of
the species are given the decades required for com-
plete recovery, would be substantial. Scientists of the
International Whaling Commission in 1963 estimated
that a maximum sustainable catch would be about
6,000 blue whales, 20,000 fin whales, 1,000 hump-
backs, and 6,000 sei whales, which at recent prices
for whale oil and meat would be worth about $100
million.

Plankton

In recent years there has been increasing specula-
tion on the possibility of using the minute animals
which float in the sea, known as zooplankton, to sup-
plement the world's supplies of protein. Nowhere
in the world has such an operation been achieved,
but the best opportunities for launching such an in-
dustry in the near future may well be in the antarc-
tic seas, because these waters are believed to be
among the most productive in the world, and one of
the world's most easily caught forms of plankton is the
antarctic krill. This small, shrimp-like creature
(Euphausia superba) constitutes the principal food
of the baleen whales, the numerous crabeater seals,

the penguins, and the abundant petrels, terns, and
albatrosses. Mature krill (2 years old run only to
an inch or two in length, which would make them
of no value as food for such large animals as whales
or seals but for their strong tendency to congregate
in swarms. This habit makes it possible for baleen
whales to swim through the swarms and strain out
meals of a ton or more in a few minutes. So rich and
easily gathered is this diet that the baleen whales
return each austral summer to gorge themselves, put-
ting on several tons of blubber and internal fat, which
carries them through months of sparse diet in temper-
ate waters.

The principal student of the antarctic krill, British
scientist James Marr, estimated conservatively that
the whales may have eaten 38 million tons of antarc-
tic krill annually during the 1930s, after the herds
had already been reduced by overcatching.lS Others
have estimated the whales' annual consumption of
krill at 150 million tons, and even as high as 270
million. Since the live weight of the entire world's
catch of all kinds of fish, shellfish, etc. is currently
under 60 million tons, it is clear that the krill could
be a major food resource.

Both the Japanese and the Soviets have given
the possibility of krill harvesting some study. The
Soviet polar ship Ob' in 1959 caught 300 kilograms
of krill in a five-minute pass with a net, at 4.5-5
kilometers per hour speed. At the 1968 SCAR Biol-
ogy Symposium, P. A. Moiseev called it "a rather
promising commercial item in the future," and re-
ported extensive work by both research vessels and
fishing boats making experimental catches.

However, the economic potential of the krill, if
utilizable, would be low under present conditions.
Probably the most comparable industry at present
is that of Peru based on the anchoveta, a very small
fish taken by the millions of tons and made into
"meal" as a protein and oil constituent of animal
(principally chicken) feed. This rich resource, prac-
tically unknown until the 1950s, yet in recent years
constituting one-sixth of the world's total catch of
fish, feeds on the rich phytoplankton growth nour-
ished by the rising of the cold ocean current from the
Antarctic along the Peruvian coast—a phenomenon
like that which makes the antarctic waters so rich.
The 1967 catch of anchovetas was 9.8 million metric
tons, valued at $100 million ($10 per ton). The fish
meal (nearly all of it exported) made from the catch
was about 1.6 million metric tons, valued at $156
million, or about $110 a ton.

Prices in the range of $10 per ton would not bear
the cost of freight from the Antarctic to the principal

Marr, James. The Natural History and Geography of
the Antarctic Krill. Discovery Reports, 1964, vol. 32, p. 145.
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raphy of the Antarctic Knit (Discovery Reports, vol. 32).

markets, but prices in the range of $ 100-$ 150 could	Fish
readily do so, for these are around the levels received
for whale oil and whale meat. Thus, if factory ships	Studies of antarctic fish have been mostly of the

could process krill—with or without removing the	taxonomic and physiological variety. I have not

chitinous shell—into meal for animal or human food,	found studies of the numbers or the usability of ant-

an antarctic industry of considerable size—perhaps	arctic fish such as are available for the krill. This

larger than the former whaling industry—might de-	paucity of information makes any conclusions about

velop.	
economic potential very tentative, but such informa-

	

Such an industry may not be far off. Prices of fish	tion as there is leads to the impression that antarctic

meal have risen in recent years as the U.S. menhaden	fish are not abundant.

and other sources have declined, and the commercial	While much essential market and scientific infornia-

broiler-chicken industry has expanded in the U.S.A.	tion about the antarctic fishes is lacking, it is re-

and northern Europe. The Peruvian fisheries seem to	corded that they have occasionally been eaten, and

have reached their limit or perhaps exceeded it.	some are large enough to be possibilities for good line

Moreover, the Peruvian anchovetas and other small	fishing. A U.S.S.R. report,' 9 based on successful test

fish may be turned to human food, particularly as	catches off the Balleny Islands, recommends one of

fish meal appears to have overcome its technical	the common species, Notothenia neglecta, as a sup-

problems and may secure acceptance as an economi-	plement for whaling fleet diets.

cal supplement to protein-poor diets. This might
accelerate the development of krill fisheries to supply	" Sovie Antarctic Bulletin (Eng-
the market for chicken feed.	 lish translation), 1964, vol. 5, no. 6, p. 396.
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More research is needed to make possible the
protection and evaluation of antarctic biological re-
sources. Lack of knowledge of the oceans of the world
not only iiiakes the development of new industries
difficult and haphazard, but it makes objective, quan-
titative comparisons and evaluations impossible. This,
in turn, makes it difficult to reach international agree-
ments, and encourages irresponsible exploitation of
any marine resource whose harvesting proves to be
commercially profitable. This lack of knowledge also
makes difficult or impossible the establishment of
programs for restoration of overexploited species.

CLIMATE AS A RESOURCE

Cold Storage

Food left in cabins of the early antarctic explorers
has been found in good condition after 50 years or
more. The question naturally arises in many minds:
Why not put the world's largest freezer to commer-
cial use?

Unfortunately, costs of transportation and interest
charges appear to rule out cold storage as an eco-
nomic activity in the Antarctic. Even if we take the
lowest cost estimated above—$30 per ton by freighter
from New Zealand, for nonrefrigerated cargo—inter-
est charges at 5 percent per year on this cost, plus
$30 per ton for the return trip, equal the cost of 16
years of storage for grain in the U.S.A. Worse, it does
not appear that storage of grains in the Antarctic
would be likely to cost less than in Australia, New,
Zealand, or the U.S.A., where the grain might be
grown. For though the problems of mold and rodents
are minimal in the Antarctic, the problems of wind
erosion and snow and ice penetration are large. Pro-
tective storage bins would cost more to build in the
Antarctic than at home.

Storage of meat or fats would repay the costs of
refrigerated shipping in 6-8 years, if we ignore the
costs of offloading, storage, and reloading. However,
two factors make even this prospect a poor one. One
is that there is no clear evidence that worldwide food
shortages will increase in the foreseeable future. While
shortages might ultimately develop from excessive
population growth, an investment in improving agri-
cultural techniques, land use, fertilizer production
facilities, irrigation works, and the training of farm-
ers is likely to produce far more food for future con-
tingencies than could ever be stored in the Antarctic.
Temporary famines, of one or a few years' duration,
do not occur on a worldwide basis, but are handled
by shipment from areas of surplus to areas of short-
age, and out of stockpiles which are necessary for a
variety of reasons in every country. Thus, the same
improved means of transport and communications

which make shipment to the Antarctic possible also
make it unnecessary and uneconomic.

Interest charges of around 5 percent per year are
a real and inevitable cost of storage, for they are an
approximate measure of the yield on capital invest-
ment or means of production, whether auto factories,
fertilizer plants, irrigation works, or education. This,
as noted above, points to investment in food produc-
tion rather than storage as a means of fighting fam-
ine. The interest factor also requires that no storage
be undertaken for commodities which are not expect-
ed to rise in price at least 5 percent per year. For
antarctic storage, the forecast must be for a rise great
enough not only to cover the 5 percent per annum,
but to pay for high-cost two-way transportation; and
this price rise must occur over a long period—that is,
something more than the eight years noted above in
the case of meats. For if the occurrence of a rise (and
the ending of expectation of future rise) in price
which would call for withdrawal from storage should
occur within the long period required to cover the
cost of shipment to and from the Antarctic, food stor-
age at the points of production would have proven
more economical.

Ice
Fresh water is a resource of increasing value as

the world's population and living standards rise. The
bulk of the world's non-saline water is contained in
the antarctic ice cap. Icebergs containing billions of
gallons of this valuable resource drift about in the
southern oceans. If they could be transported to some
desert area, or a city short of water, the meltwater
could be quite valuable. A rough average price for
city water in the United States is 50 per ton; for
irrigation water, 2 or 30 per ton. Icebergs are fre-
quently seen which are as large as 500 feet thick and
half a mile on a side. At 50 per ton, such a berg

U.C. Navy Photo

Burton Island, Atka, and Glacier pushing iceberg from McMurdo
channel entrance.
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would be worth over $4 million, delivered, at city
rates for water.

Delivery costs, however, would probably be even
higher than this handsome sum. Icebreakers' efforts
to push icebergs have proven the enormous power
required to produce speeds of even '/ of a knot. If
and when ocean currents and storms permitted the
iceberg to approach a coast, the berg would ground
before it reached any harbor, for channel depths run
40 feet or less in most harbors, while icebergs extend
hundreds of feet below the surface. Melting the berg
offshore and shipping the water by tankers or pipe-
line to shore is possible, but expensive; pumping
water from sea level to points of use adds still fur-
ther cost.

Desalination of seawater appears to be approach-
ing the level of economic practicality more rapidly
than is the use of antarctic ice, though desalination
still costs about 500 per ton.

Tourism
Unique fauna, scenic beauty, and the aura of ad-

venture make the Antarctic a significant tourist at-
traction. The earliest tourist cruise went to the Ant-
arctic Peninsula area in 1958 under the sponsorship
of the Argentine Naval Command. The first com-
mercial tour sailed into the Peninsula area in 1966.
Since then, two or more cruises have been made into
the Antarctic each year.

It appears that this is likely to be a regular and
expanding business despite price tags running up-
ward of $3,000 per berth. The number of partici-
pants has been running up to several hundred per
year, and Lindblad Travel, Inc., the principal tour
organizer, is making plans which might accommo-
date 400 per year.

Estimates of the potential demand run to 1,000
visitors per year, or possibly even more. Alaska and
Canada's North attract many thousands each year,
and commercially advertised tours to other parts of
the world costing $2,500 to $4,500 are not uncom-
mon.
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Artist's sketch of M/S Lindblad Explorer, 2,300-ton tourist ship
launched in 1969 for Lindblad Travel, Inc.

OTHER VALUES IN THE ANTARCTIC

No doubt scientific investigations will be of great-
er value than any exploitive venture in the Antarctic
for many years to come, but these are not of a com-
mercial nature.

The possible use of the Continent as a refueling
stop or an emergency landing field for airline travel
from South America or Africa to Australia may be
significant, but the business for routes between these
thinly populated areas appears to be too small to be
economic at present. In the future, as demand in -
creases, the range and reliability of planes seem like-
ly to rise to the point where intermediate stops in
the Antarctic would not be considered. Flights over
the Arctic without the aid of fuel stops or emergency
landing fields are already common.

Storage of atomic wastes in the Antarctic has been
suggested, although it is not now permitted under
the Antarctic Treaty. This seems likely to be uneco-
nomic even if permitted, however, for low-level wastes
are commercially accepted at $1 per cubic foot, which
is scarcely enough to pay for shipment to the Antarc-
tic. High-level or "hot" wastes are costly to store, but
the great dangers and difficulties they present make
antarctic storage appear extremely unpromising. Pro-
tection against escape to the atmosphere or hydro-
sphere is required for as much as several centuries,
and during much of this period an efficient cooling
system is required. Such care is more costly in the
Antarctic than in old salt mines, now the favored
site for atomic storage.

CONCLUSION

This review of the economic potential of the Ant-
arctic indicates that the resources of greatest value
in the foreseeable future will be the animals of the
sea—though destructive exploitation of the seals and
whales may force a turning from the world's largest
animals to some of the smallest. The krill, as its
processing is developed, could become a greater re-
source than even the great whales in their heyday.
Though the Eldorado of rich minerals may never
be found, the beauty and adventure of the Antarctic
will make it a Mecca for tourists. However, the in-
calculably great values of international cooperation
and scientific advance will be the Antarctic's most
important product for the foreseeable future. These
products do not fall in the category of the economic
or commercial, but by any reasonable reckoning they
will rate higher than any foreseeable economic values,
no matter how optimistically forecast.
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The Naval Civil
Engineering Laboratory's

Polar Engineering Program

ROBERT EASTON

Publications Division
Naval Civil Engineering Laboratory

Port Hueneme, California

While the construction and maintenance of naval
shore facilities are responsibilities of the Naval Facili-
ties Engineering Command, the Naval Civil Engin-
eering Laboratory (NCEL) at Port Hueneme, Cali-
fornia, has for over two decades been the U.S. Navy's
primary agency for research, development, testing,
and evaluation in the area of civil engineering. With-
in NCEL, the Polar Division has the mission of
advancing engineering technology in the polar
regions. Its general objectives are to improve the
habitability of polar camps and to make better use
of polar environments through research and the ap-
plication of available data.

This effort has been directed chiefly toward in-
creased knowledge of ice and snow as construction
materials for roads, runways, and surface and sub-
surface constructions, such as foundations. A variety
of equipment, materials, structures, and techniques
are tested regularly. The entire polar engineering-
scientific effort is supported by close contact with
other Government agencies and private organizations
at home and abroad.

Field and Laboratory Work Performed

A Polar Division staff of approximately 15—in-
cluding architectural, civil, mechanical, and struc-
tural engineers, as well as geologists and specialists
in polar construction—carries out 15 to 20 projects
annually. Some of NCEL's polar projects originate
with the U.S. Naval Support Force, Antarctica, and
some with the Naval Facilities Engineering Com-
mand, while still others arise with the Laboratory's
own recognition of research needs.

Most of the Laboratory's cold-weather field work
is now performed in Antarctica, where it is under the
general supervision of the Commander, U.S. Naval
Support Force, Antarctica. Close, cooperative contact
also is maintained with personnel of the U.S. Antarc-
tic Research Program. Each austral summer, a se-
lected team spends approximately four months in the
Antarctic, working as part of Operation Deep Freeze.
This antarctic work is centered in the McMurdo Sta-
tion area, but some is done at other stations, such

U.s. Navy Photo
Figure 1. Researchers at Port Hueneme take cores for strength tests.

as Byrd. The field work is supported by laboratory
studies at Port Hueneme, where facilities include a
low-temperature ice-and-snow laboratory (Fig. 1)
and a stock of basic instruments, tools, and equip-
ment for conducting experiments and field trials in
polar regions.

The Program's Origins

Today's NCEL polar program stems from work
begun in the 1940s by the Advance Base Proving
Ground, Port Hueneme. Among other things, that
organization conducted pioneer snow-compaction
studies at Camp Hale, Colorado, and participated in
Operation High jump, the 1946-1947 expedition that
remains the largest ever to have been sent to the
Antarctic. In addition to assisting in the outfitting of
High jump, the Advance Base Proving Ground
(ABPG) sent an observer to Little America IV to
evaluate the performance of the equipment contrib-
uted to the operation. In 1947, ABPG established
what was designated the Arctic Test Station, at Point
Barrow, Alaska.' Studies there were aimed specifical-
ly at developing low-temperature lubricants, equip-
ment capable of year-round operation under arctic
conditions, and shelters and camp facilities.

The Naval Civil Engineering Laboratory entered
the polar engineering scene in 1950, when it moved
from Solomons, Maryland, to Port Hueneme, absorb-
ing ABPG's responsibilities and acquiring the Arctic
Test Station. Between 1950 and 1960, NCEL con-
ducted field trials at numerous arctic sites—on sea
ice at Point Barrow, Alaska, and Thule, Greenland;

The Arctic Test Station was independent of the Arctic
Research Laboratory, established that same year by the
Office of Naval Research.
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on the ice cap near Thule; and on the ice shelf off
Ellesmere Island, Canada. Also during this period,
work was done at cold-weather sites in the Sierra
Nevada Mountains of California and at Fort Church-
ill, Canada.

Early Antarctic Work

Although NCEL did not conduct actual field work
in Antarctica until 1960, it did acquire an earlier
familiarity with the area. During the 1954-1955 aus-
tral summer, when USS Atka scouted the shores of
the Ross and Weddell Seas to locate suitable sites
for IGY stations, one participant in the site survey
was Mr. E. H. Moser, Jr., of the Laboratory staff.2
This expedition discovered that the Bay of Whales,
the indentation in the Ross Ice Shelf that had been
the site of four Little America camps, had disappear-
ed with the breaking off of large segments of the ice
front. On the basis of the expedition's detailed sur-
vey of Kainan Bay, about 30 miles to the northeast
of the Bay of Whales, this second iceport became the
site of Little America V, which was established the
following summer.

In 1955, NCEL assisted in the outfitting and prep-
aration of the special mobile construction battalion
that built, during the next two austral summers, Little
America V, McMurdo, Byrd, and Amundsen-Scott
South Pole Stations. 3 The Laboratory's principal
contributions were items of specialized construction,
transportation, and snow-melting equipment, plus
knowledge of mechanized polar construction. NCEL-
developed wanigans were used as sled-mounted trail
kitchens and sleeping quarters during the first (1956-
1957) sled-train operations between Little America
V and the site of Byrd Station. The same wanigans
saw service in the 1960-1961 trek from Byrd Station
to the South Pole. In all, these units travelled some
5,000 miles in Antarctica, requiring only minor re-
pairs and maintenance.

Planning for the establishment of a station at the
South Pole was materially aided by information that
NCEL had obtained in two successive winter-con-
struction experiments conducted on the Greenland
Ice Cap, near Thule. Those 1953 and 1954 opera-
tions, known respectively as Hard Top I and II, had
centered on the construction of a mile-long com-
pacted-snow runway (Fig. 2) that successfully sup-
ported a C-47 during wheeled landings and takeoffs,
and the collection and analysis of logistical data con-

2 Mr. Moser became head of the Laboratory's Polar Di-
vision when it was established in 1958, and has since con-
tinued to direct NCEL's polar work.

' The three other U.S. stations for the IGY—Ellsworth,
Hallett, and Wilkes—were built by Mobile Construction
Battalion One.

cerning personnel, materials, communications, and
supply.

Although no snow-compaction work was attempt-
ed during early Deep Freeze operations, the snow-
mixers, snow rollers, and snowplanes provided by
NCEL for this work later filled an unforeseen need,
being used to surface and maintain the sea-ice run-
way at Williams Field. Similar equipment is still used
for this purpose.

Design of Improved Polar Camps

A Laboratory observer who visited McMurdo and
Little America in 1956-1957 confirmed the need for
better polar housing. In response, the Laboratory be-
gan a series of studies which resulted in improved
facilities for pioneer and temporary camps. The
standard 16-foot-wide Jamesway building—the length
of which can be varied in 4-foot increments with
modules consisting of arched frames, wooden floor,
and insulated blanket—was made more habitable for
pioneer operations. The major improvements to the
J amesway were a 2-foot wall extension to permit
comfortable use of double bunks, curtained partitions
to provide a degree of privacy, a forced-air heating
system with fans to reduce stratification, and an in-
take for fresh air. A 9-bedroom prototype was con-
structed at McMurdo in the summer of 1961-1962,
where it served as the Seabee officers quarters. In
addition to the improved Jamesway, NCEL develop-
ed a 28- by 56-foot building with a 9-foot ceiling
for use in temporary camps, as well as portable and
temporary maintenance shelters.

NCEL next developed a "packaged" camp for
pioneer-type operations. Based on the improved
Jamesway, this design had the following features:
the basic housing increment accommodated 25 to 50
men, depending on density of occupancy; it was ex-
pandable, in 25- to 50-man increments, up to 200
occupants; and it included a galley-mess hail and a
utility building, each with water supply and sanita-
tion facilities.

Such a camp was established on the Ross Ice Shelf
near McMurdo in 1963 to support NCEL sea-ice
and snow-compaction investigations in that area. At
first occupied during the austral summer by NCEL
and military construction personnel, it later became
known as the NCEL Camp and served as headquar-
ters and home for Laboratory personnel engaged in
Deep Freeze operations. In 1967, the NCEL Camp
was moved to a location adjacent to Williams Field
(Fig. 3). It now consists of one combination office
/lounge /recreational building, one quarters building,
one spare parts and equipment building, and one
maintenance building and garage. (Meals are taken
at the central mess at Williams Field.)
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Figure 2. Runway construction near Thule, Greenland.

Figure 3. Site of NCEL Camp on the Ross Ice Shelf. Experimental
compacted-snow runway appears diagonally at left.

In connection with the development of improved
facilities, the problem of snowdrift around buildings
was studied. Preliminary investigations were con-
ducted on a small scale in a wind duct with borax
used to simulate snow. The studies showed that drift
accumulation around a 64-foot-long Jamesway build-
ing can be minimized by orienting it 45° to the wind
and elevating the structure on a snow pad.

Compacted—Snow Roads and Runways
In 1960, two significant applications were made of

the snow-compaction technology developed by NCEL.
Early in the year, a 125-acre, 12,000-car parking lot

Figure 4. Rubber-tired vehicles like the 57-foot tractor-trailer unit
(above) now carry most of the cargo moved in the McMurdo area,
travelling compacted-snow roads, such as the so-called "MacWilly

Expressway (below).

and a mile-long snow road were built at Squaw Val-
ley, California, in connection with the Winter Olym-
pic Games; this work was done by Mobile Construc-
tion Battalion 10 under the technical guidance of
NCEL. Later that year, the Laboratory was consulted
on techniques for constructing a compacted-snow
road between McMurdo Station and Williams Field.
The 4-mile-long, 25-foot-wide road was completed
in November 1960. Its construction on a 4-foot snow
pack covering sea ice proved the feasibility of such
roads. Because of the problem of drifting snow, sub-
sequent roads were elevated above the natural sur-
face. There now exists in the McMurdo area a com-
plex of such roads permitting use of rubber-tired
vehicles instead of the slower and less comfortable
tracked vehicles (Fig. 4).

The use of rubber-tired vehicles offers a number
of advantages. A 1966 NCEL analysis indicated that
the speed of surface travel could be increased 60 per-
cent, the number of operating personnel reduced 40
percent, maintenance lowered 70 percent, and re-
placement costs lessened 50 percent. During Deep
Freeze 67, about 650 tons of material and almost
700,000 gallons of fuel were hauled over the road
between McMurdo Station and Williams Field by
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trucks with high-flotation tires and power steering.4
In addition, about 10,000 passengers were carried in
wheeled vehicles, compared with 3,000 the year be-
fore. During Deep Freeze 68, a 6X6 dump truck and
a jeep with high-flotation tires were successfully used
on ice, snow, and frozen ground.

Since October 1961, the Laboratory has done ex-
perimental work on an elevated, compacted-snow
runway on the Ross Ice Shelf. This program has cul-
minated in the construction of a 5,000-foot-long,
150-foot-wide runway, 28 inches thick, capable of
supporting a rolling aircraft test wheel (ground pres-
sure, 135 psi) and sustaining the wheeled landing of
a 135,000-pound C-130 transport.

Sea-Ice Engineering

A long-range program to study the various kinds
of sea ice in the McMurdo area has been conducted
since 1960. NCEL also has participated in the im-
provement of the Williams Field sea-ice runways, in
which flooding techniques have been used to strength-
en and level the runway surfaces. Different techniques
of flooding have been tried by the Laboratory in test
plots at McMurdo Sound, and similar studies have
been carried out at Point Barrow, Alaska.

Following early work by NCEL personnel, studies
of the physical and mechanical properties of sea ice
have been continued by contract. Concurrent labora-
tory studies have shown that the strength of saline
ice is a function of the crystal dendritic orientation,
which explains the strength variation in a small sam-
ple of sea ice. Other laboratory studies have evaluated
the usefulness of snow, chipped ice, sawdust, and ure-
thane foam in protecting ice surfaces from deteriora-
tion when exposed to solar radiation and relatively
warm temperatures. It was found that urethane foam
provides the best protection under the most severe
conditions, but chipped-ice or snow covers are nearly
as effective as sawdust or urethane foam in counter-
ing solar radiation.

Late in the summer of Deep Freeze 67, NCEL's
portable ice-testing facility was placed in operation.
It has two major components (Fig. 5): a saw which
can cut through ice 10 feet thick (leaving a slot 15/8
inches wide to discourage rapid refreezing), and a
load frame with a reaction force of 200,000 pounds,
either up or down. Thus, an ice beam can be tested
in place to determine its structural integrity and
load-carrying capacity. The load frame, which has
its own anchoring system, can be used in other types
of construction tests, such as pile extraction. Both
components are powered by the same hydraulic sys-
tem.

Because of limited gasoline stocks, diesel-powered sled-
trains hauled the remaining 20 percent of dry cargo.

Figure 5. NCEL's portable ice-beam tester.

With this device, large fixed-end and simple beams
were, for the first time, formed and broken in place
in 6-foot sea ice. Measurement of the in-place flexural
strength of the thick sea-ice beams, coupled with
laboratory measurements of the true tensile strength
of sea ice of varying temperature and salinity, pro-
vided a basis for obtaining actual bearing-strength
data for natural ice sheets.

Other Recent Work in Antarctica
In 1967, deep (up to 56-foot) construction holes

were drilled in fast ice and frozen ground along the
coast of Ross Island. Also, cores were obtained for
the first time in the ice of Elliott Quay at McMurdo
Station by means of a drilling rig and special bits
selected by NCEL. During Deep Freeze 68, drilling
equipment and techniques were markedly improved,
permitting drilling of test holes through the ice shelf
to depths in excess of 100 feet in a few hours.

The Laboratory also provided a basis for develop-
ing low-cost protective measures for Elliott Quay by
determining the extent and causes of damage to this
ice quay. Rapid-extraction and long-term pullout
tests of piles similar to those used in the wharf-pro-
tection design were conducted in the Laboratory's
cold chambers at Port Hueneme.

During recent years, limited engineering-geology
studies have been made of the entire McMurdo area
for long-term planning purposes. In addition, studies
to improve the serviceability and reduce the cost of
structures, accessories, water supply, sanitation, and
drift control at polar camps and stations have been
a continuing NCEL function. One current study that
involves tests at the Port Hueneme facilities and
field investigation at McMurdo is concerned with
the feasibility of using concrete in the antarctic en-
vironment.
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Williams Field
Redevelopment:

Plans and Progress

DON W. BARBER

Major, USA, GE
U.S. Naval Support Force, Antarctica

Williams Field will take on a new look over the
next few years. Like nearby McMurdo Station, Wil-
liams Field is undergoing long-term redevelopment.

This unique airfield on the Ross Ice Shelf, with its
skiways and ice runways, is the heart of the aerial
logistics system that transports men and supplies to
the inland stations. Each austral summer, the air-
field's working population expands to about 250 per-
sonnel. Until recently, living and working areas for
these men have been provided by a variety of tem-
porary structures—primarily Jamesway huts 1—that
have increased in numbers over the years in response
to immediate needs. With the emergence of a long-
term U.S. antarctic program, and further prompted
by experience of the problems that attended and fol-
lowed unsystematic enlargement of the original
(1955) camp, there came a realization that the sum-
mer residents of Williams Field should be provided
facilities of greater permanency, habitability, and
efficiency. Planning to meet these needs was begun
in Deep Freeze 64.

Design Considerations
The Ross Ice Shelf moves seaward at a rate of

approximately one foot per day, pushing the annual
ice before it. This ice movement, coupled with the
existence of a crack in the ice shelf running from the
annual ice toward the camp-skiway area (Fig. 1),
made one of the primary design factors rapid mobil-
ity. Naturally, the possibility of using air-transportable
vans of the type earlier installed at Eights, Byrd VLF,
and Plateau Stations came to mind, but it was re-
jected because surface mobility could be achieved at
lower cost in a new design.

It was decided that the living quarters were to be
designed as prefabricated, modular units mounted on
skids for easy over-the-snow movement. To further
facilitate relocation, low-weight aluminum construc-
tion was specified. A quarters complex—consisting of

1 Tent-like structures that are erected by covering semi-
circular, prefabricated, wooden arches with insulated canvas
panels called blankets. in shape, the finished structure re-
sembles a Quonset or Nissen hut.
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Figure 1. Crack in ice shelf appears at right center of this map.

connected modular units—was to accommodate 32
persons in two-man suites. For heating, a forced hot-
air system was chosen, and lighting and other electri-
cal facilities were to operate on 110-volt AC power.
The complexes were to be suitable for human habita-
tion under outside conditions of —65°F. to +40'F.
in winds up to 100 miles per hour.

Other design criteria for the modules included
wind load of 30 pounds per square foot (psf) ; snow
load, 30 psf; gust factor, 1.3; floor live load, 75 psf;
floor dead load, 15 psf; heat loss (U factor) in 25-
mph winds, 0.12 BTU/hr/ft2 /°F.; flame-spread rat-
ing for interior surfaces, 25; smoke development, 50;
air motion for forced-air heat, 50 feet per minute;
and maximum noise level in occupied spaces, 30
decibels.

In general, the specifications for work areas and
the community toilet (or "head," in naval terminol-
ogy) conformed to those given above for the quarters
units. The head complex was to consist of six 10- by
30-foot skid-mounted units equipped with lavatories,
shower cubicles, and water closets, and one 10- by
40-foot unit to house the mechanical equipment.
Water for the head was to be drawn up a "well"
drilled through the ice shelf, with some of the salt-
water employed directly in the water closets and
some passed through a distillation unit for use in
lavatories and showers. The design included a snow
melter to serve as a backup source of fresh water.

Redevelopment Chronology
Late in September 1964, a $165,000 contract for

the head complex was signed with Northland Camps,
Inc. The component units were delivered to McMur-
do by the MSTS ship Wyandot in December of that
year, but erection of the structure was deferred to
Deep Freeze 66, the 1965-1966 season. In October
1965, the units were moved to Williams Field and
erection begun. This work went well, though diffi-
culties in drilling through more than 150 feet of shelf
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ice delayed the facility's becoming fully operational
until late in the austral summer.

In September 1966, a contract was let for the
second increment in the redevelopment program.
Awarded to Porta-Kamp Manufacturing Co., Inc.,
this contract called for a kitchen-dining complex to
accommodate 250 personnel in three sittings, and for
two identical 32-man berthing complexes, each con-
sisting of a central lounge module, seven living-quar-1
ters modules, two combination living-quarters/equip-
ment modules, and a foyer module (Fig. 2). Of the
total contract cost of $126,887, each quarters com-
plex accounted for $41,562, making the per-man cost
of those accommodations a little under $1,300. All
of these units arrived at McMurdo aboard USNS
Wyandot late in Deep Freeze 67. They were trucked
to Williams Field, where erection (Fig. 3) was begun
in February 1967, with the assembly being completed
by winter-over personnel of Antarctic Support Activ-
ities' Public Works Department.

It had been planned to install six more 32-man
berthing complexes during Deep Freeze 68, but the
redevelopment program incurred a setback in Aug-
ust 1967: during the reactivation of some of Williams
Field's facilities to receive the September 1967 winter
flight, a fire started in the head complex and render-
ed it a total loss. Consequently, the purchase of the
additional quarters units was deferred to make funds
available for replacement of the head complex during
Deep Freeze 68. The replacement, fabricated by
Northland Camps, Inc., arrived aboard USNS Towle
and was erected by ASA public works personnel dur-
ing January 1968.

Procurement and erection of the second increment
of berthing facilities is now planned for Deep Freeze

U. S. Navy Photo by J. E. iIorton
Figure 3. ASA personnel put roof on module whose sides have

just been assembled.

70, bringing to 248 the number of summer personnel
that can be accommodated at Williams Field in mod-
em, comfortable quarters.

Future Plans
The requirements for work areas, being more var-

ied and more specialized, have required longer pre-
paratory research. At the request of the U.S. Naval
Support Force, Antarctica, the Naval Civil Engineer-
ing Laboratory (NCEL) sponsored a study, con-
ducted by King-Beni off-Stein man-King, consulting
engineers, to determine what types of facilities would
best replace the existing shops and offices. The study
considered the airfield terminal building, flight con-
trol building, aircraft supply building, avionics shop,
airframe shop, preheater shop, and the parts and
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equipment storage shelter. Also part of the study was
the need for an easily movable shelter to protect me-
chanics working on the engines of LC-130 aircraft.
Preliminary design concepts and criteria for this shel-
ter and for the flight-line shops have been drawn up.
It is expected that the final designs for these replace-
ment facilities, when developed, will employ the
prefabricated, modular concept discussed above.

Also under study by NCEL is the replacement of
the Antarctic Support Activities shops and offices at
Williams Field. Replacement of the GCA (ground-
controlled approach) complex is the subject of a joint
study by the Naval Support Force, Antarctica, Ant-

arctic Support Activities, Antarctic Development
Squadron Six, and the Naval Air Systems Command.

All of the replacement shops and offices are sched-
uled for procurement in Deep Freeze 72 (the 1971-
1972 season), and, hopefully, will be erected during
that summer, thereby completing the redevelopment
of Williams Field 2 into a modern, semipermanent
air terminal that will increase the efficiency of U.S.
aerial logistics in Antarctica.

' Some redevelopment of Outer Williams Field, 14 miles
distant, is being planned separately for accomplishment in
Deep Freeze 73.

Logistic Support Activities

January 16—March 29

Operations this season were concluded successfully,
although the closing days of Deep Freeze 69 were not
without some worrisome moments. While air opera-
tions progressed routinely and activities at the stations
either ceased or went onto winter schedule, the ships
of Task Force 43 hurried to meet emergencies that
arose at Palmer Station and at Australia's Wilkes
Station and to make up time that had been lost in
December and early January due to heavy ice con-
ditions. In mid-February, USCGC Southwind went
to the aid of Thala Dan, which got trapped in the
ice while attempting to resupply Wilkes Station. The
resupply of McMurdo Station was itself a close race
that ended with the departure from Winter Quarters
Bay of the tanker Alatna and the icebreaker Burton
Island on March 8, the same day that the season's
last flight left Williams Field.

In the western sector, the icebreaker Edisto—which
had completed its scheduled work in late February—
was recalled from South America to evacuate the
officer-in-charge of the construction party at Palmer
Station, who had been injured in a freak accident.
On March 26, Palmer received its last ship support,
a call by USCGC Glacier, which had been working
in the Weddell Sea. With her departure from Punta
Arenas on March 29, Glacier completed the dispersal
of the ships that had been assembled in support of
Deep Freeze 69.

Ross Sea Ship Operations
By January 15, the Coast Guard icebreakers Bur-

ton Island and Glacier had managed to get the tanker

Alatna in and out of McMurdo Sound, but the cargO
vessel USNS Pvt. John R. Towle—which had arrived
at the edge of the pack with Alatna in late Decem-
ber—reinained moored to the ice near Cape Royds.
The reason for this continued inactivity was that
Towle, unlike Alatna, is not ice-strengthened, and it
was felt unwise to risk her in the existing channel.

Just how dangerous this could be was plainly seen
on one occasion when a giant floe moved across the
channel and turned a large portion of it into a pres-
sure ridge 7 to 10 feet high. Burton island, caught
by this ice movement, was raised 3 feet and given a
3° list. In such circumstances, Towle might well have
been crushed. Therefore, the decision was made to
cut a new channel close inshore, where the floes were
smaller and the likelihood of large-scale ice move-
merit very much less. Glacier, after escorting Alatna
out of McMurdo Sound, began cutting what was
called "Back Door Channel" from the north, while
Burton Island worked the southern end. On January
15, the inshore route was deemed passable, and
Glacier took Towle in tow, with Burton Island clear-
ing the channel ahead. The following day, the three
ships reached Winter Quarters Bay, and Towle tied
up to Elliott Quay.

Southwind, which had been damaged during De-
cember's struggle with the ice, returned to McMurdo
Sound on .January 17, accompanying HMNZS En-
deavour, a tanker loaded with fuels for McMurdo
Station and supplies for Scott Base. Glacier assisted
Southwind in bringing Endeavour down the channel,
which was still something of a makeshift affair. It
took Endeavour two days to unload. She then started
her journey, towed for the first few miles by South-
wind, which then escorted Endeavour all the way to
open water. Southwind's return from the repair yards
made it possible at long last for Glacier to quit the
Ross Sea and set about what had been scheduled as
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As in six past seasons HMNZS Endeavour helped replenish

McMurdos fuel stocks.

her principal activity of the summer, the second phase
of the International Weddell Sea Oceanographic Ex-
pedition. Thus, after Glacier accompanied Endeavour
and Southwind out of McMurdo Sound, she set an
independent course for Valparaiso, Chile, where she
would fit out for Weddell Sea operations.

In the meantime, Burton Island put the finishing
touches on "Back Door Channel" so that it was ready
on January 24, when Towle completed unloading her
antarctic cargo and loading items for return to New
Zealand and the United States. Putting her channel
cutting to the proof, Burton Island escorted Towle
out of McMurdo Sound. When the two ships had
cleared the ice, they set separate courses for New
Zealand, the icebreaker heading for a period of re-
fitting and crew rest at Wellington and the cargo
vessel steering for Port Lyttelton, where she arrived
on January 28. After two days in port, Towle de-
parted for the United States, at the same time revert-
ing to the operational control of the Military Sea
Transportation Service. The crew of Burton Island re-
turned to the amenities of civilization on January 30,
after more than two months at sea.

After getting Endeavour on her way, Southwind
proceeded to Hallett Station, where she landed both
supplies and scientists and took some scientists aboard
for transportation to McMurdo Station. By January
24, she was back in Winter Quarters Bay to await
Alatna's second voyage. The latter ship, after leaving
the Antarctic on her initial fueling trip, had gone to
Port Chalmers, N.Z., where, between January 17 and
20, she was fitted with new propeller blades. The
repairs effected, she proceeded to Port Lyttelton to
pick up a load of petroleum products.

Alatna left Lyttelton on January 22 to begin a race
with time that was to last the rest of the season. Hav-
ing been delayed by ice conditions on her first trip,
and then diverted for repairs, Alatna was woefully

behind schedule. If she were to complete her season's
quota of four round trips, everything would have to
go like clockwork. On the first day of the second
trip, an incident occurred that threatened to com-
promise the entire effort—one of the two main
motors broke down, reducing the ship to operating
on one propeller. Such a casualty would ordinarily
require resort to a shipyard, but the chief engineer
and his crew managed to perform what the skipper
referred to as "an epic repair job" on the open sea in
less than 48 hours. While Alatna was scarcely de-
layed in her schedule, the knowledge of this mechani-
cal weakness caused considerable apprehension
through the remainder of the season.

Southwind left Winter Quarters Bay on January
28 to meet Alatna north of Beaufort Island. The two
ships arrived back at McMurdo Station two days
later. It took only 24 hours for the tanker to pump
fuel into the empty tanks at the station. She was
then led back up the channel by Southwind. Although
some ice was encountered, the task was accomplished
without difficulty. Rather than return to the station,
Southwind remained in the vicinity of Beaufort Island
awaiting the appearance of USNS Wyandot, which
was coming directly from Palmer Station. The two
ships made rendezvous near Beaufort, and succeeded
in reaching Winter Quarters Bay on February 1.
Wyandot, having unloaded 1,283 long tons of cargo
and backloaded 473, departed on February 7, again in
company of Southwind. Shortly after emerging from
the channel, the ships parted company, Wyandot
heading for Port Lyttelton and Southwind for Austra-
lia by way of Hallett Station. Wyandot reached its
port of call on February 13 and left two days later,
at which time she passed from the operational con-
trol of the U.S. Naval Support Force, Antarctica to
that of the Military Sea Transportation Service.

Before Southwind arrived at Hallett Station, her
destination had been changed. Instead of going to
Australia, she was diverted to Wilkes Station, at the
request of the Australian Government. The Austra-
lian expedition's relief ship, MV Thala Dan, had
been stopped by heavy ice in her effort to reach
Wilkes Station with relief personnel and sorely needed
supplies. Southwind soon reached Thala Dan and, on
February 15, broke her out of the ice in which she
had been beset for a week. The next day, the two
vessels made their way to Wilkes, where the coast-
guardsmen helped the crew of the chartered Danish
freighter and the station personnel to unload the
ship. On February 19, when this task was finished,
Southwind escorted Thala Dan to open water and
then set course for Fremantle, Australia. Southwind's
assistance earned the gratitude of Mr. Allen Fairhall,
Australian Minister of Defense, in his capacity as act-
ing Minister of Supply.
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Although Southwind reverted to the operational
control of the Coast Guard upon reaching Fremantle
on February 27, she still had one mission to perform
that was closely related to the antarctic program: this
was to assist the U.S. Army Topographic Command
install a PAGEOS tracking station on subantarctic
Heard Island.' Between March 11 and 17, she suc-
cessfully carried out this assignment and then sailed
for home by way of Mauritius Island and African
ports. Upon her return to the United States, she will
have circumnavigated the globe.

Southwind's early (February 7) departure from
McMurdo Sound was possible because Burton Island
was already on her way down froiri Wellington. On
February 11, Burton Island reached Hallett Station
and delivered mail and supplies. Two days later, she
arrived in Winter Quarters Bay—in plenty of time to
assist Alatna when that ship appeared on her third
turnaround. As usual, Alatna wasted no time in
putting her cargo ashore, and 28 hours after her ar-
rival on February 16, she left again for Port Lyttelton.

While awaiting the return of Alatna on her fourth
and last voyage, Burton Island performed a number
of useful activities. On February 23, she evacuated
personnel and material from Hallett, closing the sta-
tion for the season. Upon her return next day to
McMurdo Station, she embarked three oceanogra-
phers from the Naval Oceanographic Office. The next
five days were spent taking ice-prediction stations.2
Of the 28 stations planned, 5 were missed, one be-
cause of heavy ice conditions and the others because
of bad weather. On March 5, Burton Island set out
from Winter Quarters Bay to meet Alatna on the
latter's last voyage of the season, and to assist the
New Zealanders who were setting up a new station at
Lake Vanda, in Wright Valley. Using her helicopters,
the ship put ashore supplies and materials at the Bay
of Sails, on the western shore of McMurdo Sound,
from which the New Zealanders could haul them
inland by tracked vehicle.

Having completed this task, Burton Island pro-
ceeded to Franklin Island, where she met Alatna on
March 7. The two ships reached McMurdo the same
day. As in the past, it required about 24 hours for
Alatna to discharge her cargo. On March 8, both
ships departed Winter Quarters Bay for the last time.
As they passed up McMurdo Sound, the skippers of
both ships observed that the ice was quickly thicken-
ing—Winter Quarters Bay had completely frozen

'This satellite-geodesy project was initially planned by the
Army Map Service which, on January 15, was integrated
into the newly formed U.S. Army Topographic Command.
For additional information on PAGEOS, see p. 85.

2 The use of the data collected at these rate-of-cooling sta-
tions is explained in Antarctic Journal, vol. IV, no. 2, p.
55-58.
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Many redeploying personnel left Williams Field on C-121J
Super Constellations.

over with ice about 18 inches thick, and abeam Hut
Point there was 20 inches. Off Beaufort Island, the
ice concentration was such that Burton Island, with
five engines on the line, was slowed to between 3 and
4 knots. Alatna had won her race to replenish Mc-
Murdo's fuel stocks, but just barely.

Such a race may never again be necessary. Plans
call for the use next season of a T5 tanker capable of
hauling in one voyage the 6 million gallons of petrole-
um products that previously called for a total of six
trips by Alatna and Endeavour. Since such a ship
will make only one voyage a season, it can come to
the Antarctic in late January or early February, when
ice conditions are at their best. Among the projects
executed by Southwind during the first week of Feb-
ruary was to wire-drag Winter Quarters Bay to de-
termine whether there was sufficient depth to accom-
modate a large tanker. Preliminary results appear
favorable.

Flight Operations
The arrival of the cargo ships and tankers made it

possible for Antarctic Development Squadron Six
(VXE-6) to resume the resupply of Byrd and Pole
Stations, an activity that continued through the mid-
die of February. The last flight to the South Pole was
made on February 15. Two days later, Byrd received
its last aircraft of the season. On its return trip, that
Hercules stopped at Brockton and evacuated the
three petty officers who had maintained a weather
watch at that isolated spot since early October.

During late January, remote scientific field parties
were picked up and returned to McMurdo. The
Norwegian scientists working in the Kraul Mountains
were brought out on January 21, and the British party
in the Shackleton Range returned on January 26.
The largest of the field parties, the Ellsworth Land
Survey, completed its work on January 28. During
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the ensuing two days, it was evacuated in three Her-
cules flights, each of which carried a UH-11) heli-
copter back to McMurdo. Although all equipment
was removed, the Jamesway shelters were left at the
site in the shadow of the Jones Mountains.

VXE-6 helicopter support of scientific parties in
the McMurdo Sound area continued until February
21, when a final flight was made to Lake Vanda. Al-
though complete figures were not available at the
time of this writing, it is interesting to note that on
January 17—more than a month before the last
flight—the helicopters already had furnished 1,000
hours of support.

A highlight of the period was the January 15 flight
to Vostok Station. The principal purpose of the visit
was to deliver a United States exchange scientist, Mr.
Michael Maish, who will winter over at the Soviet
station. The Soviet exchange scientist who had spent
the 1968 winter at McMurdo accompanied the flight
as interpreter, and took advantage of the opportunity
to ship some 5,000 pounds of geological specimens to
Vostok for forwarding to the Soviet Union. During
the two and three quarter hours on the ground, a
luncheon was served, toasts offered and received, and
small gifts exchanged.

All during the season, VXE-6 transports indi-
viduals back and forth between New Zealand and
Antarctica. Some of these passengers have scientific
projects of limited duration, and others come on
inspection trips, but most summer support and scien-
tific personnel remain two months or more. For them,
redeployment began in late January and continued to
about February 20, after which only a few flights were
made. This year, however, a handful of hardy persons
remained into March, including a detachment of
Seabees working on the rehabilitation of Elliott Quay.
The last plane took off from Williams Field on March
8 3 the same day that Burton Island and Alatna
cleared Winter Quarters Bay.

Station Activities

The three-year scientific program at Plateau Sta-
tion was terminated and the station deactivated on
January 29. Scientific equipment was removed—some
of it to other antarctic sites—but the buildings were
left intact, sealed so that they will remain ready for
future occupancy should that become desirable.

At McMurdo and Palmer Stations, construction
activities continued, and the rehabilitation of the
generator building at South Pole Station was success-
fully completed. The late arrival of Towle, carrying
construction materials, caused some delays, notably in
work on the living-quarters portion of the new per-
sonnel building at McMurdo. Readjustments were

made in schedules to insure maximum use of the
work force and of available materials, and it was
possible to finish the mess hall-galley section of the
personnel building; the first meal was served on
January 30. This facility was much needed to re-
place the one built for a far smaller station in 1956
and long since outgrown. When the entire building
is completed, it will mark a long step forward in the
comfort and convenience of antarctic living. Because
of the urgent necessity of saving Elliott Quay from
further deterioration, a small group of construction
personnel remained to work on the new 300-foot
protective facing until the last aircraft flew out on
March 8.

In late January, the Commander, U.S. Naval Sup-
port Force, Antarctica, was host to the season's second
large group of visitors. Included were distinguished
persons from business and the professions, prominent
New Zealanders, and representatives of the news
media from the United States and abroad. During
their stay, they visited Byrd and South Pole Stations
and New Zealand's Scott Base. In the McMurdo
area, they viewed the huts of Shackleton and Scott
at Cape Royds and Cape Evans and were briefed on
the U.S. antarctic program.

Antarctic Peninsula Operations

For the men at Palmer Station, a most welcome
event occurred on January 16—USNS Wyandot ar-
rived carrying not only supplies but also the personnel
to relieve the navymen who had been on the scene
for a year. For the crew of the icebreaker Edisto, it
meant a period of intensive activity as they turned to
stevedoring and lightering to get supplies ashore. In
a period of five days, 384 long tons of cargo were
transferred to the station and 40 backloaded. When
the ship departed on January 21, a civilian scientist,
a naval officer, and four enlisted men were em-
barked, heading home by way of McMurdo Station
and New Zealand.

The day after Wyandot's departure, a quite dif-
ferent ship dropped anchor off the station—the Chil-
ean naval transport Aquiles with over 100 tourists
aboard, most of them from the United States. On the
morning of January 22, Aquiles put about 30 tourists
aboard Edisto and a similar number at Palmer Sta-
tion; another 10 were landed on a small nearby
island to observe the local wildlife. Soon after, rapidly
rising winds forced Aquiles to suspend small-boat op-
erations, leaving the tourists stranded. Before the

'A complete summary of construction activity will ap-
pear in a future issue of the Antarctic Journal.
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winds reached gale force, one of Edisto's landing
crafts managed to transfer the tourists from the island
to the station, but further movement proved impos-
sible. As many of the tourists were elderly and about
half of them female, the unplanned stay placed a con-
siderable strain on the limited facilities of both sta-
tion and icebreaker, but both rallied to the occasion
and provided food and a night's lodging. The next
morning the winds abated and Aquiles retrieved its
passengers and departed.

While at Palmer Station, Edisto's crewmen assisted
station and construction personnel in various projects,
and the ship's boats, helicopters, and even her divers
supported the scientific program. Between these per-
iods of activity, the ship made various trips and visited
other parts of the area. On January 29, she called at
the British base on Adelaide Island., the first ship of
the year to do so. On her return to Palmer, she en-
countered one of those storms that characterize the
Antarctic Peninsula area. With the wind rising to 90
knots in gusts, the anchors began to drag, and for a
time there was real danger of grounding as Edisto
maneuvered in the narrow confines of Arthur Harbor.

Winds were to cause Edisto other adventures. On
February 6, while en route to Punta Arenas, Chile,
the ship stopped to take a scientific party off Decep-
tion Island and to put a scientist ashore on nearby
Livingston Island for a few hours of moss collecting.
High winds forced the cessation of helicopter flights
before these operations could be completed. As a
result, three scientists and two sailors on Deception
and the scientist on Livingston were obliged to pass
the night ashore. Those on Deception found shelter
at the Argentine research station, while the man on
Livingston was fairly comfortable with his survival
gear, which all personnel are required to carry in
the Antarctic. The six men were retrieved in the
morning, after which Edisto continued on her way
to Punta Arenas, arriving there on February 10.

During her stay at the Chilean port, Edisto en-
countered Glacier, which had completed her period
of rest and refitting at Valparaiso and at last was on
her way to the Weddell Sea, well over a month be-
hind the original schedule. Edisto, after stopping
briefly at Livingston Island, arrived back at Palmer
Station on February 18. On February 26, the ship
took leave of Palmer Station for what was to have
been the last time this season. The following day, she
was again in the area of Livingston and Deception
Islands to pick up one scientific party and to help
another shift location. Opportunity was taken to
fly a photoreconnaissance mission over Deception
where the second volcanic eruption in a little over a
year had occurred on February 21.

On March 2, Edisto reached Punta Arenas, but

she had to set out again almost immediately on an
emergency trip to Palmer Station, where Lieutenant
Harry Anderson, Officer-in-Charge of Detachment
Alpha, Naval Construction Battalion Unit 201, had
been injured during blasting operations. Although
the usual precautions had been taken against flying
debris, a single piece of rock had escaped the re-
straining blasting mats, hurtled over 100 yards, and
descended with perverse accuracy upon the James-
way hut in which Lt. Anderson was quietly drinking
coffee, piercing the canvas roof and striking him on
the head. Besides the fact that the young officer had
suffered a severe concussion, quick medical evacua-
tion to better facilities was mandatory because the
station had no means for determining the extent or
seriousness of internal injuries. On March 6, Edisto
entered Arthur Harbor and the Seabee officer was
brought off in a small boat. Three days later, he was
flown by ship's helicopter to the airport at Punta
Arenas where an evacuation airplane was waiting.
Fortunately, the injury was found to be less serious
than had been feared, and Lt. Anderson returned to
duty shortly after his arrival in the United States.
Meanwhile, Edisto had continued on to Punta Arenas
where, her mission completed, she reverted to the
operational control of the Coast Guard.

The departure of Edisto did not end summer sup-
port activities at Palmer Station. Climatic conditions
in that part of the Antarctic permit outdoor work to
be continued at least through March. Glacier, there-
fore, was scheduled to pick up the Seabees and other
seasonal personnel on the way back from her oceano-
graphic cruise in the Weddell Sea, for which she had
left Punta Arenas on February 13.

Glacier encountered the outer edge of the Weddell
Sea ice pack on February 18. It was soon obvious that
the scientific program, already curtailed because of
the delay in getting started, would be further ham -
pered by severe ice conditions. In fact, it proved im-
possible to recover the deep current meters set out
the previous year—the closest penetration to their
location fell short of the goal by 57 miles. Consider-
ing the difficulties, however, much satisfactory work
was accomplished. Over 25 oceanographic stations
were occupied, benthic investigations made, and a
seal census carried out.

Low temperatures and extensive freezing of the sea
finally brought the program to an end, and Glacier
steamed out of the Weddell Sea to arrive at Palmer
Station on March 26. Staying only long enough to
pick up the summer-season personnel, she set out for
Punta Arenas the same day. On arrival at that port,
Glacier disembarked her passengers and returned to
the operational control of the Coast Guard. With this
act, the long season reached its end.
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Late-Season Field Research

(January—March)

By early January, the number of field parties in
most areas had decreased except in the Antarctic
Peninsula, where the major summer effort was just
getting under way.

McMurdo Sound Area
Dr. Robert F. Black, University of Wisconsin, and

his assistant completed their patterned-ground project
with contraction measurements at all sites in Wright
and Beacon Valleys, at the Hobbs Glacier, Windy
Gully, and Cape Evans. They examined 28 previ-
ously unmapped mirabilite deposits in front of the
Hobbs Glacier and collected samples of salts, water,
and algea. Five control wires were installed on ice
wedges in Windy Gully to check further on Lachen-
6ruch's contraction theory.

Dr. Scott B. Smithson and his party from the Uni-
versity of Wyoming completed a lithologic and de-
tailed structural map of the Mount Insel area; for
comparison, a structural analysis was made of local
areas in the Royal Society Range.

The Ohio State University's glacial mapping of
Wright Valley, directed by Dr. Parker E. Calkin, was
concluded with final checks of axial-alpine ice interac-
tion in the region between Clark and Wright Lower
Glaciers. Critical silt and sand accumulations were
collected for paleomagnetic orientation studies in an
attempt to place axial and alpine glaciation into a
more absolute time scale. Seismic refraction shots
were accomplished at Meserve Glacier, Wright Lower
Glacier, in moraines at the west end of Lake Vanda,
and in the valley in front of Meserve Glacier.

Drilling at Meserve Glacier by another Ohio State
University group, directed by Dr. Terence Hughes,
was completed on January 10. Ice chips not brought
up by the augers were dissolved by ethylene glycol
and the solution bailed out. The holes were logged
for temperature and inclination. Surveying of poles
set in the ice in 1965 was completed and the flow
pattern of the ice will be refined from these data.
The wave train on the ice surface was covered by
strain nets to study the mechanism of wave formation
and motion. The small strain nets were located in
steps dug into a wave front and in a tunnel in the
wave front to determine the strain components.

The Ohio State University field work on lichens
and mosses was completed on January 31 except for
several short trips during February. The two in-
vestigators, led by Mr. Edmund Schofield, departed
Cape Royds on January 3 and spent eight days at
Miers Valley and the Kar Plateau. In Miers Valley,

work on nitrogen fixation of algae and lichens was
accomplished; at Kar Plateau, the occurrence of
Neuropogon antarctica was mapped in detail to de-
termuine the effects of substrate, winds, and other fac-
tors on its distribution.

At Cape Crozier, the group from Johns Hopkins
University, under the direction of Mr. Robert Wood,
continued observations on breeding Adélie penguins
of known age and on two control groups of 50 and
100 breeding pairs of unknown age. Regular counts
were made of Adélies in several colonies to determine
population fluctuations as the season progressed.
Known-age breeding skuas were located and checked
periodically. A blizzard on January 19-20 with winds
that reached 100 niph caused a 75 percent mortality
of the eggs and chicks of inexperienced birds, but
losses among a control group of 50 skua pairs of
known age were much lower. The annual banding
of 5,000 Adélie chicks was carried out from January
28 to 31.

Poor weather during the first half of February
prevented a thorough search for skua chicks: how-
ever, enough areas were checked to allow a com-
parison of productivity -v6tli past seasons. Altogether,
160 skua chicks were banded, slightly more than in
the last three seasons combined. A total of 45 skuas
were observed and banded at seven different localities
in the McMurdo Sound area.

An unusual project at McMurdo was the launch-
ing and tracking of cosmic-ray balloons by Dr. Martin
A. Pomerantz of the Bartol Research Foundation. A
location on the ice shelf off "MacWilly Expressway"
was selected as the launching site, and the first flight
was made on January 22. The balloons performed
excellently and data were recorded up to pressure
altitudes of 5 mb. The flights were concluded on
February 6.

In keeping with the preservation of historical sites,
an inventory was taken of the hut at Lake Bonney
and the necessary repairs made. The ground site was
marked with red drums and the area enclosed with a
flagged line. In February, historical registers were
placed at Scott's Hut and at Observation Hill. The
register on Observation Hill, designed by Messrs. W.
T. Austin and P. M. Smith of the National Science
Foundation, was inaugurated by Dr. Aleksandr Alek-
sandrovich Vasilev, the new Soviet wintering-over ex-
change scientist, who had arrived at McMurdo on
February 20. Mr. J . Newman, the Scott Base car-
penter, designed and built the register for Scott's Hut.

Mr. Allan Riordan, a meteorologist from the Uni-
versity of Wisconsin, arrived at Vanda Station on
February 15 to winter over as U.S. exchange scientist
with the New Zealand expedition.

The PAGEOS (Passive Geodetic Satellite) pro-
grain personnel arrived at McMurdo on February 14.
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Hut Point was selected for a BC-4 camera and a T-4
astro site. Tellurometer measurements for a first-
order electromagnetic traverse were taken between
the McMurdo gravity station and the power plant.
The PAGEOS program, new to Antarctica, is part
of the National Geodetic Satellite Program, a world-
wide network of primary control to reduce all land
masses to a common datum. Teams from the Army
Topographic Command will operate the equipment
at McMurdo and Palmer Stations, while Coast and
Geodetic Survey personnel carry out the work at the
Australian stations Mawson and Casey (ex Wilkes).

Hallett Station
Dr. Raymond Dillon's group from the University

of South Dakota spent January at Hallett Station
studying the ecology of protozoans. Collections were
taken from six persistent ponds and several intermit-
tent ponds and runoff areas, as well as from moss-
lichen areas in attempts to isolate free-living proto-
zoans. A 24-hour study was conducted to determine if
cyclic patterns were present in meltwater or guano-
pond populations of protozoans due to solar and
temperature fluctuations. Thirty-eight Millipore
stained preparations were made from 6 ponds and
12 other areas; 30 silver stains and 28 hemnatoxylin-
eosin slides were prepared. Chemical tests were made
on clear-water and guano ponds as well as on soil
samples.

Ellsworth Land Survey
Dr. Campbell Craddock, University of Wisconsin,

joined the survey on January 5 to assume duties as
USARP Representative and supervise the geological
program. The University of Wisconsin group visited
all accessible outcrops on Thurston, Dustin, and
McNamara Islands and collected diverse igneous
and nietainorphic rocks. The unconformity in the
Jones Mountains was mapped from Mount Loweth
to Right Angle Peak, and abundant evidence was
found of prevolcanic glaciation. Mesozoic plant fos-
sils were ciscovered in the volcanic rocks below the
unconformity. Fifty ancient ice movement directions
were measured.

The Ohio State University biological survey, under
the direction of Dr. Gareth Gilbert, was concluded on
January 28 after covering the following areas: Jones
and Hudson Mountains; Dustin, Thurston, and Mc-
Namara Islands numerous islands in Cranton Bay;
and Lepley Nunatak. Some rock outcrops in these
areas were found to be devoid of vegetation, but most
were characterized by scattered colonies of one to
several species of lichen and moss with lush growth
near penguin rookeries and snow-petrel nests. Adélie
penguin rookeries were found at Dustin Island and

at various islands in Cranton Bay. Snow petrels and
skuas were observed in the Jones and Hudson Moun-
tains. In small ponds at high elevations in the Jones
Mountains, a relatively dense population of a single
species of invertebrate nticroorganisin was discovered.

In the Washington University (St. Louis) paleo-
magnetic program, 98 percent of the research was
completed by January 29; 69 oriented rock samples
had been collected in the Hudson and Jones Moun-
tains and at Thurston Island.

Antarctic Peninsula

The Palmer Station-R/V Hero operational concept
was tested for the first time this year, with apparent
success. The ease with which the small research vessel
can support studies in narrow waters and move field
parties about in the archipelago contributed signifi-
cantly to the mobility of the nearly one dozen groups
working ashore and afloat in the Antarctic Peninsula
area. In addition, it enabled the scientists to visit a
number of stations in the area, including the Argen-
tine Almirante Brown, Decepción, and Melchior; the
British Argentine Islands and Deception Island; the
Chilean Arturo Prat, Gabriel Gonzalez Videla, and
the Antarctic Meteorological Center on King George
Island; and the Soviet Bellingauzen. Visits were also
paid to the British ships RRS John Biscoe and
Shackleton, the Soviet Professor Zubov, the Chilean
Yelcho, and the Chilean Navy's Aquiles, under
charter to Lindblad Travel, Inc.

During the first two weeks of January, Dr. Edvard
A. Hemmingsen, University of California (San
Diego), and his associate, Dr. E. L. Douglas, studying
the physiology of the Chaenichthyidae, obtained 40
specimens of C. aceratus in the vicinity of Arthur
Harbor; most were caught on lines set at 20-100
fathoms. Respiratory measurements on the ice fish
were completed successfully in the Palmer biological
laboratory. A total of 23 C. aceratus were used to de-
termine oxygen consumption, oxygen tension, blood
volume, and arterial and venous oxygen content.
Aquaria in the shore laboratory were used extensively.

In the same period, Dr. Jesse C. Thompson of
Queens College, Charlotte, North Carolina, and an
assistant made some 400 ciliated-protozoan cultures
and more than 350 silver-slide preparations. Their
field work was completed by the first week of Febru-
ary, much of the collecting having been done with the
aid of Edisto's helicopters and Hero.

Dr. Rudolph M. Schuster, University of Massachu-
setts, collected Hepaticae throughout the South Shet-
land Islands and at various sites on Anvers and Ar-
gentine Islands and in the Gerlache Strait. Approxi-
inately 150 samples, including two genera new to
Antarctica, were collected during an overnight stay
at Devils Point, Livingston Island. Of special interest
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was the collection, early in February, of nine speci-
mens of Belgica antarctica on Hook Island, and of
Basidioinycetes, genus Gaberina, at Norsel Point.
Edisto's helicopters and Hero's workboat placed Dr.
Schuster at the collecting sites.

Dr. Jean-Roland Klay and Mr. Olav Orheim,
glaciologists from Ohio State University, plus a field
assistant, established camp on Deception Island on
January 10. They collected moraine and ash samples
from many localities including glaciers. Glacier mass-
balance and deformation studies were carried out,
and 39 stakes were established for future movement
studies. Their work was completed on February 7,
when they were picked UI) by Edisto's helicopters,
only two weeks prior to renewed volcanic activity on
the island (see insert) . Hero assisted in the resupply
of this group.

Dr. Ian W. D. l)alziel, Columbia University, and
Dr. Kaye R. Everett, Ohio State University, and their
field assistants established a joint camp on Livingston
Island on January 11. They mapped and studied in
detail the geology of False Bay and made collections
of rocks, soils, and plants. They broke camp on Jan-
uary 26 and departed on Hero for additional geologi-
cal studies at Greenwich and King George Islands.
Both parties then returned to Livingston Island for
studies at Miers Bluff. Among the notable results of
this field work was the discovery of a nappe (a
faulted, overturned fold), thrust across southern Liv-
ingston Island from the northwest to the southeast.
The parties were relocated on Livingston Island by
Edisto helicopter in mid-February. In late February,
Dr. Daiziel's party was picked up by helicopter and
returned to Chile aboard Edisto, while Dr. Everett
was placed on Deception Island by Hero for a few
days of study following the eruption on February 21
(see insert). Throughout the remainder of the sum-
mer, Dr. Everett's party was transported by Hero to
collecting sites in the archipelago.

Dr. Joel Hedgpeth, Oregon State University, and
his companions made preliminary scuba surveys in
the vicinity of Palmer Station during the week of Jan-
uary 12-18. Observation stations were established for
quantitative studies of Pycnogonida, and the inter-
tidal zone was examined in the immediate vicinity of
the station for data on the distribution of Notigera
polaris. Diving operations continued throughout Jan-
uary and pycnogonids were filmed for motion studies.
In February, additional diving and trawling were
carried out from Hero at Port Lockroy and Melchior
Island. When Dr. Hedgpeth and one assistant de-
parted for Punta Arenas on February 6, the work was
continued by Dr. John McCain, the third member of
the party.

Throughout 2'/2 months of the summer, Dr. James
R. Rastorfer, Ohio State University, and an assistant

made helicopter flights and trips by boat to local study
areas. Moss collections for physiological studies were
made from Hero in Gerlache Strait and from Edisto
at Argentine and Adelaide Islands. Much of their
work took place in the Palmer Station laboratory.

Dr. Arthur DeVries, University of California
(Davis), senior scientist on Hero, trawled off the west
coast of Deception and Hoseason Islands in January
and then worked at the Palmer Station biological
laboratory determining the blood-serum freezing point
for two Notothenia species. Serum chloride levels
were also measured. From February 1 through most of
March, Dr. 1)eVries did much trawling and setting
of traps from Hero in the waters surrounding Brabant,
Anvers, and the South Shetland Islands.

During January, Dr. Roy E. Cameron, California
Institute of Technology, and Dr. Robert Benoit, Vir-
ginia Polytechnic Institute, collected soil organisms
at Port Foster, Deception Island. In the effort, they
were supported by Hero. For several days they camped
ashore and examined the cinder cones thrown up in
the caldera in December 1967. They found the craters
and surrounding terrain essentially barren except
where the tide seeps in. Marine algae were found in
crater pools, but there was no growth around fuma-
roles. Areas which escaped destruction in the 1967
volcanic eruption had patches of mosses and lichens,
however. The cinder island was revisited briefly by
helicopter in early February.

Professor Jorge Castillo, a Chilean guest scientist
from the University of Concepción, worked the entire
summer from Hero, taking grab, dredge, and bathy-
thermograph stations both inside and outside the
caldera of Deception Island and in English Strait
between Robert and Greenwich Islands. He was able
to resample the bottom of Port Foster within days of
the eruption on February 21. Three Argentine guest
scientists from Almirante Brown Station at Paradise
Harbor also cruised on Hero for a few weeks of ma-
rine studies.

The photogeodesy group installed camera equip-
ment for winter operation (darkness is required) and,
in late January, also began a geodetic survey of the
environs of Palmer Station. The PAGEOS equipment
became operational on February 27. The four-man
wintering team from the U.S. Army Topographic
Command is headed by Mr. John Page, who is also
this year's station scientific leader.

Figure 1 (above, right). New islet created by volcanic activity in
Port Foster in 1967.

Figure 2 (right). Photo taken February 27, 1969, shows area of
British station and the old whaling station after mudflow triggered

by volcanic activity on February 21.

U.S. roast Guard Photos
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Deception Island Eruption
On February 21, another volcanic eruption occurred on

Deception Island. Although strong, it was not as severe as
the one that occurred on December 4, 1967, and created a
new islet in Port Foster (Fig. 1). The eruption occurred
behind the Chilean station (see map) and was first observed
as a cloud rising to 10,000 feet. Accompanying fallout de-
posited 1-3 in. of pumice and ash on the island. The Chilean
and British bases were destroyed, but all personnel were
evacuated safely by Chilean helicopters on February 22. The
Argentine station, apparently undamaged by the activity,
had been evacuated several days prior to the eruption.

USCGC Edisto reached the vicinity of Deception Island
on February 27, and obtained photographs from a helicopter.
By that time, the activity had abated.

On March 2, Dr. Kaye R. Everett of Ohio State Univer-
sity, who had been working on Livingston Island, was trans-
ported by Hero to the island for a 4-day reconnaissance of
the effects of the eruption. His teletype report is paraphrased
below:

"There are three centers of activity, the largest of which
is located behind the Chilean research station. Heavy fuma-
role activity on March 1 and 2, and during the morning of
the 3rd, decreased on March 4 and 5. There is a rift through
the glacier, 200-250 feet deep and in three segments. The
British station was heavily damaged by mudflow, and the
graveyard and much of the whaling station were destroyed.
Kroner Lake, which used to he landlocked, has opened to
the sea. The mudflow depth is 4-7 feet, while the scoria
cover amounts to 1-2 in. Mudflow in the Whalers Bay area
is quite liquid and appears to have been rapid-moving (20-
30 mph), the final phase being largely water accompanied by
considerable down-cutting.

"The Chilean station was completely destroyed by a com-
bination of ashfall and mudflow scoria 5 in. to several feet
deep. Large bombs are located near the vent. Water vapor
and hydrogen sulfide gas are present, and elemental sulfur
is being deposited from numerous small fumaroles and vents.
The ground temperature on the hillside behind the Chilean
station fluctuates between 50° and 70°C. Steam is rising
generally on the hillside; steam and boiling skater issuing at
sea level along Pendulum Cove are largely from the glacier
and the snow.

"Fumarole activity in the 'Fumarole Bay area up the
coast was intense on March 3 until about 1600. There is
sulfur deposition along parallel tracks, and steam and boil-
ing water issuing at sea level. The new (1967) island is
quiet, but carbon dioxide and/or hydrogen sulfide is bubbling
in the lake.

"The Argentine station is unharmed, but a thin coating of
ash lies over the station and most of the west coast including
the ice cap. The west beach is heavily littered with timber,
food cans, fuel drums, and at least one grave marker, most
of the materials coming from the Whalers Bay area. Inland
up to the ice cap, the ash cover forms a '/4 -in, coat that is
locally thicker in depressions. The largest mudflow occurred
to the north of Penfold Point. It carried large blocks of
glacier ice and bedrock blocks weighing several tons to the
coast. Similar-size material was involved at the British sta-
tion. A gas sample was taken above the Chilean station, and
numerous photographs were obtained."

Deception Island was also visited by Dr. Paul L. Williams,
U.S. Geological Survey, who travelled with the British Ant-
arctic Survey as a U.S. exchange representative aboard RRS
John Biscoe. On January 28-29 and March 16-22, he studied
and sampled the volcanic-ash cones resulting from the 1967
eruption and examined the site of the latest eruption.
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New Mexico State University's geodetic program,
involving the recording of satellite-signal Doppler
shifts, became operational in January and was com-
pleted by the first week in February. Three individ-
uals participated.

On February 7, less than 6 months after crossing
the Arctic Circle on her shakedown cruise in Baffin
Bay, Hero crossed the Antarctic Circle. She departed
Arthur Harbor for Punta Arenas on March 21. While
trawling in the Drake Passage and Bransfield Strait
for the Bureau of Commercial Fisheries, she is ex-
pected to call once more at Palmer Station before
winter sets in.

International Weddell Sea Oceanographic
Expedition, 1969

On February 13, Glacier departed Punta Arenas
en route to the Weddell Sea. On February 27, an area
of weakness in the ice leading north was encoun-
tered, and an attempt was made to reach the buoy
position (74°S. 40°Wj t via that path. However, on
February 28, very heavy ice was encountered about
140 mi. south of the buoy position and all subsequent
attempts to retrieve the buoys were futile.

Coring in the hard and rocky bottom produced
9 cores with an average length of 2.5 m. During
30 hours of shipboard census, 453 seals (primarily
crabeaters) and 1,780 penguins were tallied. Human
and seal blood samples were obtained for physiologi-
cal studied. In the benthic studies, seven anchor
dredge stations were occupied in depths of 415-
1.080 m.

South Pole Station
The only suiniiier project at Pole during January-

February was the determination, by three U.S. Ge-
ological Survey personnel, of the precise location of
the astro-pier and the geomagnetic-absolutes pier
An azimuth into the magnetic-variations building was
also taken, enabling an orientation test to be made
on this equipment.

In the meteorological program, operated by the
Weather Bureau of ESSA, three ozonesonde-radio-
metersonde flights were made in January to an aver-
age height of 28.094 rn; another four in February
reached 29,356 in. Recordings continued of ozone,
atmospheric electricity, carbon dioxide, and snow
pH and conductivity. Upon departure of the summer
meteorological personnel on February 15, standard
observations reverted to 6-hourly surface observations
and one upper-air sounding per day.

Activities in the other programs were normal or
nearly so throughout the period.

' Antarctic Journal, vol. 3, no. 4, p. 84.

Byrd Station

Operations were reported normal in all programs
during January and February. Prior to the last flight
of the season on February 18, 700 ice cores were
shipped to McMurdo for transport aboard Wyandot
to the Army Terrestrial Sciences Center at Hanover,
New Hampshire.

Vostok Station

On January 15, Mr. F. Michael Maish of the ESSA
Research Laboratories arrived at Vostok Station to
spend the corning winter with his 17 colleagues of the
Soviet Antarctic Expedition. He will he carrying out
several prograilis in upper atmosphere physics, mostly
continuations of those conducted by his predecessor
U.S. exchange scientists at Vostok.

Notes

Aerial Remote-Sensing Platform

With the new C-130 Hercules aircraft in Antarctic
Development Squadron Six (Antarctic Journal, vol.
IV, no. 2, p. 47 and the additional logistic capa-
bility it makes available, consideration can now be
given by the National Science Foundation and the
Naval Support Force. Antarctica to fitting out the
photomapping C-130 as an aerial retitote-sensing
laboratory. The National Science Foundation will
consider projects for this platform including photog-
raphy and reitiote sensors. Expressions of interest
should be addressed to the Chief Scientist, Office of
Antarctic Progratiis.

Those expressing interest will receive infortiiation
on the aircraft, the planned prograiii, and ways in
which additional projects could he incorporated. Most
aerial-sensing projects require aircraft iiiodification,
and a two-year lead titiie from proposal acceptance
to field work iiiay be expected. Also, except in un-
usual circuiiistances, hardware should have been
proven prior to antarctic use.

IWSOE-1968 Data
Physical and chemical data collected froiii 70 sta-

tions occupied by USCG Glacier and ARA General
San Martin during the International Weddell Sea
Oceanographic Expedition, 1968 (January-March
1968) are now available through the National Ocean-
ographic Data Center under Cruise Reference Num-
bers 318037 and 08 056, respectively.
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Saline Discharges from Taylor Glacier,
Victoria Land, Antarctica

ROBERT F. BLACK

Department of Geology and Geophysics
University of Wisconsin

Black, Jackson, and Berg (1965) described a red-
dish-yellow cone of ice and salts at the terminus of
Taylor Glacier where it discharges into Lake Bonney
in Taylor Valley (Fig. 1). The cone emerged from
the face of the glacier, 20 in above lake level, and
extended 150 in over the perennial ice of Lake Bon-
ney. It contained some 3,000 to 6,000 m 3 of ice and
salts. A variety of salts, including sodium chloride,
calcium carbonate, and calcium sulfate were present.
The brilliant color was attributed to fine particles of
ferric oxide such as goethite.

They concluded that a subglacial discharge, occur-
ring in the austral winter of 1962, brought saline-rich
waters up through crevasses to the face of the glacier.
It could not be determined from the chemistry of the
salts, which were similar to those in the waters of
Lake Bonney at depth, whether the discharge was
derived from the lake or was contributing new salts
to it. The discharge clearly did not come from the
surface of the glacier, but from below. A mechanism
providing sufficient pressure to move lake waters to
a point some 20 in the lake was mentioned.
This results from cryostatic pressure, analogous to
pingo formation, which occurs during the refreezing
of seasonal ice in the annual moat developed around
the perennial ice in the lake. The volumetric change
on refreezing of ice in the moat is of the same order
of magnitude as the cone. Unfrozen moraine adjoin-
ing the lake and below the glacier, and favorably
oriented crevasses in Taylor Glacier, could permit the
discharge to take place under certain circumstances.

On January 22, 1969, Black and Arthur A.
Twomey visited the area and sampled another cone
of similar appearance and volume (Fig. 2). On the
basis of morphology, that is, the amount of ablation
and of dissection by meltwater streams, it is believed
that the cone originated during the austral winter of
1968. The cone was placed identically with that of
the earlier one—on the same fracture systems and at
the same topographic elevation, in spite of the fact
that the original cone of 1962 was completely de-
stroyed during the years 1963 to 1966 (Black and
Bowser, 1968) (Fig. 3). The samples from the 1968
discharge are still being analyzed, but "blooms" on
the surface were mnegascopically identical to those
resulting from the 1962 discharge. The surface was
darker red and more eroded than on the 1962 cone,

I'/,',lo	,•I .1'. IIuI(l

Figure 1. Reddish-yellow cone of ice and salts at the northeast
corner of Taylor Glacier, photographed November 5, 1962.

.
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Figure 2. Red cone, presumably produced during the 1968 dis-
charge, photographed January 22, 1969.
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Figure 3. Terminal area of Taylor Glacier, where the original cone
of 1962 was formed, photographed December 12, 1966.

but presumably the cones were similar in composi-
tion.

Because of the reoccurrence, after a 6-year interval,
of a saline discharge with similar position, volume,
and composition ( ?), it seems proper to watch this
particular area closely. Furthermore, the nature of
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the "small ice platform" described by Hamilton, Frost,
and Hayes (1962) at precisely the same location be-
comes more important. Because of the similarity of
the 1962 and 1968 discharges, the writer wonders
whether the discharge at the same place which left
the saline platform might not also have come from
the same source under Taylor Glacier rather than
from the Rhone Glacier as was suggested. No cone
or platform was there in December 1967, although
a "brownish" to "yellowish" discoloration was seen
from the air on the north side of the glacier, near the
terminus (Troy L. Péwé, written communication,
March 10, 1969). None was seen by Black on aerial
photos taken in 1956. It is presumed, therefore, that
the platform was built during the austral winter of
1958. It was already much modified by December
15, 1958, when visited by Hamilton and Hayes.
Whether a cone had been formed and was then de-
stroyed in that short interval is not known, but it
seems unlikely in view of the rate of ablation of the
1962 cone (Black and Bowser, 1968). Only about one-
third had been removed by December 1963, although
all of the external addition of salt-rich ice had been
destroyed by November 1965. By December 1966, a
few fractures in the glacier at that point still con-
tained salt mixtures with ice. Does anyone have addi-
tional information bearing on the 1958 discharge?

As the source of salts lies below the glacier, sub-
glacial exploration must ultimately be done to estab-
lish with certainty the mechanism of discharge and
the original nature of the salts. Cryostatic pressure,'
cycling salts from the lake, seems to be the most logical
hypothesis in light of our present knowledge. It ap-
pears unlikely that a body of saline waters exists up
glacier and can rise aperiodically through the glacier
to discharge from the face. However, salts of similar
composition to those of the cone are known in the
subglacial shear moraine at the discharge and also
well up glacier (Black and Bowser, 1968). To pro-
uce a discharge from them necessitates a source of
water which seemingly could come only by subglacial
melting induced by abnormal heat flow from the
interior of the Earth. The salts where they are ex-
posed in the shear moraine seem not to have induced
more rapid melting.

This note does not presume to resolve the problem
of the saline discharges, although it does indicate a
possible origin for the salts. Its main purpose is to call
attention to the phenomenon and to urge all scientific
investigators and pilots who visit Lake Bonney to
photograph the area of discharge at the northeast
corner of Taylor Glacier and to make notes of their
observations. Through their cooperation, it should
be possible to pinpoint more precisely the time of such
saline discharges and the conditions which lead to
them.
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Chronology of U.S. Navy
Support Activities

April 1—August 31, 1968

In Greenwich Mean Time

April
1---PM--3A nuclear power plant shut down for unscheduled

maintenance in secondary plant. Power output resumed
the same day.

June

21—PM--3A shut down due to reactor malfunction.
23-----PM--3A resumed power output.
26—Deep Freeze reunion held at Washington Navy Yard in

honor of past commanders of Task Force 43.

July
1—Meritorious Unit Commendation presented to Naval

Nuclear Power Unit for operation, modification, and
support of PM-3A reactor during the period May 1,
1964, to March 1, 1967.

2---Plateau Station experienced complete power failure for
six hours. Personnel moved to emergency site.

19- -PM-3A shut down due to a malfunction in secondary
system.

20—Temperature of -86.2°C. (-123.1°F.) recorded at
Plateau Station, breaking former record low of -85.2°C.
(— 121.4°F.) set August 2, 1966.

24--PM-3A3A resumed power output.
25—Wind speed at McMurdo Station reached a record high

of 101 knots.
26----PM-3A shut down due to a malfunction in electrical

system. Power output resumed the same day.

August
1- -Detachment Two, U.S. Naval Support Force, Antarctica,

permanently disestablished. Functions, personnel, and
facilities transferred to Antarctic Support Activities.

11--Fire destroyed the snow-melting building at South Pole
Station. No personnel injured.

22--Two VX-6 LC- I 3OFs reported to operational control of
CTF-43 for Win fly II.

23--Lt. Comdr. W. F. Mitchel relieved Lt. Comdr. R. W.
Sallee as Officer-in-Charge, Detachment Charlie, Ant-
arctic Support Activities.
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