
in the past 20 years. Yet, the U.S.A. has not launched
a new icebreaker since 1954.

Many suggestions can be made for the design of
better icebreakers .6 Conventional propulsion machin-
ery certainly can be improved; better propeller
designs seem possible: using three propeller shafts—
a feature of some Soviet and Canadian icebreakers
—rather than two may have considerable merit. Per-
haps propellers, which are very susceptible to ice
damage that is reparable only in dry dock, should
be eliminated in favor of hydrojet propulsion. Nuclear
power appears to offer an answer to the cruising-
range limitations now imposed by fuel capacity.

Hull design can also be improved. A Massachusetts
Institute of Technology study indicates that a dif-
ferent bow profile would be more effective for ram-
ming. It also suggests several means (including the
use of a coating such as Teflon) for reducing the
frictional force to be overcome in the backing phase
of the ramming maneuver.

An interior improvement that would be welcomed
by both the ship's operators and her embarked scien-
tists would be larger, better-equipped research labora-
tories. This need will become greater if nuclear pro-
pulsion is adopted, permitting year-long cruises in the
ice fields.

Action to construct new icebreakers may have to
be taken soon. Icebreaking produces metal fatigue
and engine wear of unusual severity, and all of the
Wind-class icebreakers have more than 20 years of
arduous service. In fact, their age exceeds the pre-
scribed life of other, comparable naval vessels. Glacier,
while launched in 1954 with some advanced features,
is essentially an enlarged version of the basic Wind-
class design.

A Job Well Done

There seems to be no question that more modern
icebreakers could do a more efficient job for us, but
the tasks our present ships accomplish are still con-
siderable. They ensure that the cargo ships and
tankers get through with vital supplies; they permit
oceanographic research over a wider area; and they
perform a combination of services that cannot be
matched by other types of vessels.

Without our icebreakers, we—and perhaps several
other nations—could not plan antarctic research
programs with such assurance of success as we now
do. Certainly, the icebreakers must be given their
share of credit for what has been accomplished thus
far in the Antarctic.

'See E. A. MacDonald, "Our Icebreakers are not Good
Enough," United States Naval Institute Proceedings, vol.
92, no. 2, February 1966.

Water Masses of the
Weddell Sea

G. L. HUFFORD and J . M. SEABROOKE

U. S. Coast Guard Oceanographic Unit
Department of Transportation

During February and March of 1968 and 1969,
oceanographic investigations were conducted aboard
USCGC Glacier as part of the International Weddell
Sea Oceanographic Expedition (IWSOE). The prin-
cipal method of observation was Nansen-bottle casts
from the surface to the bottom for temperature,
salinity, dissolved oxygen, phosphate, silicate, nitrate,
and nitrite. Compass-oriented bottom photographs
were also taken at some stations. The general features
of the expedition were described in the July-August
1968 and 1969 issues of this journal; the purpose of
this article is to provide some preliminary results of
the data analysis.

Until IWSOE-1968, virtually all exploration of
the Weddell Sea had been limited to its periphery.
However, from the data available, the region had
been recognized as a major source of Antarctic Bot-
tom Water (Deacon, 1937). Several theories have
been proposed on bottom water formation (Mosby,
1967), but supporting data have been lacking on the
water masses present in the Weddell Sea, especially
those on the continental shelf.

From the survey made by USCGC Glacier, three
water masses were identified on the basis of preformed
nutrients (Redfield et al., 1963), temperature, and
salinity: Antarctic Shelf Water, Intermediate Warni
Water, and Antarctic Bottom Water. The core prop-
erties of each water mass are summarized in the
table.

Along the continental shelf of the Weddell Sea, the
entire water column (about 450 m) is occupied by
water characterized by temperatures of - 1 .4 0 to
–2.0 0 C., salinities of 33.9 to 34.8°/, and high oxy-
gen content (6.9 to 9.5 ml/l). The shelf water east
of 40°W. has temperatures above - 1.6°C. except
for a thin surface layer where it reaches a minimum
of - 1.8°C. Salinity ranges from 33.90/ at the sur-
face to less than 34.60/ at the bottom. West of
40°W., the shelf water below 200 in close to the
freezing point (-1.9'C.) and has a salinity greater
than 34.60 /. The most plausible explanation for
this cold, dense subsurface shelf water is that contact
with the underside of the Filchner Ice Shelf alters
its temperature and salinity. Analysis of the data
indicated that the dense shelf water did not form
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PO4 mean
[g-at/1]

1.81±0.20

1.35 ± 0.2 1

1.59 ±0. 19

1.65 ±0.19

1. 15 ± 0.22

1.31 ±0.12

No.	NO,,, mean
samples	[gat/1]

42	23.07±2.40

145	9.11±2.76

13	13.85±2.80

67	22.37±2.46

50	14.57±2.89

12	17.38±2.10

No.
samples

31

145

10

68

50

12

Year	Water mass	Criteria

1968	Shelf water	T=-1.91
below 200 m	S>34.60

Warm	 T+0.25
intrusion	S=34.67

Antarctic	 T= -0.44
Bottom Water	S=34.66

1969	Shelf water	T<-1.60
S<34.60

Warm	 T= +0.40
intrusion	S=34.67

Antarctic	 T-0.26
Bottom Water	S=34.66

T =Temperature in °C. SSalinity in 0/00

at the air-sea interface, nor was it transported in
from other areas. It was not water formed in the
winter, trapped on the shelf and prevented from
flowing off it: a bathymetric chart compiled during
the cruise showed no significant depressions to trap
the dense water. A new theory on the formation of
Antarctic Bottom Water in the summer will soon be
published in the Journal of Geophysical Research.

A thick (400-1600 m) layer of warmer, more
saline water exists under the surface antarctic waters.
This deep water is characterized by above-zero tem-
peratures (0.2° to 0.7°C.) and salinities of 34.66 to
34.700/. The oxygen content, 4.6 to 4.9 ml/1 (50-
60% of saturation), is considerably less than that of
surface and bottom waters. The zero isotherm coin-
cides approximately with the limit between the shelf
and the slope, and the warm layer does not intrude
upon the shelf. Deacon (1963) states that this warm,
deep layer consists primarily of Antarctic Circum-
polar Water and small amounts of North Atlantic
Deep Water.

Bottom water in the Weddell Sea was found to
approximate closely the classical definition of Ant-
arctic Bottom Water (-0.4°C, 34.66 0/) given by
Sverdrup and others (1942). The oxygen content
of the Bottom Water is 5.2 to 5.7 ml/l. Antarctic
Bottom Water was found to occupy an extensive area
in the Weddell Sea and to have an average layer
thickness of 1000 m.

The temperature of Antarctic Bottom Water in
the Weddell Sea is lower than that of the warm,
deep layer, but higher than that of the altered Ant-
arctic Shelf Water in the southwest region. Salinity,
oxygen content, and other physiochemical character-
istics of Antarctic Bottom Water are also intermediate
between the corresponding characteristics of altered
Antarctic Shelf Water and the warm, deep layer.
Judging from all these characteristics, Antarctic
Bottom Water is probably a mixture of altered Shelf
Water and the warm, deep layer; this conclusion is
contrary to the theory of Brennecke (1921).
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Foreign Literature Submitted
for Translation

In its continuous efforts to make significant foreign
polar literature available in English to U.S. scien-
tists, the Polar Information Service of the National
Science Foundation has submitted the following
monograph and serial publications for translation
under the PL-480 foreign-currency program:

K. K. Markov, V. I. Bardin, V. L. Lebedev, A. I.
Orlov and I. A. Suetova. Geography of Antarctica.
Moscow, "Mysl'," 1968. 439 p.

Problems of the Arctic and Antarctic, Nos. 29-32.
Published by the Arctic and Antarctic Scientific-
Research Institute, Leningrad.

Problems of the North, Nos. 10-13. Published by
the U.S.S.R. Academy of Sciences, Moscow.
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