
ber 1970 the error in the moon's declination computed
by the usual program exceeded 15 minutes of arc. At
some times, and at some stations, errors in the com-
puted theoretical tide as large as 1.1 gals result. A
new program of suitable accuracy and economy re-
cently has been developed and tested (Broucke et al.,
in preparation) which computes the lunar rigid-earth
tide with an accuracy of ± 0.01j.gal. At the North or
South Pole, the respective errors in the gravity tide
computed by the previous procedure (Longman,
1959) for ephemeris time November 11, 1970,
22h.4384 were —0.71, —0.73 tgal. These errors are
excessive, being about 10 percent of the useful residual
earth-tide. The respective errors at the given time by
the new program were 0.000 /.tgal, —0.001 pgal. At 14
chosen geographic check points, the standard devia-
tion of the errors of the older program was 0.75 j.tgal;
for the new program, 0.004 /.tgal. This improvement
in precision is basically important not only at South
Pole but in many modern earth-tide investigations
that seek to evaluate small residual tidal effects due to
local or regional crustal tidal deformations.

The objective of observing the earth's free vibra-
tions at the South Pole has received encouragement by
the recent success (Prothero et al., 1971) with gravi-
meters in observing free vibrations produced by earth-
quakes much smaller than the magnitude 8.2 to 8.4
great Chilean or Alaskan earthquakes. We have ana-
lyzed a short record obtained at the South Pole of the
deep Colombian earthquake of July 31, 1970, of re-
ported magnitude 6.8. In its power spectrum, the
peaks at the high frequency end, of frequency above
0.1 counts per minute, can be correlated almost with-
out exception with the pattern of free-mode frequen-
cies observed through 1968 (Derr, 1969). This earth-
quake record was obtained as part of the normal tidal
record, without special filtering or amplification in the
free-mode band. Dynamic filters have now been sup-
plied by Weber-Larson which multiply the sensitivity
about 80-fold in the free-mode band. Next season, the
gravimeters at South Pole will be equipped with such
filters in the expectation of obtaining significant ob-
servations throughout the free-mode band from earth-
quakes of moderate magnitude, which are expected
every year.
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Geomagnetic observatories
at Byrd and Pole Stations

JOHN D. WOOD

National Ocean Survey
National Oceanic and Atmospheric Administration

Geomagnetic observatory operations at Byrd and
Amundsen-Scott South Pole Stations, under the super-
vision of the National Oceanic and Atmospheric Ad-
ministration, continued in essentially the same manner
in which the stations have operated for the past
decade. Variations in declination and in the horizoi-
tal and vertical intensity components of the geomag-
netic field were recorded continuously on film. Sensi-
tivity calibrations were made regularly for the record-
ing instruments, and absolute measurements were
made at suitable intervals to provide sufficient infor-
mation to determine the intensity and direction of the
field at all times.

At Pole Station, a Ruska normal magnetograph was
operated. It is generally capable of measuring mag-
netic fluctuations in the frequency range of zero to
perhaps 20 cycles per hour. At Byrd Station we oper-
ated a similar normal magnetograph and a rapid-run
magnetograph, which extends the frequency range to
approximately 6 cycles per minute. At both stations
Ruska suspension magnetometers were used for abso-
lute declination control and proton procession, and
quartz horizontal magnetometers gave absolute intens-
ity control.

The antarctic geomagnetic data are made available
to all users, domestic and foreign, through the World
Data Center (WDC-A) for Geomagnetism, under the
direction and supervision of the Environmental Data
Service of the National Oceanic and Atmospheric Ad-
ministration. WDC-A sends copies of the data to other
World Data Centers in the Soviet Union, Denmark,
and Japan, thus making them readily available to
users throughout the world.

NOAA's primary utilization of the antarctic geo-
magnetic data is in studying the secular change rates
and distribution patterns of the geomagnetic field, and
these data have been a major contribution to the U.S.
national program in world magnetic chart compila-
tion.

Circumantarctic seismicity in 1970
JAMES F. LANDER

National Ocean Survey
National Oceanic and Atmospheric Administration

Fewer hypocenters were located in the circuman-
tarctic seismic belt in 1970 than in recent years. In all,
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85 hypocenters were computed for the region south of
45 0 S., raising to 1,275 the total number of hypocen-
teb in this area since 1958. In recent years approxi-
mately 135 hypocenters per year had been located.
However, no particular significance is attached to this
apparent decrease in activity. The number of pub
lished hypocenters worldwide also decreased from
5,311 in 1969 to 4.253 in 1970. Eight large earth-
quakes (magnitude 6.0 or greater) occurred in the cir-
cumantarctic belt (table 1).

The March 30 event had one located aftershock of
m magnitude 5. 1, and the June 14 event had three
aftershocks of Mb magnitude 5.7, 4.7, and 5.2, respec-
tiely. As previously found, large earthquakes on the
mid-oceanic ridges in this region are not associated
with discernible, significant aftershock sequences. Cer-
tainly, had they occurred, aftershocks of 1.5 magni-
t dal units lower than the main shocks would have
b en observed for the largest events.

Of the 85 shocks located in this period, 34 hypocen-
te s, including all deep-focus events, occurred in the
South Sandwich Islands region. Eight earthquakes
were located at intermediate depths between 70 and
140 km, the deepest focus determined in the region
this year. The maximum depth of focus for earthquake
hypocenters in this region appears to be about 175
km.

While most of the activity in 1970 fell in well-
known seismic zones, several events added significant
new information to the patterns of occurrence of
earthquakes.

Hypocenters determined for 1970 are plotted as
triangles over a new base map of antarctic seismicity
in fig. 1. The base map is available from the National
Earthquake Information Center, Rockville, Maryland
20852.

A magnitude 4.9 event on June 6 occurred at
62.6 0 S. 93.3 0 W., approximately 1,500 km from any
previously known hypocenter.

The major earthquake on June 14 and its after-
shbcks occurred in a zone of low seismicity off the
coast of Chile; they were felt at Puerto Natales and

Table 1. Earthquakes of magnitude 6.0

Punta Arenas. A second major earthquake occurred
on June 15 near the eastern tip of Tierra del Fuego,
where it was felt. The first epicenter known to occur
in this region, it delineates a northern arm of the
South Sandwich Islands loop.

Between September 12 and 19, 1970, a series of six
epicenters, all in the magnitude range 4.6 to 5.0, were
located on Deception Island. Volcanic activity was ob-
served during this period. This is the fourth seismic se-
quence since the activity began in 1967. A major
earthquake occurred on February 8, 1971, and should
prove to be one of the most important events recorded
in Antarctica. Its magnitude, 7.0, should be large
enough to yield recorded surface waves at antarctic
stations for analysis of dispersion. These data can be
used to determine average crustal thicknesses. How-
ever, the records will not become available until next
austral summer. A foreshock of Mb magnitude 5.3 and
two aftershocks on February 10, magnitudes 4.6 and
5. 1, were located. Insufficient data have been received
on two smaller events on February 9 for hypocenter
locations. The main event was felt on the Argentine
Islands, where sea swells and ice cracks were observed.
No volcanic activity was noted. Fig. 2 is a plot of the
stations reporting direct P-phase recordings of the
main shock.

An analysis of Mb magnitudes for Antarctica since
1964, the first year such data were produced, shows
that all earthquakes above approximately magnitude
mb 5.9 are being located, assuming the same distribu-
tion of earthquake frequency at given magnitude lev-
els as occurs worldwide. For the world the correspond-
ing magnitude level is 5.3, indicating reduced capabil-
ity for locating hypocenters around Antarctica by 0.6
units. The respective value for each increment is given
in table 2. One may deduce that approximately 5 per-
cent of the seismic energy given off in the world origi-
nates south of 45°5. The reduced capability to locate
antarctic earthquakes is due to the relatively few
high-sensitivity stations.

Three regional earthquakes were recorded at the
South Pole on November 25 and 26. These occurred

or greater in the circumantarctic belt, 1970.

Region

Auckland Island region
South Sandwich Islands region'
Macquarie Island region
Near coast of south Chile
Falkland Islands region
South of Australia
South Sandwich Islands region
South Pacific cordillera

Date

Mar 30
May 20
Jun 11
Jun 14
Jun 15
Jul 02
Aug 11
Aug 24

Time (GMT)
hr min sec

20 40 50.1
20 03 42.2
16 46 38.3
00 00 11.3
11	14 52.4
00 56 15.3
20 10 52.4
12 30 19.5

Lat.

49.60S.
55.90S.
59.10S.
52.0° S.
54.30S.
51.0° S.
60.6°S.
56.60S.

Long.

164.3° E.
28.3°W.

157.8°W.
73.8°W.
63.6°W.

139.50E.
25.4°W.

142.5°W.

Magnitude
Ms Mb

6.0	5.4
-	6.0
7.2	5.8
6.6	6.0
7.0	5.6
6.0	5.6
5.4	6.0
6.4	5.9

1 Vocal depth 70 km.
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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).'

No. of earthquakes

World
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1964-67
	

1964-70

0
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0

	

9
	

0
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0
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0
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0
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0
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0
415
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2

	

1,026
	

2

	

1,270
	

5

	

1,391
	

10
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12
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28
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44
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44
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57
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28

	

28
	

0
12
10

7
0

	

0
	

0
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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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