
Figure 2. Whitlock AWS on the crest of Franklin Island in the Ross Sea. The view is towards the
southwest.
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Climate in the vicinity
of Ross Island, Antarctica

Historically, the expense of occupying
research stations in Antarctica has con-
strained the acquisition of meteorological
data. Only three interior and 29 coastal
stations report meteorological observations
on the continent. This limits the data base
used to forecast the weather and address
questions concerning the circulation, energy
exchanges, and dynamics of the antarctic
atmosphere.

Figure 1. Charles Stearns stands by the auto-
matic weather station located at Laurie site
(on the Ross Ice Shelf about 10 kilometers
east of Cape Crozier) in December 1981. The
view is towards the southeast. The shrouded
temperature sensor is in the center of the
horizontal spar; the satellite antenna is on
the left end of the spar. The batteries are
buried in the snow.

Although in the early 1970's scientists
from Stanford University tested unmanned
geophysical observatories in Antarctica,
these units were designed primarily for
ionospheric observations and collected only
limited amounts of meteorological data
(Sites, 1973). A prototype automatic
weather station, also developed by Stan-
ford University researchers, began operat-
ing at the South Pole in February 1975.
After operating throughout the 1975 aus-
tral winter, the station was moved to a
site on Ross Island near McMurdo Sta-
tion in December 1975. In January 1976
it was moved again to Marble Point on
the southern Victoria Land coast and op-
erated until May 1977.

Using the results obtained during the
test period, scientists modified the design
of the AWS unit. The first of these modi-
led units were deployed during the 1978-

1979 austral summer. These stations can
deliver real-time data via polar-orbiting
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Editor Winifred Reuning

satellites, which are equipped with the
Argos data collection system, and acquire
near-surface meteorological data at a rate
of 70 to 146 observations per day (Sites
and Peterson, 1975; Renard and Salinas,
1977; Savage et al., 1981; Scarbro, 1982;
Wendler, 1984). Currently, 20 (table 1)
relatively inexpensive stations (about
$12,000 each) operate in Antarctica (Stearns
and Savage, 1981; Stearns, 1982).

AWS system

The AWS units (figures 1, 2, and 3) are
powered by batteries that are recharged
by solar panels. The batteries last long
enough to operate the stations through-
out the antarctic winters, when the sun
remains continuously below the horizon.
These stations measure air temperature,
wind speed and wind direction at 3 meters
above the surface, and air pressure at the

microcomputer-controlled electronics
package. The AWS design has been up-
dated so that the stations also will meas-
ure relative humidity and the vertical
temperature difference along the length
of the station tower; these updated systems
were deployed at four sites in 1984.

The telemetry system delivers data
to the satellites for retransmission to
McMurdo Station, Antarctica; Wellington,
New Zealand; and Melbourne, Australia.
All satellite-stored data are recorded in the
United States. The AWS data-storage
design and the geometry of the satellite
orbit provide 50 minutes of data at 10-
minute intervals for each 100-minute orbit
of the satellite. A continuous record is
achieved when two or more satellites are
operational. Data are extracted at 3-hourly
intervals plus or minus 1 hour for one-
page monthly summaries from each AWS
Site.

Ross Island area data

The mesoscale network of AWS sites
near Ross Island (figure 4) provides the
first systematic view of the region's cli-
mate since George C. Simpson, meteorolo-
gist of Robert F. Scott's 1910-1913 ex-

Figure 3. Marble Point AWS. The view is to-
wards the northwest across McMurdo Sound.
which is frozen. A radioisotope thermoelec-
tric generator provides electrical power for
this unit, which has been in continuous oper-
ation since February 1980.

Figure 4. The climate near Ross Island, Antarctica, in June. Mean monthly values of tempera-
ture and pressure are best estimates determined by adding the average June difference
between the AWS site and McMurdo Station to the long-term record available for McMurdo
Station.
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Table 1. Automatic weather stations (AWS) in Antarctica through February 1984.

Name	 Location	 Coordinates	 Elevation
(in meters)

Marble Point
	

Scott Coast
	 77405	163.8°E

	
121 (a)''2

Manning	 Ross Ice Shelf
	

78.8°S
	

1669°E
	

66 (b)"2
Meeley	 Ross Ice Shelf

	
78.5°S
	

170.2°E
	

49 (b)"2
Ferrell
	

Ross Ice Shelf	 78.0°S
	

170.8°E
	

44 (b)"2
White Island
	

Ross Ice Shelf
	

779oS
	

168.2°E
	

35 (b)
Tiffany	 Ross Ice Shelf

	 77905	166.2°E
	

40 (d)'
Martha	 Ross Ice Shelf

	
78.3°S
	

172.5°W
	

42 (d)'
Windless Bight	 Ross Ice Shelf

	
77.8°S
	

167.7°E
	

44 (b)'
Whitlock
	

Franklin Island	 76.2°S
	

168.7°E
	

275 (b)"2
Arrival Heights	 Ross Island

	
77.8°S
	

166.7°E
	

202 (b)'
Laurie	 Cape Crozier	 77.6°S

	
169.9°E
	

25 (b)'
Asgard
	

dry valleys	 77.6°S
	

161.1°E
	

1750 (d)
Marilyn	 Byrd Glacier	 80.0°S

	
165.0°E
	

75 (b)'
Inexpressible	 Terra Nova Bay	 749oS

	
163.6°E
	

78 (d) 1
Island

- Katabatic wind study -

Dome C
	

East Antarctica	 745 0 5	123.0°E
	

3280 (a)'
D-80
	

Terre Adelie	 70.0°S	134.70E
	

2500 (d)
D-57
	

Terre Adelie	 68.2 0 S	137.50E
	

2103 (c)'
D-47
	

Terre Adelie	 67.4 0 S	138.70E
	

1560 (c)'
D-17
	

Adelie Coast	 66.7 0 S	139.70E
	

438 (a)
D-10
	

Adelie Coast	 66.7 0 S	139.80E
	

240 (c)'

- Climate monitoring sites -

Byrd
	

Marie Byrd Land
	

80.0°S	120.0°W
	

1530 (a)'
Siple	 Ellsworth Land

	
759 0 S	84.30W
	

1054 (a)1

- Barrier winds along the Antarctic Peninsula -

Larsen	 Larsen Ice Shelf	 67.00S	60.50W	 50 (d)
Spine	 Antarctica Peninsula	 67.70S	66.1°W	 540 (d)'

'currently in operation
2 discussed in text
elevations: a) from published figures

b) estimated from barometer (plus or minus 5 meters)
c) determined bygeoreceiver
d) uncertain

pedition, arrived at some inspired conclu-
sions based on limited data (Simpson,
1919). Although the AWS data confirm
many of his conclusions, these data also
emphasize that the northwestern Ross Ice
Shelf has a significantly lower tempera-
ture regime relative to temperatures re-
orded at McMurdo Station and is sub-
ect to persistent southerly winds.

Climatic summaries through November
1983 are presented in tables 2 to 6 (see
ages 6-9). We obtained mean monthly
alues by averaging all available 3-hourly
bservations. Interannual variability of
ean monthly values for temperature and

ressure and the limited amount of time
at the AWS record covers lead to uncer-
inties when estimating the interannual
eans. To obtain estimates of the true
onthly means (shown in parentheses in
bles 2 to 6), we added the average monthly

d fference between McMurdo Station and
e AWS site to the long-term value (from

d ta acquired since 1957) for McMurdo
S ation.

'Monthly values of the "resultant wind
direction" (the direction of the vector sum
of individual wind observations) have been
computed from 3-hourly observations. The

"constancy" of the wind, which is the ratio
of the magnitude of the mean wind vector
to the scalar average wind speed, is a meas-
ure of the wind-direction persistence. The
maximum wind speed may be underesti-
mated due to discrete sampling by the
AWS.

Discussion of results

Figures 5 and 6 place the annual series
of temperature and wind speed observa-
tions at two AWS sites in the context of
an east antarctic site (Amundsen-Scott
Station, 90°S, 2,835 meters), a west ant-
arctic site (Byrd Station, 80 0 S, 120°W,
1,530 meters), and McMurdo Station (24
meters). Remarkably, winter tempera-
tures on the northwestern Ross Ice Shelf
(Meeley site) are 7 to 10°C lower than
nearby McMurdo Station and Marble Point
and nearly identical to those found at the
higher and more southerly Byrd Station.

The explanation for this phenomenon
involves the temperature stratification and
the heat budget of the lowest several hun-
dred meters of air (the "boundary layer").
Calm conditions, which are more frequent
on the Ross Ice Shelf than at Byrd Station
(figure 7), intensify the boundary layer

Figure 5. Mean monthly temperature at five
antarctic sites. Values for South Pole, Byrd,
and McMurdo Station are from Schwerdtfeger
(1970). Values for the two AWS sites were
determined from 3 to 4 years of 3-hourly
observations and are the best estimate deter-
mined by adding the average difference
between the AWS site and McMurdo Station
to the long-term record available for McMurdo
Station.
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Figure 7. Mean monthly frequency of calm winds (less than 0.5 meters per second) observed
at three automatic weather station sites, determined from 3 to 4 years of 3-hourly observa-
tions. Winds are measured at 3 meters above the surface.
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Figure 6. Mean monthly wind speed at five
antarctic sites. Winds at South Pole, Byrd,
and McMurdo stations (Schwerdtfeger, 1970)
are measured at 10 meters above the surface.
Values for the AWS sites are averages of 3
to 4 years of 3-hourly observations. Winds at
the AWS sites are measured at 3 meters above
the surface.

temperature inversion (cold air below, warm
air above) as turbulent mechanical mixing
of the layer is minimized. The near total
absence of calms, as well as the higher
wind speeds found at Byrd Station during
the winter (figure 6), have been explained
by Schwerdtfeger (1970). He believes that
this is a manifestation of the "inversion
wind" that occurs when a strong tempera-
ture inversion is maintained over gently
sloping terrain. The more frequent occur-
rence of calm conditions at the Meeley
site reflects the absence of this phenome-
non over the virtually flat Ross Ice Shelf;
with such calm conditions lower tempera-
tures result.

Marble Point is considerably warmer
than the Ross Ice Shelf during the winter
despite lower local wind speeds and more
frequent calm conditions. Compared to the
Ross Ice Shelf, the rocky, often snow-free
ground at Marble Point (and McMurdo
Station) has a lower albedo, greater heat
capacity, and lower emissivity; these fac-
tors may cause sufficient heat flux from
the ground to the air during the winter to
moderate the near-surface temperature. Per-
haps more important is the heat flux
through the sea ice of McMurdo Sound.
Here a difference of up to 40°C occurs

between sea water and air temperatures in
the winter. Other local factors that may
affect temperatures include variability of
cloudiness along the coast, which would
decrease the radiant loss of energy at the
surface, and turbulent mixing of the bound-
ary layer induced by the air stream's pas-
sage over rough terrain.

The AWS observations emphasize the
high degree of persistence in the wind field
over the Ross Ice Shelf and Marble Point
during the winter in contrast to that found
at Franklin Island, which is 200 kilome-
ters north of McMurdo Station (figure 4).
We interpret these data as evidence that
cold, stable air flowing unimpeded from
the continental interior along the western
edge of the Ross Ice Shelf and dammed
up by the precipitous Transantarctic Moun-
tains is forced to flow around rather than
over the obstacles presented by the com-
plex terrain of the Ross Island region.

This southerly flow appears to be an
example of the barrier wind phenomenon,
identified by Schwerdtfeger (1970, 1975,
1984) and modeled by Parish (1982, 1983).
The barrier wind develops when a stable
air stream blows against a mountain barrier;
this causes strong mountain-parallel winds.
This phenomemon may have been a fac-
tor in the tragedy of Scott's 1911-1912
expedition which failed to return to
McMurdo Station after experiencing ad-

verse southerly winds on their trek to South
Pole along the Ross Ice Shelf's western
edge.

Sea-level pressure distribution pro-
vides additional evidence for the existence
of the barrier wind. The distribution indi-
cates a persistent eastward-directed pres-
sure gradient in the region bounded by
Manning, Meeley, and Marble Point AWS
sites (figure 8) and is consistent with the
expected pressure distribution of the bar-
rier wind. We interpret the persistent but
lighter southerly winds found at Marble
Point as evidence of the diffluence* of the
barrier wind stream's western branch as it
expands downstream of the constricted
southern terminus of McMurdo Sound
after the main air stream has split around
Ross Island. The low wind-constancy val -
ues at the Whitlock site atop Franklin Island
indicate that the barrier wind influence is
absent due to the lack of the necessary
temperature inversion over the Ross Sea
to maintain the forcing.

The frequency distribution of wind and
temperature data from two AWS sites are
presented in figure 9. These data clearly

*"Diffluence is the rate at which adja-
cent flow is diverging along an axis ori-
ented normal to the flow at the point in
question (Glossary of Meteorology).

Antarctic Journal
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indicate that winter temperatures on the
Ross Ice Shelf more strongly depend on
the speed of the wind than on the direc-
tion and that radiation more than advec-
tion determines the near-surface tempera-
ture. Also significant is that the peak wind
speeds at Marble Point apparently occur
when winds are directed from the Taylor
and Wright valleys rather than from the
prevailing southerly direction. Data show
that these peak winds often occur sud-
denly and are not correlated with winds
over the Ross Ice Shelf. This suggests epi-
sodes of katabatic flow from the ice sheet
west of the Transantarctic Mountains. We
interpret the north-south bimodal distri-
bution of wind direction, recorded by the
AWS at the Whitlock site during the
winter, as reflecting the frequent passage
of cyclonic disturbances.

JFMAMJJASOND

Summary

The successful operation of the AWS
units since 1979 demonstrates that auto-

atic, satellite-linked meteorological sta-
ions can and do work in Antarctica. The
oss Island network has provided the only
inter meteorological observations on the
estern Ross Ice Shelf since 1911 when a

ew observations were obtained during a
ramatic journey from Hut Point to Cape
rozier to collect penguin eggs (Cherry-
arrard, 1923).

The AWS data emphasize the role that
oundary layer processes have in deter-
ining the two distinct temperature regimes

f und in the Ross Island region. Higher
inter temperatures at Marble Point and
cMurdo Station indicate how heat flux

from the soil and through the adjacent sea
ice moderate the near-surface temperature.
The much lower temperatures on the
nearby Ross Ice Shelf probably are a con-
sequence of the thermal and radiational
characteristics of the snow surface and the
maintenanace of the boundary-layer tem-
perature inversion during periods of light
winds over the flat Ross Ice Shelf. One
implication of these observations is the
need for caution on the part of atmospheric
modelers when dealing with the antarctic
environment.

The AWS network have provided
weather forecasters at McMurdo Station
with real-time data that has improved short-
term forecasting of meteorological hazards
to flight operations (D. Fleming, personal
communication). The high temporal reso-
lution of the AWS data and the geographic
distribution of sites present the opportu-
nity to focus on the weather (that is, short-
term meteorological developments that
impact on human populations) rather than
just the climate of this interesting and popu-
lous corner of Antarctica. Studies, now
underway, should yield insight into the
interaction of the temperature, pressure,

and wind fields and lead to statistical fore-
cast relationships as well as a better
understanding of the underlying physical
processes.
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Figure 8. Mean monthly difference in sea-level pressure between McMurdo Station and four
AWS sites from Ross Island area. The values shown are McMurdo pressure (Schwerdtfeger,
1970) minus the AWS pressure. Positive values indicate AWS site with lower sea-level pres-
sure than McMurdo Station.

Figure 9. These contoured relative joint frequency distributions of wind speed, wind direction,
and temperature at three AWS sites near Ross Island for May 1983 are based on 3-hourly
observations. Class intervals: temperature (5 0 C), wind speed (2 meters per second); wind
direction (22.5 0 ). The contour interval is 1 percent.
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lished numerous articles in the Antarctic
Journal.

Climatic summaries for AWS sites determined from 3-hourly data. For tables 2 through 6 values in parentheses are the best estimate
of the true mean based on McMurdo to AWS differences. Maximum and minimum values are the extremes over the period of record.
Sea-level pressure may be in error by plus or minus 1 millibar due to uncertainty in the elevation of the AWS sites. Con' is the ratio
of the mean vector wind speed to the mean scalar wind speed.

Table 2. Meeley site: December 1980- November 19831

Mon	 Air	 Mean	Resultant	Con	Maximum	 Sea Level -----
----- Temperature 2	Wind	Wind	(%)	Wind	 Pressure' -----

Mean	Max	Min	Speed  Direction 	Speed 3&	Mean	Max	Mm
Direction 

Jan	 -7.5	2.7	-18.4	4.0	219	70	13.6/217	993.7	1010.5	978.4
(-7.6)	 (994.2)

Feb	 -16.0	-3.0	-35.7	4.8	207	75	17.5/219	995.5	1015.2	980.5
(-13.8)	 (996.1)

Mar	 -25.2	-9.1	-42.6	6.1	209	85	24.8/232	990.6	1009.0	970.3
(-27.1)	 (993.2)

Apr	 -31.5	-8.0	-55.4	6.4	208	84	28.2/225	990.0	1020.3	961.1
(-31.7)	 (994.3)

May	-30.2	-12.9	-49.0	7.1	206	86	26.3/218	991.7	1015.7	960.8
(-32.8)	 (996.1)

Jun	 -32.5	-12.6	-53.7	6.5	213	88	25.3/194	988.5	1030.2	952.2
(-32.4)	 (994.1)

Jul	 -36.2	-16.6	-55.4	5.6	213	82	24.2/215	991.8	1028.5	960.6
(-36.1)	 (994.0)

Aug	 -34.5	-13.2	-55.5	7.3	211	90	23.9/218	988.9	1032.4	956.4
(-37.9)	 (992.8)

Sep	 -36.1	-15.4	-54.5	5.4	213	87	24.6/200	989.0	1022.6	953.0
(-33.7)	 (986.7)

Oct	 -26.1	-10.2	-47.5	6.3	214	90	22.2/217	982.7	1007.3	951.1
(-26.6)	 (986.1)

Nov	 -16.4	-2.0	-31.7	5.7	212	88	21.7/207	983.6	1003.9	960.9
(-16.0)	 (988.0)

Dec	 -7.0	2.7	-14.9	4.8	212	79	15.1/211	991.7	1012.5	968.4
(-7.8)	 (991.0)

Avg	 -24.9	-8.2	-42.9	5.8	211	84	22.3	990.1	1017.3	962.8
(-25.3)	 (992.3)

1 Meeley AWS out of service June and July 1983.
2 "Temperature" is in degrees Celsuis.
3 "Wind speed" is measured in meters per second.
4 "Wind direction" is shown as degrees true.
5 Sea level pressure" is measured in millibars.
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Table 3. Ferrell site: December 1980-August 19831

Mon	 Air	 Mean	Resultant Con	Maximum	 Sea Level -----

	

-Temperature'-	Wind	Wind	(%)	Wind	 ---- Pressure5 -----
Mean	Max	Min	Speed  Direction 	Speed 3&	Mean	Max	Mm

Direction 

Jan	 -7.5	4.9	-21.6	3.6	206	61	15.0/194	993.6	1010.1	978.4
(-7.6)	 (994.0)

Feb	-15.8	0.5	-35.2	4.8	195	71	18.7/207	995.4	1015.2	979.5
(-13.6)	 (996.0)

Mar	-25.1	-8.4	-42.1	6.0	204	78	26.7/211	990.3	1011.4	969.5
(-27.0)	 (992.9)

Apr	-30.9	-8.8	-55.9	6.5	210	81	28.2/225	990.1	1020.3	961.1
(-31.1)	 (994.5)

May	-30.5	-12.9	-50.1	7.3	205	90	26.3/218	991.7	1015.5	963.5

	

(-33.1)	 (996.2)
Jun	-33.7	-12.9	-53.4	6.2	209	81	26.5/214	988.7	1030.3	952.2

	

(-33.6)	 (994.3)
Jul	 -36.5	-16.6	-55.4	5.2	216	77	21.7/219	992.2	1028.9	962.6

	

(-36.4)	 (994.3)
Aug	-34.0	-15.9	-56.9	6.9	209	81	26.5/211	988.9	1032.2	956.0

	

(-36.3)	 (992.0)
Sep	-36.9	-15.5	-53.1	5.6	207	80	21.7/210	988.9	1029.6	959.2

	

(-33.4)	 (986.8)
Oct	-27.3	-11.2	-48.1	5.3	215	79	24.1/221	986.5	1008.2	962.6

	

(-27.5)	 (986.6)
Nov	-16.8	-0.8	-31.6	6.0	211	87	21.3/224	986.7	1004.2	962.9

	

(16.5)	 (989.6)
Dec	 -7.3	4.6	-16.1	4.7	207	72	16.6/217	992.2	1012.9	969.7

	

(-8.1)	 (992.3)
Avg	-25.2	-7.8	-43.3	5.8	208	79	22.8	990.7	1018.2	964.8

	

(-25.4)	 (992.5)

	

1 Ferrell AWS out of service Aug - Nov 1983.	 4Wind direction" is shown as degrees true.

	

"'Temperature" is in degrees Celsius.	 "'Sea level pressure" is measured in millibars.
3 'Wind speed" is measured in meters per second.

Table 4. Manning site: December 1980- November 19831

Mon	 Air	 Mean	Resultant	Con	Maximum	 Sea Level -----
-Temperature'-	 Wind	Wind	(%)	Wind	 Pressure5-----

	

Mean	Max	Min	Speed  Direction 	Speed 3&	Mean	Max	Mm
Direction 

Jan	 -7.0	6.0	-19.0	3.5	275	69	11.6/248	996.0	1009.3	976.7

	

(-7.1)	 (993.8)
Feb	-15.6	-1.4	-36.7	3.6	268	75	15.5/229	995.8	1015.2	980.3

	

(-15.6)	 (996.3)
Mar	-24.3	-6.6	-44.6	4.5	268	72	21.3/252	991.4	1012.9	969.3

	

(-26.1)	 (994.0)
Apr	-29.1	-5.5	-54.7	5.9	250	85	22.2/236	991.0	1020.9	962.0

	

(-29.3)	 (995.4)
May	-28.7	-9.1	-51.1	5.1	250	75	20.8/256	993.2	1019.1	961.7

	

(-31.3)	 (997.8)
June	-31.3	-11.1	-56.6	5.1	251	70	23.2/239	989.5	1031.8	953.5

	

(-31.2)	 (995.2)
Jul	-33.8	-14.9	-565	4.0	266	70	20.9/240	992.5	1029.5	963.8

	

(-33.7)	 (994.7)
Aug	-31.6	-11.9	-55.1	6.4	249	83	23.7/218	990.4	1033.8	959.0

	

(-35.0)	 (994.4)
Sep	-34.7	-12.6	-52.5	4.3	271	71	18.7/236	989.6	1024.8	956.3

	

(-32.3)	 (987.5)
Oct	-25.7	-8.8	-51.1	6.5	249	86	19.3/242	983.6	1009.5	953.1

	

(-26.2)	 (987.1)
Nov	-14.6	-3.6	-34.0	5.2	253	79	17.4/249	984.4	1004.5	961.0

	

(-14.2)	 (989.0)
Dec	 -6.1	5.2	-20.7	4.2	261	74	18.4/262	991.5	1011.4	969.8

	

(-6.9)	 (991.6)
Avg	-23.5	-6.9	-44.4	4.9	257	76	19.4	990.7	1018.6	963.9

	

(-23.9)	 (993.0)

'Mean wind data missing March through November 1981 because of aerovane malfunction at low wind speeds.
2 Temperature" is in degrees Celsius.
3 "Wind speed" is measured in meters per second.
4 'Wind direction" is shown as degrees true.
5 Sea level pressure" is measured in millibars.
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Table 5. Marble Point site: February 1980- November 19831

Mon	 Air	 Mean	Resultant	Con	Maximum	 Sea Level -----

	

-Temperature'-	 Wind	Wind	(%)	Wind	 Pressure5-----
Mean	Max	Min	Speed  Direction 	Speed 3&	Mean	Max	Mm

Direction 

Jan	 -3.4	5.4	-12.4	3.2	151	38	13.2/138	996.5	1010.4	977.8
(-3.5)	 (994.0)

Feb	 -8.4	1.3	-19.1	4.3	172	72	22.9/149	995.2	1014.4	975.9
(-7.0)	 (995.6)

Mar	 -15.9	-0.6	-28.2	4.2	185	79	24.0/166	990.8	1011.5	968.0
(-17.3)	 (992.3)

Apr	 -20.4	1.1	-39.1	3.6	199	69	24.0/228	991.5	1020.0	959.4
(-21.0)	 (993.9)

May	-20.4	-3.1	-34.5	3.9	195	72	22.1/207	991.4	1014.1	960.6
(-23.5)	 (995.8)

Jun	 -23.9	-0.5	-41.6	3.6	192	67	31.8/225	988.1	1029.6	955.7
(-23.5)	 (994.5)

Jul	 -25.4	-6.9	-41.6	3.0	202	63	28.6/217	993.3	1028.6	965.5
(-25.6)	 (994.0)

Aug	 -24.0	-5.4	-39.7	3.9	193	72	24.6/224	989.8	1031.0	958.7
(-28.0)	 (993.1)

Sep	 -26.4	-8.6	-40.9	3.3	188	73	24.6/172	990.6	1020.7	958.1
(-24.6)	 (986.1)

Oct	 -19.5	-0.8	-38.4	4.3	188	72	26.2/190	981.7	1007.2	952.7
(-19.9)	 (985.7)

Nov	 -9.7	-0.1	-22.0	3.6	174	56	18.0/218	987.1	1014.8	961.4
(-9.4)	 (988.4)

Dec	 -2.9	4.7	-11.9	3.7	154	35	23.2/149	991.6	1012.9	971.2
(-3.7)	 (991.9)

Avg	 -16.8	-1.1	-30.8	3.7	185	63	23.6	990.6	1017.9	963.8
(-17.3)	 (992.1)

'Wind data missing: June through November 1981 due to aerovane failure.
20 'Temperature" is in degrees Celsius.
3 "Wind speed" is measured in meters per second.
4 "Wind direction" is shown as degrees true.
5 "Sea level pressure" is measured in millibars.

Table 6. Whitlock site: February 1982- November 1983

Mon	 Air	 Mean	Resultant	Con	Maximum	 Sea Level -----

	

-Temperature'-	Wind	Wind	(%)	Wind	 Pressure4-----
Mean	Max	Min	Speed  Direction 	Speed 2&	Mean	Max	Mm

Direction 

Jan	 -3.4	2.1	-8.1	4.7	138	29	20.3/173	997.3	1006.9	982.8

	

(-3.9)	 (993.1)
Feb	 -7.8	1.0	-15.5	5.9	157	31	20.1/180	994.9	1016.6	979.7

	

(-5.1)	 (994.2)
Mar	-15.8	-6.1	-26.4	6.0	155	30	26.3/153	985.2	1007.5	965.6

	

(-15.7)	 (990.9)
Apr	-21.1	-7.7	-31.6	5.0	287	28	19.3/166	984.7	1003.0	956.5

	

(-22.5)	 (993.3)
May	-20.9	-6.9	-33.7	5.5	225	16	22.1/187	990.1	1011.6	961.6

	

(-24.3)	 (995.1)
Jun	-25.2	-10.6	-38.6	5.7	292	01	24.0/181	988.5	1028.7	962.9

	

(-25.3)	 (991.9)
Jul	 -28.4	-16.1	-39.2	4.6	313	20	22.6/172	990.0	1027.4	964.2

	

(-25.7)	 (992.4)
Aug	-25.4	-10.2	-38.4	5.2	308	37	19.9/179	981.0	1006.8	955.8

	

(-29.0)	 (991.9)
Sep	-25.0	-12.1	-35.0	5.5	223	12	28.4/157	983.4	1016.8	959.8

	

(-23.4)	 (983.7)
Oct	-19.6	-7.9	-33.7	5.7	264	15	22.1/186	978.3	1000.6	948.1

	

(-20.3)	 (983.7)
Nov	-10.7	-2.2	-19.1	5.6	166	18	24.5/146	982.2	1000.4	961.5

	

(-11.4)	 (986.3)
Dec	 -4.3	2.9	-9.4	5.8	171	44	26.1/172	998.4	1014.0	981.7

	

(-5.9)	 (991.5)

Avg	-17.3	-6.1	-27.4	5.4	203	11	23.0	987.8	1011.7	965.0

	

(-17.5)	 (990.7)

	

"Temperature" is in degrees Celsius.	 3"Wind direction" is shown as degrees true.
2 Wind speed" is measured in meters per second.	 4'Sea level pressure" is measured in millibars.
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Ma ch 1985

On 3 December 1983, one American
scientist from the National Aeronautics
and Space Administration (NASA), 174
officers and crew members of the Japan-
ese icebreaker Shirase, 12 observers, and
47 scientists and support personnel of the
25th Japanese Antarctic Research Expedi-
tion (JARE 25) waved farewell to onlookers,
including representatives from the West-
ern Australia Japanese society and town
officials, as JARE 25 departed Freemantle,
Australia. The Shirase, on its first antarc-
tic voyage, was destined for Syowa Sta-
tion (69 0 S 39 0 35 'E) on East Ongul Island,
Lutzow-Holm Bay (69 0 10'S 37 0 301E),
Antarctica, (figure 1).

Historical perspective

This first voyage of Shirase symboli-
cally linked all of Japanese antarctic ex-
perience—a fact I now appreciate in retro-
spect. The icebreaker (named for the Nobu
Shirase, the lieutenant who commanded
the 1910-1912 Japanese expedition* to
Antarctica) is the third icebreaker that the
Japanese Antarctic Research Expedition has
used since the International Geophysical
Year (IGY) (1957-1958); the other two ice-
breakers were Soya and Fuji. The partici-
pation of Takesi Nagata, former director
of the Japanese National Institute of Polar
Research, in JARE 25 historically brought
together 25 years of modern-day antarctic
experience. Dr. Nagata, who led the first
JARE expedition during the ICY, is the
only Japanese scientist to have sailed aboard
all three icebreakers.

Preceding the 1983 departure of Shirase
from Tokyo, Japanese interest in Antarc-
tica was rekindled by an awarding-winning
film about the survival of Taro and Jiro,

*Af ter an unsuccessful attempt to pene-
trate the pack ice in March 1911, Shirase's
expedition sailed to Sydney, Australia,
where it spent the winter. In January 1912
the ship reached the Ross Ice Shelf, ex-
plored the area from Kainan Bay (which
they named after their ship) to Edward
VII Peninsula, and headed north again in
February 1912.

two Karafuto sled dogs (huskie-like dogs
from Sakhalin Island) from the first JARE
expedition (1957-1958); during this expe-
dition Syowa Station was established by
the first JARE team led by Professor
Nagata. Taro and Jiro, who were named
for the only dogs to survive Shirase's
1910-1912 expedition, were among the 20
sled dogs brought to Antarctica on board
the icebreaker Soya. When Soya returned
with the replacement team in February
1959, the ship could come only within 65
miles of the station because of heavy ice
and bad weather. The expedition leaders
decided to use their small airplane to remove
the first team. Because the airplane's capac-
ity was limited, 10 trips were required to
remove the men and their equipment. Dete-

Figure 1. The upper panel shows the route
taken by the Japanese icebreaker Shirase
between Antarctica and Japan. The lower
panel shows selected stations in Antarctica;
flags indicate the two Japanese stations
Syowa and Mizuho.
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Figure 2. A view of the icebreaker Shirase. During the 1983-1984 austral summer, the icebreaker made its first voyage to Antarctica.
The Shirase is 134 meters long and has a maximum width of 28 meters. It can break continuous 1.5-meter-thick ice at 3 knots.

riorating weather and the encroaching aus-
tral winter forced the leaders to decide not
to occupy Syowa for the second winter
and to leave the dogs behind.

Committed to antarctic research, the Jap-
anese returned in January 1959 to reoc-
cupy Syowa Station. When they arrived,
Taro and Jiro, alive and well, greeted them.
All of the other dogs had perished during
the winter, but there was no evidence that
Taro and Jiro had cannibalized them.
Because of the intense national pride associ-
ated with the dogs, the Japanese consid-
ered Taro and Jiro heroes, equal to any of
the antarctic explorers.

National Institute of Polar Research

The National Institute of Polar Research
(NIPR) plans and implements the scien-
tific programs of the Japanese Antarctic
Research Expedition, which is under the
authority of JARE headquarters chaired
by the Minister of Education, Science, and
Culture. The institute employs a perma-
nent scientific staff, which includes re-
searchers in upper atmosphere physics,
meteorology, glaciology, geology, solid

earth geophysics, biology, marine sciences,
and polar engineering, and maintains the
two Japanese antarctic stations Syowa and
Mizuho. NIPR provides funds for polar
research and operations to outside organiza-
tions after their projects have been reviewed
and accepted. Scientific information and
specimens obtained during research expe-
ditions also are collected and processed by
the institute.

The Syowa station leader, deputy leader
for summer operations, and the general
assistants for the summer and winter
operations, as well as the station leader at
Mizuho and the summer field party leader,
are employees of NIPR. Because NIPR
operates the Japanese antarctic stations and
provides logistic support to field programs,
the institute also employs airplane pilots
and other support personnel. Each NIPR
employee is assured of numerous visits to
Antarctica either during the austral sum-
mer or periodically for the winter. Com-
plementing the NIPR staff are scientists,
technicians, and medical doctors from
universities, government laboratories, and
the private sector.

25th Japanese Antarctic Research
Expedition

Japanese research expeditions have oc
cupied Syowa continuously since 195
with the exception of the 1958-1959 winte
Each year resources expended by one ex-
pedition team are renewed during th
tenure of the new expedition team. Eac
new team also helps to upgrade scientifi
operational, and living facilities at Syow

My experience with the Japanese du -
ing the 1983-1984 austral summer illu -
trates how the wintering team typical y
turns over the operation of Syowa to t e
new team. Until official transfer of r -
sponsibility from JARE 24 to JARE 5
was completed, the JARE 25 team stay d
at the Lakeside Hotel (one of the livi g
quarters at Syowa Station). After the tra s-
fer was complete, the JARE 24 team mov d
to Shirase, and the JARE 25 team occ -
pied Syowa Station. The JARE 24 te m
remained on Shirase until Port Louis,
Mauritius. From Port Louis, all JARE .4
members flew to various parts of Europe
where they spent about 1 week before meet-
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ing in Paris, France, to fly as a team to
Tokyo. Essentially members of a JARE
wintering team must commit 16 months
to their country's antarctic program—the
JARE 24 team left Tokyo in November
1982 and returned at the end of March
1984.

The 36 members of JARE 25 winter team
and 11 members of the summer team were
led by Takeo Hirasawa, the supreme leader
of the JARE 25. This group also included
personnel who would winter at the Japanese
inland station Mizuho (70042?S and
44°20'E).

The JARE 25 summer team included a
group of physical, biological, and chemi-
cal oceanographers and a geological field
party. Once we reached antarctic waters,
the oceanographers collected data at sta-
tions and also conducted continuous, under-
way experiments. Oceanographic studies,
supervised by Yasuhiko Naito, who was
also deputy leader of JARE 25, included
analysis of sea-water chemistry and meas-
urement of nutrient content, salinity, and
temperature of seawater. The biologists
also determined plankton abundance and
collected dredge samples of ocean-bottom
fauna. Kazuyuki Shiraishi, a metamorphic
geologist, led the geological field party. In
addition to myself (the NASA observer),
the party included Akifusa Itabashi, a sur-
veyor from the Geographical Survey In-
stitute, and Minoru Funaki, a paleomag-
neticist who was also my roommate on
board the Shirase.

Representatives from the Technical and
Development Institute, the Mitsui Ship-
yard Corporation, Nippon Kokan Cor-
poration, Fuji Electric Corporation, and
the Ship Research Institute also traveled
to Antarctica aboard the Shirase in 1983.
These companies were primarily responsi-
ble for the design, construction, and fitting-
Ut of the icebreaker; their representatives
ere on board to observe the operation of

he ship. In-progress press coverage of the
xpedition was provided by the Kyodo
ews Enterprise and the Tokyo Shinbun
corporation; the presence of these reporters
lso ensured that a follow-up report on
he expedition would be done. A field team
f three from the NHK public television
orporation joined the summer expedition

acquire film for two 1-hour television
ocumentaries about JARE 25. These docu-
entaries were scheduled to be shown
roughout Japan during 1984.

Iebreaker Shirase

Under the command of Manoru Sato,
Siiirase (figure 2) transported members of
the replacement team, supported the sum-
mer team, and ensured that Syowa Sta-
tion was self-sufficient until the next visit.
The 134-meter-long Shirase, which dis-
places 17,000 tons and has a maximum

width of 28 meters, can break continuous
1.5-meter-thick ice at a speed of 3 knots.
Its maximum speed is 19 knots, and at 15
knots the ship has a range of 25,000 miles.
The icebreaker has 3 shafts rated at 30,000
horsepower per shaft. A central control
room continuously monitors all Shirase
functions.

The ship's communication system in-
cludes voice communications via satellite
links with Tokyo and enabled me to com-
municate with NASA's Goddard Space
Flight Center. Messages transmitted via
available maritime or meteorological satel-
lites (for example, satellites in the Interna-
tional Maritime Satellite System, the U.S.
Navy Navigational Satellite System, or the
National Oceanic and Atmospheric Ad-
ministration's meteorological satellite sys-
tem) were routine operational features dur-
ing the Shirase's transit to and from
Antarctica.

During routine days at sea, people play-
ing tennis, baseball or soccer, jogging, or
doing free-hand exercise were common
sights on the ship's helicopter deck. An
exercise area was arranged in one of the
hatch areas where dumbbell weights, exer-
cycles, and sit-up boards and mats were
available. At any time of the day one could
visit this area and find activity.

Sikorsky 5-61A helicopters were used
extensively to transport food, other sup-
plies, and fuel in drums to be used for
aircraft and land vehicles, to conduct NHK
photographic missions, to support sum-
mer field operations, and to install a tem-
porary base camp at Sor Rondane Moun-
tains. The other helicopter on board, a
Bell 47GA, was used only occasionally for
reconnaissance. Shirase helicopter opera-
tions were coordinated by Takashi Araki.
Commander Araki and his helicopter team
were proud of their record of no serious
personal injury in their history of opera-
tion and of the overall role that the team
plays in support of JARE.

Although Shirase is under the Japan
Maritime Self Defense Force, during the
cruise the cooperation between the 174-
member crew and the JARE 25 expedition
members suggested that they were all part
of the same team. All of the crew had the
opportunity to spend at least 1 week at
Syowa Station in group rotation. While at
Syowa, the crew assisted the JARE 25
group in general maintenance and in the
final stages of construction of the new
power plant. They also helped the JARE
24 team with support work at Syowa's
helicopter pad.

Syowa and Mizuho science programs

The principal JARE 25 research effort
at Syowa Station is upper atmosphere
physics; among the JARE 25 science per-
sonnel were eight upper atmosphere scien-

tists under the direction of the station leader
Takeo Hirasawa. Auroral studies domi-
nate this research program. The station
maintains all-sky cameras, meridian scan-
fling photometers (5577 angstrom, HB),
and a zenith photometer (4278 angstrom).
During the 1983-1984 season, Japanese
auroral researchers planned to launch rock-
ets directly into active auroral displays.
To obtain a more detailed aurora record,
they planned to collect data during this
experiment by visible television recording,
electron-density measurements, tempera-
ture measurement, and particle-energy
spectrum observations.

Ionosphere research at Syowa includes
ionospheric sounding with a vertical-
incidence ionosonde, riometer (10, 20, 30,
and 50 megaHerz), radio-wave receiver (JJY
signal intensities at 10 and 15 megaHerz),
very-high-frequency aurora! radar (20
kilowatt, 50, 65, 80, and 112 megaFlerz),
and a very-low-frequency Omega Signal
recorder (10.2, 11.3, and 13.6 kiloHerz).
Geomagnetic variations recorded with
three-component fluxgate and induction
magnetometers and a total-field proton
magnetometer are part of their continu-
ous ionospheric measurement program. For
middle atmosphere research, they use very-
high-frequency doppler radar (50 and 112
megaHerz) and laser radar to evaluate the
stratospheric aerosols. Continuous meas-
urement of carbon dioxide with a non-
dispersive infrared analyzer and a sun
photometer, as well as collecting air sam-
ples and measuring solar radiation, are in-
cluded in their upper atmosphere program.

At Syowa Japanese scientists also study
meteorology, geophysics, and marine
biology. Surface synoptic records are ob-
tained by an automated meteorological
observation system. Twice each day scien-
tists conduct an extensive sounding pro-
gram using an automated meteorological
observation system (Rawin, JMA-D55B-2),
radiosonde (JMA-78, 1680 MHz), ozone
sonde (RS11-KC79), and radiation sonde
(RS11-R78). Earthquakes are continually
monitored by three component electromag-
netic short- and long-period seismographs.

During the 1983-1984 austral summer,
three biologists studied marine life in the
station laboratory and in the field. In the
laboratory, an automated aquaculture sys-
tem enabled them to study the growth and
reproduction of benthic fish under con-
trolled conditions. Penguin and seal popula-
tions were surveyed by air. They also
planned to use long-term, time-depth
recorders to study seals while they dive.

At the Mizuho Station, on the ice sheet
300 kilometers inland from Syowa, meteo-
rology and glaciology are the major research
efforts. Meteorological studies included sur-
face synoptic observations (made with con-
ventional equipment), radiation balance
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Figure 3. The layout of Syowa Station on East Ongul Island, Lutzow-Holm Bay (69 0 10'S 37°30'E
Area A includes the mess, bar, radio operations building, the new power plant, a Japanes -
style bath, and living quarters. In area B are the station's laboratories. Area C is the vehic e
maintenance area, and area D is the Lakeside Hotel, where the incoming expedition membe $
and the icebreaker crew stay.

observations, and the study of blowing
snow. Long-core (500-meter) ice drilling
at Mizuho continues; in addition, 10-meter
cores were collected during traverses be-
tween Syowa and Mizuho.

NASA research with JARE 25

Since the launch of MAGSAT (a mag-
netic satellite designed to map large-scale
crustal magnetic anomalies), rock magne-
tism research at Goddard Space Flight Cen-
ter has focused on the three-dimensional
distribution of magnetization in the Earth's
crust. A program called "crustal magneti-
zation" was developed at Goddard; its focus
is the understanding of the origin of large-
scale magnetic contrast in the lithosphere.
Unique interpretive problems emerge when
one tries to model large-scale crustal mag-
netic anomalies. For example, the full thick-
ness of the magnetic crust, determined by
areal dimensions of a craton (a large, rela-
tively immoble portion of a continent made
up of shield and platform areas), may be
the crustal volume to be modeled. Embodied
in this volume may be more than 3 billion
years of geological history with the conse-
quent lithologic and metamorphic diversity.
High-grade metamorphic terrain, tec-
tonically exposed crustal sections, and
xenoliths provide access to lower crust
and upper mantle lithologies as study
materials.

The Lutzow-Holm Bay region is com-
posed mainly of high-grade metamorphic
rocks associated with plutonic rocks of
pre-Cambrian and lower Paleozoic age (at
one time part of the lower reaches of the
Earth's crust). By participating in the JARE
25 expedition, I was able to sample the
pyroxene, garnet, hornblende, and biotite
facies gneisses, associated metabasite, and
crosscutting felsic dikes and, essentially,
obtain a detailed sampling of the regional
high-grade metamorphic terrain. Using a
gasoline-powered diamond drill, our field
team collected 1,185 cores over 5 weeks;
about 90 percent of these cores were ori-
ented with a magnetic compass and a sun
compass. Samples were drilled at six sites
around Lutzow-Holm Bay, East Ongul (69°
VS 39 0 35'E), and West Ongul (69 0 I'S
39 0 32'E), Skarvsnes Foreland (69° 28'
39° 39'E), Innhovde Point (69 0 52'S 370
10'E), Austhovde Headland (690 42'S 370
46'E), and Vesthovde Headland (69 0 45'S
37 0 23'E). At each site visited the sam-
pling was planned so that we could com-
plete an adequate paleomagnetic sample
survey to represent the lithologic charac-
ter of the site.

Because only 3 to 4 days were spent at
each site, each day was long and tiring
but productive. All of the field work was
staged from SIiirase and used helicopter
support. Each evening we communicated
with Shirase personnel at 2100 hours (local
time) to inform them of the status of the

field party and local weather conditions.
A geological reconnaissance and meteor-
ite collecting trip in the eastern area of
Queen Fabiola Mountains (71 0 30'S 350
40'E—called the Yamato Mountains by the
Japanese), was planned, but because of
unsuitable weather this second project was
never carried out.

While in the field, we used Scott tents,
which are made of light weight nylon and
have enough room to sleep two people.

We cooked our meals on stoves wi h
screw-on propane canisters that eliminat d
the need to deal with liquid volatiles in
the tent. Our meals varied a great d al
and were typically Japanese—the comm n
staple items at each meal were soup, ri e,
steak, and green tea.

The core samples that we collected were
divided into two sets, one for the NIPR
laboratories in Tokyo and the other for
the Goddard Space Flight Center. At pres-
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ent we have measured the initial magnetic
susceptibility and natural remanent mag-
netization of all core samples. Our results
show a range of several orders of magni-
tude, which could be expected consider-
ing the lithologic diversity. Alternating field
demagnetization of the natural remanence is
being studied at NIPR laboratories. At God-
dard thermal demagnetization of the natural
remanence, Curie point analyses, magnetic
hysteresis loops, and other rock magne-
tization measurements are in progress.
Thermal demagnetization results show a
broad range of remanence thermal un-
blocking, in addition to multicomponent
remanence. By combining laboratory meas-
urements and field data, we hope to
develop a crustal magnetization model of
the region. This model should extend our
understanding of the development of large-
scale magnetization contrasts in the conti-
nental crust.

We are still in the preliminary stages in
analyzing the core collection. Once the
paleomagnetic and rock magnetic studies
are well along, collaboration with Dr.
Shiraishi, the field team leader and meta-
morphic geologist who is an expert in the
regional geology of the Lutzow-Holm Bay
region, should ensure interesting results.

Station facilities at Syowa

The present configuration of Syowa
Station (figure 3) grew up around what is
presently the mess area and the bar, build-
ings which date back to JARE 1. The bar,
now the Maria" bar, was renamed recently
for Maria Kazanowska, the first woman
to visit Syowa. Commander Kazanowska
was part of the U. S. treaty inspection
team, which visited Syowa base in Febru-
ary 1983. During the 1982-1983 austral
u mmer the U. S. Coast Guard icebreaker
olar Star circumnavigated Antarctica; part
f this cruise was planned to enable a U.S.
epartment of State team to observe

tations of other countries in East Ant-
rctica. Article VII of the Antarctic Treaty
rovides that consultative parties may
esignate observers who have complete
reedom of access at any time to any or all
reas of Antarctica and to ships and air-
raft at points of loading or discharge.

The layout of Syowa station (see figure
which can accommodate 30 to 40 people,

i shown in the figure. Area A includes
the mess area and 'Maria" bar, (2)

r dio operations, (3) the new power plant,
a Japanese-style bath, and (5) living

q arters. In the living quarters each man
h s a private room; a large social area at
o e end of each building contains corn-
f rtable lounges, a library, tape equipment,
a d tables for letter writing. Station per-
s nnel produce a weekly newspaper of
m morable happenings during the tenure
of the expedition. These printed pages are

bound in a volume to ensure that each
participant has a lasting memento of their
wintering experience.

In area B are laboratories. Each disci-
pline is housed in one or more comfort-
able stand-alone buildings that are elevated
on cement pillars to eliminate snow drifting.
In the entrance of each building is a room
where outer clothing and boots are re-
moved, and slippers are put on before enter-
ing the laboratory. Each building has a
specially appointed area just inside with
comfortable seats for relaxation and read-
ing and tables for tea and snacks. The
laboratory includes both digital and ana-
log Japanese-made recording equipment.
Facilities are extensive and are maintained
by the scientists with assistance from com-
puter engineers who are integral to the
expedition team.

Area C is the vehicle maintenance area.
In area D is the Lakeside Hotel, the sum-
mer home for the replacement team and
for the rotating Shirase crew teams.

A Cessna 185 airplane and a Pilatus Por-
ter PC-o/BZ-HZ airplane, owned by NIPR
and flown by civilian personnel, are used
during the summer until the sea-ice run-
way melts. There is no fixed or prepared
runway. These airplanes are used for photo-
graphic missions, visits to Mizuho Station,
and transporting field teams to such remote
areas as the Queen Fabiola Hills (Yamato
Mountains).

All equipment at Syowa is made in Japan.
Oversnow vehicles are made by Ohara.
Heavy equipment, such as forklifts and
bulldozers, are made by Komatsu, and
trucks, snowmobiles, and other vehicles
are made by Toyota, Isuzu, Yamaha, and
Mitsubishi.

Station life at Syowa

During its stay the JARE 24 team erected
the building that would house a new power
plant. The main contribution of JARE 25
to Syowa was to install and activate the
new power plant. There were many tasks
to be done—constructing an enclosed con-
nection to the living quarters, interior
plumbing and wiring, constructing a cool-
ing tank, and installing and setting in opera-
tion the new power plant. In addition to
this major construction project, aviation
fuel, antifreeze, and gasoline for the vari-
ous vehicles were transported in drums
by helicopter and deposited at the edge of
the helicopter pad. These had to be sorted
and moved to storage areas.

The manpower to complete these tasks
included medical doctors, cooks, upper
atmosphere physicists, meteorologists,
biologists, and a NASA scientist. To com-
plete planned renovations or new construc-
tion projects, all expedition personnel, both
scientists and support personnel alike, must

contribute time and energy. It was com-
mon to see a biologist with a pick digging
a hole for a cement foundation, while a
meteorologist was mixing cement that
would be carried by an upper atmosphere
physicist to an already prepared hole where
a medical doctor was waiting to set steel
reinforcing bars in place. When the fuel
drums had to be moved the entire JARE
25 team formed a human conveyor to
accomplish the task. The plumbing in the
bathroom at the new power plant was
installed by the newsman from the Kyodo
News Enterprise. The development of use-
ful cooperative skills, the accumulated
versatility, and the manner in which each
member became familiar with the work-
ings of Syowa Station most likely ensures
harmonious day-to-day operation during
the antarctic winter.

The primary objective of my participa-
tion in JARE 25, of course, was to obtain
data that could only be found near the
Japanese station. But for this American
scientist, day-to-day life at Syowa afforded
a cultural experience that was as exciting
as the science.

—Peter Wasilewski, National Aeronau-
tics and Space Administration, Goddard
Space Flight Center, Greenbelt, Maryland
20771.

Environmental data

listing available

Environmental data inventory for the
antarctic area, published in May 1984,
updates the 1978 inventory of data avail-
able from the National Environmental
Satellite, Data, and Information Service
(NESDIS) of the National Oceanic and
Atmospheric Administration (NOAA). The
publication presents the types, amounts,
and distribution of data in a series of maps
and charts that cover the area from 50°S
to the South Pole.

The inventory plots in this 53-page
publication are divided into four sections—
geophysical, meteorological, oceanographic,
and glaciological information and data.
Accompanying each map or chart is a sum-
mary that includes the name of the NESDIS
center that holds the data described in the
data set. This data inventory includes sat-
ellite data and imagery; surface, marine,
and upper air meteorological data; earth-
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quake epicenters, seismic data, geological
cores, and geophysical tracklines (bathy-
metry, gravity, and magnetics); ionospheric
and solar-terrestrial data; hydrographic data
and ocean temperature profile data; and
glaciological data.

These data are acquired by the three
NESDIS centers—the National Climatic
Data Center, the National Geophysical Data
Center, and the National Oceanographic
Data Center—from government agencies,
universities and research institutions, pri-
vate industry, and foreign organizations.
Foreign data are obtained through bilat-
eral exchanges and the World Data Cen-
ter system. The World Data Center (WDC)
system comprises WDC-A in the United
States, WDC-B in the Soviet Union, and
WDC-C, which has various centers in west-
ern Europe and Japan. This network makes
possible international data exchange and

World Data Center-A for Glaciology
[Snow and Ice] (WDC-A) is one of three
international data centers established during
the International Geophysical Year (1957-
1958) to exchange data on all forms of
snow and ice. These data include informa-
tion on avalanches, freshwater ice, glaciers,
ground ice and permafrost, ice sheets,
paleoglaciology, sea ice, and snow cover.
The other two centers are World Data
Center-B in Moscow, USSR, and World
Data Center-C in Cambridge, England.

Until 1971, the American Geographical
Society in New York operated the World
Data Center-A for Glaciology; from 1971
to 1976 the U.S. Geological Survey in
Tacoma, Washington, was responsible for
WDC-A. In 1976, the Geophysics Research
Board of the National Academy of Sci-
ences proposed that WDC-A be transferred
to Boulder, Colorado, where the center
would be operated under an agreement
between National Oceanic and Atmospheric
Administration (NOAA) and the Univer-
sity of Colorado. After this move was
approved in November 1976, WDC-A was
included formally among the WDC respon-
sibilities of NOAA's Environmental Data
Service represented by the National Geo-
physical and Solar-Terrestrial Data Center
(NGSDC).

World Data Center-A continues to oper-
ate under a contractual agreement between

enables users to have access to data obtained
worldwide.

All data described are available from the
NESDIS data center or WDC-A subcenter
specified in the inventory plot annotations.
Users pay for data retrieval and reproduc-
tion. In some cases subsets of data can be
selected to meet special specifications. At
the centers, service personnel can help users
to formulate their orders and may be able
to provide more detailed information that
will better define selection criteria. The
address and telephone numbers of NESDIS
contacts, keyed to the data inventory plots,
are provided in a special section of the
publication.

Environmental data inventory for the
antarctic area, which costs $10, may be
purchased from the National Oceano-
graphic Data Center, NOAA/NESDIS
E/0C21, Washington, D. C. 20235.

the University of Colorado's Cooperative
Institute for Research in Environmental
Sciences and the National Environmental
Satellite, Data, and Information Service
(NESDIS) of NOAA. Located with

WDC-A is the National Snow and Ice Data
Center (NSIDC) established by NOAA in
1982. This center is a national informa-
tion and referral center for the snow and
ice community and is housed in research
buildings adjacent to the NOAA-Environ-
mental Research Laboratories and the
National Geophysical Data Center.

Activities

WDC/NSIDC is an archive for both
published and unpublished snow and ice
data. Figure 1 shows the predominate types
of information requests that the center
receives. An automated system, "Citation,"
is used for the storage and retrieval of
bibliographic data. This system can pro-
vide copies of research papers and data
on request, either on a cost-reimbursable
or an exchange basis, as well as perform
computerized literature searches on top-
ics related to snow and ice.

Two series, New Accessions List and
Glaciological Data, are published by WDC/
NSIDC. New Accessions List, a product
of the "Citation" data base, is a quarterly
list of documents. The documents are
received and cataloged by the data center;
each document is categorized by subject.
The publication, which meets many of the
requirements for information exchange
mandated by World Data System guide-
lines, is mailed worldwide to about 350
scientists, research institutions, and
libraries.

Glaciological Data (GD) is published
approximately twice each year. Each issue
focuses on a single topic and includes spe-

World Data Center-A for Glaciology:
functions and services

Figure 1. Types and precentages of information requests received by the National Snow an
Ice Data Center and World Data Center-A for Glaciology [Snow and Ice].

NSIDC/WDC INFORMATION CENTER
1978-84 REQUESTS BY SUBJECT
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Figure 2. This composite of six orbits from the U. S. Air Force Defense Meteorological Satellite
Program (DMSP) shows the Antarctic as it appears in the visible band (0.4 to 1.1 micrometers)
during the southern summer (24 January 1978). The banding effect within each pass is due to
automatic calibration adjustments for changing light conditions at the South Pole.

cialized bibliographies, inventories, and sur-
vey reports that are related to snow and
ice data prepared by the WDC/NSIDC
staff. An issue also might include invited
articles on such topics as data sets, data
collection and storage, methodology, and
glaciological terminology. Recent issues of
Glaciological Data have covered various
topics; some examples follow. GD-14,
Permafrost: A Bibliography, 1978-1982,
was prepared in conjunction with the U.S.
Army Cold Regions Research and Engi-
neering Laboratory for the Fourth Interna-
tional Conference on Permafrost. It pro-
vides author and subject access to over
4,400 citations that cover all areas of per-
mafrost research.

The proceedings of the Workshop on
Antarctic Climate Data, sponsored by the
Scientific Committee on Antarctic Research
and convened by WDC-A Glaciology, was
published as GD-15. This report sum-
marizes discussions by participants who
considered the problems of antarctic
climate-related data and recommended ways
to improve data archiving and data transfer.
The workshop report also presents a pre-
liminary survey of antarctic data sets; this
survey is based on materials submitted by
the workshop participants. A summary
of data categories, observational sources,
networks, and disposition for the broad
subject areas of synoptic meteorology,
climatology, oceanography, and glaciol-
ogy are included as an appendix, and a
preliminary inventory of data held by vari-
ous archives is provided.

The latest issue in the glaciological data
series, GD-b, is entitled Soviet Avalanche
Research; Avalanche Bibliography Update,
1977-1983. This report includes eight trans-
lations of work on avalanche dynamics.
Written by Soviet scientists, these papers
were not available previously because they
had not been translated. The bibliography,
which includes about 400 entries, updates
the bibliography published in GD-i in
1977.

WDC/NSIDC acquires published mate-
ial on all areas of snow and ice research.
urrently, the library collection consists
f about 3,500 monographs and technical
eports and 7,000 reprints. Approximately
0 journals are received regularly by sub-
cription or on exchange from publishers
orldwide. The Center's staff uses this

cllection to respond to requests for infor-
nation and prepare bibliographies; the col-
lction also is used by visitors to the Center.

Microfiche indexes now are available
for the collection. These author, title,
subject, and geographic indexes help to
simplify searching the collection and order-
ing copies of needed documents. The cen-
ter also has published a 3-year cumulative

index that includes all documents cataloged
from 1978 through 1980 and annual in-
dexes for 1981, 1982, and 1983.

The data center holds many important
sea-ice charts produced for operational use
by the United States, Canada, Japan, and
several European countries. Generally, these
charts are in an unbound format.

The photograph collection consists of
approximately 10,000 aerial and terrestrial
glacier photographs. The largest part of
the collection covers Alaskan glaciers, but
glaciers in other areas of North America
and in the Alps are adequately represented.
The earliest photographs date from the
iSSOs, and the coverage continues into the
1970s. These photographs, which WDC/
NSIDC received from the American Geo-
graphical Society's collection, constitute
an original record of past glacier and
snowline positions. This collection, as well
as the 60,000 aerial photographs in collec-
tion at the U.S. Geological Survey in
Tacoma, Washington, has been indexed
and entered into a computerized data base
by WDC/NSIDC with support from Geo-
logical Survey. This data base includes gla-
cier name, location, glacier features, pho-
tograph or camera type, and photographer.

Recently, WDC/NSIDC has shifted the
emphasis of its material acquisition from
collecting published material toward archiv-
ing computer-compatible data. Most of

these data sets relate to snow cover and
sea ice, but data also are available on gla-
cial geophysics (including radio-echo
sounding records and some ice core data),
Great Lakes ice-related environmental
studies, and satellite microwave research.

Several data sets in the collection may
interest antarctic researchers. A summary
data set containing 4 years of antarctic sea
ice conditions has been derived by NASA's
Goddard Space Flight Center from electri-
cally scanning microwave radiometer
(ESMR) brightness temperatures. From
these data, monthly, multi-year monthly,
and yearly maps of brightness tempera-
tures and sea-ice concentrations were cre-
ated for the years 1973 to 1976.

Another microwave data set is the scan-
fling multichannel microwave radiometer
(SMMR) data. SMMR is one of several
sensor packages currently operating on the
satellite Nimbus 7. The SMMR package
consists of a 10-channel microwave radi-
ometer that produces polarized antenna
temperatures at several frequencies for both
horizontal and vertical polarizations. Geo-
physical parameters have been calculated
via algorithms by using observed bright-
ness temperatures. These parameters in-
clude sea-ice concentration, multi-year ice
fraction, ice and sea surface temperature,
and snow cover. The data set, which is
available in mapped formats, includes indi-
vidual cryospheric parameters for regions
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Figure 3. Southern hemisphere coverage of Special Sensor Mircrowave Imagery (SSM/I) data
from DMSP satellites to be archived at the National Snow and Ice Data Center starting in mid-1986.

north of 50°N and south of 50°S latitudes.
The temporal coverage for each format
varies, but requests for individual parame-
ters for any period can be made. Currently,
data are available from October 1978
through November 1980.

A third data set with antarctic coverage
is the Navy-NOAA Joint Ice Center (1 IC)
digital data, which have been digitized and
gridded by JIC from the weekly opera-
tional sea ice charts; copies of these are
also archived at WDC/NSIDC. The
gridded data are spaced at 15-nautical-mile
or less intervals on an evenly divisible
latitude-longitude grid. Sea-ice concen-
tration, ice type, surface features, and other
related information are coded with the pro-
posed World Meteorological Organization
standard "Sigrid" system. Currently, ant-
arctic data for January 1973 through De-
cember 1982 are available; data for the
eastern and western arctic should be avail-
able in 1985.

WDC/NSIDC also holds the collection
of global satellite imagery acquired from

the U.S. Air Force Defense Meteorologi-
cal Satellite Program (DMSP) since 1973.
DMSP is a system of near-polar-orbiting
satellites that provide information in the
visible and infrared bands. Figure 2 shows
an antarctic mosaic of visible band images.
The frequent global coverage (up to four
times daily) is useful for observing changes
in snow and ice boundaries on regional to
global scales, as well as for meteorological
and cloud studies. The data are in positive
transparency format (orbital swaths and
mosaics) and can be reproduced in 35 mil-
limeter negatives or contact prints. DMSP is
the only system that provides visual imag-
ery during darkness. Such images as those
that display city lights, transportation
networks, gas flares, and fires are of interest
to astronomers, who for example, are select-
ing observatory sites.

These data sets are a sample of the ones
archived by WDC/NSIDC. Fliers describ-
ing the various data holdings may be
requested from the center. If requested,
we will provide a more detailed descrip-
tion of the center's holdings. Data are pro-

vided primarily in 9-track tape format,
except for the bibliographic information
and imagery.

Future programs

In 1985, WDC/NSIDC will begin devel-
oping sea-ice data products derived from
satellite microwave radiometer data. In late
1985 or early 1986 the Defense Meteorolog-
ical Satellite Program will launch a high-
resolution microwave imager that, for the
first time, will make possible obtaining
near realtime information on sea ice, snow
cover, atmospheric moisture and precipi-
tation, soil moisture, and ocean parameters.
The Air Force and the Navy plan to oper-
ate the special sensor microwave imager
(SSM/I). After the operational needs of
these organizations are met, the SSM/I
data will be available for applications in
other fields.

To process sea-ice data, WDC-A for
Glaciology has received funding from
NASA (Ocean Sciences) for the creation
of a computer-based Cryospheric Data
Management System (CDMS), based on
the Pilot Ocean Data System software
developed at the Jet Propulsion Laboratory.
The CDMS system will extract these data
and make them readily available to the
user community. Figure 3 illustrates the
proposed coverage for southern hemisphere
sea-ice products. The proposed manage-
ment system is designed to aid production
and archiving of multidisciplinary research
data sets, to improve the ease of informa-
tion transfer, and to anticipate new data
requirements.

Staff

A professional staff of approximately
nine full-time employees under the direc-
tion of Roger C. Barry operate WDC/
NSIDC. Areas of expertise among the staff
include climatology, remote sensing, gla-
ciers, snow cover, sea ice, avalanches, and
information science. Readers may addres
questions to WDC/NSIDC, Cooperativ
Institute for Research in Environmenta
Sciences, University of Colorado, Cam
pus Box 449, Boulder, Colorado 80309
the telephone (303/492-5171).

This report was supported by DOC
NOAA contract NA84RAH05116 from th
National Geophysical Data Center, NOAA/
NESDIS.

—R. C. Barry and A. M. Brennan,
World Data Center-A for Glaciology [Snow
and Ice], Cooperative Institute for Research
in Environmental Sciences, University of
Colorado, Boulder 80309.
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Geology and geophysics in the
Patagonian Andes: R/V Hero cruise 84-4

lected numerous rock samples for labora-
tory analysis, and made over 250 gravity
measurements.

Editor's note: Hero cruises in Chile's 200-nautical-mile zone were conducted with the
assistance and permission of the Chilean government. In June 1983 representatives of
the U.S. and Chilean governments signed an agreement that outlines a cooperative plan
for research conducted aboard the Hero. To fulfill one requirement of this agreement,
NSF publishes the final reports of these cruises in the Antarctic Journal. Hero was the
National Science Foundation's antarctic research ship from 1968 to 1984. During the
austral winters, when ice prevented work in the far south, Hero operated in the Subant-
arctic and along the southern coasts of South America.

Geology of the study area

Because of its remoteness, most of the
region studied has never been mapped in
any detail, and much of it has never been
visited by geologists. As a result of our
investigation, significant changes were
made in the mapped distribution of rock
units in the region. The major lithologic
units encountered were:

Between 14 June and 5 July 1984, the
science party on R/V Hero studied the
geology and geophysics of the southern-
most Chilean Andes. This cruise (along
with cruise 84-5) culminated 3 years of
field work designed as the initial stages of
two major investigations of the region. Our
objective was to collect data on aspects of

the geological and tectonic evolution of
the southern Andes. Specifically, we are
studying this region's history of uplift and
crustal distortion, the petrological and geo-
chemical evolution of the Patagonian
batholith, and the regional gravity field.
To meet these objectives, we conducted
reconnaissance geological mapping, col-

• Late Paleozoic (7) metasedimentary
rocks

• rocks of the Mesozoic Patagonian
batholith

• rocks of the Cretaceous Rocas Verdes
igneous complex

• rocks probably correlative with the
Cretaceous Vahgan Formation of
Tierra del Fuego

Ship track of R/V Hero during cruise 84-4. Abbreviations in this figure are EM = Estrecho de Magallanes; BB = Bahia Beaufort;
A = Isla Recalada; GX = Golfo Xaultegua; 151 = Isla Santa Ines; PA = Punta Arenas; IG = Islas Grafton; IN = Isla Noir; IC = Islas

Clarence and Capijan Aracena.
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• volcanic rocks either related to the
Patagonian batholith or to the Late
Jurassic Tobifera Formation

A thick, structural sequence of steeply
dipping, tightly folded shale and graywacke
sandstone was mapped on Isla Deslacion,
Isla Recalada, Islas Grafton, and Isla Noir
(see figure). One single outcrop of bedded
radiolarian chert, mapped on Isla Recalada,
may help to date this sequence paleon-
tologically and suggests that this sequence
correlates with a regionally extensive Late
Paleozoic(?) basement complex in the south-
ern Andes. The extremely remote expo-
sures on Grafton and Noir previously were
mapped as batholith (Ma pa Geologica de
Chile, 1980); undoubtedly this interpreta-
tion was based on information from aerial
photographs. Because we were probably
the first geologists to land on these remote
islands, our discovery significantly extends
the southernmost known distribution of
this basement complex along the outer
continental shelf.

Minor changes were made in the posi-
tion of geologic contacts on the Mapa
Geologica de Chile, particularly in the fjords
on the northeast coast of Islas Clarence
and Capitan Aracena (see figure). Units
mapped in this region include metasedi-
mentary rocks probably equivalent to the
Yahgan Formation of Tierra del Fuego,
metavolcanic rocks probably related to the
regionally extensive Tobifera Formation,
and metamorphic rocks probably correla-
tive with the Late Paleozoic( ?) basement
complex. The relatively high metamorphic
grade and strong tectonic fabric of these
rocks (previously unreported) suggest that a
zone of intense late Mesozoic deformation,
known to exist to the southeast in Tierra
del Fuego, extends into the region.

We concentrated most of our work dur-
ing cruise 84-4 on mapping and sampling
of the Patagonian batholith (see figure).
Although this region of the batholith rep-
resents only a small portion of the entire
body (which is over 2,000 kilometers long
and up to 100 kilometers wide), it was
one of the major gaps in our reconnais-
sance mapping program. Approximately
200 samples were collected from the batho-
lith for geochronological and geochemical
analysis. Fission-track, potassium-argon
(K-Ar), and uranium-lead (U-Pb) age deter-
minations will be done on many of the
samples to determine ages of intrusion and
cooling from which uplift rates and times
will be estimated. Together with geochemi-
cal analyses (major, trace-element, and
isotopic), this age information will help
us determine the petrological and geochemi-
cal evolution of the batholith and the under-
lying crust and mantle.

Although this portion of the batholith
is not mapped in detail, sampling over a
wide area enabled us to define the consid-

erable lithologic variation that exists within
this formation. Rock types encountered
include gabbro, diorite, biotite and horn-
blende-biotite granodiorite and tonalite, bio-
tite granite, two-mica granite and leuco-
granite. One garnet-bearing, two-mica gra-
nitic gneiss was mapped along a portion
of Estrecho de Magallanes. Granodiorite
and tonalite are the volumetrically domi-
nant lithologies. The less silicic phases
(diorite and gabbro) appear to be early
phases that are intruded by and contained
as xenoliths within the later granodiorite
and tonalite. True granites are uncommon,
except for a large plu ton mapped in Golfo
Xaultegua.

Numerous diabase dikes cut many of
the younger plutons in the batholith; some
dikes appear to be contemporaneous with
older plutons (or late synplutonic). Most
of the plutons in the batholith are mas-
sive or only weakly foliated, although a
few are strongly foliated and even gneissic.
These strongly foliated plutons are either
very early plutons that underwent defor-
mation during the Cretaceous Andean
deformation or are younger, post-Andean
plutons that were affected by post-Andean
localized (shear) deformation.

Mesoscopic fault and fracture data were
collected along the cruise transects. We
observed two main orientations of brittle
faults. One set trends north-south, has
steep dips, and has dominantly left lateral
separation. The other set trends generally
east-west, has steep dips, and has domi-
nantly right lateral separation. Fracture sys-
tems are more irregular but in many cases
have the same orientations as the fault
sets. Late mafic dikes are present through-
out the study area and commonly are par-
allel to one or two fracture sets. Samples
from some dikes were collected for age
dating to constrain the timing of fault and
fracture development.

Along portions of the south coast of
Estrecho de Magallanes (see figure), an
extensive sequence of tectonites was
mapped where batholithic rocks previously
had been mapped. This sequence consists
predominantly of strongly deformed green-
stone of the Rocas Verdes igneous com-
plex (which has ophiolitic affinities to the
southeast in Tierra del Fuego). Other
mylonitic lithologies include orthogneiss,
greenstone, and metasedimentary rock.
Taken together, these tectonites probably
represent deep exposure of a ductile shear
zone along the major lineament defined
by this northwest-southeast segment of
the straits. Although this lineament often
has been assumed to be a fault zone, these
exposures represent the first direct evi-
dence that such a fault exists. To deter-
mine the time of movement along the fault,
we collected samples for age dates from
late dikes that cut the mylonites.

Gravity measurements

Besides reference stations, we estab-
lished 261 gravity stations in the study
area. Although further data reduction is
necessary, we are able to draw some pre-
liminary conclusions. On profiles run trans-
verse to the Andean Cordillera, a signifi-
cant gravity anomaly appears to coincide
with the distribution of the Rocas Verdes
igneous complex. Two profiles run along
either side of Estrecho de Magallanes sug-
gest that this segment of the straits is coinci-
dent with a discontinuity in the regional
gravity field, because the north side of the
straits has systematically lower values than
the south side.

Conclusions

During Hero cruise 84-4, we made nu-
merous geological and geophysical obser-
vations in one of the last regions of the
southernmost Andes to be visited by geol-
ogists. These included reconnaissance map-
ping of the Patagonian batholith and sur-
rounding country rocks, structural map-
ping of fault and fracture sets, collection
of numerous gravity data, and collection
of numerous samples for laboratory anal-
ysis. We made several significant discov-
eries, including:

• radiolarian chert-bearing Late Paleo-
zoic(?) basement on the Pacific coastal
islands

• a belt of mylonitic rocks along the
Estrecho de Magallanes lineament

• gravity anomalies coincident with the
Rocas Verdes igneous complex and
the Estrecho de Magallanes lineament,
and systematic fault separation on
two regional fracture sets

These data, when combined with data
from past Hero cruises in the southern
Andes, will add significantly to our under-
standing of the complex geological evolu-
tion of this remote and poorly known
region. From these data we are beginning
to develop models for the origin of the
Patagonian batholith, for the geological
consequences of oceanic ridge-trench inter-
action, and for the mechanisms of uplift
and segmentation in Andean-type orogens.

National Science Foundation grants EAR
82-06646 to E. Nelson, EAR 82-06100 to
R. Forsythe, EAR 83-07604 to E. Nelson,,
and EAR 83-07605 to D. Elthon support
this work. The research reported here could
not have been accomplished without the
logistical support of the R/V Hero and its
crew. With the recent retirement of the
Hero, (see September 1984 Antarctic Jour-
nal) the canals .of southern Chile and all
who study their natural secrets will never
again know the Hero's presence in the
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region. For more than 15 years geology,
as well as other disciplines, has greatly
benefitted from Hero's presence in the
region. We hope that the spirit of scien-
tific endeavor will continue in this vein.

—Eric Nelson and Bob Bruce (Geology
Department, Colorado School of Mines,
Golden, Colorado 80401), Randy Forsythe
(Department of Geological Sciences,
Rutgers University, New Brunswick, New
Jersey 08903), Dave Kammer (Geology
Department, University of Houston,
Houston, Texas 77001), and Ramon
Moscoso (Servicio Nacional de Geologia
y Mineria, Santiago, Chile).

A/V Hero cruise
record, 1983-1984

Between December 1968 and October
1984, the National Science Foundation
operated the research ship Hero as a floating
laboratory in conjunction with the U.S.
antarctic station Palmer on Anvers Island.
Hero, operated by the Foundation's sup-
port contractor, currently Antarctic Serv-
ices, Inc., a subsidiary of ITT, concluded
its antarctic career after the October cruise.

During the austral summer the 38-meter-
long wooden research ship was an ocean
platform for biologists, ocean scientists,

and atmospheric researchers and trans-
ported geologists and other scientists to
sites near or along the Antarctic Peninsula.
The ship also brought personnel, equip-
ment, and supplies to Palmer Station from
ports in South America.

Although Hero operated in antarctic
waters (south of 60°S) only between
November and April, the ship stayed in
the Southern Hemisphere throughout the
year. During the austral winter months,
U.S. scientists along with scientists from
other countries used Hero to study the
southern oceans and land features along
the southern coast of South America. In
these months the ship operated out of Punta
Arenas, Chile, and Ushuaia, Argentina.

Hero left Palmer Station for the last time
in April 1984; during the next 5 months
geologists used the ship to investigate the
Chilean canals. On 8 October 1984, Hero
began its final voyage back to the United
States. The decision to retire the ship was
made because the main timbers are infected
with progressing dry rot. The Foundation
considered the ship no longer safe for
operation in harsh antarctic waters. Polar
Duke, a new ship leased by ITT/ANS for
the Foundation, replaced Hero in January
1985. (See the September 1984 Antarctic
Journal for a description of the Polar Duke
and its capabilites.)

The following, which completes the
record of Hero's cruises, includes cruises
conducted between June 1983 and Octo-
ber 1984. Lists for earlier years were pub-
lished in Antarctic Journal issues May/June
1975, March/June 1978, and March 1983.

NSF photo by William Curtsinger

NSF photo by William Curtsiriger.

Scientists and crew members retrieve a net
while aboard Hero in the the mid 1970s.

The number and date of each cruise appear
first; these are followed by the research
area, the name (or names) and affiliation
of the chief scientist, and a brief descrip-
tion of the type of research conducted.

Cruise 83-4. 1 June to 29 June 1983.
Punta Arenas, Chile, and return via Chilean
Tierra del Fuego from Seno Almirantazgo
to Diego Ramirez Islands. Ian Dalziel
(Lamont-Doherty Geological Observa-
tory of Columbia University). Geologic
investigations of the tectonic evolution of
the southernmost part of the Andean
Cordillera in relation to the Scotia Arc.

Hero near the Antarctic Peninsula in the mid 1970s.

Cruise 83-5. 5 July to 1 August 1983.
Punta Arenas, Chile, to Puerto Montt,
Chile, via the Chilean Canals. Eric Nelson
(Colorado School of Mines). Structural
geology, stratigraphy, and geochemistry
of rock formations in the southern Chilean
Andes and its relationship to the break up
to Gondwana.

Cruise 83-6. 26 September to 14 Octo-
ber 1983. Puerto Montt, Chile, to Punta
Arenas, Chile, via the Chilean Canals.
Thomas DeVries (Ohio State University).
Distribution of marine faunas during the
Tertiary and Quaternary periods and their
relationship to relative movements of South
America, Antarctica, and South Africa dur-
ing the break up of Gondwana.

Cruise 84-1. 24 November 1983 to 31
January 1984. Punta Arenas, Chile, to
Ushuaia, Argentina, via Palmer Station and
along the Antarctic Peninsula. Transport
relief personnel and supplies and conduct
multiple science projects. Langdon B.
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The map shows the area in which R/V Hero operated between 1968 and 1984.

Quetin (University of California, Santa
Barbara)—reproduction, feeding, and swim-
ming energetics and larval physiology of
krill (Eupliausia superba); Vera Komarkova
(University of Colorado, Boulder)—Ant-
arctic Peninsula plant communities near
Palmer Station; William H. Hamner (Uni-
versity of California, Los Angeles)—
behavioral ecology of krill; David F.

Parmelee (University of Minnesota)—status
of known age birds banded as chicks at
Palmer Station in the 1970s.

Cruise 84-2. 10 February to 30 April
1984. Ushuaia, Argentina, to Punta Arenas,
Chile, via Palmer Station and along the
Antarctic Peninsula. Conduct multiple sci-
ence projects and transport summer per-

sonnel from Palmer Station to Chile. Timo-
thy E. Targett (Skidaway Institute of
Oceanography)—growth patterns in ant-
arctic fishes; Langdon B. Quetin (University
of California, Santa Barbara) —reproduction,
feeding, and swimming energetics and lar-
val physiology of krill (Euphausia superba);
Vera Komarkova (University of Colorado,
Boulder) —Antarctic Peninsula plant com-
munities near Palmer Station; William H.
Hamner (University of California, Los
Angeles)—behavioral ecology of krill.

Cruise 84-3. 15 May to 5 June 1984.
Punta Arenas, Chile, and return via the
Southern Cordillera Darwin and the Bea-
gle Channel. Ian W. D. Daiziel (Lamont-
Doherty Geophysical Observatory of
Columbia University) and Manuel Suarez
(Servicio Nacional de Geologia y Mineria,
Chile). Collect samples for geochemical and
geochrono logical studies aimed at under-
standing the evolution of the Southern
Andean Cordillera.

Cruise 84-4. 14 June to 5 July 1984.
Punta Arenas, Chile, and return via the
Chilean Canals. Eric Nelson (Colorado
School of Mines). Structural geology,
stratigraphy, and geochemistry of rock for-
mations in the Southern Andes of Chile
to develop an understanding of the tec-
tonic development and geologic history of
the Southern Andes, Scotia Arc, and Ant-
arctic Peninsula.

Cruise 84-5. 12 July to 6 August 1984.
Puntas Arenas, Chile, to Puerto Montt,
Chile, via the Chilean Canals. Randall D.
Forsythe (Rutgers University and Lamont-
Doherty Geophysical Observatory of
Columbia University). Geological and geo-
physical reconnaissance to study Cenozoic
tectonics of the Southern Andes.

Cruise 84-6. 27 August to 22 Septem-
ber 1984. Puerto Montt, Chile, and return
via islands offshore of the Chilean Canals
north of Golfo de Penas. William Zins-
meister (Purdue University) and Thomas
DeVries (Ohio State University). Collect
rock and fossil samples to investigate the
Cenozoic marine deposits in this region.

U.S. Geological Survey

publishes new index

to antarctic maps

In cooperation with the National Sci-
ence Foundation (NSF), the U.S. Geologi-
cal Survey (USGS) prepares, publishes,
and offers for sale topographic and geo-
logic maps of selected areas of Antarctica.
USGS released a new map index, "Index
to United States Topographic and Other
Map Coverage of Antarctica," during 1984.
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This index replaces a 1979 index and lists
the available maps with current prices.

Published since 1965, these topographic
maps use symbols approved by the Scien-
tific Committee on Antarctic Research,
which through its Working Group on
Geodesy and Cartography has recom-
mended antarctic mapping specifications
and standards. The USGS maps also are a
subdivision of the International Map of
the World (1MW) system.

The following map series are available:

• 1:50,000-scale map series has a basic
contour interval of 50 meters with supple-
mentary contours at 25-meter intervals.
The maps cover 15 minutes of latitude
and 60 minutes of longitude and measure
55.5 by 69 centimeters. ($2.20 each)

• Reconnaissance maps with shaded
relief at 1:250,000-scale have a basic con-
tour interval of 200 meters. The sheet sizes
vary-26 inches by 30, 33, or 36 inches—
according to latitude. Because aerial pho-
tography was not available, some maps
have only partial coverage. ($3.60 each)

• Geologic multicolor maps on shaded
relief bases at 1:250,000-scale cover the
ice-free areas. ($3.60 each)

• Reconnaissance maps with shaded
relief at 1:500,000-scale are available for
coastal areas of Wilkes Land and Enderby
Land. The basic contour interval of 1,000
feet is supplemented with 500-foot con-
tours in some areas. The maps are 25 x 33
inches. ($2.20 each)

• 1:1,000,000-scale series on a subdivi-
sion of the 1MW system includes maps
numbered according to the 1MW designa-
tion system. Each map is named for a
principal natural feature within its area
and covers 4 degrees of latitude; coverage
of the degrees of longitude varies as meridi-
ans converge toward the South Pole. ($3.60
each)

• A sketch map series that includes
shaded relief but not contours at the
1:500,000-scale is also published. ($2.80
ach)

• Satellite image maps are available for
hese areas: Ellsworth Mountains (blue-
one mosaic), 1:500,000, $3.60; McMurdo
ound Region (black-and-white image),
:500,00, $2.20; McMurdo Sound Region

black-and-white image), 1:250,000, $2.80;
cMurdo Sound (blue-tone image),

:1,000,000, $3.60; Victoria Land Coast
(blue-tone mosaic), 1:1,000,000; $3.60.

These maps may be purchased from the
astern Distribution Branch, U. S. Geolo-
ical Survey, 1200 South Eads Street,
rlington, Virginia 22202. For technical

i formation concerning maps, contact the
Antarctic Program Manager, Office of
International Activities, National Mapping

Division, U. S. Geological Survey, 515
National Center, 12201 Sunrise Valley
Drive, Reston, Virginia 22092 (telephone
703/860-6241).

DPP staff members
retire

In December 1984 Mortimer D. Turner,
manager for Polar Earth Sciences, and
Oscar C. Vigen, Budget and Planning Offi-
cer for the Division of Polar Programs,
retired from the Federal government.

Dr. Turner joined the National Science
Foundation's antarctic research program,
which was part of the Office of Special
International Programs, in 1959 as physi-
cal science administrator, a position that
he held until 1961. From 1962 to 1965, he
was a research associate in the geology
department of the University of Kansas.
He returned to the National Science Foun-
dation in 1965 as the project manager for
earth sciences in the Office of Antarctic
Programs, the first NSF office devoted
entirely to antarctic research programs. A
geologist, Dr. Turner received his bache-
lor of science degree in geological engi-
neering (1943) and his master of science
degree in geology (1954) from the Univer-
sity of California at Berkley and his doc-
toral degree in geology and metallurgical
engineering (1972) from the University of
Kansas.

During 16 years of service to the National
Science Foundation Mr. Vigen held vari-
ous positions. In 1970 Lt. Colonel Vigen
retired from active service in the U.S. Army
following a distinguished career that in-
cluded command of an infantry company
during some of the fiercest combat in the
Pacific area in World War II. After retir-
ing from the Army, he joined the Founda-
tion staff as a budget analyst. From 1970
to 1974 he was the senior program and
budget officer in NSF's Office of Plan-
ning and Resources Management. In 1974
he became the budget and planning offi-
cer for the Office of Polar Programs, which
became the Division of Polar Programs in
1976. Before joining the Foundation, Mr.
Vigen held various positions in the U.S.
Army.

Translations published
Volumes 51 and 53 of Problems of the

Arctic and Antarctic have been translated
from Russian for the National Science
Foundation and may be purchased from

the National Technical Information Ser-
vice (NTIS). The primary editor for this
series is A. F. Treshnikov.

Volume 51 (TT 81-52034), edited by
Yu. V. Nikolaev and V. G. Savchenko,
contains 24 papers that were presented at
the Fifth Annual Conference of Young
Specialists of the Arctic and Antarctic
Scientific Research Institute in March 1975.
Fourteen of the papers in this 183-page
volume consider various topics in meteo-
rology and oceanography. In 13 papers
authors discuss methods of forecasting ice-
cover changes that are related to meteoro-
logical processes and consider numerical
models for the evolution of hydrometeoro-
logical processes. The results of applying
diagnostic models to the study of large-
scale water circulation in the Arctic Basin
are included in the discussions of numeri-
cal models. Two other papers focus on
measurements and statistical analysis of
the interaction between atmospheric proc-
esses and oceanic processes and how this
interaction may affect statistical process-
ing of oceanographic data. The remaining
eight papers are divided into two groups.
Five papers present data on specific prob-
lems in geophysics. In three other papers
authors discuss problems in design and
construction of equipment developed to
measure hydrometeorological phenomena.

The 142-page volume 53 (TT 81-52035),
also edited by Yu. V. Nikolaev and V. G.
Savchenko, contains 19 papers that were
presented at the Sixth Annual Conference
of Young Specialists of the Arctic and Ant-
arctic Scientific Research Institute in Feb-
ruary 1976 in Leningrad. These papers con-
sider various topics that relate to arctic
and antarctic research. The first group
includes papers that consider methods for
forecasting and diagnosising hydrometeoro-
logical processes and phenomena; in these
papers the authors use hydrodynamic and
statistical models. In the second group the
authors discuss methods of applying sta-
tistical analysis to the classification of
hydrometeorological processes. The third
group is devoted to methods used for obser-
vations of different hydrophysical and
hydrological characteristics, as well as ana-
lyzing these observations. In the remain-
ing papers the authors discuss specific
problems in geophysics, the design of a
quartz clock developed for use in auto-
matic hydrometeorological instruments, a
psychological study of wintering person-
nel at three antarctic stations, and the dis-
tribution of hydrochemical elements in the
southern region of the Drake Passage.

The National Science Foundation ar-
ranges for these and other translations from
Amerind, a New Delhi contractor paid
using excess Indian currencies held by the
United States. Scientists are encouraged
to suggest titles of significant works for
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translation. Suggestions in letter form
should contain full bibliographic informa-
tion on the titles, evaluation of the work's
scientific importance, and description of
the anticipated audience in and benefit to
the United States. A copy of the book
should be sent if possible. The letter should
be sent to the Polar Information Program,
Division of Polar Programs, National Sci-
ence Foundation, Washington, D. C. 20550.
Usually more than a year is required for
translation and publications.

When ordering books from NTIS (5852
Port Royal Road, Springfield, Virginia
22151; telephone 703/487-4835), cite the
TT number. Because prices change peri-
odically, please contact NTIS for current
information before ordering. A list of other
books translated and published in this pro-
gram is available from the Polar Informa-
tion Program.

phy. Abstracts that may fall into more
than one category are listed in one section
only and cross-referenced at the end of
the other pertinent sections. Four indexes
are included—author, subject, geographic,
and grantee. The author index includes
coauthors and, for anonymous articles the
journal title. The geographic index con-
tains names of stations, places, and geo-
graphic features as approved by the U. S.
Board on Geographic Names. The grantee
index provides the names of organizations
and institutions that have received sup-
port from the National Science Foundation.

Abstracts are designed to be informative,
and no attempt is made to verify or criti-
cally evaluate the author's statement or
conclusions. For foreign-language arti-
cles, the title is given in English first with
the original title following in brackets.

The cumulative index to volumes S
through 12 covers over 12,000 abstracts
published between 1976 and 1982. It in-

cludes the same four indexes listed above
in the description of Volume 13. The first
13 letters of the alphabet (A through M)
used to identify the subject categories. Each
entry includes the volume number, a let-
ter to indicate the subject category, and
the accession number of the abstract.

Volume 13 of the Antarctic Bibliogra-
phy and the cumulative index are avail-
able for $19 and $21, respectively, from
the Superintendent of Documents, Gov-
ernment Printing Office, Washington, D.C.
20402. When ordering please cite stock
numbers SN 0303-018-00024-9 (Volume
13) or SN 030-018-00023-1 (Index to Vol-
umes 8-12). Some earlier volumes of the
bibliography may also be purchased
through the Government Printing Office,
although the first volumes are out of print.
An order blank for the bibliography may
be obtained from the Polar Information
Program, Division of Polar Programs,
National Science Foundation, Washington,
D.C. 20550 (Telephone, 202/357-7817).

New Antarctic
Bibliography volume
and index available

In late 1984 the Government Printing
Office released for sale the Volume 13 of
the Antarctic Bibliography and a cumula-
tive index covering Volumes 8 through
12. Part of a continuing series of compila-
tions and abstracts of antarctic literature
published since 1951, these volumes, like
previous volumes, were compiled by the
Cold Regions Bibliography Project of the
Library of Congress Science and Technol-
ogy Division. The National Science Foun-
dation has provided support to the Library
of Congress for this project since 1965.

Volume 13 contains 2,508 abstracts of
the world's antarctic literature and was
compiled over 18 months, ending Decem-
ber 1983. The 521-page, hardbound vol-
ume includes abstracts distributed in issues
119 through 136 of Current Antarctic Lit-
erature. This monthly bulletin, compiled
by the Library of Congress, is available to
qualified scientists and institutions through
the Polar Information Program of the
National Science Foundation's Division of
Polar Programs. A computerized data base
is used to generate the bulletins and the
bibliography's cumulative listings and
indexes. The base can be queried on line
as the COLD data base in SDC's orbit
bibliographic retrieval system.

The book is arranged in 13 subject
categories: general; biological sciences;
cartography; expeditions; geological sci-
ences; ice and snow; logistics, equipment,
and supplies; medical sciences; mete-
orology; oceanography; atmospheric phys-
ics; terrestrial physics; and political geogra-

Foundation awards of funds for antarctic
projects, 1 October to 31 December 1984

Following is a list of National Science Foundation antarctic awards made from 1
October to 31 December 1984. Each item contains the name of the principal investigator
or project manager, his or her institution, a shortened title of the project, the award
number, and the amount awarded. If an investigator received a joint award from more
than one Foundation program, the antarctic program funds are listed first, and the total
amount of the award is listed in parentheses. Although all awards listed below were
initiated by the Division of Polar Programs (and contain the prefix DPP in the award
number), some awards include antarctic and arctic funds.

Trivelpiece, Wayne Z. Point Reyes Bir
Observatory, Stinson Beach, Ca1iforni
Pygoscelid penguin population studie
DPP 83-14667. $150,160.

Earth sciences

Dalziel, Ian W. Lamont-Doherty Geoi-
logical Observatory of Columbia UniI-
versity, Palisades, New York. Evoli.4-
tion of the West Antarctic_Andeajn
Cordillera in the Scotia Arc regio
DPP 78-20629. $28,248.

Feldmann, Rodney M. Kent State Uni-
versity, Kent, Ohio. Paleoecology a d
paleobiogeography of decapod-ri h
assemblages on Seymour Island. D P
84-11842. $19,499.

Grew, Edward S. University ofMaire,
Orono, Maine. Late proterozoic gran.i-
lite facies rocks of the northern Prinice
Charles Mountains, East Antarcti4a.
DPP 84-14014. $100,778.

Phillips, Fred M. New Mexico Institiite
of Mining and Technology, Socorro,

(Continued on back page.)

Atmospheric sciences

Mende, Stephen B. Lockheed Missile and
Space Laboratory, Palo Alto, California.
Automatic geophysical observatory in
Antarctica. DPP 81-05624. $96,030.

Pomerantz, Martin A. Franklin In-
stitute, University of Delaware, Newark,
Delaware. Solar seismology at the South
Pole: studies of solar oscillations. DPP
81-19627. $101,935.

Wood, Frank B. University of Florida,
Gainesville, Florida. Automated pho-
tometry of selected stars at the South
Pole. DPP 84-14128. $19,957.

Biology and medicine

DeVries, Arthur L. University of Illinois,
Urbana, Illinois. The role of glycopep-
tide antifreezes in freezing avoidance.
DPP 81-16917. $9,752.

Thomas, Jeanette A. Hubbs-Sea World
Research Institute, San Diego, Cali-
fornia. Acoustic research on Weddell
seals. DPP 83-17708. $22,926.
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Weather at U.S. stations

November 1984	 December 1984	 January 1985
Feature	 McMurdo	Palmer	South Pole	McMurdo	Palmer	South Pole	McMurdo	Palmer	South Pole

Average temperature (°C)

	

- 8.2	0.9	-35.3	- 1.5	3.7	- 25.6	- 1.6	4.2	-34.9
Temperature maximum (°C)	 1.0 	8. 0	-24.5	7.7	9.5	14.0	4.0	11.0	-15.8
(date)	 (28)	(24)	(30)	(19)	(9)	(14)	(30)	(25)	(10)
Temperature minimum (°C)	-16.8	- 6.0	-51.0	- 9.1	- 1.8 	34. 7	- 6.6	- 0.3	-33.2
(date)	 ( 1 )	(3)	(4)	( 1 )	( 1 )	 (3)	( 11 )	(10)	(23/31)
Average station pressure (mb)	980.0	983.1	681.9	961.1	997.8	694.5	993.2	991.1	692.4

Pressure maximum (mb)	 996.3	1007.9	691.0	1003.0	1018.0	703.8	1004.7	1005.2	699.0
(date)	 (20)	(4)	(26)	(17)	(13)	(17)	(4)	(29)	(4)
Pressure minimum (mb)	 956.0	954.0	671.1	981.4	978.1	677.9	982.1	972.1	684.2
(date)	 (4)	(17)	(4)	(4)	(30)	(3)	(31)	(8)	(20)
Snowfall (mm)	 33.0	523.2	TRACE	81.3	238.8	TRACE -10.2	73.7	TRACE

	

Prevailing wind direction inn o fl711°	'fl0	11211°	ngoo	1211°
Average wind

(m/sec)	 5.1	5.6	4.0	4.4	3.8	3.7	4.6	5.3	3.3
Fastest wind
	 20.1	20.6	11.8	21.5	35.0	13.4	24.1	33.0	10.7

(m /sec)
	

(3)	(20)	(5)	(6)	(21)	(23)	(28)	(8)	(12/19)
(date)	 180 0	0300	3150	1700	0200	3600	1500	0800 0100/3600

Average sky cover	 6.4	8.9/10	.43	6.3	8/10	6.7	6.7	8/10	4.8
Number clear days	 13	1	15	1	1	8	1	0	16
Number partly cloudy days	 11	4	3	9	15	3	9	12	3
Number cloudy days	 6	25	11	21	14	20	21	9	11
Number days with visibility

less than O.4km.	 1.8	0.0	0.2	0.2	0.0	0.0	0.0	0.0	0.0
Prepared from information received by teletype from the stations. Locations: McMurdo 77°51'S 166°40'3E, Palmer 64 0 46'S 6403'W,
Amundsen-Scott South Pole 90°S. Elevations: McMurdo sea level, Palmer sea level, Amundsen-Scott South Pole 2835 meters. Siple Station
(75 0 55'S 83 0 55'W) was closed for the winter in January 1984 and will reopen in November 1985. For prior data and daily logs, contact
National Climate Center, Asheville, North Carolina 28801.
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New Mexico. Origins of salts in the ice-
free valleys of Victoria Land by
clorine-36. DPP 83-14621. $51,879.

Glaciology

Bentley, Charles R. University of Wis-
consin, Madison, Wisconsin. Glacio-
geophysical study of the interior Ross
embayment. DPP 84-12404. $490,455.

Faure, Gunter. Ohio State University,
Columbus, Ohio. Geological and geo-
chemical study of Elephant Moraine,
Allan Hills. DPP 83-14136. $34,540.

Kuiviven, Karl C. University of Nebraska,
Lincoln, Nebraska. Logistical support
for polar ice core drilling. DPP 83-
18538. $372,603 ($997,603).

Meteorology

Radke, Lawrence F. University of Wash-
ington, Seattle, Washington. The de-
velopment of a new data acquisition
and display system for the National
Science Foundation instrumented, ski-
equipped Hercules airplane. DPP 84-
15197. $149,343.

Wendler, Gerd. University of Alaska,
Fairbanks, Alaska. Katabatic winds in
eastern Antarctica. DPP 84-13367.
$99,326.

Ocean sciences

Biggs, Douglas C. Texas A&M University,
College Station, Texas. Nutrients and
ice shelf water along the barrier edge

of the Ross Ice Shelf. DPP 83-14177
$40,128.

Burckle, Lloyd. Lamont-Doherty Geophys-
ical Observatory of Columbia Univer-
sity, Palisades, New York. Late Qua-
ternary diatom dissolution patterns in
the southern ocean. DPP 84-00575.
$114,209.

Honjo, Susumu. Woods Hole Oceano-
graphic Institute, Woods Hole, Massa-
chusetts. Weddell Sea experiment.
DPP 85-01152. $23,376.

Hushen, W. Timothy. National Academy
of Sciences, Washington, D.C. An as-
sessment of physical and chemical
oceanographic research in the southern
ocean. DPP 84-13952. $15,000.

Kennett, James P. University of Rhode
Island, Narrangansett, Rhode Island.
Paleoenvironmental evolution of south-
ern high-latitude oceans based on deep-
sea sedimentary sequences. DPP 84-
16687. $78,984.

Von Herzen, Richard P. Woods Hole
Oceanographic Institute, Woods Hole,
Massachusetts. Heat flow investigations
in antarctic waters aboard RRS Dis-
covery. DPP 84-14173. $61,284.

Support and services

Becker, Robert A. ITT Antarctic Services,
Inc., Paramus, New Jersey. Support of
the United States Antarctic Research
Program during 1984-1985. DPP 80-
03801. $12,000,000.

DeVore, George W. West Florida State
University, Tallahassee, Florida. Cura-

torship of antarctic collections. DP
75-19723. $172,801.

Shoemaker, Brian H. Department of De
fense, Washington, D.C. Logistic sup
port of the U.S. program in Antarctic
DPP 76-10886. $40,000,000.

A WI-11N helicopter lands near a tent n
northern Victoria Land. The scientists wor -
ing at this site were participants in a geô-
logical and geophysical study of northern
Victoria Land during the 1981-1982 austral
summer.

NSF photo by Russ Kinre.
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