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U.S. Antarctic Research Program,
1974-1975

Review of year-round activities
This section of Antarctic Journal of the United States comprises the second part of a review of U.S.

antarctic projects that were active in 1974 and 1975. Included are descriptions of data analysis done
at home institutions and reports on year-round observations made in the Antarctic. The first part of
this review, in the July/August 1975 issue, describes field activities that took place in the 1974-1975
austral summer.

VLF wave injection experiments
at Siple Station

Associated with the Siple transmission experi-
ments are several passive experiments involving
VLF whistler and emission monitoring, ionospheric
absorption (riometer), magnetic field, magnetic

R. A. HELLIWELL and J . P. KATSUFRAKIS
Radioscience Laboratory

Stanford University
Stanford, California 94305

From Siple Station's 100-kilowatt transmitter,
very low frequency (VLF) (5 kilohertz) waves are
injected into the magnetosphere to stimulate new
waves or emissions and to modify the earth's radia-
tion belts. Figure 1 shows schematically the region
of space probed by the Siple signals as they travel
along paths that reach the conjugate station, Rober-
val, Quebec, Canada, or are intercepted by satellites.
The immediate purpose of the experiments is to
advance our understanding of wave-particle inter-
actions in the magnetosphere and other plasmas.
Monitoring and controlling the ionosphere and
magnetosphere is a long-range objective. Another
is to develop a better means of VLF and ultra low
frequency (uLF) communication.

Siple (76°S. 84°W.) offers a rare combination of
advantages for these experiments: (1) its thick (2-
kilometer) ice sheet provides an electrically low-
loss platform for the 23-kilometer-long dipole
antenna (Raghuram, in press), (2) its latitude
is at the mean position (L4) of the plasmapause
(the outer boundary of the relatively dense plasma
region surrounding the earth) (Carpenter, 1966),
(3) it is in one of the world's most active whistler
and emission regions, (4) its geomagnetic conjugate
point at Roberval (48°N. 72°W.) is accessible year-
round.

September/October 1975

150	110	70	10

SIPLE STATION,
ANTARCTICA
VLF TRANSMITTER

Figure 1. Sketch of a geomagnetic field-aimed path through
the earth's magnetosphere. The path is followed by signals
propagating from the Siple Station, Antarctica, very low fre-
quency transmitter to the Northern Hemisphere conjugate

station at Roberval, Quebec, Canada.
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pulsations, VLF phase path, light emissions, and
balloon X-ray (austral summer only). Planned
studies in the future include VLF direction finding,
auroral backscatter, and aurora! television. At or
near Roberval are experiments in passive VLF, rio-
meter, magnetic field, magnetic pulsations, and
short-term balloon and direction finding. Support-
ing measurements in the magnetosphere have been
or are provided by such satellites as isis-2, Explorer
45, IMP-6, and AE-c. Future ISEE and electrodyna-
mics Explorer satellite programs will use Siple sig-
nals in their in situ studies of wave-particle inter-
actions. During the International Magnetospheric
Study (IMs), from 1976 to 1978, Siple is expected to
join with other antarctic and subantarctic stations
(Halley Bay, General Belgrano, Argentine Islands
or Palmer, Sanae, Kerguelen, and Campbell Island)
in worldwide whistler studies of magnetospheric
plasma structure and motions.

First results

The first results were obtained shortly after Siple
Station began transmitting, which was during the
1973 austral winter. It was found that coherent
triggering signals generally grow exponentially
with time until saturation is reached or until the
triggering pulse ends, whichever occurs first. The
growth rate was found to vary with time, ranging
from 25 to 250 decibels per second. According to
current ideas, there should have been a corres-
ponding variation in the flux of energetic electrons
(order of 10 electron-volts) trapped on the field line
connecting Siple with Roberval (see figure 1).
Growth effects are usually observed a day or two
after the onset of a magnetospheric substorm, dur-
ing which a fresh supply of energetic electrons
is injected into the midnight sector of the magneto-
sphere.

One of the persistent features of the growth
process is the generation of narrowband variable-
frequency emissions. These emissions frequently
last longer and contain more total energy than the
amplified trigger pulse itself. Contrary to earlier
observations, the more detailed Siple experiments
showed that the spectra of the emissions connect
smoothly to the trigger signal instead of starting at
a higher, "offset" frequency (Stiles and Helliwell,
1975). All initial frequency changes with time were
positive, but the continuation of the emission could
either rise or fall in frequency.

A curious feature of many stimulated emissions
is their frequent sudden changes in amplitude or
in frequency slope. The repeatable nature of the
Siple-Roberval experiments revealed that these
perturbations often occur at Siple transmitter fre-
quencies and at harmonics of the local (Canadian)
206

powerline currents. Many simultaneous spectia
from Sip!e and Roberval were compared, and t
was found that power system radiation frequendy
excites magnetospheric lines that are observed
simultaneously at both ends of the path (Helliweil
et at., in press). Surprisingly, these lines were often
found at frequencies 20 to 30 hertz higher than the
nearest powerline harmonic, even though their
spacings were often near 120 hertz. This effect is
thought to be related to a positive frequency off-
set of emissions seen on key-down signals from the
Siple transmitter. The presence of coherent radia-
tion from powerlines provides a natural explana-
tion for many observed anomalies in the spectra of
artificially stimulated and naturally occurring emis-
sions. Calculations of pitch angle scattering of
electrons by these lines suggest that power system
radiation may contribute significantly to the preci-
pitation of electrons from the radiation belt.

Recent results

Work on the properties of stimulated emissions
has continued during the past year. Interesting new
phenomena have been identified in a first look at
the data, including the following:

(1) The growth process is frequently inhibited by
the presence of an echo, a signal that propagatds
back and forth one or more times along the same
magnetospheric path. The effect is illustrated in
figure 2, which shows a time average of the ob-
served signal intensity at Roberval over a sequence
of 17 30-second-long transmitted pulses. The first
4.1-second portion of the transmitted pulse is am-
plified =10 decibels above the noise level. After
=--4.1 seconds, the three-hop echo arrives at Rober-
val and the intensity of the total signal is reduced by
3 decibels. The echo, which contains many off-fre-
quency emission components, is thought to destroy
the phase-locking capability of the "clean" primary
signal, thus reducing the growth. According to a
theory being developed at Stanford (Helliwell and
Crystal, 1973), the triggering wave must be co-
herent in order to organize or "bunch" the phases
of these magnetospheric electrons whose velocity
along the field lines is sufficient to put them in
"cyclotron resonance" with the waves. The phase-
bunched electrons constitute a current that radiate
energy at the triggering wave frequency, causing
the signal to grow in time. Given the opportunity,
the magnetosphere seems to prefer generating
narrowband emissions of short duration. We migh
call this the coherent wave instability of th
magnetosphere.

(2) A further test of signal coherence effects Wa
made by reversing the phase of the transmitte
signal. Sometimes this reversal greatly attenuate

ANTARCTIC JOURNA
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he output, as shown on the spectrograms of figure
. Phase reversals are indicated by the symbol

in the upper margin. In other cases the reversal
had little effect. These results are not yet under-
stood. Other experiments in which a line spectrum
of waves is generated show that the minimum sepa-
ration for independent growth of two signals is
about 20 to 30 hertz.

(3) Natural magnetospheric noise is sometimes
uppressed by amplified Siple signals. Reductions
f as much as 6 decibels are observed in a band 50

tb0 200 hertz wide located just below the transmitter

I2 If 5156.75 Hz
B: 262.5 Hz	4.1

2-	
se

frequency. Figure 4 shows the reduction of noise
below two frequency-shift-key transmitter fre-
quencies, 5,950 and 5,050 hertz. Onset and disap-
pearance of this "quiet" band are typically delayed
several seconds with respect to the transmitted sig-
nal. A possible explanation of the quiet band is a
reduction in electron flux caused by pitch angle
scattering of electrons by the amplified Siple signals
in a region off the equator. The change in resonant
conditions between this scattering region and the
equator is such that the affected electrons are those
that resonate with the suppressed noise at the equa-

3 APR 74
0800:47-0817:47

AVERAGE OVER 17 PULSES
TRANSMITTER FREQUENCY 5.15 kHz

Figure 2. Average of the
quared amplitude of 17
uccessive 30-second
iple transmitter pulses re-	0

ceived at Roberval.	0	 12

28 APR 75
L	 J	L J	 J_
0	0	7r	 0	0

24	 36	T 48	 60 sec

ROBERVAL
1

7T

1034:01 UT

Figure 3. Roberval spectro-
grams illustrating effect of
reversing the phase during
transmission of 1-second
pulses. Upper diagram
shows the transmission
program for the upper fre-
quency. An offset-fre-
quency phasing pulse 10
milliseconds in duration is
introduced at either 200 or
400 milliseconds. For
pulses labeled "0" there is
no change in phase at the
main pulse. For pulses
labeled " 7T" there is a 1800
change in phase. The same
program applies to the
lower frequency (delayed

1 second).
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tor. A possible use for this wave-induced quiet band
would be to improve the signal-to-noise ratio of an
ordinary VLF communication channel centered in
the band.

(4) Our model of the growth process predicts that
the growth rate should be independent of df/dt*, to
the first order. To test this prediction, frequency
ramps were transmitted as shown in the spectro-
grams of figure 5. In most cases, growth and trig-
gering are not sensitive to df/dt, in accord with the
model. However, the higher values ofdf/dt (>2 kilo-

* Rate of changes of frequency with time.

hertz per second), usually produce less output, sugf
gesting that extensions or changes in the theor'
may be required. An important advantage of ramp
is their ability to separate multipath effects, as
shown in figure 2.

To test suggestions that VLF signals can trigger
ULF ( 1 hertz) waves, Siple VLF transmissions have
been compared with ULF recordings made at
Roberval. A positive statistical association has been
found in one set of data (Fraser-Smith and Cole
1975), but the relationship is still uncertain. Furthe
tests are in progress. Control of ULF wave genera
tion by VLF signals would open up new avenue
for the study of magnetic pulsations and might pro

kHz	 ROB I MAY 74
6.5—.	

iiMttti1L	- 5950 HzI	 ..,.

5050 Hz!1	I'
1136	1138	1140	1142	1144
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6.5 —	 I

Figure 4: Roberval spectre... ...	 grams illustrating	quiet
bands" immediately below
the 5,950- and 5,050-hertzoil transmitter frequencies.4.5	 The transmissions termI	I	I	I	I	 I	.	I	 nated at 1152 Universal1146	1148	1150	1152	 UT	 Time (lower right).
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vide a basis for new ULF communications tech-
riques.

Future program

The Siple experiments have led magnetospheric
research into an exciting new stage. A major task
now is to develop new theories to explain the re-
sults. Classical plasma physics has not dealt with
coherent wave generation, although the evidence
suggests that the phenomenon should be found in
virtually all plasmas. An important objective is to
detect the effects of precipitation induced by Siple
signals, as has been done with natural VLF waves
(Rosenberg et al., 1971; Helliwell et al., 1973). Space
versions of this experiment would combine electron
and wave injection to further extend control of
experimental parameters. Plans are being made for
just such an experiment to be performed on a
scientific payload (AMPS) of a forthcoming space
shuttle or spacelab. In the meantime, much remains
to be done from the ground.

Ultimately the Siple experiments should aid in
understanding how the delicate outer fringe of our
atmosphere moderates the sun's influence on the
lower atmosphere. Such understanding will have a
role in predicting and adapting to climatic changes.

This research was supported by National Science
Foundation grant GV-41369.
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Siple transmitter signals as
diagnostic probes of
the magnetosphere

D. L. CARPENTER and T. R. MILLER
Radioscience Laboratory

Stanford University
Stanford, California 94305

Natural very low frequency (VLF) whistlers from
lightning propagate on magnetospheric field-
aimed paths from hemisphere to hemisphere.
A well established theory relates the observed
frequency-time or dispersion characteristics of a
whistler to the electron density along its path and
to the path equatorial radius (e.g., Helliwell, 1965).
This theory enables us to obtain much detailed in-
formation on the distribution and dynamic be-
havior of the magnetospheric plasma. The area of
Siple and Eights stations possesses exceptional
properties as a whistler-receiving location (e.g.,
high conjugate lightning rates, low local noise). For
example, the data acquired there have provided
much knowledge of the important geophysical
boundary known as the plasmapause (Carpenter,
1966). At this field-aimed boundary, typically four
earth radii distant at the equator, the plasma den-
sity may drop by from one to two orders of magni-
tude within a fraction of an earth's radius (Ange-
rami and Carpenter, 1966). Figure 1 shows two
equatorial profiles of electron density deduced
from Siple whistlers. Dashed curves provide esti-
mates of the general trends shown in the data. One
example (circles) involves quiet magnetospheric
conditions; the profile extends relatively smoothly
to 5.5 earth radii and the plasmapause is not de-
fined. The other case (triangles) involves moderate-
ly disturbed conditions; the plasmapause is present
near fot r earth radii, which is near the field lines
conI:ectig Siple, Antarctica, and Roberval, Quebec
(C n ada)

What rJle can the Siple transmitter signals play
as diagnostic probes of the magnetosphere? A study
has been made of the circumstances of transmitter
signal reception at Roberval. Travel time versus
frequency characteristics of the Siple signals were
compared to those of whistlers. Figure 2 shows fre-
quency (1.5 to 3.5 kilohertz) versus time records
of frequency ramps transmitted at Siple (above)
and received 3.2 seconds later at Roberval (be-
low). The double ramp structure at Roberval (lower
left) shows evidence of propagation on more than
one path, while the curvature of the received ramps
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Figure 1. Magnetospherlc
equatorial profiles of elec-
tron density versus geo-
centric distance In earth
radii, as deduced from
whistlers recorded at Slple
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low frequency (VLF) trans-
mitter operation. The data
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followed by the transmitter
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Figure 2. Frequency-time records showing frequency ramps
as transmitted at Siple (above) and received 3.2 seconds
later at the conjugate station Roberval (below). Horizontal
lines on the Roberval record are due to local power system

currents.

permits reconstruction of the key propagation
features of the paths.

Briefly, it was found that Siple signals reproduce
many features of whistlers, but in a way that com-
plements the conventional whistler experiment.
For example, the received transmitter signals fre-
quently propagate on only one or two of the many
paths followed simultaneously by whistlers. This is
shown in figure 1; for each case the data point cor-
responding to the path followed by the transmitter
signals is marked by a T. Further, the Siple paths

N
(hours)

I	I	I	I	I68	70	72	74	76	78	80 8GS
I	I	I	I

42	44	46	48	50	52 8GN

31-RO
Figure 3. Histogram of number of observing hours versus
geographic latitude of the endpoints of the Siple transmitter
signal path. The positions of Siple and Roberval in southern

and northern latitude are indicated below.

tend to have endpoints within ±=200 kilometers
of Siple-Roberval in the north-south direction.
Figure 3 shows a histogram of hours of reception
versus geographic latitude of the inferred path
endpoints. The concentration of paths is believed
to depend on a number of factors, including sig-
nal losses due to spreading beneath the ionosphere
and the frequent presence along field lines near
Siple-Roberval of energetic electrons suitable for
the amplification of VLF waves.
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The path concentration should facilitate experi-
ents in which path location is of particular im-

portance, such as the search (using balloon-borne
-ray counters, riometers, etc.) for the effects of

wave-induced precipitation of energetic electrons
itito the lower atmosphere. Further, magneto-
s heric phenomena of interest tend to move in a

ay that permits the various important states of the
s stem to be scanned through sufficiently long-
enduring observations near given field lines; this
is illustrated in figure 1. In one case (circles) the

iple signal probes conditions well inside the plas-
r4Tlapause, while in the other case it probes the re-
ion of steep plasmapause density gradients.
The transmitter signals have been used to ad-

vantage in a recent (June and July 1975) test of VLF

direction finding on signals emerging from the
ionosphere in the vicinity of Roberval. Participants
from Japan, the United Kingdom, and the United
States benefited from the availability of signals of
known frequency in a known signal format, propa-
gating within an expected north-south range.

This research was supported by National Science
Foundation grants GV-4 1369 and DES 75-07707.
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Satellite observations of
nonducted signals from the

Siple transmitter

radiated by the Siple transmitter enters the iono-
sphere and propagates into the magnetosphere in
the whistler mode. The path of propagation in the
magnetosphere may be either ducted or non-
ducted. Ducted signals follow geomagnetic field-
aimed paths and may emerge from the ionosphere
and be observed at ground stations (Helliwell,
1965). Nonducted waves follow more complicated
paths: they tend to remain above the lower boun-
dary of the ionosphere, and are not usually ob-
served on the ground (Smith and Angerami, 1968).

The properties of ducted signals are by far the
best understood; most of our knowledge about
Whistlers, very low frequency (VLF) emissions, and
wave-particle interactions in the magnetosphere
derives from their study. The nonducted mode
nonetheless is important; about 90 percent of the
energy radiated by a VLF ground transmitter will
propagate through the magnetosphere in this
mode.

It generally can be expected that the nonducted
waves from the Siple transmitter will interact with
energetic particles in the magnetosphere and will
produce VLF emissions and particle scattering in
the same manner as ducted waves. The nonducted
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In a circular region with a radius of about 500
kilometers, a substantial portion of the energy
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Figure 1. Very low frequency (VLF) spectrogram showing
Siple transmitter pulses and stimulated emissions as ob-
served over the Northern Hemisphere by the polar-orbiting

satellite ISIS-2.
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Figure 2. VLF spectrogram
showing doppler shift of
Siple transmitter pulses as
observed over the North-
ern Hemisphere by ISIS-2.

component thus will be valuable in the study of
wave-particle interaction phenomena. Since the
nonducted modes are not detectable from ground-
based stations, it is necessary to use satellites to
make in situ measurements of the transmitted wave
spectrum and of the associated emissions.

Observations of nonducted signals from the Siple
transmitter thus far have been carried out using
three satellites: isis-2, Explorer-45, and IMP-6.
Measurements of wave spectra from the polar-
orbiting satellite isis-2 have shown many interest-
ing triggering events as well as large doppler shifts
associated with the nonducted transmitter signal.
Spectrograms illustrating these effects are shown in
figures 1 and 2. In figure 1, the four panels repre-
sent about 2 minutes of continuous data taken near
the conjugate point. At the time of reception, the

Figure 3. Magnetic-meridian-plane projection of an IMP-6
satellite pass on 28 June 1973. The heavy-lined portion de-
notes the 6,000 kilometer path along which strong Sipie

signals were observed.

933 UT

5.62- --- —	-- _-	!. ._ 4 -

1.0-

(a)

1935 UT

- - Figure 4. VLF spectrogram
showing Siple signal re-
ception outside the plas-
mapause on the IMP-6 pass

of figure 3.
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Figure 5. VLF spectrogram
showing Siple signal re-
ception inside the plasma-
pause on the IMP-6 pass of

figure 3.
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Siple transmitter was sending 1-second-long pulses
in frequency shift key (FsK) format, alternating
between 5.0 and 5.5 kilohertz. Individual pulses
generally are clearly visible, except when obscured
by interference from a high-frequency satellite
transmitter. The emission activity is weak in the first
two panels, consisting of filling tones near the ends
of a few pulses. The activity becomes much strong-
er in the last two panels, and almost every pulse
at 5.5 kilohertz shows signs of amplification and
emission triggering.

Figure 2 illustrates the doppler shift phenome-
non; again, the transmitter format is FSK with 1-
second-long pulses at 5.0 and 5.5 kilohertz. On the
upper panel an extra set of pulses appears about
300 hertz above the pulses at 5.5 kilohertz, and is
delayed about 200 milliseconds with respect to
these pulses. The extra set of pulses is interpreted
as follows: The transmitter signals at 5.5 kilohertz
can reach the satellite by at least two separate non-
ducted paths through the magnetosphere, a short-
time-delay path and a long-time delay path. At the
satellite position, the wave refractive index on the
long-delay path is generally much longer than on
the short-delay path. Further, the direction of the
wave normal is generally parallel or antiparallel to
the satellite direction. The doppler shift due to
satellite motion is thus much larger for the long-
time-delay dignal, and in this particular case places
it a few hundred hertz in frequency above the
short-delay signal. This type of data clearly shows
the multipath nature of nonducted signals from
the Siple transmitter.

Measurements of wave spectra on the equatorial-
orbiting satellites Explorer-45 and IMP-6 have
shown that the Siple transmitter illuminates a large
volume of the magnetosphere and that within this
region emission-triggering events can be readily
observed. Figure 3 shows a magnetic-meridian-

plane projection of an inbound pass of IMP-6 on
28 June 1973. During this pass signals from the
Siple transmitter were received over a 6,000-kilo-
meter section of the orbit (as shown by the heavy
line in figure 3). The dipole field line extending to
4.15 equatorial earth radii, the approximate inward
edge of the plasmapause at that time, is also shown.
Spectra recorded outside the plasmapause are pre-
sented in figure 4. Here the transmitter signal at
5.62 kilohertz is strong while the natural signals.
such as whistlers, are relatively weak and occur
infrequently. In the lower panel a few natural emis-
sions can be seen near the tipper transmitter fre-
quency of 5.62 kilohertz.

Figure 5 shows spectra recorded inside the
plasmapause. The transmitter signal is still readily
observable but the whistler amplitude and fre-
quency of occurrence have increased dramatically
from their values in figure 4. In the lower part of
figure 5 is a sketch of a multihop whistler train
that appears in the data panel directly above. The
multihop event shows the presence of a whistler
that is guided along the surface of the plasmapause
boundary. A final example of emission triggering
by nonducted transmitter signals is given in figure
6, which shows spectra received by Explorer-45 on
13 July 1973. On this occasion the transmitter
operated at 7.8 and 7.1 kilohertz. Although the
7.8 kilohertz signals are not in evidence, the 7.1
kilohertz signals are strong and give rise to strong
rising emissions. The transmitter signals are located
slightly above a very intense band of natural noise
consisting of rising emissions.

Since the satellite observations show that non-
ducted signals are readily observable throughout
large volumes of space, they serve to put the Siple
wave injection experiment on a firm footing with
respect to in situ measurements. We now plan to
use satellite measurements more extensively to map
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Figure 6. VLF spectro-
grams from Explorer-45,
near the magnetic equa-
tor, showing triggering of
emissions by nonducted
signals from the Siple

transmitter.

out the regions where VLF emissions are produced
and to measure in the interaction region itself the
correlation between input wave characteristics and
energetic particle characteristics. Satellite measure-
ments of this nature, which make use of the Siple
transmitter, are an important part of future space
missions. In particular, the Mother/Daughter
spacecraft of the International Sun-Earth Explorer
missions and the Electrodynamic Explorer space-
craft will be involved in VLF wave injection experi-
ments using the Siple transmitter. Experimenters
on the GEOS satellite, soon to be launched by the
European Space Research Organization, are inter-
ested in VLF wave-injection experiments, possibly
involving the Siple transmitter. These measure-
ments should serve to elucidate the physics of wave-
particle interactions in the magnetosphere and to
give us a clearer understanding of the nature of
the plasma envelope that surrounds earth.

The isis-2 data displayed in this article were
provided through the courtesy of Drs. R. Barring-
ton and F. Palmer, both of the Canadian Commu-
nications Research Center, Ottawa. The IMP-6 and
Explorer-45 data were provided through the cour-
tesy of Professors D. Gurnett and R. Anderson,
both of the University of Iowa. This research was
partially supported by National Science Founda-
tion grant Gv-41369, and partially by National
Aeronautics and Space Administration grant
NGL-008.

References

Helliwell, R. A. 1965. Whistlers and Related Ionospheric Pheno-
inena. Stanford University Press. 56.

Smith, R. L., and J.J. Angerami. 1968. Magnetospheric proper-
ties deduced from OGO-1 observations of ducted and non-
ducted whistlers. Journal of Geophysical Research, 73: 1.

214

A possible new type of
whistler-induced VLF propagation

disturbance

BRUCE DINGLE
Radioscience Laboratory

Stanford University
Stanford, Cal![ornia 94305

One fascinating side effect of lightning dis-
charges is the modulation they sometimes produce
on radio waves. This phenomenon is the result of a
long chain of events. Radiation from the lightning
stroke travels into the magnetosphere where it
propagates as a whistler wave. The whistler en-
counters the energetic electrons of the earth's
radiation belts and scatters them in such a way that
some of them rain out of the magnetosphere into
the underlying ionosphere. When these rapidly
moving electrons collide with molecules of the
dense neutral atmosphere, they produce con-
siderable ionization, significantly increasing the
free electron content of a localized region of the
ionosphere. The result is a depression in the top
surface of the natural waveguide formed by the
earth's surface and the ionosphere. Very low fre-
quency (VLF) radio waves, such as signals from
various U.S. Navy transmitters, propagate world-
wide in this waveguide. The bump in the guide
alters the local propagation characteristics and
perturbs the amplitude and phase of the signals
received at distant points.

A typical observation is an increase or decrease
in the received amplitude of a VLF signal in con-
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(a) Amplitude perturba-
tions on signals from sta-
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junction with the arrival of a whistler. The rise
time of the perturbation is a large fraction of a
second, corresponding to the duration of the
whistler. The disturbance decays in about 30
seconds, agreeing with the loss time for excess
electrons in the ionosphere. A more detailed ac-
count of the observations and their interpretation
is given by Helliwell et al. (1973).

Recent recordings made at Siple Station include
a set of amplitude perturbations that are signifi-
cantly different from previous examples. These
appear on transmissions from VLF station NPG (1 8.6
kilohertz), located in Jim Creek, Washington, and
are shown in part (a) of the figure. Part (b) of the
figure shows two of the perturbations on an ex-
panded time scale. Coincident but much weaker
disturbances also appear on signals from station
NBA (24.0 kilohertz) in the Canal Zone. The decay
times are roughly 30 seconds in agreement with
previous events. The rise times, however, are much
longer than previously observed, averaging about
6 seconds. A further difference is that no simul-
taneous whistlers were recorded.

Regarding the long rise times, it may be that the
energetic electrons scattered by a passing whistler
bounce back and forth along the earth's magnetic
field lines, losing only a fraction of their number
at each encounter with the ionosphere and thus
prolonging the disturbance. Alternatively, these
events might be caused by relatively long-enduring

VLF emissions in the magnetosphere rather than
by whistlers, although whistlers could be triggering
the emissions. Whatever waves are responsible,
they are not observed on the ground. This could
simply be a geographical problem; the waves leave
the magnetosphere at a point too far from Siple
to be detected. Or perhaps the waves propagate in
a mode that is prevented from passing down
through the ionosphere, and hence do not reach
the ground at all. These hypotheses remain un-
verified.

Although no association with whistlers has been
demonstrated for the events discussed, it seems
reasonable to classify them tentatively as whistler-
induced in view of their resemblance to events for
which an association has been found. A better
understanding of this phenomenon requires addi-
tional data and further insight into the physical
processes at work.

This research was partially supported by
National Science Foundation grant Gv-4 1369.
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Impact of interplanetary
shocks on the magnetosphere

C. G. PARK
Radioscience Laboratory

Stanford University
Stanford, California 94305

Whistlers have been used extensively in recent
years to measure quasistatic electric fields under
varying geophysical conditions in the equatorial
magnetosphere. These electric fields are potential
fields (i.e., VXE = 0) associated with plasma circu-
lation in a steady magnetic field, and they are dis-
cussed in a companion article by Carpenter and
Seely (1975). Here we discuss how the ground-
based whistler technique can be used to monitor
rapid (time scales in the order of 1 minute) changes
in magnetospheric magnetic field strength and the
resulting induced electric fields, i.e.

vx=_oo1
This technique will be particularly useful in study-
ing the magnetospheric response to interplanetary
shocks and discontinuities produced by solar flares
and other explosive solar events.

It is well established that sudden changes in solar
wind pressure associated with shocks and hydro-
magnetic discontinuities cause compression or de-
compression of the magnetosphere. Figure 1 shows
the noon-midnight magnetosphere in cross section
to illustrate the effects of such changes in solar
wind pressure.

A sudden compression or decompression of the
magnetosphere is accompanied by an increase or
decrease in the geomagnetic field; this is clearly
identified on magnetometer records from satellites
as well as from ground stations. The magnetic
signature of this phenomenon is called a "sudden
impulse" or "storm sudden commencement," de-
pending on whether it is followed by a geomagnetic
storm. Direct satellite measurements of solar wind
parameters have confirmed this correlation, but
quantitative relationships between solar wind pres-
sure and geomagnetic field are not adequately ex-
plained by present theory. Whistlers can provide a
unique tool for studying this phenomenon by
allowing simultaneous probing of the remote equa-
torial magnetosphere over a wide altitude range
extending from 2 to 5 earth radii.

Figure 2 is an example of whistler data during a
sudden impulse event on 9 June 1973. The upper
part of the figure shows records of horizontal mag-
netic field strength from five medium-latitude sta-

Figure 1. Cross section of the noon-midnight magneto-
sphere, illustrating the effects of a sudden change in solar

wind pressure.

tions representing all local time quadrants. They
show a simultaneous increase by 12y (ly = 10
Tesla) starting at 1625 Universal Time (UT) and
reaching a peak at 1635 UT. The lower part of the
figure shows simultaneous whistler data from Siple
Station, Antarctica, plotted against the station's
magnetic local time. Whistlers propagating along
four discrete paths have been analyzed to deter-
mine equatorial magnetic field strength (B eq) for
each path. This is shown on the vertical scale at left.
The vertical scale at right shows approximate geo-
centric equatorial distance based on a steady mag-
netospheric model, which is appropriate for the
period preceding the sudden impulse (this scale
must be modified following the sudden impulse).

Whistler data in figure 2 show two different ef-
fects: rapid changes in B e, associated with the sud-
den impulse, and subsequent long-term variations
due to radial motions of whistler paths in a more or
less steady geomagnetic field configuration. The
latter behavior is consistent with other published
results. Returning to the sudden impulse, the rapid
increase in Beq at 1625 UT is due to a combina-
tion of two effects: temporary increase in the geo-
magnetic field, and inward displacement of the
path as illustrated in figure 1. Consider the whistler
path marked A at an equatorial distance of 4.3
earth radii. If we adopt an image dipole model of
the magnetosphere, it can be shown that the ob-
served increase in Be, by 34y between 1625 and
1635 UT is due in part to a 21)' increase in the
local magnetic field and in part (13)') to an inward
displacement of the path by 0.05 earth radius. The
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Figure 2. Whistler detection of the effects of a sudden im-
pulse. Above are transcriptions of the horizontal magnetic
component at several medium-latitude stations (made avail-
able by World Data Center A). Below are results from

whistlers recorded at Siple.

inward drift velocity of the path is 500 meters per
second in the equatorial plane, and the correspond-
ing induced electric field is 0.2 millivolts per meter.

Spatial coverage and time resolution can be
greatly improved in future studies. The versatile
very low frequency (VLF) transmitter at Siple can
be used in these studies to complement natural
whistlers. Such studies hopefully will help to better
understand the dynamics of solar wind-magnetos-
phere interactions.

This research was supported by National Science
Foundation grants Gv-28840, DES 74-20084, and
GA-32590.
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Quiet-time circulation of the
magnetospheric plasma

D. L. CARPENTER and N. SEELY
Radioscience Laboratory

Stanford University
Stanford, Ca1[ornia 94305

The quiet-time circulation of the plasma within
the earth's dipole-like inner magnetosphere is a
subject of major interest in solar-terrestrial physics.
The plasma in this region is organized by the earth's
magnetic field into tube-like volumes that follow the
magnetic field geometry between conjugate hemis-
pheres and extend several earth radii into space
from magnetic latitudes of 50° to 65°. These
volumes then drift across the magnetic field lines,
preserving their field-alined form but expanding,
for example, as they move into regions of weaker
(typically more distant) magnetic field. During
magnetically disturbed times, this circulation is
apparently dominated (at least beyond a geocentric
distance of about three equatorial earth radii) by
processes occurring in the magnetosphere. During
quiet times, however, it is believed that the prin-
ciple plasma motions are caused by a "dynamo"
process originating at relatively low altitudes ( 100
to 200 kilometers). This process involves motion
of neutral air across the earth's magnetic field lines
under the influence of solar heating as well as that
of solar and lunar gravitation. Detailed knowledge
of the quiet-time magnetospheric circulation is
needed to evaluate the importance of the dynamo
process. A quiet-time reference description is
needed in studies of the important disturbed
regimes of magnetospheric "weather."

Theoretical predictions of the circulation have
been hindered by the fact that models of the world-
wide motions of the neutral air associated ionized
region at —100 to 200 kilometers in altitude are
difficult to construct. Further, it is difficult to make
quantitative measurements from satellites of the
slow motions of the plasma, or to use ground-based
probing techniques for study of slow motions as
they occur at 100- to 200-kilometer altitudes. These
difficulties are usually associated with limits on
system sensitivity or with problems of interaction
between a satellite and the medium.

Whistlers provide an excellent opportunity to
study quiet-time magnetospheric circulation be-
cause the signals act as natural probes of magneto-
spheric field lines. At Siple Station, whistlers occur
in great enough numbers to permit accurate track-
ing of the slow motions of field-alined ducts, or
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enhancements of ionization, in which whistler
energy propagates from hemisphere to hemi-
sphere. At present, the whistler method is only able
to detect the component of plasma motion in the
radial (meridional) direction; direction-finding
techniques are being developed to provide longi-
tude as well as latitude of a duct. The patterns that
have been deduced, however, are detailed enough
to yield substantial information on what appears
to be the worldwide flow structure. It has been
found, for example, that plasma motions are largest
on the day and dawnsides of the earth; in contrast,
motions induced by the solar wind during dis-
turbed times tend to be largest at night and near
dawn and dusk. Because of the many days and
months of observing time available in the whistler
method, it is possible to select data acquired during
relatively rare periods of prolonged quiet. The re-
sults obtained during such periods show subfea-
tures of the quiet-time drifts that have not been
detected by probing techniques that are more
limited in terms of spatial and temporal coverage.

The figure shows plots of equatorial radii of
whistler paths tracked during exceptionally quiet
24-hour periods on 7 July 1973 and 13 June 1965
from, respectively, Siple Station and Siple's pre-
decessor, Eights Station. Path equatorial radius is

plotted, increasing downward, versus universal
time (below) and magnetic local time (above). The
data, while representing slightly different sampling
and measuring techniques (less frequent sampling
at Siple), show a generally repeated trend of fast
outward motion near local dawn (see upper scale)
and an inward drift in the afternoon.

We do not yet know to what extent the motions
observed are of dynamo origin and to what extent
the solar wind influence is present. Some features
of the data suggest that a dynamo process is domi-
nant on the quietest days. Further studies should
clarify these relationships and permit publication
of an empirical model of quiet-time magnetosphere
flow at equatorial distances of several earth radii.

This research was supported by National Science
Foundation grants GV-4 1369 and DES 75-07707.

More detailed versions of the two preceding articles, includ-
ing references, are in press (Journal of Geophysical Research).
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Pc-1 micropulsations at
Siple Station

R. L. ARNOLDY and P. B. LEWIS
Department of Physics

University of New Hampshire
Durham, New Hampshire 03824

L. J . CAHILL, JR. and W. L. TAYLOR
Space Science Center

University of Minnesota
Minneapolis, Minnesota 55455

Analysis of micropulsation data from Siple Sta-
tion has centered principally in three areas: (1) a
statistical study of occurrence and its correlation
with other geophysical indices; (2) an analysis of
the dispersive properties of Pc-i events to deter-
mine their propagation path and the equatorial
density along the path; (3) attempts to correlate
the ground observations with satellite measure-
ments of energetic particles to study wave-particle
interactions. Taylor et al. (in press) present a pre-
liminary report on some of these results.

In addition to digitally sampling the broadband
response from each detector, the signals are ana-
lyzed in real time fir amplitude in two frequency

intervals corresponding to Pc-i and Pc-2 micro-
pulsations. This form of data can readily be
stripped from station tapes without reproducing
the broadband data, and thus it has been used for
our statistical and correlative studies. Pc-i pulsa-
tions at Siple are late-night to early-morning
phenomena with the maximum likelihood of occur-
rence between 2 and ii hours local time. As shown
by many other studies, Pc-i occurs during periods
of low to moderate Kp.

In spectrograms of Pc-i events, filamentary
structure can be seen that corresponds either to
consecutive observations of the same Pc-i wave
train as it propagates from one hemisphere to
another along the geomagnetic field lines, becom-
ing more dispersed as it does (fanning structure),
or to a number of discrete wave trains. Using the
dispersion of Pc-i micropulsations, it has been
demonstrated that the approximate propagation
path of the micropulsation and equatorial density
along the path may be determined (Dowden, 1965;
Dowden and Emery, 1965; Watanabe, 1965; Lei-
mohn et al., 1967). The dispersion of a number of
Siple Pc-i events has been analyzed, giving the
following results: (i) all existing theories give simi-
lar propagation paths and equatorial densities; (2)
L values for the propagation paths appear to be
outside the plasmasphere; (3) equatorial densities
of the cold plasma also indicate propagation out-
side the plasmasphere. These results are presently
not understood, in that accepted theories for Pc-i
place their generation and/or amplification region

•	:

Figure 1.
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at the plasmapause. As a next step, the above re-
sults will be compared with Si pie very low frequency
(VLF) determinations of equatorial density profiles.

Long-lasting Pc-i events have been found in the
Siple data. A spectrogram of an interesting long
event is shown in figure 1. The event has a sud-
den beginning and then divides into two frequency
bands, later coalescing back into one. An analysis
of the dispersion of the two frequency bands sug-
gests very different paths of propagation for the
two branches. Long events often consist of pulsat-
ing signals such as those seen in the upper branch
of the one in figure 1. Since the Pc-i peaks theoreti-
cally are amplified by a resonant interaction with
energetic protons, and because the pulsations seen
in the long events are comparable to proton drift
periods, an attempt is under way to correlate Ex-
plorer-45 proton measurements with such events.
In the few cases studied, trapped proton pitch
angle distributions after the commencement of an
event show a marked change from near isotropy
to rounded, peaking at 900 • This correlation sug-
gests that the particles are indeed supplying energy
to the waves in resonant interaction.

About 35 long events were found in the 1973
data. A statistical study of these events in correla-
tion with Dst is shown in figure 2. The long dura-
tion events clearly do not occur during times of
ring current inflation; in fact, they appear to favor
times of +Dst, when the solar wind is apparently
compressing the magnetosphere.

This research was supported by National Science
Foundation grant GV-35174.
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F-layer duct propagation of
hydromagnetic waves in the

polar cap ionosphere

R. R. HEAcOCK
Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Operation of the three-component induction
magnetometer and associated data recording sys-
tems at Vostok Station (Soviet Union) continued
in cooperation with Soviet scientists of the Arctic
and Antarctic Scientific Research Institute, Lenin-
grad.

It is well established that some type Pc-i hydro-
magnetic wave events propagate horizontally in the
F-layer duct (e.g., Manchester and Fraser, 1970).
Some theoretical features of duct propagation have
been determined (Greifinger and Greifinger, 1968;
P. Greifinger, 1972; Greifinger and Greifinger,
1973). Fraser and Summers (1972) find that Pc-i
signals propagating in the duct are approximately
linearly polarized in the horizontal plane in the
direction of wave propagation, consistent with the
prediction of Greifinger and Greifinger (1968).

Greifinger and Greifinger(1968) also predict the
existence of a low-frequency cutoff in the neighbor-
hood of 0.1 to 0.4 hertz for waves propagating in
the duct. It is difficult to test that prediction by
using Pc-I data because the source mechanism, the
proton cyclotron resonance instability, imposes a
natural low frequency cutoff that is generally in
the range 0.2 to 2 hertz, depending on the L value
and plasma parameters at the source location.
However, to this end the broadband magnetic
noise designated type Pi may be used. Our archives
of pulsation data recorded at College, Alaska,
clearly indicate that when College is on the Pi source
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lines, as evidenced by large amplitudes and corre-
lated particle precipitation effects, the Pi fre-
que ncies extend well below 0.1 hertz with more
integrated power below 0.1 hertz than above.

Pulsation recordings taken at the polar sites
Vostok and Thule disclosed many Pi events with
an apparent low frequency cutoff, generally 0.1
to 0.3 hertz (e.g., figure 1). To identify this fre-
quency as a true low frequency cutoff for duct
propagation of Pi waves is difficult because we can-
not confirm that the observed event was propa-
gated to the polar sites from simultaneous Pi
activity observed at auroral oval sites. In structured
Pc-i events, similar features of structure permit
one to identify Pc-i signals that propagate from a
common source region to two or more observing
sites. Despite lack of similar verification for Pi
events, we feel that the evidence strongly supports
existence of a low frequency cutoff for events like
the one in the figure: that is, under some ionos-
pheric conditions Pi signals originating at auroral
oval latitudes propagate to the poles and suffer a
low frequency cutoff in agreement with the predic-
tion of Greifinger and Greifinger (1968). Prelimi-
nary evidence suggests that poleward propagation
of Pi signals is more common than equatorward
propagation. The gradients associated with walls
of the main ionospheric trough probably are a
significant factor in inhibiting equatorward propa-
gation.

The banded continous missions of Tepley and
Amundsen (1965) were probably instances of Pi
energy propagating in the horizontal duct to low
latitudes. Some band-limited Pi-1 events of
McPherron et al. (1968) may have been cases where
short-distance propagation was involved, which re-
sulted in some attenuation of frequencies below
0.1 hertz.

Wave polarizations in the H-D plane for events
like that shown in the figure were examined. A
large scatter in the alinements of the major axes
for any given event greater than 45° was observed,
though approximately linear polarization with
constant alinement was observed for some wave
packets. If this scatter indicates scatter in arrival
direction for the Pi-1 waves (Fraser and Summers,
1972), then the observed Pi-I signals probably ori-
ginated over a significant local time sector of the
auroral oval field lines.

This research was supported by National Science
Foundation grant GV-41 157.
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Whistler-mode VLF
propagation measurements

at Siple Station

G. J . BURTT
Physics and Engineering Laboratory

N. Z. Department of Scientfic and Industrial Research
Lower Hutt, New Zealand

For about 10 years the Physics and Engineering
Laboratory, N.Z. Department of Scientific and In-
dustrial Research, has been carrying out a study of
very low frequency (VLF) radio signal propagation
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in the whistler mode. As these signals are trans-
mitted through the magnetosphere, they normally
suffer a doppler frequency shift due to continuous
changes in the effective electrical path length. This
frequency shift can be as much as two or three parts
in 100,000. The accepted method of observing
these signals is to use a receiver with a number of
narrow-band channels that span a frequency band
of about 0.5 hertz on either side of the carrier fre-
quency of the transmitting station.

The N. Z. equipment (code name, "LEDA") uses
25 channels and the data are continuously recorded
on 35-millimeter film. The antenna system is de-
signed and oriented to reject signals arriving by
the subionospheric path.

During the 1972-1973 austral summer, LEDA
equipment was installed at Siple Station. The
winter 1973 results were sparse and disappointing.
During the 1973-1974 summer, however, equip-
ment adjustments and modifications were made.
Film records for 1974 are now being analyzed.

Data acquired over several years in New Zealand
relate to transmissions from station NLK (Seattle,
Washington; magnetic latitude, 53°N.) on 18.6 kilo-
hertz. The receiving station, near Wellington, New
Zealand, is at 47°S. magnetic latitude, and the mag-
netic conjugate of Seattle is 2,500 kilometers south-
east of Wellington, New Zealand.

The VLF signals received at Siple are from station
NAA (Cutler, Maine; magnetic latitude, about
58°N.) on 17.8 kilohertz, and the receiver is at about
61°S. magnetic latitude. The magnetic conjugate
of Cutler, however, is only about 500 kilometers
north of the receiver site. The Seattle-Wellington
path is some 6 hours earlier in solar time relative
to the Cutler-Siple path. Further, VLF background
noise at the two receiving stations is likely to be
very different.

Examination of 1974 Siple records shows a large
number of whistler-mode activity periods and some
pronounced diurnal patterns. The next stage will
compare the Siple records with those from the
Wellington station, looking for similarities and
differences in periods of occurrence, in diurnal
and seasonal patterns, and in types of signals re-
ceived (particularly the frequency band spread).

The 1974 operations were very encouraging and
justified the project's continuation. The work is
being done in close collaboration with R. A. Helli-
well and John Katsufrakis, both of Stanford Uni-
versity, and we are grateful for their continuing
interest and help, and for the assistance of Stan-
ford's teams that operated the equipment at Siple.
This research was partially supported by the Na-
tional Science Foundation.

High-latitude ionospheric
absorption

H. J . A. CHIVERS
Department of Applied Physics and Information Science

University of California, San Diego
La Jolla, Calfornia 92037

Observations of ionospheric absorption above
Siple Station continued in 1974 using a solid-state
riometer. Data are recorded on an eight-channel
paper chart recorder with simultaneous observa-
tions of the magnetic field, magnetic micropulsa-
tions, and various very low frequency (VLF) re-
ceiving systems. This recording method makes it
possible to compare phenomena observed on dif-
ferent channels without any uncertainty regarding
the relative timing of events.

Since Siple is a low-latitude station (L=4), events
are recorded there only during geomagnetically
disturbed periods (Kp4); unlike the situation at
higher latitudes, therefore, events tend to be well
separated from each other, thus reducing confu-
sion. A typical event occurred on 3 April 1973, and
three channels of the paper chart are reproduced
in figure 1. This is an N event, as described by
Morozumi (1965) from observations made at Byrd
during 1963, because the full record reveals that a
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Figure 1. Typical night event recorded at Siple on 3 April
1973 around 0500 Greenwich Mean Time (GMT).
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burst of VLF chorus activity preceded the distur-
bances on the other channels. The absorption event
occurs simultaneously with a magnetic bay and a
burst of micropulsation activity. Although details
are not well correlated, it is clear that the envelope
of micropulsation activity follows the general form
of both the magnetic bay and the riometer absorp-
tion event. From the higher latitude station at Byrd,
Morozumi obtained sufficient events to be able to
differentiate between three different kinds of night
events and a day event; but as expected, few of
these were recorded at Siple. With the fast time
response of the new riometer, however, it is now
possible to fbllow accurately the rapid pulsations
in absorption (— 1 minute) that are features of some
events. At times there is a close correlation between
slow micropulsations (Pc) and riometer absorption,
as shown in figure 2. Because of the slow rate, these
fluctuations also appear on the magnetometer
record, although no major bay disturbance of the
magnetic field occurs at this time.

Other types of pulsation events recorded so far
seem to be an admixture of the two extremes typi-
fied in figures 1 and 2. An example is shown in
figure 3, where the average level of absorption
follows the envelope of micropulsation activity and
closer examination reveals that individual micro-
pulsations coincide with modulation of the absorp-
tion pattern. Even in events where the micropul-
sation frequency is faster than the response time
of the riometer (0.25 second), it has been noted
that changes in micropulsation frequency are ac-
companied by coincident changes in absorption.
Although the modulation in absorption is often
well correlated with the micropulsation record,
note that in some cases several cycles of micro-
pulsation activity precede the onset of absorption.
In these events, then, it appears that the micro-
pulsation phenomenon acts as a trigger for the
absorption.

MA tETOM
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Now that the 1974 records are available, further
analysis of the relationship between absorption pul-
sations and micropulsations is possible. A prelimi-
nary explanation for the phenomena that have
been described is that the pitch angle distribution
of the electrons responsible for the absorption is
gradually modified by the magnetospheric oscilla-
tions causing the micro pulsations. In some events
the electrons oscillate between hemispheres with-
out precipitation first taking place, and in other
events the pitch angle distribution is sufficiently
modified by the first cycle of oscillation that pre-
cipitation takes place immediately. During 1975-
1976  we hope to make riometer observations at
Roberval, Quebec (Canada), Siple's conjugate in
the Northern Hemisphere, to examine the corre-
lation of absorption pulsations between hemis-
pheres. Observations also will be made at South
Pole and McMurdo stations to establish whether
the absorption pulsations occur at high-latitude
stations where the magnetic field lines are swept
back into the tail of the magnetosphere.

This research was supported by National Science
Foundation grant O

pp 72-05746.
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Figure 2. Slow pulsation event observed at Siple on 20 April
1973 near 2000 GMT.
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Figure 3. N event with modulation in absorption recorded
at Siple on 28 June 1974 near 0110 GMT.
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Midlatitude optical observations
from Siple Station, Antarctica,

and Roberval, Quebec

S. B. MENDE
Lockheed Palo Alto Research Laboratories

Palo Alto, California 94304

Siple Station is a unique location for the study
of magnetospheric wave phenomena. There are
several experiments at Siple to study various aspects
of wave particles and related phenomena. The
Lockheed Palo Alto Research Laboratories have
been involved in optical diagnostics of particles
that precipitate from various regions of the mag-
netosphere. At higher magnetic latitudes than Siple
the intense fluxes of these particles cause visible
auroras. At lower latitudes, there are also interest-
ing phenomena that have very weak but detectable
optical signatures. These signatures were moni-
tored at Siple throughout the 1974 austral winter.

In the Siple vicinity, the magnetospheric cold
background plasma undergoes an abrupt reduc-
tion in number density. This is known as the plas-
mapause. The locations of these regions are moni-
tored by very low frequency (VLF) techniques
developed by Stanford University. Following a
period of magnetic activity, the enhanced ener-
getic particles are thought to interact with the
cold plasma-generating waves. These waves are also
thought to cause a type of optical emissions known
as stable aurora! red (sAR) arcs. Simultaneous
monitoring of VLF and optical data permits inves-
tigation of the relative location of red arcs and
the plasmapause. Preliminary analysis of the Siple
1974 data shows that in a sample case the SAR arc
occurs just inside the high density plasma (i.e.,
equatorward of the plasmapause).

A promising technique is to probe the magneto-
sphere by means of the artificial injection of waves.
The Stanford University transmitter at Siple has
been successful in exciting many interesting mag-
netospheric wave modes. Several experiments are
224

planned to investigate the effectiveness of these
excited waves in perturbing high energy particles
and causing them to precipitate in the atmosphere.
In one of these the precipitating particles would
be detected optically by measuring the emitted
(auroral) light. In the first of a series of experiments
in 1975 we are deploying a special high-sensitivity
instrument at Robe rval, Quebec (Canada), the mag-
netic conjugate of Siple. In the experiment, the
Siple transmitter produces a pulsed wave train.
This wave train interacts with the particles. The
optical detector is switched on, after a slight delay
following the transmitter pulse, to receive the op-
tical signatures of the transmitter generated wave.
The optical signals are added for many transmitter
pulses to produce signal-to-noise ratio enhance-
ment. This should bring us closer to understand-
ing production mechanisms in both natural and
artificial phenomena, and eventually to artificial
control of these phenomena.

This research is supported by National Science
Foundation contract C-659.

Cosmic ray intensity variations

MARTIN A. POMERANTZ and SHAKTI P. DUGGAL
Bartol Research Foundation of the Franklin Institute

Swarthmore, Pennsylvania 19081

The fact that transient intensity decreases are
observed in the polar regions implies that galactic
cosmic rays are modulated by interplanetary plas-
mas of solar origin. Generally, these decreases
are ascribed to some sort of magnetic barrier
moving outward from the sun and sweeping the
incoming cosmic radiation. Several modulation
mechanisms involving different magnetic con-
figurations have been proposed. Our studies, in
which the antarctic observations are absolutely
crucial (Nagashima et al., 1968; Duggal and
Pomerantz, 1970, 1971; Pomerantz and Duggal,
1972), have established that north-south anisotropy
is an integral feature of every cosmic ray storm,
and it is clear that this phenomenon is of key sig-
nificance in theoretical studies of the relevant
plasma dynamics.

We have investigated cosmic ray storms in a
search for correlations between the north-south
asymmetry and solar and space data. The most re-
cent, and successful, attempt has focussed on the
relationship between the direction of north-south
anisotropy and the inclination of associated shock
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Figure 1. Graphical repre-
sentation of the statistical
correlation between the
direction of north-south
anisotropy and the inclina-
tion of the shock normal
with respect to the ecliptic
for 15 epochs. The shock
parameters for the circled
points are regarded as rela-

tively more reliable.

Figure 2. A phase inversion
event, in which the sense
of the north-south asym-
metry changes abruptly.
The associated storm-sud-
den commencements de-
noting the arrival at earth
of interplanetary shock

waves are indicated.
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solar flare, in accordance with our earlier conclu-
sion (Duggal and Pomerantz, 1970).

In light of this new result, we are attempting
to understand the highly complex and interesting
events during which the sense of the north-south
anisotropy changes its direction abruptly (Pomer-
antz and Duggal, 1972). Figure 2 shows an example
of such a phase inversion event. In this storm of
March 1970, the axial anisotropy produces lower
intensity at the arctic station Thule than at
McMurdo during the onset phase, and the reverse
effect during the recovery phase. It is striking that
the change in direction is associated with a geo-
magnetic sudden storm commencement. This sug-
gests that the reversal of the phase in the cosmic
ray anisotropy perpendicular to the plane of the
ecliptic is probably attributable to the effects of
the arrival of the additional interplanetary shock
wave.

This research was supported by National Science
Foundation grant uv-40904.
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waves with respect to the ecliptic plane. For each
cosmic ray storm that coincided with interplanetary
shocks for which the parameters had been well de-
fined, the north-south anisotropy was evaluated
using an analytical procedure that we have devel-
oped for this purpose. The results are summarized
in figure 1, where the sense of north-south aniso-
tropy (that is, the direction from which the larger
cosmic ray flux arrives) is plotted as a function of
the inclination of the associated shock wave (Chao
and Lepping, 1974). It is clear that, in most cases,
a north-directed anisotropy is associated with a
shock arriving from south of the ecliptic, and vice
versa. Further, a similar analysis of the same events
has established that the north-south anisotropy is
unrelated to the heliolatitude of the associated
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Auroras at the South Pole

S.-I. AKASOFU
Geophysical Institute
University of Alaska

College, Alaska 99701

An important subject in magnetospheric physics
during the last several years has been the role of
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Four DMSP-1 satellite
photographs that show dif-
ferent sizes of the auroral
oval (in the afternoon-
evening sector). These
were taken from above the

South Pole region.

the north-south component B of the interplane-
tary magnetic field in magnetospheric processes.
We have already shown, based on all-sky photo-
graphs taken from the Alaska meridian chain of
stations, that the size of the auroral oval is partially
controlled by the B component (Akasofu et al.,
1973).

A better way of studying this relationship is to
continuously monitor the auroral oval with a tele-
vision camera aboard a satellite orbiting high above
the polar region. We are far from having such an
ideal situation, although we do have DMSP-1 satel-
lite photographs taken at about 100-minute inter-
vals. This is less than ideal because DMSP photo-
graphs cannot cover the entire oval.

A fortunate combination of the inclinations of
the geomagnetic axis and of the DMsP-1 satellite
with respect to earth's rotation axis makes it possible
to observe the afternoon-evening half of the oval
around 1600 to 1700 universal time (UT). This
period coincides with the period when the South
Pole is located in the midday sector. We also hope
to be able to work with Soviet scientists who
operate an all-sky camera at Mirnyy, which is lo-
cated in the midnight sector around 1600 to 1700
UT. By combining all-sky photographs from the
South Pole and Mirnyy stations, as well as from the
DMs p -1 satellite, it therefore will be possible to
continuously monitor changes in oval size for a few
hours each day.

The figure illustrates how much the size of the
oval (the afternoon-evening half) varies on dif-
ferent days. In each photograph the top of the oval
is the midday part and the bottom is the midnight
part. The South Pole is located in the midday
vicinity of the oval and Mirnyy is located in the
midnight sector.

Since the auroral oval approximates the boun-
dary of the polar cap from which the open mag-
netic flux originates, it is possible to derive the
total magnetic flux in the magnetotail and to ob-
serve its changes (Akasofu, 1975; Akasofu, in
press).

This research was supported by National Science
Foundation grant O pp 71-04051.
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Atmospheric processes and
energy transfers at the South Pole

J . J . CARROLL and K. L. COULSON
Department of Land, Air, and Water Resources

University of California,  Davis
Davis, California 95616

This project's principal objective is to determine
all of the components that are important in the
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energy balance of the snow surface-atmosphere
system in the antarctic interior. Amundsen-Scott
South Pole Station was selected for the program
because its location represents a large region of
the continent's interior. The most important
energy components that are being measured rou-
tinely are the various components of the solar and
terrestrial radiation fields, the sensible and latent
heat transfers between atmosphere and snow pack,
and the storage or release of heat energy by the
snow pack itself. Transport of momentum between
atmosphere and surface also is being determined
from measurements of the vertical and horizontal
wind fields, obtained by a special turbulence meter
that has a very rapid response to changes of the
turbulent eddies.

Our second objective is to detect and character-
ize antarctic atmospheric particulates by measure-
ment of their effects on the polarization and inten-
sity of light from a sunlit sky. A specially developed
polarizing radiometer has already yielded a large
number of measurements of skylight characteris-
tics, and it will continue to operate during appro-
priate periods of sunlit skies. These data will help

to detect and evaluate future changes in antarctic,
and by inference global, atmospheric particulates.

An important auxiliary development at South
Pole Station was the December 1974 installation of
two Hewlett-Packard 2100S minicomputers; one is
used for instrument operation control and for data
logging, and the other is used for offline data re-
duction and backup. A third and similar computer
is maintained at the University of California, Davis,
for development of programs and equipment to be
used in Antarctica, and for training personnel in
use and maintenance of the South Pole computers.

As of June 1975, the energy balance measure-
ments have been in operation for about 6 months.
While a few malfunctions have occurred, the instru-
mentation has generally operated satisfactorily.
The computers have also given good service des-
pite the limited maintenance available at the re-
mote location. Details of measurement results will
be available only after data are returned to the
United States during the 1975-1976 austral sum-
mer, and an appropriate analysis has been com-
pleted.

This research was supported by National Science
Foundation grant o pp 74-01791.

Changes in the antarctic
thermal radiation budget

P. M. KUHN and L. P. STEARNS
Environmental Research Laboratories

National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

Vertical profiles of the thermal infrared radia-
tion budget over Antarctica have been made during
16 austral winters. These profiles include upward-
and downward-directed radiant fluxes, which yield
data on net irradiance and layer cooling. An eco-
nomical net radiometer (Suomi-Kuhn, 1958) is car-
ried aloft piggyback on a standard radiosonde until
the balloon bursts. The homogeneous terrain sur-
rounding antarctic stations and the continued use
of the same design and material fabrication since
the program's inception have enabled exceptionally
meaningful profile comparisons.

Radiative cooling, which is a function of the one-
dimensional divergence of the net radiant flux with
height, has changed through the years. At Amund-
sen-Scott South Pole Station the columnar cooling
from 575 through 125 millibars during the deepest
September/October 1975

cold period (June through August) increased from
1963 through 1967 by 0.3 1°C per day. After 1967
the cooling change is small. This is based on a total
of 430 ascents in 10 years, with a minimum of 19
and a maximum of 88 flights per year.

Similarly, Byrd Station showed a steady increase
in cooling from 1963 through 1968, with no level-
ing off in 1967. The Byrd observations were dis-
continued after 1968. The increase noted here was
0.41'C per day. This average was based on a total
of 298 flights in 6 years. The standard error for
this number of flights and values was computed
to be 0.095°C per day for South Pole Station and
0.11°C per day for Byrd Station. Such statistics
indicate that the increases shown were all signifi-
cant.

Further, calculations were made with a radiative
transfer equation to determine the influence of
altostratus and cirrus clouds on the observed
radiant flux. A value of 1.0 x 10 per centimeter
was used for the bulk absorption coefficient. The
tentative conclusion is that cloud (most likely mois-
ture) contamination decreased over this period.
The possibility of radiative feedback due to a car-
bon dioxide increase is nonetheless being investi-
gated.

Other studies are being made to determine the
thermal energy balance at the ice-air interface,
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using a total net radiometer and a dew point scale.
Observations will continue through 1976.

Field support for this research is provided by
National Science Foundation grant opp 74-19485.
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Implications of antarctic
clear-sky striations

F. E. VOLZ
Optical Physics Laboratory

Air Force Cambridge Research Laboratories
Hanscom Air Force Base, Massachusetts 01731

A very thin cloud veil, which Liljequist (1956)
calls "stratospheric cirrostratus," was often ob-
served in cloudless, generally post-midwinter skies
at Maudheim Base (71°S. 11°W.). This mostly
striated veil seemed to cover the entire sky and
was best visible in early twilight. This veil seemed
to be related to conditions of very low stratospheric
temperatures and has recently been cited as evi-
dence of a stratospheric water vapor sink (Stan-
ford, 1973; Elsaesser, 1974) in the sense of visibly
indicating the fallout of minute ice crystals. Lilje-
quist (1956) mentions similar observations in the
Weddell Sea in 1912 (Barkow, 1924). Especially
Barkow's first report (1913), however, clearly indi-
cates quite different optical phenomena; genuine
volcanic conditions may have existed. A sunlit net-
work of fine, blood-red, cirrus-like filaments of
great height, first noticed on 15 June 1913, was
most noticeable at 6° solar depression, but con-
tinued until 9° solar depression.

Stanford (1973) calculated a 3- to 5-micrometer
radius of the veil particles, assuming that the freeze-
out removes all submicron particles of the stratos-
phericJunge layer. Balloon soundings of the latter
were made at Amundsen-Scott South Pole and
McMurdo stations in mid-January 1972 and 1973,
nearly half a year from the main stratospheric
cooling period, and reflected the worldwide dis-
tribution apart from following the tropopause
heights (Hofmann et al., 1974). Complete removal
of these particles, however, is unlikely; we there-
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fore assume that the freezeout particles are larger.
Also, simple calculations indicate considerable op-
tical densities if the main freezeout is fast compared
to the fall speed of the freezeout particles. Even
slow freezeout should give rise to quite red twi-
light skies. This possibility is exemplified by very
thin cirrostratus-like forerunners of midlatitude
frontal cirrus; in regard to twilight colors, this is
contrary to Liljequist's (1956) description.

Antarctic veils unfortunately have not been re-
ported since. Kuhn (1974) did not observe them at
Plateau Station (79.2°S. 40.50E.; elevation, 3,625
meters) from 1966 to 1969, but he argues that the
proposed conditions of their appearance (freezeout
of stratospheric water vapor) might be restricted to
the edge of the antarctic continent. In an effort to
study twilights in an arctic environment, in 1970
and 1971 we obtained a series of good color photo-
graphs from Thule, Greenland (courtesy of the Air
Force Cambridge Research Laboratories, Geo pole
Station). Strias were often present, but seemed to
be mostly tropospheric in origin.

At South Pole Station, about 40 series of sky
photographs were taken at our request by Charles
E. Jenkins, National Oceanic and Atmospheric
Administration, between March and October 1974.
Unfortunately, nearly all show ordinary stratus
and cirrostratus conditions, although broad diffuse
streaks were present in the orange twilight of 15-16
September. More photographs will be obtained
during 1975-1976 at the South Pole Station and at
three Australian antarctic stations. These will in-
clude daytime solar aureole photographs for infor-
mation on aerosol size distribution.
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Geophysical monitoring for
climatic change

DONALD H. PACK
Air Resources Laboratories

National Oceanic and Atmospheric Administration
Silver Spring, Maryland 20910

Amundsen-Scott South Pole Station has been
established as one of six planned clean air Geophy-
sical Monitoring Observatories where long-term
measurements are being made of atmospheric
constituents and related parameters that can in-
fluence climate or shed light on climatic processes.
During 1974 the geophysical monitoring program
at the South Pole was expanded and relocated in
the top two floors of the old South Pole Station's
aurora tower.

The monitoring programs operated by Donald
Nelson included the following:

(1) Collection of air samples in glass evacuated
flasks for later analysis of carbon dioxide concen-
tration by the National Oceanic and Atmospheric
Administration (N0AA) and the Scripps Institution
of Oceanography. A continuous carbon dioxide gas
analv7er was shipped for operation in 1974 but

Figure 1. Geophysical monitoring data acquisition system
at old South Pole Station.

was damaged during transit and thus was not
placed in operation.

(2) Dobson spectrophotometer measurements of
total ozone, weather and astronomical conditions
permitting.

(3) Continuous surface ozone measurements by
an electrochemical concentration cell (ECC) meter
and a chemiluminescent ozone meter manufac-
tured by MacMillan Electronics Corporation.

(4) Aitken nuclei measurements using an auto-
matic General Electric condensation nuclei
counter, a Gardner counter, and a Pollak counter,
the latter being operated for the State University
of New York.

(5) Continuous solar radiation measurements
during the austral summer using four Eppley pre-
cision spectral pyranometers, an Eppley ultra-
violet sensor, and a normal incidence pyr-
heliometer.

(6) Atmospheric turbidity measurements, austral
summer weather conditions permitting.

(7) A number of other measurements for co-
operative programs, including atmospheric elec-
tricity, riometer observations, and total aerosol
burdening by high-volume sampling.

Each of the continuous monitoring systems
was interfaced to a newly installed control and
data acquisition system (ICDAs) centered on a
NOVA 1220 computer. Shown in figure 1, the sys-
tem provided automatic instrument calibrations
and recorded all data on magnetic tape for later
processing.

Figure 2 shows the temporary solar radiation
platform in the foreground and the top of the
aurora tower with an aerosol/gas sampling mast
in the background.

The magnetic tapes from the ICDAS system were

Figure 2. Aurora tower with an aerosol sampling mast at
old South Pole Station. The temporary solar radiation plat-

form is in the foreground.

September/October 1975	 229



returned to the NOAA Environmental Research
Laboratories, Boulder, Colorado. Although there
were significant problems created by radio fre-
quency interference, the year's data have been suc-
cessfully retrieved (reading the tapes backward
solved the problem).

South Pole ice crystal precipitation
studies using lidar sounding

and replication

experiment is to determine where ice crystals are
formed in the atmosphere and to study the sizes,
types, and relative concentrations of crystals under
different conditions. The ice crystal phenomenon
known as "clear sky precipitation" is of special
interest in these measurements. These lidar
measurements are the first in Antarctica.

The lidar has been interfaced with the station's
Hewlett-Packard 2100S computer and with ice
crystal precipitation data obtained during the
summer. Operation continued during the 1975
austral winter. Figure 1 shows the lidar installed
in the Skylab tower. The laser beam is directed
through a 122-centimeter-square aperture, and the
backscattered radiation returns through a large
double window.

VERN N. SiILF:Y, JOSEPH A. WARBURTON,
and BRUCE M. MORLEY

Laboratory of Atmospheric Physics
Desert Research Institute

University of Nevada
Reno, Nevada 89507

A new experiment combining a lidar (optical
radar) technique and an ice crystal replicator was
installed in the "Skylab" tower at Amundsen-Scott
South Pole Station during the 1974-1975 austral
summer. The lidar sends an intense, vertical pulse
of light from a dye laser and measures the back-
scattered radiation from particles in the tropos-
phere as a function of range. The replicator forms
replicas of ice crystals falling out at the surface.
Their shapes, sizes, and other characteristics pro-
vide data on growth times, temperature, and de-
grees of supersaturation. The purpose of the

I
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Figure 1. The dye-laser lidar instrumentation installed in the
Skylab tower at Amundsen-Scott South Pole Station.
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Figure 2. Range-corrected lidar return as a function of height
above the surface taken on 6 January 1975. The ice crystal
precipitation return can be seen underneath the intense

cloud signal at 1,400 meters.

VA

Figure 3. A typical replica taken during the same event as
figure 2. The crystal is about 400 micrometers in size.
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Preliminary data indicate that vertical hack-
scatter profiles for ice crystals can he obtained for
concentrations down to about 0. 1 per liter at mean
sizes of 400 micrometers. Some preliminary data
are given in figures 2 and 3. Figure 2 is a range-
corrected lidar return of ice crystals falling out of
a cloud layer. The intense signal at about 1,400
meters above the surface is due to the cloud layer.
The crystal precipitation can he seen at lower levels.

Figure 3 is a replica of a typical crystal obtained
during the event. One "clear sky precipitation"
event occurred while we had the equipment run-
ning during the summer. Many more events must
be studied before conclusions can he drawn about
the latter process.

Future plans call for continued measurements
at South Pole Station and at other antarctic loca-
tions. A significant modification will be added to
the lidar to permit discrimination between ice and
water cloud particles by a polarization technique.

This work was supported by National Science
Foundation grant oi'P 74-04990.

Analysis of halocarbons
in Antarctica

R. A. RASMUSSEN and K. J . ALLWINE
Air Resources Section

Chemical Engineering Branch
College of Engineering

Washington State University
Pullman, Washington 99163

W. H. ZOLLER
Department of Chemistry
University of Maryland

College Park, Maryland 20740

In January 1975 we joined a University of Mary-
land program studying particulate trace elements
in the atmosphere at Amundsen-Scott South Pole
Station. The Washington State University team was
to determine the concentration and distribution of
Freon- 11, chloroform, methyl chloroform, and car-
bon tetrachloride by in situ analysis of surface air
samples and of air samples collected at different
altitudes from aboard U.S. Navy Antarctic De-
velopment Squadron Six LC- 130 airplane flights.
Both compressed air samples and cryogenically
enriched air samples also were obtained for more
detailed Stateside analysis of trace halocarhons
September/October 1975.

and other species in the samples. Further, surface
and airborne ozone measurements were made
using an instrument employing the chemilumi-
nescence reaction of ethylene with ozone for
correlation with the fluorocarbon data.

The halocarbon measurements from fluorocar-
bon-1 1 through carbon tetrachloride were made
using a Hewlett-Packard 5713A gas chromato-
graph equipped with a frequency-modulated
electron-capture detector set up in the "Skylab"
tower at South Pole Station. The sampling and
analysis sequence was automated for four analyses
per hour. Figure 1 shows raw data for a series of
these analyses made on 24 January 1975. Only
three peaks—fluorocarbon- 11, methyl chloroform,
and carbon tetrachloride—were measured in the
atmosphere using the instrument's automated
mode of operation. Due to an impurity in the
carrier gas, a negative disturbance interfered
with the resolution-detection of chloroform. The
peak heights of fluorocarbon-i 1 and carbon tetra-
chloride are labeled in millimeters in the figure.
The last analysis shows a chromatogram of the
halocarbons in one of nine samples of rural air
brought from Pullman, Washington, to the South
Pole. These compressed air samples served as
secondary standard and as a check on instrument
performance compared to its operation in Pull-
man. The data obtained also provided a statistical
check on the stability of the compressed air samples
exposed to the rigors of travel to Antarctica. In
this sample of Pullman air, five peaks are resolved
at a higher concentration than those measured in
surface air at South Pole Station. Continuous data
were obtained at South Pole Station from 10
through 24 January 1975.

No differences in the level of fluorocarbon- il
or carbon tetrachloride were measured during this
study. Data from 16 through 23 January are shown
in figure 2 in parallel with measurements for
ozone, for radon-222, and for tropopause height at

AUTOMATED GCPEAK HTS.	
ANTARCTICA AIR ANALYSES	BKW AIR

	

SOUTH POLE 1/24/75 ii	1STD.

22	Il	?3	Ik

1845	9:00	19:15	9:30	949	2000	20:15
TIME

Figure 1.
231



U
Cl)

CL	LLo w'•' 3
25

c.

30.20
0.10

< 0.	 =
cr 

94

	

82- S	S
00.
LL	70-

58

SOUTH POLE—ANTARCTICA
AIR CHEMISTRY

=	=

.	•, •	
.%.	

S	 •	•

.-

120j	 1000
C-..

hO

U
CL 25

0 0..-
2 18 9 6 12 18 0 6 12 lB	2

JAN. 16	J	JAN.17	I 	12 1.8 I	JAN. 19

the South Pole. The average volume concentration
of fluorocarbon-1 1 is 90 parts per trillion. Each
open circle in figure 2 is the iverage of four analy-
ses. The solid circles represent the fluorocarbon-
11 measured in Pullman air samples brought to the
South Pole. The data provide not only a measure
of background level differences between the North-
ern Hemisphere and the South Pole, but also pro-
vide an internal check on the electron-capture/gas
chromatograph instrument's stability for measur-
ing these very low trace species. The data indi-
cate that the fluorocarbon-] 1 level at the South
Pole was approximately 30 percent less than the
125 parts per trillion representative of Northern
Hemisphere background levels (measured at 45°N.
in the eastern agronomic portion of Washington).

The companion analyses of carbon tetrachloride,
however, do not show significant differences be-
tween South Pole and Northern Hemisphere air
samples. Accordingly, this is interpreted to support
the suggestion made by Lovelock (1973) that car-
bon tetrachloride may be of natural origin because
of the similar concentrations found in the North-
ern and Southern Hemispheres during his Shackle-
ton cruise in 1972. Alternatively, the equivalent
concentration distribution may be a result of carbon
tetrachloride use in significant amounts for at least
the past 50 years, whereas the use of fluorocarbons
has increased rapidly over the past 15 years. The
total historical production of fluorocarbons repre-
sents about 5 years' worth at current levels. There-
fore, we may just be getting a graphic demonstra -
tion of the time involved in global dispersion (i.e.,
between 5 and 30 years).

The daily radon-222 measurements were made
by Dr. Zoller and by Willy Maenhaut, University of
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Maryland. Their very low, consistent values indi-
cate that the air masses studied during this period
had not passed over a large continent for about 2
weeks. Tropopause height also remained very con-
stant during this study time, as did ozone levels. It
was anticipated that, when the tropopause sub-
sided, an increase in surface ozone would be meas-
ured through the replenishment of surface air with
fresher stratospheric air. This phenomenon did
not occur until after our fluorocarbon measure-
ments were complete. This is unfortunate, be-
cause hindsight suggests that the younger or more
directly transported surface stratospheric air would
have provided an excellent opportunity to test the
limited number of airplane observations. These
airborne measurements showed slightly higher (10
percent) fluorocarbon-i 1 levels and carbon tetra-
chloride (5 percent, not significant) concentrations
in the air mass above the strong surface inversion
over South Pole Station during our study period
than were measured from the roof of the Skylab
tower (height, 18 meters).

Another anomaly in the concentrations meas-
ured during our study was in the air samples col-
lected at altitudes of 7,300 and 9,400 meters. No
differences in fluorocarbon- li concentrations were
measured in these samples collected above or below
the tropopause. Special precautions were taken
after these initial observations to verify that both
phenomena were real and not due to contaminants
in the sampling lines of the airplane or in the con-
tainers used to obtain samples. A second flight with
the verified sampling apparatus provided similar
data that supported the original observation for a
reversed gradient of the fluorocarbon- il concen-
trations over the South Pole.
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Interpretation of the negative surface gradient
(concentration increasing with altitude) at first was
puzzling since the opposite gradient is observed
in the Northern Hemisphere (higher surface back-
ground levels relative to upper tropospheric and
lower stratospheric concentrations). Also, the lack
of any significant difference in the fluorocarbon- il
and carbon tetrachloride levels above and below
the tropopause is anomalous compared to the sharp
concentration differences measured across the
tropopause in the Northern Hemisphere.

The recognized role of the antarctic snow/ice
shield as a heat and water sink was considered to
determine if trace gases also could be affected in
this same manner. To test if the halocarbons were
freezing out similar to water vapor, an attempt was
made to measure fluorocarbon-11 and carbon
tetrachloride values in the air entrained in the
wind-blown as well as the sublimated snow deposits.
The samples were collected at virgin outdoor sites
in 100-milliliter all-glass syringes.

Results from these analyses of fluorochiorocar-
bons and chlorinated hydrocarbons in the air re-
leased from the melted snow are remarkable.
Whereas three peaks were typically measured in
the free ambient air (figure 1), six to 20 peaks
were measured by the electron capture detector
in the air released by the melted snow (figure 3).
Again, a complete contamination check was per-
formed: washing, heating, and auditing the
syringes to determine their contribution of con-
taminants to static air samples held in the syringes
during the time needed to melt the snow. The
syringes contributed no halocarbons to the analysis.
Subsequent analysis of both subsurface (60-centi-
meter depth) and surface snows (total of six
samples) indicated the same six to 20 peaks of
variable intensities.

Snow obtained from 60 centimeters below the
surface was packed in an air canister, pressurized
in the field with ambient air, and sent to Wash-
ington State University. The analysis of air over the
melted snow is shown in figure 3. The enrichment
ratio of the halocarbons in the snow compared to
ambient air ranges from zero in the case of Cd4
to 20 to 30 for the other halocarbon species. The
enrichment ratios suggest that the ability to form
clathrates during the sublimation of water vapor
to the snow surface may play a role in the sink
mechanism. It is premature to place too much
weight on this tentative interpretation, but it is a
plausible mechanism. The equivalent chlorine con-
centration in halocarbons measured in the air at
equilibrium above the melted snow water is —20
parts per billion chlorine. In contrast, halocarbons
measured in the air equilibrated over sea water are
not enriched. This has been reported by Lovelock
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(1973) and by Wilkniss and Swinnerton (1973), and
has been observed in our laboratory.

The entrainment and possible enrichment of the
multitude of fluorochlorocarbon and chiorocarbon
species in the snow suggest that the antarctic
snow and ice pack is scavenging these materials
from the atmosphere. The Antarctic's negative
gradient for continuously extracting heat from the
earth's atmosphere, coupled with the dominant
role of in situ formation of hoarfrost (snow and
ice crystals) through the direct condensation of
water vapor at the ground surface, may be enough
of a driving force to provide a working mechanism
for the entrainment and removal via freezeout of
the low levels of trace gases present in the subsid-
ing air masses over Antarctica.

At a time of increasing concern with the corn-
position and chemical behavior of the troposphere,
the concentration distribution of trace gases in
unpolluted areas of the world has become in-
creasingly important. As a result of technological
advances, the distribution and composition of at-
mospheric trace gases may be affected Qn a hemis-
pheric if not a global scale. As such, the fluorocar-
bons are the first exclusively manmade compounds
that can be shown to exist everywhere on earth.
Since they are believed to be only of human on-
gin, they may serve as the first unequivocal
example of man's ability to effect significant
changes in the atmosphere and, through it, the
climate.
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There is a need to more systematically quanti-
tate the phenomenon of enriched concentrations
of halocarhons and other trace gases in antarctic
snow and ice, especially for snow-ice samples that
date from the 19th century to the present. The
immediate goal of our work is to establish a halo-
carbon concentration profile for troposphere-
stratosphere polar regions; this requires geophysi-
cal investigation of the role of polar atmospheric
and precipitation processes for removing trace
gases, especially chlorofluorocarbons. Thus we may
better understand how these processes affect pos-
sible manmade changes in the chemistry of the at-
mosphere and in the earth's climate through the
inadvertant accumulation of chlorofluorocarbons
in the troposphere-stratosphere.

This research was supported by National Science
Foundation grant DES 75-04688.
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reduction at Langley Research Center, Langley,
Virginia.

To relay DAD satellite data from the South Pole
to Langley Research Center, NASA has installed
equipment at South Pole Station to interface with
Advanced Technology Satellite-] (ATs-1). ATS-1 is
at 149°W.; although considered synchronous, it has
developed a figure-eight deviation from sub-
satellite point due to sun and moon magnetic ef-
fects. lnJ une 1975 the southern swing of this figure
eight was about 7°S., which gave a look angle from
South Pole Station of about - 1.8° elevation. The
figure-eight continues to elongate at a rate of 0.01°
per month.

The first transmission attempt from South Pole
Station through ATS- 1 was in January 1975 with a
look angle of-2.3° elevation. The system was tested
again in May 1975 with a look angle of - 1.9°. Al-
though both tests were negative, we are optimistic
that further testing in the fall of 1975 will succeed
when ATs-1 reaches an elongation of about - 1.5°.

New equipment for
radio-echo sounding

Advanced Technology Satellite-1
experiment at South Pole Station

KENNETH D. MCDONALD
Goddard Space Flight Center

National Aeronautics and Space Administration
Greenbelt, Maryland 20771

The National Aeronautics and Space Adminis-
tration's (NASA) dual air density (DAD) program
begins in November 1975 with the launch of two
polar-orbiting Explorer satellites, A and B, with an
apogee of 1,500 kilometers and a respective perigee
of 350 and 700 kilometers. The satellites are
equipped with mass spectrometers to simul-
taneously measure various constituents in the
upper atmosphere.

The polar atmosphere's complexity makes the
South Pole area of prime interest. Measurements
from these satellites will be telemetered to ground
equipment and recorded on magnetic tape at
Amundsen-Scott South Pole Station. NASA needs
to receive this DAD data as soon as possible for
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P. GUDMANDSEN, E. NILss0N, M. PALLISGAARD,
N. SKou, and F. SONDERGAARD

Electromagnetics Institute
Technical University of Denmark

DK-2800, Lyngby, Denmark

In 1973 the National Science Foundation, the
Scott Polar Research Institute (SPRI), and the Tech-
nical University of Denmark (TuD) established a
cooperative program to improve radio-echo sound-
ing techniques in Antarctica. Responsibility for
developing and constructing a new 60-megahertz
radar based OD previous equipment developed by
SPRI and TUD (Evans and Smith, 1969; Christen-
sen et al., 1970) was assigned to TUD.

The work by TUD consisted of constructing an
antenna system and two complete sets of radar
electronics. The antenna system is a linear array of
four dipoles suspended under the wing of an LC-
130 Hercules airplane flown by U.S. Navy Antarc-
tic Development Squadron Six (vxE-6). The system
operates at 60 megahertz with a peak power of 10
kilowatts, a mean power of 250 watts, and a good
match in the bandwidth of 50 to 70 megahertz (vol-
tage standing wave ratio less than 1.6). The dipoles
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and the supporting struts were given an airfoil
shape by a balsawood-fiberglass-epoxy technique
commonly used in glider design. Three of the four
dipoles are shown in figure 1 under the right wing
of the airplane, as photographed in Søndrestrom,
Greenland; a 300-megahertz antenna system is
shown under the left wing. The antenna array's
airfoil shape, as tested in Greenland, gave im-
proved performance relative to a previous array.
Vibrations were experienced, however, under spe-
cial conditions; these caused faults in certain heavily
loaded metal brackets, which had to be replaced
by ones made from a special fatigue-resistant ma-
terial. This antenna work was carried out with
assistance from the Aerodynamics Group, Depart-
ment of Fluid Mechanics, TUD, and from the U.S.
Naval Air Development Center, Warminster, Penn-
sylvania.

The pulse-to-pulse coherent radar system has
the following performance characteristics: center
Frequency, 60 megahertz; peak power, 10 kilo-
watts; mean power with a 1-microsecond pulse,
125 to 250 watts for pulse repetition frequencies
of 12.5 to 25 kilohertz; pulse lengths, 60, 125, 250,
500, 1,000 nanoseconds; receiver bandwidths, 1, 4,
14 megahertz; receiver noise figure, 2.5 decibels.
The receiver has two video outputs, one straight
for a true display of the received pulses and one
differentiated so that amplitude slopes are dis-
played on recording oscilloscopes. Two oscil-
loscopes are available: one for a video display
(A-scope) recorded intermittently on film, and the
other for an intensity-modulated display (Z-scope)
recorded continuously on film.

The radar may also be operated in the chirp
mode (i.e., with linear frequency sweep during
pulsing). This is done by switching a dispersive
filter into the transmitter modulator operated with
a long pulse. A similar filter in the receiver per-
forms a time-frequency compression that creates
a narrow pulse. By this means the radar system
may be operated with a high average power but
maintains the short pulse resolution. In the chirp

mode the system has the following characteristics:
pulse length, 1,600 nanoseconds; linear sweep
range, 50 to 70 megahertz; sweep rate, 8 mega-
hertz per microsecond; time-bandwidth product,
25; range sidelobes down from the main lobe, 35
decibels.

A prototype of the 10-kilowatt transmitter was
successfully tested in Greenland during the 1974
Greenland Ice Sheet Program. The chirp mode was
tested with the 1-kilowatt transmitter driver dem-
onstrating the capability of this system. In the 10-
kilowatt version, echoes from ice stratification were
observed much deeper than before. Layer echoes
from the northern dome of the Greenland ice
sheet, at an elevation of about 3,200 meters and
with a 10-meter temperature of —30°C, were re-
corded down to 3,000 meters (i.e., about 250 meters
above bedrock) (Gudmandsen, 1975).

Based on experience gained during these sound-
ings, two complete radar sets were built with ap-
propriate modifications. These sets were operated
in Antarctica during the 1974-1975 austral summer
by Messrs. Pallisgaard and Skou, together with a
team from SPRI headed by Gordon de Q . Robin.
During a test flight from McMurdo Station
(77°51'S. 166°40'E.) to 72°30'S. 109°E. and return,
passing over dome C in East Antarctica, the sys-
tem's capabilities were demonstrated in different
parameter selections.

An example of a recording from this flight is
shown in figure 2. It was obtained with a 250-
nanosecond pulse length and a receiver bandwidth
of 4 megahertz, giving a range resolution in the
ice of about 40 meters. The figure shows moun-
tains to the west covered by about 2,500 meters of
ice, and part of the deep bedrock under dome C
(surface elevation, 3,200 meters) with a maximum
ice thickness of 4,300 meters. The bottom echo
(figure 2, center) shows a regular and smooth
pattern in contrast to the echo from rough bed-
rock at both sides. This echo pattern extends over
about 4 kilometers and is attributed to reflection
from a water surface (Oswald and Robin, 1973).

AIX

Figure 1. The Technical
University of Denmark 60-
and 300-megahertz anten-
na installations on a U.S.
Navy LC-130 Hercules air-

plane.
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The existence of an ice-water interface that has a
power reflection coefficient of 0.67 or –3.5 deci-
bels enables an absolute determination of the total
dielectric absorption of the ice above the "lake."
The two-way absorption thus is found to be about
80 decibels. It is interesting to note that at this
point the two extremes of temperature profile
(Budd, 1969) are known: the surface temperature
is –55°C, and the bedrock temperature (pressure
melting point) is –3°C.

Echoes from ice stratification extending over
very large areas are shown in figure 2. This is sig-
nificant since observations in Greenland indicate
that stratification might have climatic implications
not yet fully understood (Gudmandsen, 1975).

Undulation of lower layers in an ice cap is nor-
mally associated with variations of bedrock height.
Undulation observed east of the lake may thus be
due to some off-track bedrock variations. Another
explanation is that at the place where the ice layer
bulges toward the bottom it could be melted at the
bedrock so that a uniform vertical strain rate is
established and the ice moves as a block. At other
places the ice is subject to resistance near the bed-
rock in its movement over partly stagnant ice so
that a layer-thinning takes place (Johnsen, 1975,
personal communication). The bulge does not
occur exactly over the lake where the ice certainly
is melting. Future soundings along flow lines may
support this explanation.

A total of about 250 flight hours of radio-echo
sounding in East and West Antarctica was done
during the 1974-1975 field season, and much re-
cording material was compiled. In parts of West
Antarctica an extensive scattering from the upper
part of the ice was observed at 60 megahertz. This

scattering is most likely due to crevasses and to ice
layers and lenses caused by occasional surface melt-
ing. The scattering is often of such magnitude and
extent—due to unfavorable fore and aft radiation
from the dipole array—that bedrock and stratifi-
cation echoes may not be detected. The 300-mega-
hertz system (Christensen, 1970) that was operated
simultaneously often gave excellent bedrock and
stratification echoes, although dielectric absorption
at places was too large to be overcome by this sys-
tem. This same scattering phenomenon was ex-
perienced in southwest Greenland (Gudmandsen
and Jakobsen, 1975). It has been proposed, there-
fore, that the system's sensitivity be increased at
300 megahertz to increase the explorable areas.
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Figure 2. Example of 60-megahertz radio-echo sounding in Antarctica at about 76 0S. 1250E. A subglacial lake below 4,300
meters of ice is shown in the center.
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Relationship of temperature
variations and ice conditions in the

Atlantic sector of the Antarctic

W. SCHWERDTFEGER
Department of' Meteorology

University of Wisconsin
Madison, Wisconsin 53 706

The record of dates of formation and disappear-
ance, and thus duration, of a firm ice cover in Scotia
Bay, Laurie Island, South Orkney Islands (60044S.
44°44'W.) is the only long series of ice observations
in the higher latitudes of the Southern Hemis-
phere. The Argentine meteorological station Or-
cadas, well known for its unique, homogeneous
record of observations since April 1903, lies 3
meters above mean sea level and only a few
hundred meters from Scotia Bay, which opens
toward the southeast. The air temperature record
at Orcadas is considered well representative of

Scotia Bay itself. The correlation between annual
ice cover duration (average of 180 days, a=67 days)
and annual temperature (average of —4.4°C, o-
1.1') amounts to r=0.80, after elimination of a
slight secular trend in both series. A similarly high
correlation exists for the much shorter annual
temperature series at the Soviet station Mirnyy
(66°33'S. 93°01'E.) and the duration of fast ice on
the Mirnyy anchorage. It appears reasonable to
assume that the same holds true for other places
along the coasts of Antarctica.

Since continuous records of ice observations in
the high southern latitudes are not available for
any place but Orcadas prior to the International
Geophysical Year (1957-1958), it is interesting to
examine what area around Orcadas has an ana-
logous variation of annual temperatures and, pre-
sumably, a similar variation of ice regime severity.
The results shown in the figure are: (a) a close
relationship between Orcadas and the northern
part of the Antarctic Peninsula and adjacent
islands; (b) practically no relationship of the annual
temperature regime of the southeastern part of the
Weddell Sea to that of Orcadas; (c) a significant
negative correlation between Orcadas and the
Queen Maud Land coast, only 40° of longitude

Correlation of annual
temperatures at Orcadas
(circled large dot) with
other stations (88 means
r=0.88); a black circle de-
notes a station for which
the correlation is signifi-
cant at the 1 percent level
or better, an open circle
indicates no significant
relationship, small num-
bers under heavy ones
give the number of years

analyzed.
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to the east and 100 of latitude farther to the south.
This latter finding probably can be linked to the
prevailing wave pattern of atmospheric circulation
and to the related position of the circumpolar dis-
continuity between polar easterlies and subpolar
westerlies.

The figure suggests that the area in which an-
nual temperature varies in the same rhythm is
relatively small. This agrees with the results of an
analysis of all temperature records available since
1957, which unfortunately do not include any
coastal station between 170°E. and 70°W. Within
this period, only 1960 shows all 16 stations south
of 65° with below normal temperatures; in that
year the temperature at Orcadas was above normal,
and the duration of ice in Scotia Bay was only 75
days.

This research was supported by National Science
Foundation grant GV-28810. Thomas R. Karl made
most of the computations.

Numerical calculation of
ice deformation

are of major importance. Although the programs
are functional, we are making improvements neces-
sary for effective application to practical problems.
Both programs are being made as system-indepen-
dent as possible so that other glaciologists can
use them on other computers with only minimal
modifications. We are not attempting to develop
a general program for fully three-dimensional
flow, because the application of such a program
to practical problems would require unreasonably
large amounts of computer space and time.

The programs have not yet been applied to prob-
lems of specific interest in Antarctica, but once
completed they can be used for detailed analysis
of a variety of problems. Some examples are de-
formation at the margins of an ice sheet, at the
grounding line between grounded ice sheet and
floating ice shelf, or at a transition from slip to
no-slip basal boundary conditions. The programs
will make possible detailed and accurate calcula-
tion of effects from longitudinally or laterally
varying bed topography. Calculation of deforma-
tion in ice shelves lying within complicated embay-
ments represents another attractive potential
application.

This research was supported by National Science
Foundation grant Opp 74-19075.

C. F. RAYMOND
Geophysics Program

University of Washington
Seattle, Washington 98195

Analysis of permafrost cores
from antarctic dry valleys

Computer programs are being developed for
numerical calculation of deformation within gla-
ciers and ice sheets. The finite element method
is being used; this method has the advantage that
a single program can handle problems involving
complex boundary shapes, various assumptions
concerning the form of the flow law, and spatial
distribution of flow law parameters such as tem-
perature. Also, such a program can be used by
people who are not familiar with the details of
numerical solution of partial differential equa-
tions.S.

Programs for two simplified types of flow
geometry are being developed. One is applicable
when the flow is basically rectilinear, as would be
the case when longitudinal gradients of velocity
and stress are negligible. This program is now
operational and includes efficient routines for
convenient input and graphical display of results.
The second is applicable when the flow is planar
and longitudinal gradients of velocity and stress
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A. LINCOLN WASHBURN
Quaternary Research Center

University of Washington
Seattle, Washington 98195

Multidisciplinary laboratory investigations of dry
valley permafrost cores are being carried out at the
Quaternary Research Center to help determine
depositional environments and glacial history
represented by the recovered sediments. The cores
were collected during the Dry Valley Drilling
Project. Primary emphasis has been placed on
studying the long cores from lower Taylor Valley,
where terrestrial and marine sediments appear
interstratified. Principal studies concern micro-
paleontology, oxygen isotope analysis, sedimen -
tology, and stratigraphy.

Hole 3, Ross Island (micropaleontology). H. Y. Ling
examined 19 samples. Radiolarians were observed
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only at depths of 249 to 279 and 339 to 350 meters.
The occurrence of rare (Eocene) (?) Radiolaria in
a sample at a depth of 198.42 meters can be inter-
preted only as due to reworking or contamination.

Holes 4 and 4A, Lake Vanda (micropaleontology).
H. Y. Ling examined 13 samples at various depths
from 70.25 meters to approximate core bottom.
The examination failed to show Radiolaria or sili-
coil agellates.

Hole 8, New Harbor (micropaleontology). H. Y. Ling
examined 24 samples. Radiolaria were noted at a
depth of about 24 meters in unit 1 (medium to
coarse sand and gravel) and between 54 and 132
meters in unit 2 (diamicton). The number of speci-
mens so far recovered is too low to permit posi-
tive age identification of the sediments. A few
Eocene and Miocene forms were observed, but are
believed to be reworked from the surrounding
source area.

Silicoflagellates were recovered, but only from a
depth of about 24 meters in the uppermost part
of unit 1.

Hole 8, New Harbor (oxygen isotopes). M. Stuiver
and I. C. Yang performed these studies. The
6 oxygen-18 ratios of the permafrost waters vary
between 0 and —25 per mill with regard to SMOW
(standard mean ocean water). The isotope ratios
of the water in the upper 54 meters are close to
values found for undiluted ocean waters (about 0
per mill). Evidently the sediments of this interval
were deposited under fully marine conditions. Be-
tween depths of 54 and 85 meters, slightly less
saline conditions are indicated, with freshwater
dilution of about 15 percent. The diamicton be-
tween 55 and 82 meters was deposited in this type
of lower salinity marine environment.

Between depths of 85 and 130 meters, the iso-
tope ratios start approaching freshwater values,
but mixing with some marine waters is probable,
since present day 6 oxygen-18 values of Ross Ice
Shelf ice and Lake Vanda water are still lower. Per-
haps this episode occurred when the Ross Ice Shelf
was fully grounded, leading to reduced access of
seawater to the New Harbor area.

For the lower portion of this core (130 to 155
meters) a low salinity environment (about 30 per-
cent freshwater dilution) is indicated by the oxygen
isotope ratios).

Hole 8, New Harbor (sedimentology and strati graphy).
S. C. Porter and J . Beget are making investiga-
tions directed mainly toward determining the
origin of the diamicton units that comprise a sub-
stantial portion of the middle and lower part of the
core. Although the diamictons are till-like in
character, several very likely are of glacial-marine
origin. Lithology of the sand fraction is being
used to distinguish between sediments derived
largely from Taylor Valley and those sediments
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having a source to the east in McMurdo Sound.
Preliminary results indicate fluctuations of mineral
and rock components consistent with changes in
provenance between a Taylor Valley source and a
Ross Sea source. Microfabric analyses are being
made of the diamicton units to determine fabric
strength, the assumption being that basal tills
deposited by grounded ice are likely to display
moderate to strong fabrics whereas glacial-marine
drift is not likely to have a fabric. Fabrics are
weak or absent in most diamicton units. But they
are well developed between about 114 and 123
meters, suggesting grounded ice. Scanning electron
microscope studies of surface textures and sand
grains from the core are being used as a further
aid in distinguishing grains from glacial, nongla-
cial, and mixed environments.

Hole 9, New Harbor (micropaleontology). H. Y. Ling
examined three samples from depths of about 13,
21, and 29 meters. These examinations failed to
show Radiolaria or silicoflagellates.

This research was supported by National Science
Foundation grant Opp 75-23075.

Deposition and metamorphism
of the Polarstar Formation

(Permian), Ellsworth Mountains

JAMES W. CASTLE* and CAMPBELL CRADDOCK
Department of Geology and Geophysics

University of Wisconsin, Madison
Madison, Wisconsin 53706

The Permian Polarstar Formation is the upper-
most unit in a 13,000-meter sequence of carbonate
rocks, conglomerates, sandstones, siltstones, shales,
and argillites exposed in the Sentinel Range of the
Ellsworth Mountains (Craddock, 1969). The strata
range in age from upper Precambrian (?) to Per-
mian; no definite unconformities are known. The
1,700-meter-thick Polarstar Formation is mainly
siltstone to fine-grained sandstone interbedded
with shale and silty argillite. The lower 150 meters
consists of black, fissile shale to slate, and the upper
400 meters contains plant fossil beds and thin coal
seams. Several thin, light-gray to light-yellow, soft
clay beds are present in the upper half of the for-

* present address: Department of Geology, University of liii-
nois, Urbana-Champaign, Champaign, Illinois 61801.
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mation. Both broad, open folds and very tight folds
with steeply dipping limbs are common in outcrops;
vertical strata and overturned folds also occur
locally.

Ripple marks are fairly common on bedding sur-
faces of siltstone and fine-grained sandstone, and
crossbedding is common in sandstone. Straight,
irregular, cross-, lenticular, disturbed, and graded
lamination types are present (figure 1). Silt and
sand load balls and casts occur in argillite, and
also flat, silty argillite pebbles in sandstone. Pri-

¶
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Figure 1. Cross-laminated siltstone with silty argillite lami-
nation near top. Northwest spur of Polarstar Peak, lower to

middle Polarstar Formation.

Figure 2. Photomicrograph of sandstone, showing quartz
and feldspar (clear grains), volcanic rock fragments (dusty
grains and dark grain in center), and phyllosilicate matrix.

Mount Ulmer, lower Polarstar Formation.

mary slump structures up to 50 centimeters high
are present in interbedded sandstone and silty
argillite. Siltstones and sandstones are moderately
well-sorted with subrounded to subangular grains
predominant. The most common constituents of
the sandstones are monocrystalline quartz, plagio-
clase, and felsic volcanic rock fragments (figures
2 and 3). Minor constituents include polycrystalline
quartz, potassium feldspar, muscovite, biotite,
mafic volcanic rock fragments, devitrified volcanic
glass, metamorphic rock fragments, carbonaceous
material, phyllosilicate matrix, and carbonate
cement. Trace amounts of tourmaline, zircon,
apatite, and sphene are present. X-ray dif-
fractometry of selected specimens indicates that
illite is the dominant clay mineral, with minor
chlorite and vermiculite present. Organic residues,
determined by F. M. Swain at the University of
Minnesota, Minneapolis, include furfural, 5-
hydroxymethylfurfural, quinonoid Compounds,
pyridines, and possible dienes. Results of chemical
analyses of coal specimens have been given by
Schoph and Long (1966). Plant fossils, first re-
ported by Craddock et al. (1965) and identified by
Rigby and Schopf (1969), include several species
of Glossopteris and Gangamopteris. Probable trace
fossils on bedding surfaces of siltstones and argil-
lites include small, crisscrossing tubes 1.5 to 2.0
millimeters in diameter and 1 to 9 centimeters long
(figure 4) and arcuate trails 1 to 2 centimeters wide
and up to 50 centimeters long. The trace fossils
probably represent shallow-water organisms.

Figure 3. Composition diagram of Polarstar Formation sand-f
stones. Classification after Dott (1964). F: feldspar. L: mica
and rock fragments. 0: monocrystalline quartz, polycrystal-
line quartz, and chalcedony. Closed circle: specimen from
east ridge of Polarstar Peak, upper Polarstar Formation.
Closed triangle: Mount Weems, middle Polarstar Formation.
Open circle: Mount Ulmer, lower Polarstar Formation. Open

triangle: other location.
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Composition and texture of specimens from the
Polarstar Formation indicate sediment derivation
from a rather rapidly eroding source area domi-
nated by silicic volcanic and plutonic igneous rocks
and granite gneisses. The source area also included
mafic volcanic rocks, mica schists, minor sedimen-
tary rocks, and possibly granitic pegmatites. The
vertical sequence of texture and primary structures
suggests deposition in a prograding delta. Coal
seams, shallow-water trace fossils, and organic resi-
due composittoll are consistent with deltaic deposi-
tion. Coal rank, types of cement and matrix, and
alternation of mineral constituents indicate that the
sediments were subjected to low-grade burial meta-
morphism, perhaps as high as the laumontite
facies. The sedimentary rock sequence exposed in
the Ellsworth Mountains may represent shallow-
water deposition along a continental margin. If
the sediments were deposited along the margin of
the east antarctic shield, the Ellsworth Mountains
migrated away from East Antarctica sometime after
the Permian Period.

This research was supported by National Science
Foundation grant (;V-26529.
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near base of Polarstar Formation.
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Petrologic studies of the Dufek
intrusion, Pensacola Mountains:

iron-titanium oxides

C. R. Htr1MI.1,11t:RG
Department of Geology
Univeuity of Missouri

Columbia, Missouri 65201

A. B. FORD
Alaskan Geology Branch
U.S. (;(ologicIl Survey

Menlo Park, California 94025

The Dufek intrusion is a differentiated, strati-
form mafic body of inìmense size. Its major features
are described in Ford and Boyd (1968), Ford
(1970), and Ford (in press). The body is estimated
to be 8 to 9 kilometcrs thick, of which about 1.8
kilometers of the lower part make UI) the Dufek
Massif section and about 1.7 kilometers of the
upper part make up the Forrestal Range section
(figure 1). The basal part of the body and a 2 to 3
kilometers thick interval between these two sections
are not exposed.

Texture, structure, and chemical variation re-
lated to magmatic stratigraphy indicate that most
rocks developed by crystal accumulation, at times
under the influence of current activity, on the floor
of a magma chamber. The rocks are generally well
layere(l owing to the highly variable proportions of
the settled phases, liiefly plagioclase, two pyro-
xenes, and opaque oxides (figure 1). The domi-
nant rock type of the Dufek Massif section is
plagioclase-2 pyroxenc cumulate, and that of the
Forrestal Range section is plagioclase-2 pyroxene-
opaque oxide cumulate. In some generally thin
(1 to 3 meters thick) layers, rocks consist of es-
sentially single cumultts phases, as in plagioclase
cumulate, in pyroxciie cumulate, or in opaque
oxide cumulate.

Compositions of bulk rocks show a pronounced
chemical trend of iron enrichment stratigraphically
ascending in the layered sequence (Ford, 1970).
Bulk compositions of rocks formed by crystal
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settling, however, cannot be used directly to infer
compositions or other characteristics of the magma
from which they crystallized. We therefore have
undertaken a detailed study of the chemistry and
mineralogy of individual phases in order to better
understand the conditions of differentiation in this
igneous complex. Results of a survey of the pyro-
xenes are in Himmelberg and Ford (1973) and in
Himmelberg and Ford (in press). Here we describe
preliminary results for opaque oxides; this work,
which is in progress, will further elucidate the in-
trusion's crystallization and cooling history.

Cumulus pyroxenes belong to two series—one
rich in calcium and the other poor in calcium—
that coexist through most of the exposed rock
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of fractional crystallization. Differences might also
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these bodies.
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Figure 1. Generalized com-
posite columnar section of
the Dufek intrusion, show-
ing sample locations and
stratigraphic distribution
of minerals. Cumulus min-
erals shown by solid line;
postcumulus minerals and,
in granophyre, noncumu-
lus minerals shown by
broken lines. Pig denotes
the lowest occurrence of
cumulus inverted pigeonite.
Plagioclase content was
determined by optical
methods. P1, plagioclase;
Kf, potassium feldspar; Qz,
quartz; 01, olivine; Ca px,
Ca-poor pyroxene; Ca px,
Ca-rich pyroxene; Ox,
opaque oxides; AP, Apa-
tite. (From Himmelberg

and Ford, in press.)
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Iron-titanium oxides first occur as a cumulus
phase in the upper part of the Dufek Massif
section (figure 1), and they continue in much
greater amounts upward through the cumulates
of the Forrestal Range section. They are also ubi-
quitous though minor constituents of the capping
layer of granophyre. All oxide-bearing samples
studied contain a titaniferous magnetite (spinel
phase) and a ferrian ilmenite (rhombohedral
phase), using the terminology of Buddington et al.
(1963, page 140). The two phases most commonly
occur together as composite grains in which the
amount of titaniferous magnetite exceeds that of
ferrian ilmenite. The composite grains may con-
ceivably represent extreme unmixing of an original
homogeneous titaniferous magnetite, in keeping
with a study of iron-titanium oxides of the Skaer-
gaard intrusion (Vincent and Phillips, 1954) and
with textural studies in Buddington and Lindsley
(1964). The spinel phase shows abundant lamellae
of ilmenite, but exsolution features were not ob-
served in the rhombohedral phase. Ferrian ilmenite
also occurs as independent grains among the sili-
cate minerals, probably as a cumulus phase similar
to the coarse ilmenite grains in the Bushveld intru-
sion (Molyneux, 1970) and to the ilmenite in the
Skaergaard intrusion (Vincent and Phillips, 1954).

The host titaniferous magnetites and coexisting
ferrian ilmenites were analyzed with an ARL EMS-SM
electron microprobe to determine the temperature
and oxygen fugacity of the subsolidus recrystalliza-
tion. Eighteen samples were analyzed using a beam
size of approximately 1 micron on five points per
grain on two grains of each phase. Natural rhom-
bohedral and spinel phases of known composition
were used as standards. Corrections were made
for background, for mass absorption, for secondary
fluorescence, and for atomic number. Values for
weight percent Fe 20 3 , for molecular percent ulvo-
spinel in magnetite, and for molecular percent
R203 in ilmenite were computed according to
Carmichael (1967).

Analyses of the oxide phases in terms of the mole-
cular percent of the ulvospinel in the magnetite and
the molecular percent of R203 in the ilmenite
are plotted in figure 2. The spinel host phases show
a range in ulvospinel content from 5 to 76 mole-
cular percent, and the associated rhombohedral
phases show a range in R203 content from <1 to 6
molecular percent. This pattern is consistent with
the known phase equilibria between coexisting
spinel and rho mbo lied ral phases (Buddington and
Lindsley, 1964).

Temperature and oxygen fugacity values of 'sub-
solidus equilibration were estimated kr adjacent
titanilerous magnetite and ferrian ilnienite using
the curves of Buddington and Lindslcy (1964).
Inferred temperatures range from approximately

590° to 790° C, and oxygen fugacities range from
10203 to 10-14.8.

This research was supported by National Science
Foundation grant AG-238. The electron micro-
probe used for this study was purchased by the
University of Missouri, with assistance from Na-
tional Science Foundation grant GA-18445.
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Quantitative paleolimnology
and other studies in the central

Transantarctic Mountains

PAUL TASCH
Department of Geology

Wichita State University
Wichita, Kansas 67208

tak (Tasch, in preparation, a; Tasch, 1975). Storm
Peak data provide an uncommon glimpse of lake
succession across a time lapse at the same site, as
well as a seasonal history of each lake.

Differences between fossil and modern lacustrine
ecosystems (Devonian to Recent) and their signifi-
cance were recently reviewed (Tasch, 1975). A
study of various spoor has been completed (Tasch,
in preparation, b).

Three crustacean brachiopods occur: Cyzicus,
Paleolimnadia, and Cornia. Unexpected was the
number of distinct species of the first two genera,
which is evidence of gene pool fractionation. The
appearance of Cornia was previously unreported
from the Jurassic outside the Russian rock column.
Russian affinities of antarctic insects have been
noted elsewhere (Tasch, 1970).

This research was supported by National Science
Foundation grant Opp 73-05831.
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Lower and upper basalt flow interbeds (Storm
Peak) were studied for paleosalinity by geochemi-
cal partition of B/Ga and B/V, and by the sedimin-
tary phosphate method. Biotic evidence was used
as a further check. All paleosalinities represent
much higher than actual values due to concentra-
tion in sediments.

In the lower flow interbed, salinity increased by
4 parts per thousand and then fluctuated ±1.0 part
per thousand. The total range was 27 to 31 parts
per thousand. The upper flow interbed presented
a steady-state paleosalinity (3.1 parts per thousand)
for most of the time, with decreasing paleosalinity
(to 21 parts per thousand) in the uppermost bed
(Tasch and Gafford, in preparation: part 1, figures
2 and 3; table 1).

At Blizzard Heights, the total year value of the
fossiliferous interbed, determined chiefly by con-
chostracan geochronology, was 306 ±20 years
(Tasch and Gafford, in preparation: part 2, table
2). These data afford the first year-value determi-
nation, and probably constitute a first record, of
the Jurassic interbeds of the central Transantarctic
Mountains. Because of the unique opportunity
these data presented, an electron microprobe
analysis was carried out on the basalt flows directly
above and below the fossiliferous interbed (Tasch
and Gafford, in preparation: part 2, table 3). These
two sets of data may permit specialists to evaluate
changes in Jurassic magmatic events over a meas-
ured time interval.

Persistence of and variation in biotic spectra
through time has been deciphered in samples from
Storm Peak, Blizzard Heights, and Mauger Nuna-
244

Tasch, P. 1970. Antarctic and other Gondwana conchostra-
cans and insects: new data: significance for drift theory. Coun-
cil for Scientific and Industrial Research. Second Gondwana
Symposium, Pretoria, South Africa, 1970. Proceedings, 581-
692.

Tasch, P. In preparation, a. Biostratigraphy, biota and eco-
systems of the central Transantarctic Mountains nonmarine
deposits.

Tasch, P. 1975. Changing antarctic freshwater ecosystems
(Devonian-Recent), continental drift, and evolution. Geologi-
cal Society of America, South Central Section, Ninth Annual
Meeting, Austin, Texas. Abstracts with programs, 239-240.

Tasch, P. In preparation, b. Jurassic nonmarine spoor (Trans-
antarctic Mountains) and the food web.

Tasch, P., and E. L. Gafford. In preparation. Paleolimnologi-
cal and other studies of the conchostracan bearing beds of
the central Transantarctic Mountains. Part 1: paleosalinity.
Part 2: geochronology.

Swanson Group, Ford Ranges,
Marie Byrd Land

F. ALTON WADE
Antarctic Research Center

The Museum
Texas Tech University
Lubbock, Texas 79409

As a part of the investigation of the geology of
Marie Byrd Land, we have completed detailed
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studies of all available rock specimens from the
Swanson Group, Ford Ranges. The resulting data
have been combined with field observations made
by Wade in 1934 and 1966, and by L. A. Warner
(1945) and C. F. Passe! (1945) in 1940.

The Swanson Group is a sequence primarily of
metasediments that crop out only in the central and
southern Ford Ranges. This group has an esti-
mated thickness of 4,300 meters (Warner, 1945).
Based on a single radiometric age of a phyllite and
of acritarch assemblages, the age of this group has
been tentatively set at late Precambrian to early
Paleozoic (Lopatin and Orlenko, 1972; Iltchenko,
1972.)

The Swanson Group is composed of metagray-
wackes, slates, and phyllites. One bed of ash fall
tuff, two spillites, and two impure limestone-marble
beds have been identified. The metagraywackes
comprise well over 75 percent of the total thick-
ness. The graywackes are greatly silicic, being com-
posed in general of quartz, feldspars, and rare
lithic clasts in a matrix of quartz, muscovite, and
chlorite. Based on rock types and relict primary
structures, a eugeosynclinal environment of depo-
sition is indicated. The sediments apparently were
derived from a complex of highly silicic intrusives
and possibly granite gneisses.

During what is termed the Ford orogeny, the
sedimentary pile was intensely folded along axes
that trend on the average west-northwest to east-
southeast. Accompanying regional metamorphism
was not intense. Most of the rocks are representa-
tive of the greenschist facies. Locally, low-grade
amphibolite fades was attained. Intrusion of
granodiorite plutons during this orogeny occurred
about 350 million years before present (Wade,
1972). A second orogeny, the Byrd, which is
correlated in time with the Cretaceous Andean
orogeny farther to the east, resulted in a minimum
of deformation of the Swanson Group. However,
great volumes of granite were intruded at this time.
Low-grade thermal metamorphism of the meta-
sediments occurred. Near contacts there was
hydrothermal alteration.

This work is reported in detail in a master's thesis
by Dona R. Long, and will be summarized in a
comprehensive report on the geology of western
Marie Byrd Land being prepared by C. A. Cathey,
D. R. Long, and me. This research is supported by
National Science Foundation OPP 70-02964.
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Geologic studies of Precambrian
basement around Molodezhnaya

Station, Enderby Land

EDWARD S. GREW
Department of Geology and Geophysics
Geophysical and Polar Research Center

University of Wisconsin, Madison
Madison, Wisconsin 53706

Detailed geologic mapping of Precambrian base-
ment exposed around Molodezhnaya Station
(67°40'S. 45°50'E.) was done in 1973 while I was
the U.S. exchange scientist with the 18th Soviet
Antarctic Expedition (SAE). About 20 square kilo-
meters of coastal exposures was examined, most of
which is in the Thala Hills (figure 1). Previous work
in the area includes geologic and geochronologic
studies by Soviet scientists (Klimov, 1965a and b;
Kamenev, 1972) and by earlier U.S. exchange
scientists with the SAE—E. E. MacNamara (Myers
and MacNamara, 1970) and LeRoy Scharon (Scha-
ron et al., 1970). The geology of this part of East
Antarctica is described also by Kamenev et al.
(1965), by Trail and McLeod (1969), and by Ravich
and Kamenev (1972).

The basement consists primarily of well-layered,
in part migmatitic, pyroxene, hornblende-biotite,
garnet-biotite, and garnet-pyroxene gneisses, and
also of charnockitic, enderbitic, and quartz mon-
zodioritic to quartz dioritic gneisses of probable
plutonic origin (figure 1). Ultramafic rock, calc-
silicate rock, and quartzite form lenses as much as
20 meters thick in the well-layered gneisses. The
migmatitic gneisses consist of layers of quartzo-
feldspathic gneiss as thick as 15 meters that alter-
nate with the well-layered gneisses. Soviet authors
refer to such migmatites as coarsely layered mig-
matites. The gneiss of probable plutonic origin
(shadow granites of Soviet authors) crop out in
three bodies, two of which are located in the Thala
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granite and pegmatite 5 meters or more across are shown.

Hills (figure 1): charnockitic gneiss and quartz
monzodioritic to quartz clioritic gneiss. These
gneisses are commonly well-lincated and lack coin-
positional layering, although schlieren are locally
abundant. Field relations imply that these gneisses
were intruded into the well-layered gneisses prior
to the deformation and metamorphism.

The gneisses have mineral assemblages charac-
teristic of the granulite facies. Cordierite and
sillimanite occur locally in the garnet-biotite gneiss.

The compositional layering of the well-layered
gneisses and the contacts of the plutonic gneisses
have been deformed into gentle east-southeast-
plunging folds (figure 2). Statistical orientation
analysis of the foliations and lineations in the
gneisses shows that the axes of the major folds
plunge 12° to S. 7 l°E. (figures 3a and b). The major
folds, lineations, and foliations, except for some
compositional layering of possible premetamorphic
origin and those associated with later faults, appear
to be the result of one period of delbrmation,
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—4BOUDIN LINE	 ,FA AXIS OF MINOR FOLD

which was contemporaneous with the granulite
facies metamorphism.

The gneisses are cut by discordant veins and
masses of granite and pegmatite as wide as 30
meters. The emplacement of these rocks, which
followed the hlding, was accompanied by faulting,
local mylonitization, and local retrograde meta-
morphism of the gneisses under conditions of the
amphibolite facies. The mylonite zones (recyrstal-
lized to blastomylonite) and faults appear to consti-
tute a set of steeply clipping shear fractures, for
which the principal greatest stress axis plunges 30°
to the south, whereas the least principal stress axis
is horizontal and strikes east (figure 3c).

A third, low-grade metamorphic event, during
which muscovite, chlorite, and calcite formed, af-
fected the entire area following emplacement of
the granite and pegmatite.

Total rock rubidium-strontium analyses of the
charnockitic gneiss and of the quartzo-feldspathic
component of the migmatites were made by Martin
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Figure 3. A: stereographic
net diagram of poles to
foliation for Thala Hills (233
measurements). Contours
are 0.5, 3, 6, 9, 12, and 15
percent area. 13( = 7r) axis
plunges 100 to S. 71 0E. B:
stereographic net diagram
of lineations for Thala Hills
(153 measurements). Con-
tours are 1, 5, 15, 25, and

()c
35 percent area. L,
the lineation maximum,	 B

plunges 14° to S. 71°E. C:
stereographic net projection of poles to faults and mylonite zones. Triangles indicate left-handed movement sense (19
measurements). p—rough average of poles to faults and mylonite zones, one for each movement sense. o, 0 21 cr31 in-
ferred directions of principal stresses. The angle between the two averaged poles is 65°, that between O 3 and 8( = 7T) is21°, and between O3 and L it is 23°. Dashed lines represent projections of planes perpendicular to the principal stresses.

Halpern (University of Texas, Dallas). Calculated
ages (y = 1.47 x 10 11 per year) on seven samples
of quartzo-felds path ic gneiss range between about
700 and 2,275 million years, assuming an initial
strontium-87/strontium-86 ratio of 0.705. Nine of
eleven samples of the charnockitic gneiss gave an
isochron with a slope of 987 ± 60 million years and
an initial ratio of 0.719 ±0.0015 (95-percent con-
fidence level).

I am making a petrologic study with the electron
microprobe of gneisses having the mineral assem-
blages quartz-plagioclase-K feldspar-biotite-ortho-
pyroxene±garnet and quartz-plagioclase-K feld-
spa r-biotite-garnet ± sillimanite± cord ierite. W. I.
Manton, University of Texas, Dallas, is making a
uranium-thorium-lead isotope study of allanite and
monazite from pegmatite.

I thank P. K. Senko, chief of the 18th SAE, and
other members of the expedition at Molodezhnaya
for their logistics support, their cooperation, and
their generous assistance for my field work. The
research was supported by National Science Foun -
dation grant opp 72-05797.
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Geology and petrography of
DVDP hole 1, Hut Point Peninsula,

Ross Island

SAMUEL B. TREVES and M. Z. ALL

Department of Geology
University of Nebraska

Lincoln, Nebraska 68508

Dry Valley Drilling Project (DvDP) hole 1 was
drilled during the 1972-1973 austral summer on
the south flank of Twin Crater, an extinct volcano
near McMurdo Station, Ross Island (Treves and
Kyle, 1973). Core recovered from the hole totaled
196.54 meters. The rocks penetrated consisted of
40 lava flows, nine pyroclastic units, and one dike.
The flows are rather thin and most are oxidized.
They exhibit phenocrystic kaersutite, augite, and
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Modal analyses of flow units, DVDP hole 1,
Hut Point Peninsula, Ross Island
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olivine, and range from basalt to andesite. The
pyroclastic units range from tuff to lapilli tuff to
blocky breccia; two units show conglomeratic
phases. The dike is andesitic. The table summarizes
our petrographic results to date and indicates the
modal mineralogy and nomenclature of the flow
units and the dike (unit 28). Briefly, the basalts
contain modal labradorite, andesites contain modal
andesine, and trachytic andesites exhibit trachytic
texture and contain modal oligoclase or andesine.

Triangular plots of plagioclase-pyroxene-amphi-
bole and plagioclase-pyroxene-olivine suggest that
all of the flows are differentiates of common
magma type. The earliest differentiate is a py-
roxene-olivine basalt; the last is trachytic, kaersu-
tite andesite. These petrographic and mineralogic
data are compatible with field data (Treves, 1967)
and chemical data (Goldich et al., in press).

In the field, the units of hole 1 were assigned
to five eruptive sequences and correlated with the
rocks of DVDP hole 2 (Treves and Kyle, 1973). Sub-
sequently, DVDP hole 3 was drilled (1973-1974
field season) (Kyle and Treves, 1974), and addi-
tional laboratory work was done on the rocks of
holes 1, 2, and 3, and on the rocks of the surface
exposures of Hut Point Peninsula (Kyle and
Treves, 1974). These data indicate that the tenta-
tive correlation of Treves and Kyle (1973) needs
revision. A revision based on the data presented
here, on some chemical data, and on some recent
radiometric dates was presented by Treves and
Ali (1974).

This research was supported by National Science
Foundation grant ot,,p 74-20304.
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A= Kaersutite basalt	B= Kacrsutjte andesite
C=Trachytic kaersutite	1)= Pyroxene basalt

andesite	 E= Pyroxene-olivine basalt
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Gravity variations at
the South Pole

L. B. SLIGHTER, PAUL RYDELEK, and M. JEFFERSON
Institute of Geophysics and Planetary Physics

University of Cal!fornia, Los Angeles
Los Angeles, California 90024

Our two LaCoste-Romberg gravimeters at the
South Pole were moved in December 1974 and
January 1975 from the old to the new Amundsen-
Scott South Pole stations. The move was ac-
complished by C. L. Hager, William Smythe, and
Walter ZQrn. Mr. Smythe wintered at the station
in 1975 to monitor the gravimeters in their modern
laboratory, and also to assist in U.S. Geological
Survey seismology studies. The gravimeters have
been broad-banded to also record surface waves
at digitization intervals of 10 seconds.

For long-period tides, values of the two geophy-
sical quantitites for 107 days of observations are
G(107)=1.153 ±0.008, with no omissions, or—
using 27 selected days of better data—G(27)= 1.153
±0.002 (G is the dimensionless gravity tide
amplitude factor). The phase lag is y(107)=0.019
±0.017 days (using all 107 days). Using 22 days
of superior data, y(17)=0.018 ±0.0 1 I. The result-
ing y(107) is probably sound, but the standard
deviation is nearly as large as the mean. For the
small run, y(l 7), the result is questionable because
of the small sample size. The lag will be reestimated
using general as well as selected data samples.

This research was supported by National Science
Foundation grant O pp 71-04023.

Further determinations of
antarctic Triassic tetrapods

EDWIN H. COLBERT
Museum of Northern Arizona

Northern Arizona Society of Science and Art, Inc
Flagstaff, Arizona 86001

The significance of Lower Triassic amphibians
and reptiles collected from the Fremouw Forma-
tion of the Transantarctic Mountains rests on their

relationships to tetrapods of the same age in other
parts of the world, especially those from the south -
ern continents that presumably constituted the
ancient supercontinent of Gondwanaland. In Col-
bert (1973) it was suggested that two species of the
dicynodont reptile, Lystrosaurw, were present i
Antarctica, and that these were identical with the
South African forms, Lystrosaurus murrayi an
Lystrosaurus curvatus. The conspecific relationship
of these early Triassic reptiles in Antarctic and
South Africa is now confirmed (Colbert, 1974), and
this confirmation of specific identities in the two
continents lends important weight to evidence that
during Triassic times the land masses were closely
connected. The presence of Lystrosaurus, a land..
living animal, in continents now distantly separated
indicates connections whereby these reptiles could
move freely between regions.

Although much emphasis has been placed or
Lystrosaurus because it is the definitive genus fort
the Lystrosaurus fauna as known in South Africa
in Antarctica, in peninsular India, and even in
southeastern Asia, other Lower Triassic tetrapods
have been found in Antarctica that also strengthen
the ties between Gondwanaland continents (parti-
cularly Antarctica and Africa). Several other rep-
tiles are of particular importance in this regard,
including Procolophon trigoniceps (a cotylosaur),
and Thrinaxodon liorhinus and Scaloposaurus cons/ric-
tus (advanced mammal-like reptiles known as
theriodonts). These three species have been posi-
tively identified in materials collected from the:
Fremouw Formation; the first has been published
(Colbert and Kitching, 1975), and the other two are
being studied and will be published in the near
future. Procolophon and Thrinaxodon are quite typi-
cal of the Lystrosaurus zone in South Africa; their
presence in the Fremouw Formation is thus impor-
tant in establishing the probable contiguity ofl
Antarctica and Africa during the Triassic. Both of
these small reptiles were fully terrestrial forms.

A characteristically African dicynodont reptile,
Kingoria, also has been identified among fossils
collected from the Fremouw Formation and is now
being studied. Finally, amphibians from the Fre-
mouw Formation have recently been described
(Colbert and Cosgriff, 1974). These have been
identified as new forms, closely related to but not
identical with South African forms. One of the am-
phibians, A ustrobrachyopsjenseni, is a brachyo pod or
short-faced labyrinthodont showing resemblances
to Batrachosuchus from the Lower Triassic of South
Africa. The other, Cryobatrachus kitchingi, is a small
labyrinthodont closely related to Lydekkerina, a very
common amphibian in the South African Lystrosau-
rus zone.
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Figure 1. Outline of the skull of Lystrosaurus curvatus from
Antarctica (heavy lines) superimposed over the outline of

Lystrosaurus curvatus from South Africa (light lines).

Figure 2. Skeletons of Procolophon trigoniceps from South
Africa (left) and from Antarctica (right).
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These amphibians, which are close to but not
identical with African forms, demonstrate that
there are certain differences between the Lystrosau-
rus fauna in its type area and its expression in
Antarctica. Such differences are explained by the
fact that Gondwana fauna had a range covering
many thousands of square kilometers. Also, these
differences do not invalidate the strong resem -
blances between Antarctica and South Africa, as
shown by specific identities of the reptiles men-
tioned above. Certain local variations would be
expected within a fauna that was as widely distri-
buted as the Lower Triassic tetrapod fauna of
Gondwanaland. Triassic tetrapods of the Fremouw
Formation thus emphasize the view that at the be-
ginning of Mesozoic time Gondwanaland truly was
a great supercontinent, within which active, land-
living vertebrates could move back and forth across
considerable distances.

This research was supported by National Science
Foundation grant GV-25431.
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Subantarctic islands in the
Indian Ocean

N. D. WATKINS
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

Begun in 1967, our systematic studies of diverse
geological aspects of islands in higher latitudes of
the southern Indian Ocean (figure) have been com-

pleted. The following major points have emerged:
Prince Edward/Marion Islands. A paleomagneti

survey of Marion Island has shown that the island
is confined to the Brunhes epoch (t=0.69 to 0 mi -
lion years), and was volcanically active during
period of unusually high geomagnetic secular
variation (Amerigian et at., 1975).

Crozet Group. East and Possession islands are both
confined to the Pleistocene and are a series of
oceanites, ankaramites, olivine basalts, and feld-
sparphyric basalts. On East Island, these disconfor-
mably overly a basement intrusive complex (Gunn
et at., 1970, 1972). The paleomagnetic data have
provided results that have been used to analyze
global geomagnetic field models (Watkins et at.,
1972a, 1972b).

Kerguelen Island. Several arguments have been
presented to the effect that Kerguelen Island repre-
sents a continental fragment that existed prior to
separation of Australasia and Antarctica. Watkins
et at. (1974) showed that the island does not exceed
Upper Oligocene to Lower Miocene in age, and
that no rocks of continental affinity are present
The paleomagnetic data show that the island ha
migrated southward by an amount consistent with
regional seafloor spreading requirements.

Amsterdam and Saint Paul islands. Chemical analy4
sis of samples from Amsterdam Island show that i
is intermediate in character between abyssal basal
and an alkalipe volcano (Gunn et al., 1971). Paleo
magnetic data from Amsterdam show that all lava
are young and are of normal polarity. In addition
unusual geomagnetic behavior has been recorded:
here, lavas were extruded when the magnetic pole
was briefly confined to tropical latitudes (Watkins
and Nougier, 1973). On Saint Paul, potassium-
argon and paleomagnetic results both show that
the island is young (Watkins et at., 1975), and
chemical analysis demonstrates that it is composed
of a distinctive high-alumina plagioclase tholeiite
(Gunn et at., 1975).

The research was supported by National Science
Foundation grant GV-32480. I acknowledge the
generous help of the administrator of the Tern-
toire des Terres Australes et Antarctique Fran-
çaises and the Department of Public Transport,
Republic of South Africa.
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Calcium carbonate dissolution
in the Weddell Sea

JOHN B. ANDERSON*
Antarctic Research Facility

Department of Geology
The Florida State University
Tallahassee, Florida 32306

Within the major ocean basins, the depth at
which calcium carbonate dissolution (CCD) exceeds
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supply occurs between 4,000 and 5,000 meters.
Kennett (1966), however, observed a very shallow
CCD of about 500 meters in the Ross Sea. His dis-
coery emphasized the importance of parameters
other than depth in determining the stability of
calcium carbonate on the sea floor.

A more recent investigation of foraminifera dis-
tribution in surface sediments of the Weddell Sea
(Anderson, in press a) revealed considerable varia-
tion in the depth of occurrence of predominantly
calcareous assemblages. These differences are be-
lieved to reflect variations in the degree of calcium
carbonate stability. Further, foraminifera distribu-
tion patterns show remarkable correlation to the
distribution of major water masses (Anderson, in
press b).

The formation and persistence of sea ice exerts
considerable influence on oceanographic and bio-
logical processes in the Weddell Sea; it is believed
to be the major controlling factor on the CCD level
in any glacial marine environment. Perennial sea-
ice cover in nearshore regions inhibits surface pro-
ductivity and results in the formation of cold,
saline shelf waters that may be undersaturated with
respect to calcium carbonate (Kennett, 1968). In
the southwestern portion of the Weddell Sea,
where perennial sea-ice cover exists, the present
CCD occurs between 250 and 500 meters. In con-
trast, the eastern portion of the Weddell Sea is
characterized by much less severe glacial marine
conditions due to summer melting and to the dis-
persal of sea ice by polar easterlies. Fresh shelf
waters that flow out across the eastern shelf
therefore have not been substantially altered by
surface freezing. In this region the CCD is believed
to occur between about 713 and 1,190 meters and
coincides with the hydrographic boundary between
fresh surface waters and warm deep water.

The production of saline shelf waters by surface

*Present address: Department of Geology, Rice University,
Houston, Texas 77001.
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freezing is an essential process in the formation
of Antarctic Bottom Water. This major bottom
water mass plays a critical role in the dissolution
of calcareous sediments wherever it flows (Berger,
1970). Along the southwestern slope of the Weddell
Sea, where bottom water formation takes place,
muds containing large concentrations of planktonic
formanifera tests predominate. These deposits
reflect such high rates of biological productivity
in nutrient-rich surface waters that the accumula-
tion of planktonic tests at depth exceeds dissolu-
tion of this material. These deposits are unique
to this region, and therefore indicate severe surface
freezing.

In the Weddell Sea, predominantly calcareous
foraminifera assemblages are generally associated
with coarse clastic deposits and rarely occur in
muds. Under intense glacial conditions clastic sedi-
mentation is reduced (Carey and Ahmad, 1961;
Anderson, 1972) in nearshore regions, causing pro-
longed exposure of calcium carbonate to adverse
bottom conditions. During less severe glacial epi-
sodes the burial of calcareous material in nearshore
areas occurs more rapidly with less dissolution
(Anderson, in press b).

Among factors controlling the distribution of cal-
careous foraminifera in the Weddell Sea (figure),
the existing glacial regime is most important. Other
parameters such as water mass properties, sedi-
mentation, and biological productivity are all in-
fluenced by the region's glacial regime. Water
depth, however, cannot be entirely discounted as
a factor in affecting calcium carbonate dissolution
in the Weddell Sea. Li et al. (1969) showed that
seawater becomes increasingly undersatu rated with
calcium carbonate at greater depths due to increas-
ing carbon dioxide concentrations from oxidation
of organic matter. The absence of calcareous fora -
minifera in modern abyssal deposits, excluding
those of the southwestern Weddell Sea, attests to
the presence of undersaturated deep waters.

This study was supported by National Science
Foundation grants GV-27549 and Gv-24650.
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Uranium in pore waters of two
southern ocean cores

J . F. DYSART and J . K. OSMOND
Antarchic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

A new method of extracting pore water from
deep sea cores using silica gel as a dehydrating
agent has been applied to two USNS Eltanin piston
cores from the southern ocean. The pore water
obtained, averaging 60 percent of the total sedi-
ment weight, has been analyzed from uranium iso-
topes to test the uraniurn-234 diffusion hypotheses
of Ku (1965).

Uranium concentrations in pore water from core
E50-1, a pelagic mud (F'rakes, 1973), are greater
(11.9 to 21.6  parts per billion) than those from
core E49-28, a siliceous ooze (1.0 to 6.8 parts per
billion). Uranium-234/uranium-238 activity ratios
for both of these cores average about 1 .3, but the
variation is greater for the siliceous ooze (1.04 to
1.58). Activity ratios for both cores appear to
diminish from near the core top to about 500 centi-
meters, but then the ratio climbs to much higher

values in the siliceous ooze while continuing to
decrease in the pelagic mud (figure).

A simple diffusion model is apparently not sup-
ported by these data since a value near the ac-
tivity ratio of 1. 15 for seawater would be expected
near the core top with slightly increasing values at
depth. Conversely, the high activity ratios meas-
ured by Immel (1974) in micromanganese nodules,
and hypothesized by him to be characteristic of
immobile uranium in pore water, are not observed.

More analyses of uranium in solids and leachates
from these two cores, as well as related studies of
other Eltanin cores, are in progress. This research
was partially supported by National Science Foun-
dation grant (;V-25786.
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Geochemistry and mineralogy of
DSDP core 270, Ross Sea

GUNTER FAURE and JANE L. BANNIGAN
Institute of Polar Studies
The Ohio State University
Columbus, Ohio 43210

Detrital noncarbonate sediment deposited in the
Ross Sea in late Tertiary to Recent time is a mix-
ture of two components having distinctive chemical..
compositions and distinctive strontium- 87/stron-
tium-86 ratios. The components are weathering
products and detrital particles derived from ig-
neous, sedimentary, and metamorphic rocks (Pre-
cambrian to Cretaceous) that underlie the drain-
age basin of the Ross Sea and detrital particles
of basic volcanic rocks (late Tertiary to Recent) of
the McMurdo Volcanic Province. Sediment derived
from old sialic rocks is characterized by a high
strontium- 87/stronti um- 86 ratio (about 0.730) and
a low strontium concentration (about 80 parts per
million), while the volcanogenic detritus has a low
strontium- 87/strontium-86 ratio (about 0.704) and
a high strontium concentration (about 570 parts
per million). Shaffer and Faure (in preparation)
used the regional variation of strontium-87/stron-
tium-86 ratios and strontium concentrations of the
fine-grained (less than 150 microns) noncarbonate
fractions of core-top sediment (Eltanin cruise 32)
to determine the lateral distribution of volcano-
genic detritus in the Ross Sea.

Work is in progress on sediment from core re-
covered at site 270 (leg 28) by the Deep Sea Drilling

Er
0.

E'I	 -

	

0__,	 C

.0	 0,_I

Unit 2
0

0" 0	 °Biooj	 'I- 0	 A0

Strontium, ppm	- -

Figure 1. Rubidium and strontium concentrations in the
<150-micron noncarbonate fractions, Deep Sea Drilling

Project (DSDP) site 270, Ross Sea.
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Project at 77°26.48'S. 178°30.19'W. The hole pen -
trated 412 meters of sediment described by P.
Barrett (personal communication). He identified
six units ranging in age from Recent to early Paleo-
zoic. Units 1 and 2, at the top of the section, consist
of silt and clay deposited from glacial ice. Unit 1
is about 20 meters thick and ranges from late Plio-
cene to Recent. The underlying unit 2 is 364 meters
thick and is primarily early Miocene in age. Units
1 and 2 are separated by an angular unconformity.

Rubidium and strontium concentrations in the
fine-grained (less than 150 microns), noncarbonate
fractions of sediment from unit 1 and from the
upper 30 meters of unit 2 are shown in figure 1.
Except for one sample taken at a depth of 10 centi-
meters subbottom, the unit 1 sediment has remark-
ably constant concentrations of rubidium and
strontium, as determined by X-ray fluorescence.
The averages are: rubidium, 125.2 ±3.1 parts pet
million; strontium, 125.2 ±7.8 parts per million.
The concentrations in unit 2 vary much more
widely and appear to be positively correlated.
Samples labeled A and B, from a sediment layer
about 50 centimeters thick at 46 meters subbottom,
have anomalously high strontium and low rubi-
dium concentrations and may contain volcanogenic
detritus. The positive correlation of rubidium and
strontium concentrations in unit 2 is contrary to
the normal geochemical behavior of these elements
and may be due to diagenetic alteration of the sedi-
ment.

The concentration of calcium carbonate is 6.5
percent for unit 1 and 4.3 percent for unit 2. Sedi-
ment at the base of unit 1 and at the top of unit 2
is slightly more calcareous (10 to 12 percent). A

ism

Figure 2. Relative mineral concentrations in weight percent
of the <150-micron noncarbonate fractions, Deep Sea Drill-

ing Project (DSDP) site 270, Ross Sea.
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carbonate-rich layer was found in unit 2 about 47
meters subbottom. It is slightly over 1 meter thick
and contains about 55 percent calcium carbonate.

Concentrations of quartz, feldspar, and clay
minerals (illite and kaolinite/chlorite) were de-
termined by X-ray diffraction using the method
of Cosgrove and Sulaiman (1973). Relative concen-
trations are plotted in figure 2. The fine-grained,
noncarbonate sediment of unit 1 is enriched in clay
and depleted in quartz compared to the samples
of unit 2. The relative abundances of feldspar are
about equal.

These results demonstrate appreciable dif-
ferences in rubidium and strontium concentra-
tions and in mineral compositions of units 1 and
2. These differences presumably reflect differences
in the provenance of the sediment and in the
manner in which it was transported and deposited
at this site. Analyses of strontium-87/strontium-86
ratios are in progress and may permit quantitative
interpretations in terms of a two-component mix-
ing model.

Samples for this study were obtained as part of
the Deep Sea Drilling Project. Phillip D. Boger
assisted with the analyses. This research was sup-
ported by National Science Foundation grant OPP
72-00459.
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Volcanic dust in subantarctic
deep-sea sediments

ton cores, extending from high latitudes of the
southwest to south-central Pacific (Huang et al.,
1975b). The results show very similary time pat-
terns in the accumulation of atmospherically trans-
ported rhyolitic volcanic dust across the region
during the past 2.5 million years. The probable
source region for the volcanic dust is the Balleny
Islands.

Simple comparisons of accumulation rate curves
show that the same series of volcanic eruptions
are undoubtedly recorded in the cores examined,
for the period of 2.4 to 0.3 million years ago
(figure). Seven separate periods of intensive vol-
canic activity, each containing up to eight possibly
distinct eruptive episodes, have been detected. The
most intense eruptions occurred between 1.8 and
1.6 million years ago. The associated volcanic ash
will be found in high-latitude marine sediments of
the entire South Pacific. We name this widespread
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Graduate School of Oceanography

University of' Rhode Island
Kingston, Rhode" Island 02881

Using USNS Eltanin piston cores, we have devel-
oped a method to separate and count fine volcanic
glass in deep-sea sediments (Huang et al., 1975a)
and have applied the technique to nine Eltanin pis-
September/October 1975

Accumulation rates of volcanic glass in Eltanin cores E27-4,
E27-3, E33-3, E33-16, El 7-10, and El 1-9 as a function of sedi-
ment age. Volcanic glass fraction is between 36 and 11 micro-
meters for each core. Accumulation rates are in milligrams
per 1,000 years per square centimeter (note the difference in
scales among the six cores). Cross marks indicate no ob-
served glass shards. Age of sediment in million years is at
left and right. Paleomagnetic polarities (black, normal; clear,
reversed). Note the disconformities (vertical broken lines) in
cores E27-4, E33-3, E17-10, E33-16, and E11-9. Distance of
each core from its suspected source (the Balleny Islands):
E27-4, 499 kilometers; E27-3, 592 kilometers; E33-3, 1,545
kilometers; E17-10, 2,689 kilometers; E33-16, 3,356 kilo-

meters; Ell-9, 3,718 kilometers.
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deposit the "Eltanin Ash." The average volcanic
dust production rate for the 88- to 11-micrometer
size fraction was of the order of 1.7 x 105 tons per
year over an area of 4 x 106 square kilometers for
a period of up to 2 x 105 years.

Beyond 500 kilometers from the source, the glass
accumulation rates decrease exponentially with in-
creasing distance in most instances. Deviations
from this generalization are suspected to be caused
by processes that include differential dispersal by
oceanic currents, bioturbation, bottom or turbidity
currents, and minor fluctuations of sedimentation
rates, but we have demonstrated minimal distortion
for selected eruptions.

We have estimated the paleoexplosivity of the
series of major eruptions using a model derived for
this purpose (Shaw et at., 1974). An energy equiva-
lent to 40 megatons of TNT is suggested for the
maximum explosivity of eruptions. This is about 40
times the energy of the suggested violence of the
1968 Arenal volcano eruption, but only 20 to 40
percent of the 1883 Krakatoa eruption.

This research was supported by National Science
Foundation grant DES 75-04877.
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Ice-rafted debris in Eltanin
deep-sea sedimentary cores

N. D. WATKINS, J . KEANY, M. LEDBETTER,
and T-C. HUANG

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

Previous studies of ice-rafted debris (IRD) in
deep-sea sediments have produced conflicting
258

interpretations: IRD maxima have been most com-
monly associated with glacial periods, but in some
cases are interpreted to represent interglacial
periods. A simple model has been proposed to
accommodate both interpretations, with the former
being the case for regions in lower latitudes, and
the latter occurring closer to the iceberg sources
(Watkins et at., 1974). Correlations between IRD
accumulation rate and inferred paleotemperature
thus would be expected to change with decreasing
latitude from strong positive to strong negative.

Initial testing of this model has been extended
using a series of nine USNS Eltanin cores from
the southeast Indian Ocean, between 590 and 45°S.
(Keany et at., in press). In this second phase of
study, the percent of Antarctissa strelkovi has been
used as the paleotemperature index, and the IRD
has been measured for the 62 to 250 microns frac-
tion, at 5- to lO-centimeter spacing in all cores. We
have shown that the proposed model (Watkins et
at., 1974) is essentially correct fbr the Brunhes
epoch in the highest and lowest latitudes, and that
in the intermediate regions the 1R1 accumulation
rate appears to be independent of paleotempera-
ture. The merit in using relationships between IRD
and temperature (rather than magnitudes of IRD)
is demonstrated by the presence of high IRD con-
centrations in low sedimentation rate cores, show-
ing that the IRD can be a residual coarse fraction
rather than an index of higher deposition rates
from icebergs. There appears, however, to be no
significant difference between net IRD accumula-
tion rates during the Brunhes and the Matuyama
epochs.

Departures from the predicted net correlations
between IRD and paleotemperature for the relative
latitudes during the Brunhes epoch suggest com-
plexities that could be due to such factors as anoma-
lous ice shelf development, ice surges, variations
of preferred iceberg tracks, periods during which
conditions are transitional between extreme glacial
and interglacial, or differential seafloor dynamic
processes. To assist in evaluating such possibili -
ties, the original model has now been developed
(Keany et at., in press) to include stages inter-
mediate between the extreme glacial and intergla-
cial conditions. The figure shows that apparently
complex between-core IRD variations Of an appar-
ently virtually uncorrelatable nature will result
across south-to-north traverses as climatic fronts
sweep between extreme climatic conditions. Only
in the highest and lowest latitudes will this dyna-
mic effect have minimal effect on measurable IRD/
paleotemperature correlation coefficients; in these
latitudes, therefore, other natural SOUrCeS of de-
partures from the predicted correlation coeffi-
cients can be studied. Attempts are being made to
isolate periods of departure from the predicted
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correlations between temperature and IRD at dif-
ferent latitudes for comparison with the require-
ments of the more complex model by computation
of down-core running correlation coefficients be-
tween the two variables.

This research is supported by National Science
Foundation grant o11' 75-19222.
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Upper: Extension by Keany et al. (in press) of the simple
model relating ice-rafted debris (IRD) accumulation rate to
latitude during glacial and interglacial periods (Watkins et al.,

1974) to include periods of transition (curves 2 to 6) between
extreme glacial (7) and interglacial periods (1). The curves
are spaces at arbitrary intervals and present the IRD distri-
bution at different times (1 to 7). Lower: Adaptation of the
seven curves in the upper figure into the IRD accumulation
rates that would occur at five separate latitudes (A to E),
assuming an oscillation of glacial (7) to interglacial (1) con-
ditions without any sustained glacial or interglacial periods
but rather with a simple reversal of climatic trend. Numbers
on the left correspond to those on curves in the upper figure.
The stippled area represents those periods in which a posi-
tive correlation can be expected between temperature and
IRD accumulation rate; the clear area represents those
periods when the correlation would be negative. Note the
increasing bifurcation of the IRD maxima in core A with
decreasing latitude, and the virtual impossibility of estab-
lishing simple correlations between each core. For further

discussion, see Keany et al. (in press).
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Sediment fabric variation caused
by fluctuation in Antarctic Bottom
Water velocity during the last 2.5

million years

T-C. HUANG and N. D. WATKINS
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

Studies ot USNS Eltanin piston cores and of sub-
antarctic Deep Sea Drilling Project cores have re-
vealed disconformities showing that significant
variations in Cenozoic deep-sea sedimentation have
been controlled by changes in the magnitude and
patterns of bottom water circulation (Watkins and
Kennett, 1971 and 1972; Kennett and Watkins,
1975; Kenneth et al., 1972, 1975). We are making
detailed sedimentological investigations of a series
of cores to delineate those long-term dynamic ef-
fects of bottom current variation, which we contend
must also be expressed by sediment fabric varia-
tions as well as discon form ities.

The stratigraphy of six selected cores (figure 1)
has been established through independent
methods involving paleomagnetic dating, radio-
larian zonation, and tephra distribution (Huang
et al., 1975). The observed hiatuses occur in the
Matuyama epoch sediments (figure 2). Average net
sedimentation rates during the Bruhnes are up to
four times that of the Matuyama. We have shown
that multiple sedimentary processes, including
pelagic settling, turbidity and bottom currents,
and bioturbation were responsible for the varia-
tion of the rates (Huang and Watkins, 1975). To
objectively discriminate the dominating processes
that caused the variation in sedimentation rates,
statistical analyses of selected textural and compo-
sitional parameters were made in the cores at 10-
centimeter intervals. The textural parameters used
include mean grain size, sorting, skewness, and
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Figure 1. Locations of core
studies. Possible bottom
water flow directions—
open arrows; Lower Matu-
yama ferro-manganese
nodule distribution—
dotted lines; present man-
ganese nodule distribution
—solid line. Modified from

Goodell (1973, plate 3).

Figure 2. Skewness varia-
tion in three Eltanin cores.
Note the larger skewness
fluctuation associated with
the hiatuses (given as data
gaps), and the general lack
of positive skewness (or
inferred sustained major
bottom current activity) in

the Brunhes epoch.

kurtosis, all as defined by Blatt et at. (1972). The
results show that the textural parameters of
Brunhes sediments are far less variable than those
of the Matuyama sediments. Fluctuations of skew-
ness (figure 2) are typical. A sharp positive skew-
ness corresponding to coarser mean particle size
and better sorting occurs within the 2.0- to 1.8-
million-year segment of the cores (figure 2). Ex-
treme high positive skewness is associated with
hiatuses. Both skewness peaks and hiatuses reflect
pulses in bottom current velocity. The concept
of a bottom current that winnows fine sediments

and changes the grain size distribution is well
established: Krumbein and Aberdeen (1937)
showed that as bottom water turbulence increases,
a given sample will experience a shift from fine to
coarse mean particle size, the sorting will shift from
poor to good, and the skewness will change from
negative to positive. Our data also show that as
current velocity increases to a critical point, it be-
gins to erode, probably removing positive skew
sediments (previously marking the current velocity
increase) so that a discontinuity from negative to
positive skew is created in association with the dis-
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nformity, with the upper positive skew reflecting
e decrease of velocity associated with the end of
e pulse. Other factors that affect the textural
trameters include compositional variation. We
[all discuss these in detail elsewhere and show
at bottom currents are the dominant control of
xtural variations.

The present distribution of stronger bottom
irrents coincides roughly to the location of the
resent Antarctic Convergence (Gordon, 1971),
hich is also associated with the present distri-
ution of manganese nodules (Goodell, 1973).
)ur inferred bottom current pulses suggest that
is region may have been 5° of latitude wider

uring the Lower Matuyama (figure 1).

This research was supported by National Science
Foundation grant DES 75-04877.
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Water mass-related morphologic
variation in the Globigerina

bulloides plexus in the Recent
southern Indian Ocean

BJORN MALMGREN and JAMES P. KENNETT

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

We are making biometric analyses of the plank-
tonic foraminifera Globigerina bulloides d'Orbigny-
G.falconensis Blow plexus in trigger core tops (Ella-
nin cruises 44, 45, 48, 49, and 50) from subantarc-
tic and southern subtropical areas of the southern
Indian Ocean (30° to 53°S.). The analyses include
the following: frequency, coiling direction, general
size, apertural size, and shape variation. We are
analyzing this group biometrically in an attempt to
understand the biogeography especially with re-
gard to water mass boundaries, to differentiate
phenotypically controlled from genetically con-
trolled variation, and to establish indices for future
paleoceanographic use.

Preliminary results indicate that a close corres-
pondence exists between water mass distribution
and frequency variations and certain morphologi-
cal features of G. bulloides. Specimens referable to
G. bulloides predominate the entire latitudinal range
except in a few of the northernmost samples where
G.falionensis is dominant (figure, A). The propor-
tion of G. bulloides within the plexus is 92 to 100
percent in subpolar waters and 46 to 79 percent in
subtropical waters.

A distinct pattern also exists in the coiling charac-
teristics in G. bulloides, with increased sinistral coil-
ing forms occurring from north to south (figure, B).
The frequencies of sinistral forms are 57 to 68 per-
cent in subtropical waters and 63 to 71 percent in
subpolar and northern polar waters. The correla-
tion between latitude and coiling is statistically
significant at the 1 percent level (the Kendall coef-
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Latitudinal variation in the southern Indian Ocean. A: percentage of Globigerina bulloides in relation to total number ofspecimens of the G. bulloides-G. falconensis complex. B: percentage of sinistrally coiled G. bulloides. C: average test
length of G. bulloides.

ficient of rank correlation is 0.53). This correlation
agrees with a relationship between surface water
temperatures and coiling of modern G. bulloides
in plankton samples from the southwestern Atlan-
tic Ocean observed by Boltovskoy (1973). Coiling of
G. falconensis is not related to latitude.

The average test size of G. bulloides generally in-
creases toward the south as indicated by a rank
correlation of 0.59, which is significant at the 0.1
percent level (figure, Q. Values for the test length
generally vary between 248 and 322 microns in
waters south of this latitude. The relative morpho-
logical variability measured by the coefficient of
variation is greater in polar and subpolar areas than
in the subtropics. This variability is caused by an
association of large and small specimens in the
southern areas. In more northern areas large speci-
mens are absent, resulting in a smaller relative
variation. G. falconensis is normally smaller than
G. bulloides, with mean test lengths ranging between
249 and 288 microns.

The apertural size (height and width) is highly
positively correlated with the size of the test in both
species. Therefore, the apertural sizes show a trend
similar to that of the general sizes. The rank corre-
lation between mean apertural height and latitude
in G. bulloides is 0.51 (significant at the 1 percent
level) with values varying between 38 and 67
microns in areas north of 45°S., and between 65
and 105 microns in area south of this latitude. The
apertural size of G. falconensis shows no latitudinal
relationship.

Principal component analysis of 13 test dimen-
sions (including general size of the test, apertural
size, and chamber dimensions) shows that the com-
plexity of the morphologic variability in the entire
test of G. bulloides is greater in subtropical waters
262

than in subpolar and polar waters. The first prin-
cipal component extracts a size factor that accounts
for between 80 and 88 percent of the variation in
the 13-dimensional space in the subpolar and polar
samples, and for between 57 and 81 percent in the
subtropical samples. The second principal compo-
nent is a "kummerform" factor, which reflects the
morphological variations resulting from a reduced
final chamber. The distinct difference in morpho-
logic complexity at different latitudes to a great
extent reflects higher frequency of kummerforms
in northern waters. The kummerform factor nor-
mally accounts for a greater portion of the variance
in G.falconensis, indicating that kummerform speci-
mens are more common in this species than in G.
bulloides.

Forthcoming extensions of the project will in-
clude multivariate biometrical analyses of the
heterogeneity of the morphologic variation within
the G. bulloides-G.falconensis complex, the establish-
ment of discriminant functions aiming at optimal
differentiation between the two species, and at-
tempts at paleoclimatic utilization of observed
trends in a piston core from near the Subtropical
Convergence.

This research was supported by National Science
Foundation grant opp 75-15511.
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This paper reveals previously unrecorded ultra-
structural details of the genus Hannaites from a
high-latitude, South Atlantic deep-sea core.

Our studies of fossil silicoflagellates obtained
from the Dry Valley Drilling Project of Antarctica,
and from the Deep Sea Drilling Project (Mandra
and Mandra, 1970; and Mandraeta/., 1973b) have
convinced us of the need to illustrate some mor-
phological variations of minute details on the sur-
faces of these microorganisms.

We have started with the genus Hannaites because
it is one of the newest of silicoflagellate genera
(Mandra, 1969) and because of its distinctive ultra-
structural detail.

Our material came from Lamont-Doherty Geo-
logical Observatory of Columbia University: RJV
Vema cruise 17, core 107 (water depth, 1,525
meters; distance from top of core, 245 centimeters;
position, 51°08'S. 54°22'W.; age, Late Eocene). The
sample was prepared by procedures reported
earlier (\Tindii et (Ii., 1973a).

Surface ultrastructure and
morphology of the Late Eocene

silicoflagellate, Hannaites quadria

YORK T. MANDRA, 1 A. L. BRIGGER,2
HIc;HooHI MANDRA, 3 and DAVID PIERCE4

'San Francisco State University
San Francisco, Calfornia 94132

and
California Academy of Sciences

2Calflrnia Academy of Sciences

8 Bucareh Drive
San Francisco, Caiiftrnia 94132

4Biogeology Clean Laboratory
University of California, Santa Barbara.

Santa. Barbara, Ca/i/o 101(1 92706

Figure 1. Hannites quadria.
Corner protuberances are
more elongate than spheri-
cal (approximately x760).
Figures 2a, 2b. Stereopair
of H. quadria. Corner pro-
tuberances are intermed-
iate between elongate and
spherical forms (approxi-
mately xBOO). Figure 3. H.
quadria. Corner protuber-
ances are spherical (ap-

proximately x760).
September/October 1975
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Figures 4a, 4b. Stereopair
of the upper left corner of
figure 1 (approximately
X3,420). Figures 5a, 5b.
Stereopair of the upper
tower left corner of figures
2a, 2b (approximately
x3,420). Figures 6a, 6b.
Stereopair of the upper left
corner of figure 3 (appro-

ximately x3,420).

The morphology of Hannaites can be viewed at
three levels: gross morphology, surface morphol-
ogy, and ultrastructural details.

Here we show only one aspect of gross mor-
phology: the range of shapes of the four-corner
protuberances from elongate (figure 1), to inter-
mediate (figures 2a, 2b*), to spherical (figure 3).
Our studies of two to five-corner Hannaites are not
complete; therefore we are restricting this report
to four-sided forms, as originally described.

*Use stereoscope to examine figures 2a, 2b, 4a, 4b, 5a, 5b,
6a, and 6b (tilt 8°). All scanning electron micrographs were
made at an accelerating voltage of 25 kilovolts.
264

Because of the small size of silicoflagellate sur-
face morphology (including "reticulations" of
earlier workers), and the limit of resolution of
optical microscopes, it was difficult to see relief in
these small surface features.

Study of specimens in stereopair, produced by
the scanning electron microscope, now reveals
features on the surface that can be described in
terms of nanopeaks, nanodivides, and nanovalleys.

These three features are on almost all surfaces
of Hannaites, but they are more pronounced on
corner protuberances. The next most abundant
occurrence of these surface features is where the

ANTARCTIC JOURNAL



Figure 7. Detailed structure of the lower bar and corner
protuberance, lower left corner of figure 3 (approximately

x 13,120).

apical bridge system tubes are attached to the tubes
of the square basal ring. Also, the outside portion
(the "nonwindow" side) of the tubes of the square
basal ring usually has more of these surface features
than the inner side (the "window" side). Therefore,
the inner side of these tubes frequently appears
smoother than the outer side (figures 5a, 5b*).

Nanopeaks are found at the intersections of
nanodivides. Three to five nanodivides commonly
radiate from a nanopeak. In some specimens the
nanopeaks and nanodivides have no pattern
(figures 4a, 4b*), and in others the pattern appears
to be roughly circular (figures 6a, 6b*). On the
tubes, away from corners and junctions, the nano-
divides tend to be parallel. Consequently, at these
areas there are few intersections and thus few
nanopeaks. This appears to be the reason why
there are more nanopeaks at corners of specimens
and in areas where tubes of different orientations
meet. On corner protuberances of some specimens
there are areas where the nanopeaks and nano-
divides have little relief; these areas appear
smoother than the rest of the corner protuberance
(figures 4a, 4b).

Nanovalleys—those small, low areas between
nanodivides—usually have three to five sides and
have surfaces that are conchoidal.

Ukrastructural details are on the surface features
and on the surface of tubes. Dark, thick lines in
the center of these tubes (figures 1, 2, 3) extending
into the corner protuberances (figures 4, 5, 6) could
be interpreted as the hollow center of these tubes.

September/October 1975

When viewed as a stereopair at x 880 (figures
2a, 2b) the ultrastructural detail appears as a deli-
cate, thin, rigid screen that is nearly gauze-like in
quality. The surface has countless small, irregular
pits that appear as small, regularly spaced, equally
sized holes of a screen. At x3,420 (figures 5, 6),
the surface loses some of its delicate, thin, gauze-
like quality. And what appears as homogeneous,
regularly spaced holes at lower magnification are
seen at X 13,120 to be heterogeneous, irregular,
surface pits (figure 7).

Facilities were provided incidental to National
Science Foundation grant BMS 74-20046 and to
National Aeronautics and Space Administration
grant NGR 05-010-035 to Preston Cloud, Biogeol-
ogy Clean Laboratory, University of California,
Santa Barbara.
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Tetralithus copulatus Deflandre
(Coccolithophyceae) from the

Indian Ocean: a possible
paleoecological indicator

FRANK H. WIND
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

Species of the genus Tetralithus are used exten-
sively in late Cretaceous (Maastrichtian and Cam-
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panian) calcareous nannoplankton zonations. Nan-
nofossil ooze samples from two Indian Ocean Deep
Sea Drilling Project sites (leg 22, site 217; leg 25,
site 249) contain well-preserved floras that include
abundant specimens of Tetralithus copulatus Deflan-
dre. Site 217 is in the Bay of Bengal; site 249 is on
the Mozambique Plateau.

Deflandre (1959, page 138) described T. copulatus
as a microfossil consisting of four calcite blocks
arranged in the form of a cross, bearing an angular
calcite deposit on one face, and remains of a cocco-
lith on the opposite surface. The species, which
ranges between 10 and 12.5 microns in diameter,
first was found in French Maastrichtian sediments.

This species is mentioned infrequently in subse-
quent literature. In the past I assumed that speci-
mens illustrated by Deflandre were artifacts pro-
duced by the superposition of poorly preserved
placoliths and tetraliths (such as T. obscurus) during
sedimentation and diagenesis, or during micro-

scope slide preparation. Coworkers generally ha4
held similar opinions concerning the validity oE'
this species. My reluctance to regard this specie
as valid was in part fueled by initial results of a
detailed analysis of the genus Tetralithus by S. W
Wise, Jr., and me (Wind, 1975).

Proximal parts of specimens of T. copulatus COfl
sist of two monocyclic shields, each constructed o
between 18 and 20 elements. The proximal shield
is about 11.5 microns in diameter; the distal shield
12.5 microns. Elements of the proximal shield are
radial and nonimbricate. Distal shield elements are
clockwise inclined and sinistrally imbricate. The
distal half of many specimens is dominated by a
massive angular calcite cross. In distal view, the
cross appears as a perfect square with asymmetri-
cal notches set in the four corners. Under a light
microscope, slightly sinuous sutures can be seen to
run diagonally from thecorner indentations. The
upper surface of the cross is ornamented with a

Figure 1. Tetralithus copu-
latus Deflandre from the
Indian Ocean. (a) to (e):
specimen photographed
on both scanning electron
microscope (SEM) and
light microscope. (a) and
(b): distal and lateral views
SEM micrographs (x3,350).
(C) to (e): distal view;
phase-contrast, plain light,
polarized light (x 1,600).
Sample DSDP 25-249-17-4,
25-27. (f) to (h): isolated
distal part of T. copulatus
photographed on both,
SEM and light microscope.
(f) and (g): phase-contrast,
plain light (x1,600). (h):
SEM micrograph (x3,300).
Sample DSDP 25-249-17-4,
25-27. (i): lateral view: SEM
micrograph (x4,300).
Sample DSDP 25-249-18-4,
24-26. (j): proximal view;
SEM micrograph (x4,300).
Sample DSDP 25-249-17-4,
29-31. (k) and (I): specimen
photographed in mobile
mount; distal and lateral
views; phase contrast
(x 1,600). Sample DSDP
25-249-18-6, 24-26. (m) to
(p): distal view; phase-
contrast, plain light low
focus, plain light high
focus, polarized light
(x 1,600). Sample DSDP
25-249-21-3, 29-31.
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diminutive cycle of four calcite crystals. The cross
may be as wide as the shields (as in figure 1, m to p)
and extend distally for as much as 8 microns.

Features of the proximal surface are often ob-
scured by overgrowths and detritus. A thick-rayed
central cross is evident on the specimen illustrated
in figure lj. The arms appear to be parallel to the
axes of the tetralithic distal structure.

In addition to specimens with large distal struc-
tures, many forms with smaller distal processes
have been observed (figure 1, a to e, i, k, and 1).
Small and medium-size distal structures consist of
low, petal-like calcite crystals (figure 1, a and b) in
the central areas. In forms with large distal struc-
tures, all of the small calcite crystals, with the ex-
ception of the four small central elements, are
united into four prominent, well-formed calcite
rhombs. The large size of the crystals observed on
these specimens is atypical for coccoliths. The
crystals observed on T. copulatus appear to be the
largest crystals secreted by calcareous nannoplank-
ton.

The presence of well-preserved, bonafide cocco-
lith shields excludes this species from the genus
Tetralithus. It appears that Deflandre was less than
enthusiastic about placement of this species in
Tel ralithus. More research is required before the
problem of true generic affinity of this form can
be resolved. At the moment, it appears that this
form may represent a new species of Markalius or
serve as the type for a new genus.

Late Campanian specimens from site 249 possess
nearly the full range of distal structure sizes: from
small-centered placoliths to large tetraliths bearing
only the barest remnants of shield structure pre-
served. In samples from the latest Campanian
through the Maastrichtian, however, specimens
from individual samples show little variation in
proximal structure size. In addition, the mean dis-
tal structure size gradually diminishes, so that by
late Maastrichtian, distal structures are almost non-
existent (figure 2). The distal structure of late
Maastrichtian specimens of this species does not
even extend above the level of the surrounding
distal rim.

Specimens of T. copulatus in site 217 samples
exhibit the same distal structure size reduction
trend observed in site 249 material (figure 2). Poor
preservation of older material from site 217 pre-
vents determination of earlier trends in this spe-
cies.

It is not yet possible to explain why this species
has not been observed and reported from other
localities. The large size, extreme brightness in
phase-contrast and polarized light illumination,
and easily recognizable features make it unlikely
that this form simply has been overlooked during
previous research. There is some suggestion that
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paleolatitude (and resulting paleotemperatures)
may have served to restrict the range of this spe-
cies. T. copulatus is common in samples from sites
217 and 249 (approximate paleolatitudes 30° and
40°S.), but is absent in samples of the same age from
the more poleward Falkland Plateau (Deep Sea
Drilling Project leg 36, site 327A).

Further study of Indian Ocean and southern
Atlantic Ocean material may shed light on the fac-
tors limiting the paleogeographic distribution of
this species, as well as explain reasons for the trend
toward reduced distal structure size. Precise meas-
urements of well-preserved specimens of this spe-
cies will be taken. Resultant statistical parameters
for populations in individual samples will be com-
pared with other samples from the same drilling
site and with contemporaneous samples from other
sample localities. Regional comparison of popula-
tion parameters at currently recognized and newly
proposed late Cretaceous nannoplankton biostrati-
graphic datums (Wind and Wise, 1975) may mdi-

DSDP249	DSDP217
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Figure 2. Generalized stratigraphic occurrence of varied
morphologies of Tetralithus copulatus Deflandre in samples

from DSDP sites 217 and 249.
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cate evolutionary trends and/or response of this
species to environmental stresses. Spaciotem poral
modification will be compared with late Cretaceous
oceanographic and climatic changes discussed by
Worsley (1971) to detect possible correlation.

This research was supported by National Science
Foundation grant opp 74-20109.
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Correlation of planktonic
foraminiferal curves from

southeast Indian Ocean sediments
using oxygen isotope stratigraphy

climatic changes characteristic of the Pleistocene.
Paleomagnetic stratigraphy of deep-sea sediments
with micropaleontological control has been im-
portant in testing the synchronous nature of events
recorded by microfossils in deep-sea sediments.
However, the timing of events within the Brunhes
Epoch must be extrapolated from the Brunhes-
Matuyama boundary. Oxygen isotope stratigraphy
independently dated by paleomagnetic stratig-
raphy (Shackleton and Opdyke, 1973) and
thorium/uranium dating (Broecker and van Donk,
1970) now can be applied confidently to deep-sea
sediments and associated events within the last
700,000 years.

Three methods were used to infer the water-
mass changes: coiling ratio of Neogloboquadrina
pachyderma; a total faunal index composed of transi -
tional and subantarctic assemblages; sea surface
temperature estimates based on a steady decrease
in species diversity of Recent planktonic foramini-
fera with latitude (Williams and Johnson, 1975).
The consistency obtained by all three methods in
each of the cores is illustrated in a plot for core
E48-22 (figure 0. Oxygen isotope analyses of Gb-
borotalia truncatulinoides in core E48-22 through
glacial stage 6 reveals that the faunal and tempera-
ture changes are reflected by the same changes in
the oxygen is curve. The isotopic analyses
were performed using a VG Micromass 602C mass
spectrometer on approximately 20 specimens from
each sample after phosphoric acid extraction at
50°C.

DOUGLAS F. WILLIAMS
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

Little is known about the magnitude and the tim -
ing of major water-mass movements in the south-
east Indian Ocean over the last 500,000 years.
Faunal analyses of planktonic foraminifera in five
piston cores (Eltanin cruise 48) taken beneath the
present subtropical convergence and at the boun-
dary of transitional and northern subantarctic
water masses reveal a consistent pattern in the
faunal changes. Since planktonic foraminifera are
sensitive to certain water-mass properties, faunal
changes in the fossil assemblages should reflect
changes in water-mass positions. Determining if
these water-mass changes are synchronous world-
wide is critical to discovering what driving
mechanisms are responsible for long-term, global
268

Correlation of the oxygen isotope curve in E48-
22 through glacial stage 6 with the oxygen isotope
curve and time scale in V28-238 from Shackleton
and Opdyke (1973) establishes the timing of the
paleoceanographic events in each of the cores
(figure 2). Six major advances of the Australasian
Front from 48° to 40°S. have occurred in the last
500,000 years. This study also substantiates that
Gboborotalia crassaformis was replaced by G. truncatu-
linoides in the vicinity of 40°S. approximately
300,000 years before present, as independently
dated by Kennett (1970) and by Vella and Wat-
kins (in press) using paleomagnetic stratigraphy.

I gratefully acknowledge J. P. Kennett and M. L.
Bender for financial support through National
Science Foundation grants o pp 71-04027 and GA-
37125, M. S. Sommer and R. K. Matthews for the
use of the mass spectrometer at Brown University,
and D. Cassidy for his assistance as curator of the
Eltanjn core collection.
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rugure 1. Lomparlson ot two taunal metnoas, sea surtace paieotemperature estimates, ana oxygen isotope curve Tor Wranin
core 48-22. The same consistent patterns are obtained in cores E48-28, E48-27, E48-23, and E48-03 not shown here. The

precision for each of the methods is given directly below each respective curve.

	

E 48-22	E48-22	V28-238	E48-03
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Figure 2. Correlation for	0 06 300
the temperature and oxy-	Z z
gen isotope curves for E48-
22 and N. pachyderma coil-
ing ratio curve for E48-03	0	400
from this study to the oxy-
gen isotope stratigraphy
and time scale of V28-238
(Shackleton and Opdyke,	 500
1973). The replacement of
G. crassaformis by G. trun-
catulinoides in sediments
from E48-03 is also shown.	 600

References

Broecker, W. S., and J . van Donk. 1970. Insolation changes,
ice volumes and 018 record in deep-sea cores. Reviews of Geo-
physics and Space Physics, 8: 169-198.

Kennett, J. P. 1970. Pleistocene paleoclimates and foraminiferal
biostratigraphy in subantarctic deep-sea cores. Deep-Sea Re-
search, 17: 125-140.

Shackleton, N. J . , and N. D. Opdyke. 1973. Oxygen isotope

September/October 1975

LI)
Ui
O
0z

U
z

LI)

0
(I)

U
0

and paleomagnetic stratigraphy of equatorial Pacific core
V28-238: oxygen isotope temperatures and ice volumes on a
10 5 year and 106 year scale. Quaternary Research, 3: 39-55.

Williams, D. F., and W. C. Johnson III. 1975. Diversity of
Recent planktonic foraminifera in the southern Indian
Ocean and Late Pleistocene paleotemperatures. Quaternary
Research, 5: 237-250.

Vella, P., and N. D. Watkins. In press. Middle and Late Qua-
ternary paleomagnetism and biostratigraphy of four sub-
antarctic deep-sea cores from southwest Australia. 0. L.
Bandy Memorial Volume.

269

o 8 10 12 14	+	+ L +1	-1.0 -LU	IUU	DU

13



0
U
Z
UJ (1)

U
U

U
CL w

0

0

Cr

- I—

U

Urn
Z
uJ _J
0
0 -

E34-5
140

----°J !!'

4

loo

a

E 38-8
260
LO

500

0
J

Figure  1. Correlation of the
Late Miocene-Early PIlo-
cene radiolarian zones of
Chen (1974, 1975) to the
paleomagnetic time scale.
Magnetic data for E34-5

th (57°23'S. 159°59'E.) is from
Kennett and Brunner
(1973); E38-8 (61°48'S.
149054'E.) is from Watkins
and Kennett (1972); E50-
28 (62°54'S. 150'41'E.) was

QL provided by N. D. Watkins,
University of Rhode Island.
Diatom and silicoflagellate
biostratigraphy of McCol-
lum (1975) and Ciesielski
(1975) was utilized to corre-

late core sequences.
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Correlation of Late Miocene-Early
Pliocene radiolarian zones to the

paleomagnetic time scale

FRED M. WEAVER
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

A suite of Eltanin piston cores from the southern
ocean south of Australia has been examined in de-
tail for their radiolarian fauna. These cores con-
tain a nearly continuous sequence of Late Miocene
through Early Pliocene sediments that were dated
by both paleomagnetic and paleontological tech-
niques (figure 1).

The boundary between the Helothulus vema and
the Theocalyptra bicornis spongothorax radiolarian
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zones is correlated to the paleomagnetic time scal
(figure 1). This datum falls within orjust after even
"b" of the Gilbert reversed magnetic epoc]
(t=4.14 to 3.90 million years before present
and within the tentative Tau radiolarian zone pre
viously suggested by Hays and Opdyke (1967)
Chen (1975) estimated that this zonal boundar'
corresponds to the Miocene/ Pliocene boundary a
defined by Berggren (1973) (-5.0 million year
before present—the epoch 5/Gilbert reversed mag
netic boundary). Data presented herein il1ustrat
that this zonal boundary is much younger that
previously assumed. It does, however, approximatiI
the Miocene/Pliocene boundary, but only as it ha:
been defined in New Zealand (Kennett and Wat
kins, 1974).

The Helotholus vema/Theocalyptra bicornis songo-
thorax zonal boundary coincides with a major fauna
change throughout the southern ocean (Weaver, ir
preparation) and is most likely related to the sig
nificant regional warming detected by Weaver anc
Ciesielski (1973, 1974) and by Ciesielski anc
Weaver (1974), which occurred during the middk
of the Gilbert magnetic epoch (several common!)
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Figure 2. (1) Dendrospyris haysi. (2) Triceraspyris coronatus.
(3) Theocalyptra bicornis spongothorax. (4) Prunopyle
hayesi (interior view). (5) Lithomelissa sp. c. (6) Stylatractus
universus (Pliocene form). For taxonomic details, see Chen

(1974, 1975) and Weaver (in preparation.)

occurring radiolarian species that become extinct
at this time are illustrated in figure 2).

A more detailed discussion of data presented
here will be included in the Initial Reports of the
Deep Sea Drilling Project, Leg 35. This research was
supported by a Penrose grant from the Geological
Society of America, and by National Science Foun-
dation grant OPP 74-20109.
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Oligocene unconformity in
southeast Indian Ocean

piston cores

MELVIN J . MIYAJIMA
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

During Deep Sea Drilling Project (DSDP) legs 21,
26, and 29, a regional unconformity of Eocene-
Oligocene age was noted in the southwest Pacific
and south Indian oceans. The unconformity was
observed as sediment disconformities or as dissolu-
tion facies barren of calcareous microfossils
(Luyendyk and Davies, 1974). Examination of four
USNS Eltanin piston cores (table) indicates a similar
unconformity dated between late Eocene and early
Oligocene age.

Distinct lithologic changes across the unconfor-
mities were observed in all cores. Cores E45-16,
E45-19, and E48-49, located in a basin southeast
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USNS Eltanin piston cores E45-16, E45-19,
E48-49, and E55-41.

Length Water
Core Latitude Longitude (centi- depth

meters) (meters)

	

E45-16 3507.2'S. 101 058.2'E.	685	4,313

	

E45-19 37038.7'S. 10306.2'E.	1,000	4,507

	

E48-49 34028.9'S. 10003.0'E.	581	4,347

	

E55-41 330 1.0'S. 110052.0'E.	632	2,758

of Broken Ridge, show a distinct change from
Eocene carbonate rich sediment to "red" clay above.
In core E55-41, located on Naturaliste Plateau, a
calcareous nanofossil ooze is overlain by a forami-
niferal ooze.

Calcareous nanofossils were examined below
each lithologic change in each core. A late Eocene
age was determined for the nanofossil ooze in E55-
41 on the basis of the common occurrence of Dis-
coaster saipanensis and the presence of D. barbadien-
sis in association with Chiasmolithus altus and C.
oamaruensis. The age of the sediment below the
hiatus in cores E48-49, E45-16, and E45-19 is be-
tween late Eocene and early Oligocene. The com-
mon occurrence of Isthmolithus recurvus and
Cyclococcolithinaformosa suggests a late Eocene age
(similar to DSDP leg 28, hole 267B). The absence
of Discoaster saipanensis and D. barbadiensis is
probably due to paleolatitude rather than to the
extinction of both species.

The unconformity in cores E45-16, E45-19, and
E48-49 is expressed as a dissolution facies. A rise
in calcium carbonate dissolution (CCD) resulted in
the deposition of red clay onto the underlying late
Eocene calcareous sediment. A similar change in
CCD is suggested by Constans (in press) for the east-
ern Diamantina Fracture Zone. The red clay/cal-
careous sediment contact contains a very etched
assemblage of calcareous nannofossils and micro-
manganese nodules. No siliceous microfossils were
noted, but an abundance of zeolitic crystals was ob-
served.

The calcareous nanofossil ooze/foraminiferal
ooze contact in core E55-41 samples includes both
Neogene and late Eocene nanofossils. This floral
mixing suggests that the lithologic change at this
site is probably erosional in origin.

This research was supported by National Science
Foundation grant opp 74-20109.
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Regional deep-sea dynamic
processes recorded in Eltanin
sedimentary cores from the

southeast Indian Ocean

J . P. KENNETT and N. D. WATKINS
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

The USNS Eltanin deep-sea sedimentary cores
and bottom photographs from the southeast In-
dian Ocean, between 70°E. and 120'E. and between
Antarctica and 30°S., have been analyzed. Cores
from the crest and flanks of the midocean ridge
are mostly Late Quaternary in age with only rare
breaks in sedimentation. In greater contrast, flank-
ing this zone in deep basins immediately to the
south of the ridge in the South Indian Basin, and
in a broad zone in the western sector of South
Australian Basin, are areas where bottom currents
have systematically eroded or inhibited deposition
of sediments. These sediments range in age from
Quaternary to Pliocene, and occasionally are
Middle Tertiary (figure). This regional deep-basin
erosion extends northward between Broken Ridge
and the Naturaliste Plateau to the Wharton Basin,
where sediments as old as Late Cretaceous are ex-
posed. As indicated by discon form ities, ocean floor
characteristics, and seismic profile data, much of
the shallower, north-south trending Kerguelen Pla-
teau has also undergone widespread erosion by
bottom currents.

The erosional disconformities in the deep basins
have been created by a general increase in veloci-
ties of Antarctic Bottom Water during the last 2.5
million years, with apparently major separate
pulses during the Brunhes epoch (t=0.69 million
years before present) and part of the Matuyama
epoch (t=2.43 to 0.69). Extensive areas of manga-
nese nodules have developed in conjunction with
this bottom current activity, most spectacularly as
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a vast pavement in the northwest sector of the	square kilometers in area (Kennett and Watkins,
South Australian Basin. This feature (figure),	1975; Kennett and Watkins, in press).
which has been named the Southeast Indian Ocean	Available evidence indicates long-term major

Map showing seafloor dynamic processes inferred for the southeast Indian Ocean. Bathymetric contours are for 2,000-,
3,000-, and 4,000-meter depths. Major physiographic features: NER, Ninetyeast Ridge; MIA, Mid-Indian Ocean Ridge; BR,
Broken Ridge; WB, Wharton Basin; NP, Naturaliste Plateau; SAB, South Australian Basin; SEIR, Southeast Indian Ridge;
KP, Kerguelen Plateau; SIB, South Indian Basin. Sites of interpreted observations based on bottom photographs or on
sediment core analyses: 1, manganese nodule pavement to abundant manganese nodules; 2, common to scattered man-
ganese nodules; 3, strong bottom current activity (including ripple marks, scour, and distinct lineations); 4, core or photo-
graph showing minimal evidence of current activity; 5, Eltanin piston cores featuring disconformities; 6, site of Deep Sea
Drilling Project core featuring major disconformity. The foot-shaped area shows the inferred limits of the Southeast Indian
Ocean Manganese Pavement. Large arrows denote inferred paths and directions of major bottom water flow in the region.

For detailed data, see Kennett and Watkins (in press).
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rent across the central and southern parts of the
Kerguelen Plateau. In the deep basins, high-
velocity Antarctic Bottom Water flows eastward
through the northern sector of the South Indian
Basin, with important *iorthward flow crossing the
midocean ridge at 1 1O°E. and 120°E. into the South
Australian Basin. This northward branch traverses
the western sector of the South Australian Basin
and the Southeast Indian Ocean Manganese Pave-
ment, and then flows between Broken Ridge and
Naturaliste Plateau into the Wharton Basin. Major
Cenozoic to Late Cretaceous hiatuses in the Whar-
ton Basin revealed by deep-sea drilling suggest
that northward-flowing bottom water through this
conduit has been a very long-term feature.

These results are presented in detail elsewhere
(Kennett and Watkins, 1975; Kennett and Watkins,
in press).

This research was supported by National Science
Foundation grants opp 71-04027, opp 74-18529,
and Gv-25400.
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Synchronous late Pleistocene
microfossil extinctions

MELVIN H. MIYAJIMA
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

Deep-sea biostratigraphic correlation of zonal
boundaries between high- and low-latitude regions
is complicated by time-transgressive first and last
occurrences of some key species. In the late Pleisto-
cene, however, extinction datums of the coccolith
Pseudoemiliania lacunosa and the radiolarian Styla-
tractus universus are not coincident, but they do ap-
pear to follow the same sequence in both high and
low latitudes.

Hays and Berggren (1971) show that the extinc-
tion of Stylatractus universus (flt'J! boundary) for the
North Pacific and the southern ocean occurs at
400,000 years before present. Hays (personal corn.
munication) suggests the same age for this extinc-
tion datum in the equatorial Pacific Ocean.

The extinction datum age of Pseudoemiliana Ia-
cunosa is not as precisely known. In the subantarcti
southeast Indian Ocean the P. lacunosa datum
occurs below the fl/'I' boundary at 400,000 year
before present ±50,000 years (Miyajima, 1974,
in press). Gartner (1973) indicates that in the equa-
torial Pacific the P. lacunosa datum occurs below
the flI'I' boundary and suggests an age of 350,000
years before present. This age difference may be
the result of assuming constant sedimentation
rates. The discrepancy in age, however, can be
resolved by relating the extinction datum of P. La-
cunosa to the oxygen isotope curve of Emiliana and
Shackleton (1974). Gartner (1972) recorded the last
occurrence of P. lacunosa between stage 12/13 of
the oxygen isotope curve. Emiliana and Shackleton
(1974) date this interval (stage 12/13) between
400,000 and 450,000 years before present. An
approximate age of 425,000 years before present is
assigned to the extinction datum of P. lacunosa and
suggests a concurrent datum in both the subantarc-
tic and equatorial latitudes.

Such a concurrent extinction for both fauna and
flora would have been caused by a global change in
the environment. One can only speculate on this
problem due to a limited understanding of the
ecology of these extinct microfossils as well as to
the problems inherent to the dating techniques
(i.e., the assumption of constant sedimentation
rates). My observations of several high- and low-
latitude site samples, however, indicate that the
cause may be due to dramatic climatic deteriora-
tion. Evidence of a climatic deterioration at 400,000
years before present in the equatorial latitudes is
noted in the oxygen isotope curve at stage 12 and
in the dissolution cycles (Event V) of Thompson
and Saito (1974). Climatic changes in high latitudes
during this time (400,000 years before present) are
noted by the following paleoceanographic studies:
Hays (1965, 1967) notes a break or gap in the
ranges of the warm-water radiolarians at the f./'I!
boundary in southern ocean samples; Kennett
(1970, figure 3, page 128) indicates deposition of
an interval of clay essentially barren of foramini-
fera in subantarctic Pacific Ocean sediments;
Miyajima (in press) notes intervals of marl with a
coccolith assemblage of dissolution resistant spe-
cies containing siliceous microfossils and micro-
manganese nodules in subantarctic southeast
Indian Ocean samples.

The above evidence, although limited, suggests
a change in the oceanic paleoenvironment to one
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riot suitable for both Stylatractus universus and
seudoemi1iania lacunosa. Although the cause of the

extinction levels may be in doubt, the extinction
clatums are nonetheless strati graphically important
and useful.

This research was supported by National Science
Foundation grant oii 74-20109.
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Chinstrap penguin at
McMurdo Sound

JAMES A. RAYMOND
Scripps Institution of Oceanography
University of Ca1fornia, San Diego

La Jolla, Ca1fornia 92093

A single chinstrap penguin (Pygoscelis antarctica)
was observed on 26 January 1974 at the edge of the
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Chinstrap penguin, Pygoscelis antarctica, at the edge of the
ice channel leading to McMurdo Station. This photograph
was taken on 26 January 1975 from the bridge of USCGC

Glacier.

ice channel leading to McMurdo Station. The pen-
guin was seen approximately 3 kilometers north of
McMurdo Station from aboard USCGC Staten Island.
George A. Llano, Office of Polar Programs, Na-
tional Science Foundation, and George M. Jonkel,
Office of Migratory Bird Movement, U.S. Fish and
Wildlife Service, confirmed the sighting.

The only other documented sighting of a chin-
strap in the McMurdo Sound area was at Cape
Royds in 1908 (Murray, 1909). Other chinstraps
in the Ross Sea have been observed at Cape Crozier
(Sladen et al., 1968) and at Cape Hallett (Crawford,
1974). The chinstrap penguin is found primarily
in East Antarctica, but over the last 20 years evi-
dence has accumulated that it is in progress of con-
siderably extending its range (Conroy, 1975).
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U.S. Antarctic Research Program,
1975-1976

Planned field research projects

Below are summaries of U.S. science projects that were scheduled to take place in the Antarctic during
1975-1976. Project titles (in boldface) are followed by names of principal investigators and their insti-
tutions (in italics).

Antarctic Peninsula

Scotia Arc-Antarctic Peninsula tectonics proj-
ect, 1975-1976. Ian W. D. Daiziel, Lamont-Doherty
Geological Observatory of Columbia University. Work
will continue this field season to determine the
structure and tectonic history of the Antarctic
Peninsula, the Scotia Arc, and farsouthern South
America as part of the Scotia Arc-Antarctic Penin-
sula tectonics project. The ultimate goals are to (1)
understand the past interrelationships of Antarc-
tica with adjacent continents and ocean basins, (2)
understand the development of the Antarctic
Peninsula and the Scotia Arc, and (3) evaluate this
region for mineral resources, especially copper.

Cenozoic biostratigraphy of Seymour Island.
David H. Elliot, The Ohio State University. The geol-
ogy, stratigraphy, and paleontology of exposed
raised continental shelf sediments on the Antarc-
tic Peninsula, in the Scotia Arc, and in far southern
South America will be investigated this austral
summer. The ultimate goal is to evaluate the Ant-
arctic Peninsula area's potential for petroleum and
natural gas deposits.

March 1976). Feeding habits, digestion rates, and
food consumption of selected fishes and echino-
derms will also be studied to extend knowledgç
of the anatomy, taxonomy, and zoogeography of
antarctic fishes, echinoderms, and certain coelen-
terates.

Metabolic studies of antarctic invertebrat
fauna. Mary Alice McWhinnie, DePaul University.
Our research during the 1975-1976 austral sum
mer is divided into two categories: (1) initia
studies of the biology and population dynamics o
Euphausia superba, the predominant krill specie
in Bransfield Strait, and (2) further studies of the
metabolic pathways of krill and other pelagic an
selected benthic invertebrates. The first category
will be undertaken from aboard WV Hero, and the
second will concentrate in the Palmer Station
vicinity.

Crustaceous conglomerates. Robert H. Dott,
University of Wisconsin, Madison. Crutaceous con-
glomerates will be investigated this austral summer
to provide evidence about the beginnings of up-
heaval in the Andes Mountains.

Abundance, diversity, and trophic dynamics of
antarctic benthic fishes and invertebrates. Hugh
DeWitt, University of Maine, Orono. The abundance,
biomass, and structure of antarctic benthic fish
populations will be determined in selected areas
during WV Hero cruise 76-1 (mid-January to mid-
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Charadriiform bird adaptations to the Antarc-
tic. David F. Parmelee, University of Minnesota, Min-
neapolis. At Palmer Station in 1974, many breeding
adult and young skuas and terns, and also many
young gulls, were banded and color-coded. Empha-
sis this season is on banding adult gulls and the

ANTARCTIC JOURNAL



remainder of the skua and tern populations. Ob-
servations of the ecology and breeding behavior
of these marked birds will continue. Their move-
ments in the Palmer area are being monitored year-
round by graduate students. Depending on the
availability of K/V Hero, periodic observations will
be made in the Joubin Islands. Visited briefly
during January 1974, the Joubin Islands have a
number of interesting bird populations within 25
kilometers of Palmer. In addition to heretofore
unreported tern colonies, several penguin colonies
—including three penguin species that breed side-
by-side—are present in the Joubin Islands.

Cardiovascular dynamics of antarctic homeo-
therms. David E. Murrish, Case Western Reserve
University. Nesting antarctic birds often are ex-
posed to long periods of direct solar radiation that
may place great demands on their thermoregula-
tory mechanisms. Adult pygoscelid penguins, blue-
eyed shags, and giant petrels occasionally pant,
and their young pant vigorously when subjected
to heat loads. Panting during heat stress has been
shown to result in marked hypocapnia and alka-
losis in bird blood. The acid-base balance of adults
and young of these species during normothermic
and hyperthermic conditions will be investigated.
Oxygen capacity, oxygen dissociation curves, and
Bohr effect will also be determined.

Austral spring pack ice studies of antarctic
seals. Donald B. SinjL University of Minnesota, Saint
Paul. WV Hero will be used during the early austral
spring to study breeding behavior, local move-
ments, and activity and distribution patterns of
leopard and crabeater seals in unconsolidated pack
ice near Palmer Station. A few seals will be tem-
porarily immobilized for weighing, measuring,
and tagging, and then will be released. Sonic and
radio-frequency tags will be used to track seals
through the pack ice and to provide continuous
data on activity patterns.

Transfer of organochiorine pollutants to ant-
arctic ecosystems. Robert W. Risebrough, Univer-
sity of California. Concentrations of organochlorine
compounds in surface seawater will be determined
during WV Hero cruise 75-6 in October and
November 1975.

Siple Station

Active and passive probing of the magnetos-
phere. R. A. Helliwell, Stanford University. This is
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a continuing, year-round investigation of the mag-
netosphere's response to very low frequency (VLF)
waves injected by the Siple Station transmitter.
Specific areas of study include: wave-particle inter-
actions in the premidnight sector and their relation
to substorm activity, dependence of wave growth
and emission generation on transmitter power, dis-
tribution in longitude and latitude of transmitter
signal paths, use of the transmitter for study of
magnetosphere direct lifetimes, and study of the
effects of magnetic impulses on the transmitter
signals. Passive VLF techniques will be used to study
magnetospheric thermal plasma dynamics with em-
phasis on space-station measurements organized as
cooperative components of the International Mag-
netospheric Study (IMs). Initial direction-finding
measurements will be made as part of the multi-
station IMS studies near L=4. Further correlative
studies of coupled magnetosphere-ionosphere
processes near the plasmapause will be made with
the special objective of identifying precipitation
phenomena associated with controlled and natural
VLF waves.

Conjugate micropulsation observations.
Laurence J . Cahill, Jr., University of Minnesota,
Minneapolis. High-permeability metal core search
coil magnetometers will continue to collect year-
round digital data on magnetic tape at Siple Sta-
tion, at Roberval, Quebec (Canada), and aboard
the Explorer 45 satellite. The data are being used
to describe the state, the location, and the dynamics
of the plasmapause region of the magnetosphere
during magnetic storms, and to examine the rela-
tionship of micropulsations in the 10- to 10'-hertz
frequency range to polar substorms. The high
sampling rate (with resultant high resolution) and
signal polarization measurements are used to study
propagation characteristics. Time differences
between signal arrival at conjugate points are used
in conjunction with polarization measurements to
deduce where and how signals originate and how
the energy is dissipated. Simultaneous measure-
ments at the conjugate points are analyzed to
learn about the seasonal effect on micropulsation
propagation, and signals recorded at either ground
station are compared with similar measurements
made aboard Explorer 45 to examine the effect of
propagation along the field line. Analysis tech-
niques include the use of power spectra, dynamic
power spectra, and polarization hodograms in data
interpretation.

Conjugate magnetic studies. Louis J. Lanzerotti,
Bell Telephone Laboratories. A three-component flux-
gate magnetometer will acquire year-round data at
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Siple Station during 1975-1976. These data will be
used in correlation with data from four similar
magnetometers spaced in a latitudinal array in the
northern conjugate area at L=4.4, 4.0, 3.5, and 3.2,
and with a fifth station mobile in longitude in the
vicinity ofL=3.5. The data will be used in extensive
studies of seasonal effects of geomagnetic conju-
gacy, of seasonal effects of the ionosphere on the
transmission of ultra low frequency waves from the
magnetosphere to the ground, and of changes in
conjugacy with magnetic disturbance conditions.

High-latitude ionospheric absorption. Hugh
J. A. Chivers, University of California, San Diego.
During the 1975-1976 field season, 50-megahertz
riometers and associated antennas will be installed
at McMurdo, Siple, and South Pole Stations. These
instruments, which are in addition to the 30-mega-
hertz riometers already in place at each location,
will be used to measure ionospheric absorption
caused by solar activity at different latitudes.
Measurements also will be made at a conjugate
location in Canada.

Very high frequency auroral radar. Ben B.
Balsley, Environmental Research Laboratories, National
Oceanic and Atmospheric Administration. A 50-mega-
hertz aurora backscatter radar unit capable of semi-
automatic operation will be installed at Siple Station
this austral summer to enhance magnetosphere-
ionosphere measurements being made at Siple and
at its geomagnetic conjugate, Roberval, Quebec
(Canada). This is the first time such equipment has
been operated in this mode. After successful test-
ing, the system will be used to obtain amplitude
and spectral characteristics of the radar aurora in
the southern auroral region.

Amundsen-Scott South Pole Station

Human adaptation to south polar stresses.
Harold G. Muchmore, M.D., Oklahoma Medical Re-
search Foundation. Dr. Muchmore and six assistants
will continue year-round studies of immunologic
changes in people who winter at Amundsen-Scott
South Pole Station. Cellular immunity studies will
be carried out on live leukocytes derived from peri-
pheral blood. Lymphocytes will be processed for
transformation studies, and T and B enumeration
and neutrophil functions also will be studied. Speci-
mens for immunoglobulins will be collected, and
specimens for virus isolation will be obtained to
isolate and identify the respiratory virus respon-
sible for postpolar infections. These viruses will be
utilized as reagents in the assay of immunity
changes during isolation. Baseline data in these
parameters from persons scheduled to spend the
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1976 austral winter at the South Pole were gath-
ered before they left for Antarctica. Radioactive
material (tritium) will be used in these studies.

Meteorological observations at the South Pole.
Werner Schwerdtfeger, University of Wisconsin, Madi-
son. Assistance will be provided to the N.Z. Na-
tional Weather Service, which during the 1975-
1976 austral summer will replace the U.S. National
Weather Service (National Oceanic and Atmos-
pheric Administration) in conducting year-round
surface and upper-air weather observations at
Amundsen-Scott South Pole Station.

Size distribution of background aerosols deter-
mined from multispectral measurements of at-
mospheric transparency. Glenn E. Shaw, University
of Alaska, Fairbanks. Physical and radiative proper-
ties of suspended particulates over Amundsen -
Scott South Pole Station were studied during the
austral summer of 1974-1975. Aerosols over the
South Pole are distributed by size according to a
J unge power law distribution function with a power
law exponent equal to about 3.2. The albedo of
single scattering is roughly 0.8, and the columnar
mass loading during the clearest conditions is 0.02
grams per square meter. Calculations indicate that
the aerosols result in a net heating of the earth-
atmosphere system of 0.1°C. These values are
thought to be typical of intervolcanic periods, and
probably represent the minimum aerosol loading
on the planet.

Antarctic aerosols. Austin Hogan, State University
of New York, Albany. During the 1975-1976 field
season we will continue to study the climatology of
surface aerosol concentrations. A more sensitive
detector, which will allow more accurate determi-
nations of the size and charge of aerosol concen-
trations, will be incorporated in this season's
measuring system. Earlier experiments have shown
that near-surface antarctic air is generally isolated
from air only a few meters aloft; this is created by
a strong near-surface thermal inversion. Attempts
will be made to determine aerosol concentration
variations across this inversion by using tethered
balloons. The layer above the surface inversion is
almost always saturated with ice, but ice crystals
do not always precipitate. Several seeding experi-
ments are planned to continue studies of ice-
nucleating mechanisms in this layer.

Analysis of antarctic halocarbons. R. A. Ras-
mussen, Washington State University, Pullman. En-
riched concentrations of halocarbons and other
trace gases in snow will be quantified this austral
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ummer field season at the South Pole to help es-
ablish a polar halocarbon concentration profile.
ypes of halocarbons present, which are being
emoved, and the rate of removal also will be
etermined. Air samples will also be collected. A

primary question related to this research is how
I polar atmosphere removes trace gases, espe-
ially chlorofluorocarbons, from the global atmos-

phere. Current theories indicate that these trace
gases may be depleting earth's protective ozone
shield.

Atmospheric trace metals and halogens. William
Zoller, University of Maryland, College Park. An aero-
sol chemistry sampling program will continue this
austral summer at Amundsen-Scott South Pole
Station. The program includes collection and
chemical analysis of atmospheric ice crystals and
bulk particulate matter. Surface ice and snow
samples also will be collected for chemical analysis
and comparison with atmospheric samples to
evaluate the importance of the polar ice cap as a
thermal trap for particulate and gaseous materials.
A clean air facility will be established about 5 kilo-
meters east of South Pole Station. A temporary
structure also will be assembled to provide more
space for field experiments.

Ice crystal precipitation in the antarctic atmos-
phere. Takeshi Ohtake, University ofAlaska, Fairbanks.
Study of ice crystals precipitating from a cloudless
atmosphere at Amundsen-Scott South Pole Station
will continue. This research includes (1) observa-
tion of ice crystal precipitation, such as vertical
differences in concentration, size, and shape of ice
crystals as compared to other meteorological fac-
tors, (2) study of formation mechanisms such as
nucleation and moisture, and (3) assessment of the
effect of ice crystal precipitation on climate. Pres-
sure, temperature, and humidity in the lowest
1,000 meters will be measured using an instrument
package lifted by a tethered balloon and a kite.
Observations of ice crystal formation in the Arctic
will be compared with those at the South Pole to
clarify ice crystal precipitation mechanisms.

Origin of atmospheric ice crystals. Vernon N.
Smiley, University of Nevada, Reno. Ice crystals in the
atmosphere above Amundsen-Scott South Pole
Station will be measured this austral summer field
season. This research will involve Lidar measure-
ments to obtain vertical profiles of backscatter in-
tensity, and concurrent surface observations with
a replicator to measure crystal size and size distri-
bution, and crystal habits. The measurements will
be integrated with radiosonde data for such factors
as temperature and humidity versus altitude. The
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results will be used to determine the heights at
which crystals form, the vertical structure of the
"crystal cloud," and the dependence of these
quantities on environmental conditions.

Geophysical monitoring for climatic change.
Kirby Hanson, Air Resources Laboratory, National
Oceanic and Atmospheric Administration. The princi-
pal objectives of geophysical monitoring for clima-
tic change are to determine background levels of
trace gases and aerosol particles in the atmosphere,
to record their rate of change, and to assess the
effects these constituents may have on climate.
These long-term measurements will continue at
Amundsen-Scott South Pole Station as one of six
planned clean air monitoring observatories of the
National Oceanic and Atmospheric Administration
(N0AA). Measurements will be made of carbon
dioxide levels (to determine the rate of increase
resulting from combustion of fossil fuels, biotic
uptake, etc.), surface and total ozone (to study
short-term variations in climate as reflected in
year-to-year shifts in the maximum and minimum
concentrations of these gases), Aitken nuclei and
other aerosols (to establish baseline values for
turbidity and global pollution), and solar radiation
(to obtain irradiance data in several broad bands).
Fluorocarbon flask samples will be taken and com-
pared with other on-station monitoring systems.
On-site personnel will assist in making measure-
ments for other NOAA- and National Science
Foundation-funded programs.

Atmospheric processes and energy transfers at
the South Pole. John J. Carroll, III, and Kinsell Coul-
son, University of California, Davis. This project's
primary objective is to determine the energy
balance of the Antarctic and its effect on large-
scale atmospheric circulation in the Southern
Hemisphere. The South Pole region, where our
present work is concentrated, is representative of
a large portion of the continent's interior; energy
balance measurements (radiation, sensible and
latent heat, storage in the snow pack, etc.) at this
location are similarly representative of the energy
regime of a wide area. We anticipate that these
data from the interior, in combination with future
data from coastal areas and from satellite measure-
ments of radiation, will provide a reasonably re-
liable assessment of the overall energy balance in
high southern latitudes and will help to under-
stand global weather and climate. A second ob-
jective is to use measurements of light polarization
and intensity in a sunlit sky as indicators of dust,
haze, and other particles in the antarctic atmos-
phere. Not only do such particulates influence the
system's radiative energy balance, but they also are
an index of airmass history in the recent past.
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Atmospheric acoustic echo-sounding. Freeman
Hall, Environmental Research Laboratories, National
Oceanic and Atmospheric Administration. An acoustic
echo-sounder used during the 1974-1975 season
will be modified this season by adding a passive
receiving antenna for bistatic investigations of the
planetary boundary layer. The combined mono-
static and bistatic system will provide independent
measurements of temperature and velocity struc-
ture functions to heights of 600 meters. A data-
averaging and logging interface will record digital
data on a computerized magnetic tape system for
later evaluation. Facsimile records also will be
made for both backscatter and bistatic acoustic
returns to provide high spatial and temporal
resolution of turbulent structure in the planetary
boundary layer. These data will lead to a better
understanding of the origin and maintenance of
the turbulent, surface-based inversion over the
antarctic plateau.

A study of midday auroras. Syun-Ichi Akasofu,
University ofAlaska, College. During the 1976 austral
winter, a 35-millimeter all-sky camera will be
operated at Amundsen-Scott South Pole Station,
and a 16-millimeter all-sky camera will be operated
at Siple Station. The data will be searched for
correlations of auroral substorm activity and inter-
planetary magnetic field variations and substorm
precurser clues. The South Pole is a unique loca-
tion from which to observe dayside aurora; its
location also enables visual detection of auroras
over periods of several days when the sky is cloud-
less, which is a normal condition. In concert with
simultaneous isis satellite data, past observations
from the South Pole have shown that midday
auroras occur directly under the cusp precipitation
region. The Siple instrument is providing visual
information about ionosphere dynamics at sub-
auroral zone latitudes. In conjunction with simul-
taneous magnetospheric research at Siple, our
data will be used to investigate how the magnetos-
phere and ionosphere interact and how energy is
transferred from the magnetosphere to the ionos-
phere in its transit from the sun to the earth. An
attempt will be made to relate the behavior of mid-
day and midnight auroras and to delineate the dif-
ferent responses of midday and midnight auroras
to changes in the interplanetary magnetic field.

Doppler research in Antarctica. William R.
MacDonald, U.S. Geological Survey, Reston, Virginia.
This program continues several years of work to
obtain data on (a) ionospheric and tropospheric
effects of radio propagation, (b) ice sheet move-
ments, and (c) polar motion and earth's spin axis.
A fixed satellite tracking facility is maintained year-
round at Amundsen-Scott South Pole Station; this
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and another tracking facility at McMurdo Statior
serve as master translocators for roving backpad
satellite tracking receivers called geoceivers. Geo-
ceivers are used to obtain accurate positioning data
for mapping projects, for traverse activities, and
for glaciological studies.

Geoceivers will be used this season to establish
accurate positions of study sites that were estab-
lished on the Ross Ice Shelf during the 1974-1975
field season. Geoceivers will also be used in a co-
operative program with the British Antarctic Sur-
vey to establish accurate controls for positioning
satellite (ERTS/LANDSAT) imagery of the Ellsworth
Mountains. Plans are to establish refined doppler-
derived positions on preselected points that can be
identified on the satellite imagery. Logistics sup-
port for the Ellsworth Mountains effort will be
provided by a British Antarctic Survey Twin Otter
airplane.

The two-person winter U.S. Geological Survey
team at South Pole Station also will operate
telemetry equipment for the National Aeronautics
and Space Administration's Dual Air Density Ex-
plorer satellite program, and will assist in a seis-
mological monitoring program of the Office of
Earthquake Studies, U.S. Geological Survey.

Earth tides and earth's free vibrations at the
South Pole. Louis B. Slichter, University of Cal[ornia,
Los Angeles. Long-period tides, and earth's free
vibrations excited by large earthquakes (should
ones of sufficient energy, magnitude 8 or more,
occur), will continue to be observed year-round at
Amundsen-Scott South Pole Station. The near-
absence of daily and semidaily tides at the South
Pole makes this a unique site from which to observe
weak gravity signals with precision. Highest pre-
cision is needed for observations of two quantities
not yet measured: (1) phase lag and Q of the fort-
nightly tide, and (2) period of the solid-body vibra-
tion of earth's inner core, if and when it is displaced
from its central position by a large earthquake or
by random motions of the outer core fluid.

Dual Air Density Explorer satellite program.
Kenneth McDonald, Goddard Space Flight Center, Na-
tional Aeronautics and Space Administration. Three
persons will install a command and data acquisition
facility at Amundsen-Scott South Pole Station this
field season for the National Aeronautics and Space
Administration's (NASA) Dual Air Density twin
satellite experiment. Two Explorer satellites will
be launched by a single Scout rocket late in 1975,
and are expected to remain in about the same orbit
throughout the 2-year mission. Each satellite is
drag sensitive and uses a mass spectrometer as part
of a unique system that is insensitive to orientation,
is highly sensitive to the upper atmosphere, and
is capable of in-flight calibration. Comparison of

ANTARCTIC JOURNAL



measurements from the two satellites should reveal
the atmosphere's vertical structure on a global
scale from altitudes of 350 to 1,500 kilometers.
Comparisons then can be made between satellite
measurements and coordinated vertical probe
measurements from various launch sites.

Ross Ice Shelf

Surface glaciology of the Ross Ice Shelf. R. H.
Thomas, The University of Nebraska, Lincoln. This
project's objectives are to estimate the mass balance
of the Ross Ice Shelf, to deduce bottom melting
and freezing rates, to investigate shelf dynamics,
and to calculate particle paths for any flow line
through the shelf. Strain networks planted on the
Ross Ice Shelf during the 1974-1975 field season
will be remeasured this field season to give ice
strain rates at 50-kilometer intervals. Geoceiver
positioning will be provided by the U.S. Geologi-
cal Survey.

Shallow ice core drilling. Chester C. Langway,
Jr., State University of New York, Buffalo. We will
retrieve 100-meter ice cores this field season from
Roosevelt Island and from Siple Station. The cores
later will be subjected to physical and chemical
analyses for climatic studies. Pit samples for chemi-
cal and accumulation data will be obtained adjacent
to drill sites.

Quantitative paleoclimatic analysis of Ross Sea
continental shelf sediments. Thomas B. Kellogg,
University of Maine, Orono. Recent studies of the Ross
Sea in West Antarctica have produced evidence
suggesting that the Ross Ice Sheet is inherently
unstable. To test this and other hypotheses, a study
of the dynamic history of the Ross Ice Sheet will be
made by quantitative sedimentologic and micro-
paleontologic analyses of core material from the
Ross Sea. Ross Ice Shelf Project, Dry Valley Drilling
Project, and Deep Sea Drilling Project drill core
material will be used. Our goals are (1) to deter-
mine the chronology, the duration, and the extent
of past fluctuations of the Ross Ice Sheet/Shelf sys-
tem; (2) to provide a stratigraphic link between
sediments of the subantarctic southern ocean and
the glacial stratigraphy of the Transantarctic
Mountains; (3) to determine the relationship be-
tween documented glacial events in the Antarctic
and climatic events documented for the rest of the
world.

Southern Victoria Land

Late Cenozoic glacial history of East Antarctica.
George H. Denton, University of Maine, Orono. Field
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work since 1957 suggests that the Ross Sea, and
probably the Weddell Sea, were filled to a large ex-
tent with grounded glacial ice at the maximum of
the last glaciation. This sheet represented an ex-
tention of west antarctic ice, fed also by outlet
glaciers from East Antarctica, onto adjacent conti-
mental shelves. Carbon-14 dates indicate that ice
recession began before 10,000 years ago and has
continued even through the last several thousand
years, leading to speculation about the possibility
of continued recession and concordant changes in
sea level. This season we will (1) obtain carbon-14
dates on raised marine sediments in the McMurdo
region, (2) map glacial deposits in Ferrar Valley
and elsewhere in the McMurdo region, and (3)
examine nunataks behind Taylor and Wright
valleys.

Freshwater and terrestrial ecosystem modeling
at Lake Bonney. Bruce C. Parker, Virginia Poly-
technic Institute and State University. Last year's ef-
fort will be extended this austral summer, with
special emphasis on specific needs for the Lake
Bonney model. Carbon-14 primary productivity
measurements will be used to identify limiting and
toxic factors in the lake. Organic matter concen-
trations will be identified, and photo respiration
studies will be done.

Dry Valley Drilling Project, 1975-1976. Lyle D.
McGinnis, Northern Illinois University, DeKaib. A late-
winter breakout of the McMurdo Sound sea ice in
1974 forced postponement of Dry Valley Drilling
Project (DVDP) plans to retrieve core from beneath
the sound itself. Using the McMurdo Sound ice as
a platform for the drill rig and associated equip-
ment, this final DVDP objective will be attempted
once again in the 1975-1976 field season. Drill per-
sonnel and most other technical assistants will be
provided by New Zealand. Primary logistics sup-
port and housing at McMurdo will be furnished by
the United States, with Japan participating in
various DvDP-related investigations at McMurdo
Station's Thiel Earth Sciences Laboratory. Core
retrieved late in the 1974-1975 field season, plus
that from the current season, will be shipped to
the United States for continuing analysis at home
institutions. Electrical and gamma logging of DVDP
areas and drill holes also will be done this season.

Borehole geology and volcanic petrology of
the McMurdo area. Samuel B. Treves, University of
Nebraska, Lincoln. During the 1975-1976 austral
summer, Dry Valley Drilling Project (DVDP) cores
will be logged, and any volcanic or basement rocks
will be studied petrographically to investigate se-
quential relations. The DVDP cores are important
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in understanding the geologic history of the
McMurdo area and the Southern Hemisphere.
Study of the ash layers in the Erebus Ice Tongue
and other outlet glaciers will continue, as will
surveillance of Mount Erebus' volcanic activity.

Late Cenozoic biostratigraphy of Antarctica.
Peter Webb, Northern Illinois University, DeKaib. On-
site curation and logging of Dry Valley Drilling
Project (DvDP) sedimentary cores will be done this
austral summer. Micropaleontological control also
will be maintained during drilling and retrieval of
cores. All materials will be prepared for cold stor-
age and shipping to Florida State University, Talla-
hassee.

Geothermal studies in the dry valleys. Edward
R. Decker, The University of Wyoming, Laramie. Sub-
surface temperatures will be measured this austral
summer in previous and new holes drilled by the
Dry Valley Drilling Project. These measurements
will use cables and electrical-resistance ther-
mometers during and after drilling. Other field
work will include collecting core samples for radio-
activity measurements (uranium, thorium, and
potassium), and the thermal properties of the rocks
penetrated. Radioactivity and other thermal
measurements will be made at the University of
Wyoming. These studies will provide new data on
permafrost thickness, recent climate changes, heat
How, and very deep subsurface temperatures near
McMurdo Station and the dry valleys of southern
Victoria Land. More knowledge of these pheno-
mena may lead to thermal explanations for glacia-
tion and other aspects (young volcanism, and
uplift) of this portion of Antarctica's geologic
history.

Suprapermafrost groundwater flow systems in
ice-free valleys of the McMurdo Sound region.
Keros Cartwright, Illinois State Geological Survey.
Hydrogeologic investigations during the past two
austral summers will continue this field season
with work in Wright and Taylor valleys, southern
Victoria Land. Particular emphasis will be placed
on studying groundwater above frozen ground.
Detailed investigations are planned for Wright
Valley, from Lake Vanda west to the Labyrinth.
Suprapermafrost groundwater samples will be
chemically analyzed, and their physical properties
will be measured. This information, combined
with a concurrent study of the characteristics of
surface materials in the area, should lead to an
understanding of the mass balance and chemical
characteristics of lake, pond, and soil waters. Water
sampling at Don Juan and Don Quixote ponds and
monitoring of piezometer nets established there
in 1974-1975 will continue, as will detailed down-
hole studies in Dry Valley Drilling Project hole 13.
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Dry Valley Drilling Project environmenta
monitoring. Bruce C. Parker, Virginia Polytechni
Institute and State University. This final austral sum
mer of monitoring will include a predrilling exami
nation of the drill site, inspection during drillin
operations, and a postdrilling audit.

Cape Crozier, Ross Island

Adélie penguin behavior. David G. Ainley, Poin
Reyes Bird Observatory. This study of Adélie penguir
population biology is nearing completion. Ground-
work was laid at Cape Crozier through the band-
ing of 5,000 chicks annually from 1961-196
through 1969-1970. During the 1968-1969, 1969-
1970, and 1974-1975 seasons, many data were col-
lected on these known-age birds. During the 1975-
1976 field season at Cape Crozier, gaps in the data
will be filled by concentrating efforts and observa-
tions on the oldest individuals: the 9- through 14-
year-olds. We will be especially interested in the
incidence of breeding in the oldest birds, and in
determining what mortality occurred among older
individuals during the past austral winter. Final
analysis will provide a description of the longevity,
productivity, mortality, and other demographic
factors for the ecologically important Adélie pen-
guin.

McMurdo Station and vicinity

Status and population dynamics of antarctic
seals. Donald B. SinJb University of Minnesota, Saint
Paul. We will concentrate our efforts this austral
summer in the Ross Island area: at Hutton Cliffs
and at a remote colony approximately 8 kilometers
off the coast. We also will continue the census and
tagging efforts of the past 5 years. Pupping success
will be monitored, and we will continue to collect
data on the pupping history of individual females
at Hutton Cliffs and to measure and weigh indi -
viduals at Hutton Cliffs to correlate female condi-
tion with pup growth rate and reproductive success.
At remote colonies we will study female response
to density manipulation, and an attempt will be
made to interpret effects of density on growth and
reproductive history. Work at the remote colonies
will primarily replicate that of the 1974-1975 field
season. We also hope to study vocalization patterns.

Thermo- and osmoregulatory responses in
Adélie penguins. H. T. Hammel, Scripps Institution
of Oceanography, University of California, San Diego.
About 80 Adélie and 20 emperor penguins will be
collected from the McMurdo Sound ice edge this
austral summer. If possible, 15 Adélie breeding
pairs will be taken from Cape Bird. The penguins
will be sent to Sea World, San Diego, California,
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to serve as a stock colony. Experimental penguins
will be drawn from the stock colony to be kept in
a small penguinarium in the Physiological Research
Laboratory, Scripps Institution of Oceanography.
These birds will be implanted with thermodes
and osmodes astraddle the rostral brainstem.
Increased oxygen consumption by shivering,
evaporative water loss by panting, water intake,
and salt gland secretion will be investigated in
response to thermal and osmotic stimulation of
the rostral brainstem. Brainstem heating and
cooling also will be conducted in conjunction with
spinal cord heating and cooling by a thermode in
the spinal canal and by heating and cooling the
body core with a gastric thermode. Physiological
research will not be conducted at McMurdo Station.

Benthic communities of McMurdo Sound. Paul
K. Dayton, Scripps Institution of Oceanography, Uni-
versity of California, San Diego. During the 1974-1975
austral summer, this project will expand on several
ongoing studies. The following will be investigated:
(1) benthic primary productivity, using carbon-14
analysis; (2) competitive dominance of the sponge
Mycale acerata; (3) feeding selectivity of the asteroid
Perknaster fuscus antarcticus; (4) reproductive,
growth, and defense strategies of selected sponges;
(5) settling ecology, habitat selectivity, and behavior
of invertebrate larvae; (6) Odontaster validus' hypo-
thesized key role in community organization; (7)
dynamics and interactions in a community en-
crusted on cages along a rocky underwater cliff;
(8) population increases in Homaxinella sp.; (9)
soft-bottom community in New Harbor; (10)
ophiuroid soft-bottom foraging; (11) decomposi-
tion and benthic implications of large pieces of
carrion. We also will continue to monitor the 60
cages and controls established in McMurdo Sound
when the project began in 1967. Soft-bottom sedi-
ments will be collected from aboard a U.S. Coast
Guard icebreaker in the Pennell Bank area and
along the eastern part of the Ross Ice Shelf.

Role of glycoprotein antifreezes in the survival
of fishes inhabiting ice-laden seawater. Arthur L.
DeVries, Scripps Institution of Oceanography, Univer-
sity of Cal[ornia, San Diego. McMurdo Sound waters
are near freezing and are laden with ice for most
of the year. Most of the world's fishes would quickly
freeze to death in this environment. Antarctic fishes
live in this icy environment and apparently do not
freeze. Their body fluids are fortified with glyco-
proteins that possess antifreeze properties. This
austral summer season's activities will center on
how these antifreezes afford protection to the
various fishes of McMurdo Sound. Blood samples
will be collected from the large antarctic cod,
Dissostichus mawsoni (160 centimeters long and 45
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kilograms in weight), from which glycoproteins
will be purified. We will study how and where these
glycoproteins are synthesized, and how they pre-
vent ice from propagating across the body wall.
The latter experiment will be done by transfusing
the black cod, Notothenia angustata, with antifreeze
and determining the effect on its survival. This
black cod, which belongs to the antarctic cod family,
is one of few members that lacks antifreeze com-
pounds. For comparative purposes, Notothenia fish
will be collected from aboard a U.S. Coast Guard
icebreaker in the Balleny and Scott Islands area
(this is the only place where these fish are found).

Antarctic, atmospheric infrasound. Charles R.
Wilson, University of Alaska, Fairbanks. Observations
of auroral infrasonic waves (AIw) from subauroral
zone (65°) stations indicate that AIW result only
from poleward—not from equatorward—motion
of auroral forms. To understand which AIW theory
is most nearly correct, measurements will be made
to determine whether this asymmetry is a source
effect or a propagation effect. To do this, it is
necessary to determine how convection in the polar
cap ionosphere affects AIW propagation; this de-
termination can only be made from observations
within a polar cap. A three-microphone array
(which later will be increased to four, enclosing
a 40-square-kilometer area to provide redundancy)
will be established at Windless Bight, near Scott
Base (New Zealand). This is an excellent site for
observing AIW, since it is a high geomagnetic lati-
tude (A= 79'S), and it is free of katabatic winds
that can conceal an AIW signal in the wind "noise."
Data from the microphones will be stored in digital
form at Scott Base on Estraline-Angus chart re-
corders and on slow-speed magnetic tape. Data will
be correlated with riometer, magnetometer, and
all-sky camera data.

Cosmic ray intensity measurements. Martin A.
Pomerantz, Bartol Research Foundation of the Franklin
Institute. Cosmic ray observations at McMurdo Sta-
tion are essential to continuing investigations of
electromagnetic conditions in interplanetary space
and of solar phenomena. In these studies of space
"weather," utilizing cosmic rays as diagnostic tools,
earth serves as a spin-stabilized "spacecraft" with
multiple sensors for observing cosmic ray intensity
modulations and anisotropies. A new 10-metric-
ton cosmic ray detector with statistical precision
exceeding that of any on earth will be shipped on
USNS Towle to McMurdo this austral summer. It
will be installed at Amundsen-Scott South Pole Sta-
tion a year later, just before the maximum period
of the current sunspot cycle when events of special
interest, particularly the production of solar cosmic
rays, will occur in profusion.
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Submicron particulates in the antarctic stratos-
phere. David J. Hofmann, University of Wyoming,
Laramie. Four balloon-borne soundings to measure
aerosol particles and gas samples in the polar
stratosphere will be made in January 1,976 from
McMurdo and Amundsen-Scott South Pole sta-
tions. Gas samples will be retrieved from two
flights at McMurdo, and particulates will be
counted in two flights at the South Pole. Follow-
ing recovery, gas samples will be analyzed by the
National Oceanic and Atmospheric Administra -
tion. These measurements are aimed at studying
how chlorine atoms.may possibly reduce earth's
stratospheric ozone shield by catalytic destruction
of ozone molecules.

Geodetic and upper atmosphere satellite
studies. Arnold J . Tucker, The University of Texas,
Austin. Satellite tracking station 019, McMurdo
Station, is part of the year-round National Geodetic
Satellite Program. This station is equipped to
measure the doppler shift of continuous wave
signals transmitted from artificial earth satellites.
Data collected at this station are used to determine
a set of orbital parameters that describe satellite
motions. Earth's gravitational field and atmos-
pheric drag affect satellite motion and make it
deviate from the trajectory described by this set
of orbital parameters. Tracking satellites in this
manner may lead to a better understanding of
earth's gravitational field and ionospheric effects.

Artist program. Eliot Porter, Santa Fe, New Mexico.
A project begun in the 1974-1975 season will be
completed. Flora, fauna, and other features of
Antarctica will be photographed and documented.

Remote projects
Weddell Sea oceanographic investigation. Theo-

dore D. Foster, Scripps Institution of Oceanography,
University of California, San Diego. As a continuation
of the International Weddell Sea Oceanographic
Expedition, a physical oceanographic investigation
of the western Weddell Sea will be carried out this
field season. Hydrographic casts and continuous
measurements of salinity, temperature, and depth
will be made. Three current meters moored in the
northern Weddell Sea in February 1975 will be
retrieved. This work is to further our understand-
ing of the formation of Antarctic Bottom Water.

Circumantarctic biological survey. Sayed Z. El-
Sayed, Texas A&M University. This austral summer
we plan to investigate the biology of the south-
western Indian Ocean in collaboration with French
scientists aboard Marion Dufresne cruise 8, which
is under the auspices of the Territoire des Terres
Australes et Antarctiques Francaises. Marion Du-
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fresne cruise 8 is expected to complete the circuni
antarctic biological survey begun by USNS Eltani
in 1962. Biological productivity of the southeri
ocean, from Madagascar to the Crozet Plateai
south to the antarctic pack ice, will be assessed
nutrient chemistry of the water column will als
be studied in conjunction with phytoplanktor
studies.

Stock assessment of antarctic Minke whales
Robert L. Brownell, Jr., National Museum of Natura
History, Smithsonian Institution. This collaborativ(
and cooperative study by Argentina, Brazil, Ca
nada, Japan, and the United States took place ir
September 1975. RJV Hero was used to collect dat
on the distribution, stock identification and stocl<
size of Minke whales in the western South Atlantic.
These data are needed to formulate rational inter-
national conservation and management regulations
for Minke whale stocks in the South Atlantic as
well as for other antarctic Minke whale stocks.
Minke whales in the Southern Hemisphere repre-
sent the last important, renewable whale resource
in the Antarctic still at or near its initial population
size. Full-scale pelagic catches, however, have be-
gun in the Antarctic, totaling approximately 20,000
between 1972 and 1975. Shore whaling from Bra-
zil between 1966 and 1973 has taken another 5,000.
There is need, therefore, to obtain population data
before the stocks are further perturbed by whaling.

International cooperation

In addition to the Dry Valley Drilling Project and
several other projects described above, six 1975-1976
antarctic programs will involve U.S.-foreign nation
interactions in personnel and support services. Projects
in this category, most receiving U.S. logistics support,
are listed below.

International Antarctic Glaciological Project
(McMurdo Station). Jean Vaugelade, Expeditions
Polaires Francaises.

Glaciological and geomorphological studies
in the dry valleys of southern Victoria Land
(McMurdo Station). Sergei Miagkov, Moscow State
University.

Japan visiting science program (McMurdo Sta-
tion). Takeshi Nagata, Japan Institute of Polar Re-
search.

British Antarctic Survey doppler project (Pal-
mer Station). W. R. Piggott, British Antarctic Survey.

Meteorological observations (Amundsen-Scott
South Pole Station). John DeLisle, N. Z. National
Weather Service.
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News and notes
Map Folio Series
completed

The recent publication of Ant-
arctic Map Folio Series Volume 19,
"History of antarctic exploration
and scientific investigation," com-
pletes a 12-year project to sum-
marize knowledge of the Antarc-
tic. Vivian C. Bushnell, American
Geographical Society edited the
series.

Volume 19 presents concepts
of the Antarctic that date from
A.D. 43 to the present, and sum-
marizes objectives and accom-
plishments of antarctic expedi-
tions from 1772 to 1975. The
volume's 15 plates and 280-entry
bibliography keyed to summaries
and maps were compiled by the
American Geographical Society.
An introductory text is by Henry
M. Dater. Price: $15.

The other 18 volumes may be
purchased from the American
Geographical Society, Broadway
at 156th Street, New York, New
York 10032; a 25 percent dis-
count is given for purchases of
five or more volumes in one or-
der. Publication of Antarctic Map
Folio Series was partially sup-
ported by National Science Foun-
dation contract C-293.

Geology/geophysics
symposium
announced

The Third Symposium on Ant-
arctic Geology and Geophysics
will be held on 22 through 27
August 1977 at the University of
Wisconsin, Madison, under the
sponsorship of the Scientific
Committee on Antarctic Research
(SCAR), the International Union
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of Geological Sciences, and the
Inter-Union Commission on Geo-
dynamics. The U.S. National
Academy of Sciences will host the
event.

The symposium's scope will be
broad so that significant papers
on all recent work in antarctic
geology may be included. Al-
though the exact format of
the symposium is yet to be
determined, plans have been
announced to invite a limited
number of special papers. In-
tending authors are asked to
submit titles promptly; informal
preliminary abstracts of papers
are due by 1 July 1976, and com-
pleted manuscripts must be sub-
mitted by 1 July 1977.

The symposium's first circular
is available from Professor C.
Craddock, Department of Geol-
ogy and Geophysics, University
of Wisconsin, Madison, Wiscon-
sin 53706. In addition to Dr.
Craddock, chairman, other sym-
posium steering committee mem-
bers are Robin Adams (New Zea-
land), Charles Bentley and Ian
Dalziel (United States), Tore
Gjelsvik (Norway), Ian McLeod
(Australia), and Mikhail Ravich
(Soviet Union).

Staff changes
James E. Heg, chief of polar

planning and coordination at the
Office of Polar Programs (o),
National Science Foundation,
since June 1972, resigned from
fulltime Federal service on 26
September 1975. At o pp and in
several earlier capacities at the
Department of Defense, he had
served on U.S. delegations to four
consecutive Antarctic Treaty
Consultative Meetings, including
the eighth meeting last June in
Oslo, Norway. Also with o pp he
had for a time been executive

secretary of the Interagency Arc-
tic Research Coordinating Com-
mittee. Previous assignments with
the Department of Defense had
included the Office of the Assis-
tant Secretary of Defense for
International Security Affairs as
an assistant for ocean affairs, and
the Office of the Secretary of De-
fense as a principal advisor on
ocean environment matters. Mr.
Heg's 33-year Federal career be-
gan during World War II, when
he was a line officer in the Navy's
submarine service. He will con-
tinue to serve opp as a consultant
on international affairs.

Commander William Kosar,
U.S. Navy, was assigned to oi
on 27 May 1975 as aviation proj-
ects officer. The 23-year Navy
veteran is an aeronautical en
gineering duty officer who has
been involved in the design and
production of numerous military
aircraft.

Bird handbook
published

Birdsof the Antarctic and Sub-
antarctic, by George E. Watson,
has been published. The hand-
book provides bird identification
information and illustrations and
synopses of their biology and dis-
tribution. It is intended to help
scientists, ship's crewmen, and
travelers identify most birds ob-
served at sea and on land south of
550 S and around islands near the
Antarctic Convergence and far-
ther north.

The handbook has three sec-
tions. The introduction discusses
the environments, tells how to
identify and study birds, and dis-
cusses their zoogeography and
conservation. The body consists
of species accounts, illustrations,
and distribution maps. The third
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Jeffrey D. Rude, 1949-1975
section discusses the environment
of the major landmasses and gives
checklists that show what species
to expect in various areas.

There is an annotated bibliog-
raphy, a name list with English
and Latin synonyms as well as
French and Spanish vernacular
names, and 12 color plates.

Publication of the handbook
was partially supported by a grant
from the National Science
Foundation.

Birds of the Antarctic and Sub-
antarctic may be purchased from
the American Geophysical
Union, 1909 K Street, N.W.,
Washington, D.C. 20006, for $15.

Corrections
An editorial error in "Glaciolo-

gical studies at dome C"(July/
August 1975 Antarctic Journal,
page 159) resulted in an incorrect
value in the last sentence of para-
graph two. The correct value is

= –390 parts per thousand.
José Diego Cuadrado, an em-

ployee of Holmes and Narver,
Inc., was inadvertently omitted
from the list of U.S. antarctic
program science and support
personnel, winter 1975 (July!
August 1975 Antarctic Journal,
pages 201 and 202). Mr. Cua-
drado was at Palmer Station.

Also on the winter 1975 per-
sonnel list on page 202, under
Palmer Station, delete Glenn
Eisner and add William Showers,
biology, University of California,
Davis.

Jeffrey Donald Rude, 26, of
Del Mare, California, drowned
in McMurdo Sound on 12 Oc-
tober 1975 when the tracked
vehicle he was driving broke
through thin ice and sank in
about 500 meters of water.
Three others in the vehicle
escaped unhurt.

A graduate student in biologi-
cal oceanography at Scripps
Institution of Oceanography,
University of California, San
Diego, Mr. Rude was in his
second consecutive austral sum-
mer field season with the U.S.
antarctic program. His death
brought to 42 the number of
U.S. fatalities in Antarctica since
1946.

The accident occurred about
15 kilometers from McMurdo
Station and about 1.5 kilometers
from the Erebus Ice Tongue, in
the vicinity of Turtle Rock. The
group was in the area to select
diving sites for a Scripps project
to study benthic communities of
McMurdo Sound, and to locate
sites on which to erect warming
huts for seal studies by the Uni-
versity of Minnesota, Minneapo-
lis. The Scripps project, with
which Mr. Rude was a scuba
diver, is under the direction of
Paul K. Dayton.

The three survivors—Daniel
J . Watson, Scripps, and Douglas
DeMaster and Richard Huempf-
ner, both of the University of
Minnesota, Minneapolis—were
passengers in the vehicle, which
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sank in McMurdo Sound in less
than 15 seconds. The group had
made several other trips to the
area during the previous 6
weeks. After remaining at the
site for about 20 minutes, the
trio set out for a 4-hour walk
back to McMurdo Station to
report the accident.

A native of Oakland, Califor-
nia, where he was born on 5
January 1949, Mr. Rude at-
tended San Lorenzo High
School. He received the B.S.
in biology from California Insti-
tute of Technology in 1971, and
the M.S. in oceanography from
Scripps in 1974. He was work-
ing toward a doctorate at the
time of his death.

Mr. Rude is survived by his
mother, Mrs. Donald Rude, of
Danville, California, and a sister,
Mrs. Valerie Marshall, of Al-
meda, California.

Oceanographic atlas
published

An oceanographic atlas of the
southern ocean has been pre-
pared by Columbia University.
The atlas presents data collected
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during cruises 4 through 55
(1962-1972) of USNS Eltanin (see
May/June 1973 Antarctic Journal).
The data, previously distributed
in a series of reports from 1964
to 1974, also have been combined
into a uniform format on a set of
magnetic tapes available for loan
from the Lamont-Doherty Geo-
logical Observatory of Columbia

University. The atlas project was
supported by National Science
Foundation grant GX-4 1955.

Gordon, Arnold ' L., and Eugene Moli-
nclli. 1975. USNS Eltanin southern
ocean oceanographic atlas. Palisades,
New York, Columbia University, La-
mont-Doherty Geological Observatory
and Department of Geological Sciences.
Contribution, 2256. 90 plates.
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Feature

Monthly climate summary

July 1975
McMurdo	Palmer*	South Pole	McMurdo

(date)	(date)	(date)	(date)

August 1975
Palmer*	South Pole
(date)	(date)

-8

(8/16)
-14
(8/14)

Average temperature (°C)
Temperature maximum (°C)

Temperature minimum (°(,)

Average station pressure (mb)
Pressure maximum (mb)

Pressure minimum (mb)

Precipitation (mm)
Snowfall (mm)
Prevailing wind direction
Average wind speed (m/sec)
Fastest wind speed (m/sec)

Average sky cover (tenths)
Number clear days
Number partly cloudy days
Number cloudy days
Number days with visibility

less than 0.4 km

-24.6	-7
-9.4	0

(7/14)	(7/21)
-44.4	-16
(7/31)	(7/6)
992.55

1011.85
(7/8)
960.04
(7/26)

4.06
40.64
135°
7.3
33.1

205°
(7/9)

5.0
2

25
4

0

-62.8
-46.7
(7/14)

-75.0
(7/22)
678.29
695.90

(7/9)
658.99
(7/31)
trace
trace
70°
5.5
15.0
25°

(7/26)
2.7

20
8
3

8

-30.4
-15.6
(8/28)
-49.4

(8/3)
983.41

1007.45
(8/2)
949.88
(8/21)

17.27
172.72
115°
7.2
34.5
180°

(8/20)
6.0
4

21
6

2

-61.2
-41.7
(8/18)

-73.3
(8/15)
671.52
685.74
(8/28)
654.59

(8/3)
trace
trace
70°
3.8
12.3
45°

(8/5)
2.8

23
5
3

2

*Temperature data unverified.
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