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U.S. Antarctic Research Program, 1972-1973
Review of year-round activities

This issue of the Antarctic Journal contains the second part of a review of U.S. programs in Antarctica during 1972-
[973. Included are descriptions of Stateside data analyses and reports on year-round scientific observations made at
tntarctic stations (including unmanned facilities) and from aboard satellites and research ships of the U.S. and other
;ountries. The first part of this review, in the July-August 1972 issue, described field activities that took place over
:he past austral summer. Because of space limitations in this issue, a few additional reports will be in the November-
December issue.

The NOAA antarctic meteorological
program

VAUGHN D. ROCKNEY

Overseas Operations 8Division
National Oceanic and Atmospheric A dministratio a

The National Oceanic and Atmospheric Administra-
ion meteorological program in Antarctica comprises two
ypes of atmospheric monitoring: (1) surface and upper-
hr weather conditions are measured and disseminated
mmediately to international users, as part of the World
Weather Watch of the World Meteorological Organiza-
ion, and, during the austral summer, to U.S. Navy
weather forecasters at McMurdo Station and at Christ-
:hurch, N.Z.; (2) the elements and compounds that
Tiake up the atmosphere are monitored to provide a data
ase for research on changes in air quality and variations
n climate. During the 1972-1973 season, a two-man Na-
:ional Oceanic and Atmospheric Administration-National
Weather Service team at Amundsen-Scott South Pole Sta-
ion carried out the following program:

1. Surface synoptic weather observations every 6 hours
2. Rawinsonde observations (measurement of pres-

;ure, temperature, humidity, and winds aloft) daily at
)000 Greenwich Mean Time

3. Continuous exposure of special air filters for later
inalysis by the Atomic Energy Commission, to determine
be amount and make up of radioactive debris captured
)y the filters

4. Collection of air samples in special evacuated flasks
For later laboratory analysis of carbon dioxide concentra-
:ions, by the Scripps Institution of Oceanography

5. Astronomical and weather conditions permitting,
itmospheric turbidity measurements were made, concur-
rent with surface synoptic observations

6. During the austral summer, additional surface and
ipper-air observing programs, as necessary, to provide
real-time information to support the aviation operations.

National Oceanic and Atmospheric Administration's
Environmental Research Laboratories also had one man

stationed at South Pole Station. His meteorological duties
included:

1. Measurement of the vertical profile of ozone and
radiation fluxes twice per month, simultaneously with
the rawinsonde observations, extending the National
Oceanic and Atmospheric Administration's long-period
investigations of the variations of ozone concentrations
and changes of radiation fluxes at this location

2. Total ozone observations thrice-daily, when weather
and astronomical conditions permitted, providing addi-
tional information about variations in atmospheric ozone

3. Continuous measurement at the surface of five radi-
ation parameters for the National Oceanic and Atmos-
pheric Administration's ongoing research on the earth's
heat budget

4. Daily Aitken nuclei counts to determine back-
ground levels of particulate burdening at the surface

5. Measurements of potential gradient, air-earth cur-
rent, electrical conductivity and the concentration of
cloud condensation nuclei to establish a baseline of the
electrical climate of the environment on the polar plateau.

The program for monitoring atmospheric constituents
at South Pole Station is designed to obtain measurements
in "clean" air. These benchmark measurements will be
used to determine long-term trends in the amount of
carbon dioxide and other gases, of particulates, and of
trace materials in the air, any of which might affect
weather and climate or serve as indicators of man's
impact on climate. Benchmark observations also are
made at the Mauna Loa Observatory, Hawaii (jointly
sponsored by the National Science Foundation and the
National Oceanic and Atmospheric Administration), at
the National Oceanic and Atmospheric Administration's
Point Barrow (Alaska) Observatory, and at Cape
Matatula, American Samoa. Two more locations are
planned, one on the West Cost of the United States
and another on Bermuda. Secular observations from these
present four locations will furnish information that will
enable scientists to judge the progress of progfams de-
signed to reduce pollution and to assess climatic changes
caused by man or by natural phenomena. The antarctic
work described here is supported by National Science
Foundation grant AG-267.
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The frequency of cyclonic vortices over
the southern ocean in relation to the

extension of the pack ice belt

W. SCHWERDTFEGER and ST. KACHELHOFFER

Department of Meteorology
University of Wisconsin

The belt of lowest mean monthly sea level pressure
around the Antarctic, separating the prevailing easterly
winds along the coasts of the continent from the wester-
lies in the middle latitudes, experiences a well-marked
semi-annual variation in its position. It is found at higher
latitudes in the spring and the fall, than in the summer
and winter months (Schwerdtfeger, 1970). On the other
hand, the pack ice area surrounding the continent clearly
exhibits a simple annual variation, extending farthest
north in the spring (September), and being closest to the
continent in the fall (Fletcher, 1969).

The question arises whether the position of the pack
ice border, with its inherent contrast between air-water
and air-ice interaction, has any noticeable effect on the
position of the belt of maximum cyclonic activity over
the southern oceans (Van Loon, 1967). To answer this,
statistics of the frequency of occurrence and certain
characteristics of the cloud vortices associated with cy-
clonic storms in the 40 0S. to 75°S. latitude belt have
been compiled, based upon an evaluation of National
Oceanic and Atmospheric Administration (then known
as Environmental Science Services Administration) south-
ern hemispheric mosaic satellite photographs taken dur-
ing the spring and fall. Two September (1967, 1969)
and three October months (1967, 1968, 1969) constitute
the spring data, while the fall sample consists of three
months each of March (1967, 1969, 1970) and Febru-
ary (1968, 1969, 1970). The number of days of usable
photographs was limited by the clarity and resolution
required for this analysis and occasionally by the need
for consecutive days of pictures. The latter condition
was desirable for the confirmation of doubtful cases and
for the determination of the movement of the vortices.
A total of 953 vortices on the mosaics for 113 spring
days were identified and used for the statistics, as well
as 1228 vortices of 170 fall days (Kachelhoffer, 1973).

The main answer to our question is that there is
highly significant relationship between the position o
the pack ice border and the latitudinal band of maximun
frequency of cyclonic vortices. North of 50 0 S. the vorte:
frequencies consistently are higher in the spring than it
the fall, while the reverse is true farther south. Statistica
significance tests have been carried through for variou
(2, 3, and 7) subdivisions of the entire (40 0 S. to 750S.
circumpolar belt (table).

Another interesting feature resulting from analyst
of the 1318 cloud vortices, identified at 2 or mor
consecutive days, refers to their longitudinal distribution
There are two clear maxima of the frequency of suci
vortices, between 30 0W. and 10 0 E. and between 160°'X
and 110 0W., both more pronounced in the spring that
in the fall. We can speculate that the maxima of cycloni
activity in these two sectors are related to the two mait
"ice factories" of the southern hemisphere, the Weddel
Sea and the Ross Sea. Indeed, the movement toward th
north and northeast of large amounts of ice from thes
two areas can contribute to increased horizontal tempera
ture contrasts, that is, increased baroclinity of the lowe
troposhere and consequently frequent development o
cyclonic storms.
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Contingency table for three latitudinal groups.

Season	 40 0 S. to 49°S
	

500S. to 59°S.	600S. to 75 0 S.	 Total

September + October	 358
	

412
	

183	 953

February + March
	

309
	

564
	

355	 1228

Sum	 667
	

976
	

538	 2181

X2 == 48.6, to be compared with 13.8 for the 0.1 percent probability of a random distribution.
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Local cooling effects of ice crystal
precipitation within and above the

antarctic temperature inversion

STEPHEN A. MILLER

Department of i%leteorolo,y
iJaizersit)' of Wisconsin

A gentle fall of ice crystals from what are often cloud-
free skies is a nearly continuous process over the ant-
arctic plateau, and one that may substantially contribute
to the annual accumulation. As suggested earlier (Miller
and Schwerdtfeger, 1972), these crystals likely form in
the warmer, nearly isothermal layer above the inversion,
as air advected from surrounding maritime regions raW-
atively cools.

Examination of the heat budget of individual crystals
suggests that ice crystal precipitation also may play a
significant role in the heat balance of the lower layers of
the antarctic atmosphere. Specifically, small concentra-
tions of ice crystals in the air can result in cooling rates
of the same magnitude as those produced by radiative
effects of carbon dioxide and water vapor. The physical
reasoning from which this result is obtained is outlined
below.

For equilibrium conditions, the temperature of a crystal
is determined by the balance between heat conduction,
radiative exchange, and latent heating. For antarctic con-
ditions with T < —35° C., the latent heat release for
a growing crystal will be slight, in comparison to the
other terms. In this case, the difference between the
crystal temperature and that of the ambient air is de-
termined by the radiation balance. Thus, if the radiation
emitted by the crystal (oc, 6 T 4 ( .rvc tl ) is greater than that
absorbed, the crystal will be cooler than the air sur-
rounding it and sensible heat will flow inward, by con-
duction. The magnitude of this heat flow is equal to
the surface area of the crystal times the difference between
absorbed and emitted radiative flux. For a crystal con-
centration of N/volume, the rate of temperature change
of the air will be proportional to N times the conductive
heat flow per crystal.

During the polar night, when short wave radiation is
absent, the radiation balance for crystals within and
above the inversion is negative (emitted radition >
absorbed radiation). This is especially pronounced in the
isothermal layer where air and crystal temperatures are
the warmest. For typical winter conditions within the
isothermal layer, and for a columnar crystal of dimen-
sions 500)< 100 /1, ( Tai ,. - T,. r vc t , , i ) was calculated to
be + 0.6°C. The crystal dimensions used in this calcula-
tion are typical of those most frequently observed (Kuhn,
1968).

The table shows the cooling rates for two values of
crystal concentrations, implied by temperature differences

Cooling rates of air due to the presence of ice crystals.

Number of crystals per liter	Cooling rate
T air - Tcrystal	 Degrees per day
(centigrade)	 (centigrade)

	

0.5	 1	 .52

10	 5.20

	

1.0	 1	 •1.00

10	 10.00

of this magnitude. While no accurate measurements of
crystal concentrations are available, the values given are
within the range of rough estimates (Kuhn, personal
communication, 197 1) and hopefully are representative.

By comparison, radiative cooling in the isothermal
layer, due to the presence of water vapor and carbon
dioxide, has been calculated numerically (Miller, 1973)
and found to be of the order of 3 0C/day. Below the
isothermal layer, where the air is colder and the vertical
temperature gradient becomes large, the cooling effect of
a given concentration of ice crystals diminishes. This
suggests that the influence of ice crystal precipitation on
the local heat balance will be of less importance within
the inversion, itself.

Since winter temperature changes are slight, above the
inversion, the two cooling processes must, on the average,
be balanced by heating from horizontal advection and
from subsidence. Note that increased thermal advection
(and therefore moisture advection) would result in
greater crystal production. This, in turn, would result in
increased local cooling and thereby might serve to stabi-
lize temperatures above the inversion. This work was
supported by National Science Foundation grants GV-
28810 and GA-16239.
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Surface measurements of Aitken nuclei
at McMurdo, Siple, Byrd, and South

Pole Stations

tain a component that varies with distance from major
aerosol sources.

J . A. WARBURTON

Desert Research Institute
University of Nevada Slstem

When a parcel of air is cooled adiabatically, the degree
of cooling will determine the degree to which the water
vapor in the air will saturate or supersaturate the parcel.
The Gardner condensation nucleus counter is a hand-
carried instrument that is used to collect an air sample
and subject it to an adiabatic expansion. The degree of
supersaturation achieved in the expanding in this type of
counter may vary, but typically it is 200 percent. Under
these conditions, a large percentage of the Aitken
(< 0.1 ttM) particles in the air sample are able to nucle-
ate water droplet growth. The density of the resulting
"fog" that is produced in the sampling chamber is used
to determine, from a calibration curve, the concentration
of particles in the air sample.

Many Aitken nuclei concentration measurements have
been made in many parts of the world. The range of
values observed is wide, typical concentrations being
10",/cubic centimeter in densely populated regions, and a
few hundred/cubic centimeter in mid-ocean locations in
calm conditions. Measurements also have been made
from aircraft, giving distributions with height above the
earth's surface (Junge, 1963).

Measurements of Aitken nuclei concentrations were
made over the snow surface at McMurdo, Siple, Byrd,
and South Pole Stations, during the 1969-1970 and 197 1-
1972 austral summers. The results obtained (using a
Gardner counter) are presented in the table.

The mean value decreases from about 1,000/cubic
centimeter at McMurdo to 1 50/cubic centimeter at
South Pole. The South Pole values agree within a factor
of 1.5 with values observed in mid-ocean locations. The
reduction with distance from the ocean on exposed land
masses might partially be explained by lower atmospheric
pressures, as reported by Junge, but also appears to con-

Reference

Junge, C. E. 1963. Air Chemist! ) and Radioiciiziiy. New York,
Academic Press. 382 p.

Friction layer characteristics over the
antarctic plateau

M. KUHN and A. RIORDAN

Institut f/Jr Meteorologie tind Geophysik
Unn 'ersity of Innsbruck, A us/cia

The surface of the inland ice sheet modifies the lower
antarctic atmosphere by two principal processes. Thermo-
dynamically, the radiative cooling of the surface effects
the cooling of upper air layers and thus creates and
maintains the temperature inversion. Aerodynamically,
surface friction transforms kinetic energy into turbulent
energy, thereby governing the vertical shear of wind
speed and direction. Although the two processes are not
independent, the transport of heat and that of momentum
can be separated analytically.

Analysis of abundant micrometeorological data from
the 32-meter tower at Plateau Station revealed some re-
markable characteristics of the friction layer as it relates
to the extreme temperature inversion. Data were grouped
into 13 independent classes according to thermodynamic
stability and azimuth of the surface stress. Preliminary
results are illustrated in the table. The friction layer's
height, denoted as Z in the table, is that at which the
effect of surface friction vanishes. In most cases, the
value of Z must be considered an estimate, since for its

Aitken nuclei concentrations (N).

Mean value
Number of	 nuclei/cubic centimeter
observations	 (N)

12	 960±10

16	 460±6

18	 250±9

7	 150±20

ANTARCTIC JOURNAL

Measurement
	

Altitude (kilometers)
site	 above mean sea level

McMurdo

Byrd	 1.5

Siple	 0.8

South Pole	 2.8
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Computation Scheme

u-	 U8,,

Figure  1.

computation observed wind profiles were extrapolated
beyond 32 meters. In several instances, however, Z is
within 10 meters of the tower's top. Values of Z in mid-
latitudes generally are at least 10 times greater than those
computed for Plateau Station (where extreme atmos-
pheric stability has been measured). Presumably this
must affect determinations of the friction layer's height,
although systematic reduction in Z with increasing sta-
bility can be seen only within the 400 to 600 azimuth
class and otherwise appears to be independent of relative
stability. No definite relationship between stability and
friction layer height was found in the 13 classes. The
value of Z could not be determined in two of them.

The values of friction velocity \/'7given in the
table, range from 5 to 18 centimeters per second with
most between 9 and 14 centimeters per second. By com-
parison, computed values of friction velocity at the South
Pole (Dalrymple et al., 1966) were found to be between
10 and 30 centimeters per second, at Little America V
(Lettau et al., 1967) between 20 and 40 centimeters
per second, and at Maudheim (Lilejequist, 1957) be-

Mean Observed Hodograph

u (m/sec)

	

0	1	2	3

VU-I_0__' 15

2 -1^
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'.232\
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\ 8	

24•.

_16/

•	•1
halt meter wind azimuth 470
height of friction layer ' 44 M

Figure 2.
Mean Observed Hodograph

u (m/sec)

V

0 40
2

	

2	 .2

\4	
6

half meter wind azimuth 15'
height of friction layer	52m

Figure 3.

tween 9 and 35 centimeters per second for windspeeds
comparable to those at Plateau Station. Since friction
velocity or surface stress increase with wind speed, sur-

Computed Stress
Hodograph

0 20 40
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Computed Stress Hodograph
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Friction parameters grouped according to relative stability S, and
azimuth of the surface stress a.

a	 N	Z
	

C4	 C
	

E6	 d
	

hK	hp

	0-200	18	60	9.7
	

0.030
	

0.020	0.03
	

322°
	

4
	1

14	52	9.1
	

0.029
	0.018	0.03

	
308°
	

4
	

0.5

	

20-40 0	33	56	12.2	0.037
	0.022
	

0.05
	

347°
	

5
	

1
22	56	13.0	0.043

	
0.024
	

0.04
	

312°
	

4
	

1
10	52	5.0

	0.016
	

0.014
	

0.01	100	 0.5

	

40-60 0	43	56	17.5	0.039
	0.021	0.16

	
23°
	

5
	2

16	52	12.1	0.035
	0.021	0.05	14°

	
3
	1

22	44	13.8
	0.044
	0.021	0.06

	
7°
	

2	1
20	36	13.9

	0.042
	0.023
	

0.06
	

13°
	

4
	

1

	

60. 80 0	15	48	10.3
	

0.037
	0.022
	0.02
	

69°
	

4
	

1

	

80. 120 0	15	24	11.5	0.035
	0.017
	0.04
	

88°
	

4
	

1

N is the number of half hourly averages used; Z the height of the friction layer in meters; TO/P the friction velocity in cen-
timeters per second; C4 the drag coefficient using wind speed at 4 meters; C the drag coefficient using average wind speed of
the friction layer; E the total kinetic energy dissipated from the mean flow; h 1 height in meters of the boundary layer as de-
fined by Kraus, and h as defined by Prandtl; d is the 32 meter wind direction.

September-October 1973	 237



face properties at various stations can better be compared
in terms of the drag coefficient C = \/ 7/V (where
V is a characteristic wind speed). If V is the wind speed
at 4 meters, C4 at Plateau is 0.035 as compared to 0.037
at Little America and 0.042 at South Pole. The standard
deviation of the 11 values of C 4 computed at Plateau
Station is reduced when the reasonable assumption is
made that V be the average geostrophic speed in the
computed friction layer. The average drag coefficient
then becomes 0.020.

The total energy E t loss due to surface friction was
computed by using the relation

E t = Vgo To cos Cc 0'

where Vg,, is the surface geostrophic wind, T,, the
surface stress, and w 0 the angle between the two. The
total energy (dissipation of kinetic energy) shown in the
table varies from 0.01 to 0.16 watts/M 2, depending on
both the surface stress value and the wind speed in the
free atmosphere above the friction layer. The mean value
of 0.05 watts/M 2 is 40 times smaller than the estimated
mean global E t value of 2 watts/M2 and is roughly four
orders of magnitude less than incoming solar radiation.
The effect of frictional heating in the total heat budget
therefore is negligibly small.

The upper limit of the surface boundary layer is de-
fined as that height at which the vertical flux of kinetic
energy becomes nondivergent; that is, where

ifff =0
(Kraus, 1972). These heights are given in the table as
hk . For comparison, h gives the height of the surface
boundary layer defined by that layer where r. - T is
less than or equal to 0.1 To.

Fig. 1 schematically illustrates the method used in
computing friction layer characteristics. All class mean
wind hodographs were assumed to represent non-acceler-
ated flow with no vertical motion. The coordinate system
was defined so that the negative v axis was directed
along the 1/2 meter wind vector with the u axis directed
90 0 to the left. The system's mean difference between
the observed v component and the geostrophic vg com-
ponent must be identically zero when integrated over the
friction layer. The analogous u-u,, difference in the
friction layer must be equal to TO/p . Note that Ug and
vg are not constant with height, but decrease upward
due to the influence of a large thermal wind vector
(having the components of u and v 1 ). This arises due
to the inversion slope produced by the topographic
gradient (Lettau and Schwerdtfeger, 1967; Schwerdtfeger
and Mahrt, 1968). Assuming an inversion slope of
1/1000 at 60 0 azimuth, the thermal wind vector was
computed from the mean observed temperature gradient
for each class. The resulting ageostrophic hodograph is
assumed to depend only on friction. Figs. 2a and 2b illus-
trate observed hodographs and resulting computed stress
spirals. Results appear very encouraging for each class
with a surface stress azimuth greater than 40 0 . These

have shapes similar to that shown in fig. 2a. The assump-
tions apparently do not hold true for the other cases, as in
fig. 2b. Airflow from the 270° to 360 0 sector may have
been disturbed by internal wave motion as occasionally
was evidenced by wave cloud observations, and therefore
may violate the assumption of geostrophic balance. Fur-
ther analysis of less stable cases as well as additional
wind azimuth groups is planned.
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1972 solar cosmic ray events

A. J . MASLEY and M. B. BAKER

Space Sciences Department
McDonnell Douglas Astronautics Company

During 1972 we observed 9 solar cosmic ray events
with greater than 0.4 decibel absorption at 30 megahertz
(table). This compared to 11 in 1971 and 14 in 1970.

The August 2 and 7, 1972, solar cosmic ray events
were the largest observed since the McDonnell Douglas
Polar Station Program began operation in February 1962
(Baker et al., 1972; Masley and Baker, 1972). Our
analysis of riometer data suggests that the peak intensities
for >10 megaelectronvolts were comparable to those
during the November 12, 1960, event. During this event,
the McMurdo Station area experienced only short periods
of daylight, as shown by the arrows in fig. 1. Shepherd
Bay Station had continuous sunlight down to 30 kilo-
meters, although the earth's shadow reached a higher
level each day and was at 23 kilometers on August 10.
A significant diurnal effect is shown in the data.

Riometer absorption at 30 megahertz began to increase
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at about 0800 on August 3, at both polar stations. Sig-
nificant radio noise was seen on the Shepherd Bay rio-
meters during the period 2000-2400 on August 2. At
0000 on August 4, the absorption rapidly began to in-
crease. The Shepherd Bay 30 megahertz riorneter was
saturated from about 1120 to 2330 on August 4. The
McMurdo 30 megahertz riometer was saturated from
2110 to 2250 on August 4, just before McMurdo sunrise
at 30 kilometers (fig. 1).

Until August 7 the absorption decayed. At 1600 on
August 7, 30 and 50 megahertz radio noise was observed
at Shepherd Bay. At 1770 absorption increased, reaching
15 decibels for 30 megahertz at 0030 on August 9.

Determination of space particle intensity

Using the relationship between riometer absorption
and the intensity of > 10 megaelectron volts protons,
established by Kane and Masley (1969, 1972), the par-
ticle intensity can be determined

ABs(dB) () = 0.32 J 1/2 (>l0)/cm2 - sec - ster

During the period when the 30 megahertz riometer
was saturated, the 50 megahertz absorption was used
(fig. 2). The 30 megahertz/So megahertz ratio deter-
mined during other parts of the event was used to obtain
the effective 30 megahertz absorption. We therefore
had continuous, unsaturated absorption measurements
throughout the event. Although this is one of the major
reasons for operation of a 50 megahertz riometer, in
addition to 30 megahertz, this was the first time it was
required during the past 11 years. The peak intensity
for greater than 10 megaelectronvolts protons inferred
from the riometer measurements was —3 X 10 4/cm2 -
sec - ster at 2130 on August 4. Since many satellite
experiments were saturated or had undetermined intensi-
ties during this event's peak, this information may be
helpful in interpreting satellite data. The intensity is
equivalent to the peak greater than 10 megaelectronvolts
intensity during the November 12, 1960, event, one of
the largest observed to date.

The McDonnell Douglas polar station program was
supported by National Science Foundation contract C-393
and the McDonnell Douglas Independent Research and
Development Program. Station operation currently is
supported by Air Force Office of Scientific Research
contract F44620-73-C-0063, with logistic support in the
Antarctic provided by the National Science Foundation.
We are indebted to the Canadian Government for allow-
ing operation of the Shepherd Bay Station, Northwest
Territory.
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Cosmic ray intensity variations in
Antarctica

MARTIN A. POMERANTZ and SHAKTI P. DUGGAL

Bartol Research Foundation of The Franklin Institute
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AUGUST, 1972

Figure 1. Nucleonic intensity at the South Pole during the August
1972, record-breaking cosmic ray storm. The magnitudes of the
galactic ray intensity reductions (Forbush decreases) and of the
relativistic solar particle fluxes (ground level events) exceeded

those at any other earth station.

an increase that significantly was above the pre-storm
level. This meant that, at first sight, the August 4 fluctu-
ations at these stations appeared to constitute the usual
precursor associated with the second Forbush decrease,

South Pole

Last year's review (Pomerantz and Duggal, 1972) re-
ported the observation, on September 1, 1971, of an
exceedingly rare event: the arrival of solar cosmic rays
produced on the sun's invisible disk, far beyond the
limb. The abnormal and unexpected north-south asym-
metry, manifested by the significant difference in the
McMurdo-Thule intensity vs time profiles, stimulated an
intensive analytical study. The surprising results of this
recently completed analysis (Duggal and Pomerantz, in
press) are having great impact upon our basic under-
standing of important solar phenomena.

The most exciting occurrence during 1972 was a rec-
ord-breaking cosmic ray storm that commenced on August
4, 1972 (Pomerantz and Duggal, 1973). The magnitude
of all of its features was greater at South Pole Station
than at any other station in the world.

Fig. 1 shows that (in addition to the enormous galactic
cosmic ray flux reduction, reflected in a total diminution
of the nucleonic intensity of about 35 percent) there
were two ground level events (GLE) representing the
arrival of relativistic solar particles. Because there was
not a normal time association between GLE-1 and an
appropriate solar flare, it unambiguously was identifiable
only in the data from South Pole Station (Pomerantz
and Duggal, in press). In fact, as fig. 2 shows, the sea
level polar stations Thule and McMurdo did not reveal

,Thule
Ei

jk
McMurdo'7
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Figure 2. Observations of ground level event 1 on an expanded
scale, as recorded at several polar stations. Because nucleonic
intensity at the South Pole exceeded the pre-storm level 10 per-
cent), this feature represented the arrival of relativistic solar

cosmic rays.
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Figure 3. Plot of the 6-minute average percentage increase from
minimum intensity at South Pole and McMurdo Stations during the
recovery phase of Forbush decrease 2. The data were normalized
by dividing the South Pole values by 1.65. Tracking of the two
profiles proves that no burst of relativistic solar cosmic rays ac-
companied the pulse of low energy particles detected during this

period by instruments placed aboard spacecraft.

FD-2. Analysis of the high time resolution data dis-
closed that a burst of about 68 percent was registered in
a 10-minute interval at the South Pole.

GLE-2 on August 7, 1972, was highly anisotropic and
generally appeared to be 'typical," in marked contrast
with its highly unusual predecessor (GLE-1) that was
characterized by an abnormally steep spectrum, and con-
sequently by a velatively short atmospheric absorption
mean free path.

A distinct north-south asymmetry occurred during the
on-set phase of FD-1 and throughout FD-2, with mini-
mum intensity in the Antarctic. The maximum modula-
tion of the galactic flux during FD-2 occurred somewhere
near 60 0 west of the sun-earth line.

The pulse-like sharp recovery between 0300 to 0500
Universal Time on August 5 was coincident with a
sudden rise in the considerably lower-energy solar parti-
cles recorded by detectors aboard spacecraft. However, as
illustrated in fig. 3, comparison of data recorded at Mc-
Murdo and South Pole Stations proves that the cosmic
ray spectrum at this time did not differ from that which
prevailed during the cosmic ray storm immediately before
and after this period (Pomerantz and Duggal, in press),
leading to the undisputable conclusion that no detectable
flux of particles with relativistic energies simultaneously
was reaching the earth. This work was supported by the
National Science Foundation.
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VLF electrical properties of the ice sheet
measured at Byrd Station

J . C. ROGERS

Geophysical Institute
University of Alaska

I, C. PEDEN

Department of Electrical Engineering
University of Washington

This article summarizes results of the first in situ
measurements of the dielectric and loss properties (com-
plex permittivity parameters) of deep antarctic ice, as
functions of vertical depth. In 1968, the U.S. Army
Cold Regions Research and Engineering Laboratory,
Hanover, New Hampshire, successfully completed the
first drill hole to the bottom of the ice sheet at Byrd
Station (Gow ci al.. 1968). The results, summarized
here, are of interest to glaciologists as well as to polar
scientists studying radio propagation over the ice cap in
the VLF range, the polar ionosphere, and the operation
Of vi.F antennas in the antarctic environment.

During the 1969-1970 austral summer, an electrically
short dipole probe with encapsulated instrumentation
was used in the 2 164 ' -meter-deep  drill hole, to obtain
measured probe admittances at 5 discrete VLF frequen-
cies (1.25, 2.5, 5, 10, and 20 kilohertz). Direct measure-
ments were made down to the 1500-meter level, and the
dielectric properties later were extrapolated to the bottom
of the ice sheet. The latter procedure was necessitated by
closure of the lower 30 percent of the drill hole before
the experiment could be performed (Peden and Rogers,
197 1). Permittivity properties of the fluid in the drill
hole also were measured as functions of depth, as was
the hole diameter (Rogers and Peden, 1972). Using
these data, the input admittance of the fluid-sheathed
probe can be related unambiguously to the relative com-
plex permittivity of the ice external to the sheath (Rogers
and Peden, 1973). A simple 3-element equivalent circuit
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whose frequency-independent capacitor elements experi-
mentally were determined provides a means to reduce the
data to the desired form. This work was done at the
University of 'Washington, subsequent to the in situ
measurement phase, using a laboratory model.

Fig. 1 displays the results at three frequencies; the
real and imaginary parts of the complex relative per-
mittivity 1 * = ' - j 1 " are plotted as functions of
vertical depth. In a lossless material, 1 ' would be
referred to as the dielectric constant; 1 " accounts for the
electrical losses of the ice. Theoretical values have been
calculated for pure ice based on a Debye relaxation mech-
anism and the temperature profile of the drill hole
measured by Gow et al. These values are plotted in
fig. 1 as dashed lines. The close relationship between
ice temperature and its complex permittivity is apparent
from examination of the measured results. It has been
determined that other physical variables such as crystal
structure and ash content do not influence the measured
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results enough for detection by means of the dipole
probe technique (Rogers, 1972).

An extrapolation procedure was worked out for the
complex permittivities below 1500 meters. Fig. 2 illus-
trates the results at the three VLF frequencies under
consideration, and compares them with the appropriate
values calculated for pure polycrystalline ice.

It is interesting to compare this study's results with
those obtained by other workers using different measure-
ment techniques. Effective bulk average values of the
complex permittivity were obtained from surface meas-
urements of the amplitude and phase of the VLF near-
fields surrounding the 34-kilometer dipole antenna that
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formerly was in operation near Byrd Station (Peden,
1972; Peden et al., 1972). Crary and Crombie reported
on a related parameter at 16 kilohertz, namely the de-
duced conductivity of the ice sheet based on the attenua-
tion of vl.F signals traveling over very long paths that
included Byrd Station and Rugby, England (1972).
Interpolating the permittivities obtained from the in situ
measurement to obtain a 16 kilohertz value of ", it is
found that the ice in the upper 1500 meters is not as
lossy as would be expected from the results of Peden
et al., while the deeper ice is lossier. The' results of
Crary and Crombie compare most favorably with the
extrapolated 2 150-meter results of the drill hole measure-
ment. Clearly the ice sheet can not accurately he repre-
sented in the VLF range as a uniform, isotropic, lossy
dielectric. Nevertheless, useful approximate values of . *
can be obtained from surface measurements in situations
where drill holes are not available.

The data presented here represent the results of the
first in situ measurements of an important electrical
parameter of the ice sheet, as functions of depth and of
VLF frequency. They are the most accurate presently
available for the ice mass covering the interior of Ant-
arctica. The authors gratefully acknowledge the support
of the Office of Polar Programs, National Science Foun-
dation, and the assistance of members of the Cold Re-
gions Research and Engineering Laboratory team at Byrd
Station, as well as the skilled support of the U.S. Navy.
The work was carried out under National Science Foun-
dation grant GV-29356.
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Observed ionospheric scintillations

ARNOLD J . TUCKER

Applied Research Laboratories
University of Texas, Austin

The doppler shift of C-W signals, transmitted from
geodetic and navigational satellites, was recorded at the
Geodetic Satellite Observatory, McMurdo Station. These
recorded data are on paper tape and were sent to the
U.S., for analysis. Initial analysis of these data consists
of comparing each set of experimental data to a set of
theoretical data for each satellite pass. The residuals
resulting from differences between the experimental and
the theoretical data are minimized by a least squares so-
lution. The station position and station frequency are the
parameters of the least squares solution. The root mean
squares of each set of residuals is computed and is re-
ferred to as the filter noise. This filter noise is a measure
of the noisiness of the experimental data. A determina-
tion of the nominal value for the filter noise can be
based on the characteristics of the equipment. Since the
performance of the equipment is relatively constant, any
variations in these results can be associated with the
propagation conditions along the signal path. Using large
values of filter noise as a criterion for possible scintilla-
tions along the propagation path, specific sets of residual
data were selected for more thorough analysis.

Plots of the residual data were obtained for each of
these sets of data. The segments of each pass that
denote noise data were marked and the times of occur-
rence of the scintillations were determined. The region
of the ionosphere where these scintillations occur was
assumed to be at an altitude of 300 kilometers. Using the
orbital parameters of the satellite and the location of the
ground station, the penetration of the propagation path
between the satellite and ground station (with the iono-
sphere at 300 kilometers) was computed for each seg-
ment of these passes where there were scintillations.
Noted was the spatial location and the time of occurrence
of these scintillations.

Similar data are being recorded at South Pole Station,
at Casey Station, and at Palmer Station. These data will
be processed and analyzed, using the methods described
above, and combined with the results ftom McMurdo
Station to show the spatial and time dependence of the
observed scintillations.
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An investigation of high latitude
ionospheric absorption

HUGH J . A. CHIVERS and W. JAN AXFORD

Department of Applied Physics and Information Science
University of California, San Diego (La Jolla)

Throughout 1972 a newly-designed riometer was op-
erated in the Unmanned Geophysical Observatory located
at McMurdo Sound. The new instrument was designed
specifically to Operate by using the small amount of
power available within the observatory capsule. The new
design made it possible to observe ionospheric absorp-
tion with a time constant that was an order of magnitude
faster than previously available (0.2 seconds). An in-
tegral calibration system assured that the performance of
the instrument readily could be monitored throughout
the year. The data was received in real time, in the U.S.,
along with data from other sensors connected to the
Observatory, by using the Intelsat communications satel-
lite which is located above the central Pacific and visible
from McMurdo and California.

During August 1972, there occurred a series of major
solar flares that temporarily cut off the traditional high
frequency communication channels to and from Ant-
arctica. Since the satellite telemetry link operates at an

extremely high frequency, however, the transmissions
continued unaffected throughout the course of this major
absorption event which persisted for about 7 days. The
absorption data was analyzed by processing the telemetry
magnetic tapes with a digital computer. The profiles of
absorption versus time are shown in figures 1 and 2,
where it can be seen that the absorption reached a
saturation level of 12.6 decibels on August 4 at 2100
Universal Time. The second major absorption period
resulted in a peak absorption of about 6 decibels at 0100
on August 9. These profiles of absorption have been
examined in detail and compared with the flux of pro-
tons directly recorded in space by satellite. It has been
shown that short-term variations in the proton flux are
followed, after a delay of about 1 hour, by similar
fluctuations in the amount of absorption due to the
ionosphere. Since the amount of absorption is caused
directly by the influx of protons from space, the absorp-
tion records obtained in this case give a direct measure-
ment of the time taken for protons to flow along the
magnetic fijd lines, from the region of the satellite, into
the earth's atmosphere.

Analysis continues on the absorption events recorded
during 1972. An additional riometer operating at 50
megahertz was installed in the Unmanned Geophysical
Observatory during January 1973.  Unfortunately it funda-
mental failure occurred in the observatory shortly after
the departure of the scientific team from McMurdo.
Therefore no data since has been transmitted to the U.S.
from this system.

30Mhz riometer at McMurdo Station
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Atmospheric electric program

WILLIAM F. COBB

National Oceanic and Atmospheric Administration
Atmospheric Physics and Chemistry Laboratory, Boulder

New instruments designed to measure atmospheric
electric parameters at South Pole Station were tested
during the 1972-1973 austral summer, in preparation for
the 5-year measurement program to begin in November
1973. The program's purpose is to establish an "environ-
mental benchmark" of atmospheric electrical parameters
sensitive to air pollution levels, and also to investigate
the mechanisms that control and maintain the constant
flow of electrical current between the earth and the
ionosphere.

Ten successful balloon flights were made, using radio-
sondes modified to measure the ionosphere-earth conduc-
tion current. This was the first time such measurements
have been made from South Pole Station. Simultaneous
balloon measurements were made at several northern
hemisphere sites: Boulder, Colorado; White Sands, New
Mexico; Duluth, Minnesota; and Thule, Greenland. A
cooperative program between the Atmospheric Physics
and Chemistry Laboratory, National Oceanic and At-

mospheric Administration, Boulder, and the University
of Minnesota, Duluth, has been established to coordinate
simultaneous balloon flights in both hemispheres.

A widely accepted hypothesis claims that the flow of
electrical current from the ionosphere to the earth, in
fair-weather regions, is returned to the ionosphere where
there are thunderstorms. Balloon measurements of the
current flow at different latitudes are expected to help
explain this hypothesis as well as extra-terrestrial effects
often manifested in polar auroral activity.

Long wave antarctic radiation
budget anomaly

P. M. KUHN and L. P. STEARNS

National Oceanic and Atmospheric Administration
Atmospheric Physics and Chemistry Laboratory, Boulder

Vertical profiles of the thermal or infrared radiation
budget over South Pole Station were initiated by balloon
radiometersondes (Suomi and Kuhn, 1958) during the
1959 austral winter. The radiometersonde or radiation
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sonde that links the 'poor man's" radiometer to the
conventional U.S. radiosonde provides independent ob-
servations of the upward, downward, and net (upward
less downward) radiant flux or irradiance every 150
meters during balloon ascent. The atmospheric cooling
(°C. day') is derived from the divergence with height
of the net radiation. These observations begin at the air-
ice interface and continue upward to balloon burst (aver-
aging some 28 kilometers).

An important feature of the research has been the use
of the same design and material fabrication of the radio-
metersonde since its 1959 inception in antarctic research.
Therefore, conclusions can be drawn concerning changes
with time of atmospheric thermal radiation profiles.

A first conclusion relates to changes in the observed
radiative cooling, T/ t (°C. day- 1 ), a function, as
stated, of the divergence with height of the net radiation
flux. Since 1963 this quantity noticeably has increased in
the mean. One should consider the noise equivalent re-
sponse of the radiometersonde or the minimum detectable
change in the measured cooling due to radiation di-
vergence. This is ± 0.4C. day- 1 by the expression for
radiative cooling derived from the first law of thermo-
dynamics. The mean, winter antarctic (Pole Station)
columnar cooling due to radiation from 500 to 100
millibars, increased by 0.25C. per day during 1963 to
1972. Since our standard error (6 N—A, where 6 is
the root mean square error or minimum detectable signal
of the radiometersonde, ±0.4C. day — ', and N is the
mean number of observations of the same atmospheric
layer, equal to approximately 10) is about ±0.3C. day—',
the increase in cooling of 0.25C. day — ' statistically is
significant.

The second conclusion related to atmospheric monitor-
ing of the profiles of radiant flux and derived parameters
over Antarctica, is that calculations and observations of
downward directed radiant flux for the same balloon
sounding show a decreasing difference (calculated minus
observed flux) when the same atmospheric transmission
model is employed with the same spectral resolution,
10.0 cm- 1 , for the data of the 9-year period. In all
cases aerosol effects on the downward flux are omitted,
but included are mean cloudiness effects when reported
for cirrus and altostratus clouds. This is accomplished by
introducing a volume absorption coefficient of 1.0 x iO
cm- 1 . By adjusting this cloud volume absorption co-
efficient in the radiative transfer equation and assuming
a droplet or particle distribution through Mie theory
computations, one could conclude approximate figures
for the liquid water content. This is being attempted.
The question of calculated versus observed radiant flux is
a long-standing problem that requires direct observa-
tions in the least contaminated atmosphere, presumably
the Antarctic, to minimize the number of variables in the
transmission model employed.

The inference from both conclusions is that cloud or

moisture 'contamination" decreased over the Antarctic
from 1963 through 1972. Observations and related
calculations are planned at least through 1976, in an
attempt to validate this apparent change in atmospheric
transmission in the infrared above Antarctica.

Pulsating auroras over conjugate areas
H. C. STENBAEK-NIELSEN and E. M. WESCOTT

Geophysical Institute
University of Alaska

R. W. PETERSON

Los Alamos Scientific Laboratory
University of California. Los Alamos

Auroral forms that pulsate with quasi -period icities of
0.1 to 10 seconds are fairly common features of the
post-midnight displays. A number of such auroras pul-
sating in phase over conjugate areas has been identified
in both television and all-sky camera data (Davis, 1969;
Stenbaekk-Nielsen et a/., 1972). The conjugate data used
were obtained in 1967 and 1968 from jet aircraft flights
along conjugate paths through the auroral zone south of
New Zealand, towards Antarctica, and concurrently over
Alaska. To investigate whether the in-phase pulsation of
auroras in conjugate areas is a general characteristic of
pulsating auroras, television cameras equipped with wide-
angle lenses (105 0 field of view) were placed aboard
conjugate flights in 1970 and 1971. With the cameras'
wide-angle lenses, a sufficiently large portion of the sky
can be photographically observed, thereby eliminating
the possibility of conjugate auroras not being simultan-
eously within the field of view because of conjugate point
wandering that may be as much as a few hundred kilo-
meters (Stenbaek-Nic!sen et al., 1972).

Several hours of wide-angle television data on
sating auroras has been obtained. The greater part of this
data was recorded on September 18, 1971, when bright
pulsations were seen in the recovery-phase that followed
a very spectacular auroral break-up. To ease the data
reduction we made a movie of selected sequences of
auroral pulsations. The movie shows the television data
from the conjugate areas, visually oriented side-by-side
so that the two television data sets ideally are mirror
images.

Analysis of that data still is in its early stages, but
from watching the movie the general conjugacy of pul-
sating auroras is not obvious. Some auroras may pulsate
in phase at conjugate points while others are pulsating
with an identifiable phase-shift or with no recognizable
hemispherical relation.

Based on the conjugate properties, therefore, it appears
that there are different classes of pulsating auroras. The
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objective of the continuing analysis is to define these
classes of pulsations and possibly relate them to the vari-
ous types of micropulsations. If we can succeed in this,
we should have new insight into the auroral acceleration
mechanisms.

The Geophysical Institute's participation in this P'°-
gram has been funded by National Science Foundation
grant GV-28809. Work at the Los Alamos Scientific
Laboratory has been done under the auspices of the
Atomic Energy Commission.
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Auroral photometry at South Pole Station

S. B. MENDE

Lockheed Research Laboratory, Palo Alto

A Lockheed six-channel tilting filter auroral photo-
meter has been operated at South Pole Station. It moni-
tors features of the optical Aurora Australis, the southern
counterpart of the well-known "northern lights." Re-
cently it was realized that careful measurement and
interpretation of optical auroras is of use in deriving the
gross properties of particles causing the auroras. The
impact of these energetic magnetospheric particles on the
amtosphere produces a fluorescence that is the optical
aurora. The magnetosphere, the earth's magnetic cavity,
is populated by many types of particles of varied energies.

Part of the magnetosphere, the dayside cusp region
(fig. 1) (delineated by spacecraft and by ground-based
observations), represents a magnetic funnel through
which particles enter the inner magnetosphere. These
particles are supposed to arrive fresh; that is, they have
not been through the magnetospheric acceleration proc-
esses and are less energetic. South Pole Station is ideally
located to observe and monitor the properties of these
lower energy auroral particles. Because of the South
Pole's darkness during the austral winter, it is ideally
suited for constant monitoring of the auroral zones. This
is particularly important in the study of dayside cusp
auroras that are not observable from other locations on
the earth.

Learning the properties of precipitating auroral par-
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Figure 1. A schematic view of the earth during an austral winter,
showing the positions of the auroral zones and of the poles.

tides requires an absolute and simultaneous measurement
of four to five auroral emission lines and molecular
bands. A complete sky map of various emission features is
necessary to map the spatial properties of these particles.
Auroras generally show a certain amount of east-west
symmetry. To reduce the data volume to a manageable
size, we take advantage of this fact and restrict our
spatial coverage to the geomagnetic north-south meridian.
This way we can learn much about the aurora's latitudinal
properties as a function of local time. The meridian
scanning mirrors used at South Pole Station are shown
in fig. 2.

ti1t.
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Figure 2. The photometer meridian scanning mirrors, with South
Pole Station in the background. The light from the left (move-
able) mirror is reflected into the fixed mirror, and then down into

the photometer.
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The experiment uses a six-channel photometer with a
tilting filter spectral scan for maximum background dis-
crimination. Simultaneous magnetic tape and chart re-
cording ensures the ease of on-line monitoring and the
convenience of computer analysis.

The experiment was conducted during the 1972 austral
winter, During the austral night the experiment ran
continuously, except when data-taking was inhibited by
the moon or inclement weather. However, there was
very little weather obscuration at South Pole Station.
Forty-three raw data tapes were taken, and data analysis
is in progress. Data-handling software has been devel-
oped to make precipitation maps.

During quiet time, South Pole Station generally is
poleward of the auroral zone. Near midday, however, it
approaches and enters the auroral oval. This is evidenced
by the proton precipitation that is a signature of the
magnetospheric cusp. During the 1972 winter, quite reg-
ularly the proton precipitation was present only during
the midday periods. During the August 1972 storm,
however, very intense proton precipitation was observed
for quite significant periods that were not restricted to
the midday sector.

The instrument also was operated during the 1973
austral winter, for a second year of data.

Auroral studies at South Pole Station

S.-I. AKASOFU

Geophysical Institute
University of Alaska

The operation of an all-sky camera during the last few
years at South Pole Station has yielded some of the most
important information on the fundamental problems of
magnetospheric physics. Data from the camera has con-
clusively shown that the midday aurora occurs directly
under the so-called "cusp precipitation" region that ap-

pears to originate in the magnetosheath. This finding
was proven by a fortunate combination of these observa-
tions: the midday auroras by personnel at South Pole
Station, and the cusp precipitation by the isis-I satellite
over South Pole (Winningham et al., 1973).

With the above finding, it is possible to monitor the
poleward-equatorward shift of the cusp location. This
provides the net transfer of magnetic fluxes from the
dayside magnetosphere to the magnetotail, or vice versa.
A close examination of all-sky photographs from South
Pole Station indicates, contrary to the generally accepted
concept, that the net magnetic transfer to the magnetotail
occurs during the expansive phase and the net back trans-

To the left and right are
examples of the simultaneous
observations of the aurora
australis, observed from the
South Pole and also from the
DAPP satellite. The DAPP
photographs show the after-
noon half of the auroral oval.
An approximate field of view
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fer to the dayside magnetosphere occurs during the
recovery phase (AkasofLi, 1972).

Another fascinating opportunity to study auroras re-
cently was provided by simultaneous observations of
auroras by personnel at South Pole Station and by an
image device aboard the U.S. Air Force's DAPI' satellite.
The figures show two examples of these auroral observa-
tions. Each DAPP photograph shows the afternoon half of
the auroral oval. The corresponding circular photograph
was taken at South Pole Station when the DAPP satellite
passed nearest to the South Pole.

The significance of such simultaneous observations is
that behaviors of midday auroras can be studied in
conjunction with those of auroras in other local time
sectors, pattictlarly the midnight sector. The shift of
midday auroras indicates the net transfer of magnetic
fluxes. The all-sky record from South Pole Station pro-
vides this information on a continuous basis for several
hours each day, while the DAPP satellite gives informa-
tion on auroral activity along the entire afternoon sector
(approximately every 90 minutes).

Both data currently are being investigated in an at-
tempt to elucidate relationships between the magnetic
flux transfer and auroral activity. Such information is
vital to an understanding of the basic processes associated
with triggering magnetospheric substorms.

I would like o thank Major A. L. Snyder for his
discussion of the results. This Project is supported by
National Science Foundation grant GV-29355.
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The antarctic Unmanned Geophysical
Observatory magnetic micropulsation

experiment

H. R. WItj.ARU) and W. J . HEU'.ls

Electrical Engineering Department
(Initersity of W7ashington. Seattle

H. B. LIEMOHN*

Battelle Northwest
Rich/and, Washington

A geomagnetic micropulsation experiment was in-
cluded aboard the Unmanned Geophysical Observatory
(u(;o) in early 1972, when field tests of the assembled
observatory commenced. The experiment consisted of a
single axis magnetic micropulsation remote observatory
designed by the University of Washington and the Boe-

Formerly of Boeing Scientific Research Laboratories, Seattle.
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of the all-sky camera
in latitude) at the South Pole
is shown by an ellipse. While
the DAPP satellite provides
snapshots of the oval every
90 minutes, the South Pole
all-sky camera continuously
records auroral activity in a

limited local time area.
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Figure 1. Long-period micropulsation activity at McMurdo, in
mid-January 1973.

ing Scientific Research Laboratories. It provided nearly
1 year of high quality, moderate resolution data. During
the austral summer of 1972-1973, the experiment was
extended to two geomagnetic field components and the
amplitude resolution increased by an order of magnitude
through the adoption of an internal digital format. What
follows is a description of the two component system
design, and examples of magnetic data from the earlier
single axis system.

The UGO

An unmanned observatory that provided a limited
amount of electrical power (nominally 5 watts), a room
temperature environment (10 0 to 30 0C.), a small elec-
tronics package space (typically 5" x 5" x 10"), and a
data communications linkage to the continental U.S. via
a communications satellite (Intelsat IV, in the McMurdo
Station-Stanford University case) was designed and

tested by a group from Stanford University.
The UGO data system sampled each experiment's out-

put approximately four times per second, converted it to
an 8-bit digital word, and transmitted these via an Intel-
sat IV channel to Jamesburg, California. Then the data
was sent to Stanford University and recorded on a master
magnetic tape. Subsequent processing of the master tape
was required to separate UGO housekeeping" data and
to prepare an individual tape for each experiment. The
use of the stationary satellite relay permitted reception of
data from the Antarctic within a few days, rather than
the traditional 6 to 9-month delay.

It would have been possible to process the data within
a few seconds, essentially in "real time". For economic
reasons, however, digital magnetic tapes and the U.S.
mail were used to distribute the data from Stanford
University to individual experimenters, a process requir-
ing from I to 3 weeks.

The magnetic micropulsation experiment
A 400,000 turn coil wound on a high permability (mu

metal) rod 1 inch in diameter and about 2 meters in
length was used to sense changes in the component of
the earth's magnetic field aligned with the rod (Collison,
1973). A preamplifier with a nominal voltage gain of
25,000 was required near each sensor. The pick-up coils
and preamplifiers were 500 to 700 feet from the uco
and were oriented approximately magnetic east-west and
north-south.

A major problem in the design of high gain, low
frequency preamplifiers is drift of the operating point
with changes in temperature. These preamplifiers have
a measured input thermal drift of 3.5 microvolts per °C.,
which was close to the state-of-the-art at the time of their
design. Drift was removed from the data by use of a
high-pass filter that rejected frequencies below .001 hertz.
Low pass filters with a rapid attenuation starting at 0.5
hertz were used to avoid spurious response from under-
sampled "high" frequency signals. A separate high fre-
quency channel (.05 to 4.0 hertz) was used to monitor
high frequency activity levels. Preamplifier noise was
measured and found to be well below expected signal
levels.

A digital processor was built into the experiment's
electronics to extend the amplitude resolution of the
system beyond that available from the 8-bit UGO data
format (256 discrete levels). The processor sampled the
magnetic signals and generated 2 output voltages com-
posed respectively of high-order and low-order bits from
a 12-bit (4096 discrete levels) data word. These voltages
were presented to the uco data system as analog data
and converted into two 8-bit words, Reconstruction of
the original 12-bit data from the 16-bit UGO data requires
careful analysis but the selected scheme is relatively
error free through the use of redundancy in the code.
This elaborate technique was required because the origi-
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Figure 2. Relative micropulsation power as a function of uni-
versal time on 4 August 1972 (day 217), for spectral bands
(in hertz) centered as indicated by the y axis coordinates. An
arbitrary graph scaling factor of 1/2048 was used. Day 217

ends at the x axis asterisk.

nal U(;O design made no provision for digital signals
from an experiment. Future uco designs should accept
both analog and digital experimental data. Fig. 1 dis-
plays the time variation of signals recorded during the
installation of the expanded system. This was not an
unusually active time and it illustrates the long period
activity at McMurdo station.

The geomagnetic micropulsation data has been proc-
essed on a digital computer to derive frequency spectra
for selected time intervals. In particular, a fast Fourier
algorithm was used to obtain power spectra

(dB/dt)2/ L f

normalized to a unit frequency. For sample intervals
of about 10 minutes the useful frequency band is ap-
proximately from 0.003 to 0.1 hertz, in steps of 14
millihertz. Rather good time resolution of the power
spectra thus is available for comparison with other geo-
physical effects. Fig. 2 shows the results of computer
analysis of data from an active period: the large magnetic
storm following the August 4, 1972, solar flare event.
The plots are of micropulsation power observed in the
spectral region centered about the indicated frequencies
as a function of time of day. The gaps in the curves are
loss of data due to system overloading. A scaling factor
of 1/2048 was used in the preparation of this display.
During normal times the required scaling factor is 1/4 to
1/32. This is indicated in fig. 3, taken during a quiet
time prior to the solar flares of the August event.

In order to compare the results with the well known
KJ) index of geomagnetic activity, the micropulsation

Figure 3. Relative micropulsation power as a function of time
for 2 August 1972 (day 215). Day 215 starts at the position

indicated by the asterisk. Graph scale factor is 1/8.

KIP	3	2	4+ 3+	3	4	2+	3
0.4

0.3

0.3

N
I

>.
0
ZUi
0ILlCr
U-

['I

6	 12	18	24

UNIVERSAL TIME
26 JULY 72

Figure 4. Geomagnetic micropulsation signal contours as a func-
tion of frequency and time of day, recorded at the UGO station
near McMurdo. The power levels are proportional to (dB/dt) 2/ f.



power was averaged over 1 -hour intervals. In addition,
the power was averaged over several frequency steps in
each Fourier spectrum. The resulting power contours for
a typical day, as a function of frequency and time of day,
are displayed in fig. 4. The corresponding K 1 , index also
is displayed for comparison.

Several daily plots of power contours must be com-
pared in order to derive meaningful patterns of micro-
pulsation activity and its relation to other activity indices.
For example, it is not appropriate to conclude that energy
in the frequency band 0.1-0.2 hertz is necessarily corre-
lated with K 1 , on the basis of one illustrative figure. In
fact, the power enhancement at higher frequencies that
occur around 0700 probably is related to a diurnal varia-
tion in certain routinely occurring magnetospheric proc-
esses.

We are preparing an average quiet day power contour
pattern for the station for use in normalizing the plots.
The resulting residual activity then should relate more
directly to anomalous magnetic activity and related geo-
physical processes. If successful, the micropulsation ac-
tivity will provide a good diagnostic for magnetospheric
and solar wind variations.
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Observations of geomagnetic
micropulsations, 1972

R. R. HEACOCK

Geophysical Institute
University of Alaska

V. A. TROITSKAYA

Institute of Physics of the Earth, ifoscou

Operation of the 3-component induction magnetometer
system at Vostok Station continued through 1972, in co-
operation with Soviet scientists of the Arctic and Ant-
arctic Scientific Research Institute, Leningrad. Another
system simultaneously was operated near Thule, Green-
land, in cooperation with the Danish Ionospheric Labora-
tory, I.yngby. Scientists of the Institute of Physics of the
Earth, Moscow, are helping to analyze the Vostok data.

Periodically-structured Pc 1 micropulsation events re-
corded at either pole site were utilized in studies showing
that these events strongly tend to occur during the latter
part of the ring current recovery phase. This suggests that
the waves are produced in the intersection region of the
ring current and the filling plasmasphere (Heacock and
Kivinen, 1972; Heacock and Akasofu, 1973).

Results of analyses of Vostok and Thule Pc 1-2 data
are consistent with the existence of two main magneto-
spheric regions of Pc 1-2 generation, the outer portion of
the plasmasphere and the dayside cusp region. We have
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found no evidence that significant levels of Pc 1-2 are
generated within regions where the cold plasma densities
are relatively low, for example in the trough or on open
polar cap lines. Unstructured Pc 1-2 signals, 0.1 to 0.5
hertz, are received at the pole sites preferentially at
times when the dayside cusp is closest to the poles. Wave
polarization characteristics of these unstructured Pc 1-2
events are consistent with a superposition of events from
several source tubes longitudinally spaced in the cusp.
An example of this type of activity is shown in the
figure.

A study of longer period micropulsation activity ob-
served at pole sites has been completed by Troitskaya
et al. The results were to have been presented at the
September 1973 International Association of Geomag-
netism and Aeronomy assembly, at Kyoto.

The antarctic portion of the work was supported by
National Science Foundation grant (;V-32925.
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Geomagnetic observatory operations at
South Pole Station, 1972-1973

JOHN D. WOOD

Environmental Research Laboratories
National Oceanic and Atmospheric Administration

A geomagnetic observatory was operated at South Pole
Station by the National Oceanic and Atmospheric Ad-
ministration (N0AA) this past year, as part of NOAA's
geomagnetic program that consists of geomagnetic ob-
servatories, repeat geomagnetic surveys, chart compila-
tion, and research and development activities.

The experiments included the use of a Ruska magneto-
graph, photographically recording at 20 millimeters per
hour with scale values of approximately 29 gammas per
millimeter for horizontal intensity, 25 gammas per milli-
meter for vertical intensity, and 6.4 minutes per milli-
meter for declination. A proton precession magnetometer,
a quartz horizontal magnetometer (QHM) and a Ruska
suspension system magnetometer also were used, to main-
tain baseline control for determination of absolute values
from the magnetogram.

NOAA's geomagnetism program is part of an inter-

national effort to understand, predict and utilize the
natural phenomena of the earth's magnetic field. The
global character of the field makes it imperative that
both the service and research aspects of the program be
carried out with as much international cooperation as
possible.

The South Pole observatory is one of a network of
twelve operated by NOAA. The primary "in-house" uses
of the data include studies of the long period slow
changes for magnetic charting and field modeling for
solid earth studies. South Pole data help fill a large
areal gap in the data coverage required for analytic
studies and techniques directed toward the description of
the field and its time changes that must be known for
magnetic charting activities. More rapid changes in the
field are used for correlation studies with many types of
Lipper atmospheric phenomena.

Specific areas of study that benefit from the South Pole
data are in the gathering of precise information on the
temporal variations in the field vectors and their corre-
lation with data from similar stations, high order accuracy
data on the secular change rates of the geomagnetic field
in Antarctica, data for correlation with ionospheric and
auroral activity, and correlation of ground level magnetic
data with that gathered by satellite.

In an effort to support global studies of geomagnetism
and related activities, NOAA operates the World Data
Center A, located in Boulder, Colorado. The South Pole
data are deposited in the center shortly after arrival from
Antarctica, and then are made available to researchers
who are working throughout the world. The center dis-
siminates in tabular form the selected effects and storm
reports and K-indices. Hourly magnetic values and 2.5
minute values (for some years) are available in tabular
form, and also on magnetic tape and punched cards.

Geophysical monitoring for climatic
change

D. H. PACK

Air Resources Laboratories
National Oceanic and Atmosphericospheric Administration

Amundsen-Scott South Pole Station is designated as
one of six "clean air" Geophysical Monitoring Observa-
tories of the National Oceanic and Atmospheric Admin-
istration (N0AA), U.S. Department of Commerce.
Long-term measurements will be made there to learn
more about atmospheric constituents and related para-
meters that can influence climate or shed light on climatic
processes. The dependence of our technological society on
climate is becoming increasingly recognized, as is the
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realization that climate is likely to change in the future,
either due to fluctuations in natural phenomena, or per-
haps as a result of global atmospheric pollution by man.
Future predictions of climatic change will likely rely on
computer modelling. Such models will require data on
a global scale about those elements that, through radia-
tion transfer and cloud physics, influence the earth's
climate.

An atmospheric constituent of primary interest in cli-
matic change studies is carbon dioxide. It affects tempera-
tures in the atmosphere by absorbing infrared radia-
tion. Carbon dioxide measurements not only provide
information on the annual rate of increase of this gas in
the atmosphere, as a result of combustion processes, but
also shed light on the partition of carbon dioxide among
the atmosphere, oceans, and biosphere. Atmospheric
ozone also absorbs infrared radiation. It acts as a heat
source in the stratosphere, gives rise to the tropopause,
and affects stratospheric circulation. Measurements of
surface and total ozone can be useful for studies of
atmospheric circulation and exchange processes. Year-to-
year comparisons of phase shifts in the annual cycle of
surface and total ozone provide information on short-
term climate changes. Aerosol measurements yield data
on global atmospheric pollution, either man-made or due
to such natural processes as volcanic eruptions or dust
storms. Aerosols affect climate by modifying the radia-
tion balance in the atmosphere, or more directly by af-
fecting precipitation processes. Finally, measurements of
solar irradiance and its spectral distribution provide base-
line observations that will be useful in the interpretation
of long-term climatic changes.

A minimal NOAA observing program was conducted at
South Pole Station during 1972-1973, consisting only of
measurements of surface ozone. Considerable work was
done, however, by the Air Resources Laboratories' Tech-
niques and Standards Group, at Boulder, Colorado, in
preparation for the establishment of South Pole Station as
a primary Geophysical Monitoring Observatory. In par-
ticular, a new infrared gas analyzer (H. Maihak A.G.,
West Germany) was procured for continuous moni-
toring of carbon dioxide. Work is complete on the
analyzer system, including fabrication of associated
plumbing, control unit, and freezeout trap, and procure-
ment and calibration of reference gases. For surface ozone
measurements, a new ozone meter was purchased that
measures ozone through a cherniluminescent reaction of
ozone with ethylene gas. Previously, surface ozone was
measured by a less specific, wet-chemical method. The
electronics of the Dobson ozone spectrophotometer, with
which total ozone observations are made, were modern-
ized, rendering the instrument more sensitive and easier
to operate than in the past. An automatic General Electric
condensation nuclei counter was procured for continu-
ous monitoring of Aitken nuclei. Sporadic measurements
of such nuclei have been made in the past in Antarctica,

using a hand-operated Gardner nuclei counter. Purchased
for solar radiation measurements was a new 13-channel
pyrheliometer with equatorial amount, 5 Eppley Model 2
pyranometers, an ultraviolet radiometer, and a spectral
hygrometer. The radiation instruments will he used to
monitor direct and global irradiation and its spectral dis-
tribution. Information on aerosol loading and size also
will be deduced from the measurements. Finally, consid-
erable work was performed in procuring and assembling
a data acquisition system for use in the South Pole
Station's monitoring program. Specifically, a real-time
display clock was purchased, and a multiplexer/analog-
to-digital converter was interfaced to the central process-
ing unit. Diagnostic codes were run on all components,
and an operating routine was written to acquire and
record signals in real time.

At present, the instruments and data acquisition system
are being subjected to various tests and calibrations, with
the anticipation that they will be deployed to South Pole
Station for use during 1973-1974.

Observations of earth tides and earth's
free vibrations at the South Pole

Louis B. SLICHTER, WALTER ZURN, and KMi-i RITAI.A

Institute of Geophysics and Planetary Physics
University of California, Loi Angeles

During the austral winter of 197 1-1972, Walter Zurn,
Stuttgart, Germany, and Keith Ritala, University of Ore-
gon, conducted gravity research at South Pole Station,
for the University of California, Los Angeles, project. In
addition, Zurn was the station scientific leader. During
the year two LaCoste-Romberg earth tide meters operated
effectively more than 95 percent of the time. The long-
period earth tide results will be reported next year. The
largest earthquake suitable for free vibration studies was
the Kamchatka earthquake, magnitude 7.8. This excited
modes of periods of 15 minutes and less, but was too
small to provide evidence about the more difficult long-
period modes. Ritala set up and studied three preliminary
models of tilt meters, at several locations, primarily to
learn about the practical problems of operating tidal tilt
meters on the ice. The major horizontal earth tide at
South Pole Station is the 24-hour tide. It should attain
maximum amplitude there and produce a rotating vector
of constant amplitude; that is, 2 equal orthogonal com-
ponents in quadrature.

During the year there was published a superior pro-
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gram for computing with precision ± .005 microgals
the components of lunar tidal acceleration on a rigid
earth (Broucke et al., 1972). About six detailed descrip-
tions, with computer program cards, have been furnished
to centers that requested them. Erik Syrstad continued
his Ph.D. studies at the University of Bergen, using
tidal observations at South Pole Station for his disserta-
tion material. Syrstad and Slichter are doing work on
improved analysis of these data and especially the prob-
lem of detecting small phase shifts in long-period tides.

During the year Bernard Jackson and Slichter did re-
search concerning the residual diurnal and semi-diurnal
gravity tides, of which 18 different constituents were
observed in Jackson's 1971 data. These data, corrected
for the direct barometric attraction of the atmosphere
overhead, yielded a record of nearly one year's duration,
in which the low noise level (in the 4- to 8-hour period
band) was only 0.003 microgals. This low noise level
probably would have permitted the detection of a per-
sistent signal of amplitude greater than 0.008 microgals.
Assuming that the density difference between inner and
outer core is about .3 grams/cubic centimeters, this signal
corresponds to a core amplitude of 6 centimeters, and
to the moderate vibration energy (in relation to the 1025
ergs in a magnitude 8 earthquake) of 4 >< 10" ergs.

In October 1972, Howard Singer departed for South
Pole Station, where he is continuing the observations and
hopes to record an elusive magnitude 8 earthquake.
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Circumantarctic seismicity in 1972

JAMES F. LANDER

Environmental Research Laboratories
National Oceanic and Atmospheric Administration

The total number of hypocenters located during 1972,
south of 45 0 S. latitude, was 109. This figure is nearly
identical to the 107 located during 1971. There were
fewer large shocks, however, and the seismic energy re-
leased was substantially less. There were only 5 earth-
quakes with magnitudes of 6.0 or larger, with the largest
reaching only 6.4. In 1971 there were 8 large shocks
with 2 reaching or exceeding magnitude 7.0.

Table 1 shows the locations of the large shocks that

Longitude

Figure 1. A plot of hypocenters, as a function of time and longi-
tude. These time-space diagrams show changes in activity over
time. The relatively high activity of the South Sandwich Islands
arc is clear. The mid-oceanic rift zone passing south of Africa
shows a relative increase in activity between 1965 and 1970.
Otherwise the activity during this period appears to be very

constant.
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Figure 2. A cross section through the north end of the South
Sandwich Islands arc, displaying the hypocenters located by data
from 10 or more observatories. The majority of intermediate
depth focus earthquakes are concentrated in the northern 100-
kilometer segment of the arc. A recomputation of the hypocenters
jointly should clarify the subduction zone that appears to be
dipping at an angle of approximately 45 0 to a depth of slightly

less than 200 kilometers.

occurred during 1972. The December 22, 1972, event
in the South Sandwich Islands region had 9 aftershocks
of magnitude 5.0 or above. It is unusual for shocks in
this area to have extensive aftershock sequences. The
South Sandwich Islands region was the site of 3 of 5
major shocks, and 51 of 109 earthquakes located during
the year.

The profile of deep focus shocks in 1972 also was
nearly the same as in 1971. Eight shocks occurred with
intermediate depths of focus greater than 60 kilometers,
and the deepest was computed at 157 kilometers. The
corresponding values for 1971 are 7 and 183 kilometers.

A relatively unusual shock occurred at 55.7 0 S. 47.90
W., on July 14, 1972, with a magnitude of 5.0. It was
along the northern boundary of the Scotia Sea plate near
a similar hypocenter that occurred on October 7, 1970.

Antarctic seismological studies

LEON KNOPOFF and GREGG VANE

Institute of Geophysics and Planetary Physics
University of California, Los Angeles

The surface of the earth is covered by a small number
of rather large plates, each in motion relative to the
others, according to the model of plate tectonics. These
plates glide over the low-velocity channel in the earth's
mantle at the rate of centimeters per year (see Knopoff,
1969, among others). This channel is probably due to
partial melting and therefore is likely to be a region of
reduced viscosity, probably acting as a lubricant and

allowing the lithospheric matter to move relatively freely.
Under some of the ancient pre-Cambrian shields of

the earth, however, the low-velocity zone of the mantle
is either absent or poorly developed (Biswas, 1971;
Biswas and Knopoff, 1973) It has been shown satisfac-
torily that the low-velocity channel is absent or nearly so
beneath the Canadian and Baltic shields (Fouda, 1973),
and there are strong indications that this is also true for
the South African (Block et al., 1969; Fouda, 1973),
Australian (Bolt and Niazi, 1964), Brazilian (Sherburne
et al., 1971), and Indian (Gabriel and Kuo, 1966;
Fouda, 1973) shields. For all of these regions, the age
of the basement rocks is greater than I billion years.
The purpose of this study is to determine whether the
antarctic shield has an upper mantle structure similar to
the old, Canadian and Baltic shields, and hence, to make
an inference regarding the age of the antarctic basement.

In the investigation we will use the two-station surface
wave method in which the dispersion of long-period sur-
face waves is measured by using data from two similarly
instrumented seismographic stations separated by a dis-
tance of some hundreds of kilometers. Briefly, the pro-
cedure involves harmonic analysis of the surface waves of
a selected earthquake after selective frequency filtering
and velocity windowing to minimize the effects of echoes
and multipath transmissions, computation of the phase
velocity dispersion of surface waves, and inversion of
these results to obtain the upper mantle structure beneath
the path between the two stations.

Instruments of the World Wide Standardized Seismo-
graphic Network (wwssN) have been operated for sev-
eral years at Amundsen-Scott South Pole Station and at
Scott Base. We expect to obtain adequate records for one
side of the antarctic shield from the seismograms re-
corded at these stations. To complete the two-station
path across Antarctica, long-period seismographic instru-
ments, identical to those at the WWSSN sites, were set up
and operated at Soviet Antarctic Station Novolazarevska-
ya during the 17th Soviet Antarctic Expedition, thereby
making possible the investigation of the structure beneath
the paths Novolazarevskaya-South Pole and Novolaza-
revskaya-Scott Base, which are shown in the figure. The
South Pole-Scott Base line is complicated by the presence
of the Transantarctic Mountains and the fact that the line
lies along the very edge of the shield area. Therefore
it is improbable that analysis of data obtained for this
line will at this time yield fruitful results.

Records for 11 events of possible use were obtained at
Novolazarevskaya during the period of instrument opera-
tion. Data processing will begin for the lines Novola-
z arevskaya -South Pole and Novolazarevskaya-Scott Base
as soon as the records of the corresponding events are
received from South Pole and Scott Base. Especially im-
portant will be the record quality at South Pole, where
instrument magnification is lower than at either Novola-
zarevskaya or Scott Base.
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Paths across Antarctica, over
which the two-station surface
wave method is to be ap-

plied.
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Progress continues on the reduction of data and analy-
ses of specimens collected during the 1934, 1940, 1966,
1967, and 1968 field seasons in Marie Byrd Land and
Ellsworth Land. The task of unravelling the geologic
history of this large sector of West Antarctica is de-
pendent upon detailed microtextural studies of late Pre-
cambrian-early Paleozoic metasedimentary rocks and
interpretations of orogenic and metamorphic events
recorded in these rocks. Four orogenic events in this
sector have been radiometrically dated and reported.
These are: (1) 445-475 million years, Ross orogeny
equivalent (Krylov ci al., in press) ; ( 2) a mid-Paleozoic
event, 325-360 million years (Klimov, 1967; Halpern,
1968; Wade, 1972); (3) a late-Paleozoic event, 265-285
million years (Halpern, 1972; Wade, 1972); and (4)
Cretaceous, a circumpacific event about 100 million
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years ago (Boudette et al., 1966; Halpern, 1968; Wade,
1969, 1972).

Evidence for the first two events is restricted to west-
ern Marie Byrd Land; for the third, it is restricted to
eastern Marie Byrd Land. On the basis of this and the
distribution of metavolcanics, Lopatin and Orlenko
(1972) concluded that two geologic provinces can be
distinguished in this sector: one includes the Ford
Ranges, and the other includes all of Marie Byrd Land
to the east of the Ford Ranges. I disagree and suggest
that the two areas constitute a single geologic province
in which the orogenies during the Paleozoic era pro-
gressed in age from older in the west, to younger in
the east. Western Ellsworth Land should be included
with eastern Marie Byrd Land, and a break between
provinces, if any, should be placed between the Jones
Mountains and the Behrendt Mountains, in the Eights
Coast sector.

Laudon (1972) described the similarities of eastern
Ellsworth Land and the Antarctic Peninsula. Mesozoic
geosynclinal deposits are present in both and are lacking
to the west in western Ellsworth Land and in all of
Marie Byrd Land. A major tectonic event, probably
during early Cretaceous, appears to have united the entire
coastal sector of West Antarctica into a single province.
Cretaceous and Cenozoic histories of all of the segments
are quite similar. Additional field and laboratory studies
of the basement complex, particularly in the Kohler
Mountains-Bear Peninsula area, will be necessary before
the single province hypothesis for Marie Byrd Land and
western Ellsworth Land can be accepted with confidence.

An attempt to date and zone the metasedimentary rock
sequences, on the basis of acritarch and other microfossil
assemblages, was scheduled to begin in this laboratory
in August of this year. If successful to any degree, the
project will be expanded to include the metasedimentary
sequences of the Queen Maud Range, Transantarctic
Mountains. A more meaningful geologic history of
Antarctica during the Precambrian and early Paleozoic
times may be the result of these investigations.

Topographic maps of three quadrangles of Marie Byrd
Land, 1:250,000 reconnaissance series, have been issued
by the U.S. Geological Survey. They are: the Alexandra
Mountains, Guest Peninsula, and Boyd Glacier quad-
rangles. The geology will be superimposed on them by
Jerry Oldham and Carl Cathey, research assistants in this
office who have been trained in the art at the U.S. Geo-
logical Survey, Federal Center, Denver, Colorado. The
maps will be included in the final reports scheduled for
completion on July 1, 1974. This work is supported by
National Science Foundation grant GV-22901A.
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Work continued this year on bringing to publication
the results of 8 seasons of geological study in parts of
West Antarctica. Recent effort has been concentrated on
the geology of the Jones Mountains and the Ellsworth
Mountains. Evidence for Tertiary continental glaciation
in the Jones Mountains was summarized in a recent paper
(Rutford ci al., 1972). Because of the importance of
establishing an accurate minimum age for this glacia-
tion, additional work is underway at the University of
Nebraska to check, by fission track dating, the age of
the volcanic rocks immediately overlying the glaciated
surface. With the help of Dr. K. B. Sporli, of the Uni-
versity of Auckland, work on the stratigraphy of the
Ellsworth Mountains is nearing completion. In addition,
there has begun a special study of the environment and
provenance of the Polarstar Formation (Permian), the
youngest bedrock formation in the Ellsworth Mountains.

The 1:5,000,000 Geologic Map of Antarctica (Crad-
dock, 1972a) has been published and it was announced
in a number of journals and displayed at four national or
international geological meetings.* Along with Folio 12
(Bushnell and Craddock, 1970) and my field work, this
map provided the basis for a new interpretation of ant-
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arctic tectonics (Craddock, 1972b) and new insight into
the tectonic evolution of Gondwanaland (Craddock, in
press, a).

As U.S. member of the Scientific Committee on Ant-
arctic Research working group on Geology, I supervised
the preparation of the fourth and fifth annual reports to
the Scientific Committee on Antarctic Research on U.S.
Antarctic Research Program earth sciences activities
(Craddock, 1972c, in press, b) and the compilation of a
lexicon of stratigraphic names introduced by meinbers of
U.S. antarctic expeditions (Wegner and Craddock,
1972).

I have been serving as a member of the Antarctic
Advisory Panel of the Deep Sea Drilling Project and
took part in planning the 6 legs we hope to see completed
in antarctic oceans. Two of these legs were successfully
accomplished during the 1972-1973 season. I hope to
Participate in the next leg, scheduled to begin in January
1971.

At the request of the U.S. Geodynamics Committee,
I contributed a section on Antarctica to a draft of the
proposed U.S. Geodynamics Program
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Neotectonics in the antarctic Pacific
sector

WESLEY E. LEMASURIER

I)ii'isioti of Natural and Phyiical Sciences
(Jniversit)' of Colorado. Denier

Recent tectonic activity in Antarctica is difficult to
demonstrate. One can not observe direct evidences of dis-
placement, such as fresh fault scarps in alluvial fans or
offset stream courses and roads. Furthermore, the conti-
nent appears to be aseismic, which suggests that tectonic
activity is at a standstill. In Marie Byrd Land, however,
there are intraglacial volcanoes whose ages and elevations
suggest rapid tectonic uplift so recent that the uplift
likely is continuing today. Together with new evi-
dence for Plio-Pleistocene tectonic uplift in the McMurdo
Sound Region (Webb, 1972 among others), this gives
reason to consider the possibility that the Pacific sector
of Antarctica still is tectonically active.

The most compelling evidence for Quaternary tecto-
nism in Marie Byrd Land lies in the geologic relation-
ships of four volcanoes found near the coast of the
Amundsen Sea. All four stand 2000 to 3000 meters
above the ice sheet's present level. Their ages, composi-
tion, internal structure, and external form have been de-
scribed (LeMasurier, 1972a, 1972b, 1972c) and briefly
are reviewed here. Mount Murphy, apparently the oldest
of the four, yielded a K-Ar whole rock date of 0.82
(±0.11) million years. Two thousand meters above ice
level, it is composed entirely of palagonite breccias
(evidenced by excellent exposures in the walls of large
cirques). The palagonite breccias indicate that Mount
Murphy was formed entirely by eruptions beneath the
continental ice sheet. Toney Mountain also stands 2000
meters above the ice. It is composed entirely of subaerial
flow rock and 2 samples each have yielded K-Ar dates
of 0.5 million years. Mount Takahe is composed en-
tirely of palagonite breccia, stands 2100 meters above
ice level, and 3 samples were too young to be dated
(i.e. less than 0.2 to 0.3 million years). Mount Siple
never has been visited, but it is believed to be composed
of palagonite breccias because of its low height and basal
diameter ratio (LeMasurier, 1972b), and to be Quater-
nary in age because the mountain's degree of glacial dis-
section is far less than Mount Murphy and more than
Mount Takahe (Andrews and LeMasurier, 1973).
Mount Siple stands about 3000 meters above ice level.

If one assumes, as a limiting case, that ice level re-
mained stationary throughout the Quaternary, then it
would appear that Toney Mountain has remained nearly
stationary since its formation. Alternatively, it may have
subsided from a still higher elevation, during the last
500,000 years. Mount Murphy and Mount Takahe, 75
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kilometers to the east, must have risen at least 2000 and
2100 meters since their formation, if they were formed
entirely beneath ice level (as evidenced by the palagonite
breccias). Mount Siple, 400 kilometers northwest of
Toney Mountain, may have risen as much as 3000
meters. These displacements appear to have been differ-
ential, and related to movements along late Cenozoic
block faults (LeMasurier, 1972a, 1972b), rather than to
glacio-isostatic rebound.

Hollin (1962, 1968) considered the maximum in-
creases in Quaternary ice level that may be used as a
second limiting case. In his 1962 paper, Hollin pre-
sented a profile suggesting that the ice level may have
been about 1000 meters higher than today at Mount
Murphy (located very near the present grounding line),
and roughly 250 meters higher than today at Mount
Takahe (about 175 kilometers inland), during the Würm
maximum glaciation. In Hollin's 1968 paper, however,
it was noted that these increases in ice level probably
were overestimated because the effects of isostatic load-
ing (which would depress the bed of the glacier) were
underestimated. Thus, if an ice level increase of 250
meters is considered an overestimate at Mount Takahe,
it seems reasonable to estimate that approximately 2000
meters of uplift occurred since the formation of Mount
Takahe. It therefore appears that Mount Takahe has
been rising at an average rate of about 1 centimeter per
year (or 36 feet per 1000 years), if one assumes essen-
tially a maximum age for the volcano (200,000 years).
This rate favorably compares with uplift rates in active
orogenic belts (Schumm, 1963). Similar rates may have
characterized the uplift of Mount Murphy and Mount
Siple, because glacial erosion in Marie Byrd Land appears
to depend on the exposure of rock above ice level, and
the glacial dissection of these two mountains is much
more advanced than that of Mount Takahe (Andrews
and LeMasurier, 1973).

Marie Byrd Land appears to be part of a large tec-
tonic province characterized by late Cenozoic block fault-
ing and basalt—trachyte volcanism that extends from
the Ross Sea region, through Marie Byrd Land to the
Antarctic Peninsula. Webb (1972) reviews evidence for
block faulting in the McMurdo Sound region and pre-
sents evidence for a minimum of 262 meters of uplift
in Wright Valley within the last 3.4 million years.
Evidence from Mount Takahe suggests that tectonic
activity in this province may be more recent than
formerly thought and, in some places, may be continu-
ing today. If this is true, then the relative aseismicity
of Antarctica is more puzzling than ever. The explana-
tion that Antarctica is aseismic and tectonically dormant
because it lies entirely within a lithospheric plate is not
very satisfying from a geologic point of view. This work
is supported by National Science Foundation grant GV-

2 5 328.
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Pyroxene compositional trends in the
Dufek Intrusion, Pensacola Mountains

G. R. HIMMELBERG and A. B. FORD

Department of Geology, University of Missouri,
Columbia

U.S. Geological Survey, Menlo Pat-k, California

The Dufek intrusion in the northern Pensacola Moun-
tains is a stratiform mafic complex with many similari-
ties in primary structure and stratigraphy to the Still-
water and Bushveld complexes of Montana and South
Africa, as well as to the much smaller Skaergaard in-
trusion of east Greenland. The layered gabbros are ex-
posed in two partial, non-overlapping stratigraphic sec-
tions, one in the Dufek Massif and the other in the
Forrestal Range. Each section is nearly 2 kilometers
thick. The intrusion, described in Ford and Boyd
(1968) and Ford (1970), consists dominantly of gab-
bro interlayed with minor anorthosite and pyroxenite
and capped concordantly by granophyre.

Ford (1970) demonstrated that the most pronounced
whole-rock chemical trend, stratigraphically ascending
in the layered series of gabbros, is progressive iron-
enrichment. We recently initiated mineralogical and
chemical studies of coexisting Ca-rich and Ca-poor py-
roxenes, the principal mafic minerals in the complex,
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Figure 1 Trend of crystalli-
zation of Ca-rich and Ca-
poor pyroxenes from the
lower part of the Dufek in-
trusion. Open circles are inter-
cumulus pyroxenes, closed
circles are cumulus pyroxenes.
Because of crowding, tie lines
have not been shown for all
pairs. The Skaergaard (solid
lines) and Palisade (broken
lines) trends are shown for

comparison.	 Mg

in order to further elucidate the crystallization history
and differentiation trends of the intrusion. This progress
report summarizes compositional trends of the pyrox-
enes thus far analyzed. Fifteen of the samples are from
the lower partial section, Dufek Massif, and one is
from the lowermost exposed gabbro in the upper section
in the Forrestal Range. Analyses were made with an
AR L E MX-SM electron microprobe.

Both the Ca-rich and Ca-poor pyroxenes have abun-
dant exsolved Ca-poor and Ca-rich pyroxene, respectively.
In most of the Ca-poor pyroxene hosts the exsolved
phase occurs as lamellae and irregularly distributed blebs.
In the Ca-rich pyr?xene hosts the exsolved phase occurs
as lamellae. In order to determine as close as possible
the bulk composition for the pyroxenes, two grains
each of Ca-poor and Ca-rich pyroxene in each sample
were traversed with adjacent analytical areas by using a
20 to 25 micron diameter beam. The data presented
in this report are based on averages of the two grains.
Differences in major oxide content between the two
analyzed grains rarely exceed ± 3 percent of the amount
present. The standards were minerals and synthetic
glasses of known composition. Corrections were made
for the background, mass absorption, secondary fluores-
cence, and atomic number. Iron values are total iron
computed as Fe2+.

The variations, with fractionation, of some of the ma-
jor cations (iron, magnesium, and calcium) are shown in
the conventional pyroxene quadrilateral (fig. 1). Those
pyroxenes plotted with open circles are intercumulus
and occur in anorthosite from the lowest exposed rocks
of the Dufek Massif. All the other plotted pyroxenes
are cumulus in origin (they accumulated on the cham-
ber floor by settling from the melt). The most Mg-
rich and Ca-poor pyroxene analyzed probably crystal-
lized as a primary hypersthene. The twinning, character
of exsolution textures and compositions of all the other
Ca-poor pyroxenes, lead us to interpret them as hyper-

atomic %	 Fe

sthene inverted from pigeonite (Hess, 1941; Polder-
vaart and Hess, 1951; Brown, 1957). The Ca-rich py-
roxenes are augite.

The coexisting pyroxenes show a general iron-enrich-
ment, with fractionation. Details of this trend are illus-
trated by the plot of the cation ratio Fe/(Fe + Mg)
versus stratigraphic height (fig. 2). Through a cumula-
tive thickness of approximately 1000 meters, between
about the 500-meter and 1500-meter levels, the iron
enrichment is small and accompanied by minor reversals
in the cation ratio of Fe/(Fe + Mg). Ford (1970)
demonstrated a similar trend in the gabbros for the
variation in whole-rock mafic index, (FeO + Fe203/
FeO + Fe 2O + MgO) X 100, which he interpreted
as being related to chemical changes accompanying con-
vective activity. The mafic-index trend line is approxi-
mately parallel to the pyroxenes' trend line below the
top 500 meters of the Dufek Massif section—that is,
below the level at which cumulus magnetite first appears.
Minor reversals in pyroxene composition in the Stillwater
Complex also were interpreted as being related to con-
vective overturn (Hess, 1960). Jackson (1970)
and Page et al. (1972) have shown that even within
individual cyclic units of the Stillwater Complex cumulus
minerals can vary widely in composition. Page et al
(1972) ascribe the variations to oscillatory or cyclic
processes within a single. magma batch.

Comparison with pyroxene trends of other large
stratiform intrusions suggests that the pyroxenes from
the Dufek Massif are more like those from the Skaer-
gaard intrusion (Brown and Vincent, 1963) than like
those from the Bushveld complex (Atkins, 1969), with
respect to the miscibility gap's extent. Striking simi-
larities also exist when compared to the trend estab-
lished for the Palisades Sill pyroxenes (Walker et al.,
1973). More Mg-rich pyroxenes are expected to occur
in the unexposed basal layers of the Dufek intrusion.
Similarily, the slight compositional gap between the
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pyroxenes from the uppermost part of the Dufek Massif	study, with assistance from National Science Founda-
and those from the lowermost exposed gabbros of the	tion grant GA-18445.
Forrestal Range probably is because of concealment of
an intermediate section of the complex. We expect that
the iron-enrichment trend of the pyroxenes will be ex-
tended when analyses of higher level pyroxenes are
completed.	 References
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Analysis of antarctic geophysical data

C. R. BENTLEY, H. K. ACHARYA, J . L. CLAPP,

J . W. CLOUGH, H. KOHNEN, and J . D. ROBERTSON

Geophysical and Polar Research Center
Department of Geology and Geophysics

University of Wisconsin, Madison

Continuing analysis of antarctic geophysical data fol-
lows several lines, including studies of ice properties (as
revealed by seismic and electromagnetic wave propaga-
tion experiments near Byrd Station), west antarctic
gravity maps, Roosevelt Island strain data, and theo-
retical studies of seismic wave propagation. Appended
is a bibliography of papers on these subjects (since

Contribution number 299, Geophysical and Polar Research
Center, Department of Geology and Geophysics, University of
Wisconsin, Madison.

Bentley et al., 1969). What follows is a summary of
recent results not yet published.

1. Seismic velocities obtained from short refraction
profiles can be used to predict density at depths between
o and 10 meters, with a standard error of about 0.01
gm/cm3.

2. A newly recognized and extensive horizon at depths
of 25 to 30 meters, marking an apparent change in the
densification rate, has been found in West Antarctica.
The horizon's existence suggests that two distinct mech-
anisms successively dominate the metamorphic process
between the depth of closest packing of snow grains and
the urn-ice boundary.

3. Measurement of P-wave attenuation in ice near
Byrd Station led to the determination of a very low value
for the internal friction. From comparison with labora-
tory measurements (Kuroiwa, 1964), it appears that a
slight but significant contamination of the antarctic ice
by ionic impurities (Gow, 1968) and the ambient ice
temperature (-28 0 C.) result in the falling of seismic
frequencies at a dissipation minimum between spectral
regions dominated respectively by grain-boundary phe-
nomena, and by the fundamental relaxation spectrum.

4. Analysis of electromagnetic wide-angle reflection
measurements shows that correction for refraction in the
upper portion of an ice sheet need not be made when
calculating mean velocities. Even for a reflector as shal-
low in depth as 100 meters, the error introduced by
assuming straight line geometry is only about 10 nanosec,
well below the time resolution of the measurements. For
accurate measurements, however, the length of wide-
angle profiles must be limited to distances corresponding
to the reflection path for a ray at grazing incidence on
the surface. The amplitude of the reflected wave, which
changes markedly along the length of a profile, can play
an important role in the measurements.

5. Previously existing maps of gravity anomalies in
West Antarctica have been supplemented by new data
and have been contoured by a computer. Three-dimension
al modeling has been used to prepare an Airy isostatic
gravity anomaly map. This map reveals several imbal-
ances, which may be caused by: up-warping of the M-
discontinuity in Ellsworth Land and beneath the Hollick-
Kenyon Plateau; dense, lower-crustal material unusually
near the surface southwestward from the Whitmore
Mountains; the extension beneath the Rockefeller Plateau
of a pre-Cretaceous geosyncline known to exist in the
Edsel Ford Ranges; the southern boundary of the Ceno-
zoic volcanic province in Marie Byrd Land. A deep
negative anomaly of unknown cause exists along the
Bakutis Coast. On the hypothesis of a recent retreat of
the ice sheet, no more than 40 percent (and probably
much less) of the anomaly can be attributed to incom-
plete isostatic rebound.

6. A Rayleigh wave group-veloiity curve, applicable
to the known velocity-depth and density-depth curves in
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West Antarctica, has been computed with the use of a
finite difference technique. Results agree well with ob-
served data. Comparison with calculations based on
approximations commonly made in surface wave analyses
(Poisson's ratio = 1/4 ; density = constant) surprisingly
shows that the group velocities are relatively more sensi-
tive to incorrect densities than to incorrect shear wave
velocities.

7. Final strain-rate calculations for a grid network
across Roosevelt Island show a strongly asymmetrical
profile, with the longitudinal extensional strains twice as
great on the northeast as on the southwest flank of the
island. Since accumulation rates on the two flanks are
about the same the difference in strain rates is probably
attributable to the effect of the Ross Ice Shelf.
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Age of the Falla Formation (Triassic),
Queen Alexandra Range

G. FAURE and R. L. HILL

Department of Geology and Mineralogy
Institute of Polar Studies
The Ohio State University

A whole-rock rubidium-strontium age determination
of tuff from the Triassic Falla Formation, containing
Dichroidiurn odontopieroides, indicates a date of 190±9
million years.

Five whole-rock specimens collected from the type sec-
tion located 293 to 414 meters above the base of the
Falla Formation on the northwest face of Mt. Falla,
Queen Alexandra Range, were analyzed for an age de-
termination by using the rubidium -strontium method.
P. J . Barrett collected the samples from his section F-2
(Barrett, 1968). He described these rocks as fine-grained
tuffs composed of fresh to slightly devitrified or zeolitized
glass shards, and grains of quartz and plagioclase in a
matrix with low birefringence which is not optically re-
solvable. Barrett (1968) reported finding Dicroidiunu
odontoptet-oides in a shale bed 135 meters above the
base of the Falla Formation, at the type locality. Accord-
ing to Townrow (1967), this fossil occurs elsewhere
in rocks of Middle to Upper Triassic age.

The samples used in this report were originally ana-
lyzed by Hill (1969), who calculated a whole-rock
rubidium-strontium isochron date of 203±12 million
years, based on four of the five analyzed spçcimens. The
only other age determination of the Falla Formation is a
whole-rock potassium-argon date of 197.7±2.7 million
years for a trachyte pebble collected 280 meters above
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the base of the formation on Mount Falla (Barrett and
Elliot, 1972; Barrett, 1972).

We redetermined the rubi di urn and strontium concen -
trations of all of Hill's samples by using X-ray fluores-
cence and U.S. Geological Survey rock standards to
obtain a calibration curve. The results (table) are a
combinaton of Hill's data and the new analyses and
represent our best estimates of these values at this time.
An isochron, shown in the figure, was applied to the data
by using the regression method of York (1966). The
date indicated by the slope of the isochon is 190-+-9
million years (A Rh' = 1.39 >< 10 11 per year).

The absolute time scale for the Triassic period still is
in doubt (Tozer, 1 96i). According to the Geological
Society of London time scale (Harland ci al., 1961), the
age of the lowermost Triassic period (Tnduan) is 225
million years. More recently, Webb and McDougall
(1967) proposed an age of 235 million years for the
Permian-Triassic boundary. The age of the Triassic-Juras-
sic boundary was placed by KuIp ( 1961 ) at 181 million
years and by Holmes (1959) at 180 million years. Per-
haps the best-established date for the Upper Triassic
(Norian) is the age of the Palisade sill of New Jersey,
to which KuIp ( 1961 ) assigned a date of 193±3 million
years based on the potassium-argon method. The age of
the Falla Formation consequently appears to be Upper
Triassic.

This research was supported by National Science Foun-
dation grant GA-898X.
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Geophysical investigations of the
Pensacola Mountains and adjacent

glacierized areas

JOHN C. BEHRENDT, JOHN R. HENDERSON, and
WILLIAM RAMBO

U.S. Geological Survey

LAURENT MEISTER

Geophysical Service International

Recent analyses of aeromagnetic, gravity, and seismic
reflection measurements made in 1965-1966, in the Pen-
sacola Mountains of Antarctica, have extended knowl-
edge of the geology beneath areas covered by thick ice.
There is a broad regional Bouguer anomaly with grad-
ients parallel to the northwest edge of the Pensacola
Mountains block. Bouguer anomaly values decrease from
82 milligals to —90 milligals across this transition from
West to East Antarctica. Theoretical profiles fitted to the
gravity data indicate the presence of either an abnormally
thin crust on the west antarctic side, or a normal crust
on the west antarctic side with a steep step-like transi-
tion from West to East Antarctica. This transition sug-
gests that a fault extends from the crust-mantle boundary
to near the surface in the vicinity of Schmidt Hills.
Gravity, magnetic, and seismic data suggest the existence
of a thick section of low-velocity, low-density, nonmag-
netic, presumably sedimentary rock beneath the ice north-
west of the Pensacola Mountains.

A least square regression of the Bouguer anomalies,
compared with elevation in the Pensacola Mountains
area, suggests that the amplitude of the gravity anomaly
associated with the Dufek layered gabbroic intrusion is
about 85 milligals. This corresponds to about 8.8 to 6.2
kilometers thickness for the intrusion, assuming reason-
able density contrasts. Magnetic anomalies approaching
2,000 gammas in amplitude are associated with the in-
trusion. The decrease in amplitudes of one to two orders

Publication authorized by the director of the U.S. Geological
Survey.

of magnitude from the northern Forrestal Range to the
southern Dufek Massif is consistent with measured
magnetic properties (including normal and reversed
remanent magnetization). This interpretation is sup-
ported by theoretical magnetic models that suggest the
presence of a 4-kilometer fault across the front of the
Dufek Massif, down to the northwest. Models fitted
to 100 to 200 gamma anomalies over the southern Dufek
Massif require either a basal section 1 to 2 kilometers
thick, of higher magnetization than that measured from
rocks in the lowest exposed part of the section, or in-
finitely thick bodies of the low magnetization actually
observed. The first hypothesis is most reasonable and
suggests a possible basal ultramafic layer.

Magnetic and gravity data suggest a great extension
beneath the ice of the Dufek intrusion. The magnetic
data indicate a minimum areal extent of about 24,000
square kilometers and gravity data outside the magnetic
survey suggest an additional 10,000 square kilometers.
This gives a total minimum estimate of 34,000 square
kilometers, at least half of the area of the Bushveld
complex. Other magnetic data suggest that the Dufek
intrusion possibly continues as far north as Berkner
Island.

A number of magnetic and gravity anomalies of lim-
ited areal extent are associated with small scale geologic
sources within the Pensacola Mountains and beneath the
ice sheet. Precambrian diabase intrusions in the Schmidt
Hills area are inferred to be the sources of 50 gamma
amplitude magnetic anomalies. A —200 gamma mag-
netic anomaly and a positive Bouguer anomaly in the
Weber Ridge area at the north end of the Patuxent Range
are thought to be caused by a mafic intrusion. There is
a negative anomaly of at least —30 milligals amplitude
over the Median granite and Beacon(?) sedimentary
rocks in the Torbert Escarpment area relative to the
Patuxent Formation in the Neptune Range.

The free air anomaly data and the Bouguer anomaly-
elevation regression calculation suggest that the area is
in regional isostatic equilibrium.

New data for a Cenozoic history of
Wright Valley, southern Victoria Land

M. J . MCSAVENEY

The Institute of Polar Studies
The Ohio State University

Recent reinterpretations of the pecten locality in
Wright Valley, south Victoria Land (Webb, 1972a,
1972b; McSaveney and McSaveney, 1972; Brooks, 1972;
Vucetich and Topping, 1972), investigations of high-
level till deposits at Shapeless Mountain and Mount
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Feather (Mayewski, 1972, 1973), and recovery of long
sediment cores from the Ross Sea (Hayes et al., 1973)
have suggested several new chapters for a Cenozoic his-
tory of Wright Valley. Now we add a probable trachyte
ashfall to the valley's Cenozoic history.

Anomalous silty deposit

McSaveney and McSaveney (1972) pointed out the
apparent continuity and widespread occurrence of silty
deposits in Wright Valley, and suggested that these de-
posits were glacial-marine and of similar age to the
well-known pecten deposit that they enclosed (the
pecten foraminiferal assemblage possibly is late Miocene
or early Piocene in age, by comparison with faunas
recovered from leg 28 of the Deep Sea Drilling Project)
(P. N. Webb, personal communication). A possibility
that several silt units might be present, each of a different
origin, was considered likely but no evidence was noted
for this. Continued analysis of silts collected in Wright
Valley, between Lake Vanda and Hart Glacier, supports
a contention that there is one widespread silty unit (or
many identical units) of remarkably uniform composi-
tion and of glacial origin. But one sample from directly
in front of Meserve Glacier is unique in composition and
origin. It contains no obvious glacial material and is
distinguished from all other samples in containing just
two populations of sand and silt grains; one population
of extraordinarily well-rounded frosted sand grains
(these also are present to a lesser extent in all other
samples), and another population of silt and fine-sand
sized pale buff translucent hyaloclastic volcanic clasts that
are very well sorted and slightly abraded by wind trans-
port. The ash is apparently altered and readily leached
of a small amount of "iron staining" by dilute hydro-
chloric acid. The leached grains are translucent white.
This population of clasts was not seen in any other
sample. The fragments are believed to be of trachyte.

Other ash deposits

This is not a lone occurrence of fine-grained volcanic
ash in the McMurdo Sound region. Linkletter (1971)
reported the presence of volcanic ash in Taylor Valley.
Berg and Black (1966) reported the presence of fine-
grained yellow ash in "Windy Crater' at McMurdo Sta-
tion. Harrington (1969) refers to pale gray to white
vitric tuff fragments in moraine at Minna Bluffs. Coarse
black basaltic ash was recognized in a stratigraphy of
lateral moraine deposits and volcanic debris along the
western margin of Meserve Glacier. Isolated grains of
black volcanic glass occur in about half of the examined
Wright Valley silt samples (none was seen in the Me-
serve Glacier silty samples).

Age of the ash

An age determination is available for only one of the
fine ash deposits. Harrington (1969) reports that the
Minna Bluff tuff is Paleocene to Eocene in age, as deter-
mined from its associated microfauna. The "Windy
Crater" ash is at least younger than the crater, but it is
not possible to tell from Berg and Black's passing refer-
ence to this material whether it is verified ash and not
ash by association . Yellow silt is the almost ubiquitous
marine deposit of McMurdo Sound and perhaps could
have been misidentified in "Windy Crater." Linkletter's
Taylor Valley ash and the Meserve Glacier tuff are air-
fall deposits of volcanic origin. Although the present
sites of the deposits may not be the original sites of
deposition, the materials arrived at their present sites
after the episode of major valley cutting in the McMurdo
Sound region. That this had occurred by early Pliocene
time (for deposition of the pecten fauna in Wright
Valley) is not surprising in light of the evidence for
extensive glacial erosion in Antarctica through Oligocene
and Miocene times (Hayes et al., 1973).

This leaves a long time span in which the ash may
have fallen. It may have fallen in a standing body of
water. This places some restrictions on time of deposi-
tion. Additionally it was not deposited while ice of
Alpine III or ice of Alpine II age (Calkin et al. ,, 1970)
stood over the site.

Significance of the Meserve Glacier ash deposit

The presence of trachyte ash in Wright Valley is not
surprising. Meserve Glacier lies in the western extremity
of the McMurdo Volcanic Province and trachyte is a
prominent eruptive element in this province (Mount
Discovery is a trachyte dome). It is surprising that this
is only the second reported occurrence of fine ash in
the dry valleys area, and even more surprising is the
absence of materials of glacial origin in a deposit close
to a local alpine glacier in an area with a long history
of glaciation.

The abundance of rounded, frosted grains immediately
suggests reworked material from the Beacon sequence of
rocks in this region. The local geology dominantly is
metamorphic and igneous rock, however, and Beacon
rocks apparently no longer crop out around the basin of
Meserve Glacier. Any mechanism that might bring
Beacon sediments also might be expected to bring grains
from dolerite, hornfels, marble, gneiss, and granite; but
grains from the first three are absent and the latter two
can be Beacon components, anyway. There seems to be
no ready source for the rounded component of this
unique, silty deposit.

That transport was by wind seems indisputable. Depo-
sition probably was accomplished by airfall onto an ice-
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free body of water at a time when even the basin of
Meserve Glacier was ice free, perhaps even arid and
windswept. The Wright Valley system may have been
entirely deglaciated at some post-Miocene time.

This ash is indistinguishable in casual examination
from other Wright Valley silts and was not differentiated
in the field. As a consequence, we do not know the
extent of the deposit and its relationship to the local
stratigraphy. Further investigation of the deposit will be
made in 1974. Perhaps work of the Dry Valley Project
will shed some light on this ashfall's age. This work was
carried out under National Science Foundation grant
GV-28804.
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Origin of the Jurassic dolerites and
basalts of southern Victoria Land

Lois M. JONES

Department of Geology
University of Georgia

RAYMOND I. WALKER

Oak Ridge National Laboratory

BRADFORD A. HAl.!. and H. W. BORNS, JR.

Department of Geological Sciences
University of -Maine. Orono

Mesozoic basalt and dolerite occur extensively in Ant-
arctica. Compston ci al. (1968) analyzed a dolerite
suite from the Transantarctic Mountains and the "Vanda
Sill" in Wright Valley and found that they are geo-
chemically similar to the Tasmanian dolerites of Jurassic
age studied earlier by McDougall (1962) and Heier
ci al. (1965). In addition, Compston et al. (1968)
found that the initial 117Sr/Sr ratio of 0.7116 for these
antarctic dolerites essentially was identical to the initial
ratio, ( M 75r/MUSr) ,, = 0.7 115, for the Tasmanian doler-
ites (Heier ci al., 1965). Hill (1969) reported similar
anomalously high initial 7 Sr/'"Sr ratios for suites for
Kirkpatrick basalt and Ferrar dolerite from northern
Victoria Land and the Queen Alexandra Range. From
these analyses, Hill (1969) concluded the existence of a
genetic relationship between Kirkpatrick basalt and Fer-
rar dolerite.

On the other hand, Faure and Elliot ( 1971 ) analyzed
suites of Jurassic basalt and dolerite samples from Queen
Maud Land. They reported a bimodal distribution of
initial M7Sr/Sr ratios with mean values of 0.7037 and
0.7072. These initial ratios are significantly lower than
for the Jurassic Ferrar dolerite and Kirkpatrick basalt.
Also, rocks from Queen Maud Land are chemically dis-
similar to the Jurassic Ferrar-Kirkpatrick rocks (Faure
and Elliot, 1971; Jukes, 1968).

We are reporting present day and initial 87Sr/86Sr
ratios and concentrations of rubidium and strontium for
Jurassic basalt and dolerite samples (table) from south-
ern Victoria Land. The isotopic composition of strontium
in samples 105, 155, 160, 310, and 368, from Wright
and Taylor Valleys, was determined on a single-filament,
solid-source mass spectrometer (Nuclide model 6-60-S),
at Ohio State University. A minimum of 60 sweeps of
the mass range were made in each ratio determination.
The rubidium and strontium concentrations of these five
samples were determined by isotope dihition using iso-
tope spikes enriched in 57Rb and 86Sr, respectively. Four
samples were collected from Allan Hills and Battlements
and Carapace Nunataks, which are located north of
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Wright Valley. The 87Sr/86Sr ratios of these samples
(plus one additional dolerite sample-204-LJ-from
Wright Valley) were determined at Oak Ridge National
Laboratory by using a two-stage mass spectrometer (12-
inch radius, 90 0 -deflection, solid-source). Mass analysis
was achieved by repeated voltage sweeps across the mass
range; each reported ratio is an average of ten runs on
each filament loading, each run consisting of 200 sweeps
of the mass range. Reproducibility of the 87Sr/86Sr
ratios with both mass spectrometers is better than
-1-0.0003.  The five samples' rubidium and strontium
analyses were determined at Ohio State University by
using a General Electric xRD-6 x-ray fluoresence spectro-
meter outfitted with a molybdenum tube. Calibration
curves were established by using standards that had been
analyzed in replicate by isotope dilution. Matrix correc-
tions were made by monitoring the Mo K cr peak.

The initial 87Sr/86Sr ratios for the Wright and Taylor
Valley samples were calculated assuming an age of
approximately 160 million years. Four potassium-argon
mineral dates averaging 161 million years for dolerite
from the "Vanda Sill" in Wright Valley were reported
by Compston et al. (1968). Potassium-argon dates for
the other samples are approximately 150 and 180 million
years, as shown in the table. The initial 87Sr/86Sr ratios
for the 10 samples range from 0.7098 to 0.7113. These
ratios are anomalously high for a direct mantle origin
and suggest a complex history for the strontium. The
initial 87 Sr/86Sr ratios are similar to values summarized

by Faure et al. (1972) for the Ferrar dolerite and Kirk-
patrick basalt and indicate a direct relationship between
these rocks and the Jurassic dolerite and basalt in south-
ern Victoria Land.

Sample localities

105- dolerite from dike between Hart and Meserve Gla-
ciers, Wright Valley, approximately 700 meters
above valley floor. Collected by R. J . E. Montigny.

155- dolerite from dike intruded into Dais granite, north
wall of Wright Valley, north of Wright Lower Gla-
cier. Collected by R. J . E. Montigny.

160- dolerite from sill intruded below Vida granite, on
south wall of Wright Valley, south of Lake Vanda.
Collected by R. J . E. Montigny.

204-U- dolerite from sill intruded below Vida granite, north
wall of Wright Valley, north of Lake Vanda. Col-
lected by L. M. Jones.

310-	basalt from south wall of Taylor Valley, near Marr
Glacier. Collected by J . G. Murtaugh.

368- dolerite from large sill at eastern entrance to the
Meserve Glacier accumulation basin, Wright Valley.
Collected by R. E. Behling.

6-72- dolerite from intrusive into Beacon sandstone at
northeastern extremity of Battlements Nunatak. Col-
lected by H. W. Borns and B. A. Hall.

H-5- dolerite intrusive into Beacon sandstone from north-
central margin of Allan Hills. Collected by H. W.
Borns and B. A. Hall.

H-8- basalt from dike intrusive into a Jurassic diamictite,
collected near center of exposed rock, Allan Hills.
Collected by H. W. Borns and B. A. Hall.

Isotope composition of strontium and concentration of rubidium and strontium
for Jurassic basalt and dolerite from southern Victoria Land.

Sample no.	SlSr/8OSr*	'Sr/'Sr
Assumed

Rb	Sr	81Rb/Sr	("Sr/'Sr).	age

	

(parts per million)	 (million years)

	

651.8	0.359	0.7107	160

	

560.4
	

0.586	0.7109
	160

	

120.0	0.347	0.7109
	160

	

631.5
	0.265	0.7107	160

	

731.7
	

0.340	0.7112
	160

	

123.8	0.772	0.7113
	160

	

130.2
	

0.768	0.7098
	180

	

130.9
	

1.454	0.7112
	180

	

128.5	0.607	0.7110
	180

	

135.5	0.973	0.7103	150

105
	0.7116	0.1187

155
	0.7125	0.1184

160+
	

0.7118
	

0.1198

204-Tj
	

0.7113
	

0.1205

310
	

0.7121
	0.1187

368+
	

0.7134
	

0.1190

6-72
	

0.7117
	0. 12 10

H-5
	

0.7148
	

0.1196

H.8	0.7126
	

0.1206

H-32
	

0.7124
	

0.1194

80.84

113.5

14.40

57.77

86.05

33.04

34.52

65.70

26.95

45.53

Location

Wright Valley

Wright Valley

Wright Valley

Wright Valley

Taylor Valley

Wright Valley

Battlements Nunatak

Allan Hills

Allan Hills

Carapace Nuntack

'Sr/"Sr normalized to Sr/Sr = 0.1194
Eimer and Amend SrCO3 interlaboratory standard:

Wright and Taylor Valleys; "Sr/'Sr = 0.7083 ± 0.0004 (2 0 ), N = 18 measurements made at Ohio State University. Other
localities; 87Sr/°Sr = 0.7079 ± 0.0001 (2 0 ), N = 222, measurements made at Oak Ridge National Laboratory.

A Rb = 1.39 x 10- 11 yr-1.

+Prelirninary data for these samples, reported by Faure et al. (1972).
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H-32--- basalt from pillow in basal part of a palagonitized
basalt breccia, northern exposure at Carapace Nuna-
tak. Collected by H. W. Borns and B. A. Hall.
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A volcanic ash deposit, Wright Valley

Lois M. JONES, JAMES A. WHITNEY, and
JOHN C. STORMER, JR.

Department of Geology
University of Georgia

We are reporting evidence for a possible ash fall that
may have extended throughout Wright Valley. Upon
examination of water-deposited sediment, samples from
two localities contained material with a density appre-
ciably less than that of quartz. These localities are shown
in fig. 1. Site A is located approximately 2.5 kilometers
southeast of the easternmost edge of Lake Vanda, and
site B is a deposit underlying an alluvial fan on the
lake's north shore.

This low-density material was separated from a series
of samples collected from site A. The higher-density
material mainly consists of grains of quartz, feldspar,
biotite, hornblende, and lithic fragments that probably
were derived from the local bedrock. The amount of
low-density material from a depth profile is given in
table 1. The actual percentage of this material may be
considerably higher, but it was advantageous to remove
the -250 mesh fraction prior to the density separations.
No ash is found in the shallower samples, but its amount
increases with depth through the profile that extended
to 85 centimeters.

The ash dominantly is composed of an amorphous,
friable, light-gray material (fig. 2, A and B). This ma-
terial is very similar in appearance to water-laid volcanic
ash from the Mojave Desert, California (G. 0. Allard,
personal communication) and to other volcanic ash de-

Table 1. Percent ash (d < 2.6 of the +250 mesh fraction for
samples from a depth profile at site A, southeast of Lake Vanda.

+250 mesh

	

d>2.6	 d<2.6

	

(heavy)	 (light)

	

(percent)	 (percent)

	

100.0	 0.0

	

100.0	 0.0

	

78.3
	

22.7

	

61.7
	

38.3

	

54.2
	

45.8

	

59.0
	

41.0

	

31.3
	

68.7

	

47.4
	

52.6

+250
Laboratory	 Depth	 mesh

number	 (centimeters)
	

(percent)

492
	

0-3
	

84.4

496
	

3-8
	 56.2

495
	 8-18

	
29.6

491
	 18-28

	 51.7

494
	

28-40	 57.7

493
	

40-55	 55.7

589
	

55-70
	

45.3

590
	

70-85	 52.3

* R. E. Behling's sample locality WVB-58.
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Figure 2. Scanning electron
micrographs of volcanic ma-
terial from site A (40 to 55
centimeters in depth). (A)
Typical grain of the amor-
phous, light-gray ash. Most
of the volcanic material con-
sists of this kind of ash. (B)
Close-up view of the particle
shown in (A). (C) Grain of
chlorophaeite. (D) Close-up
view of the grain shown in
(C). (E) and (F) Typical as-
pects of the vesicular par-

ticles.

scribed by Heiken (1972). This light-gray ash shows
all gradation into a khaki-colored, massive substance
exhibiting conchoidal fracture (fig. 2, C and D). This
material is found at maximum concentration 2 per-
cent) at depths of Z10 to 55 centimeters. Its refractive
index is variable from 1.554 to 1.560 and it often shows
weak birefringence. Powder x-ray diffraction analysis
indicates no pronounced crystalline nature. A few diffuse
maxima are present in the pattern, however, and these
peaks correspond to those reported by Stokes (I 97 1)
for the mineraloid chlorophaeite.

Grains of the khaki-colored substance (chiorophacite?)
were analyzed chemically with an electron microprobe.
Twenty spot analyses were made on a total of six grains.
The material was altered by the beam, possibly indicative
of a high water content. The chlorophacite is suite vari-
able in composition (table 2) . This analysis is similar

\

B'	
•

'	
7	

4 
1

N	 c
A

0	 2 k

Figure 1. Location of sediments in Wright Valley (sites A and B)
that contain volcanic ash.

to those reported for chlorophaeite by Stokes (1971),
with the exception that the A 1 ° and FeO contents are
lower for the Wright Valley material.
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Vesiculated volcanic fragments (fig. 2, E and F) com-
prise a fraction of 1 percent of the ash. These fragments
unquestionably are of volcanic origin and lend credence
to a volcanic source for the light ash and chlorophaeite.
The sediment apparently has been water-deposited (R. E.
Behling, personal communication). The presence of an
aqueous environment would promote the alteration of
the ash to material such as chlorophaeite.

A sample from site B consists dominantly of light-gray
ash. A few grains of khaki-colored substance were pres-
ent. The similarity of this sediment to that of site A
is striking, and strongly suggests a relationship between
the material of these two localities. It is quite possible
the two were deposited contemporaneously.

Holdsworth (1969) reported the presence of wind-
blown vesicular basaltic particles in the eastern moraines
of the Meserve Glacier, located in the eastern part of
Wright Valley. Small cinder cones of McMurdo basalt
are located in the accumulation basin of this glacier.
These and other local, glacially overridden (?) cones
were the source of the basalt incorporated within the
moraines and probably of the wind-blown particles as
well.

The most likely sources for volcanic material are (1)
small basaltic cinder cones located in the vicinity of the
Meserve and Bartley Glaciers and on the south wall of
the valley above the Loop Moraine, and (2) Ross Island.
The variable chemical composition and the possible oc-
currence of aqueous alteration make it difficult to assign a
specific source for this material. The material's value is
greatest, however, in establishing a time horizon within
the sediments of Wright Valley, and possibly elsewhere
in southern Victoria Land.

We are indebted to Robert E. Behling, West Virginia
University, for the excellent series of samples from site
A. Maurice and Eileen McSaveney, Institute of Polar
Studies, Ohio State University, provided the sample from
site B. David Baskin assisted with the microprobe anal-
yses and Janet Johnson gave valuable assistance during
the operation of the scanning electron microscope.

Table 2. Electron microprobe analysis of chioro-
phaeite (?), Wright Valley. The range in per-
cent is given for 20 spot analyses of six grains

of the material.

Oxide	 Range (percent)

Si02	55-35

Al 203	1.0-0.5

FeO*	 2-9.5

MgO	 2-8.0

CaO	 0-20

Na20	 0-0.2

* Total Fe reported as FeO.
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Antarctic and other Gondwana
nonmarine deposits

PAul. TASCH

Department of Geology
Wichita State University

Completely or incompletely carbonized conchostracan
valves (Mesozoic interbeds of dolerite flows, Transant-
arctic Mountains) may serve as geothermometers. Tem-
perature-related experiments on modern conchostracan
valves led to compilation of a char scale. Further re-
finements and analyses are under way (Tasch, in prepara-
tion).

The duration of a nonmarine interbed at Blizzard
Heights is determined to be 306 ± 26 years, based on
successive, seasonal conchostracan generations. It is the
first indication of the time between successive dolerite
flows represented by such interbeds. A time-related eval-
uation of electron microprobe data for two successive
flows becomes feasible with this framework, assuming
that the nonmarine deposits would have continued if
any considerable time lapse intervened before the upper
flow eliminated the basin (Tasch and Gafford, in prep-
aration, a).

Geochemical data which permit paleosalinity deter-
mination have been developed for antarctic Mesozoic
conchostracan interbeds (Tasch and Gafford, in prepara-
tion, b). There are indications, for example, that at Storm
Peak the upper interbed has a salinity of 31 parts per
thousand and that it becomes more brackish only during
the time represented by the uppermost portion (21 parts
per thousand).

Field study, in collaboration with the Indian Geologi-
cal Survey, covered the Triassic (Panchet Formation,
Raniganj Basin), and the Jurassic (Kota Formation,
Pranhita-Godovarj Basin). Conchostracan faunas extend
through some 519 meters of the Panchet Formation.
Clarification of the conchostracan biostratigraphy will
allow useful comparisons with the Triassic of western
Australia, in particular (Tasch et al., 1973). The con-
chostracan faunas of the western Australian basins have
been studied in collaboration with colleagues of the
Bureau of Mineral Resources, Geology and Geophysics.
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I	2	3	4
(1) Jurrasic charophyte, greatly enlarged, found at Storm Peak (upper flow, bed 6). (2) Fish scale from Storm Peak (upper flow, bed
1), enlarged x24. (3) Anhydrite grain from Storm Peak (station 2, lower flow, bed 4). The white scratch was made to test the samples
hardness. (4) Abdomen with five visible segments tapering posteriorly, found at Mauger Nunatak. The photograph of the sample has

been enlarged x24.

Important faunal similarities were found between the
Kota Formation and the Jurassic nonmarine deposits of
the Transantarctic Mountains. For example, paleolimna-
did conchostracans (with broad umbo) mutually occur in
both Indian and antarctic Jurassic, as do beetle elytra
(Tasch, 1973b). The later are known from both the
Kota and Carapace Nunatak localities. The new data
on Jurassic fossil coleopteran and conchostracan distri-
bution could prove important, in conjunction with other
evidence, in positioning India in the Gondwana con-
figuration of continents.

Among others, recently discovered items include: at
Storm Peak, first reorted Antarctic charophyte (fig. I),
stromatoloid crenulated laminae (lower and upper flow
interbeds); probable insect (upper flow interbed); fish
scales (fig. 2), in upper flow interbeds denoting fish
presence (some 273 meters above Elliot's fish bed) ; and
scattered anhydrite grains (fig. 3), in lower interbed,
signifying mini-evaporative conditions; at Mauger Nuna-
tak, a tooth-like fossil, probable crustacean appendages,
and an as yet unidentified arthropod abdomen (fig. 4);
at Carapace Nunatak, first indication of two strati-
graphically distinct conchostracan-bearing beds, and in
the upper of the two beds, fish scales, and conchostracan
eggs attached to valve.
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Antarctic Lystrosaurus defined

EDWIN H. CO1.BERT

Museum of Northern Arizona

The Lower Triassic reptilian genus Lystrosaurus first
was positively identified on December 4, 1969, among
fossils being collected from the Fremouw Formation,
Coalsack Bluff, in the Transantarctic Mountains. Nu-
merous specimens of Lystrosaurus were collected during
the 1969-1970 season, at Coalsack Bluff, and at Mc-
Gregor and Shackleton Glaciers during the 1970-1971
season. The significance of L;strosaurus in Antarctica, as
related to Lystrosaurus in southern Africa, in peninsular
India, and in China, has been discussed in various publi-
cations of the past 3 years, including Colbert (1970,
1971, and 1972). In Colbert (1972) it was suggested
that Lystrosaurus in Antarctica might be equated with
two southern African species of this genus.

The importance of careful, specific designations for
the antarctic fossils neds emphasis, especially within the
context of former continental relationships, according to
the theory of continental drift. If the species of antarctic
Lystrosaurus are identical with species in other southern
continents, the fossils su}port and enhance evidence for
a former close ligation between Antarctica and other
land masses where they are found. If the species are
different, a less intimate relationship between the conti-
nental blocks may be indicated.

A difficult problem with Lystrosaurus is taxonomic
splitting versus lumping. Splitting has been the rule
during years past. Twenty-six species of Lystrosaurus
have been described in South Africa, an additional one in
India (plus three equated with South African forms),
while six others have been described in China. Obviously,
these are too many species, especially since the genus is
stratigraphically limited to the lowest part of the Triassic.
But how can the species of Listro.raurus be limited?
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Valley.

How many differences seen in specimens of this genus
can be attributed to valid specific characters, how many
to individual variation, how many to growth factors, and
how many to sexual dimorphism?

Various revisions of the genus have been attempted.
Nine species are recognized in a recent study of African
forms by Cluver (1971). Kitching (1968) considered
that there are six valid African species, and I reached
this same conclusion (in press) quite independently of
Kitching. There may be a valid species in India, in
addition to the African species present there, and perhaps
two valid species in China, in addition to the African
forms present in Asia. Even this concept of speciation
within Lystrosaurus may be too broad. The role of sub-
jectivity looms large in the delineation of fossil species.

It is being suggested (Colbert, in press) that two
African species, Lystrosaurus murrayi (the type of the
genus) and Lystrosaurus curvatus, were present in the
Antarctic. (There is no good evidence for creating new
species for any of the antarctic fossils.)

If this is true, then a very strong link is indicated
between Antarctica and South Africa during the early
Triassic. According to my revision of the genus Ly-
strosatirus, Lystrosaurus murrayi is present in India and
in China, while Lystrosaurus curvatus extends to China.

Consequently these species are seen as having had a
wide distribution during the early Triassic, a distribu-
tion most logically explained by assuming that they oc-
cupied a continuous range across an ancient Gondwana-
land.

This study of antarctic L3strosaurus has been carried
out under National Science Foundation grant GV-25341.
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ward, away from the coast, for a total distance of ap-
proximately 30 kilometers, eventually emptying into
Lake Vanda. The Onyx River is joined along its course
by meltwater streams that issue from the valley glaciers
and patches of accumulated snow and ice.

As part of a study to identify the source of salts in
Lake Vanda, Jones (1969) analyzed five water sam-
ples from the Onyx River. Concentrations of the prin-
cipal cations (Na, K, Ca, and Mg) varied considerably,
some within an order of magnitude. The samples ana-
lyzed were collected from the stream at intervals from
the vicinity of the Denton Glacier to a point approxi-
mately midway between Bull Pass and Lake Vanda.
The concentrations of these ions increased downstream.

Principal cation concentrations for a
length profile of the Onyx River,

Wright Valley

Lois M. JONES

Department of Geology
University of Georgia

The Onyx River is a meltwater stream that originates
from a shallow lake at the base of Wright Lower Gla-
cier (fig. 1). It is an intermittent stream, flowing only
during the warmest part of the summer. It flows west-
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LAKE ; VANDA- -	 8	 /
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Concentrations of the principal cations in the Onyx River, Wright Valley.

Cat	 Mg.1	 Ca/Na
(figures in parts per million)

1.21	 5.54	 0.610	 0.955

1.12	 4.71	 0.516	 0.961

1.11	 4.43	 0.492	 0.933

1.08	 4.32	 0.494	 0.923

1.01	 4.31	 0.486	 0.913

1.02	 4.59	 0.504	 0.956

1.11	 4.75	 0.558	 0.985

1.09	 4.67	 0.504	 1.026

1.01	 4.35	 0.462	 1.012

0.93	 3.99	 0.434	 0.998

1.00	 3.78	 0.420	 0.967

0.79	 3.38	 0.404	 0.944

0.68	 2.94	 0.322	 0.872

Sample
number	 Na*

8
	 5.80

9
	

4,90

10
	

4.75

11
	

4.68

12
	

4.72

13
	

4.80

14
	

4.82

15
	

4.55

16
	

4.30

17
	 4.00

18	 3.91

19
	

3.58

20	 3,37

	

Na/K
	

Ca/Mg

	

4.79
	

9.08

	

4.38
	

9.13

	

4.28	 9.00

	

4.33
	

8.74

	

4.67	 8.87

	

4.71
	 9.11

	

4.34
	

8.51

	

4.17
	 9.27

	

4.26
	

9.42

	

4.30
	

9.19

	

3.91	 9.00

	

4.53
	

8.37

	

4.96
	

9.13

* determined by flame photometry
t determined by EDTA-Hydroxy Naphthol B. titration

determined by atomic absorption

Sodium ranged from 7.6 to 44.6 parts per million; po-
tassium, 0.59 to 6.20 parts per million; calcium, 2.8 to
43.0 parts per million; and magnesium, 0.19 to 3.05
parts per million. In addition, it was found (Jones,
1969) that ratios of these principal ions varied along
the stream's course. For example, the Na/K ratio ranged
from 13 at the eastern end of Wright Valley to 7.2
downstream at the base of Bull Pass. This variation ap-

peared to be a gradual, continual change and suggested
that there might be a regular variation in the composi-
tion of the soluble salts within the regolith of the
valley. This observation, however, was made after ana-
lyzing only five samples collected in December 1966,
during a 1 -week interval. Because the Onyx River
flows intermittently and its discharge varies consider-
ably during these flow periods, the apparent character-

-
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Figure 2. The variation of the
sodium ion concentration and
the Ca .Na ratio for a length
profile of the Onyx River,

Wright Valley.
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istic of the changing concentration and composition
throughout its length could not be established with any
certainty.

A series of 13 samples of water was collected from
the Onyx River during the 1969-1970 austral summer.
The sampling extended over the stream's entire length
and was done in about a 2-hour period (this could
be considered instantaneous sampling). These samples
were analyzed for Na, K, Ca, and Mg, and the data
are given in the table. There are no variations of an
order of magnitude that had been detected previously
from samples collected over a period of several days.
Instead, for this sample profile the concentrations for
the principal cations varied by less than a factor of two.
There was a trend, however, for the concentrations to
increase downstream. As an example, the sodium con-
centration has been plotted against distance in fig. 2.
The concentration of sodium increases smoothly down-
stream, except for a minor decrease in the samples
collected just east of Bull Pass.

The weight ratios of Ca/Na, Ca/Mg, and Na/K
for the water samples are given in the table. The vari-
ations of these ratios indicates a change in composition
of the salts in the stream with distance. For example,
the Ca/Na ratio is plotted in fig. 2. The ratio increases
with distance downstream from the lake at the base
of Wright Lower Glacier, then it decreases and reaches
a minimum in the vicinity of Bull Pass. It increases
once again as the stream nears Lake Vanda.

From the above analyses, concentration and compo-
sition of the principal cations of dissolved salts in the
Onyx River vary continually downstream. Water con-
taining salts of a marked difference in quality and
quantity is being introduced to the stream in the vicinity
of Bull Pass.

I thank the field support of U.S. Navy vxE-6, es-
pecially lieutenant commander Arlan Dyer, for the ex-
cellent series of samples from the Onyx River. Financial
assistance for the field work was provided by National
Science Foundation grants GA-14427 and GA-14573.
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Rubidium-strontium geochronology of
antarctic and South American rocks

MARTIN HALPERN

Institute for Geological Sciences
University of Texas, Dallas

During 1972-1973, the following programs in
rubidium-strontium eochronology and strontium iso-
tope geochemistry were begun with the partial support
of National Science Foundation grant GV-28757.

A. Ritbidium-strontium data for basement rocks from
northeast Marie Byrd Land (with Boris G. Lopatin, Re-
search Institute of the Geology of the Arctic, Leningrad,
USSR):

During the 1967-1968 austral summer, Lopatin, ex-
change scientist with the U.S. Antarctic Research Pro-
gram, participated in the geologic mapping of northeast
Marie Byrd Land. Specimens analyzed for rubidium and
strontium consisted of metamorphic and intrusive base-
ment rocks (fig. 1) capped by Cenozoic volcanic rocks
(Lopatin and Orlenko, 1972). There is no direct evi-
dence to indicate the age and structural position of the
basement rocks. Three specimens have been analyzed:
biotite-quartz-feldspar gneiss (#26), pegmatitic quartz
and potassium feldspar (26d), and aplite (#10e).

Since only one specimen from each outcrop was avail-
able for rubidium and strontium analysis, the reference
isochron plotted in fig. 2 is not intended to indicate a
least squares fit to the data points. Fig. 2 shows a
reference isochron with a slope equivalent to 240 mil-
lion years, using a decay constant of A = 1.47 x 10

Contribution number 237, Institute for Geological Sciences,
University of Texas, Dallas.

Amundsen Sea
0•

74 • 30

75* 00
o Sample number and location

post-basement volcanic
rocks
post-basement granitic
rocks

basement rocks

Figure 1. Region of basement rock exposure in northeast Marie
Byrd Land.
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per year and an initial Sr 87/Sr86 ratio of 0.706. Be-
cause the samples represent different rock units from
several outcrops, it can not be assumed that the Sr87/
Sr86 initial ratio was the same for each sample. The
isochron therefore is only a datum against which the
plotted points can be compared (e.g., Hurley and Fair-
bairn, 1972). Ages also have been calculated for each
total rock and mineral concentrate analyzed (table),
with the exception of total rock #26d where the en-
richment in radiogenic Sr 87 is considered too low to
calculate a meaningful date.

To the south and west of the area shown in fig. 1,
a sample of basement (?) quartz diorite at Mount
Strange in the Kohler Range (latitude 74 0 58'S., longi-
tude 113 0 21'W.) was dated by the rubidium-strontium
method, using total rock, biotite, and muscovite (seri-
cite). The line drawn through these three data points
gave a slope having a calculated age of 265 ± 20 mil-
lion years and an initial Sr 87/5r86 ratio of about 0.705
(Halpern, 1972). To the north of the area shown in
fig. 1, on Thurston Island, a minimum age of 280 ± 10
million years was determined by using the rubidium-
strontium method for biotite from quartz diorite gneiss
(Craddock et al., 1964). On the radiometric age map
of Antarctica, compiled by Craddock (1970), additional
radiometric numbers are presented for Thurston Island
rocks. Craddock's listing of dates (1970) by the rubid-
ium-strontium and potassium-argon methods fall within
Paleozoic to early Mesozoic time.

The rubidium-strontium dates given in this paper
(table) suggest that during Permian time the basement
rocks of northeast Marie Byrd Land were involved in
geologic event(s) which resulted in the now-exposed
igneous and metamorphic basement. When combined
with the limited radiometric and stratigraphic age data

Sr8/Sr86
0.7804

,426d0.770.J.	 K-feldspar

o.760t biotite
0.750--

Zrock

0.740-f Nso

ochron, 240 my.
0.730

3L47 x 10yr.'
0.720t Sr87/Sr860.706

0710 t'6d total rock

0.7001	I	 I	 I0	2	4	6	8	10	12	14	16	18	20
-	 Rb87/Sr86
Figure 2. Fit of basement total rock and mineral rubidium-
strontium isotopic data to a 240-million-years reference isochron.

available from the literature, it appears that crustal areas
within West Antarctica were subjected to orogenic
event(s) during the late Paleozoic.

B. Rubidium-strontium geochronology of the Prince
Charles Mountains (with Garrik Grikurov, Research
Institute of the Geology of the Arctic, Leningrad,
USSR):

In progress are total rock analyses of a large suite of
igneous and metamorphic specimens.

C. Rubidium-strontium geochronology of the meta-
morphic basement and intrusive plulonic rocks of the
Argentine Andes between latitudes 41° and 43 0 S.
(with Pedro N. Stipanicic and Roberto 0. Toubes,
Atomic Energy Commission, Argentina):

Initial results of this study indicate a Paleozoic age
for basement biotite schist and a Mesozoic age for

Rubidium-strontium analytical results of igneous and metamorphic rocks from
northeast Marie Byrd Land, West Antarctica.

Sample	 Calculated age **
number	Material	 SrSh/Sr°*	Rb87/Sr	Sr80(M/g)	Rbs7(M/g)	(million years)

lOe	total
rock

26	 biotite

26d	total
rock

26d	K-feldspar

	

0.7204	 3.98

	

0.7201	 3.94

	

0.7563	 14.3

	

0.7092	 0.716
0.7086

	

0.7719	18.8

	

0.0688	 0.274

	

0.0694	 0.273

	

0.0629	 0.901

	

0.257	 0.184

	

0.0651	 1.223

244 ± 44

240 ± 20

not calculated
enrichment in
radiogenic Sr
too low

238 ± 17

* Normalized to Sr/Sr ratio of 0.1194. At the time of these analyses, the normalized Sr"/Sr' ratio of the M.I.T. Eimer & Amend
SrCO3 standard was 0.70790 ± 0.0005 (20), the N.B.S. SrCO 3 standard # 987 of the normalized Sr`/Sr' ratio was 0.7100 5 ±

0 .00092 (20) (mean of 4 analyses).
** Using Rbs? 'k 	x 1011 per year, assumed initial Sr'/Sr" ratios of 0.704 to 0.708, and a possible error of about 4 percent

for the combined Rb87/Sr and Sr"/Sr' ratios.
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granitic total rocks of the Andean batholithic complex.
The assistance of Gary M. Carlin, W. I. Manton, and

G. Grikurov is gratefully acknowledged.
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lems and the amount of data involved, a single com-
puter program was written in Fortran IV language. It
takes raw data and applies the necessary correction fac-
tors to maintain proper time versus temperature relation-
ships. To simplify comparison between recorders and
stations, all data were converted to an hourly tempera-
ture record. Time-series programs have been written
for auto-correlation, cross-correlation, and spectrum
analysis. Application of these thus far has been lim-
ited, but in combination with Fourier analysis they will
be helpful in filling gaps in the records and in correlat-
ing weather records from McMurdo and elsewhere in
Victoria Land.

Preliminary analysis of selected records indicates a
large number of freeze-thaw cycles per year, in the sur-
face soil. The effects of clouds, shadows, and snowcover
on the soil temperature are remarkably evident. A va-
riety of other correlations seems possible.

Further studies include the application of thermal
correction factors for the growth rates of patterned-
ground wedges, analysis of seasonal moisture movements
in the active layer, quantification of the thermal proper-
ties of the active layer in relation to its composition, and
quantification of the freeze-thaw cycles for better ap-
preciation of weathering rates.
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Patterned-ground studies in Antarctica

TERRILL L. BURCH and ROBERT F. BLACK

Department of Geology and Geography
University of Connecticut, Storrs

Between 1962 and 1970, about 135,000 hours of con-
tinuous records of near-surface ground temperature, sur-
face ground temperature, and near-ground air tempera-
ture were collected by thermal recording stations lo-
cated at Nussbaum Riegel in Taylor Valley and near
McMurdo Station. The closing of these unmanned sta-
tions marked the end of the patterned-ground project's
field studies (Black, 1970, 1973).

The thermal recorders and those thermistors that
could be recovered were tested and calibrated under
laboratory conditions at a temperature range of —60°C.
to +20 0C. Individual recorder's idiosyncracies were
analyzed, as well as decreases in thermistor sensitivity.
Corrections for unrecovered thermistors were based on
the statistically most suitable curve for the correction
factors of the recovered thermistors. The recorder-
thermistor combinations and the time marking system
also were calibrated at varying voltages. Power outages
were identified.

Because of the complexity of these and other prob-

Black, Robert F. 1970. Patterned-ground studies in Antarctica.
Antarctic Journal of the U.S., V(4): 104-105.

Black, Robert F. 1973. Growth of patterned-ground in Vic-
toria Land, Antarctica. Second International Permafrost Con-
ference, Yakuti-k, USSR. National Academy of Sciences. 193-
203.

Cartographic activities of the
U.S. Geological Survey, 1972-1973

RUPERT B. SOUTHARD, JR.

Topographic Division
U.S. Geological Survey

The Topographic Division is responsible for the pro-
duction, under the Antarctic Cartographic Program, of
various map series and cartographic products. The
1:250,000-scale topographic map series is the most im-
portant part of this program. Maximum effort continues
to be directed toward the completion of this series'
1:250,000-scale shaded-relief maps. Five 1:250,000-
scale maps were issued, covering the Saunders Coast of
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Marie Byrd Land: Boyd Glacier, Alexandra Mountains,
Guest Peninsula, Gutenko Nunataks, and Mt. McCoy.
Also issued was a new edition of the Ross Island
1:250,000-scale map. Two 1:250,000-scale maps, Mt.
Berlin and Grant Island, of the Hobbs Coast—Marie
Byrd Land area, have been compiled and will be pub-
lished during the 1973-197/i fiscal year.

Nineteen maps at 1:250,000-scale are in various
phases of compilation. They cover an area along the
Marie Byrd Land (;oast between Thurston Island-Jones
Mountains and Hobbs Coast. Source materials (aerial
photography and ground control) are available for' an
additional 13 maps at 1:250,000-scale, covering 170,000
square kilometers of eastern Ellsworth Land. The
shaded-relief sketch map of Palmer Land, at a scale of
1:500,000, has been deferred pending an evaluation of
Earth Resources Technology Satellite (ERTS) imagery
for cartographic application in the area. Compilation
is continuing for the 8 orthophotoquadrangles at
1:50,000-scales, covering the Wright-Taylor-Victoria
Dry Valley area, and the 1: 1,000,000-scale map of the
McMurdo Sound Region.

Experiments being carried out under National Aero-
nautics and Space Administration-funded proposal SR-
149, "The cartographic application of ERTS-return beam
vidicon imagery in polar regions" (principal investi-
gator, W. R. MacDonald), will contribute significantly
to the antarctic mapping program. Work is already
underway to update the McMurdo Sound Region
1:1,000,000-scale map, utilizing ERTs-I imagery prod-
ucts. Not only will there be changes made to the con-
figuration of coastal glaciological features, but signifi-
cant changes will be made in the northern limits of
the Ross Ice Shelf and in the position of Franklin Island.
New geographical features also will be depicted on the
plateau west of the dry valleys.

ERTS-1 imagery has proven to be a valuable tool for
the polar cartographer and scientist. The ERTS-1 satel-
lite's onboard tape recorder unfortunately became in-
operative in April, making it impossible for the National
Aeronautics and Space Administration to obtain further
imagery in Antarctica until ERTS-B is launched, hope-
fully in 1975. But experiments are continuing and re-
sulting products will be utilized to reduce the overall
cost of the antarctic mapping program.

The U.S. Antarctic Mapping Center continues to ex-
change newly published maps and charts with the other
11 nations represented on the Scientific Committee on
Antarctic Research (SCAR). Sixty-two reports, maps,
and charts were received from six SCAR Mapping Cen-
ters. All foreign SCAR-associated materials received by
the U.S. Antarctic Mapping Center, plus all U.S.-pub-
lished antarctic maps and most U.S. aerial photography,
are on file in the U.S. Geological Survey Antarctic Map
and Aerial Photography Library at the Special Mapping
Center, bldg. E-2, 1943 Newton Square F., Reston, Vir-

ginia 22070. The library is open from 9:00 am, to
4:00 p.m. weekdays. This work is supported by National
Science Foundation Grant AG- 177.4.

Structure and function of antarctic
marine benthic communities

ROBERT Y. GEORGE

Institute of Marine Biomedical Research
University of North Carolina, Wilmington

Between September and December 1972, two major
research apparatuses were designed and developed for
conducting a proposed study on the structure and func-
tion of antarctic benthic communities. It is essential to
quantify community structure in order to define and
describe the bottom community composed of diverse ani-
mal populations. The first apparatus, the MESO-LUBS,
was constructed to obtain large, undisturbed, quantita-
tive benthic samples. To examine and understand the
function of the community, it is equally essential to
monitor the respiration or energy turnover of the com-
munity as a whole, dominant species in particular,
under ambient and stress conditions. The second ap-
paratus is an experimental setup (fig. 1) for measure-
ment of respiration of community or individual species
at various temperature and hydrostatic pressure levels.
These devices have been tested and are ready for use.

The project took a different turn after December
1972, due to cancellation of the Eltanin program. Em-
phasis was made on (1) literature survey on antarctic
benthic studies up to the recent report of Dell (1972);
(2) compilation of distribution of bottom-dwelling or-
ganisms south of the Antarctic Convergence, mainly in
the area of Ross Sea and McMurdo Sound, for computer
storage and retrieval; (3) preparation of a paper com-
paring the responses, acclimation trends, and respira-
tion of antarctic and arctic shelf marine organisms. This
work is based on data I obtained at McMurdo in 1968
and at Point Barrow in 1969 and 1973. This paper
will be presented at the Scientific Committee on Oceanic
Research/Scientific Committee on Antarctic Research
Polar Oceans Conference, in May 1974.

The results of the physiological experiments and eco-
logical observations in the two polar regions point out
that the Antarctic Shelf is biologically accommodated
with high benthic diversity and stenothermy and that
the Arctic Shelf is biologically youthful with low di-
versity and euryplasticity (highly tolerant to thermal
and high pressure stress).

Earlier I investigated the thermal tolerance of two
morphologically and ecologically similar isopod crusta-
cean, Glyptonotuis acutues (fig. 2) from the Antarctic
Shelf (George, 1971, 1972) and Mesidotea entomon
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Figure 1. Experimental setup
developed for the measure-
ment of metabolism of polar
marine organisms. (A) Pres-
sure chamber. (B) Oxygen
probe. (C) Pressure guage.
(D)	Pressure pump.	(E)
Magnetic stirring platform.
(F) Oxygen monitor. (G)
Oxygen recorder. (H) Tee-

thermometer.
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from the Arctic Shelf. The antarctic species is sensitive to
temperature and succumbs to temperatures above + 2°C.
The arctic species is tolerant to temperatures as high
as 20°C. The implications of this dissimilar physio-
logical makeup of these two similar crustaceans from
the two polar regions require further investigation. It

ws
Figure 2. In situ close-up of the shelf benthic environment in
McMurdo Sound (47 feet), showing the following dominant preda-
tor species: (A) the giant isopod Crustacean Glyptonotus acutus;

(B) the asteroid Odantaster validus.

will be valuable to establish the nature of the two polar
shelf ecosystems and the reaction of the communities
within the ecosystems to stress conditions.

This report constitutes a brief summary of activity
supported by National Science Foundation grant GV-360
81X.
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Marine geology of the subantarctic
Pacific region

Y. RAMMOHANROY NAYUDU

Division of Marine and Coastal Zone Management
Alaska Department of Environmental Conservation

The lithology and chemistry of surface sediments in
subantarctic regions, bounded by 30 0S. to 60 0 S. and
120 0W. to 180 0W., has been defined, and work has

Dr. Nayudu is science advisor to the governor of Alaska.
Contribution number 2, Alaska Department of Environmental
Conservation.
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been done on their relationships to the topography,
oceanography and role of submarine volcanism (Nayudu,
1971). Study is in progress on significant changes in
depth of the cores from this area, to delineate important
lithological changes. This will help to evaluate the origin
of the sediments, their Paleoclimatic history, and this
region's Paleocurrent regime.

The major part of last year's research was directed
at the study of the brown clay that exclusively is con-
fined to the southwestern Pacific Basin. Petrological and
chemical studies of these sediments in the depth of
cores reveal that the brown clay essentially is an alter-
ation product of submarine volcanism. The study re-
veals a strong affinity between titanium and phosphorus,
showing a strong inter-relationship to manganese, iron,
cobalt, and nickel. Some cores have sediments gener-
ated by turbidity currents that were produced by sub-
marine volcanism (Nayudu, 1972). A high concen-
tration of iron, manganese, cobalt, nickel, and copper
occurs in depth of the cores. Some cores at depth
also contain a high concentration of fish bone debris.
These occurrences confirm the concept that the high

concentration of fish debris in deep sea sediment layers
is attributable to a high mortality of fish and other
animals, induced by the region's submarine volcanism
(Nayudu, 1971).

Preliminary results show no evidence of upward
migration of iron, manganese and trace elements, due
to diagenesis. These results also question the concept of
uniform deposition of manganese on the ocean floor.

The sediments' petrological and chemical characteris-
tics are being studied, as well as their relationships to
the manganese nodules. This investigation is supported
by National Science Foundation grants GV-26368 and GV-

3922 5.

References

Nayudu, Y. R. Lithology and chemistry surface sediments
in antarctic regions of the Pacific Ocean. Antarctic Research
Series, 15: 247-282.

Nayudu, Y. R. 1972. Geologic implications of microfossils in
submarine volcanics. Bulletin of Volcanology, 35(2): 402-
423.

Geochemistry of deep sea manganese
nodules in subantarctic regions of the

Padfic Ocean

Y. RAMMOHANROY NAYUDU

Division bf Marine and Coastal Zone Management
Alaska Department of Environmental Conservation

In progress are petrological and geochemical studies
of deep sea manganese nodules in the subantarctic re-
gion of the Pacific Ocean. These samples were collected
during cruises of the USNS Eltanin. Twenty new chemi-
cal analyses were completed for major and important
minor elements chemistry.

Evaluation of chemical data shows that manganese
ranges from 2.0 to 30 percent; iron from 5 to 25 per-
cent. Trace metals show great ranges: cobalt, 180 to
3,000 parts per million; nickel, 500 to 9,400 parts per
million; copper, 100 to 8,000 parts per million. These
three metals are covariant with manganese. Some cores
of nodules contain patches and segregations of ferro-
manganese oxides and trace metal concentrations that
are very similar to the outer crust.

The majority of nodule crossections and broken
nodules consists of cores of basaltic glass and pala-
gonitized material in various stages of alteration, as de-
scribed by Nayudu (1964). Geochemical studies show
that basaltic glass, especially sideromelane formed dur-
ing submarine eruptions, hydrothermally is altered to

palagonite. During this process a considerable amount
of silica, alumina, magnesium; and calcium are leached,
resulting in the enrichment of iron, manganese, titanium
and potassium, and phosphorous. Also extraordinary
concentrations of cobalt, nickel, copper, and strontium
occur during this process.

The study of internal structures in thin sections and
polished sections suggests that there is decomposition,
solution and selective leaching of original volcanic ma-
terial from the core of the nodules. The mobilization
and subsequent diffusion of selective elements takes
place during this process, resulting in outward migra-
tion. This growth process is augmented by the precipita-
tion of significant elements on the surface of the nodule,
from seawater that is enriched by the dissolution of
some elements present in volcanic material during sub-
marine eruptions.

Geochemical and petrological studies of additional
samples are in progress. The study will include a criti-
cal evaluation of the nodules' concentrations of titanium,
phosphorus, and mercury, along with other elements, to
evaluate the effect of submarine volcanism on the origin
and genesis of manganese nodules on the ocean floor.

Two unique samples were identified in the study:
one is a phosphorite nodule, the importance of which
will be discussed in a separate paper (in preparation);
the second is a manganese nodule containing a core of
altered basaltic glass with different degrees of altera-
tion and segregation of high concentrations of ferro-
manganese oxide minerals and microfossils enclosed
within the thick crust (this sample's significance will
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be discussed in a paper that is in preparation). This
unique sample confirms some of the author's earlier ob-
servations on the role of submarine volcanism (Nayudu,
1972). This investigation is supported by National Sci-
ence Foundation grants GV-26368 and Gv-39225.
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Temperature fluctuations during the
Late Eocene in southern ocean waters

near South Island, New Zealand

YORK T. MANDRA *

California Academy of Sciences
California State University, San Francisco

A. L. BRIGGER

California Academy of Sciences

HIGHO0HI MANDRA *

Our study of fossil silicoflagellates 1 indicates that
during a relatively short interval of time in the Late
Eocene there was at least one pronounced change in sur-
face and near-surface southern ocean water temperatures
on the east side of South Island, New Zealand.

Two recent papers (Mandra and Mandra, 1971;
Mandra et al., 1973) recorded preliminary data on the
paleotemperatures and the taxonomic composition of
fossil silicoflagellate faunules from Upper Eocene dia-
tomaceous rocks of the Oamaru region, South Island,
New Zealand. This paper is a continuation of those
studies, presenting data obtained from 10 samples—ap-
proximately equally spaced—from the 70-foot-thick

* 8 Bucareli Drive, San Francisco, California 94132
1 Silicoflagellates are defined here as marine planktonic Masti.
gophora (protozoa) with pseudopodia, a flagellum, and a
skeleton of hollow siliceous rods. These organisms also con-
tain color pigment organelles and therefore are treated by
some authorities as plants (algae) and by others as an animal-
plant group (protista).

Flume Gully section. In some prior papers this section
has been referred to as: North Papakaio; South Papakaio;
Papakaio; Borne's; Hurst's,

After all of the non-silicates chemically were re-
moved from our samples, the materials were divided into
fractions based upon size. The fraction used in this
report is the material that passed through the 250 mesh
screen but did not pass through the 400 mesh screen. A
minimum of 4 strewn slides per horizon were made
and counts were recorded for the first 100 specimens of
silicoflagellates per slide. Hence our study was designed
to have a minimum of 400 specimens per horizon. At a
few horizons silicoflagellates were so rare that all speci-
mens on the slides had to be counted. In some cases
more than four slides had to be made. No more than
10 slides per horizon were made, however, even if the
count had not yet reached 400.

The model by which these microfossils can be used
to estimate paleotemperatures was first described and
used in a study of fossil silicoflagellates from California
(Mandra, 1958). This model also was used in studies
on antarctic Tertiary climates, by Mandra (1969, 1971,
1972); by Jendrejewski and Zarillo (1971); by Ciesiel-

Figure 1. Scanning electron micrograph of the silicoflagellate
Dictyocha (enlarged xl,200). The central apical bridge has a
reticulation pattern with many more multidirectional, intersecting,
low relief, surface ridges per equal area than the surface area
of the apical ring of fig. 2. The triangular basal ring, at its
inside diameter, has a pattern of essentially parallel, low relief,
surface ridges that appear as lines. There are three unusually
large abapical spines, one at each of the areas where the cen-

tral apical bridge is attached to the basal ring.
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Late Eocene paleotemperatures for 10 horizons in the Flume Gully section,
based on the Dictyocha/Distephanus ratio method.

Field sample	 Number of	Number of
numbers	 Dictyochi	Distephanus

specimens	 ratios

7top	 12	 6
7 bottom	 67	 89
6	 39	 41
5/8	 69	 157
5/10	 184	 112
5/12	 210	 83
4	 61	 38
3	 278	 187
2	 211	 186
1	 162	 230

* Mandra, 1958, 1969.

ski (personal communication, June 1973). In recent
Deep Sea Drilling Project reports, Martini, Bukry, and
Bukry and Foster also used this model to study equa-
torial Tertiary paleoenvironments and other Cenozoic
environments.

Data recorded in the table summarize the counts of
seven species and sub-species of Dictyocha (fig. 1), and
three species and sub-species of Distephanzes (fig. 2).
The total number of specimens of the 2 genera in
these counts constitutes about 60 percent of 4000 speci-

David Pierce
Figure 2. Scanning electron micrograph of the silicoflagellate
Dlstephanus (enlarged x1,800), tilted V. The central, smaller,
raised, apical ring has, at its inside diameter, a pattern of
essentially parallel, low relief, surface ridges that appear as
lines. At the top of this ring and at its outer diameter there
is a reticulation pattern made up of multidirectional, intersecting,
low-relief, surface ridges. The larger, six-sided, basal ring with
its six radial spines has a pattern similar to that of the inside
diameter of the apical ring. Each of the six radial spines is

bosselated.

Diciyocha/	Approximate	 Currently
Distephanus	temperatures	 suggested

ratios	 (°C.) determined	temperature
from graph*	 range (°C.)

2.00	 25	 23-27
075	 18	 16-20
0.95	 22	 20-24
0.44	 13	 11-15
1.64	 25	 23-27
2.53	 26	 24-28
1.61	 25	 23-27
1.49	 24	 22-26
1.13	 23	 21.25
0.70	 17	 15-19

mens recorded in 10 horizons of the Flume Gully sec-
tion.

The ratios in the table indicate that during the Late
Eocene there was at least one interval when the tropical
marine waters of the southern ocean in this area cooled
to a temperate temperature. This drop in temperature
is recorded approximately two-thirds of the way up the
section. At the top of the section the evidence indicates
that the Late Eocene waters again were tropical. Just
below the top of the section there appears to be a
second drop in temperature, not as pronounced as the
first (fig. 3). Because this method's degree of accuracy
has not yet been clearly established, future work may
or may not support this second drop in temperature.
To avoid false accuracy, the results are expressed in
terms of temperature ranges for the surface and near-
surface waters near this area of deposition. Notwith-
standing the fact that false accuracy should be avoided,
we believe it appropriate to point out the remarkable
consistency of the following data reported by Horni-
brook (1968), Jenkins (1968), Beu and Maxwell
(1968), our 1971 study using a different sample (one
not used in this report), and the data of this report.
Reference to these data are included for two reasons:
(1) to demonstrate that paleotemperature data can be
duplicated with remarkable consistency if based upon
the correct use of the Dictyocha/Distephanus ratio model
and correct laboratory techniques; and (2) to demon-
strate that these remarkably consistent data again are
supported by independent collateral evidence obtained
by different workers using different groups of fossils
and different methods. Support for this study was pro-
vided in part by National Science Foundation grant
GV-25572. This is contribution 49, Biogeology Clean
Lab, University of California, Santa Barbara. Facilities
were provided incidental to National Science Founda-
tion grant GB-23809 and National Aeronautics and Space
Administration grant NGR-05-016-035, to Preston Cloud.
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Fig. 3 TEMPERATURE FLUCTUATIONS RECORDED
IN THE FLUME GULLY SECTION.
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Late Pleistocene water mass fluctuations
in the southern Indian Ocean

DOUGLAS F. WILLIAMS

Graduate School of Oceanography
University of Rhode Island

The planktonic foraminiferal assembleges of nine pis-
ton cores obtained on Cruise 48 of the USNS Eltanin, in
the southern Indian Ocean (fig. 1), were analyzed to
determine water mass fluctuations during the last 500,-
000 years. The cores contain well preserved planktonic
Foraminifera and are from more northern, warmer, high
latitude regions than previously examined by other work-
ers. Two cores (48-28 and 48-27) are close to the
volcanic sources on Amsterdam and St. Paul Islands
and contain coarse volcanic ash derived during late
Pleistocene eruptions on these islands (Gunn et al.,
1971).

The southern group of cores (48-28, 48-27, 48-23,
48-22, and 48-03) can be correlated with the northern-
most subantarctic core of Kennett (1970) in the South
Pacific (E20-18), using coiling trends in Globigerina
pachyderma populations (fig. 2). The southern-most
core in this study (48-03) contains five to six major
warm episodes. These can be correlated with the
Brunhes paleoclimatic fluctuations in the subantarctic
South Pacific (Kennett, 1970), based on the upward
disappearance of Globorotalia crassaformis in both re-
gions at approximately 300,000 years before present.
This planktonic foraminiferal zonation of subantarctic

Figure 1. Location of the Eltanin piston cores used in this study.
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cores (Kennett, 1970) can not be applied to cores north

of 40 0 S., in Indian Ocean sediments.

At latitudes between 40 0 S. and 38 0 S., the main paleo-

climatic oscillations clearly are marked by fluctuations in

coiling ratios of C. pachj'devma and by changes exhibited

by the entire foraminiferal fauna. Analysis of the cores

at close sampling intervals enabled much more detailed

paleoclimatic curves to be obtained than in high latitude

cores studied at broader sampling intervals. In cores

north of 34 0 S., paleoclimatic curves can not be estab-

lished using coiling changes in G. pachj'derma, because

populations almost completely are dominated by dextral

(clock-wise) forms. Instead, interpretation of these more

northern cores requires analysis of the total fauna and is

based on comparison with recent distributions in the

Indian Ocean (Belyaeva, 1964; Be and Tolderlund,

1971). Support for this study was provided by National

Science Foundation grant GV-28305.
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Planktonic biostratigraphy, southern
ocean deep sea cores

ORVILLE L. BANDY

Department of Geological Sciences
University of Southern California, Los Angeles

The discovery that the first appearance of Globorotalia
truncatulinoides is in Gauss age sediments of high lati-
tudes (Theyer, 1972, 1973), was a major development.
This planktonic species is known to occur initially near
the base of the Gilsa event (1.79 million years before
present) in temperate and tropical regions; this location
is useful, in conjunction with other indices, in defining
the base of the Pleistocene. Contrastingly, Kennett
(1970) restricts this species to about the last 200,000
years of the Brunhes Normal Magnetic Epoch in south-
ern ocean cores.

In our cores (e.g. E39-40 and E39-48) G. t,uncatuli-
noides makes its first appearance in association with
Lam procyclas heteroporos, Prunopyle titan, and Globoro-
ta/ia miozea conoidea, all pre-Pleistocene species. In
E39-76, G. truncatulinoides first makes its appearance in
a left-coiling Pulleniatina obliquiloculata zone (not P.
prima/is, as listed); all forms of Pulleniati,za in the
Brunhes are almost 100 percent right-coiling. Therefore
good evidence exists in support of the earlier appearance
of G. truncatulinoides prior to the Pleistocene in high
latitude cores; certainly the evidence supports the appear-
ance of this important species earlier than during about
the past 200,000 years in subantarctic areas.

Study of trigger core tops taken during Eltanin Cruise
45 southwest of Australia shows the restriction of Globi-
gerina antarctica Keany and Kennett to the region north
of the subtropical convergence. Its distribution appears
to approximate that of Neog/oboquadrina dutertrei du-
tertrei (d'Orbigny), the form of this genus with the
umbilical tooth-like flaps. Forms of Neog/oboquadrina
dutertrei subcretacea lacking umbilical flaps are most
characteristic of the area between the subantarctic diver-
gence and the subtropical convergence, with a transition
zone to the north where they give way to forms with the
umbilical flaps (Bandy, 1972). Studies in progress show
that Globortolia pachyderma and Neogloboquadrina die-
tertrei have different types of wall structure. The former
commences its growth with a smooth wall with pores
and it develops nodes that gradually coalesce and evolve
into polygonal ridges with pore pits; under high magni-
fication part of the smooth wall may be seen in some
of the pore pits. This type of wall development is not
unlike that in some globorotaloids such as truncatuli-
noides, as shown by Glacon and others (1971). The
initial wall of Neog/oboquadrina commences as a coarse,
net-like structure that gradually develops into a thickened
wall with pore pits.

Additional studies of antarctic species are in progress
to learn more about the ultrastructure of planktonic spe-
cies, especially their growth variation and differences in
populations from dissimilar environments. This is contri-
bution number 327, Department of Geological Sciences,
University of Southern California.
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Investigation of diatoms in southern
ocean deep sea cores

WILLIAM H. ABBOTT

Department of Geology and Marine Sciences
University of South Carolina, Beaufort

Work progressed during 1972-1973 on studies of
southern ocean diatoms found in southeast Indian Ocean
deep sea cores. Abbott (1971) suggested that three
previously defined diatom zones be used in correlating
southern ocean cores. These were (oldest to youngest)
the Actinocyc/us ingens concurrent range zone, the
Rouxia spp. zone, and the Nitzschia kerguelensis zone.
The applicability of these three diatom zones was dem-
onstrated on five Southeast Indian Abyssal Plain cores
(Payne et a/., 1971, 1972).

As previously suggested, the Rouxia spp. zone is com-
prised of several species of the genus Rouxia. These
species have been identified (Abbott, 1972) as R. ant-
arctica (least abundant), R. peraga//ii, and R. peragallii
f. yabei (most abundant). A fourth diatom zone (fig.)
has been defined (Abbott, 1972) by the range of Heini-
discus karstenii, subsequent to the last occurrence of the
genus Rouxia. The H. karstenii zone also has been found
easily in most cores examined in these studies.
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Study of core tops taken during cruises of the USNS
Eltanin, Conrad, and Vema, demonstrated (Burckle et
al., 1973) that diatoms found at the southeast Indian
Ocean sediment-water interface can be used for tracing
the movements of Antarctic Bottom Water. Data from
more than 200 core tops suggest a major conduit through
the southeast Indian Mid-Ocean Ridge, between 950E.
and 100 0E. Partially dissolved and broken remains of
antarctic diatoms can be traced into the Wharton Basin.

These investigations were supported by National Sci-
ence Foundation grant GV-28803, to John Conolly, Uni-
versity of South Carolina, Columbia.
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Anfarcfissa strelkovi as a paleoclimafic
index in the southern ocean
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JOHN KEANY

Graduate School of Oceanography
University of Rhode Island

A new radiolarian paleoclimatic technique has been
established for antarctic and subantarctic deep sea cores
based on frequency oscillations of the radiolarian Ant-
arctissa strelkovia Petrushevskaya. The Eltanin cores se-
lected for the study are from south of Australia and the
central South Pacific, and have other paleoclimatic curves
previously established by using foraminiferal (Kennett,
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1970; Keany and Kennett, 1972) and radiolarian (Hud-
diestun, 1971) assemblages. Two cores are Late Pliocene
and five are Pleistocene.

Antarctissa strelkovi consistently is abundant through-
out all of the cores and was shown by Petrushevskaya
(1971) to have the highest abundances in both plankton
and surface sediments in antarctic areas south of 600S.
Antarctissa strelkovi also has been shown to range from
at least the middle of the Gilbert Reversed Epoch to the
Recent (Hays and Opdyke, 1967) (t = 4.0 million years
before present, to the present day).

It was found that oscillations in frequencies of Ant-
arctissa strelkovi correlate closely with established paleo-
climatic curves; colder temperatures are recorded by
greater frequencies of Antarctissa strelkovi. There is a
good correlation between both the number and amplitude
of climatic peaks as determined by this technique and
other methods (fig.).

In Brunhes and Matuyama cores, curves established by
using fluctuations in Antarctissa strelkovi support previ-
ous conclusions (Kennett, 1970; Keany and Kennett,
1972) that the Matuyama generally was cooler than the
Brunhes in subantarctic and northern antarctic areas.
Assemblages represented by Antarctissa strelkovi decrease
by .. rage of 26 percent, from the Matuyama Epoch
(t = 2.43 - 0.69 million years before present) to the

E21-17
PERCENT	 PERCENT

COLD WATER FORMS I ANTARCTISSA STRELKOVI

FORAMINI FERA

RADIOLARIA
(HUDDLESTUN,

1971)

Comparison of A. strelkovi frequency oscillations with planktonic
foraminiferal paleoclimatic curves (Kennett, 1970) and radio-
larian paleoclimatic curves (Huddlestun, 1971), in two Middle

to Late Pleistocene cores from the subantarctic South Pacific.

Brunhes Epoch (t = 0.69 million years before present, to
the present day).

Determination of oscillations in the frequency of Ant-
arctissa strelkovi appears to be a valid and rapid approach
for paleoclimatic determinations in the southern ocean.
Its value particularly is enhanced by the long range of
the species from the Pliocene to the Recent, and because
many southern ocean cores are devoid of foraminifera,
especially those of Pliocene age.

This research was supported by National Science Foun-
dation grants GA-28853 and GV-28305.
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Suggested relations between the
development of the circumantarctic

current and Cenozoic planktonic
biogeography

JAMES P. KENNETT

Graduate School of Oceanography
University of Rhode Island

Interpretation of magnetic anomaly patterns south of
Australia shows that Australia began its separation from
Antarctica in the late Early Eocene (55 million years be-
fore present) (Weissel and Hayes, 1971) and through-
out the Cenozoic drifted northwards from a relatively
fixed Antarctica. The circumantarctic current did not
assume its present-day position until separation from
Antarctica was complete during the Early Cenozoic
(Watkins and Kennett, 1972). The development of the
circumantarctic current was a very important step in the
evolution of the oceans, because this current is the main
avenue of communication between the world's oceans.
Cores from deep sea drilling in the southwest Pacific
(Burns et al.., 1973) show that major changes in sedi-

mentary patterns and inferred paleocirculation took place
toward the end of the Oligocene (Kennett et al., 1972).
These changes appear to have been related to circum-
antarctic current development south of Australia.

The influence that Early Cenozoic northward drift of
Australia had on Indo-Pacific palaeocirculation patterns
also seems to have had large impact on the distribution
and evolution of Cenozoic planktonic faunas. Oligocene
planktonic foraminiferal faunas are highly distinct be-
cause of their cosmopolitan nature and their morphologi-
cal simplicity and low diversity. These factors suggest
that seas may have been uniformly cool. The Late Ceno-
zoic, however, certainly was as cool and faunas of this
age are highly diverse and have distinct latitudinal distri-
butions. Indeed, a distinct difference exists between
Early Cenozoic and Late Cenozoic faunal distributions
and characteristics. In the Early Miocene (or Late Oligo-
cene), the development of an essentially modern plank-
tonic foraminiferal fauna began with consistently high
diversity in equatorial regions, decreasing to low diversity
in polar regions. Early Cenozoic faunas in contrast were
represented, during some intervals such as the Oligocene
and Paleocene, by cosmopolitan faunas of low diversity
and simple form.

It is suggested that faunal characteristics of the O!igo-
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Figure 1. Early Eocene re-
construction of Australia, Ant-
arctica, and New Zealand,
with suggested paleocurrent
direction (arrows) due to de-
flexion by western Australia.
Such paleocurrent influence
persisted until the Middle
Oligocene, when the circum-

antarctic current developed.
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Figure 2. Late Oligocene re-
construction of Australia, Ant-
arctica, and New Zealand,
showing the direction of the
circuniantarctic current south
of Australia and New Zea-
land.	This paleocirculation
pattern has been retained un-

til the present day.
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cene resulted from a combination of intensified antarctic
glaciation and the intrusion, due to Australia's northward
deflection of circumpolar water, of related cool waters
and faunas (fig. 1). Resulting environmental instability
in low latitude regions eliminated many of the warmer-
water species, forming a cosmopolitan, low diversity
fauna with cool affinities. Circulation was not vigorous
enough, due to reduced glaciation during the Eocene, to
create similar patterns. But low diversity, cosmopolitan
faunas of the Paleocene may have resulted from similar
phenomena.

The complete rifting of Australia from Antarctica in-
ferred during the Late Oligocene and the formation of
the circumantarctic current (fig. 2) isolated polar and
equatorial faunas in the Southern Hemisphere since then
and allowed the consistent development of high diversity
equatorial faunas throughout the Late Cenozoic, despite
intense worldwide cooling from the Late Miocene to the
present. Support for this work was provided by National
Science Foundation grant Gv-28305.
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Continuing paleoenvironmental studies
of Eltanin deep sea sedimentary cores

JAMES P. KENNETT

Graduate School of Oceanography
University of Rhode Island

In progress are biostratigraphic studies of Eltanin cores
generally taken in the southern Indian Ocean during
Cruises 40 to 50. Paleontological ages will be integrated
with paleomagnetic stratigraphy determined by Dr. N. D.
Watkins, University of Rhode Island. The primary ob-
jective is to determine general sedimentary patterns
within the Late Cenozoic and to assess the effects of
bottom erosion by bottom waters associated with the
ctrcumantarctic current, as was done for the region south
of Australia and New Zealand (Watkins and Kennett,
1971, 1972).

The history of bottom water activity in the southern
Indian Ocean is important in relation to other areas.
Evidence exists that bottom water velocities increased
dramatically during the Pliocene (Watkins & Kennett,
1971, 1972; Fillon, 1972). This may be related to the
increased development of antarctic glaciation that also is
reflected by greatly increased biogenic productivity asso-
ciated with the Antarctic Convergence (Kennett et al.,
1973) and with the initiation of widespread glaciation in
the northern hemisphere (Berggren, 1972).

It was found that fluctuations in the important ant-
arctic radiolarian, A ntarctissa strelk o vi Petrushevskaya,
closely are related to fluctuations in other temperature
sensitive species in subantarctic cores (Keany, in press).
Increased frequencies of this species reflect cooler climatic
episodes. Establishment of frequency fluctuations in A.
strelkovi, relative to other radiolaria, is a valuable rapid
method for determining paleoclimatic curves for high
latitude cores, that often are devoid of planktonic forami-
nifera.

Planktonic foraminiferal assemblages of 32 surface
sediment samples from high latitudes of the South Pa-
cific have been subjected to a multivariate statistical
classification method called principal coordinates analy-
sis" (Malmgren and Kennett, 1973). On the basis of the
presence or absence of 18 species of planktonic foramini-
fera, and of the frequency and coiling direction of the
cold water species Globigerina pachyderma, the samples
wçre clustered into 5 groups: one represents the sub-
tropical, two the subantarctic, and two the antarctic water
mass. This assemblage grouping method is suitable for
investigations of past climatic changes (Malmgren &
Kennett, 1973). This work is supported by National
Science Foundation grant GV-28305.
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Sediment accumulation rates in the
Tasman Sea

J . K. OSMOND

Florida State University, Tallahassee

J . K. COCHRAN*

Yale University

The pattern of sediment accumulation rates in the
Tasman Sea has been studied by applying the non-de-
structive gamma ray spectrometric method to 22 cores
from Eltanin Cruises 16, 26, 34, 36, 38, and 39. The
decrease in the 1.76 million electron volts gamma peak
of BI-214 down through the first several meters of the
cores is due to decay of one of its predecessors in the
U-238 decay series, Th-230, with a half-life of 75,000
years. Two problems associated with this method proved
not to be serious in determining Tasman Sea sedimenta-
tion rates: (a) evaluation of that component of the
BI-214 activity in equilibrium with uranium; (b) recog-
nition of diminished Bi-214 activity near core tops, due
to migration and loss of Ra-226, intermediate between
Th-230 and Bi-214.

* Formerly of Florida State University, Tallahassee.
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In general, the gamma spectrometric method permits
sedimentation rate determinations as precise as the more
specific, although laborious, alpha spectrometric methods
(Cochran and Osmond, 1973; Scott et al., 1972). Fig. I
is an example of the decay pattern observed after cor-

1450350 r

rection for equilibrium BI-214 and normalization to
TI-208, a gamma-emitting daughter of Th-232.

The pattern of determined accumulation rates is shown
in fig. 2. The dominant sediment type in most of the
cores studied is foraminiferal ooze (area III) or calcare-
ous clay (areas I, II). The two principal trends are: (1)
higher accumulation rates in the deeper basins and near
the mouths of submarine canyons; (2) greater accumu-
lation rates in the southwest near where the Antarctic
Current crosses the South Tasman Rise.Rise. Both trends
appear to be due in part to winnowing effects. The
pattern of deposition in the Tasman Sea coupled with
the pattern of scouring in the Indian-antarctic region,
recognized by Watkins and Kennett (1972), shows that
some of the sediment in the Tasman Sea is derived from
reworking of Indian-antarctic Basin material. Further-
more, there is a large "excess" of integrated Bi-214
(Th-230) activity in the Tasman Sea sediments over that
which could have been produced by parent uranium dis-
solved in Tasman Sea waters alone. This work partially
was supported by National Science Foundation grant
GV-2 5786.
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Denticula Kutzing in
southern ocean sediments

DAVID W. MCCOLLUM

Department of Geology
Florida State University

The diatom genus Dentictila Kutzing is important as a
stratigraphic guide fossil in marine and land formations
of marine origin (Simonsen and Kanaya, 1961; Koizurni,
1973; Kanaya, 1971; Schrader, 1973; McCollum, 1972).
Two important species of this genus were reported from
southern ocean sediments. P. hustedtii was noted as
rare in Eltanin cores 14-7 and 14-8 (Donahue, 1970);
both P. hustedtii and P. lauta, however, reportedly occur
in Eltanin cores 13-17, 34-17, and 47-7, from sediment
of lower Gilbert/Epoch 5 age (McCollum, 1972). The
numerical relationship between these two species is simi-
lar to that reported for upper Miocene material from
California (Kanaya, 1971).

Another diatom, tentatively assigned to this genus,
was noted in Eltanin core 36-16 (fig.). This core is
paleomagnetically dated as containing Gilbert-aged sedi-
ment, with a small amount of Epoch 5-aged sediment at
the bottom (Watkins and Kennett, 1972). The diatom
assemblage contained in 36-16 is much like the same
age material from higher latitudes, except that D. hus-
tedtii and D. lauta apparently are replaced by Denticula
sp. Although the areal distribution of this possible bio-
facies is unknown, it may be that members of this genus
could serve as useful indicators of past environmental
conditions associated with latitudinal position. Study of
long core samples taken aboard Glomar Challenger on
leg 28, along with work on Eltanin samples may illuci-
date the distribution and stratigraphic importance of this
and other groups of diatoms.
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Variations of the coiling ratio
in different size fractions of

Neo glob oquadrina pachyderma

P. VELLA

Department of Geology
Victoria University of Wellington

Latitudinal variations in the coiling ratio (relative
numbers of sinistral- and dextral-coiling specimens) of
Neoglo boquadrina pachyderma (Ehrenberg) have been
used extensively as a paleotemperature index. The species
has been known variously as Globigerina pachyderma,
Globorotalia pachyderma, and Turborotalia pachyderma.
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It was allocated to Neogloboquadrina Bandy, Frerichs
and Vincent, by Collen and Vella (1973).

In Eltanin subantarctic deep sea cores taken near West-
ern Australia, Neogloboquadrina pachyderma (Ehren-
berg) nearly always is more sin istral-coiling (anticlock-
wise) in finer size fractions than in coarser size fractions.
To more fully investigate this phenomenon, 17 piston-
core top samples were examined from the area between
latitudes 28 1S. and 53 0S. and meridians 80 0E. and 1260
E. All were from cores collected during the Eltanin's
operations. The samples are presumed to be late Holo-
cene (less than 6,000 years) in age, representing time
intervals of perhaps 2,000 to 4,000 years, depending on
the differing sedimentation rates at the various core sites.
Samples from the same latitudes as the fully examined
cores contained planktonic assemblages similar to post-
glacial assemblages in the cores.

In 10 samples, sinistral and dextral (clockwise) speci-
ments of N. pachyderma were counted in random selec-
tions of about 100 specimens from each of 3 sieved size
fractions: 0.063 to 0.124 millimeters, 0.124 to 0.175
millimeters, and greater than 0.175 millimeters. Precau-
tions were taken against misidentification and against
subconscious rejection of sinistral or dextral specimens.
In all samples, specimens of N. pachyderma were most
abundant in the intermediate (0.124 to 0.175 milli-

meters) fraction. Sorting and verification in the 0.063
to 0.124 fraction proved to be prohibitively time-consum-
ing, and counting of this fraction therefore was discon-
tinued in the remaining 7 samples. Only the two larger
size-fractions are treated in the figure (B and D).

The coiling ratios of the different size fractions follow
the well-known pattern, changing from predominantly
sinistral in higher latitudes to predominantly dextral in
lower latitudes. However, the fraction greater than 0.175
millimeters changes to predominantly dextral (fig., B)
at a higher latitude than the 0.124 to 0.175 millimeter
fraction (fig., C), and the latter at a higher latitude
than the 0.063 to 0.124 millimeter fraction (not illus-
trated). All fractions very predominantly are dextral by
about latitude 38 0 S., but a small excess of sinistral speci-
mens persists in the finer fractions to about 300S.

In living populations collected from near-surface
waters with a 0.20 millimeter plankton net, the pattern
of coiling ratio change substantially is offset to the south
of that in the surface sediments (Be and Tolderlund,
1971). This observation is consistent with a similar offset
in the South Pacific (Kennett, 1968) and an offset to
the north in the North Atlantic (Ruddiman et al., 1970).

In Atlantic cores taken off Portugal's coast, Globorota-
ha truncatulinoides exhibits similar differences in coiling
ratios in different size fractions, which have been at-
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tributed tentatively to opposite preferred coiling senses
in sexual and asexual generations (Thiede, 1971). This
suggested explanation by Thiede is only one of the possi-
ble explanations in the case of N. pachyderma.

This work was performed at the Graduate School of
Oceanography, University of Rhode Island, during the
tenure of a Fu!lbright-Hays Travel Grant, and it was
supported by Victoria University of Wellington, and by
National Science Foundation grant GV-28305.
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Southern ocean Pliocene
paleotemperatures based on

silicoflagellates from deep sea cores

PAUL F. CIESIELSKI and FRED M. WEAVER

Department of Geology
Florida State University

A majority of detailed paleoclimatic analyses of sedi-
ments taken from the southern ocean have been con-
cerned with the more easily recoverable Pleistocene-aged
samples. Not much research has been completed on
Middle and Lower Pliocene sediments due to the general
paucity of older and continuous piston core sections of
this age.

Hays and Opdyke (1967) and Bandy et al. (1971)
were the first to study the paleoclimatic history of the
Antarctic as recorded during the Gauss and Gilbert mag-
netic epochs. These investigations revealed warm water
radiolarians and diatoms characteristic of sub-tropical
and tropical water masses at or below Gilbert event 'c".
Bandy et al. (1971) also defined a cooling trend that
occurs between Gilbert 'c' and "a" magnetic events,

with water temperatures decreasing from 20 0 to 5°C.
Weaver (1973) completed a regional study of the

Pliocene paleoclimatic history of the southern ocean,
utilizing the latitudinal migration of sedimentary regimes
adjacent to the coast of East Antarctica. He defines six
intervals of climatic warming and cooling that occur
throughout the Upper Gilbert and Gauss magnetic
epochs.

The most commonly utilized methods in paleoclima-
tological analysis have been coiling ratio studies of plank-
tonic foraminifera, and studies of the ratios of cold and
warm water radiolarian species through time. The ap-
plicability of these methods for paleoclimatic studies of
Pliocene-aged sedimentary cores is limited because of (1)
a relatively shallow carbonate compensation depth during
the Pliocene (Weaver, 1973), and (2) the lack of long-
ranging radiolarians of known paleoecology in Pliocene-
aged sediments of the southern ocean.

Mandra and Mandra (1969) developed and demon-
strated the reliability of a relatively new paleoecological
temperature curve methodology that is dependent upon
the silicoflagellate abundance of the genera Dictyocha
and Distephanus. Jendrzejewski and Zarillo (1971) also
showed the usefulness of silicoflagellates for interpreting
paleoclimatic fluctuations in Pleistocene cores. Kennett
(1972) illustrates that these fluctuations correspond well
to those he defined by using planktonic foraminifera.

A detailed micropaleontological study is complete for
the abundances of the silicoflagellate genera Dictyocha
and Distephanus found in two Lower Gauss and Upper
Gilbert antarctic deep sea cores, E 38-8 (latitude 61048'
S., longitude 149 1 54'E.) and E 50-28 (latitude 62054'S.,
longitude 150 0 41'E.) (figs. 1 and 2). Utilization of the
silicoflagellate temperature curve, based upon Dictyocha/
Distephanus ratios delineates a general cooling trend be-
tween 4.0 and 3.7 million years before present (figs. 1
and 2). This Upper Gilbert cooling trend records a
significant climatic deterioration within the southern
ocean with surface water temperatures fluctuating from
those commonly associated with waters north of the
modern position of the subtropical convergence (>12°
C.), to those found associated with antarctic waters
(<4°C.).1. 2 The magnitude of this temperature reduc-
tion corroborates the findings of Bandy et al. (1971).
Our findings, however, illustrate that this cooling trend
is less abrupt and that it terminates near the top of
Gilbert event "a".

'Resolution of paleotemperatures <4°C. is not possible due
to the near absence of Dictyocha in antarctic surface waters.
The proper taxonomic placement of Distephanus speculum

forma varians presently is unresolved; however, placement of
this species within the genus Dictyocha is favored by Y. T.
Mandra (personal communication), and, if correct, increased
paleotemperatures would be indicated at core intervals where
this species occurs (i.e. paleotemperatures in E 38-8 below
450 centimeters would be in excess of 20°C.).
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The presence of tropical collosphaerids within Lower
Gilbert age sediments led Bandy et al. (1971) to specu-
late that surface water temperatures might have ap-
proached 20°C. at this time. E 50-28 and E-38-8 both
contain collosphaerids below Gilbert event "a" near the
base of each core, but their relative abundances are low
when compared to the entire radiolarian fauna. Since
silicoflagellate temperatures below Gilbert event "a" cor-
respond to the lowest subtropical and subantarctic water
mass temperatures, the presence of collosphaerids in these
cores may indicate their previous environmental adapta-
tion to colder surface waters during the Pliocene, as
suggested by Kennett and Brunner (1973).

From 3.7 million years before present to the Mammoth

event (B) within the Gauss normal epoch, surface water
temperatures of the southern ocean south of Australia
remained within a range similar to those found within
this region today, except for one interval near the Gauss-
Gilbert boundary where silicoflagellate temperatures re-
flect subantarctic conditions (fig. 1).

Dr. Norman D. Watkins, University of Rhode Island,
is gratefully acknowledged for his continuing generosity
in supplying unpublished paleomagnetic data.
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Cretaceous and Paleogene cores from
the Kerguelen Plateau, southern ocean

F. AMRISAR KAI-IAROEDDIN, FRED M. WEAVER, and
SHERWOOD W. WISE, JR.

Department of Geology
Florida State University, Tallahassee

Although Pilo/Pleistocene sediments have been re-
covered from over 3,000 Eltanin cores, cores penetrating
southern ocean sediments older than Miocene are so rare
that they can be labeled 'flukes." The consistent recovery
of older cores from the eastern flank of the Kerguelen
Plateau, during the last phase of the Eltanin coring pro-
gram, therefore is a noteworthy technical achievement
and a subject of scientific interest. Cores taken on Eltanin
Cruise 47, under the supervision of Weaver, include one
containing Eocene chalk ooze. This core's age is in
agreement with the presumed minimum age of the Pla-
teau that is bounded on its eastern flank by magnetic
anomaly 17 (McKenzie and Sclater, 1971). A primary
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Cretaceous coccoliths recovered in E!tanin core 54-7 from the Kerguelen Plateau. On the left is Broinsonia bevieri Bukry (enlarged
x10,000), and on the right is Lithastrinus f?oratis Stradner (enlarged x8,900).

objective of the next Eltanin cruise to the area (Cruise
54) was the recovery of still older cores at sites selected
from seismic profiles by Weaver, L. A. Frakes, and F. A.
Kaharoeddin. Of 10 cores obtained at the Cruise 54
sites, under Kaharoeddin's supervision, 3 recovered older
sediment, including a 5-meter core that contains Cretace-
ous chalk ooze of Cenomanian age. The recovery of
Cretaceous sediment was a marked surprise because it
indicates that deep ocean sediments of the Kerguelen
Plateau are considerably older than the minimum age
suggested by magnetic anomaly patterns. A seaway of
the incipient Indian Ocean was obviously well estab-
lished by mid-Cretaceous time, in the area represented
by these sediments.

The microfossil content of the cores is being studied
intensively. Patrick G. Quilty, West Australian Petro-
leum Party, Limited, is investigating the planktonic
foraminifera, we are studying the calcareous nannofossils,
and D. W. McCollum, P. M. Ciesielski, and Weaver are
analyzing the siliceous microflora and fauna. Coccoliths
from the Cretaceous core fall within the interval spanned
by the Chiastozygus cuneatus and Eiffellithus turriseiffeli
zones of Cepek and Hay (1969) and Thierstein (1971),
as indicated by the presence of Broinsonia bevieri Bukry
(fig.) and the absence of Micula staurophora decussata
(Vekshina). The Cretaceous coccolith assemblages great-
ly are restricted in diversity with no more than 12 species
represented, an indication of a high latitude paleo-site
of deposition. The fact that the Cretaceous material con-
sists of open marine carbonate ooze indicates that base-
ment was not reached by the core, and older sediments
may well be recovered from the area by further coring.
Further recoveries of older material from this area sig-
nificantly would help to determine the date and manner

of opening of this portion of the Indian Ocean. Partici-
pation in the Eltanin coring program was supported by
National Science Foundation grant GV-27549, to Frakes.
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Early diagenesis of a deep sea bedded
chert

FRED M. WEAVER and SHERWOOD W. WISE, JR.

Department of Geology
Florida State University, Tallahassee

A primary research goal at the Antarctic Marine Ge-
ology Research Facility during the past year was the
elucidation of early phases of diagenesis of deep sea
bedded chert. Both volcanic (Gibson and Towe, 1971;
Mattson and Pessagno, 1971) and biogenous origins
(Ramsay, 1971) are currently postulated for such rock.
Davies and Supko (1973) categorically state that the
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origin of these cherts is unknown, but that the silica
source is not organic.

Antarctic bottom materials from the southern ocean
may provide keys for resolving this growing controversy.
The first deep sea chert discovered in antarctic waters
was recovered from Eltanin core 4745, taken in March
1971, from the Kerguelen Plateau. This core (fig. 1)
penetrated 4 meters of calcareous ooze and 2 meters of a
pure white diatom ooze of Pliocene age, before bottom-
ing out in an opaline chert unit, preventing further
penetration. About 2 kilograms of pure white chert (fig.
2) were recovered from the severely damaged cutter head
of the core. X-ray analysis (Wise et al., 1972) shows
the material to be composed entirely of unidimensionally
disordered alpha-cristobalite. At the ultrastructural level
(fig. 3), the cristobalite is composed of authigenic,
blade-shaped crystals arranged in microspherulites, a
form characteristic of the free growth morphology of
this mineral (Weaver and Wise, 1972a, 1973; Wise and
Kelts, 1972; Wise and Weaver, in press).

Further study of core 47-15 reveals gradational contact
between the white chert and the overlying white diatom
ooze. Although this contact appears to be sharp on visual
inspection, small pellets of chert can be sieved from the
lowermost 25 centimeters of the diatom ooze. These
pellets are formed by an open framework of cristobalite
microspherulites (fig. 3 left'), in which are embedded
partially dissolved tests of diatoms and radiolarians (fig.
3 right). These observations confirm our earlier conclu-
sion (Wise et al., 1972) that the chert was derived from
the diatom ooze through the in situ dissolution and re-
precipitation of biogenous silica. According to present
definitions (Heath and Moberly, 1971), the Kerguelen
material can be classified as an incipient bedded chert.
Our data enumerated above show that the material is
biogenic in origin.

Although cristobalite-rich cherts are not true quartz
cherts, in the petrographic sense of the word, experi-
mental and empirical observations (Ernst and Calvert,
1969; Heath and Moberly, 1971; Weaver and Wise,
1972b) indicate that the cristobalite represents an inter-
mediate phase in the reaction: biogenous opal -. alpha-
cristobalite -. quartz chert. Heath and Moberly consider
the timing of these reactions to be dependent upon
kinetic factors such as temperature conditions or the lapse
of sufficiently long spans of geologic time. The Kergue-
len chert is unusual because it possibly is the youngest
chert recovered to date from the deep sea; its formation
may have been influenced by local high heat flow, pos-
sibly from an intrusive body.

A second striking feature of the material is that few
traces of microfossils can be found within the chert.
Apparently nearly all of the affected portion of the
original ooze is converted once the transformation of
biogenous opal to alpha-cristobalite begins (Wise and
Weaver, in press). The finding of a few siliceous micro-
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Figure 1. Sedimentary sequence in Eltanin core 47-15, taken in
the southeastern flank of the Kerguelen Plateau (57°17.27'S.
78°48.47'E.). Note gradiational contact between the basal

chert unit and the overlying diatom ooze.
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Figure 2. White opaline chert of Pliocene age, recovered from the
cutter head of Eltanin core 47-15.
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Figure 3. Left: Scanning electron micrograph (enlarged x650) of a fracture surface through a chert pellet recovered from the transition
zone in Eltanin core 47-15. The chert is composed of blade-shaped crystals of unidimensionally disordered alpha-cristobalite, arranged
in microspherulites about 10 microns in diameter. Right: View at higher magnification (x4,200) of the cristobalitic chert. Shown are thin,
tabular crystals which compose the microspherulites, and partially dissolved fragments of siliceous microfossils which constitute the source

material of the opaline silica. The arrow points to heavily etched diatom frustule.

fossil tests in a bedded chert, therefore, could indicate
that many more tests originally were deposited in the
sediment than are actually preserved. Secondly, the bio-
genous contribution to such a material could substantially
be greater than deductible from the observation of a few
ghosts of microfossils, in an otherwise featureless sample
of diagenetically altered opaline chert. Significantly, we
detected ghosts of siliceous microfossils in all bedded
cherts and radiolarian mudstones we examined to date
from Deep Sea Drilling Project Cores (legs 6 to 8).

Acknowledgement is made to the National Science
Foundation (grant CV-27549) and to the donors of The
Petroleum Research Fund, administered by the American
Chemical Society, for partial support of this research.
Deep Sea Drilling Project samples were obtained cour-
tesy of the National Science Foundation.
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Paleomagnetic, geochemical, isotopic,
and petrographic studies of

subantarctic islands

N. D. WATKINS

Graduate School of Oceanography
University of Rhode Island, Kingston

Previous studies of subantarctic islands (Watkins,
1970, 1971, 1972) have been extended to Marion Is-
land (fig. 1), which was visited by Mr. Craig Amerigan,
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in April and May of 1973. Transportation aboard the
Republic of South Africa and other support facilities gen-
erously were provided by the South African government,
and Professor Louis Nicolaysen (Bernard Price Geo-
physical Institute, Witwatersrand University). Two hun-
dred and twenty-seven separately oriented cores were
drilled from a total of 32 separate lavas (fig.). Prelimi-
nary results show that all lavas are normal polarity,
consistent with the age of outcrop being less than 0.7
million years. The data will be used to analyze the geo-
magnetic secular variation in these latitudes during the
Brunhes epoch.

Studies of Kerguelen Island and Amsterdam Island
are being published (Watkins, in press; Watkins and
Nougier, in press). It has been shown that, contrary to
earlier speculations, no evidence exists for Kerguelen be-
ing of continental origin. Using diverse criteria it ap-
pears to be a simple oceanic island. The paleomagnetism
of Amsterdam Island shows that an unusual "departure"
of the geomagnetic field (whereby the geomagnetic pole
effectively is in tropical latitudes) coincided with extru-
sion of lavas on both the north and the south sides of
the island. The secular variation of the geomagnetic
field during the Brunhes epoch otherwise was similar
to that of present times.

Other studies in progress include major and minor
element analysis; potassium-argon dating; paleomagne-
tism of St. Paul Island, on the southeast border of the
mid-Indian ridge (in conjunction with Drs. B. Gunn,

University of Montreal, and I. McDougall, University of
Canberra); a regional strontium 87/strontium 86 study
of subantarctic island basalts for comparison with results
from abyssal basalt in the same regions (in conjunction
with Dr. C. Hedge, U.S. Geological Survey).
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Continuing paleomagnetic and
associated studies of Elf anin deep sea

sedimentary cores

ion (Watkins et al., 1973) that his paleomagnetic meth-
ods are unacceptable, and also incorrect are his key mi-
cropaleontological identifications.

N. D. WATKINS

Graduate School of Oceanography
University of Rhode Island, Kingston

The paleomagnetic properties of the Eltanin cores
have been measured at 10-centimeter intervals. Together
with associated micropaleontological studies conducted
with Dr. J . P. Kennett, dates have been assigned for all
of the cores. Earlier regional analysis of sedimentation
rates south of Australia (Watkins and Kennett, 1971,
1972), resulting in the detection of a major zone of
sediment scour centered on the south Tasman basin, has
been extended into the southeastern Indian Ocean. The
effect of the circumantarctic current on the sedimentation
pattern is preserved.

In conjunction with Dr. T. C. Huang, a program to
study the ice-rafted debris variation is being initiated on
selected isochrons for a large segment of the cores, in an
attempt to define fluctuation of preferred iceberg tracks
with time, as well as regional temporal variations of the
60- to 200-micron fraction in the iceberg load.

Additional studies of Eltanin cores include definition
of volcanic dust variation and foraminiferal biostratigra-
phy, in conjunction with Drs. Huang and P. Vella, re-
spectively. In the former, a major series of eruptions on
the Balleny Islands, between 1.8 and 1.6 million years
ago, resulted in widespread deposition of fine volcanic
dust over the entire high latitude segment of the South
Pacific, with measured volcanic dust accumulation rates
varying systematically downwind from 120 milligrams
per square centimeter per 1000 years to 12 milligrams
per square centimeter per 1000 years over a distance of
4000 kilometers (Huang et al., in press, a). We call this
major ash the "Eltanin Ash." It may have triggered the
climatic cooling at the Pliocene-Pleistocene boundary and
effected silicious microfaunal activity (Huang et al., in
press, b). We also have analyzed the effect of seafloor
dynamic and chemical processes that may have modified
the distribution of atmospherically transported volcanic
dust, following deposition. We concluded that with the
possible exception of the less-than-b-microns size frac-
tion, only turbidites have distorted the sedimentary rec-
ord in the cores under consideration (Huang et al.,
1973c).

We have found it necessary to reply to an assertion by
Theyer (1973) who believes, on the basis of his own
paleomagnetic and micropaleontological studies of cores
from Eltanin Cruise 39, that it is necessary to reject vir-
tually all of the previous paleo-oceanographic studies of
the southern ocean, as well as the published late Cenozoic
correlation in New Zealand. Briefly stated, it is our opin-
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The systematics, distribution, and
abundance of antarctic demersal fishes

HUGH H. DEWITT

Darling Center for Research, Training and Service
University of Maine, Orono*

Our activities are directed at material collected during
earlier years of the Eltanin program, maintained at the
University of Maine's Darling Center. A new collection
room was constructed for the housing of Eltanin mate-
rial and the fishes were transferred to it. In the trans-
ferral, specimens were recounted and card catalog hold-
ings corrected and brought up to date. Larger tank speci-
mens were identified, properly tagged, and entered into
a tank catalog. Jean-Claude Hureau, Paris Museum, vis-
ited the Darling Center for 1 week and examined mate-
rial recently collected by Hero, as well as older Eltanin
collections.

Analysis of the Ross Sea fish fauna was continued,

*The Marine Laboratory, Walpole, Maine 04573.
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based upon collections made during Eltanin Cruises 27
and 32. A computer program, using several similarity
coefficients, was developed for analyzing distributional
patterns. Still unfinished is a more complex program for
manipulating information in the data registers. This will
allow additions, corrections, and deletions, now not pos-
sible.

The Ross Sea data also were used to prepare relative
abundance indices. The latter have been used to prepare
distribution charts showing the distribution and abun-
dance of species. It is hoped that the computer analyses
will help to explain some of the patterns, not clearly as-
sociated with physical parameters, observed for individ-
ual species. This is contribution number 65, The Ira
C. Darling Center for Research, Teaching, and Service,
University of Maine.

Analysis and related work on antarctic
soil microbiology

WOLF V. VISHNIAC

Department of Biology
The University of Rochester

Results of work done during the 1971-1972 season, on
antarctic soil microbiology (Vishniac and Mainzer,
1972), have been extended to include analysis of eco-
logical data and identification of numerous organisms
isolated under a wide variety of conditions. The results
strongly suggest the existence of a diverse, indigenous
microbial flora in the dry valleys, many members of
which are related to the Actinomycetes.

Some of our studies are being carried out under con-
ditions which simulate antarctic conditions at the time
when organisms, presently in our culture collection, were
isolated from antarctic soil. One interesting finding is
the distribution of microorganisms with depth. It appears
that our deepest samples, taken aseptically from a depth
of 40 centimeters within ice-cemented permafrost, have
numerous viable bacteria that promptly exhibit a variety
of metabolic activities, including growth.

One major distinction appearing in the cytological
study of antarctic microorganisms is the high portion of
the cell volume that is filled with DNA, as compared to
corresponding organisms isolated from temperate climes.
The figure shows a thin section electron micrograph of
a cell about to undergo division in which peculiarities
of the cell wall, as well as the large amount of DNA, are
conspicuous features.
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Scanning electron micrograph of a dividing bacterial cell isolated
from the north slope of the Asgard Range. There was no snow

or ice in the area, and no permafrost at detectable depth.

Polychlorinated biphenyls in
antarctic biota

C. S. GIAM, R. L. RICHARDSON and M. K. WONG

Department of Chemistry
Texas A&M University

W. M. SACKETT

Department of Oceanography
Texas A&M University

The occurrence of polychlorinated biphenyls (PCBs),
DDT, DDE, and related chlorinated hydrocarbons in the
world oceans is documented thoroughly. Most analyses of
samples from the Antarctic, however, have been limited
to DDT5 rather than PCB5, and to species occupying higher
trophic levels of the food chain, e.g. penguins, seals, and
migratory birds (Sladen et al., 1966; Tatton and Ru-
zicka, 1967; George and Frear, 1966; Brewerton, 1969).
Detection of DDT residues in antarctic snow has been re-
ported, although only one sample was quantified (Pe-
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terle, 1969). Moreover, in another study conducted by
George and Frear (1966), this pesticide was not de-
tected in water and snow samples; of three analyzed
species of fish, DDT was detected only in one.

During 1971-1972, we studied the occurrence of chlor-
inated hydrocarbons (including PCB5) in the Gulf of
Mexico and the northern Caribbean. Simultaneously,
Sackett took part in Eltanin Cruise 51 in the Ross Sea
(January to March 1972) and collected organisms for
comparison of chlorinated hydrocarbon levels in the
antarctic and in the Gulf of Mexico. Although there are
only a few samples, the comparison is significant, be-
cause the collection (W. M. Sackett) and analyses (C. S.
Giam, R. L. Richardson, and M. K. Wong) were carried
out by one team and should illustrate the difference in
pollutant levels between these two important locales.

After collection and until analysis, the samples were
preserved in absolute alcohol. The alcohol was separated
from the sample by filtration, diluted with triply dis-
tilled water (50:50) and extracted three times with 50-
milliliter portions of petroleum ether. The portions of
petroleum ether then were combined and, together with
the sample, transferred to a Soxhlet apparatus and ex-
tracted for 6 hours. The petroleum ether extract was
washed with water, dried with sodium sulfate, and evap-
orated on a steam bath to obtain the lipid weight. The
lipid subsequently was dissolved in 15 to 20 milliliters of
petroleum ether and cleaned up by first partitioning with
acetonitrile and then passing the extract through a florisil
column (Pesticide Analytical Manual, 1968). For sam-
ples having 0.3 gram (or less) of lipid, the petroleum
ether-acetonitrile partitioning step was omitted, because
the florisil column alone sufficed in removing that
amount of lipid from the sample extract.

Solvents used in the extraction and clean up were re-

distilled in an all-glass system. Glassware, materials,
and reagents having contaminants that responded to an
electron-capture detector, were cleansed by one (or com-
binations of) the following methods: (1) air oven heat-
ing at 300 0 to 350 0 centigrade overnight, (2) thorough
rinsing with nanograde solvents, (3) extraction with
nanograde solvents. Using these precautions, blank runs,
based on 50 grams sample weight, showed that the
background level was less than 0.05 parts per billion
for p,p'-DDE, less than 0.1 parts per billion for p,p'-DDD
and p,p'-DDT, and less than 1 parts per billion for PCBS.

The sample extracts were analyzed on a Tracor MT
220 gas chromatograph equipped with a °Ni electron
capture detector. Two different columns were used: a 5
percent Dc-200 or a 5 percent OV-1 on 80/100 mesh
Chromosorb W (HP). Alkaline hydrolysis (Pesticide
Analytical Manual, 1968) was performed on two of the
samples, for further characterization. Identification of
PCBS as commercial Aroclor formulations were based on
good matching of the sample peaks with those of stand-
ard mixtures.

Results of the analyses are shown in table 1. Chlori-
nated hydrocarbons, especially PCBS, were detected in all
five samples. The concentrations of chlorinated hydro-
carbon residues in three samples, however, were too
close to the limits of background level, and no quantifica-
tion was performed. The level of chlorinated hydro-
carbons was very low (approximately two orders of mag-
nitude lower than that found in open ocean biota from
the Gulf of Mexico and the northern Caribbean-table
2). PCB presence in these samples further strengthens
the possibility that a route of PCB environmental con-
tamination is aerial.

This work was supported by National Science Foun-
dation grants GX-30196 and GV-24754.

Table 1. Chlorinated hydrocarbons in antarctic biota (parts per billion wet weight).

Wet
weight

(grams)	percent Lipid	p,p'-DDE
Sample

identification	Location

Decapod larvae	75°51.4'S.	40	0.70
160045.0'W.

Bulk plankton	76000.9'S.	13.1	3.9
169° 59.2'W.

Euphasia	 77042.9'S.	33.5	3.0
Crystal locrophias 160002.8'W.

Sponge	 76003.3'S.	30.9
	

0.13
178041.0'W.

Two whole fish	77010.5'S.	49.4
	

3.2
172005.6'E.

Background	 -
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Table 2. Concentration of chlorinated hydrocarbons in Gulf of Mexico
and northern Caribbean plankton and fish (parts per billion wet weight).

Small whole fish
(6 inches or less)	 Fish

Zooplankton	 and fish muscle	 liver

Total DDT range	 <0.2-34	 1-159	 13-1505
Mean total DDT	 Ii

	
39
	

282
PCB range	 <3-1055	 1-527	 18-1300
Mean PCB
	

94
	

49	 290
Number samples analyzed	 29	 43	 13
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dal faunas are considered to be the effect of ice action
(Dayton et al.. 1969) and harsh environmental condi -
tions (Knox, 1968). A habitat which provides protec-
tion from ice action of the abrasive kind, at least at
Palmer Station, is the stable boulder and cobble rubble.
Collections and observations made in this habitat at
Palmer Station (64 1 46S. 64 004'W.) revealed a rela-
tively large number of intertidal species (table). The
locations where this habitat was studied are noted in fig.
1.

The byssate bivalve Ktdderia (Kidderia) sub quad-
aIum (fig. 2) is the dominant invertebrate of the as-

semblage of organisms found, often reaching densities
in excess of 30 individuals per square centimeter. The
upper intertidal limit of this species appears to be asso-
ciated with dessication. Individuals living among the

Intertidal species found at Palmer Station.

An intertidal assemblage at
Palmer Station

WILLIAM L. STOCKTON

Department of Geology
University of California, Davis

The antarctic intertidal zone has been described as
either very poor (Knox, 1960; Price and Redfearn,
1968; Gruzov and Pushkin, 1970) or lifeless (Propp,
1970). Stout and Shabica (1970) recorded an intertidal
association at Port Lockroy, Wiencke Island (64°48'S.-
64°30'W.), dominated by Kidderia (Kidderia) sub-
quadraitim Pclseneer (recorded as Lasaea consanguinea).
At Palmer Station, Hedgpeth (1969) reported a simple
intertidal assemblage with Patinigera polaris as the only
large intertidal animal.

The primary reasons for such simple antarctic interti-

Phylurn	 Number of species

Porifera	 4
Coelenterata	 1

Platyhelminthes	 1

Nemertinea	 2

Ectoprocta	 2

Annelida	 5

Mollusca	 6

Arthropoda	 6

Pycnogonida	 2

Echinodermata	 3

Rhodophyta	 (
Phaeophyta	 (7

Chlorophyta	 (
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Arthur Harbor

Bonaparte Point

+— areas studied

250 •	500	 Figure 1. Locations of inter-
meters	 tidal assemblages near Palm-

j	er Station, Anvers Island.

Figure 2. Kidderia (Kidderia) subquadratum Pelseneer, in a small
intertidal crevice. The largest individuals are about 3 millimeters

in length.

rubble range of up to +0.3 meters (mean lower low
water, MLLW). When associated with, and hence pro-
tected by, the alga Curidaea racovitzae, however, they
are able to live as high as +0.75 meters (MLLW).
Tolerance of high temperatures is not a factor in the
vertical distribution of this bivalve. The lower depth
limit of K. sub quadratum was not located in this study
and probably is subtidal.

The high intertidal (+1.2 meters to +1.8 meters
MLLw) is marked by the presence of the green alga
Monostrorna sp., and associated with it is a small, un-
identified annelid, probably an oligocheate. The alga was
not found strictly in the rubble, more generally in open
spaces. The filamentous green alga Chaetomorpha sp.
was found, in many cases, immediately below the Mono-
strorna zone (fig. 3), its position being controlled by
wave exposure.

Patinigera polaris, the common antarctic limpet, also
was a readily apparent member of this intertidal assem-
blage. Although apparently more numerous, subtidally,
it occasionally reaches high densities, intertidally. In one
case, associated with a crack system, an area of 0.025
square meters had 72 individuals. The upper limit of P.
polaris at +0.60 meters (MLLW) may be exceeded on
rare occasions but appears to be fairly constant in the
areas studied.

The presence of this assemblage is important, consid-
ering its implications concerning the physiology of in-
tertidal polar animals and the distribution of exploited
intertidal space. This work was supported by National
Science Foundation grant CV-31162. The identification
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+—extreme upper limit of Kidder/c &
4—upper limit of Patin/gera Curidec

*—normal upper limit of Kidder/c

Iii
U)
1.

ci)
1)

E

Cur/dec-Kidder/c zone

PWO

Monostroma sp.
	 Monostrorna zone

4-- Chcetomorp/ic sp.

"barren" zone

MLLW 0.0
	

4—upper limit of erect sponges
	 Kidder/c zone

*—upper limit of coralline algae

coralline algae zone

Figure 3. Preliminary zonation of the protected intertidal rubble zone near Palmer Station.

of Kidde,ia (Kidderia) sub quadra/urn was made by
Dr. Patrick Arnaud. Ms. Nancy Valentine did the
drafting. To these people and to Dr. Jere H. Lipps,
for his help in this project, I extend my thanks.	 Ecology of antarctic marine diatoms

WILLIAM N. KREBS
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Ecological studies on antarctic near-shore phytoplank-
ton and benthic microalgae were carried out in Arthur
Harbor, near Palmer Station, Antarctica, during Decem-
ber 1971 to January 1973. This work was supported by
National Science Foundation grant GV-31162, to Jere H.
Lipps. It is an essential part of a program designed to
study shallow-water benthic foraminiferan ecology and
population dynamics in waters off the Antarctic Peninsula
(Lipps et al., 1972).

The marine planktonic and benthic microalgae in
Arthur Harbor consist almost entirely of diatoms. Thus
my work became a study of antarctic marine diatom ecol-
ogy. It involved quantitative and taxonomic studies of
diatom seasonal fluctuations in Arthur Harbor, as well as
measurements of important physico-chemical parameters
of the seawater. Weekly water samples were secured at
10-foot intervals down to 100 feet and at 135 and 175
feet. A portion of the water was set aside for chemical
analysis while the remainder was processed for diatoms.
In conjunction with this, tows for zooplankton were
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(1) Spring bloom planktonic
diatom assemblage, includ-
ing disc-shaped Coscinodiscus
bouvet, spiny Corethron cri-
ophilum, chained Thalassiosira
sp., and rod-shaped Rhizoso-
lenia sp. (enlarged x83). (2)
Benthic diatom Triceratium
arcticum and planktonic dia-
toms Coscinodiscus bouvet,
Thalassiosira sp., and Rhizo-
solenia sp. (enlarged x185).
(3) Corethron criophilum
perched on a setae (enlarged
X157). (4) Thalassiosira sp.,
showing mucus connecting
threads (enlarged x1,060).

made when ice conditions permitted. Daily measure-
ments were taken of light intensity and albedo, and of air
and water temperatures. Different substrates from Arthur
Harbor were sampled throughout the 13 months and
processed for diatoms. A series of trays holding micro-
scope slides were suspended in the water column at
different depths. Every 2 weeks a slide was removed
and the benthic diatoms preserved in their life positions.
Thus, by frequent sampling of the plankton and the
benthos, a close record was kept of diatom standing crop
and of species succession. Frequent seawater chemical
analyses may demonstrate the relationship between
changes in seawater composition and diatom population.
Some aspects of this microalgal study are continuing by
the 1973 winter over team at Palmer Station. The result
will yield over 2 years of data on antarctic diatom
ecology and seawater chemistry.

During my stay at Palmer Station, I monitored four
separate phytoplankton blooms. The first was in progress
when I arrived on December 1, 1971. It lasted until the
end of the month and was composed of species common
to Antarctica, e.g., Corethron crio phi/urn, Cosinodiscus
bouvet, Chaetoceros species and (?) Podosira species.
The fall bloom occurred in late February to early March
and was characterized by a lower diversity than the previ -
ous bloom with (?) Podosira species predominating.
Phytoplankton was negligible during the winter (choro-

phyll values in June were low, beyond the sensitivity of
the spectrophotometer).

Fast ice formed in late July and lasted until early Sep-
tember. Intermittent pack ice filled Arthur Harbor until
late November. Sea ice formation proved to be of im-
mense importance for subsequent diatom blooms. Sam-
ples of shore, pack, and fast ice yielded both planktonic
and benthic diatom floras as well as huge chlorophyll
concentrations. At the same time there were low chloro-
phyll values and cell numbers per volume in the under-
lying water. With the constant availability of sunlight
and lack of herbivores, diatom growth in the sea ice
preceded any planktonic or benthic blooms. Melting of
the pack ice introduced diatoms into the water column
and reduced albedo. A greater amount of sunlight thus
was made available for diatom growth. Increased solar
radiation and duration during the austral spring caused
melting and calving, both of which may contribute to
upwelling of nutrients. The addition of penguin guano
with the meltwater may be an extremely important nu-
trient source. Diatom growth in the sea ice probably is
responsible for greater absorption of solar radiation,
thus hastening disintegration of the ice. Extensive benthic
diatom growth in shallow subtidal areas Preceded the
spring bloom by about 1 month. The spring bloom oc-
curred in mid-November. Although diversity was high,
Rhizosolenia species and large Cosci,iodisc;,s bouvet were

308	 ANTARCTIC JOURNAL



conspicuous species. The summer bloom lasted 1 month,
beginning in mid-December. In species composition it
was much like the spring bloom.

Grazing, substrate, turbulence, ice, and availability of
sunlight are important factors affecting benthic diatom
distribution. As a result, the composition and distribution
of benthic diatom floras are quite heterogeneous. Suc-
cession slides revealed that growth occurs throughout the
year but is far greater during the austral summer. The
climax community of all the succession slides was attained
quickly and consisted of Cocconeis species. Scuba diving
last summer revealed a diatom mat covering the bottom
of Bonaparte Channel, adjacent to Palmer Station. Its
species composition and chlorophyll content are being
monitored by the 1973 winter over team.
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Coordination of the Ross Ice Shelf Project

ROBERT H. RUTFORD

University of Nebraska, Lincoln

The Ross Ice Shelf Project (RIsP) management office
was established at the University of Nebraska, Lincoln,
in June 1972. The charge was to develop an operational
plan, identify capital equipment requirements, identify
specialized logistic support requirements, and identify
and coordinate the interests of scientists from other
nations in the project. The management office was as-
sisted in these tasks by the RISP steering group of the
Committee on Polar Research.

During the Scientific Committee on Antarctic Research
XI meetings in Canberra during August 1972, project
coordinators participated in a 1-day session on the Ross

Dr. Rutford recently succeeded Dr. James H. Zumberge as
coordinator of the Ross Ice Shelf Project management office.

Ice Shelf Project, held by the Scientific Committee on
Antarctic Research group of specialists on ice shelf
drilling projects. Out of this meeting came some specific
recommendations that were transmitted to the RISP steer-
ing group.

The RISP science plan was developed in draft form
during the early fall of 1972, and was presented to the
National Science Foundation in October 1972. The
purpose of the science plan is to develop in some detail
the goals of the RIsP and to outline the means to accom-
plish those goals. The third revision of the project's
science plan now is available.

An ad hoc committee prepared an environmental im-
pact appraisal for the RISP. This document identifies some
of the anticipated environmental effects which may be
associated with the project. The draft of this document
will undergo revision as the details of the operations on
the ice shelf are more clearly defined.

The management office has received 49 proposal out-
lines and estimated budgets from potential RISP partici-
pants. Twelve of these are from outside the U.S., repre-
senting seven countries. These proposal summaries in-
clude a variety of scientific disciplines and were used to
prepare a 3-year estimate of RISP activities.

The drilling operation underwent considerable study
and evaluation during the past year. A number of options
were analyzed both from operational as well as fi-
nancial points of view, and specific recommendations
were made to the National Science Foundation. Equip-
ment required for the drilling operation will be acquired
during the coming year.

The project's field operations are scheduled to begin
during the coming austral summer. A geophysical pro-
gram directed by Dr. Charles Bentley, University of
Wisconsin, will work (with light, ski-equipped airplane
support) in the eastern part of the Ross Ice Shelf. Dr.
Edwin Robinson, Virginia Polytechnic Institute, will
supervise a study of the tidal effects on the ice shelf,
with the use of gravimeters. A surface glaciology pro-
gram, working in conjunction with Dr. Bentley, will be
led by Dr. Robert Thomas, University of Nebraska,
Lincoln; it will include personnel of the University of
Copenhagen, who will collect snow cores for oxygen
isotope analysis. The U.S. Geological Survey will pro-
vide positioning information by using a satellite geo-
ceiver system (directed by Mr. William MacDonald).

Drilling of the first hole(s) through the shelf is
scheduled for the 1974-1975 season. A tentative drill
site has been selected at 82.5 0 S., 166 0W., on ice about
500 meters thick that is believed to have originated in
West Antarctica. The water depth at this site is about
200 meters. Present plans call for coring the ice and
bottom sediments. An access hole will be drilled and
maintained for work in the water column beneath the
ice shelf. Work on the project has been supported by
National Science Foundation contract C.726.
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Closure rates expected for a Ross Ice Shelf
drill hole at 1660W. 82030'S.

J. WEERTMAN

U.S. Army Cold Regions Research and
Engineering Laboratory

A site at 166 0W. 82°30'S., on Ross Ice Shelf, has
been suggested for a drill hole in the Ross Ice Shelf
Project. It is interesting to estimate the closure rates for
this proposed drill hole. A detailed calculation (Weert-
man, 1973) was made of the expected closure rates. The
results are presented in the figure. This figure shows a
plot of the closure rate, C , equal to R 1dR/dt (where
R is the radius of the hole and t is the time), as a
function of the depth from the upper surface. Calcula-
tions were made for an unpressurized hole, and for holes
pressurized at 10 bars and at 20 bars.

In order to calculate the closure rate it is necessary to
know the creep equation of ice, the hydrostatic pressure,
and the temperature as a function of depth. The pressure
at different depths can be estimated from ice density
profiles obtained at Little America and at Byrd Station
(Ragle et al., 1960; Gow, 1963; Hansen, 1972). An
approximate temperature profile can be estimated from
the heat conduction equation for a steady-state condition
with the assumption that the upper surface temperature
is at about —28.5°C. and the bottom surface temperature
at about —2 0C., that 34 calories/square centimeter year
of geothermal heat is conducted through the shelf, and
that the longitudinal strain rate of the shelf is equal to
(a + ah )/H, where H is the ice thickness (H = 500
meters) (Hansen, 1972), a 11 is the accumulation rate
at the upper surface (a = 15 centimeters/year) (Bent-
ley et al., 1964), and ab is the amount of ice frozen to
the bottom surface (a self consistent solution of the
equations requires that ab = 1 centimeter/year).

The creep equation we used is

= Bexp(—Q/kT) exp (Q/kT0) o

where e and a are creep rate and stress under
uniaxial tension or compression, k is Boltzmann's
constant, T is temperature, and remaining terms
are constants. From a plot of experimental data from
many sources on the creep of ice (Weertman, in press),
it was estimated that n = 3.7, B = 7.25x10- 12 bar s,
T0 = 263°K, Q = 14.5 kcal/mole for T<263°K, and
Q = 32 kcal/mole for T>263°K.

Dr. Weertman is Walter P. Murphy professor of materials
science, Departments of Materials Science and Geological Sci-
ences, Northwestern University.
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Spatially discontinuous strain in the
"semi-rigid" zone of an ice cliff

M. J . MCSAVENEY

Institute of Polar Studies
The Ohio State University

Between 1965 and 1969, Holdsworth (1969a) under-
took a detailed study of the flow of ice at the surface
and at the base of Meserve Glacier, 'Wright Valley. He
recognized five broad flow zones in the ice tongue of
Meserve Glacier (Holdsworth, 1969b). One of these,
regarded as particularly important, was the semi -rigid"
zone containing the ice cliff and ice within a few meters
of it. This zone forms an extremely constricting boundary
for the flow of the glacier tongue. He recognized four
zones in the immediate vicinity of the ice cliff (1969a)
a "rigid" outer zone, a "semi-rigid" zone, a "semi-plas-
tic" zone, and an interior basal "plastic" zone (fig. 1).
These gradational zones were delineated by the particular
rheological property of ice that most dominantly showed
in the behavior of the ice within each zone.

Semi-rigid

Rigid

Semi-plastic	 -S..
-S.

N
Plastic	 -.5-

-S
-S

Figure 1. Regions of different rheology near an ice cliff (from
Holdsworth, 1969a, fig. 55d).

In November 1971, a 2-meter-deep alcove was dug
adjacent to Meserve Hut into the ice cliff of Meserve
Glacier, primarily as a cold-store for frozen food and
ice samples (ice temperature was —18 to —19 0 C., and
—8°C. could be maintained in the alcove at outside air
temperatures of 10°C.). Some observations of ice struc-
ture were made in it and a simple deformation experi-
ment was conducted over six days to test the sensitivity

Figure 2. Deformation guage (diagramatic), on the left, and a plan of the alcove in Meserve Glacier, on the right, that shows the loca-
tion of the deformation guage (not to scale).
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of an inclinometer. Results of these studies are reported
here.

The deformation experiment consisted of a biaxial
"Digitilt" inclinometer (fig. 2) that was mounted on a
short section of its grooved plastic casing and hung
from a rock-bolt in the wall at the alcove's end. Lateral
movement of the device was constrained by another bolt
that passed through a vertical slot in the lower end of
the casing. To the lower end of the casing was affixed
a dial displacement gauge with its moveable probe resting
in a small hollow drilled in another rock-bolt protruding
from the wall (fig. 3). Neither inclinometer nor gauge
was metric so the total arrangement was constructed to
be 4 feet long, to simplify calculations.

The deformation gauge was allowed to equilibrate to
the surrounding alcove temperature (-8 0 C.), before the
device was attached to the wall. After mounting, a 1-day
settlement period was allowed before measurements were
made at least twice each day. Results of these measure-
ments are plotted in fig. 4. They show an initial settle-
ment period followed by an effectively linear trend.
Minor deviations may be due to a slight diurnal tempera-
ture fluctuation. An unexplained characteristic of the
particular "Digitilt" instrument used at Meserve Glacier
was its tendency to give, on occasion, tilt values that
consistently differed from expected values. This was not
a serious problem in this experiment, and it always is
compensated for in normal use of the inclinometer system
by duplicate runs with reversed axial systems. Reversal
of axes was not feasible in this experiment; therefore a
constant was subtracted from the effected measurements
to "correct" them.

This deformation gauge gives only three of the neces-
sary nine terms that define the full deformation tensor.
It measures deformation from which the three partial
derivatives (with respect to the vertical axis) of the
velocity field can be determined. But the results obtained
still have some significance. The direction of deforma-
tion in the horizontal plane significantly deviated from
the lineation of elongated tubular bubbles within the
ice of the alcove wall (fig. 5). This pronounced bubble
lineation, however, was disrupted by a series of widely
spaced, narrow planar zones in which the bubble elonga-
tion was kinked (kink bands). Displacement of bubbles
at these kink bands was in the direction of deformation
recorded in the experiment. It was inferred that signifi-
cant deformation was taking place along these kink
bands, thereby causing reorientation of the bubble trend.

Measurement of deformation along discrete zones of
shear, subsequent to a prior uniform deformation that
developed the bubble lineation, appears to confirm the
existence of a "semi-rigid" zone in the ice cliff. At the
outer edge of the alcove, cracks were present, parallel to
the cliff face, indicating brittle failure in the outer few
decimeters of the cliff zone. The "rigid" zone thus is
very thin at the cliff's base (at the top of the avalanche

o

Figure 3. Displacements of the two axes of the inclinometer from
the vertical and displacement along the vertical axis (negative
displacement is extension). Open circles signify corrected dis-

placements, and uncorrected values also are plotted.

apron, 2.5 meters above the glacier base), and the "semi-
rigid" zone is at least 2 meters thick when measured in
from the cliff surface.

This experiment provided the first direct measurement
of "semi-rigid" behavior of ice in Meserve Glacier. The
result appears to support Holdsworth's flow model.
Eileen McSaveney assisted in sculpting the laboratory and
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Figure 4. Significant directions in the deformation experiment.
Displacement of bubbles was in the direction of the normal to
the kink plane. The measured deformation direction lies within

the limits of error of estimation for this normal.

cold storage facility. This work was carried out under
National Science Foundation grant GV-28804.

References

Holdsworth, G. 1969a. Mode of flow of Meserve Glacier,
Wright Valley, Antarctica. Ph.D. Dissertation, The Ohio
State University.

Holdsworth, G. 1969b. Structural glaciology of Meserve Gla-
cier. Antarctic Journal of the U.S., IV(4): 126-128.

News and notes__________
DVDP environmental
impact draft issued

The National Science Foundation
has issued a draft environmental im-
pact statement on U.S. Antarctic Re-
search Program Dry Valley Drilling
Project (DVDP) operations during
the 1973-1974 austral summer.*
The statement describes scientific ob-
jectives of the DVDP, as endorsed
by the National Science Board, and
elaborates on potential operational
failures that could affect the antarctic
environment.

Drilling and collecting continuous
hard and sedimentary rock and soil
samples from the dry valleys, accord-
ing to the statement, will "permit a
detailed reconstruction of a period
of antarctic history which played a

* Summarized in the Federal Register
[August 30, 1973, Part 1, 38(168):
234381, in accordance with section 102
of the National Environmental Policy Act
(Public Law 91-190) and the Guidelines
of the Council on Environmental Quality.

critical role in the geological and cli-
matic history of the world." The
McMurdo Sound region setting for
the DVDP will result in a series of
independent analyses of geochronol-
ogy, paleoclimatology, and paleomag-
netism.

Scientists of the United States,
New Zealand, and Japan, will drill
10 to 15 boreholes to depths of 300
meters. Although a number of oper-
ational failures can be controlled "by
stringent adherence to previously
developed, environmentally sound
plans," the report states, "probably
unavoidable" environmental effects
may include some damage to soil eco-
systems adjacent to drill sites, scar-
ring of the land surface, and drilling
fluid pollution or alteration of the
ground water.

Efforts to minimize environmental
damage by the DVDP include indoc-
trination of all DVDP personnel in
methods of reducing accidents, con-
tinuous evaluation and updating of
operations, and onsite presence of an

environmental scientist to monitor
operations.

Copies of the draft statement
are available from the Deputy As-
sistant Director for National and
International Programs, National Sci-
ence Foundation, Washington, D.C.
20550.

Shepherd enrolled at
Harvard

Donald C. (Chris) Shepherd, field
projects manager, Office of Polar Pro-
grams, is studying during 1973-1974
at the John F. Kennedy School of
Government, Harvard University.
David M. Bresnahan, assistant to the
manager of polar operations, is man-
aging field projects during Shepherd's
absence.

Mr. Shepherd was selected in gov-
ernment-wide competition, by the
U.S. Civil Service Commission, to
participate in Harvard's full-time
program that leads to the master's
degree in public administration. He
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has a B.A. in physics and mathe-
matics, from Albion College, and
an M.S. in nuclear science, from the
University of Michigan. Mr. Shep-
herd joined the U.S. Antarctic Re-
search Program in 1966.

Orville L. Bandy dies
Orville L. Bandy died August 2,

1973, at Los Angeles, California,
following a brief hospitalization. He
was a professor of geology at the
University of California (usc), Los
Angeles, and a participant since 1961
in several projects of the U.S. Ant-
arctic Research Program. In 1964
and 1966, respectively, he was chief
scientist aboard Cruises 7 and 17 of
the RV Anton Brim, and he partici-
pated in several cruises of the U5NS

Eltanin. At the time of his death he
was commencing involvement in the
Deep Sea Drilling Project.

Born March 31, 1917, Dr. Bandy
received the B.S. and M.S. degrees
from Oregon State University, prior
to World War II. He was a com-
munications officer with the U.S.
Army Air Corps, during the war, and

later did research for an oil company,
prior to resuming graduate study. He
received the Ph.D. in 1948, from In-
diana University, and in that year he
joined the usc faculty. In 1955 he
became a full professor at usc. From
1967 to 1972, he served as chairman
of usc's Department of Geological
Sciences.

Among many prizes and honors,
Dr. Bandy in 1964 was named dis-
tinguished lecturer of the American
Association of Petroleum Geologists.
He was the A. I. Levorsen Memorial
Award Winner of the Gulf Coast
Association of Geological Societies,
in 1972, and president in 1971-1972
of the Society of Economic Paleon-
tologists and Mineralogists. He also
served as an officer of several regional
and national societies, director of the
Cushman Foundation for Foramini-
feral Research, and a member of
several editorial boards for national
and international journals. He be-
longed to many professional and hon-
orary societies, and was the author of
more than 150 scholarly works. He
authored and co-authored several ar-
ticles in the Antarctic Journal, in-
cluding one in this issue (p. 286).

Soviet volumes available
in translation

Two collections of literature from
the Arctic and Antarctic Research In-
stitute, Leningrad, have been trans-
lated for the National Science Foun-
dation by the Israel Program for
Scientific Translations, under the
Special Foreign Currency Program.

Volume 299 of the Proceedings of
the Arctic and Antarctic Research In-
stitute, Medical Research on Arctic
and Antarctic Expeditions, was edited
by A. L. Matusov. The 209-page
book contains 31 papers and origin-
ally was published in 1971. Its cata-
log number is TT 72-50004.

Issue 40, Problems of the Arctic
and the Antarctic, was edited by A.
F. Treshnikov. It has 19 papers in
133 pages, and it first was published
in 1971. Its catalog number is TT
72-50089.

Both volumes are available from
the National Technical Information
Service, Springfield, Virginia 22151.
TT 72-50004 costs $5.50 in hard-
copy and $1.45 in microfiche. TT
72-50089 costs $4.50 in hardcopy
and $1.45 in microfiche.

U.S. Antarctic Research Program, 1973-1974
Planned field research projects

Below are summaries of U.S. scientific research projects scheduled to take place in the Antarctic during 1973-1974.
Project titles (in boldface) are followed by names of principle investigators and their institutions. This list does not
constitute the final roster of this year's projects.

Antarctic Peninsula

Antipredator strategies of pygoscelid pen-
guins. Dr. Dietland Miiller-Schwarze and Christine
Müller-Schwarze, Utah State University. In previous
years we have studied the predator-caused mortality,
i.e., the impact of predation by leopard seals and south
polar skuas on populations of Adélie penguins. Now
we will investigate the other side of the equation—the
recruitment potential of all three pygoscelid penguins.
The young-rearing potential will be tested by experi-

mentally providing breeding pairs with clutch sizes
varying from one to five eggs. This project will be
carried out on King George Island, where gentoo, chin-
strap, and Adélie penguins breed together in the same
rookery. The results will shed light on the special be-
havioral adaptations that permitted the Adélie penguin
to colonize extreme latitudes.

Benthic foraminiferal ecology. Dr. Jere H.
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Lipps, University of California, Davis. Ecologic and
biologic studies of foraminifera will continue at Palmer
Station and elsewhere along the Antarctic Peninsula.
Samples and measurements will be obtained by a team
of scuba divers, for later analysis and experimentation
in the laboratory. Sampling localities for zoogeographic
and quantitative analysis along the peninsula will in-
clude King George Island, Deception Island, Anvers
Island, the Argentine Islands, Renaud Island, and Mar-
guerite Bay. Trophic studies, including bacterial and
floral determinations, will be concluded in Arthur Har-
bor. Year-long monitoring of sites in Arthur Harbor
will continue to obtain data on population dynamics,
predation pressures, and variation in physical and chem-
ical factors.

Biological survey of Gerlache Strait. Dr. René
Edgar Dalinger, Instituto Antartico Argentino. While
Hero is near Palmer Station, fish and invertebra will be
collected by benthic and midwater trawls. Benthic trawls
also will be used in completing 10 transects along Ger-
lache Strait for qualitative and quantitative study of local
fauna. While Hero is at Palmer Station, the samples
will be classified, labeled, and preserved.

Birds of the ice pack. Dr. David F. Parmelee,
University of Minnesota. Observations and collections of
birds at sea, conducted aboard the USCGC Glacier (wAGB-
4) in the Weddell Sea during January-March 1973,
will be continued aboard Hero in the vicinity of the Ant-
arctic Peninsula during October and December 1973.
Breeding sites of antarctic terns, south polar skuas, and
brown skuas will be observed whenever possible.

Doppler satellite research. Mr. William R. Mac-
Donald, U.S. Geological Survey. Doppler data collec-
tion initiated during the 1973 austral winter at Palmer,
Pole, and Casey Stations, in support of ice movement,
polar-motions, and scintillation studies, will continue.
The fixed doppler site at Casey Station will also serve
as a master translocation station for updating geo-
physical positions established by a rover-geoceiver de-
ployed on the Australian traverse being conducted un-
der the auspices of the International Antarctic Glacio-
logical Project. Scintillation investigations are being
carried out in cooperation with Dr. Arnold J . Tucker,
Applied Research Laboratories, University of Texas.
Data collected at Pole, Palmer, and Casey will be com-
bined with results of his experiments carried out at
McMurdo Station. Data will be obtained from all fixed
stations and transmitted to the Applied Physics Labora-
tory, Johns Hopkins University, for reduction.

Glaciology and glacial history of the northern
Antarctic Peninsula region. Norman W. Ten Brink,
Institute of Polar Studies, The Ohio State University.
The general objective of this continuing research pro-
gram is to reconstruct the glacial history of the northern
part of the Antarctic Peninsula region, in order to

assess the past and present climatic significance of gla-
ciers in that area. Field work to be conducted by two
parties (five men) during the 1973-1974 field season
will have the following objectives: (1) procurement of
data on past and present climate by (a) drilling 10-
to 15-meter ice cores from the Livingston Island Rotch
Dome, for 01/0 (paleotemperature) analyses, (b)
logging temperature profiles down the boreholes, and
(c) continuing the mass-balance measurements begun
in previous seasons on Deception and Livingston Islands;
(2) completion of the partly known chronology of
glacial events for the South Shetland Islands area, by
(a) mapping glacial deposits, (b) establishing strati-
graphic or morphologic relations between glacial de-
posits and raised beaches, and (c) dating both the
beaches and glacial deposits by radiocarbon analyses of
bones or other organic material collected from in situ
each deposits. Dating of moraines also will be at-

tempted through continuation of tephrochronologic and
lichenometric studies begun during 1972-1973.

Results of this field work will be integrated with
similar data already collected from the South Shetland
Islands and data to be collected from the James Ross
Island area during the 1974-1975 field season, in order
to derive a regional glacial-climatic history. The infor-
mation obtained also will fulfill several objectives of
the internationally cooperative Glaciology of the Ant-
arctic Peninsula Project, and will aid in the selection
of significant deep ice drilling sites for the project.

Ice crater closure studies on a glacier on De-
ception Island. Dr. Terence J . Hughes, The Ohio
State University. The 1972-1973 austral summer sur-
face and tunnel strain networks and the surveying sites
placed in and around the ice crater blown through the
Bynon Hill glacier during the August 1970 eruption
will be remeasured during the 1973-1974 austral sum-
mer. These remeasurements will be combined with
photogrammetric mapping of the ice crater and sur-
rounding areas, under the direction of Mr. Henry Bre-
cher of the Ohio State University Institute of Polar
Studies. The objectives of the study are (1) to learn
how subglacial eruptions influence the mass balance of
the Deception Island ice cover, (2) to study the large-
scale flow dynamics of the Bynon Hill glacier into the
ice crater, with emphasis on the deformation mechanics
along concentric ring faults around the crater, and (3)
to study the small-scale flow dynamics inside ice tunnels
dug into the crater wall, with emphasis on the deforma-
tion mechanics along narrow shear bands which intersect
the crater wall at steep angles.

Neurophysiological studies of marine life. Dr.
René Dalinger, Instituto Antartico Argentino. Studies of
captation of amino acids in the nervous systems of fishes
will be carried out through intraperitoneal injection of
amino acids, fish beheading and sampling of organs pre-
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served at —20°C. Objects of study will be 30 specimens
each of Notothenia gibberi/rons, Trematonitis bernachii,
T. newnesi, and Chaenocephalus aceratus, all preserved
at temperatures between 0 0 and 4° C. Similar studies
will be performed on about 20 papuas penguins.

Paleoclimate of the Antarctic Peninsula. Dr.
Tore Gjelsvik and Dr. Olav Orheim, Norwegian Na-
tional Committee on Polar Research. Potential drill
sites will be investigated on Deception and Livingston
Islands for inclusion in a study of Antarctic Peninsula
Glaciology.

Peripheral vascular control in birds. Dr. David
Murrish, Case Western Reserve University. Fundamental
responses of the peripheral circulation, to heat and cold
stress, were characterized for the giant petrel last sea-
son at Palmer Station. The continuation of this study
will involve determination of the role of the sympa-
thetic nervous system in the cardiovascular control of
foot temperature and total body heat loss. Blood flow,
blood temperature, and tissue temperature will be deter-
mined at various sites in the periphery of the giant
petrel. Utilization of pharmacological agents that block
or simulate specific actions of the sympathetic nervous
system under controlled experimental conditions will
elucidate cardiovascular control mechanisms in antarctic
birds.

Pollutants in antarctic ecosystems. Dr. Robert
W. Risebrough, University of California. Atmospheric
transport and fallout is thought to be a major input
pathway of synthetic organic compounds into food
chains of remote ecosystems. Dry fallout and precipita-
tion also contain many organic compounds of natural
origin. Both groups accumulate in snowfields, from
which they can be extracted for study. However, snow
also may contain organic compounds originating in al-
gae. During the coming season, we will extract large
volumes of snow at a site in the vicinity of Palmer
Station. These extracts subsequently will be analyzed
with gas chromatographic and mass spectrometric tech-
niques. These procedures would thereby permit deter-
minations of the current rate of aerial fallout of such
synthetic pollutants as the DDT and PCB compounds, and
would characterize the principle organic components of
this snowfield.

Population dynamics of antarctic seals. Dr.
Donald B. Siniff, University of Minnesota. Studies will
be undertaken in two areas of the Antarctic, and both
studies will begin, in October. One investigation will be
in the area of Palmer Station, with support provided
by Hero. This work will concentrate on the study of
the crabeater seal in the pack ice during the pupping
and breeding season. Attempts will be made to locate
concentrations of crabeaters and then to monitor pup-
ping behavior, activity patterns, feeding characteris-
tics, and growth of the pup from birth through wean-

ing. The second study will be carried out at McMurdo
Station and will be a continuation of previous work in
the local Weddell seal population. At McMurdo Sta-
tion we shall concentrate on the enumeration of the
nonproductive female segment of the population and
will again study the characteristics of male underwater
territories. Hydrophones and sonic tags will be used
to measure the size of the underwater territory and the
changes in dominance characteristics of seals that in-
habit these territories.

Dry valleys

Toward a model for Lake Bonney. Dr. Bruce
C. Parker, Virginia Polytechnic Institute and State Uni-
versity. The second year's field research on Lake Bon-
ney, South Victoria Land, will emphasize enumeration
and measurement of metabolism of the aquatic organ-
isms at all depths including the benthic algal mat
communities. Using surveying equipment, a series of
transects will be established on the permanent ice to
locate precise parts of the lake in this and future sea-
sons. Wiers will be constructed to monitor input melt-
water from major glaciers. Chemical composition of the
sediments and water will be studied to define more
precisely the nutrient cycling and to identify limiting
factors to growth of organisms in the lake. Data from
both field and laboratory will be used to develop and
test a mathematical model of the lake's metabolism.
Also, the data will provide baseline information for
assessing the future impact of human activities in the
area. As in the previous field season, teams will com-
prise undergraduate college men and women, graduate
students, and Ph.D.'s.

Dry Valley Drilling Project. Dr. Lyle D. Mc-
Ginnis, Northern Illinois University. The third year of
a 4-year field geophysical exploration and drilling pro-
gram will commence with winter fly-in to McMurdo in
September of 1973. Geophysical exploration (during
1971-1972) and experimental drilling on Ross Island
(1972-1973) have been completed. A New Zealand
drill crew with Japanese, New Zealand, and U.S. sci-
entists will collect direct evidence of the glacial and
periglacial history of the dry valleys, with holes to be
drilled in this order: (1) McMurdo Station, (2) Lake
Vanda on lake ice, (3) Don Juan Pond through 55
meters of lake sediment to bedrock, (4) Lake Vida on
the western shore and into basement rock, (5) Lake Bon-
ney on the eastern shore into basement, (6) Lake Fry-
xell on the northwest shore into basement, and (7)
New Harbor on a delta near the coast. Core retrieved
from the above boreholes will be maintained at perma-
frost temperatures where possible and shipped to a core
storage facility at Florida State University or to North-
ern Illinois University. Core will be disbursed to in-
terested scientists following comprehensive cataloging
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and documentation. Approximately 250 meters of core
from Ross Island is at Northern Illinois University and
available to scientists approved by the DVDP core dis-
bursal committee. Core descriptions are contained in
Northern Illinois' DVDP Bulletin No. 2.

Geothermal studies in Antarctica. Dr. Edward
R. Decker and Dr. Scott B. Smithson, University of
Wyoming. Subsurface temperatures will be measured
in the holes drilled during the Dry Valley Drilling
Project. The measurements will be made during and
after drilling, using cables and electrical-resistance ther-
mometers. Additional field work will include collecting
samples of the core from the holes, for measurements
of radioactivity (U, Th, and K) and the thermal prop-
erties of the rocks penetrated. The radioactivity and
other thermal measurements will be made by using equip-
ment at the University of Wyoming. These studies will
provide important new data on the thickness of perma-
frost, recent changes of climate, heat flow, and the
very deep subsurface temperatures near McMurdo Sta-
tion and the dry valleys. A better knowledge of these
phenomena, in turn, may lead to thermal explanations
for glaciation and other aspects of the geologic history
(young volcanism and uplift) in these portions of Ant-
arctica.

Site and borehole geology of the Dry Valley
Drilling Project. Dr. Samuel B. Treves, University of
Nebraska, Lincoln. During September to December,
Ross Island core samples will be geologically logged.
Reconnaissance geology and sampling of volcanic rocks
in the Ross Island area will be done to supplement the
core data. Because complex geological relations have
been documented in the core samples, some of the
better exposed localities will be reinvestigated on Mt.
Erebus and Mt. Morning, and at Cape Bird and Cape
Crozier.

McMurdo Sound region

Chemical-physical weathering, surficial geol-
ogy, and glacial history of Wright Valley. Dr.
Robert E. Behling, West Virginia University, Dr. Parker
E. Calkin, State University of New York at Buffalo.
Over the last 3 million years, glaciers have advanced
into Wright Valley from three directions: from the west,
off of the polar plateau; from the east, from the area
now occupied by McMurdo Sound; and from cirques in
the mountains bordering the east-west trending valley.
Deposits of each glaciation that were not buried or de-
stroyed by subsequent glacier advance have been ex-
posed to chemical and physical weathering processes.
The present climate is that of a cold desert. Field and
laboratory examination of the soils developed on end
moraines provides a basis for the relative-dating of the
glacial events. Absolute dates of volcanic eruptions in
Wright Valley (K-Ar method) provide a basis for

calculating the relative ages of selected soils. The ages
assigned" to soils on the crests of end moraines are

not intended to be "accurate" but rather to be indicative
of the age of a given glaciation in terms of 104, 105 , or
104; years.

Conjugate solar observatory program. Mr. A.
J . Masley, Space Sciences Department, McDonnell
Douglas Astronautics Company-West. Riometers at 30
and 50 megahertz, photometers at 3914 and 5577 Ang-
strom, and magnetometers will be operated at McMurdo
Sound and at Shepherd Bay, Northwest Territory, Can-
ada. The stations are located at 80 0 invariant latitude,
poleward from the auroral zones. The data obtained will
be used to study solar cosmic ray entry into the mag-
netosphere, the effects of charged particles on the ion-
osphere, solar particle production, and high latitude
auroral precipitation.

Cosmic ray intensity measurements. Dr. Mar-
tin A. Pomerantz, Bartol Research Foundation, Swarth-
more, Pennsylvania. Through observation of intensity
variations and anisotropies, continuously recording high
precision cosmic ray detectors at McMurdo and Pole
will exploit the special advantages of the polar regions
for providing otherwise unobtainable information about
the electromagnetic conditions in space, about the earth's
immediate environment, and about fundamental proc-
esses occurring in the earth's upper atmosphere, in the
interplanetary medium, and at the sun. Major objectives
include (1) observations of very energetic (relativistic,
e.g. greater than I billion volts) cosmic rays emitted
by the sun on discrete occasions, (2) study of intensity
variations of galactic cosmic rays (arriving from out-
side the solar system) over times ranging from minutes
to tens of years, (3) investigations of the effects of
interplanetary shock waves associated with plasma
streams moving in space with supersonic velocities,
(4) detection of cosmic ray intensity gradients both in
and perpendicular to the plane of the earth's orbit.

Energy expenditure, thermoregulation, and
cost of locomotion in fasting penguins. Dr.
Knut Schmidt-Nielsen Duke University. Emperor pen-
guins fast as long as 4 months through the antarctic
winter at rookeries as far as 80 kilometers from the
sea. During this period of starvation they walk to their
rookeries, court, mate, and incubate their eggs. The ob-
ject of this investigation is to gain some insight into
how the emperor penguin's life cycle is influenced by
its energy budget and thermoregulatory capability. Two
areas of study will be made: (1) the metabolic re-
sponses of emperor penguins to temperatures ranging
from —50 0 to +10° C., including measurements of
oxygen consumption and water loss, will be used to
determine the lower critical temperature and zone of
thermoneutrality, and thus the energy used for main-
tenance and thermoregulation; (2) the energetic cost
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of locomotion, pertaining both to the total energy budget
of penguins and to the analysis of bipedal terrestrial
locomotion.

Geodetic and upper atmospheric studies. Dr.
Arnold J . Tucker, Applied Research Laboratories, Uni-
versity of Texas at Austin. The geodetic satellite observ-
atory at McMurdo will continue to be operated as a year-
round facility. This observatory will be maintained by
two research scientist/engineers; selected data will be
forwarded to the United States by teletypewriter. These
data will be used in continuing studies of the earth's
gravitation field, of polar motion, and of ionospheric
scintillations observed in the polar regions. The data
recorded at the observatory are the doppler shift of C-W
signals transmitted from satellites. Similar data will be
recorded at other stations in the Antarctic, and, these
will be used in these studies. The data, in conjunction
with data recorded in the Arctic during the same period,
will be used in a study of the occurrence of conjugate
phenomena in the polar ionosphere.

Glacial history of the McMurdo Sound region.
Dr. George H. Denton and Dr. Harold W. Borns, Jr.,
University of Maine. This field work is a continuation
of investigation of the glacial history of the McMurdo
Sound region. During the 1973-1974 field season, field
investigation will be focused on dating the recent re-
cession of the youngest grounded ice sheet to fill Mc-
Murdo Sound and the Ross Sea. This recession has im-
portant implications regarding the current stability of
the ice sheet in West Antarctica and also may afford an
explanation for the rise in late-Holocene sea level.

Ground-water flow system in the ice-free val-
leys. Dr. Keros Cartwright, Illinois State Geological
Survey. Explanations of the origin of water in the saline
lakes of the ice-free valley have been based on *direct
and indirect observations of the lakes. This research is
designed to establish the hydrogeologic characteristic
of the lake basins using field investigations, detailed
chemical analyses, and modeling the aquifer systems
by using a high-speed digital computer. From the results
of the study it is hoped that a definitive answer may
be given concerning the connection of the saline lakes
to the ground-water system.

Hypothalamic control of thermoregulatory
responses in Adélie penguins. Dr. H. T. Hammel,
Scripps Institution of Oceanography. Thermodes will be
implanted astraddle the rostral brainstem of Adélie
penguins so that the temperature of the preoptic and
anterior hypothalamic nuclei of the brainstem can be
varied from 32 0 to 42°C. Behavioral and autonomic
thermoregulatory responses will be investigated while
heating and cooling the thermosensitive tissue of the
brain. Interaction between the egg pouch temperature
and hypothalamic temperature will be investigated at
the Eklund Biological Center. A dozen implanted pen-

gums will be returned to Scripps for measurements of
oxygen consumption, evaporative heat loss and dry heat
loss in response to heating and cooling the hypothalamic
tissue in resting and in exercising penguins. An attempt
will be made at the Eklund Biological Center to deter-
mine whether the eating of ice in response to heating the
hypothalamic tissue of penguins is a thermoregulatory
response or an osmoregulatory response.

Measurement of submicron particulate mat-
ter in the stratosphere. Dr. David J . Hofmann,
University of Wyoming. Work will continue on de-
termining variations in the density of dust particles in
the polar atmosphere at McMurdo and South Pole Sta-
tions. Two balloons will be flown from each station,
each carrying darkfield microscopes and photoelectric
particle counters. Two measurements of the undisturbed
atmosphere will be made—the first as the balloons
ascend to burst altitude and the second as the instru-
ments are lowered by parachute. The measurements will
provide information on the origin and global distri-
bution of submicron particulate matter and will estab-
lish baseline values for particulate concentration over
polar regions.

Metabolic study of invertebrate fauna. Dr.
M. A. McWhinnie, De Paul University. This study will
extend investigations previously conducted aboard El-
tanin. Pelagic zooplankton and benthic organisms will
be collected from McMurdo Sound and maintained in
low temperature aquaria. Respiration, dominant and
minor metabolic pathways, rates of substrate utilization,
energy requirements, and energy content (calorific val-
ue) of individuals from diverse taxa will be studied.
Emphasis will be on crustaceans, especially euphausiid
shrimp. The extent of utilization of dissolved organic
materials will also be determined. These studies will be
conducted throughout the austral seasonal cycle to de-
termine annual variations in diverse metabolic phenom-
ena.

Ecology of antarctic microorganisms. Dr. Roy
E. Cameron, Jet Propulsion Laboratory, California Insti-
tute of Technology. In 1972-1973, field and laboratory
work was undertaken to determine the nature and extent
of environmental impact at active and proposed Dry
Valley Drilling Project sites. Aerobiological and other
monitoring was the main activity, which was undertaken
at the drill site at McMurdo Station. Additional sampling
of air, soil, and water for monitoring purposes was
undertaken at New Harbor, Lake Fryxell, Lake Bonney,
Lake Vanda, Don Juan Pond, and Lake Vida, ihcluding
the hut at Lake Bonney and station at Lake Vanda as
well as the McMurdo dump. Microbial abundances and
species identifications were obtained for the more promi-
nent bacteria. A number of these were found to be con-
taminating forms. Similar studies will be undertaken in
1973-1974, and compared with last season's results as
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the DVDP is active at the proposed drill sites in the
dry valleys.

Physiology and biochemistry of freezing re-
sistance in antarctic fishes. Dr. A. L. DeVries,
Scripps Institution of Oceanography. Antarctic waters
are at their freezing point and laden with ice throughout
the year, and temperate marine fishes would quickly
freeze to death in this harsh environment. Many fishes
spend their entire lives in these waters and use parts of it
as places to escape predators and forage for food. These
fishes have evolved a glycoprotein with antifreeze prop-
erties. This antifreeze is similar to ethylene glycol used
in automobile radiators to prevent freezing, because
the sugar portion of the antifreeze molecule is rich in
hydroxyl groups. This year's project centers on how
the antifreeze functions. The field work will involve
(1) collection of blood from the large Dissostichzis
mausoni and purification of the antifreeze compound
from it, (2) study of how the antifreeze is integrated
into the membranes of the fish preventing ice crystals
present in the seawater from entering the fish, (3)
study of the rates of synthesis and degradation (turn-
over) of the antifreeze in D. mausoni and (4) the ef-
fect of warm acclimation on the concentration of the
antifreeze. Notothenia kempi will be collected by trawl-
ing from an icebreaker near the Balleny Islands; this
fish lacks antifreeze, and how it avoids freezing is a
mystery we hope to resolve.

Surface buckling on Meserve Glacier, Wright
Valley. Maurice J . McSaveney, Institute of Polar
Studies, The Ohio State University. Measurements in
January 1974 of distances between poles in a "bamboo
thicket" on Meserve Glacier, last measured in January
1972, will enable us to calculate deformation and surface
buckling. Tilt of shallow cased holes within this strain
network will, hopefully, confirm that buckling is taking
place. Determination of ice-loss at each stake will show
the influence of surface slope and ablation processes in
modifying the buckles. Direct measurement of buckling
may confirm the general theory of wave ogive (surface
undulations) formation put forward by Dr. Gerald
Holdsworth.

Water adsorption of soil particles and its
microbiological significance. Dr. Wolf V. Vishniac,
University of Rochester. In a continuation of the study
of the physiology and ecology of antarctic micro-
organisms in dry soils, the distribution and nature of
microorganisms will be studied. Particular attention will
be paid to halophilic and photosynthetic organisms. The
investigations will include measurements of adsorbed
water in areas which are far removed from perennial
sources of water. As an in situ index of activity, growth
on glass slides, growth on electronic microscope grids,
growth in pedoscopes, decomposition of labeled sub-
strates and increase in light scattering will be used.

Samples taken at various depths in dry soils and from
permafrost areas will be studied in relation to present
notions concerning the origin of bacteria embedded deep
within the permafrost.

Remote field parties

Ross Ice Shelf Project. Dr. James H. Zumberge
and Dr. Robert H. Rutford, University' of Nebraska,
Lincoln. The first Ross Ice Shelf Project field parties
are scheduled to begin work in the vicinity of the tenta-
tive drill site (82.5°S. 166 1W.). A geophysical pro-
gram under the direction of Dr. Charles Bentley, Uni-
versity of Wisconsin, a tidal-gravimeter study by Dr.
Edwin Robinson, Virginia Polytechnic Institute, and a
glaciology program headed by Dr. Robert H. Thomas,
University of Nebraska, Lincoln, will work together this
season. The goals are (1) to obtain additional informa-
tion about ice thickness and physical properties, (2) to
determine water depths, (3) to investigate the charac-
teristics of the subsea sediments and underlying rocks,
(4) to measure tidal ranges and gravity variations, (5)
to collect 10-meter snow cores for oxygen isotopic analy-
sis, and (6) to install strain rosettes at selected sites.
During the coming year the drilling equipment will be
assembled and tested prior to the scheduled deployment
to Antarctica and first drilling during the 1974-1975
season.

Doppler satellite positioning. Mr. Robert H.
Lyddan, Topographic Division, U.S. Geological Survey.
In support of the Ross Ice Shelf geophysical traverse
(Dr. C. Bentley, principal investigator) the USGS will
assign one engineer to establish satellite derived posi-
tions for each geophysical study site. It is estimated that
4 hours of Geoceiver satellite observations will be re-
quired at each site to meet navigational and real-time
accuracy requirement of ± 200 meters. About 10 per-
cent of the study sites will require an accuracy of about
± 5 meters. To acquire this degree of accuracy, data
tapes will be forwarded to the Applied Physics Labora-
tory, Johns Hopkins University, for reduction.

Ice sheet dynamics northeast of Byrd Station.
Mr. Ian M. Whillans, The Ohio State University. This
will be the third and final season in which a party of
six men will return to the camp 50 kilometers northeast
of Byrd Station. Our principal work will be the re-
measurement of a detailed strain network, but we also
plan to study snow stratigraphy along the 160-kilometer
Byrd Station strain network: in particular, microparticle
stratigraphy (L. Thompson), oxygen isotope ratio vari-
ations (in cooperation with S. J . Johnsen and W. Dans-
gaard), and trace element and deuterium variations (in
cooperation with C. Lorius). If time permits, we also
will make simple studies of the development and ef-
fects of inversion winds, by obtaining upper air tern-
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peratures utilizing kites (D. Rugh), and by measuring
drift snow redistribution by means of stakes.

Runway site survey, Pensacola Mountains.
Mr. Austin Kovacs, U.S. Army Cold Regions Research
and Engineering Laboratory. A three-man team will
undertake a field study in January 1974 to evaluate the
suitability of three sites in the Pensacola Mountains for
use as runways for heavy wheeled airplanes. The study
will begin on the north side of Mt. Lechner. Next a
site on the north side of Rosser Ridge at the north end
of Cordiner Peaks will be investigated, followed by a
site in the Davis Valley on the north side of the Dufek
Massif. The field study is intended to reveal the state
of the ice cover at each site and to provide informa-
tion as to the type of terrain modification necessary and
equipment needed to prepare each site for use by
wheeled airplanes. A geologist will join the team.

Geophysical survey of the Ross Ice Shelf. Dr.
Charles Bentley, University of Wisconsin. Airborne
geophysical measurements will be made in a 30-nautical-
mile grid spacing over the entire Ross Ice Shelf. The
project will take place during two austral summers. The
major objective is to determine ice thickness and water
depth, needed for selection of drill sites to be included
in the Ross Ice Shelf Project. Also, the survey will pro-
vide information about past grounding of ice in the Ross
Sea, crustal structure, roughness of the bottom of the
ice, density-depth variations in the firn, and electro-
magnetic wave velocities, anisotropy, and electrical re-
sistivity of the ice.

Isotope studies on ice cores. Professor W. Dans-
gaard, University of Copenhagen, Denmark. Cores col-
lected at the Ross Ice Shelf by Dr. Robert H. Thomas
(see "Surface glaciology of the Ross Ice Shelf"), Uni-
versity of Nebraska, will be cut and sampled in the field.
These cores will be examined for stable isotopes in order
to survey the isotopic turnover in firn.

Ocean tide beneath the Ross Ice Shelf. Dr.
Edwin S. Robinson, Virginia Polytechnic Institute and
State University. The ocean tide beneath the Ross Ice
Shelf will be measured with recording gravimeters at
seven or more locations. The gravimeters will operate
continuously for periods of 2 to 3 months. Additional
8- to 12-hour recordings will be made using portable
gravimeters at more than 100 sites in cooperation with
other geophysical field groups working on the Ross Ice
Shelf. The amplitude and phase characteristics of the
ocean tide can be calculated from measured gravity field
variations that result from the periodic change in ele-
vation of the floating ice shelf upon which a gravimeter
is located, and from the water mass of the ocean tide.
The important harmonic constituents for a particular
location can be determined by harmonic analysis of a
2-month-long recording. The 8- to 12-hour recordings
will be used to interpolate the ocean tide between the

semipermanent recording sites. The tidal recordings will
be used to establish cotidal and corange charts for the
southern reaches of the Ross Sea and to make quantita-
tive estimates of the ocean currents associated with the
tide.

Surface glaciology of the Ross Ice Shelf. Dr.
Robert H. Thomas, University of Nebraska, Lincoln.
Coring and strain nets, in conjunction with Dr. Charles
Bentley's work (see "Geophysical survey of the Ross Ice
Shelf"), will be used to estimate the mass balance of
the Ross Ice Shelf, to deduce bottom melting and freez-
ing rates, to investigate shelf dynamics, to calculate par-
ticle paths for any flow line through the shelf, and to
investigate the recent history of the shelf.

Scott Base

(See "Total electron path measurements," Siple Sta-
tion.)

Siple Station

Aurora! photography. Dr. S. B. Mende, Lockheed
Palo Alto Research Laboratory. The Lockheed six-chan-
nel auroral photometer will be moved to Siple Station
from South Pole Station. By the 1973-1974 austral
summer, it will have completed 2 years of operation at
Pole and will have gathered adequate data on the dayside
cusp and on high latitude auroral oval phenomena. Modi-
fications will be made to suit the photometer for its
new tasks at Siple. These modifications consist of estab-
lishing the low data rate mode of operation for L=4
plasmapause-related optical studies of red arcs and hydro-
gen precipitation, and the high data rate for VLF-asso
ciated artificially induced emission detection. With the
successful operation of the VLF transmitter at Siple, we
expect that the artificially induced precipitation will
produce optical emissions. The photometer produces an
ideal method of detecting and studying these artificially
produced auroras. During the summer, a new optical site
will have to be constructed at Siple to house the photo-
meter and the Geophysical Institute of Alaska all-sky
camera. In 1974 the photometer automatically will oper-
ate at Siple, to obtain geophysical data related to mid-
latitude conditions. For the search of the artificially
generated emission, intensive operator supervised proce-
dures will be followed.

Conjugate studies near L=4. Dr. L. J . Lanzerotti
and Mr. H. P. Lie, Bell Laboratories. The Bell Labora-
tories three-component fluxgate magnetometer station,
operational at Siple since December 1971, will continue
to acquire data for the next year. These data will be used
in correlation with data from four similar magnetometer
stations spaced in a latitudinal array in- the northern
conjugate area at L=4.4, 4.0, 3.5, and 3.2. The data will
be used in extensive studies of (1) seasonal effects on
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geomagnetic conjugacy, (2) seasonal effects on plasma
wave modes present in the magnetosphere, and (3) ef-
fects of the ionosphere on the transmission of ULF waves
from the magnetosphere to the ground.

Electron precipitation near the plasmapause.
Dr. Theodore J . Rosenberg, University of Maryland.
Scintillation counters will be flown on high-altitude bal-
loons to measure X-rays produced by precipitating elec-
trons in the atmosphere above Siple Station. Several
payloads also will contain receivers for recording radio
waves in the frequency range 0 to 5 kilohertz. These
observations will be coordinated with the operation of
the Siple very-low-frequency (VLF) transmitter, with con-
tinuous recordings of VLF emission intensity and micro-
pulsations at Siple and its geomagnetic conjugate, Rober-
val, Quebec, and with satellite passes when in the vicinity
of the Siple-Roberval magnetic field line. The measure-
ments will provide information on wave-particle inter-
actions in the ionosphere and magnetosphere, and the
stimulation of electron Precipitation under natural and
controlled situations.

High latitude ionospheric absorption. Dr.
Hugh J . A. Chivers and Dr. W. Ian Axford, Depart-
ment of Applied Physics and Information Science, Uni-
versity of California, San Diego. At Siple Station
observations of the ionospheric absorption will con-
tinue, related to auroral activity. This kind of ab-
sorption is caused by an influx of electrons along the
magnetospheric boundary and can be compared directly
to VLF and magnetic data being recorded at Siple by
Stanford University and Bell Telephone Laboratories.

Magnetospheric research. Dr. R. A. Helliwell,
Stanford University. There will be two phases to the
Stanford program at Siple Station during the 1973-1974
austral summer. The first involves elevating the 21-
kilometer-long dipole antenna. The installation of 350
aluminum towers will bring the new level of the antenna
cable to about 6 meters above the snow surface. The sec-
ond phase will be a continuation of the winter-over
science program with emphasis placed on correlating
particle precipitation with natural VLF phenomena and
with VLF signals transmitted from Siple Station. The
particle precipitation-VLF correlation will be a joint Uni-
versity of Maryland and Stanford University program.
On January 2, 1971, there was a one-to-one correlation
between x-rays received on balloons flown by the Uni-
versity of Maryland and whistlers and VLF emissions
recorded by Stanford University. This correlation again
will be sought this coming season. Also sought will be a
correlation between x-rays and VLF emissions generated
in the high magnetosphere by the Siple VLF transmitter.

Measurement of global aerosol concentration.
Mr. Vincent J . Schaefer, Atmospheric Sciences Research
Center, State University of New York at Albany. Surface
aerosol concentration will be observed at several uncon-

taminated continental and marine observatories. Winter-
over Personnel will be trained in the use of instruments
required for this project.

Satellite-ground correlation of ultra low fre-
quency magnetic fluctuations. Dr. R. Arnoldy,
University of New Hampshire, and Dr. L. J . Cahill,
University of Minnesota. Siple Station is at the foot of
a magnetic line of force that threads the outer boundary
of the plasmasphere. A ULF antenna provides vector
measurements of fluctuations from 0.01 to 10 hertz. The
Explorer 45 satellite passing near the same line of force
in the magnetosphere about once every 4 days provides
similar measurements. The two sets of data will be
studied for evidence of generation and propagation proc-
esses for the ULF waves.

Total electron path measurements. Dr. John E.
Titheridge, University of Auckland, New Zealand. Using
VLF-UHF techniques, total ion path measurements will
be taken between polar orbiting satellites and two ant-
arctic stations. The data will be used to map the polar
ionosphere and to study the rapid change in and move-
ment of high latitude ion patches. Polarization, ampli-
tude, phase, and timing data will be recorded on mag-
netic tape and on paper charts.

VLF phase path studies. Dr. Godfrey Burtt,
Department of Scientific and Industrial Research, Christ-
church, New Zealand. Phase path studies using VLF
techniques will measure the total ion path changes that
occur along a fixed geometric path between a geostation-
ary satellite and Siple Station. The information will be
used to delineate ion path changes as functions of solar
activity and local time.

South Pole Station

Atmospheric electric measurements. Mr. Wil-
liam E. Cobb, National Oceanic and Atmospheric Ad-
ministration, Boulder, Colorado. Basic atmospheric
electric measurements at the surface and aloft will
continue. Emphasis is on measurement of the air-earth
conduction current by balloon-borne radiosonde. Purpose
of the project is first to establish an environmental
benchmark of electrical measurements that index the
amount of particulate material in the atmosphere and
second to investigate the origins of the electrical current
that flows continuously between the earth and the iono-
sphere and the hypothesis that this current is maintained
and controlled by everpresent, worldwide thunderstorms.

Atmospheric energy transfer. Dr. John J . Car-
roll and Dr. Kinsell L. Coulson, University of California,
Davis. A preliminary evaluation of techniques for the
measurement of radiative energy transfer through the
atmosphere and the radiative and thermal energy balance
at the surface will be conducted. This season's experi-
ment will provide design criteria for long-period meas-
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urements of (1) the amount of dust in the air and its
effect on the transfer of solar energy through the atmos-
phere and (2) the thermal and kinetic energy transfers
in the surface boundary layer.

Atmospheric monitoring for climatic change.
Mr. Donald H. Pack, NOAA Air Resources Laboratory,
Silver Spring, Maryland. In recognition of the importance
of climate to man and of the possibility that climate may
change with fluctuations in natural phenomena or global
atmospheric pollution. Amundsen-Scott South Pole Sta-
tion is being established as one of six 'clean-air' geo-
physical monitoring observatories of the National Oceanic
and Atmospheric Administration, U.S. Department of
Commerce. Long-term measurements will be made of
atmospheric constituents and related parameters that can
influence climate or shed light on climatic processes.
Among the measurements to be made will be those of
carbon dioxide, to determine the annual rate of increase
of this gas in the atmosphere from combustion of fossil
fuels; surface and total ozone, to study short-term varia-
tions in climate as reflected in year-to-year phase shifts in
the annual cycle concentrations of these gases; Aitken
nuclei and other aerosols, to establish baseline values
for atmospheric turbidity and global pollution; solar
radiation in several broad bands, to obtain irradiance data
which will be useful in the interpretation of long-term
climatic change.

Biomedical aspects of human adaptation. Jay
T. Shurley, M.D., and Harold G. Muchmore, M.D.,
Oklahoma Medical Research Foundation. Dr. Muchmore
and two assistants will collect medical microbiological
and fungal specimens and data relating to the phenome-
non of antigen deprivation and spread of infectious
diseases from departing 1973 and arriving 1974 Pole
Station party at both McMurdo and Pole Stations, in
October and November 1973. Baseline data from 1974
personnel already have been collected at Davisville,
Rhode Island, and Skyland, Virginia, in August and Sep-
tember 1973. Immunological studies from serum col-
lected over the antarctic winter and summer will continue
in Oklahoma City. Possibly other studies involving
debriefing of personnel wintering at isolated inland
stations by psychologists or psychiatrists seeking further
information about certain subjective phenomena relating
to consciouness alterations, may be carried out also this
season at Pole Station.

Climatic alterations in the thermal radiation
budget. Dr. Peter M. Kuhn, Environmental Research
Laboratories, National Oceanic and Atmospheric Admin-
istration. Heat energy balloon probes above the antarctic
continent have displayed a steady increase in magnitude
for downward directed power in the last 12 years.
Climatic alteration by man's environmental operations
(CAMEO project) is of increasing concern. Since Antarc-
tica is thought to be one of the principal global areas free

of contamination, any changes in the heat budget of the
polar atmosphere can only be the result of thermal con-
tamination from sources exterior to the continent. During
the 19734974 field season the heat energy probes (radio-
meters) will continue to monitor the atmosphere to
100,000 feet (30 kilometers). Coincident particle (aero-
sol) and water vapor measurements will be examined to
determine the cause of the heat increase. Thus the chang-
ing baseline heat energy (radiation) budget can be better
established as well as the cause of the change.

Geomagnetic observatory. Mr. John D. Wood,
National Oceanic and Atmospheric Administration,
Boulder, Colorado. The geomagnetic observatory will
operate as it has since the IGY. A Ruska magnetograph
photographically records magnetic variations, a proton
precession magnetometer measures the total field, a quartz
horizontal magnetometer measures the horizontal field,
and a Ruska suspension magnetometer determines mag-
netic declination. The magnetograph records at 20 milli-
meters per hour. The magnetogram scale values are ap-
proximately 29 gammas per millimeter for the horizontal
intensity, 25 gammas per millimeter for the vertical
intensity, and 6.4 minutes per millimeter for declination.
Absolute observations to provide baseline control are
made about twice weekly. The data are used in solid-
earth and upper atmosphere research programs and in
magnetic charting. Soon after return from Antarctica,
the data are deposited in NOAA's World Data Center A,
Boulder, Colorado, for dissemination on request.

Measurement of ice movement at South Pole
Station. Dr. J . F. Nye, University of Bristol, England.
It is planned to use radio echoes returned from the bed
of the ice sheet to determine the horizontal and vertical
components of ice movement at the surface. (1) The
horizontal movement will be measured by making re-
peated ground-based surveys of the fine structure of the
radio echo and examining them for relative displacement.
The designed accuracy is ± 5 centimeters in relative posi-
tion. (2) To determine relative vertical position to ±5
centimeters, the phase of the returning echo will be
measured. Remeasurement after a number of years will
give the rate of growth or shrinkage of the ice sheet at
the South Pole.

Meteorological monitoring. Mr. Vaughn D.
Rockney, National Weather Service, National Oceanic
and Atmospheric Administration. Meteorological para-
meters, both at the surface and aloft, will be measured
and evaluated. Uses of the data will include (1) quanti-
tative evaluation of the heat and mass budgets of the
high-altitude south polar region and their relation to the
planetary budgets, (2) description of the atmospheric
structure and circulation over Antarctica and the sur-
rounding ocean area and explanation of the observed
atmospheric motions by the application of physical laws,
(3) investigation of meteorological phenomena peculiar
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to, or most strongly developed in, Antarctica such as the
spring stratospheric warming, the dynamics of the
boundary layer inversion, and the mechanics of atmos-
pheric snow transport. Additionally, air samples will be
collected for analysis of carbon dioxide content, filters
will be exposed to collect samples for analysis of radio-
active debris, and atmospheric turbidity will be measured.

Midday auroras. Dr. S. -I. Akasofu, Geophysical
Institute, University of Alaska. An all-sky camera (Fair-
child fisheye 160 0 lens; 35 millimeters) has been oper-
ated at Pole, since 1968, to study the midday aurora;
Pole is best situated for observing the midday aurora in
both polar regions. It is found that the north-south shift
of the belt of midday wroras can provide a measure of
the net transfer of magnetic flux in the magnetosphere.
We plan to monitor this important quantity during the
next season and to use color film as well as black-and-
white film.

Monitoring of "Hawkeye" satellite launch
vehicle over South Pole. Mr. Kenneth McDonald,
Goddard Space Flight Center, National Aeronautics and
Space Administration (NASA). Project 'Hawkeye" is a
NASA-sponsored scientific satellite to be launched info
polar orbit by a five-stage Scout vehicle. This project is
intended to monitor the Performance of the fifth stage
motor, which will be ignited over the South Pole. NASA
will install equipment in the communications building at
South Pole Station and mount a 3-meter-high triple helix
antenna and Pedestal on the snow surface. The antenna
is not a tracking type, but will have fixed azimuth and
elevation. The launch is planned for late May 1974.
From Vandenberg Air Force Base, California, travel time
to the South Pole is about 38 minutes. Two employees
of the U.S. Geological Survey will do the monitoring.
The taped data will be sent to the United States at the
beginning of the 1974-1975 austral summer.

Observations of earth tides and earth's free
vibrations at South Pole. Dr. Louis B. Slichter,
University of California, Los Angeles. Observations of
long period tides, and of the earth's free vibrations
excited by large quakes (should earthquakes of sufficient
energy, of magnitude 8 or more, occur) will be continued
by Mr. Paul Rydelek, who will replace Mr. Howard
Singer, at the beginning of transport, probably in No-
vember 1973. The near absence of daily and semi-daily
tides at South Pole gives the location unique advantages
in efforts to observe weak gravity signals with high pre-
cision. Highest precision is needed for observations of
two quantities not yet measured: (1) the phase lag, and
Q, of the fortnightly tide, and (2) the period of the
solid body vibration of the earth's inner core, when or
if it is displaced from its central position by a large
earthquake. Knowledge of these two unknown quantities
seems best sought at the unique South Pole location.

Particulate trace elements in the antarctic
atmosphere. Dr. William H. Zoller, University of
Maryland. Improved air sampling equipment was built
and tested at Pole Station during the last 2 years. A
sampling shelter at McMurdo Station will be moved to
South Pole Station and set up in early December 1973.
Wind directional controls and a recording condensation
nucleus counter will be used to insure that the samples
collected have not been contaminated by emissions from
the camp and local vehicles. Particulate samples will be
collected by using high volume samplers for trace element
and some hydrocarbon analysis. Gaseous halogens also
will be collected by using activated charcoal. All of the
samples will be returned to the U.S., in February, for
detailed chemical analysis. A limited sampling program
will be carried out throughout the winter months.

Riometer studies. Mr. T. N. Gautier, Environ-
mental Data Service, National Oceanic and Atmospheric
Administration. Riometer recording at 30 and 50 mega-
hertz will continue at the geomagnetically important
South Pole and Vostok Stations. Work at Vostok will
be in cooperation with Soviet investigators. As in the
past, analysis of the records will seek evidence of the
variations in ionospheric radio wave absorption and hence
of variations in electron density during the disturbed
periods that occur during the year. The data will be
used in interdisciplinary studies of solar-terrestrial phe-
nomena and mechanisms. The absorption measured by
riometers takes place primarily in the lower ionosphere
where the air density and hence the electron colrision
frequency is greatest. Comparison with other informa-
tion about the nature of precipitating particles (protons
or electrons) during disturbances, or the nature of bursts
of ionizing radiation from the sun that cause ionization
in the lower ionosphere when the sun is above the hori-
zon, assists in interpreting the riometer records, and
vice versa.

(Also see "Cosmic ray intensity measurements" and
"Measurements of submicron particulate matter in the
stratosphere," McMurdo Sound region; "Doppler satel-
lite research," Antarctic Peninsula; "Measurement of
global aerosol concentration," Siple Station.)

USCGC Staten Island

Environmental factors in the distribution of
seals in pack ice. Dr. Albert W. Erickson, University
of Idaho. As a continuation of studies begun in 1967, to
assess the abundance and distribution of seals in the
antarctic pack ice, an attempt will be made in 1974 to
census the seals in the pack ice of the southern Indian
Ocean between 110 0 and 140 0 E. It is expected that these
studies will be supported by the icebreaker Staten Island
and helicopters assigned to the ship from the Coast
Guard aviation training unit. The studies are expected to
begin in late January and continue until early March.
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The team will consist of seven scientists from the
University of Idaho, University of Minnesota, and Uni-
versity of Sydney, Australia. Besides census studies of
seals, breeding biology, anatomy, and genetics will be
studied.

(Also see Physiology and biochemistry of freezing
resistance in antarctic fishes," McMurdo Sound region.)

Vostok Station
Extremely Low Frequency studies at the geo-

magnetic poles. Dr. R. R. Heacock, University of

Alaska. Magnetic field micropulsations (0.005 to 5
hertz) will be recorded at Vostok Station (in coopera-
tion with Soviet scientists) and simultaneously at Thule,
Greenland. The three field components will be recorded
continuously on slow speed magnetic tape and on paper
charts. The data will be used to study wave-particle
interactions, wave propagation, and the effects of solar
wind and interplanetary fields on the polar magneto-
sphere.

(Also see "Riometer studies," South Pole Station.)
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