
approximately 550 km from the station with all mag-
nitudes about 2.0 . They were recorded only feebly at
Byrd and not reported elsewhere. These are the first
sich events noted at South Pole, although a similar
event was recorded at Byrd Station on July 18, 1957.
The times were-

ov. 25 ePg 14hr 07mn l8sec eLg 14hr 08mn l7sec
ePn 22hr 54mn 05sec ePg 22hr 54mn 22.5sec
eLg 22hr 55mn 24sec

ov. 26 ePn lOhr 16mn 48sec ePg lOhr 17mn 03.5sec
eLg lOhr l8mn 07sec

able 2. Number of earthquakes in the world, 1964-1967,
and south of 45°S., by magnitude (mb).'
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From R. J . Brazee. 1969. Further reporting on the dis-
tribution of earthquakes with respect to magnitude (mb).
Earthquake Notes, XL(2): 49-51.

Tidal measurements at
McMurdo Sound
NORMAN C. VENZKE

Commander, U.S. Coast Guard

The commanding officer of a ship entering Winter
Quarters Bay at McMurdo Station will be disap-
pointed when he asks his navigator for tidal informa-
tion. Tide tables for the area do not exist. Although
tides in McMurdo Sound have been measured fre-
quently over the 16 years of ship operations there,
these separate efforts have not been coordinated or
even widely reported.

Tidal measurements are useful on both land and
sea. Mariners need them to refer soundings to the
proper datum: without a datum, soundings cannot be
plotted on a chart. Topographers need them to deter-
mine mean sea level (MSL), the datum for all eleva-
tions. For now, the elevations of points in the
McMurdo Station area are based on an assumed
datum. When the actual MSL is determined, it may
be necessary to adjust the recorded elevations.

In recent years, both New Zealand and the United
States have measured tides in McMurdo Sound. In
1959, the New Zealand Oceanographic Institute re-
corded information from a gage at Scott Base (Mac-
Donald and Burrows, 1959). Enough data were ob-
tained during four 29-day periods to enable prediction
of tides. Later, someone prepared a tide table for the
period November 1964 through March 1965, but the
printed table contains no identifying marks, and its or-
igin is unknown. U.S. Naval Hydrographic Office
chart 6712 lists the tide at Scott Base as diurnal with a
mean range of 2.2 feet.

This year, programs sponsored by the U.S. Naval
Support Force, Antarctica (NSFA), and the New
Zealand Oceanographic Institute, a division of that
country's Department of Scientific and Industrial Re-
search (DSIR), are supplementing the earlier data.
In January 1971, Mr. Ronald Heath of DSIR in-
stalled a tide gage near the discharge of the
McMurdo Station distillation plant, a location se-
lected because it stays free of ice during the austral
summer. Mr. Heath needed tide data for his study of
currents in McMurdo Sound. Data from his gage
were vital to a bottom survey of Winter Quarters Bay
made by USCGC Staten Island in January and may
be sufficient for the preparation of preliminary tables
for Deep Freeze 72. The DSIR gage consists of a pres-
sure-sensing head connected to a gage and recorder by
a copper tube. Variations in pressure—tidal variations
—are transmitted to the recorder through the tube.

In early February the DSIR gage was removed, and
the NSFA gage was installed in the intake to the dis-
tillation plant, where the constantly circulating water
and heat directed by fans onto the surface of the
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water keep the area free of ice throughout the year.
Provided by the U.S. Naval Oceanographic Office,
the gage has collected more than 4 months' data with
only minor equipment failures. A crisis was expected
when a seal discovered the comfort of the heated hut
that encloses the intake, but the seal moved on and
did not damage the gage. Data from the NSFA gage
will be flown out at the beginning of the coming sea-
son and, coupled with the 1971 DSIR data, are ex-
pected to be sufficient for development of comprehen-
sive tide tables.

The NSFA gage is a portable, automatic one that is
activated by a float as it rises and falls in a tube. A
clock mechanism rotates a drum to which is attached a
sheet of waxed graph paper. A stylus actuated by mo-
tion of the float moves across the paper during the
drum's rotation, producing a curve. That curve, when
referred to a tide staff, can be used in computing a
tidal datum and in determining mean sea level.

Tidal information is of value in all marine areas of
Antarctica. Last season, the National Science Founda-
tion installed a gage at Palmer Station in the Antarc-
tic Peninsula. It is hoped that sufficient information
will be obtained so that tide tables can be prepared
for that area, which is known for its hazardous waters.

In summary, sufficient data soon will be available
from which the U.S. Naval Oceanographic Office can
compute tide tables for McMurdo Station. To date,
DSIR has provided copies of scientific papers pertain-
ing to currents and tides in McMurdo Sound and is in
the process of providing tidal data obtained during
1970-1971. Aside from the immediate goal of obtain-
ing tide tables, the present exchange of tidal informa-
tion between the United States and New Zealand
typifies the exchange of scientific information between
nations engaged in antarctic research.

Reference
MacDonald, W. J . P., and A. L. Burrows. 1959. Sea-

level recordings at Scott Base, Antarctica, 1957. New
Zealand Journal of Geology and Geophysics, 2(2): 297-
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Ship operations
in the U.S. antarctic program

NORMAN C. VENZKE

Commander, U.S. Coast Guard

Ship operations in the U.S. antarctic program in-
clude resupply of stations by ships of the Military
Sealift Command, Coast Guard icebreaker support of
these ships and of scientific programs, station refueling
by icebreakers, transportation of passengers, and occa-
sional support of an inspection of foreign stations as

permitted under the Antarctic Treaty. The most vita]
of these functions is the annual resupply of the statioltis.

Resupply
Since the beginning of exploration in Antarctica,

the ship has consistently been the work horse of sup-
ply. Even today, despite the availability of large,
long-range aircraft, in the U.S. program ships deli r
95 percent of all dry cargo and 99 percent of all ft ci
to Antarctica, almost all of it to McMurdo Station for
further transport to inland stations by ski-equipped
aircraft. A relatively small amount of cargo and fuel is
delivered to Palmer Station on the Antarctic Penin -
sula by cargo ship and icebreaker.

Operation Deep Freeze 1 (1955-1956), conduct d
in preparation for the International Geophysical YeItr,
marked the beginning of a sustained U.S. effort iin
Antarctica that required large-scale construction and
resupply. Then, three large cargo ships, one or t*o
small tankers, and three or four icebreakers were re-
quired each year. The shipping season was lengthy,
and it commenced during a period of adverse ice con-
ditions. There was no alternative to scheduling arriv-
als at McMurdo Station beginning in December if the
required number of trips were to be made before the
end of the season. This effort required the support of
three icebreakers at McMurdo from December to
March of each year.

Resupply was further complicated during these
early Deep Freeze operations by the wide geographic
area of operations, extending from Wilkes Station on
the Budd Coast to Ellsworth Station in the Weddell
Sea. Support of Ellsworth Station alone during Deep
Freeze II to IV required the exclusive services of one
cargo ship and one icebreaker. As the years passed,
major construction tapered off and the span between
the two outermost stations narrowed. Two dry-cargo
ships have been adequate since Deep Freeze 67.

Inadequate fuel storage capacity at McMurdo Sta-
tion complicated the resupply of petroleum products
since the beginning of Operation Deep Freeze. Ini-
tially, two small, self-propelled gasoline barges were
moored near McMurdo Station to serve as temporary
tanks until a tank farm on Ross Island could be con-
structed. One or two small tankers such as Alatna and
Endeavour made four to six round trips between New
Zealand and McMurdo each season. Obviously, their
first arrival at McMurdo had to be early to complete
the required number of trips. During Deep Freeze 63,
low fuel stocks at McMurdo required scheduling of a
tanker to arrive at McMurdo on December 9. This re-
quired the transit of very heavy ice. Despite a setback

Commander Venzke was ship operations officer, U.S.
Naval Support Force, Antarctica, from May 1970 to July
1971. He is presently commanding officer of USCGC North-
wind, engaged in both arctic and antarctic operations.
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