
The diameter, inclination, and drift of the hole
have been measured in addition to the depth-temper-
ature profile. The minimum temperature was —24.
6°C. at 154 meters, and the bottom temperature was
- 13.0°C. The temperature gradient is linear in the
bottom 300 meters, indicating a geothermal heat
flow of 1.00 microcalorie/cm. 2/sec. Measure-
ments next year may show whether the thickness of
the ice cap is changing and if flow is occurring. The
latter data can be compared with surface move-
ment data being obtained by CRREL.

The Greenland core drilling has been completed
and the equipment is en route to Antarctica, where
preparations for core drilling to bedrock will be
started in November 1966.

The authors wish to acknowledge the major contri -
butions made by H. Ueda and D. Garfield, CRREL,
in the design, development, and field work related to
the drilling.

Glaciology of the Ross Ice Shelf

CHARLES SWITHINBANK
Scott Polar Research Institute

Cambridge, England

An analysis has been carried out of data obtained
by University of Michigan field parties during the
1959-1960, 1960-1961, and 1961-1962 seasons, in-
cluding the movement, regime, and morphology of
the principal valley glaciers flowing into the Ross Ice
Shelf. The surface velocity of Liv Glacier, measured
over a period of two years by a New Zealand survey
team, was found in close agreement with measure-
ments made during a five-day period in 1962.

Ice movement, strain, temperature, and snow
accumulation studies have been carried out near
the western and southern margins of the Ross Ice
Shelf. Rates of movement, measured on the pin-
nacled ice (the part of the Ross Ice Shelf lying
to the south and west of McMurdo Station), are
from 1 meter/year to 20 meters/year. This con-
trasts with the main part of the Ice Shelf off Cape
Crozier, where velocities of more than 700
meters/year are found. It is evident that under
present conditions, the moraine and organic mate-
rial carried by ice flowing northwards from Minna
Bluff takes many thousands of years to traverse
the 70 kilometers to the ice front. The ice itself
which flows from Minna Bluff never does reach
the ice front; it is lost by melting from the upper
surface and replaced by new ice forming on the
lower surface of the Ice Shelf.

A Sonic Device
for Measuring Thickness Changes

at the Bottom of Floating Ice

NORBERT UNTERSTEINER
Department of Atmospheric Sciences

University of Washington

The device consists of a commercially available
transducer for generating and receiving sound
signals of about 400 kc./s. The output is displayed
on an oscilloscope which allows a sourd path of
2 meters to be resolved within ± 0.1 centimeter.
The transducer is kept in a fixed position (rela-
tive to the interior of the ice) at the end of a
polyvinyl chloride tube which is lowered through
a 10-centimeter hole in the ice at an angle of 30°
from the vertical. The transducer is mounted at
the same angle with the tube and "looks" vertically
up at a spot which has not been disturbed by the
drilling.

Two transducers were installed under sea ice of
3-meter thickness near Ice Island T-3 in November
1965 at a depth of about 1.5 meters below the ice
bottom. They functioned satisfactorily until March
1966 when a propane gas explosion destroyed the
instrument shelter and all cable connections. For-
tunately, the oscilloscope was not in the shelter at
the time.

In order to eliminate temperature drift of the
oscilloscope, a third transducer, whose signals are
reflected by a pin at a distance of exactly one
meter, was kept in the water and used to calibrate
the sound path before taking a reading of the ice
echo.

During the whole time of observations there
were small, irregular daily thickness changes of
generally < 1 centimeter which may be associated
with changes in the skeletal surface layer of grow-
ing sea ice. Between December 2 and January 17,
however, the thickness decreased by 10 centimeters.
After that, the ice grew steadily until March. The
relationship of these changes to the temperature pro-
file in the ice and the velocity of the relative water
current is presently being evaluated.

It appears that the device described here would
be suitable for measuring ablation and accretion
at the underside of thick, floating ice masses such
as ice islands or ice shelves, particularly the, Ross
Ice Shelf whose energy exchange with the under-
lying sea water has been a point of speculation for
some time. For that application, it would be nec-
essary to drill a vertical hole and mount the
transducer on an appropriately designed arm
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which holds it vertically but pointing at a spot one
or two meters away from the drill hole. It would
also be necessary to provide the transducer hous-
ing with a low-output heating element to avoid the
possible nucleation and buildup of ice on the
equipment in case the ocean water is supercooled.

Studies in Surface Glaciology
CHARLES R. BENTLEY

and
MARIO B. GIOVINETTO

Geophysical and Polar Research Center
University of Wisconsin

An analysis is in progress of annual snow ac-
cumulation data from locations in Antarctica where
annual snow layers have been dated back 15 years or
more. The objectives are to determine temporal
and areal anomalies in snow accumulation and the
relationship of accumulation to topography and con-

densation levels of antarctic air masses. Correlation
coefficients for particular time periods, and the total
variability of two- and three-year increments, are be-
ing computed for observation series longer than 50
years, to eliminate the effects of local variations in
accumulation.

A comparative study of the characteristics of
frequencies of accumulation anomalies in polar,
subpolar, and subtropical deserts has been under-
taken with data from 215 stations in southwest
Asia and northeast Africa.

Other glaciological projects of the U. S. Ant-
arctic Research Program active during the past
year included:

Glaciology and Meteorology of Anvers Island.
Ohio State University Research Foundation; Richard
L. Cameron, Principal Investigator.

Radiocarbon Dating Ice-Cored Glacial Drift.
Yale University; George H. Denton, Principal In-
vestigator.

Biology

The Distribution of Fatty Acid Classes
in Lipids of Antarctic Euphausids

LELA M. JEFFREY, NESTOR R. BOTTINO,
and RAYMOND REISER

Department of Oceanography
Texas A &M University

In a study of the metabolism of long-chain
polyunsaturated fatty acids in antarctic organisms,
samples of euphau sids (Euphausia, Thysanoëssa,
Stylocheiron, and Nematoscelis), collected aboard
USNS Eltanin, were analyzed for their constituent
lipids and their fatty acid composition.

By silicic acid chromatography fractionation,
phospholipids were found to be the most abundant
class, amounting to approximately 48 percent of
the total lipids. They were followed by triglycerides
(19 percent), sterol esters and tocopherols (18
percent), free fatty acids (5 percent), sterols (3
percent), monoglycerides (2 percent), hydrocar-
bons and waxes (2 percent), and diglycerides (1
percent).

Fatty acid analyses by gas-liquid chromatography
of the major glyceride fractions indicated that the
C20 and C22 polyunsaturated fatty acids typical of
marine fish and mammals constitute up to 52 percent
of the phospholipid fatty acids, whereas those acids
amount to no more than 4 percent of the triglyceride
fatty acids.

Thin-layer chromatographic fractionation of the
phospholipids indicated that phosphatidyl choline
and phosphatidyl ethanolamine are the major com-
ponents of that class. Phosphatidyl choline contains
mainly palmitic (Cj; : o), oleic (Cii ) and eicosa-
pentaenoic (C211:5 ) acids. Phosphatidyl ethanolamine
also contains palmitic and oleic as major acids but
the third major acid is docosahexaenoic (C 2 ;) acid
rather than eicosapentaenoic acid.

It thus appears that pentaene and hexaene fatty
acids of marine fish and mammals have their origin
mainly in the phospholipids of lower food chain
levels rather than in their triglycerides.

The prevalence of a pentaene acid in phospha-
tidyl choline and of a hexaene in phosphatidyl
ethanolamine suggests that these two phospholipids
are metabolically independent.
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