
I_1U

	

:• '.'" ..	1jiurnI'.. -	 -	.'	-	•_••.__:	 .--.--..

, >%' :	•	 . j.- '4 ,E . .	 :	•• ..	
•'4;;: '	-

•k;r !k	
Rv

 

.4

.	 :

.- ;-: ;.	•	.

L '
i Y^.-

:ua?q s	
,	 -	

I

'-""

qt

	

1i ,rf	
rç

;

CJ4
I	--	 f -.

I



antarc-
 a -
	

_11\	OFT' E

rnSTAT^Se
t I Q,
UNIT 0

September/October 1974	Vol. IX-Np.5

COVER: Scanning electron microscopy of the polar planktonl
foraminifer Neogloboquadrina pachyderma (Ehrenberg).
See page 263.

Photos by Donald $cales

195
	The U.S. Antarctic Research Program, 1973-1974:

review of year-round activities

Atmosphere

National Science Foundation

H. Guyford Stever, Director

Thomas 0. Jones,
Acting Assistant Director,
National and International Programs

Alfred N. Fowler, Acting Head,
Office of Polar Programs

Editor: Guy G. Guthridge, Director,
Polar Information Service

Associate Editor: Lloyd G. Blanchard,
Polar Information Service

195
	VLF wave injection experiments at Siple Station, by

R. A. Helliwell and J. P. Katsufrakis

198
	Conjugate geomagnetic pulsation studies at Siple Station,

by L. J. Lanzerotti and H. Fukunishi

Antarctic Journal of the United States,
established in 1966, reports on U.S.
activities in Antarctca and related
activities elsewhere, and on trends in the
U.S. antarctic program. It is published
every other month by the Office of Polar
Programs, National Science Foundation,
Washington, D.C. 20550, with the
assistance of the Department of Defense.

Although the National Science Founda-
tion attempts internally to make papers
published in Antarctic Journal error-free,
papers generally are not refereed for
scientific content or merit.

Subscription matters, including address
changes and new subscriptions ($6.50
per six issues, domestic; $8.25 per six
issues, foreign; price of single copies
varies), should be addressed to the
Superintendent of Documents, U.S. Gov-
ernment Printing Office, Washington,
D.C. 20402.

202	Micropulsations recorded at Siple Station, by L. J.
Cahill, Jr., and R. L. Arnoldy

203
	Auroral breakup at conjugate points, by H. C. Stenbaek-

Nielsen, E. M. Wescott, and T. N. Davis

204
	Cosmic ray intensity variations in Antarctica, by Martin

A. Pomerantz and Shakti P. Duggal

206 South Pole magnetic observatory, by John D. Wood

207
	Magnetic field pulsations at Vostok Station, 1973,

by R. R. Heacock

207
	Transverse magnetic disturbances and field-aimed

currents, by Alfred J. Zmuda

209
	Observed ionospheric scintillations, by Arnold J. Tuc

210 Atmospheric electric measurements, by William E. C bb

210
	Geophysical monitoring for climatic change, by

Donald H. Pack



211	NOAA antarctic meteorological program, by Vaughn D.	 Queen Alexandra Range, by G. Faure, L. B. Owen,
Rockney	 J. A. Bowman, and D. H. Elliott

211	Antarctic infrared radiation budget, by P. M. Kuhn	241	Geological surveys of Marie Byrd Land and the
and L. P. Sterns	 central Queen Maud Range, by F. Alton Wade

212	Synoptic scale wind effects on the ice cover	 243	Oxygen isotopes in Cenozoic volcanic rocks of Antarctica,
of the western Weddell Sea, by T. H. Kyle and W.	 by David B. Wenner
Schwerdtfeger

244 1 Structure and sedimentology in the Scotia Arc: the
213	The Antarctic Peninsula and the temperature regime of	southernmost Andes, by Ian W. D. Daiziel and

the Weddell Sea, by W. Schwerdtfeger	 R. H. Dott, Jr.

246	Gravity tides at the South Pole, by L. B. Slicht3r,Oean	 Erik Syrstad, Bernard Jackson, and Walter Zurn

214

	

	RIIV Conrad cruises 17-04 and 17-05, southwest	 246 Circumantarctic seismicity in 1973, by James F. LanderIndian Ocean: physical oceanography, by Stanley S.
Jacobs	 247 USGS antarctic cartography and doppler program,

1973-1974, by Robert H. Lyddan
219	Physical-chemical oceanography of Arthur Harbor,

Anvers Island, by William N. Krebs	 249	Microparticle concentration in ice cores from Camp
Century and Byrd Station, by L. G. Thompson

221	Tritium and mercury results from Eltanin cruise 51,
by P. M. Williams, R. Michel, and H. Weiss Ocean sediment

222 Circumantarctic current studies on leg 29, Deep Sea
Drilling Project, by J. P. Kennett	 250	Sedimentary hiatus in the South Indian Basin,

by Fred M. Weaver and David W. McCollum

Earth and ice________	 251	Pliocene paleotemperatures and regional correlations,
southern ocean, by Fred M. Weaver and Paul F.

224	Structural geology of the Lassiter Coast, by Karl S. Kellogg	Ciesielski
and Peter D. Rowley

253	Cretaceous Eltanin core from south of Naturaliste Plateau,
225

	

	Plutonic rocks of the Lassiter Coast, by Peter D. Rowley	by Richard E. Constans and Sherwood W. Wise, Jr.
and Paul L. Williams

256	lcerafted debris in subantarctic Eltanin deep sea
227	Paleomagnetism of igneous rocks of the central	 sedimentary core, by N. D. Watkins, J. Keany,

Lassiter Coast, Antarctica Peninsula, by Richard L.	 M. Ledbetter, and T-C. Huang
Reynolds and Karl S. Kellogg

257	Atmospherically transported volcanic ash in Eltanin deep
228	Volcanic rocks of the Early Cambrian Taylor formation,	sea sedimentary cores, by T-C. Huang, N. D. Watkins,

central Transantarctic Mountains, by Edmund Stump	 and D. M. Shaw

229	Paleomagnetic data from unit 13, DVDP hole 2,	 257	Deep sea erosion in the southwest Indian Ocean, by
Ross Island, by B. E. McMahon and Henry Spall	 J. P. Kennett and N. D. Watkins

232	Geology of Hut Point Peninsula, Ross Island, by Philip A. 259	Origin of micromanganese nodules determined from
Kyle and Samuel B. Treves	 uranium-234/uranium-238 ratios, by Robert L. Immel

234 Genesis of McMurdo volcanics on Ross Island,	 260 Late Pleistocene paleotemperature model for the
by Shine-Soon Sun and Gilbert N. Hanson

	

	 southern Indian Ocean, by Douglas F. Williams
and William C. Johnson, II

236	Ice surface topography and an ice-free area, southern
Victoria Land, by Parker E. Calkin	 261	Absolute chronology of Upper Pleistocene calcareous

nannofossil zones of the southeast Indian Ocean,
238	Food chain relationships in ancient freshwater ecosystems	by Melvin H. Miyajima

of Antarctica, by Paul Tasch
263	Surface ultrastructural variation in the polar planktonic

239 Zirconium concentrations and initial strontium-87/	 foraminifer Neogloboquadrina pachyderma (Ehrenberg),
strontium-86 ratios, Kirkpatrick basalt, Storm Peak,	 by J. P. Kennett and M. S. Srinivasan



265	Late Eocene temperatures indicated by silicoflagellates
from the Oamaru diatomite, New Zealand, by York T.
Mandra, A. L. Brigger, and Highoohi Mandra

269	Silicoflagellate paleotemperature curve for the southern
ocean, by Paul F. Ciesielski

271	Neogene and Oligocene silicoflagellate biostratigraphic
zonation for the southern ocean, by Paul F. Ciesielskl

272 Pleurosigma in plankton from the Scotia Sea, by
Andrew M. Gombos, Jr.

275	New species of fossil diatom from the Antarctic,
by Andrew M. Gombos, Jr.

276 U.S. Antarctic Research Program, 1974-1975: planned
field research projects

News and notes

288	Winter mail deliveries

288 Death: Henry M. Dater

273	Neogene diatom biostratigraphy of the southern ocean, inside
by David W. McCollum	 back cover	Monthly climate summary

Index of authors in this issue

Arnoldy, R. L., 202
Bowman, J. R., 239
Brigger, A. L., 265
Cahill, L. J., Jr., 202
Calkin, Parker E., 236
Ciesielski, Paul F., 251,

269, 271
Cobb, William E., 210
Constans, Richard E., 253
Dalziel, Ian W. D., 244
Davis, T. N., 203
Dott, A. H., Jr., 244
Duggal, Shakti P., 204
Elliott, D. H., 239
Faure, G., 239
Fukunishi, H., 198
Gambos, Andrew M., Jr.,

272, 275
Hanson, Gilbert N., 234
Heacock, R. R., 207
Helliwell, R. A., 195

Huang, T-C., 256, 257
Immel, Robert L., 259
Jackson, Bernard, 246
Jacobs, Stanley S., 214
Johnson, William C., II, 260
Katsufrakis, J. P., 195
Keany, J., 256
Kellogg, Karl S., 224, 227
Kennett, J. P., 222, 257, 263
Krebs, William N., 219
Kuhn, P. M., 211
Kyle, Philip A., 232
Kyle, T. H., 212
Lander, James F., 246
Lanzerotti, L. J., 198
Ledbetter, M., 256
Lyddan, Robert H., 247
Mandra, Highoohi, 265
Mandra, York 1., 265
McCollum, David W., 250,

273

McMahon, B. E., 229
Michel, R., 221
Miyajima, Melvin H., 261
Owen, L. B., 239
Pack, Donald H., 210
Pomerantz, Martin A., 204
Reynolds, Richard L., 227
Rockney, Vaughn D., 211
Rowley, Peter D., 224, 225
Schwerdtfeger, W., 212, 213
Shaw, D. M., 257
Slichter, L. B., 246
Spall, Henry, 229
Srinivasan, M. S., 263
Stenbaek-Nielsen, H. C.,

203
Sterns, L. P., 211
Stump, Edmund, 228
Sun, Shine-Soon, 234

Syrstad, Erik, 246
Tasch, Paul, 238
Thompson, L. G., 249
Treves, Samuel B., 232
Tucker, Arnold J., 209
Wade, F. Alton, 241
Watkins, N. 0., 256, 257,

257
Weaver, Fred M., 250, 251
Wenner, David B., 243
Weiss, H., 221
Wescott, E. M., 203
Wise, Sherwood, W., Jr.,

253
Williams, Douglas F., 260
Williams, Paul L., 225
Williams, P. M., 221
Wood, John D., 206
Zmuda, Alfred J., 207
Zurn, Walter, 246



U.S. Antarctic Research Program, 1973-1974
Review of year-round activities

This section of Antarctic Journal of the United States comprises the second part of a review of U.S.
anta ctic projects that were active in 1973 and 1974. Included are descriptions of data analysis done at home
insti utions and reports on year-round observations made in the Antarctic. Because of space limitations in this
issue, additional reports will be in the November—December 1974 issue. The first part of this review, in the
July August 1974 issue, describes field activities that took place in the 1973-1974 austral summer.

VLF wave injection experiments	nisms of wave-particle interaction. Wide frequency
at Siple Station range and control of pulse length and power output

differentiate the Siple transmitter from conventional
VLF navigation and communication transmitters.

R. A. HELLIWELL and J . P. KATSUFRAKIS	Low frequencies (< 6 kilohertz) are required to gain
Stanford Electronics Laboratories	 access to the more active regions of the magneto-

Stanford University	 sphere and to resonate with the higher energy elec-
Stanford, California 94305	 trons (- 100 key). The transmitter must also be

able to operate over extended periods of time and
H ghlighting the first austral winter (1973) of	under all seasonal and geomagnetic conditions.

Sta ford University's very low frequency (VLF)	Chosen especially for these experiments, Siple Sta-
rese rch program at Siple Station was the introduc-	tion possesses several natural advantages. It is near
tion of active experiments on the magnetosphere.	the plasmapause (L	4), a variable magnetospheric
Bas d on the injection of VLF waves into the	boundary, where much interesting magnetospheric
magnetosphere from a transmitter at Siple, these	activity is concentrated. It sits on a thick ice sheet
experiments are aimed at understanding the mecha-	that provides the required low-loss platform for the
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Figue 1. Frequency-shift key (FSK) on 5.0 and 5.5 kilohertz. Hooks triggered at 5.0 kilohertz show inflections and reversals in slope at

power line harmonics.
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long (23 kilometers) dipole antenna. A high whistler	growth rates ranging from 30 to 200 decibels per
rate and a low atmospheric noise level also make	second. The output signal often is observed to satu-
Siple ideal for the passive VLF program that is	rate at a level about 30 decibels above the iaput
closely associated with the active experiments. Finally,	signal. Following the exponential growth phase,
the conjugate point to Siple, located n ' ar Roberval,	emissions at new frequencies usually are triggered in
Quebec, Canada, is readily accessible throughout the	the form of narrowband rising or falling tones.
year.	 Emission cutoff or change in slope may occir at

Many fascinating and practically important results	frequencies not connected with known transmilters.
have already been found (Helliwell and Katsufrakis,	This effect has not been explained although it was
1974). In many intervals of operation, signals injected	observed previously in the spectra of triggered cmis-
into the magnetosphere have shown exponential	sions. An example from the present experiment is

kHz	RO	 15 SEP 73	 1213:27 UT
kinp	L

-_1^'_.	 '	 #	 D

o	 5	 10	 15

' T I ME (sec)
Figure 3. FSK on 2.5 and 3.5 kilohertz, with variable pulse length. At 2.5 kilohertz, two adjacent 800-millisecond pulses trigger riser4 be-
ginning at 1 and 2.6 seconds. These two risers are each followed by 3- and 5-hop echoes. The second and fourth risers of a 400-nilIi-

second group at 215 kilohertz trigger hooks that also echo.
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Figure 5. FSK on 5.0 and 5.5
kilohertz; 1-second pulse re-
ceived in 1515-2 during a pass
over	Roberval,	Quebec,

Canada.

kHz IMP-6	28 JUN 1973	1925:20 UT
8.0-

,.

—5.62
-	..	- , -c --	 -*- --•..-- -- . —4.62

8 I	 }"1	 y

3.0—

0	 20 sec

kHz ISIS-2(OTT.)	30 MAY 1973	113:20 ui
8.0-

t;

3 . 0'1!
0	 20 sec

Figure 4. FSK on 4.62 and
5.62 kilohertz; 1-second pulses
received on IMP-6 at 20S.
80'W. and at a geocentric
distance of 25,750 kilometers.
Signal fading is caused by
rotation	of the satellite's

antenna.

shown in fig. 1, in which two triggered hooks are
observed to inflect or reverse slope at various fre-
quencies. These frequencies are associated with the
horizontal lines on the record, which are harmonic in-
duction components of the Canadian power distribu-
tion system. A possible explanation of this "wave-wave"
interaction is that harmonic radiation from the Cana-
dian power grid is amplified in the magnetosphere
and affects emissions in exactly the same way as the
Siple pulses (i.e., pulses at one frequency-shift key
frequency affect emissions triggered by pulses at the
other frequency).

A further example of wave-wave interaction is
shown in fig. 2, in which falling tones triggered at
5.52 kilohertz are affected by the pulses at 5.05
kilohertz. The three panels of fig. 3 also illustrate the
absence of a buildup time in the interaction process.
The plasma responds to the first signal transmitted.

The lowest frequency emissions yet excited by the
Siple transmitter are shown in fig. 3. The risers
triggered at 2.5 kilohertz produce whistler-mode
echoes, the superposition of which forms a back-
ground of hiss. These frequencies are important
because they precipitate >30 key electrons into the
ionspheric D-region (Rosenberg et al., 1971; Helliwell
et al., 1973).

Satellite observations show significant differences
between the Siple signals in the two hemispheres.

Septerriber-October 1974

Growth and triggering generally are absent in the
Southern Hemisphere (fig. 4) and are quite promi-
nent in the Northern Hemisphere (fig. 5). These
observations provide further evidence that growth
occurs near the equatorial plane.

Future experiments using the Siple transmitter
include controlled precipitation of electrons and
development of improved methods for monitoring
the cold and hot plasma components of the magneto-
sphere. Controlled precipitation would open up new
possibilities for quantitative experiments on the
ionosphere, including production of auroras, hydro-
magnetic waves, and electron density enhancements.

This research was supported by National Science
Foundation grant Gv-28840.
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Conjugate geomagnetic pulsation
studies at Siple Station

L. J . LANZEROTTI and H. FuKuNIsHI
Bell Laboratories

Murray Hill, New Jersey 07974

The fluxgate magnetometer with a digital data
acquisition system that was installed at Siple Station
(Lanzerotti et al., 1971) has been used for an exten-
sive program of data collection to study, among other
topics, the conjugacy of geomagnetic pulsations.
Outlined briefly here is some recent work on the
geomagnetic conjugacy of magnetospheric plasma
waves in the frequency range 16 to 36 millihertz
(commonly called Pc-3 pulsations). Most of this

material is discussed in greater detail in three recent
publications (Fukunishi and Lanzerotti, 174a,b;
Lanzerotti et al., 1974).

A chain of three magnetic stations was estajlished
in the region conjugate to Siple in the NQrthern
Hemisphere. The locations of these three tations
are shown in geomagnetic coordinates in fig. . Also
shown in fig. 1 are the calculated conjugate points
of Siple according to three different magnetopheric
models (beginning in October 1973 a fourth station,
at L	3.5, not shown, began operation).

It has been shown by Fukunishi and Larzerptti
(1974a) and Maclennan et al. (1974) that the maxi-
mum amplitudes of Pc-3 frequency and Pc-4 fre-
quency (.7.5-16 millihertz) magnetospheric plasma
waves often occur in the latitudinal region between

b o w	50W	O°W	50E

Figure 1. Locations, in geo-
magnetic coordinates, of the
three Northern Hemisphere
magnetometer stations: DU,
Durham; LR, Lac Rebours; GR,
Girardville. Siple conjugate
points (open	circles)	are
shown according to three
field models: (a) BR corre-
sponds to Barrish and Roeder-
er (personal communications,
1971, 1972); (b) IGRF and
POGO '69 model calculations
from Stassinopoulous and

Mead (1972).
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served after local noon on
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20:01:20 to 20:03:20 UT; filter,
28 to 45 seconds. Event E
(center column): 21:26:00 to
21:28:00 UT; filter, 35 to 45
seconds. Event F (right col-
umn): 22:42:40 to 22:45:12

UT; filter, 40 to 55 seconds.
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Figure 4. Model radial de-
pendence of magnetospheric
plasma density distribution:
(a) predicted wave polariza-
tions and ellipse orientations
for local morning Pc-3 events;
(b) predicted wave polariza-
tions and ellipse orientations
for local afternoon Pc-3
events. The probable locations
of the magnetometer stations
relative to the assumed
plasma distribution are indi-
cated for each of the events
of figs. 2 and 3. The solid,
invertec triangles correspond
to the probable conjugate

lctitudes of Siple.

the stations at L	3.2 (Durham, New Hampshire)
and 4.4 (Girardville, Quebec, Canada). Across
the location where the maximum amplitude is
observed the plasma waves change polarization
(Fuk nishi and Lanzerotti, 1974b).

Sh wn in figs. 2 and 3 are six hodograms of Pc-3
frequ ncy waves observed at various local times dur-
ing January 5, 1972. The time of occurrence (in
universal time: UT) of each of the events is shown
at the bottom of each set of hodograms (local time
LT UT-5 hours). The hodograms in fig. 2 are
for w ye events observed during the local morning.
In th Northern Hemisphere during local morning,
the ti t of the wave ellipses are predominantly in the
north est direction; at Siple, the tilts are in the
northeast direction.

All of the ellipses for event A show left-handed
polarized waves (counter clockwise rotation in the
north, clockwise rotation at Siple). For event B, a
left-handed wave is observed at Durham, and a right-
handed wave is observed at Lac Rebours (Quebec,
Canada), Girardville, and Siple. For event C, a
left-handed wave is observed at Durham, Lac
Rebojrs, and Siple; a right-handed (and approach-
ing linear) wave is observed at Girardville. The
maximum amplitude of the Pc-3 waves was observed
to be at the Girardville or higher latitude for event
A, and in the vicinity of the Lac Rebours and Girard-
ville latitudes, respectively, for events B and C
(Fukunishi and Lanzerotti, 1974a,b).

The local afternoon events in fig. 3 have different
characteristics than the local morning events. First,
the tilts of the waves now are reversed; the tilts in
the north are in the northeast direction while the
tilts observed at Siple are in the northwest direction
(Van-Chi et al., 1968; Lanzerotti et al., 1972). The
wave polarizations at Durham are right-handed for
all events. For events D and E the polarizations are
left-handed at Lac Rebours and Girardville; the

polarization at Siple is left-handed for event D and
linear for event E. For event F, the wave is right-
handed at all stations except Girardville, where it is
predominantly linear. The maximum amplitude of
the Pc-3 wave was in the vicinity of Lac Rebours
for events D and E and in the vicinity of Girard-
ville for event F (Fukunishi and Lanzerotti, 1974a,b).

The wave observations pictured in figs. 2 and 3
clearly indicate that reversals of the Pc-3 wave
polarizations occur in the vicinity of the maximum
wave amplitude in this frequency interval. Further-
more, the observations indicate that systematic
changes occur with local time in the tilt angles of
the wave hodograms. Finally, the waves observed at
Siple are symmetric about the meridian plane with
respect to the waves observed in the north; i.e., the
waves can be considered odd-mode standing Alfvén
waves (Lanzerotti et al., 1972).

The L	4 waves observed at Siple do not always
exactly match the waves measured at Lac Rebours
(L 4) in the Northern Hemisphere. This indi-
cates that the point of conjugacy changes from time
to time due to a change in the magnetic field con-
figuration in the magnetosphere. Using the model
of Chen and Hasegawa (1974) for the excitation,
by an external source, of a shear Alfvén wave at a
local resonant field line, it is possible to map the
latitudinal location of the Siple conjugate point.

Shown in fig. 4 is an idealized plasma density dis-
tribution in the magnetosphere together with the
predicted wave polarizations and wave hodogram
tilts for Pc-3 frequency waves (Lanzerotti et al.,
1974). The wave predictions are made from the
Chen and Hasegawa magnetic pulsation model
assuming a driving source external (at higher lati-
tudes) to the resonance region. The source, propagat-
ing into the magnetosphere as a surface wave, couples
to the local resonant field line. Furthermore, the
source is assumed to propagate from near local noon

September-October 1974	 201



toward the dawn sector during local morning and
from near local noon toward the evening sector
during local afternoon. At the resonance region the
wave is predicted to be linearly polarized.

The observed wave characteristics (polarization,
hodogram tilt, and relative amplitude) for each
event can be compared to the predicted wave char-
acteristics; thus we can determine the location of
each station with respect to the resonance region.
In a similar fashion the observed Siple wave char-
acteristics can be used with the theoretical predictions
to determine the location of the Siple conjugate point
with respect to the resonance region and the Northern
Hemisphere latitudinally-distributed stations. Plotted
under the model predictions in fig. 3 (a and b) are
the relative locations of the four stations for the local
morning and local afternoon events. The location of
the Siple conjugate point for each event is denoted
by the solid, inverted triangle.

Using the observations together with the theoretical
model predictions, therefore, it is possible to deter-
mine the latitudinal location of the resonance region
for a magnetospheric plasma wave event and the
latitudinal location of the conjugate point for a
station in the Southern Hemisphere. As shown by
Fukunishi and Lanzerotti (1974b) and Lanzerotti
et al. (1974), similar considerations of Pc-4 frequency
pulsations, together with the Pc-3 waves, allows a
probable determination of the instantaneous location
of the plasmapause. The use of magnetic pulsations
for the diagnostics of magnetospheric conditions
(Troitskaya and Gul'elmi, 1967) is drawing closer to
a reality.

We thank Drs. Liu Chen, A. Hasegawa, H. P. Lie,
and C. G. Maclennan for many profitable discussions
of this work. Field support for this research was
assisted by National Science Foundation grant Gv-
2 1486.3.
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Micropulsations recorded at
Siple Station

L. J . CAHILL, JR.

Space Science Center
University of Minnesota

Minneapolis, Minnesota 55455

R. L. ARNOLDY
University of New Hampshire

Durham, New Hampshire 03824

A micropulsation detector was installed in a Isnow
cave at Siple Station in January 1973. The deiector
included three separate permalloy rods (1.5 meters
long), each rod wound with 50,000 turns of fine
wire, and with the rods clamped together at right
angles. Each detector had a preamplifier to boost
the signal amplitude before transmission down 150-
meter cables to the recording equipment under the
station arch. The detectors were designed to collect
signals from the magnetosphere in a frequency range
of .01 to 10 hertz. Other observing systems at Siple
work in frequency ranges above and below this one.
The recording system contained analog to digital
converters and a digital tape recorder. The incoming
three-axis, vector, rnicropulsations were sampled and
digitized 30 times each second. About 2 days of
recording filled a tape.

The frequency range (.01 to 10 hertz) includes
the micropulsations (small amplitude magnetic fluc-
tuations with frequencies less than 10 hertz) classified
as Pc-1 (Pc for continuous pulsations) with fre-
quencies from 0.2 to 5 hertz. These Pc-1 micro-
pulsations have been observed to occur with par-
ticularly large amplitude just inside the plasmaspiere.
The plasmasphere, that inner region of the magneto-
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This structured Pc-1 was re-
corded at 1150 to 1200 Uni-
versal Time, January 31, 1973,
at Sipe. Frequency and time
scales are labelled. The third
coordiaate is pulsation ampli-
tude. ihe largest peaks in the
event are approximately 100
milligammas in amplitude.

sphcr2 with high plasma density (>100 electrons per
cubic centimeter) has its outer edge, the plasmapause,
near 1 earth radii on the equatorial plane. Siple lies
near the intersection of field lines that cross the
equator at 4 earth radii; thus Siple is a promising
place to observe features of the plasmapause with a
variety of techniques, in this case the Pc—i micro-
pulsations. As an added bonus the Explorer 45 satel-
lite, with a number of charged particle and magnetic
field detectors, passed close to Siple field lines at the
equatorial plane every 4 days.

The digitally recorded signals have been particu-
larly suitable for computer processing, and a variety
of signals has been found on the tapes from the 1973
austral winter. Although the work of interpreting the
inicropulsations and seeking correlations with satel-
lite measurements is still underway, an example of
the signals detected is shown here. The event shown
is a structured Pc—i micropulsation of the type that
has been called pearls or ultra low frequency (uLF)
whistlers (Kenney et al., 1968). The figure displays
the flexibility of the digitally recorded signals. In this
three-dimensional presentation, frequency, time, and
signal amplitude are displayed with the aid of a com-
puter controlled plotter. The signal consists of a series
of rising tones near 0.6 hertz where the repetition pe-
riod for the rising tones is about 70 seconds. Liemohn
et al. (1967) have shown that such structured signals
can be analyzed to yield the equatorial path intercept
and the equatorial plasma density. We are attempting
to use the signals as monitors of the magnetosphere

where the signals are generated and propagate. The
Explorer 45 and Al's-6 satellites may assist in this
goal by providing direct, in situ measurements.
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Auroral breakup at conjugate points
H. C. STENBAEK-NIELSEN, E. M. WESCOTT,

and T. N. DAVIS
Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Earlier results from the conjugate flights along the
College, Alaska, magnetic meridian (256° dipole
meridian) have revealed apparent substorm depend-
ent conjugate point wandering (Stenbaek-Nielsen
et al., 1972). Indications are that a shift takes place
at the time of the auroral breakup. Prior to the
breakup, westward traveling surges south of New
Zealand appear to be displaced to the west of their
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Alaskan counterparts, whereas after the breakup we
observe an eastward displacement.

The conjugate properties of the breakup, itself, are
under investigation with some of the results given by
Davis and Stenbaek-Nielsen (1974). We have identi-
fied 24 events in our data in which we observe
brightening or poleward expansion of the auroras.
The events may not all be actual auroral breakups;
some may be just local activations as often are seen
in the aurora. The exact onset time of the brightening
often is uncertain, but apparently it occurs simultane-
ously or nearly simultaneously at conjugate points.
Most of the events appear to have their onset either
on the meridian of the airplane flights or to the west,
which is surprising since most of the events are in
the evening sector and the auroral breakup is thought
to originate near midnight. Thus one expects the
majority of the onsets to be located to the east of the
flight path.

During the breakup, itself, the auroras are so com-
plex and rapidly changing that it is difficult to estab-
lish the degree of conjugacy. The equatorward
boundary of the auroral displays remains conjugate
during the breakup. The poleward boundary does
not: poleward expansion normally is greater in the
Northern Hemisphere. Also more auroral forms are
evident over Alaska during the breakup, and the
forms are brighter. In almost all examples the most
poleward auroral form and the expansion itself are
much better defined in the Northern Hemisphere; in
one example a small but definite breakup is observed
almost exclusively over Alaska. Only a few examples
are found with the Southern Hemisphere auroras ex-
panding poleward of the Northern Hemisphere
auroras.

We do not know the reason for the conjugate point
wandering and the hemispherical asymmetry. The
generally brighter Alaskan auroras may be explained
by Earth's asymmetric internal magnetic field
(Stenbaek-Nielsen et al., 1973), but whether this also
can account for the approximately systematic dif-
ferences in the auroral breakup is uncertain. If the
asymmetry of Earth's internal magnetic field is re-
sponsible we would expect brighter auroras and a
more extensive breakup over Syowa Base (Japan),
Antarctica, than over its conjugate, Reykjavik, Ice-
land. That such longitudinal and hemispherical dif -
ferences exist is indicated not only in the conjugate
flight data reported here but also in ot"er observa-
tions of auroral phenomena (Stenbaek-Nilsen, 1974).
Next year we hope to fly a series of conjugate flights
along the Syowa-Reykjavik meridian, in cooperation
with the Los Alamos Scientific Laboratory, to further
investigate this asymmetry.

This research was supported by National Science
Foundation grant Gv-28809.
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Cosmic ray intensity variations
in Antarctica

MARTIN A. POMERANTZ and SHAKTI P. DUCGAL
Bartol Research Foundation of the Franklin Irstitute

Swarthmore, Pennsylvania 19081

Acceleration of protons to relativistic energies
(about a billion electron volts), a relatively rare phe-
nomenon, occurs in discrete explosive events asso-
ciated with solar disturbances. Shortly after onset of
some major solar flares, cosmic ray intensity at Earth's
surface shows an abrupt increase over galactic back-
ground flux, reaches a peak in a few hours, and then
decays over a period of several hours (Duggal et al.,
1971; Duggal and Pomerantz, 1972, 1973). This
cataclysmic process entails a chain of events in which
particles in the solar atmosphere are injected into a
region where the acceleration mechanism is operative;
they are confined there for a sufficient length of time
to attain high energy and then are released into space
(Pomerantz and Duggal, in press).

Thus far, 25 ground level enhancements (OLE)
have been recorded. Both individually and collectively
these events have provided information on several
problems connected with acceleration and pro7aga-
tion of particles (Pomerantz et al., 1961; Duggal
et al., 1971; Duggal and Pomerantz, 1972, 1973;
Pomerantz and Duggal, 1974). Fig. 1 shows the
heliographic coordinates of solar flares associated with
all OLE detected since the start of observations in
1936. The centroid (asterisk in fig. 1 of all the OLE
occurs close to the base of the spiral interplanetary
magnetic field (IMF) line 0-at connects Sun to
Earth. Other studies (Duggal and Pomerantz, 1971,
1973; Duggal et al., 1971; Maurer et al., 1973) show
that solar cosmic rays tend to follow the IMF. This
figure thus reveals that a very efficient transport
mechanism in the solar corona is effective over a
900 sector on either side of the so-called garden hose
line (Duggal and Pomerantz, 1973).
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Eleven GLE have been recorded by the super
neutron monitors at McMurdo and South Pole sta-
tions (Pomerantz and Duggal, in press). Detailed
analysis of the event of August 4, 1972 (Pomerantz
and Duggal, 1974) has revealed that the particles
were not accelerated to relativistic velocity at the
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ray observations and the global geomagnetic data,
we discovered a new mechanism whereby solar par-
ticles are accelerated to cosmic ray energies in inter-
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interplanetary shocks. If the trailing shock T is mov-
ing faster than the leading shock L, energy is gained
in multiple reflections. As shown in fig. 2, the leading
shock during the record breaking August 4, 1972,
cosmic ray storm (Pomerantz and Duggal, 1973; in
press), propagated with a velocity of 1,400 kilometers
per second, whereas the trailing shock moved at an
unusual speed of about 2,900 kilometers per second.
Furthermore, satellite data show that there was a
large number of low energy solar protons in the
vicinity of Earth, between the two shocks. All the
basic requirements for the operation of this mecha-
nism thus were satisfied.

The extraordinary delay in the arrival of solar
particles during the July 17, 1959, GLE has been a
challenging problem over the last 15 years. Our
results show, contrary to prevailing ideas, that par-
ticle acceleration in this event also took place in
interplanetary space. In this case, the trailing shock
was 1.5 times faster than the leading shock, and the
large flux of ambient low energy particles also was
available as required in our model.

This research was supported by National Science
Foundation grant Gv-40904.
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South Pole magnetic observatory

JOHN D. WooD
Branch of Regional Geophysics

U.S. Geological Survey
Boulder, Colorado 80302

During the 1973 austral winter the magnetic
observatory operations at South Pole Station con-
tinued much in the same manner as they have since
the International Geophysical Year (1957-1958).

Magnetic field variations in declination, in hori-
zontal intensity, and in vertical intensity were re-
corded photographically with a standard Ruska
magnetograph at 20 millimeters per hour. Each daily
record is 19 centimeters by 53 centimeters, with
D, H, Z, and temperature traces. There also are
baseline traces for each of the magnetic components
and hourly time marks on the records.

Absolute control is provided by use of a Ruska
declinometer, a proton precession magnetometer for
total field measurements, and quartz horizontal
magnetometers (QHMs) for horizontal intensity
measurements. Vertical intensity is computed from
total field and horizontal intensity field measure-
ments. Scale values for the magnetograms are 6.5
minutes per millimeter for declination, 29.7 gammas
per millimeter for horizontal intensity, and 25.5
gammas per millimeter for vertical intensity.

In 1959 the mean declination value was 27°24';
it increased gradually to 27°46' in 1965-1966. Since
1965-1966 the declination has decreased gradually to
a current value of approximately 27°25'. The total
field has decreased from a mean value of 59,260
gammas in 1959 to a current value of approximately
58,000 gammas. In 1959 the mean horizontal in-
tensity was 15,800 gammas; the present mean value
is about 16,100 gammas. Vertical intensity has de-
creased from a mean of 57,100 in 1959 to a present
mean of approximately 56,000 gammas. Vertical in-
tensity is negative; declination is measured as west
of Greenwich Meridian.

Data from South Pole Station and from previous
U.S. antarctic magnetic observatories (Eights, Little
America, Plateau, and Byrd stations) may be ordered
from World Data Center A, Geomagnetism, Seismol -
ogy, and Gravity, Environmental Data Service, Na-
tional Oceanic and Atmospheric Administration,
Boulder, Colorado 80302.

The magnetic observatory operations at South Pole
Station, along with most of the National Oceanic and
Atmospheric Administration's geomagnetic programs,
were transferred to the U.S. Geological Survey in
September 1973. Within the Survey, the magnetic
programs are headquartered at the Federal Center,
Denver, Colorado 80225.
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Magnetic field pulsations at
Vostok Station, 1973

R. R. HEACOCK
Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

The three-component induction magnetometer and
associated data recording systems at Vostok Station
(U.S.S.R.) continued to operate in cooperation with
Soviet scientists of the Arctic and Antarctic Scientific
Research Institute, Leningrad.

In data analysis, attention was given to broadband
type Pi 1 pulsation events. This activity generally is
regarded as an auroral zone phenomenon (Saito,
1969; Jacobs, 1970). However, we frequently ob-
served Pi 1 events at Vostok and Thule (Hessler and
Heacock, 1969; Heacock et al., 1970), both of which
are near the geomagnetic poles. The stronger events
recorded at Vostok have amplitudes going over 1
gamma and have spectral characteristics that cannot
be reconciled with horizontal propagation in the
ionosphere waveguide (Greifinger and Greifinger,
1968). The prominent Pi 1 events are well correlated
with intensities of E-region current systems in the
vicinity of the pole sites. All of these characteristics
suggest that the more prominent Pi 1 events ob-
served at Vostok have their source region on the
local, open, field lines.

It is difficult to reconcile these Pi 1 events with
certain Pi 1 theories, theories that require the source
to be on closed field lines or at the equatorward
boundary of the plasma sheet (Coroniti and Kennel,
1970). The most direct explanation is that the source
region is in the E-region currents, as has been sug-
gested for auroral zone Pi 1 by Campbell and
Matsushita (1962) and Heacock (1967). It may
prove possible to explain the pole site Pi 1 in terms
of theories that relate the pulsations to electric fields,
to field-alined currents, or to temperature gradients.
The plasma structure and characteristics on open
field lines above the local E-region currents are not
sufficiently defined to permit tests of those theories.

The possibility exists that two or more distant
source mechanisms contribute to the observed broad-
band Pi 1 activity, and thus the source mechanism
for aurora! oval Pi 1 is not necessarily the same
as for Vostok Pi 1. The similiarity in spectral char-
acteristics, however, forces the tentative conclusion
that the source mechanisms are similar.

In terms of worldwide integrated wave energy
incident on the ground, type Pi 1 activity probably
is the most important kind of pulsation activity. In
view of the current interest in wave-particle inter-
actions and in other pulsation effects, it seems impor-

tant that we gain more understanding of the source
of this Pi 1 activity.

This research was supported by National Science
Foundation grant Gv-41157.
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Transverse magnetic disturb.inces and
field-alined currents

ALFRED J. ZMUDA*

Applied Physics Laboratory
The Johns Hopkins University
Silver Spring, Maryland 20910

The TRIAD satellite (1972-069A) was launched on
September 2, 1972, into an orbit with the following
initial parameters; apogee, 832 kilometers; perigee,
750 kilometers; inclination, 90.1'; period, 100.6
minutes. The satellite contains a three-axis vector
Schonstedt fluxgate magnetometer and a 13-bit (12-
hit plus sign) analog to digital converter providing
field measurements with a resolution of 12 gammas
in each axis with a sampling rate of 2.25 samples per
axis per second (ly - 10- 5 gauss - 10 Wb/m2).
The satellite is stabilized to within about 3° in each
axis and contains a disturbance compensation system
for the effects of forces due to solar radiation pres-
sure and atmospheric drag. Due to an early failure
of an on-board computer, the TRIAD magnetometer
data are received only in real time at College, Alaska
(as of January 1973), and McMurdo Station, Ant-
arctica (as of February 1974).

The vector magnetometer detects field changes
interpretable as effects of currents flowing either

* Died July 14, 1974.
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upward or downward along the auroral oval field
lines and coupling the auroral ionosphere to the
outer magnetosphere. Much of the data acquired at
College, Alaska, have been reduced, and parts are
discussed in various manuscripts. Armstrong and
Zmuda (1973) discovered that the magnetic pertur-
bations are predominantly in the east-west compo-
nent, secondarily in the north-south component, and
practically absent in the direction parallel to the
main geomagnetic field. The composite of these char-
acteristics form a firm foundation for interpreting
the magnetic effects in terms of field-aimed currents.
Armstrong (in press) reviews the satellite and rocket
observations related to field-aimed currents and also
noted some diurnal differences in the TRIAD magnetic
waveforms and inferred current patterns. Zmuda
and Armstrong (1974) show that the magnetic dis-
turbance region has a relatively narrow latitudinal
extent and a diurnal variation similar to that of the
aurora! oval. The currents flow at all local times and
at all levels of magnetic activity: quiet time, moder-
ately disturbed, substorms, and storms. Armstrong
et al. (in preparation) compare for one satellite pass
field-aimed currents, auroral arcs, and ionospheric
currents across the entire oval. Zmuda and Armstrong
(in press) analyze the gross characteristics of the
vector magnetic field perturbations as a function of
dipole local time under a broad range of magnetic
activity. During the period 1400 dipole local time
(DLT) through dusk to 2300 DLT, the perturbation
throughout the oval is directed eastward; the in-
ferred field-aimed currents flow downward into the
ionosphere in the equatorward part of the disturbance
region, and upward out of the ionosphere in the
poleward part. In the epoch 2400 DLT through dawn
to 1000 DLT, magnetic perturbation is westward and
current flow is upward in the equatorward part and
downward in the poleward part; these characteristics
are reversed from those in the 1400 to 2300 DLT

epoch. Either set can appear in the transition period,
2300 to 2400 DLT.

Data acquisition began at McMurdo in February
1974 but the only data thus far reduced are those
acquired while the receiving station was oeing estab-
lished. The large body of data subsequently received
and still being acquired by University of Texas
personnel will be reduced and analyzed upon trans-
mittal from McMurdo to the Applied Physics Labora-
tory, Johns Hopkins University. The figure shows
some of the TRIAD magnetic data for the satellite pass
obtained at McMurdo on February 7, 1974. The data
are for a magnetic component nearly transverse to
the main geomagnetic meridian and in the magnetic
east-west plane. The region containing field-aimed
currents is readily identifiable and marked on the
figure.

Ultimately the McMurdo data will be used in the
following studies: (1) mapping for the first time the
field-alined currents in the Southern Hemisphere
auroral oval; (2) setting the limits for field-alined
current flow at latitudes above those of the oval;
(3) comparing the Northern Hemisphere and South-
ern Hemisphere results under a variety of local time
and magnetic conditions.

This research was supported in part by National
Science Foundation grant DES 73-00593 (formerly
GA-40755).
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Observed ionospheric scintillations

ARNOLD J . TUCKER
Applied Research Laboratories

University of Texas, Austin
Austin, Texas 78712

Analysis of the doppler data recorded at the
geodetic satellite observatory, McMurdo, continued
during this year. The data recorded and processed
since 1969 are being readied for thorough analysis.
The data recorded and processed in 1969 have been
analyzed and the analysis programs have been ex-
panded based on the results of this initial effort.
The data available for this study are the experimental
doppler data recorded at a ground station and the
residual doppler data resulting from the comparison
of ihese experimental data with the theoretical
dopler data based on a set of Kepler orbital

ts.
behavior of these residual doppler data for

an undisturbed ionosphere is a smooth function
depicting only the noise of the station equipment,
whereas the behavior of the residual doppler data
during all ionospheric distribution is depicted by
large variations in the residual doppler data. Both
conditions are shown (fig.) for a typical set of residual
doppler data. The smooth increase in the magnitude
of these data at rise and set are caused by the
troposphere. The signal paths between the satellite
and ground station penetrated a region of the iono-
sphere that was scintillated, which caused noise to be
induced on these signals. The location of these iono-
spheric disturbances was determined for an assumed
350-kilometer height of the intercept of the signal
path and the ionospheric region by using a set of
Kepler orbital elements for the time of day of a
particular pass. Similar data are available for each
set of doppler data recorded at McMurdo. Data for
May, June, and November 1969 were selected for
an indepth analysis while all other data were being
prepared for analysis.

The tentative results of this analysis indicate that
the time of occurrence of these scintillations exhibit
a definite periodic behavior during the austral winter
months. Definite 12- and 24-hour periods are present
during the austral winter, whereas during the austral
summer a definite periodic behavior is not noted.
At this time, it is believed that this phenomenon is
directly related to the lack of presence and presence,
respectively, of the Sun on the polar ionosphere. The
continuous presence of the sun's energy on the polar
ionosphere in the austral summer appears to mask
any periodic behavior; furthermore, the scintillations

AZIMUTH ANGLE - deg

tember-October 1974	 209



observed are not repetitive as a function of time on
a day-to-day basis.

Additional data recorded at Palmer Station, Casey
Station, and South Pole Station, Antarctica, and
Thule, Greenland, are being prepared for analysis.
The compiled results of these analyses should lead to
a better understanding of the cause and effect of
ionospheric scintillations on signals received in the
polar region from artificial Earth satellites.

This research was supported by National Science
Foundation contract C-560.
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Atmospheric electric measurements

WILLIAM E. COBB

Atmospheric Physics and Chemistry Laboratory
National Oceanic and Atmospheric Administration

Boulder, Colorado 80302

Our 5-year program of atmospheric electric meas-
urements is in its second year at Amundsen-Scott
South Pole Station. The main objectives of the pro-
gram are to establish an environmental benchmark
of the atmospheric electric climate on the polar
plateau so that secular changes may be detected in
later years, and also to investigate those processes
that control and maintain the "global circuit" and
the flow of electrical current between Earth and the
ionosphere.

Surface measurements of the potential gradient and
the air-Earth current density confirm that South Pole
Station is an ideal monitoring site due to a near
absence of local anthropogenic aerosols, a non-
existence of any 24-hour diurnal effect, and an
absence of radioactive soil. The surface measurements
probably are providing the best evidence ever ob-
tained to support the classical hypothesis that global
thunderstorm activity controls and maintains the
global circuit. Both the potential gradient and the
air-Earth current at the South Pole thus peak daily
at about 1800 Greenwich Mean Time; this coincides
with afternoon in Africa, where the most intense
thunderstorms usually are.

Balloon-borne sensors were released during the past
2 years to determine the air-Earth current profile at
altitudes as high as 35 kilometers. These observations
often have not supported the classical hypothesis
since the current frequently was not constant with
altitude and often varied by an order of magnitude
or more from day to day. The data suggest that

factors in addition to global thunderstorm activity
affect stratospheric air-Earth current at the South
Pole. It is possible that solar corpuscular radiation,
carried with the solar wind and funneled to lower
regions of the atmosphere near the Pole, affects the
ballon measurements. It is also likely that aerosol
layers aloft are a factor since the air-Earth current
in the stratosphere is very sensitive to aerosol pollu-
tion. These baseline measurements will provide valu-
able data for future comparative studies to help
determine, for example, the effects of the supersonic
transport airplane on the upper atmosphere.

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 is one of four
"clean air" geophysical monitoring observatories
where long term measurements are being made of
atmospheric constituents and related parameters that
can influence climate or shed light on climatic roc-
esses. These benchmark observations also are eing
carried out at the Mauna Loa Observatory, Ha vaii,
at Point Barrow Observatory, Barrow, Alaska, and
at Cape Matatula, American Samoa. Other possible
future locations are on the U.S. West Coast and on
Bermuda. Secular observations from these locations
will furnish data to judge the effectiveness of pro-
grams designed to reduce pollution and to assess
natural and manmade climatic changes.

The Air Resources Laboratories, National Oceanic
and Atmospheric Administration (N0AA), has a
person stationed at the South Pole. His duties in-
clude the following:

(1) Continuous monitoring of carbon dioxide,
using a UNOR infrared gas analyzer, and colle tion
of air samples in special evacuated flasks for later
laboratory analysis of carbon dioxide concentration by
NOAA and the Scripps Institution of Oceanography.

(2) Total ozone observations thrice-daily, weather
and astronomical conditions permitting, to provide
information on variations in atmospheric ozone.

(3) Continuous surface ozone measurements by
chemiluminescent reaction of ozone with ethylene gas
and by an electrochemical concentration cell.

(4) Aitken nuclei measurements, using an a to-
matic General Electric condensation nuclei counter
and two other hand-operated counters, to deter me
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background levels of particulate burdening at the
surface.

(5) Continuous solar radiation measurements,
using four broad band pyranometers, one ultraviolet
radiometer, and one normal incidence pyrheliometer,
as part of NOAA's ongoing research on Earth's heat
budget and also to provide information on aerosol
size and distribution.

(6) Atmospheric turbidity measurements, concur-
rent with surface synoptic observations.

(7) Measurements of potential gradient, air-Earth
current, and electrical conductivity to establish a
baseline of the electrical climate of the polar plateau.

(8) Routine riometer observations at 30 and 50
megahertz to provide information on ionization proc-
esses in the upper atmosphere and the magnetic field
topography of the outer magnetosphere.

NOAA antarctic meteorological
program

VAUGHN D. ROCKNEY
Overseas Operations Division

National Oceanic and Atmospheric Administration
Silver Spring, Maryland 20910

Tie National Oceanic and Atmospheric Adminis-
traton (N0AA) meteorological program in Antarc-
tica includes measurements of surface and upper-air
weather conditions and dissemination of reports of
thes measurements immediately to international
user, as part of the World Weather Watch of the
World Meteorological Organization. During the
auslral summer the reports also are sent to U.S.
Nay weather forecasters at McMurdo Station and
at Ohristchurch, New Zealand. Specifically, during
1973-1974, a two-person NOAA National Weather
Service team at Amundsen-Scott South Pole Station
carried out the following program:

(1) Surface synoptic weather observations every
6 hours.

(2) Rawinsonde observations (measurement of
pressure, temperature, humidity, and winds aloft)
daily at 0000 Greenwich Mean time.

(3) Continuous exposure of special air filters for
later analysis by the Atomic Energy Commission, to
detrmine the amount and makeup of radioactive
deb is captured by the filters.

(4) Additional austral summer surface and upper
air observing programs, as necessary, to provide real-
tim information in support of aviation operations.

(5) Sunrise and sunset color photographs of clouds
in the vicinity of the Sun, for study (by the U.S.
Air , Force Cambridge Research Laboratories) of
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striations as functions of particulate layers in the
atmosphere.

Antarctic infrared radiation budget

P. M. KUHN and L. P. STERNS
Atmospheric Physics and Chemistry Laboratory

National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

The 1973 austral winter marked the 15th season
of ballon-borne radiometersonde flights at Amundsen-
Scott South Pole Station. From the inception of the
program, the number of stations making measure-
ments increased to five in 1963. These scattered sta-
tions enabled a longwave radiation budget for Ant-
arctica to be established with South Pole Station as a
central point. Then the number of stations was
decreased to two: Byrd and South Pole. In the 1967
winter one balloon was launched per 24 hours at each
of these two stations (187 flights per station). This
intensive program, then, set a sound basis for future
comparisons of the continent's infrared budget.

The radiometer used is the Suomi-Kuhn (1958)
economical net radiometer. An important feature of
the research has been the continued use of the same
design and material fabrication of the radiometer-
sonde since its 1959 introduction to antarctic research.

It has been observed that changes have occurred
in the observations of radiative cooling, AT/At
(°C. day-'), a function of the one-dimensional diver-
gence with height of the net radiant flux. Since 1963
this quantity has increased noticeably in the mean.
But we should consider our noise equivalent observa-
tional response or minimum detectable change in the
radiative contribution, for a single observation, to at-
mospheric cooling, which is calculated to be ±0.4°C.
from the expression for atmospheric radiative cool-
ing through the first law of the thermodynamics. The
mean, winter antarctic (Pole Station) columnar cool-
ing from 550 through 100 millibars increased by
0.25°C. per day from 1963 through 1972. Subsequent
data has verified this. Since our standard error
(rN1/2, where u is the root mean square error or
minimum detectable signal, ±0.4°C. day-' and N is
the mean number of observations of the same atmos-
pheric layer equal to approximately 10) is approxi-
mately ±0.126°C. day-', the increase in cooling by
0.25°C. day-' is statistically significant.

Monitoring of the profiles of radiant flux and
derived parameters over Antarctica shows that cal-
culations of downward flux and observations indi-
cates a decreasing divergence (observed minus cal-
culated) when the atmospheric transmission model
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is employed with the same spectral resolution, 10.0
centimenter1 . In all cases aerosol contributions to
the downward flux are omitted; but mean cloudiness
for cirrus and altostratus clouds are included, employ-
ing a volume absorption coefficient of 1.0 X 10
centimeter-'. By adjusting the cloud volume absorp-
tion coefficient and assuming a droplet or particle
distribution, we could conclude approximate figures
on changing liquid water content through Mie theory
computations. This will be attempted. A possible
radiative feedback due to carbon dioxide increase is
being investigated.

The inference from both observational conclusions
is that cloud or moisture "contamination" has de-
creased from 1963 through 1973 over Antarctica.
Observations and related calculations are planned to
continue through at least 1976 to validate this appar-
ent change in the antarctic atmosphere through
changes in its infrared transmission.

Reference

Suomi, V. E., and P. M. Kuhn. 1958. An economical net
radiometer. Tellus, 10: 160-163.

Synoptic scale wind effects on the ice
cover of the western Weddell Sea

T. H. KYLE and W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin

Madison, Wisconsin 53706

According to the logs of various expeditions trying
to go south by ship along the east coast of the
Antarctic Peninsula, any progress beyond about 64°S.
almost always was made impossible or at least in-
advisable by masses of pack ice east of the Larsen
Ice Shelf. In 1893, however, Captain C. Larsen, sent
out by a Hamburg whaling firm, reached much
higher latitudes. To quote Priestley et al. (1964),
he "discovered land, afterwards named the Oscar II
and Foyn Coasts, reaching as far south as 68'10' in
the Weddell Sea." Recent years' satellite pictures have
shown (NASA, 1971; Sissila et al., 1972) that occa-
sional large leads of open water directly , off the
Larsen Ice Shelf can appear within a few days. In
extreme cases, these leads have opened to a width
of 30 nautical miles and extended from 65° to
about 70°S.

Open water areas of such size must have consider-
able effect upon the air above them, particularly

Captain Kyle is on assignment to the University of Wis-
consin from the U.S. Air Force Institute of Technology,
Wright-Patterson Air Force Base, Ohio 45433.
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during the 6-month winter when the temperature
difference water minus air easily can surpass 20°C.
Large leads of this kind also can be of interest for
navigational purposes. Use has been made, therefore,
of new, high quality DAPP satellite photographs, in
combination with the twice daily synoptic analyses
of the Australian Bureau of Meteorology, to specify
the meteorological conditions under which large leads
along the Larsen Ice Shelf (i.e., in the area marked
by horizontal bars in the figure) open and close.
The results of this analysis will be presented in detail
in Kyle (M. S. thesis, in preparation), with repro-
ductions of relevant satellite pictures and with signifi-
cance tests of the statistical relationships found. The
figure shows in summary form the average trajectories
of the cyclonic storm centers advancing in a generally
eastward direction in the Antarctic Peninsula sector.
The dashed trajectory is the average for several series
of days when a lead was opening or remained open;
the solid trajectory is for days when a previously
existing lead was closing.

Briefly, the explanation of these findings is that
when there are strong horizontal gradients of the
sea level atmospheric pressure field, the motion of
pack ice is approximately in the direction of the
geostrophic wind. Consequently, when the sorm
centers lie between, say, 60° and 50°W., st'ong
westerly winds blow over the western Weddell I Sea
in the case of the southern trajectory, while stong
easterly flow must appear in the case of the nor4iern
one. The weaker winds of changing direction inj the
high pressure ridges between two consecutive cyc one
centers, moving approximately along the same oath,
cannot have much effect.

Averaged cyclonic storm tracks computed from 40 indivdual
storm trajectories in six cases of opening leads, and 41 traj.ctori.s
in five cases of closing leads, east of the Larsen Ice Shelf .4 The
length of the line segments crossing the trajectoriesevery 5° of
longitude indicates ± one standard deviation of th. mean lati-
tude of the storm center location. The individual trajectories ave
been evaluated from the semidaily analyses of the Austr han
Bureau of Meteorology, supplemented by DAPP satellite p oto-
graphs, for the time periods February 28 to April 20 and S. •m-

ber 15 to November 24, 1973.
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The surface and 500-millibar synoptic analyses
around the antarctic continent have improved con-
siderably in recent years due to the availability of
more and better satellite information. It now should
be possible to forecast what path a cyclonic storm
appearing to the west of the Antarctic Peninsula will
take and what the consequences might be with
respect to the ice cover in the western Weddell Sea.
Obviously, the duration of the presence of a sizeable
lead along the Larsen Ice Shelf depends heavily on
the persistence of a far southern track of the subpolar
cyclonic disturbances. Nevertheless, a forecast for
more than 2 days always will be risky. From a
climatological point of view, the best chances for the
formation of the Larsen lead should exist in the
spring months when the circumpolar low pressure
trough in the Antarctic Peninsula sector tends to be
farther south than in the rest of the year.

This research was supported by National Science
Foundation grant Gv-28810.
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The Antarctic Peninsula and the
temperature regime of the

Weddell Sea

W. SCHWERDTFEGER
Department of Meteorology

University of Wisconsin
Madison, Wisconsin 53706

An analysis of the origin of the wind regime along
the e st coast of the Antarctic Peninsula and a corn-
paris( ri of the climatic characteristics of the Weddell
Sea ea with those of other parts of the continent's
coast iave led to several conclusions.

ng southwesterly surface winds, as observed at
Snow Hill (Bodman, 1910) and Matienzo (Servicio

rológico Nacional, 1972), develop when ex-
.y stable air masses move westward over the

ice vered Weddell Sea and are blocked by the
;ainous Antarctic Peninsula. The theory of this
menon has been given by Schwerdtfeger (in
with application to a dynamically similar flow

n north of Alaska's Brooks Range. The high

Average monthly temperatures west and east of the Antarctic
Peninsula. West: ME, Melchoir, 1947 to 1956 (64.3 0 63.0°W.); AR,
Argentine Island, 1962 to 1971 (65.3 0 S. 64.3 0 W.); AD, Adelaide
Island, 1962 to 1971 (67.8 0 S. 68.9 0 W.). East: SN, Snow Hill, 1902
to 1903 (64.4 0 S. 57.0°W.); MA, Matienzo, 1962 to 1971 (65.0°S.

60.1 °W.).

frequency of southwesterly winds in the eastern and
northeastern part of the Weddell Sea therefore is
not necessarily an indication of the presence of a
low pressure system at sea level in the central Weddell
Sea. Indeed, the new mean monthly pressure maps of
Taljaard et al. (1969) show that the area of prevail-
ing lowest sea level pressure lies farther east, between
0° and 30°E. This is in agreement with results of an
analysis of the location and frequency of occurrence
of cyclonic cloud vortices between 50°S. and the
continent, based upon daily satellite picture mosaics
for 11 spring and fall months (Kachelhoffer, 1973).

The severity of the climate of the Antarctic Penin-
sula's east coast, in contrast to the mild conditions
on the west coast, is shown in the figure. More evi-
dence will be published later. The average annual
temperatures of Matienzo (at 65.0°S. with —12.1°C.)
and Snow Hill (at 64.4 0 S. with —11.5 0 C.) are
lower than those of other coastal antarctic stations
at considerably higher latitudes as, for instance,
Dumont d'Urville (67.7°S., —11.0°C.) and even
Novolazarevskaya (70.9 0 S., —10.8 0 C.). In the
months of May to August the average speed of the
southwesterly winds at Matienzo and Snow Hill is
11 and 14 meters per second; for all other directions
it is much less. At the latter station, the mean tem-
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Annual average surface air temperatures along the parallels 600 and 65°S., between 110°W. and 30°E.

	

110°W.	900W.	700W.	500W.	300W.	100W.	100E.	300E.

At 6008. (°C.)	 +2.2	+2.2	+2.6	-2.4	-3.9	-3.6	-3.3	-3.0

	

At 65 0 S. (°C.) ........-2.8	-2.7	-3.2	-8.6	-8.3	-7.5	-6.8	-6.4

perature of these southwesterlies (in the same period)
was -22.2°C., almost 4° lower than the mean
temperature at calm conditions.

Over the western Weddell Sea along the Antarctic
Peninsula's coast the prevailing southerly and south-
westerly surface winds are the principal driving wheel
for the transport of pack ice and icebergs north and
northeastward. In this way the ice masses are carried
into the belt of strongly predominating westerlies.
The result is a broad belt of pack ice fields and cold-
water that extends far eastward, certainly beyond
the 0° meridian. The data in the table, taken from
Taljaard et al. (1969), as well as maps of the ice
cover around the antarctic continent obtained from
satellite information, confirm this distribution. Warm,
maritime air masses moving south or southeastward
must cross the cold belt before they reach the eastern
part of the Weddell Sea. Any such warm advection
consequently is weakened. This must be considered
the main reason for the comparatively low mean
temperature found at the antarctic stations Sanae
(South Africa), Halley Bay (United Kingdom), and
even Belgrano (Argentina).

To conclude, the mountainous Antarctic Peninsula
acts as a barrier to motions in the lower atmosphere.
The resulting surface winds create the necessary con-
ditions for a feedback between ice fields that extend
far northward into the subpolar latitudes and ab-
normally low temperatures farther south. These are
the principal factors that make the Weddell Sea the
main ice and coldwater producing area of the South-
ern Hemisphere.

This research was supported by National Science
Foundation grant Gv-28810.
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R/V Conrad cruises 17-04 and 17-05,
southwest Indian Ocean:
physical oceanography

STANLEY S. JACOBS
Lamont-Doherty Geological Observatory

Columbia University
Palisades, New York 10964

Between January 5 and April 11, 1974, Lamont-
Doherty Geological Observatory operated two 5-day
reconnaissance cruises (fig. 1) aboard R/V Robert D.
Conrad in the southwest Indian Ocean sector of the
antarctic oceans. The purpose of the cruises N as to
investigate outstanding problems in the physical
oceanography and geophysics of this region The
antarctic oceans between the Kerguelen Plateau and
20°W. were not covered by USNS Eltanin efore
the ship was taken out of service in 1972. Thesd were
unusually long cruises for Conrad and the ship
bettered its previous records for kilometers traveled
during one leg and for southerly penetration.

Oceanographic salinity-temperature-depth (STD)
stations were concentrated along sections been
Capetown and Marion islands, Marion and rozet
Islands, Crozet and Kerguelen Islands, Crozet sland
and Antarctica, and Marion Island and Ant4ctica.
The transects thus crossed the Antarctic Circunipolax
Current, Agulhas Current, and East Wind Drift, and
intersected the flow of Antarctic Bottom iWatel
(AABW), North Atlantic Deep Water (NADW), and
Antarctic Intermediate Water (AAIw). Ge4erally
moderate weather and minimal pack ice allow4d the
completion of most planned station work, witI sta-
tions extending onto the continental shelf at6646'S
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Figure 1. R/V Robert D. Con-
rad cri4is. tracks in the south-
west lidian/antarctk oceans,
from .anuary 5 through April	6

11, 1974.

62 0 19'E., and to 1,870 meters on the continental
slope lat 68 0 20'S. 38034'E.

Ov r 90 casts were made with a Plessey model
9006 STD, most to within a few meters of bottom.
Data were recorded on analog chart and at 0.25-
secon intervals on magnetic tape. A prototype Inner-
space Technology rosette (fig. 2) for use with STD
syste i received extensive tests and use during these
cruiss. Dubbed the SAMS-3, it includes a pressure
relea*; system and thermometer frame on each bottle,
nonsequential tripping, protection from contamina -
tion, and the option of expanding the array to 24
botths. Several hundred samples were taken with the
SAMS-3 and some design changes are being imple-
mented to improve its overall durability.

Water samples were processed aboard ship for
salinit '., dissolved oxygen, silicate and phosphate.
sAMs/sTD comparisons showed slight STD salinity
and depth errors with pressure (e.g., up to 0.025 per
mil difference between STD output and water sample
salinity at 5,000 meters). Conrad silicate values
averaged about 30 percent higher than Discovery
silicate observations in the same region. We have
noted a similar discrepancy between Eltanin and
Discovery silicate data east of the Kerguelen Plateau
(Jacobs et al., in preparation).

Savonius rotor current meters were set 500 meters
above bottom midway between Antarctica and
Marion Island, Antarctica and Crozet Island, and
between the Crozet and Kerguelen islands. An array
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opposite case has been noted earlier (e.g., Gordon
et al., 1974).

While the hydrographic/sTD data have not been
fully reduced, several preliminary observatiois are
possible. The strong Aguihas Current, at tirres ex-
ceeding 4 knots at the surface from navigational
information, was well defined by several parameters.
The Agulhas Current was separated from the con-
tinental slope by a narrow band of lower salinity
water. AAIW generally is thought to originate at or
near the Polar Front Zone (Antarctic Convergence,
AAC), although its characteristic low salinity fre-
quently is not evident until much farther north
where surface water salinities are higher. This was
apparent on the Capetown to Kerguelen sections,
all north of the AAC, where the low salinity core was
not evident east of Marion Island and appeared
beneath the Subtropical Convergence (sTc) west of
Marion Island. Here a strong phosphate maximum
is developed about 400 meters below the AAiw.

A cyclonic circulation pattern exists in the deep

*

Figure 2. An Innerspace Technology SAMS-3 rosette can be mated
with a Plessey 9006 or 9040 salinity-temperature-depth (STD)

recorder.

of inclinometer current meters was set in the lower
hundred meters southeast of Aguihas Plateau. All
four moorings, with acoustic releases, were made on
cruise 17-04 and three were recovered on 17-05. The
longest record, 72 days, from the meter between
Crozet and Kerguelen showed velocities around 3
centimeters per second with occasional pulses to 10
centimeters per second. Directions were doubtful due
to a malfunctioning vane. Bottom photographs were
taken and light scattering measurements made at 25
locations.

Over 400 expendable bathythermograph (xBT)

casts were made, and surface temperature was re-
corded continuously along most of the ship's track.
Surface samples taken at XBT locations were proc-
essed for salinity, silicate, and phosphate. Silicate is
a particularly good tracer for surface water and
revealed at least six distinct surface water masses
between Africa and Antarctica. Surface salinity was
higher by about 0.15 per mil within the Polar Front
Zone than immediately north or south of it. The

-

'N

J.

1.0 2.5 0/cl	I 1.0°C I
Figure 3. An STD analog record near the Crozet lslands,1 which
shows near-bottom thermohaline gradients in Antarctic Bottom

Water.
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Figure 4 Temperature vertical	 Jtinen-al	margin.	Location
shown in fig. 1.

cul-qie-sac between Africa and the Aguihas Plateau.
Northward-flowing AABW was apparent from the
property distributions and from a preliminary evalua-
tion of the inclinometer current meter information
on the southeast flank of the Aguihas Plateau. North-
ward bottom water flow also occurs on the southeast
flank of the Mozambique Rise and on the western
side of the Crozet-Kerguelen passage. A sharp de-
crease in near-bottom temperature was recorded at
several stations well north of Antarctica (e.g., fig. 3).
Sili(ate and phosphate maxima were observed in the
AABW and nutrient minima in the NADW. A precursor
Of &BW was observed up against the continental
slope of Antarctica on both north-south sections (figs.
4, 5), with evidence for either intermittent flow down-
slope or a source to the east. A downwarping of all

CONRAD 17-04
TEMPERATURE (CO)
66 046'S,62°10'E &6

near-surface isopleths occurs over the antarctic con-
tinental slope.

The Subtropical Convergence (sTc) was crossed
at four locations between 42° and 43 0 .5 0 S., with
surface temperature and salinity gradients often over
6°C. and 1.0 per mil per 30 kilometers. Some of the
steep gradients likely were due to advection by the
Agulhas Current system. Thermohaline structure was
complex near the STC and the frontal position varied.
Surface temperatures and salinities of 15.6°C. and
35.2 per mu, near the launch position of one current
meter, were at recovery 10.8°C. and 34.3 per mu,
in fog.

The Polar Front (AAc) was diffuse by any classical
standard with temperature steps of 1.0 or 2.0 °C.
often separated by two or more degrees of latitude.
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Figure S. Silicate vertical sec-
tion over the antarctic con-
tinental	margin.	Location

shown in fig. L
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While these steps frequently occurred over topo-
graphic highs, strong thermal gradients in the hori-
zontal direction did not extend below a few hundred
meters. The complicated therrnohaline structure often
found north of the front was missing. The frontal
location (fig. 1) fell near 50°S. at longitudes 26°,
31.5 0 and 39°E., dipping south (if Continuous) to
52.5°S. 54°E. and then north to 61 0 E. 48°S. This

tends to confirm our Eltanin observations that the
c passes north of Kerguelen. The AAC is shown

either north or south of Kerguelen and the Crozet
Plateau in the literature, depending upon the source.
The relative lack of data, the different criteria used
to locate the zone, and the rather weak ACC in this
region, in combination with the better defined STC,
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may ecplain some of the widely separated frontal
positicris reported.

Thi research was supported partially by National
Sciene Foundation grant GA-41076.
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PFysical-chemical oceanography of
Arthur Harbor, Anvers Island

WILLIAM N. KREBS
Department of Geology
University of California
Davis, California 95616

This article reports the preliminary results of
physial-chemical oceanographic determinations made
in Aihur Harbor, Anvers Island, Antarctic Penin-
sula, from December 1971 to January 1974 (Krebs,
1973). It represents the combined efforts of the
author and Drs. Thomas A. Kauffman and Albert P.
Giannini. Some aspects of this study are being con-
tinued by the 1974 team at Palmer Station. Support
for this research was provided by National Science
Foundation grant Gv-3 1162 to the University of Cali-
fornia, Davis.

Because of the great importance of radiant energy
to biological and physical-chemical systems, solar
radiation measurements were taken every day at local
apparent noon with a portable direct reading pyra-
nometer. Maximum incident solar radiation was
attained in January 1973 and the minimum occurred
in June 1972 (fig. 1). The slight decline in December
1972 is attributable to a greater number of overcast
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days compared to November 1972. The high albedo
from August to November is due to the presence of
sea ice. Air temperatures (fig. 2) were recorded from
maximum-minimum thermometers that were read
every noon. The air temperature graph indicates an
austral summer beginning in October and lasting
until March or April. The colder winter of 1973
compared to 1972 is reflected in a greater degree of
fast ice formation. In 1972, fast ice existed in August,
while in 1973 it persisted from early June to mid-
October. These yearly differences in sea ice affect
both primary and secondary productivity because the
sea ice serves as an important habitat for phyto-
plankton and some marine animals (Andriashev,
1968; Allen, 1971; Krebs, 1973; Lipps et al., 1974).

Vertical seawater temperature to depths of 55
meters (175 feet) during the austral summer is more
stratified than during, the winter (fig. 3). From
January to April 1972, water temperature was cold-
est at the surface. Low surface salinities indicate that
this is attributable to cooling by glacial runoff and
brash ice. In addition, low air temperature sometimes
chills the surface layers. With the cessation of runoff
in April and a continued decrease in air temperature,
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surface seawater density increases and mixing com-
mences, thereby promoting a more uniform distribu-
tion of temperature with depth. The formation of
sea ice further increases surficial seawater density and
thus facilitates continued mixing. During the spring,
sea ice melts and runoff begins; this causes stratifica-
tion and reduction of surface water temperature,
despite a general warming of the water column.
During very warm, calm days, surface water tem-
perature occasionally becomes unusually high. For
example, a high of 4.5°C. was recorded at 3 meters
(10 feet) on January 4, 1973. Salinities (fig. 4) show
a similar pattern. They are stratified during months of
high runoff and are more uniform during the austral
winter. Surface salinity increases slightly during the
formation of sea ice.

Phytoplankton exert an important influence upon
seawater chemistry. A record was kept, therefore,
of phytoplankton standing crop in Arthur Harbor
by means of chlorophyll determinations. Prior to
June 1972, chlorophyll content is inferred from cell
concentrations. Fig. 5 shows three separate phyto-
plankton blooms during the austral summer. The
middle or summer bloom evidently is the largest.

Figure 5.
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This pattern resembles that reported by Hart (1942)
for his "northern" region of Antarctica. Oxygen con-
centration correlates well with phytoplankton stand-
ing crop. Fig. 6 shows that oxygen concentration dur-
ing the winter also is homogeneous with depth, and
that stratification occurs during the summer. Phyto-
plankton standing crop and oxygen concentration are
directly proportional except during the 1972 fall
bloom when respiration from the high concentration
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of z oplankton may interfere by reducing oxygen
con entrations (Foxton, 1964; Ealey et al., 1956).
Car on dioxide concentration (fig. 7) and pH (fig. 8)
also are affected by photosynthetic activity. Although
carbon dioxide content in seawater is part of a poorly
und rstood and complex system (Home, 1969; Riley
et a ., 1971), determinations at Arthur Harbor show
that it decreases during blooms. This decrease in
carbon dioxide produces a concomitant rise in pH.

The ways in which changes in seawater properties
affe t the ecology and composition of nearshore ant-
arctic marine phytoplankton and, in general, the
marne ecosystem, are under study.
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Tritium and mercury results from
Eltanin cruise 51

P. M. WILLIAMS
Institute of Marine Resources

University of California
San Diego, California 92037

R. MICHEL
Department of Chemistry
University of California

San Diego, California 92037

H. WEISS
Naval Undersea Center

San Diego, California 92132

Seawater, pack ice, and sediment samples collected
on USNS Eltanin cruise 51 (February to March 1972)
frcm Port Lyttleton, New Zealand, to McMurdo Sta-
tion, Antarctica, have been analyzed for their tritium
and total mercury contents (sampling stations are
shown in the figure).

Tritium (Tu; one TU is one tritium atom per 1018
hydrogen atoms) was measured in 24 samples col-
lected from the surface to 2,000 meters at stations
3, 4, 6, and 12. High tritium concentrations found in
pack ice (5.63 Tu) and in 14-meter (2.15 Tu) and
125-meter (1.03 TU) water samples at station 12
reflect the introduction of tritium from 1971 pre-
cipitation on pack ice and subsequent melting of the
pack ice and mixing into the antarctic surface water
and the Ross Sea winter water. Relatively high
tritium concentrations also were found in South
Pacific deep water (2,000 meters) at stations 3 and 4

(1.17 and 0.47 'ru) and in the upper Ross Sea deep
water (250 meters) at station 6 (0.94 TU). These
results indicate an input of surface waters into deep

Stations sampled for tritium and mercury content of seawater,
pack ice, and sediments (USNS Eltann cruise 51).
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water in the last 10 to 20 years (Michel and Williams,
1973).

Total mercury was analyzed in 48 seawater samples
(surface to 4,900 meters), in three surface films, in
two pack ice melts (one each of snow and sea smoke
melts), and in 24 sediment samples. The mean con-
centration of mercury in the seawater column at
station 3 (0 to 3,900 meters), station 4 (0 to 4,892
meters), station 6 (0 to 2,550 meters), and station 7
(0 to 1,695 meters) was 68, 106, 103, and 93 ngkg'.
There were no significant differences in mercury con-
tent between surface and deep waters nor between
locations, except at station 3 where the mercury con-
centration in the water column was two-thirds that in
the more southerly waters. The most striking observa-
tion was that the total mercury content in the south
polar seas is 2 to 3 times that found in the northeast
Pacific. Wilkniss et al. (1973) also reported high mer-
cury concentrations (100 to 200 ngkg 1 ) in surface
waters of the Ross Sea. These high concentrations
may be a result of submarine volcanism in this area.

The mercury content of sediments at statioxis 6,
9, and 15 was relatively low (8 to 34 ngg', dry
weight basis), and decreased slightly from 0 to 30
centimeters in the sediment cores. The concentration
of mercury in surface films (very ill-defined) was
similar to the subsurface waters, while the pack, ice
and snow showed low mercury contents (19 to 26
ngkg1).

This work was supported by National Science
Foundation grants GV-27 110 and 25952. We a pre-
ciate the assistance of Messrs. R. Cuhel, K. Robertson,
and K. Chen in various aspects of our technical and
analytical work.
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Circumantarctic current studies on
leg 29, Deep Sea Drilling Project

J . P. KENNETT
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

One of the objectives of the Deep Sea Drilling
Project (DSDP) leg 29 was to determine the evolu-
tion of the Circumantarctic Current south of Aus-
tralia and New Zealand and to decipher its effects
on Cenozoic deep sea sedimentation in the southern
and the South Pacific oceans. Several drilling sites
were selected to evaluate the development of this
major current system.

The Circumantarctic Current is of great oceano-
graphic and climatic importance because it trans-

The following were principal investigators during leg 29
of the Deep Sea Drilling Project: Dr. Kennett; Dr. R. E.
Houtz, Lamont-Doherty Geological Observatory; Dr. P. B.
Andrews, N.Z. Geological Survey (Christchurch); Dr. A. R.
Edwards, N.Z. Geological Survey (Lower Hutt); Dr. V. A.
Gostin, University of Adelaide (Australia); Dr. M. Hajos,
Hungarian Geological Survey (Budapest); Dr. M. A. Hamp-
ton, University of Rhode Island; Dr. D. G. Jenkins, Univer-
sity of Canterbury (New Zealand); Dr. S. V. Margolis,
University of Hawaii; Dr. A. T. Ovenshine, U.S. Geological
Survey (Menlo Park); Dr. K. Perch-Nielsen, Institut fur
Historisk Geologi (Denmark).

ports more than 200 million cubic meters of water
per second, probably the largest volume transport of
any ocean current (Gordon, 1967, 1971, 1973).
Furthermore, the Circumantarctic Current circulates
completely around the antarctic continent and is the
only current that mixes the waters of all oceans.
The combined effects of plate tectonic movements at
high southern latitudes and antarctic glacial develop-
ment during the last million years (almost the entire
Cenozoic) led to the formation of the present Circum-
antarctic Current (fig. 1D). Initial development of
the Circumantarctic Current resulted from the open-
ing of the final constricting region south of Australia.
Earlier separations already had occurred south of
New Zealand and in the Drake Passage south of
South America (Dalziel and Elliot, 1971; Barker 2nd
Griffiths, 1972). Magnetic anomalies adjacent to New
Zealand record the separation of New Zealand frm
Australia and Antarctica 60 to 80 million years ago,
forming the Tasman Sea between Australia and New
Zealand, while Australia remained firmly connected
with Antarctica (Weissel and Hayes, 1972; Christoffel
and Falconer, 1972; Hayes and Ringis, 1973).
Approximately 55 million years ago spreading ceased
in the Tasman Sea region and Australia detached
from Antarctica and commenced drifting northward
toward its present position (Weissel and Hayes, 1972)
(fig. 1). From about 50 million years ago to the
present, the spreading center south of New Zealand
appears to have remained midway between New
Zealand and Antarctica, and the Tasman Sea spread-
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Succ essive Cenozoic recon-
structons of Australia, Antarc-
tic, lsw Zealand, and as-
socia.d ridges during (a)
early late Eocene (45 million
year' ago); (b) early Oligo-
cene (37 million years ago);
(c) lcte Oligocene (30 million
years ago); (d) Recent, show-
ing directions of bottom water
circuation (arrows). During
the early Oligocene (b) exten-
sive erosive bottom currents
fiowd northward through the
Tasrran and Coral seas. The
Circijmantarctic Current did
not develop until about the
late Oligocene (c), and a
strorg northward flowing
western boundary current
formed to the east of New
Zealand. Continental recon-
structions are after Weissel
and Hayes (1972) and Hayes
and Ringis (1973). Site num-
bers are those drilled during
Deep Sea Drilling Project legs

21 and 29.
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ing center has remained inactive (Hayes and Ringis,
1973).

Cenozoic deep sea sedimentation in the southwest
Pacific area, as revealed by leg 29 drilling (in addi-
tion to leg 21 in the Tasman Coral Sea), was
controlled by large changes in the patterns of bottom
water circulation and erosion. The circulation pat-
teris largely were controlled by the development of
the Circumantarctic Current south of Australia.
Development of the Circumantarctic Current did not
oc ur until the middle Late Oligocene (fig. 1C) when
fin 1 separation occurred south of the South Tasman
Ri e, at initial seafloor spreading between
Australia and Antarctica commenced in the late early
Eo ene (fig. 1A). Before the Late Oligocene an
erd sive western boundary current flowed northward
th ough the Tasman Sea and Coral Sea areas (fig.
1B), creating a regional unconformity centered near
the Eocene-Oligocene boundary (Kennett et al.,
1972). When Circumantarctic flow was established
in the Late Oligocene, a regional Neogene uncon-

formity formed south of Australia and New Zealand
and sedimentation recommenced in the northern
Tasman-Coral Sea area because the western bound-
ary flow, which earlier passed through the region, was
diverted largely to the area east of New Zealand and
into the Tonga Trench. A worldwide Oligocene un-
conformity was created by a major change in bottom
water circulation in turn caused b y increased bottom
water production related to the onset of substantial
antarctic glaciation near the Eocene-Oligocene
boundary. The separation of Australia from Antarc-
tica led to a fundamental change in the world's
oceanic circulation and marks the onset of the mod-
ern climatic regime.

This research was supported by National Science
Foundation grants Gv-28305 and GA-35252.
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Structural geology of the Lassiter Coast

KARL S. KELLOGG and PETER D. ROWLEY
U.S. Geological Survey

Denver, Colorado 80225

A detailed structural analysis is being completed
of the Lassiter Coast. This area at the base of the
Antarctica Peninsula, bordering over 300 kilometers
of the Weddell Sea, was mapped by the U.S. Geo-
logical Survey (usGs) during the 1969-1970, 1970-
1971, and 1972-1973 field seasons. The Lassiter
Coast is part of the Mesozoic and Tertiary Andean
orogen; rocks of the Lassiter Coast (Williams and
Rowley, 1971; Williams et al., 1972; Rowley, 1973)
consist of marine slate and argillaceous sandstone of
the Latady Formation, and overlying (unnamed)
volcanics, mostly of Middle and Late Jurassic age
(Erie G. Kauffman, personal communication, 1974).
These rocks were folded and subsequently intruded
by gabbroic to granitic stocks and batholiths that are
middle Cretaceous, according to potassium-argon
determinations (Mehnert et al., in press; A. H. Clark
et al., personal communication, 1974). Plutonism was
accompanied by metamorphism to grades as high as
andalusite hornfels (Plummer, 1974). Plutonic rock
and contact metamorphic features are more abundant
toward the north; either plutons in the north were
more voluminous or they intruded higher into the
sedimentary rocks.

Folds in the Latady Formation and overlying
volcanics range from open to isoclinal, and the
rocks display a well developed axial plane cleavage.
The structural data demonstrate a 30° change in
strike of the axial plans along the Lassiter Coast,

from about N.50°E. in the south to about N.U°E.
in the north. This reflects the apparent orolinal
bend of the Antarctic Peninsula. A continuation of
this bend to the west agrees well with the west-
northwest structural fabric of eastern Ellsworth Land
(Laudon, 1972). Many folds are asymmetric, and
some are overturned; most axial planes dip north-
west, indicating compression from the northwesi and
yielding to the southeast. Most fold axes are hori-
zontal or plunge gently northeast.

A second period of folding, which caused disçlace-
ment of the older folds, is due to forceful intrision
of the plutons. Such folds are confined to distances
of less than a kilometer from pluton contacts. This
type of folding is much more common toward the
northeast where plutonic rocks are abundant.

Northwest compression, thought to be relatei to
the Andean orogeny, also is reflected in the attitude
of joints in both plutonic and sedimentary rods as
well as in the attitude of the numerous and chemi-
cally varied dikes found all along the Lassiter Cast.
Vertical joints define two major sets at right anghs to
each other. The predominant set is oriented north-
west, normal to the fold fabric, and is believed tc be
extension jointing (e.g., formed normal to the nlini-
mum principal compressive stress). In many places
these open joints contain fillings of epidote, iron
oxides, and chlorite. The other major set of joints,
oriented generally parallel to the northeast fold axes,
mostly is barren of mineral fillings

Numerous pegmatite and aplite dikes were em-
placed into plutonic rock during late stages of
plutonism. The orientations of these dikes nearly are
random; this may reflect a nearly hydrostatic stress
state in the hot, semiplastic plutonic rock.

Syn- to post-plutonic rhyolitic to andesitic dikes,
however, mostly are vertical and strike northwest
parallel to the extension direction. Similarities in
paleomagnetic (Kellogg and Reynolds, 1974), petro-
graphic and chemical character between dikes and
plutons, and limited potassium-argon determinations
(A. H. Clark et al., personal communication, 193)
indicate that the age of most dikes is mi die
Cretaceous.

The only known faults observed in the Lass ter
Coast are high angle, northwest-striking shears of
relatively minor, apparent dip-slip displacement. T ey
are within plutons in the immediate vicinity o a
small porphyry-type copper deposit in the central
Lassiter Coast (Rowley et al., in preparation). These
faults are associated with mid-Cretaceous plutonism
and are interpreted to represent slippage, perhps
along the predominant northwest joint planes, dtr-
ing late stages of magma emplacement.

The overall picture of Lassiter Coast structure,
therefore, is one of compression from the northwest
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for 4n extended period of time, beginning with a
singlemajor period of folding sometime after deposi-
tion lof Middle and Upper Jurassic sedimentary and
volc.nic rocks and continuing until after middle
Creticeous plutons were emplaced.

Tliis study was supported by National Science
Fourdation grant AG-187.
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Plutonic rocks of the Lassiter Coast

PETER D. ROWLEY and PAUL L. WILLIAMS
U.S. Geological Survey

Denver, Colorado 80225

Plutonic rocks underlie over a third of the 30,000-
square-kilometer Lassiter Coast area and were
mapped by the U.S. Geological Survey (USGS) dur-
ing the 1969-1970, 1970-1971, and 1972-1973 field
seasons. Evaluation of petrographic, chemical, and
field data indicates that these rocks belong to a
single caic-alkaline igneous complex that is corre-
lated with the Andean intrusive suite exposed else-
where along the Antarctic Peninsula.

The Lassiter Coast igneous complex intrudes
tightly folded shale, siltstone, and sandstone of
Middle and Late Jurassic age, as well as overlying
ash flow tuff and andesitic lava flows of presumed
Late Jurassic age (Williams et al., 1972). Some
plutons reflect multiple intrusive events, and cross-
cutting relations prove that emplacement occurred
at different times. Potassium-argon age determina-
tions on biotite and hornblende from seven plutons
in the southern and central Lassiter Coast range
from 95 to 119 million years (A. H. Clark et al.,
personal communication; Mehnert et al., in press).
The more felsic bodies generally are younger.
Emplacement of each pluton was followed by in-
trusion of aplite and pegmatite and, in turn, by
intrusion of mostly intermediate to mafic dikes.
Hydrothermal alteration and copper mineralization
occurred near the conclusion of igneous activity in
some plutons (Rowley et al., in preparation).

There are more than 50 known stocks and batho-
liths in which plutonic rocks occur. Most of the

intrusions are oval shaped in plan with long axes
commonly oriented in a northerly direction. The
plutons range in size from less than 1 kilometer to
a nearly continuous 20 kilometers wide strip extend-
ing from the central Lassiter Coast north about 150
kilometers into the Black Coast. In the southern
third of the area most bodies are stocks with lengths

10	 35	 65Ploqioclase K-feldspar
(Including

pert hite)

Figure 1. Plutonic rock classification triangle with long axes of
fields of modal quartz and feldspar for those plutons in the
Lassiter Coast defined by five or more modal analyses. Plots of
rocks from associated aplite, pegmatite, or other dikes are not
shown. This figure represents 221 modal analyses. Solid lines are
plutons of northern Lassiter Coast (generally north of Swann
Glacier); dashed lines are plutons of central Lassiter Coast; dotted
lines are plutons of southern Lassiter Coast (south of Wetmore

Glacier).
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Figure 2. Long axes of fields of normative quartz and feldspar for
those plutons of the Lassiter Coast defined by three or more
chemical analyses. Plots of rocks from associated aplite, pegmatite,
or other dikes are not shown. This figure represents 85 chemical
analyses of Lassiter Coast rocks. Narrow line symbols are from
fig. 1. In addition, heavy line "a" represents analyses from
Adie (1955, table Vila) and heavy line "b" represents analyses

from Laudon (1972, table 3).

of as much as about 15 kilometers. In the northern
part of the area batholiths predominate, and plutonic
rock is significantly more abundant. Some exposed
plutons probably are connected at depths; com-
positional differences, however, indicate that most
represent discrete magma injections. Intrusive con-
tacts are sharp with abundant apophyses extending
into the wall rock. Intrusion was passive in part but
mostly forcible. Rare stope blocks up to 30 meters
long occur within several plutons, and older rocks
and structures have been sharply tilted adjacent to
most contacts. Fine grained chilled margins are char-
acteristic of most stocks and batholiths. Mafic inclu-
sions are abundant especially near intrusive contacts.
Metamorphic aureoles rarely exceed andalusite horn-
fels grade (Plummer, 1974).

Figs. 1 and 2 portray compositional fields of some
of the plutons in the Lassiter Coast area. Most bodies
display a considerable range in composition; although
some are irregularly zoned, commonly they are con-
centrically zoned toward a more felsic interior.
Differences in composition are believed to be due
to magmatic differentiation during crystallization.
Geologic mapping indicates that the most abundant
rock type probably lies close to the granodiorite-
quartz rnonzonite boundary (fig. 1). The average
composition generally becomes progressively more
felsic to the north in the field area.

Most plutonic rocks have a medium to coarse

grained hypidiomorphic-granular texture with sme
large (up to several centimeters) scattered poik1itic
potassium-feldspar crystals. Potassium-feldspar r4rely
is grid twinned or perthitic except in the fort em
plutons; in all plutons most plagioclase is zo ed.
Biotite and green hornblende are the common f rro-
magnesian minerals, but orthopyroxene and c mo-
pyroxene are abundant in mafic plutons. Op que
minerals consist of magnetite with less corn on
ilmenite and pyrite. Sphene and apatite are lo ally
abundant accessory minerals.

Plutonic rocks of the Lassiter Coast have an a!
lime index of about 61. When oxide values
plotted on a silica variation diagram (Rowley, 1
unpublished data), trends are definite and exi
able: as Si0 2 increases, Al,O,, CaO, MgO, and
Fe decrease, while K20 increases and Na 20 is
stant to slightly increasing. Plots of major o
from Andean plutonic rocks of nearby eastern
worth Land (Laudon, 1972, table 3) and of
northern Antarctic Peninsula (Adie, 1955, 1

Vila) define similar alkali-lime indices (about
and, on the silica variation diagram, fall near the
curves of Lassiter Coast rocks. Triangular plot4, of
normative quartz and feldspar calculated from tese
same major oxide values also define similar cu'ves
(fig. 2).

This study was supported by National Science
Foundation grant AG-187.
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The central Lassiter Coast (74.5°S. to 74.10S.,
60 0 W. to 66 0 W.) includes, from north to south,
the Playfair Mountains, the Hutton Mountains, the
Guettard Range, and the RARE Range. The geology
of this region (Williams and Rowley, 1971) is similar
to that of adjacent ranges in the Lassiter Coast
(Williams et al., 1972; Rowley, 1973). The rocks
consist mostly of tightly folded Jurassic slate, silt-
stone, and sandstone that are intruded by Cretaceous
plulons of gabbro to quartz monzonite. Folding either
predates, or is synchronous with, the plutonic activity.
Diks of dacitic to andesitic composition intrude both
sedimentary and plutonic rocks.

Eight potassium-argon age determinations on bio-
tite and hornblende from intrusive rocks along the

Lassiter Coast range from 95 to 119 million years
(Mehnert et al., in press; A. H. Clark et al., personal
communications, 1973). Three dated units yielded
acceptable paleomagnetic results (table).

More than 160 hand samples oriented by magnetic
compass were collected at 40 sampling sites. Twenty-
three separate igneous units are represented in this
sampling. After natural remanent magnetization
(NRM) was measured, all samples were subjected
to alternating field (AF) demagnetization, some in
peak fields up to 400 oe but more commonly up to
150 or 200 oe. Specimens from seven units were
subjected to thermal demagnetization from 300°
to 565°C.

A unit was defined as paleomagnetically acceptable
if, after cleaning, a95 (semi-angle of cone of 95 per-
cent level confidence) was 25° or less. The cleaning
level that produced the best grouping of specimens
(lowest a95) was chosen to represent the unit. Eight
units met this requirement; the statistical data are
presented in the table.

The rocks from the sites listed in the table are all
normally polarized with magnetic directions near the
present axial dipole field direction for 74'S. The
rocks from the northern Lassiter Coast also have
normal directions of magnetization (Kellogg and
Reynolds, 1974). This ubiquitous normal polarity
leads us to consider the possibility that these rocks
have been altered, either by reheating or by chemical
processes, during the last 700,000 years or at some

umber

Paleomagnetic data for eight igneous rock units, central Lassiter Coast, Antarctic Peninsula.

Virtual
Locality	 geomagnetic

Rock type	Treat N	I	D	K a95	pole	ap	am
°S.	°W.	 (oe)	 Paleo	Paleo

Os.

100	6	-85	283 61.9

150	5	-69	10 11.2

300	5	-85	314 23.3
100	17	-81	333	3.8

50	4	-82	66 16.8
200	7	-89	64 19.3

50	8	-84	359	5.7

50	3	-81	352 43.3

M-206

M-O8

M-07
Johiston spur

p.uton'
RE-21
Crowell

pluton
Gorham

pluton
RO-192

Mean

64.8 Granodiorite
porphyry dike

64.8 Coarse grained
granodiorite 2

64.8 Dacite dike 3
63.3 Coarse grained

quartz diorite
63.3 Andesite dike
64.2 Coarse grained

granodiorite 5
62.6 Coarse grained

granodiorite
62.8 Dacite porphyry

dike

9	73 270W.	17

24	67	111 0E.	34

16	79 27 0W.	32
21	82	29 0E.	39

23	73	124 0W.	43
14	75 720W.	28

25	86 58 0W.	49

19	88	53 0E.	36

5	87 540W.	10

74.4

74.4

74.4
74.4

74.4
74.4

74.0

74. 1

17

41

32
41

45
28

50

37

10

Key: I = K-Ar age determination of 95.2 m.y. (biotite) (Clark et al.); 2 = K-Ar age determination of 104.9 my. (Clark et al.);
3 = bounded by M-206 and M-308; 4 = data from more than one sample site; 5 = K-Ar age determinations of 100.0 m.y. (biotite)
and 98.7 m.y. (hornblende) (Mehnert et al., in press); treat = demagnetization level that produced the best grouping;
N = number of specimens measured; I = inclination, negative upward; D = declinations clockwise from true north; K = Fisher's
(1953) best estimate of precision; a95 = semiangle of cone of 95 percent level confidence; Op = semiminor axis of oval of 95 percent
level confidence; am = semimajor axis of oval of 95 percent level confidence.
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other time of normal polarity in the recent past.
There is no evidence, however, either geological or
from radiometric age data, to suggest post emplace-
ment remagnetization. As suggested by Kellogg and
Reynolds (1974) for the northern Lassiter Coast
intrusives, plutonism and dike emplacement in the
central Lassiter Coast may have occurred largely
during middle to late Cretaceous time when Earth's
field predominantly was of normal polarity (1-leisley
and Steiner, 1969).

The paleomagnetic pole (the mean of the virtual
geomagnetic poles, VGP5, of the eight acceptable
units) is 87°S. 54°W. The paleomagnetic pole of
Cretaceous igneous rocks of the central Lassiter Coast
is very close to other paleomagnetic poles and VGPS
determined for rocks of similar age from the Antarc-
tic Peninsula tectonic province (Blundell, 1962;
Dalziel et al., 1973; Kellogg and Reynolds, 1974;
and Scharnberger, 1974). Only the Stonington Island
VGP of Scharnberger (51°S. 26°E.) does not lie
near the other paleomagnetic poles and VGPS cal-
culated from rocks within this region. Other than
the Stonington Island VGP, these paleomagnetic
poles and VGP5 are near the present geographic
South Pole. Apparently little latitudinal movement
of this province has occurred since middle Cretaceous
time. In addition, as mentioned by Kellogg and
Reynolds (1974), the steep inclination of the paleo-
magnetic vector at this high latitude makes an
analysis of tectonic rotation very imprecise; no such
rotation could be discerned from the results of this
investigation.

Work continues on the rock magnetic properties
of samples collected for paleomagnetic analysis.

This study was supported by National Science
Foundation grant AG-187.
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Volcanic rocks of the Early Cambrian
Taylor formation, central
Transantarctic Mountains

EDMUND STUMP
Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

Field and petrographic investigations of rocks of
the Taylor formation have shown that it is compsed
in large part of volcanic material. The Taylor foima-
tion was named by Wade et al. (1965) for a seqwnce
of "quartzites, conglomerates, calcareous quart:ites,
and marbles" that crops out adjacent to Shackbton
Glacier. It represents the pre-Devonian baseraent
rocks, excluding the granite suite, in this vicinity.

My field work during the 1970-1971 summei, as
a member of The Ohio State University part y in
the central Transantarctic Mountains, revealed the

Figure 1. Silicic volcanic rock (sample E5-53) from north of Mount
Kenny, with enibayed quartz, flow banding or welded shard struc-

ture, and spherulites. Plane light. (Bar scale, 0.5 milliriet.rs.)
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presence of the massive bodies of silicic, porphyritic
volcanic rocks, together with similarly composed units
interbedded with clastic strata and carbonates. Much
of the material consists of quartz, potassium-feldspar
and plagioclase phenocrysts set in a microcrystal line
grourdmass. Embayed quartz is ubiquitous in rocks
on the east side of Shackleton Glacier.

The Taylor formation has been correlated with
fossiliferous Cambrian units in other areas of
the Transantarctic Mountains (La Prade, 1969;
McGregor and Wade, 1969; Minshew, 1967). Fossils
found at the Taylor Nunatak section in 1970-1971
have been identified as Early Cambrian Cloudina(?)
(Yochelson and Stump, in press), thus providing a
paleontological basis for the suggested correlations.
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Figure 2. Silicic volcanic rock (sample ES-13) from Lobbock Ridge,
with a large pumice fragment and scattered glass shards. The dark
color is due to staining. Plane light. (Bar scale, 0.5 millimeters.)

Paleomagnetic data from unit 13,
DVDP hole 2, Ross Island

B. E. MCMAHON
Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

HENRY SPALL

Geological Society of America
Boulder, Colorado 80302

Dry Valley Drilling Project (DvDP) hole 2
(77.85 0 S. 166.67°E.) on Ross Island encountered
161.66 meters of flows and pyroclastic units above
the Hut Point pyroclastic sequence (Treves and Kyle,
1973). All 15 units overlying the Hut Point pyro-
clastic sequence are reversely magnetized. On the
basis of revised correlations the units are considered
to belong to the Observation Hill and older sequences
(Treves and Kyle, personal communication, 1974).
Cox (1966) reported reversed polarity for a surface
collection made of the Observation Hill sequence.
On the basis of available radiometric dates (Forbes
et al., 1974) the units encountered in hole 2 are
considered to be older than one million years.
Consequently it appears that all of the units en-
countered in hole 2 predate the Jaramillo polarity
event (0.89 to 0.95 million years) of the Matuyama
reversed epoch.

Directional stability and magnetic field configura-
tion. Only unit 13, hole 2, has been examined in
detail. From this unit, a lava flow 43.77 meters thick
(101.35 to 145.12 meters deep), 22 samples (divided
into 43 specimens) have been extracted. Experimenta-
tion and measurements indicate that the unit
possesses a very stable directional magnetization.
Experimentation has included alternating field (AF)
demagnetization, thermal demagnetization, suscepti-
bility measurements, and calculation of the Koernigs-
berger ratio.

During both AF and thermal demagnetization the
major magnetic component continued to be vertical
and very little migration of the magnetic vector was
noted. The Koenigsberger ratio, based on natural
remanent magnetization (NRM) data

(Q - J / xH, where H is taken as 1 oe),
yields values for Q. larger than 0.5 (fig. 2). A Q,,
value larger than 0.5 indicates magnetic stability and
suggests that grains of single domain and pseudo
single domain size (d 20) make a significant
contribution to the magnetic moment (Stacey, 1967;
Stacey and Banerjee, 1974).

Examination of polished sections under reflected
light indicates that the degree of oxidation of the
magnetic minerals places a significant proportion of
them into classes IV and V (Wilson and Watkins,
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Dippole	Figure 1. Loci of the possible
locations of the virtual geo-
magnetic pole for unit 13,

hole 2.

1967). This optical observation provides additional
support for the interpretation that the unit has very
stable directional properties.

Cooling of samples through the Curie temperature
in an applied field demonstrates that the acquisition
of a thermal remanent magnetization (TRM) is
isotropic.

The evidence cited above indicates that the unit
faithfully reflects the configuration of the ambient
field at the site during magnetic imprinting.

Because of the shattered condition of the individual
lengths of the main core and because of the lack of
core orientation, it is not possible to recover any
information about the declination of the magnetic
vector. By setting all the declinations to zero, how-
ever, a mean NRM inclination of —83° (downward
in the Southern Hemisphere) is obtained. Such an
inclination yields a colatitude of 14°. It is interesting
that hole 2 is located 12° from the geographic South
Pole, 100 from the present geomagnetic pole, and
approximately 120 from the dippole. Examination
of fig. 1, on which is plotted the loci of possible
virtual geomagnetic pole (von) positions, shows
that the VGP for the site during imprinting of unit
13 most probably falls on the near side of the geo-
graphic South Pole, a configuration similar to the
present field at the site. It would require a marked
increase in the relative strength of the horizontal
component to suggest a location of the VGP on the
far side of the geographic South Pole.

Cooling history. Unit 13, hole 2, is the thickest flow
encountered in either DVDP holes 1 or 2. If we assume
that the underlying units had cooled to approxi-
mately ambient temperature before the extrusion of
unit 13, it is probable that both the base and the top
of the unit were chilled rapidly through the crys-
tallization range, whereas complete cooling th ugh
the crystallization range in the central portion the
flow may have taken several years. By contras , the
rate of cooling and the time of cooling throug the
temperature range from 600° to 400°C. may have
been fairly similar for most of the lower half o the
unit, although with time the peak temperature would
tend to migrate toward the base (Jaeger, 1967

From this we may deduce that immediately after
solidification of the unit, magnetic minerals hiving
diameters of 20t or less were more abundant near
the base than around the center of the flow (the
center of the flow is at about 123 meters). Su sec uent
to crystallization, high temperature oxidation of the
magnetic minerals evidently disrupted the graii is to
such an extent that the major contribution tc the
magnetic moment, even in the central part o the
unit, is made by magnetic minerals in which the
effective diameters are 20,Ft or less.

Paleointensity. Examination of fig. 2 shows that
unit 13 has a considerable range of NRM inten ities.
With the exception of the highest sample (1 3.29
meters), the intensities in the upper half of the flow
are more consistent than those in the lower ia1f.
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Betveen depths of 122 and 139 meters the intensity
values are below average. On the other hand, the
most strongly magnetized specimens are located be-
tweeh 3.4 and 6 meters (in-hole depths of 139 to
142 meters) above the base of the flow. Comparison
Of TIM values with NRM values indicates that the
variation is not due to magnetic-mineral abundance.
We must assume that although the unit has good
directional stability it provides a less reliable record
of the strength of the ancient field.

Much more work is necessary before it will be
possible to establish which zones carry the most
reliable intensity information. Preliminary examina-
tion of specimens from 122.18 and 126.06 meters
suggests that the low-intensity zone between 122 and
139 meters is not suitable for paleointensity interpre-
tation. On the basis of TRM experiments conducted
on two samples near the base (141.22 and 141.66
meters) it appears that these lower samples give

September-October 1974
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more reliable data than those near the center. None
of the samples examined to date, however, show the
degree of stability and repeatability that is desirable
for paleointensity studies (e.g., Smith, 1967a. As
yet none of the samples from the upper half of the
unit have been examined as these were considered
to be subject to complications arising from surface
weathering or reheating during emplacement of
younger units.

The extensive oxidation resulting in the in situ
formation of magnetic minerals poses the problem
that a considerable fraction of the magnetic moment
may arise from a CRM that was imposed at tempera-
tures below the Curie temperature. Gromme et al.
(1967) observed that reequilibration reactions in a
cooling lava lake lagged 1000 to 435°C. behind
equilibrium temperatures. As a result they suggested
that in some lavas magnetic minerals such as titanium-
poor titanomagnetites could form at temperatures
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significantly below their Curie temperatures (approxi-
mately 550°C.).

Previous work (Pucher, 1969; Stacey and Banerjee,
1974) indicates that the CRM intensity acquired in a
low field is significantly less than the TRM intensity.
It thus would appear that if a CRM induced at
temperatures considerably below the Curie tempera-
ture, contributes a significant proportion to the ob-
served NRM intensity, too low an intensity value will
be assigned to the ancient field.

Although it is too early to report a firm value for
the intensity of the ancient field during the imprint-
ing of unit 13 and related flows, we think that the
strength of the ambient field was more likely to
have been about 0.5 oe (based on samples at about
141 meters) than about 0.1 oe (based on samples
122.18 and 126.06 meters). The virtual dipole
moment (Smith, 1967b) calculated for an estimated
field intensity of 0.5 oe at the site is 7 X 10 25 gauss
cubic centimeters. This is larger than the value of
5.5 X 1025 gauss cubic centimeters (Smith, 1967b)
calculated on the basis of paleointensity experiments
made on some Japanese andesites and basalts esti-
mated to be 1 million years old.

The authors thank the National Science Founda-
tion and Dr. L. D. McGinnis, U.S. coordinator of
the Dry Valley Drilling Project, Northern Illinois
University, for making the samples available for study.
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Geology of Hut Point Peninsula,
Ross Island
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Department of Geology
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Hut Point Peninsula is about 20 kilometers long
and 2 to 4 kilometers wide. It consists of a series of
en echelon lines of volcanic cones that extend in a
south-southwest direction from Mount Erebus, Ross
Island, Antarctica. The cones are composed of basan-
jte and basanitoid lavas with lesser amounts of
hawaiite and phonolite. Most of the volcanic hones
of Hut Point Peninsula are on the western side of
the peninsula where they constitute a well defined
lineament. A subparallel, older, and less well defined
lineament occurs to the east and is traceable frm a
point just east of Castle Rock to Cape Armitage.
The youngest lineament, however, is transverse,
almost at right angles, to the older trends and passes
from Black Knob through Twin Crater to Crater
Hill. Wellman (1964) describes it as a fault.

Cole et al. (1971) and Kyle and Treves (1973)
briefly describe the geology of Hut Point Penirsula.
This report updates and expands those earlier r4orts
and incorporates recent findings (Forbes et al., 974;
Kyle, 1974; Treves and Au, 1974) and the Msults
of Dry Valley Drilling Project (DVDP) drilling ir this
area (Treves and Kyle, 1973; Kyle and Trevs, in
press), which greatly enhanced our knowledge cf the
subsurface geology of Hut Point Peninsula and our
understanding of the surface geology re1ationsFips.

Paleomagnetic measurements (table 1) were rnade
on 1-inch diameter core samples of surface expoures.
Remanent magnetism was measured with a flugate
spinner magnetometer. The samples were not clened.
Instrumental and field orientation errors may be
±20° for declination (D), ±10° for inclination I (I),
and ±20° for magnetic intensity (J). These weas-
urements, however, are satisfactory for determining
normal and reversed polarity.

The younger olivine-augite basanitoid lavas, the
hawaiite flows from Half Moon Crater, and the
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basanitoid flow of Crater Hill are normally polarized.
The Observation Hill phonolite is reversely polarized
(Cox, 1966) and, hence, is older than 0.69 million
years. (Cox, 1969).

The volcanic sequence at Hut Point Peninsula is
inferred from geologic mapping, potassium-argon
dates, paleomagnetism, and geomorphic evidence.

The surface flows have been divided into five
informal sequences. The earlier, preliminary eruptive
sequence (Kyle and Treves, 1973) still is the basis
of our stratigraphy, but it has been modified to reflect
new analytical data. Potassium-argon determinations
(table 2) indicate that the volcanic activity that built
Hut Point Peninsula occurred over a period ranging
from 0.4 to more than 1.2 million years ago.

The Twin Crater sequence lavas consist of olivine-
augite basalt. The flows show little erosional effects
and are normally polarized. The Black Knob lavas
(figure) of this sequence are 0.43 million years old
and probably are the youngest volcanic rocks of the
peninsula (Wellman, 1964). The paleomagnetic data
and the age determinations indicate that the rocks
of this sequence were erupted between 0.43 and 0.69
million years ago.

The Half Moon Crater sequence consists of hawai-
ite. A flow from Half Moon Crater gives a potassium-
argon date of 1.0 ± 0.2 million years (table 2) and
shows normal magnetic polarity (table 1). It is
suggested here that Half Moon Crater volcanism
occurred during the Jararnillo Event (Cox, 1969),
a period of normal polarity that occurred 0.90 to
0.95 million years ago.

The Castle Rock sequence consists of olivine-augite,
basanitoid hyaloclastite. A potassium-argon date of
1.12 ± 0.4 million years was determined on an
olivine-augite basanitoid dike that cuts the hyalo-
clastite of Castle Rock. This age determination is
not completely satisfactory (table 2). The hyalo-
cl2stite of this sequence is considered to be submarine
or subglacial.

The Observation Hill sequence consists of kaer-
sutite phonolite and older, benmoreite-mugearite
lavas. The latter have little surface expression but are
abundant in the subsurface, as the cores of DVDP

holes 2 and 3 show (Kyle and Treves, in press).
Forles et al. (1974) indicate that the phonolite of
Observation Hill is 1.18 ± 0.03 million years old
(table 2), a date that is consistent with the reversed
polarity (Cox, 1966).

The Crater Hill sequence consists of olivine-augite
basanitoid. These lavas show a moderate amount of
erosion and are overlain by phonolite lavas of the
Observation Hill sequence at The Gap and at Cape
Armitage. Crater Hill lavas are normally polarized
near Scott Base. Since they are older than the
reversely polarized lavas of the Observation Hill

Table 1. Paleomagnetic measurements of Hut Point
Peninsula volcanic rocks.

Location N J*	I	D	K	R	95 Polar-
ity

North
side, Twin
Crater	6	6.5 -23 322	870 5.994 2.3 N (?)

South end,
Second
Crater	8	4.0 -80 208	537 7.987 2.4 N

South end,
Half Moon
Crater	1 10.2 -78 61	-	- - N

Observation
Hill, near
nuclear
power
plant	9	2.7	84 319	89 8.910 5.5 R

Flows, 250
meters
north of
Scott Base 9	8.7 -88 196 1836 8.996 1.2 N

* X 10' emu/cc
N: number of samples; J: intensity of magnetization; D and I:
mean declination and mean inclination of remanent magne-
tism, respectively; K: precision constant; R: resultant vector;
95: semi-vertical angle of 95 percent confidence cone; N:
normal; R: reversed

sequence, they may have been erupted during the
Gilsa Event, a period of normal magnetic polarity
1.61 to 1.79 million years ago (Cox, 1969).

The hyaloclastite of Castle Rock consists of olivine-
augite basanitoid that, petrographically, resembles the
rocks of the Crater Hill sequence. If they reflect the
same general period of igneous activity, the hyalo-
clastite probably is an earlier phase of the Crater Hill
sequence.

The hyaloclastite of Castle Rock is a sub-
marine or subglacial deposit. The turret shape of

Table 2. Whole rock potassium-argon age determinations of
Hut Point Peninsula volcanic rocks.

Sample *	Location	Age	Reference
(million years)

22892 Black Knob	0.43 ±0.1	R. L.Armstrong**
22900 Southwest of Black

Knob	 0.58±0.06 R.L. Armstrong
22878 Half Moon Crater 1.0 +0.2  R. L. Armstrong
22879	Dike, Castle Rock 1 . I ±0.4	This paper

	

Observation Hill	1.18±0.03 Forbes et al., 1974

* Victoria University number.
* * Written communication.
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Castle Rock resembles table mountains of Iceland
that are subglacially formed. If it is assumed that no
large amount of isostatic uplift occurred, the 413-
meter elevation (above sea level) of Castle Rock, the
shape of Castle Rock, and the lithology all suggest a
subglacial origin.

The dated olivine-augite basanitoid dike of Castle
Rock probably is a feeder dike that fed lava to the
ice contact zone where the hyaloclastite was formed.
In fact, the upper part of the dike is brecciated. This
feature suggests that the age of the hyaloclastite is about
the same age as the dike (1.12 ± 0.4 million years
old). These data suggest that the Ross Ice Shelf may
have expanded considerably about 1.1 million years
ago and that it must have been about 400 or so
meters thick. This period of glaciation could corre-
late with invasions of the dry valleys by ice of the
Ross Sea (Denton et at., 1971; Calkin and Bull,
1972). There is some indirect evidence, however,
that the pecten glaciation may have occurred more
than 3 million years ago (Webb, 1972; McSaveney
and McSaveney, 1972).

It is clear that the hyaloclastite of Castle Rock
may be, at least in part, subglacially formed. The
other hyaloclastite deposits of Hut Point Peninsula,
such as those that occur at Boulder Cones and in
the DVDP drill holes (Treves and Kyle, 1973), may be
of submarine or subglacial origin. An exact deter-
mination of their nature may contribute to a more
exact glacial chronology in the area.

The authors thank Dr. R. L. Armstrong for per-
mission to use unpublished potassium-argon ages, and
Dr. C. Adams for the potassium-argon determination
of rocks from Castle Rock. This research was done
under the partial support of National Science Founda-
tion grant GV-36950.

References

Calkin, P. E., and C. Bull. 1972. Interaction of the East
Antarctic Ice Sheet, alpine glaciations and sea level in the
Wright Valley area, southern Victoria Land. In: Antarctic
Geology and Geophysics (Adie, R. J . , editor). Oslo,
Universitetsforlaget. 435-440.

Cole, J . W., P. R. Kyle, and V. E. Neall. 1971. Contributions
to Quaternary geology of Cape Crozier, White Island, and
Hut Point Peninsula, McMurdo Sound region, Antarctica.
New Zealand Journal of Geology and Geophysics, 14:
528-546.

Cox, A. V. 1966. Paleomagnetic research on volcanic rocks
of McMurdo Sound. Antarctic Journal of the U.S., 1(4):
136.

Denton, G. H., R. L. Armstrong, and M. Stuiver. 1971. The
late Cenozoic glacial history of Antarctica. In: The Late
Cenozoic Glacial Ages (Turekian, K. K., editor). New
Haven, Yale University Press. 267-306.

Forbes, R. B., D. L. Turner, and J . R. Carden. 1974. Age of
trachyte from Ross Island, Antarctica. Geology, 2: 297-
298.

Kyle, P. R. 1974. Petrology and mineralogy of DVDP 1 and
2 core samples. Dry Valley Drilling Project Seminar 1.
Paper, 15 (abstract).

Kyle, P. R., and S. B. Treves. In press. Geology of DDP 3,
Hut Point Peninsula, Ross Island, Antarctica. In: Dry
Valley Drilling Project Bulletin Number 3. Dekalb, North-
ern Illinois University.

McSaveney, M. J . , and E. R. McSaveney. 1972. A reapprisal
of the pecten glacial episode, Wright Valley, Antarctica.
Antarctic Journal of the U.S., VII(5): 235-240.

Treves, S. B., and M. Z. Ali. 1971. Geology and petrography
of DVDP 1, Hut Point Peninsula, Ross Island, Antarctica.
Dry Valley Drilling Project Seminar 1. Paper, 29 (ab-
stract).

Treves, S. B., and P. R. Kyle. 1973. Geology of DVDP 1
and 2, Hut Point Peninsula, Ross Island, Antarctica. Dry
Valley Drilling Project Bulletin Number 2. Dekalb,
Northern Illinois University. 11-82.

Webb, P. N. 1972. Wright Fjord, Pliocene marine invasion
of an antarctic dry valley. Antarctic Journal of the U.S.,
VII(5): 227-234.

Wellman, H. W. 1964. Later geological history of Hut Point
Peninsula, Antarctica. Transactions of the Royal Society
of New Zealand, 2: 149-154.

Genesis of McMurdo volcanics on
Ross Island

SHINE-SOON SUN and GILBERT N. HANSON
Department of Earth and Space Sciences

State University of New York at Stony Brook
Stony Brook, New York 11794

The McMurdo volcanics on Ross Island consist of
a basanitoid-trachybasalt-phonolite sequence that is
part of the Cenozoic volcanic province extending from
Mount Weaver to the Balleny Islands, a distance of
nearly 2,000 kilometers. A suite of 17 volcanic rocks
from Ross Island have been analyzed for rare earth
elements (REE). The upper and lower limits are
shown normalized to chondrites in fig. 1. In order to
appreciate the details and to take advantage of the
1 percent analytical uncertainty, fig. 2 shows two
basanitoids, a trachybasalt, an anorthoclase phonolite,
and two kaersutite-pyroxene-anorthoclase phonlites
normalized to the basanitoid with the lowest; ME
concentration. If the basanitoids are simply related
by magmatic differentiation of olivine, clinopyroicene,
and spinel from a common parent, there should be
a direct correlation between ME and silica conttent.
Since no such correlation exists among five basanitoids
we conclude that some of the variability in the ME
must be related to the extent of partial melting, to
variation in the residual mineralogy of the mantle
during melting, or to inhomogeneities of the 1E
in the mantle.

Goldich et al. (1973) show that the variations of
the major and trace element concentration of the
Ross Island volcanics can be explained by magmatic
differentiation of minerals that occur as phenocrysts.
We thus assume that differentiation is the most
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important process for genesis of the trachybasalts and
phonolites, and we explain the REE data for the silica-
enriched samples in terms of a differentiation model.
Trachybasalts relative to the reference basanitoid have
more enrichment of light REE than heavy REE. Using
distribution coefficients determined on megacrysts of
kaersutite, clinopyroxene ) and anorthoclase, and dis-
tribution coefficients from the literature, an nr
pattern similar to that of trachybasalt can be cal-
culated by separating olivine, clinopyroxene, kaersut-
ite (hornblende), apatite, and spinel from basanitoid
(fig. 3). The pronounced enrichment of the middle
REE in kaersutite makes it easy to recognize its im-
portance in the differentiation process by the result-
ing epletion of middle iiE in the differentiates.
Differentiation of kaersutite, however, is not as easily
recognized using major elements because it has a
bulk chemistry similar to basanitoid.

Compared to the trachybasalts, anorthoclase phono-
litcs have less middle REE depletion and more heavy
REE nrichment. It appears that these volcanics have
accu ulated a small percentage of anorthoclase as
sho n by the 10 percent positive europium anomaly
(fig. 2). Two kaersutite-pyroxene-anorthoclase pho-
nolites—both with about 58 percent silica—have very
different REE patterns (fig. 2). The sample with the
large negative europium anomaly can be explained
by separation of more feldspar and the sample with
the strongly depleted middle REE can be explained by
separation of more kaersutite (hornblende) (fig. 3).

LaCe Nd SmEuGd Dy	Er	YbLu

Figure 1. Upper and lower limits of rare earth element (REE) eon-
centrations for McMurdo (Ross Island) volcanics normalized to

chondrites.

Ser tember-October 1974

LaCe Nd SmEuGd Dy Er YbLu

Figure 2. REE plot of representative samples of Ross Island vol.
canics normalized to the basanitoid with the lowest REE concentra-
tion. Numerical values are the silica contents in percent (from
Goldich, personal communication, 1973). Sample description: 43.5
percent silica, reference basanitoid; 41.7 percent silica, basanitoid;
47.2 percent silica, trachybasalt; 55.7 percent silica, anorthoclase
phonolite; 57.9 and 58.1 percent silica, kaersutite.pyroxene.anor-

orthoclase phonolites.
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LaCe Nd SmEuGd Dy Er YbLu
Figure 3. Preliminary results of model calculations for crystal
fractionation. The basanitoid with the lowest REE was used as
the parent. Solid lines are the analyzed samples, dashed lines are
the calculated differentiates. Percentages of the various minerals

removed are given for each calculated curve.
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Figure 4. Lead isotope plot of Ross Island volcanic data. Black
dots are basanitoid, open circles are trachybasalt, and squares are
phonolite. The fields for the lead data for volcanic rocks from

oceanic islands and mid-oceanic ridges are from Sun (1973).

Figure S. Comparison of REE data for Ross Island basanitoids
with that for alkali basalts from oceanic islands. The triangles are
for alkali basalt from Kauai, Hawaii (Kay and Gast, 1973), Xi
are for alkali basalt from Samoa, Pacific Ocean (Hubbard, 1973),
and circles are for alkali basalt from Saint Paul's Rock, Atlantic

Ocean (Frey, 969).

The lead data (fig. 4) show that lead from the
Ross Island volcanics lies along the same trend as
that of volcanics from oceanic islands and has
approximately the same total variation in lead-206/
lead-204 (about 2 percent) as those from oceanic
islands. This variation is independent of bulk com-
position, suggesting that it is related to inhomogenei-
ties in the mantle and not due to contamination.
Comparison of REE data of basanitoids form Ross
Island with alkali basalts from oceanic islands (fig.
5) also shows that the Ross Island volcanics are
similar to those of oceanic islands. This volcanic
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sequence therefore is most likely derived from a part
of the mantle (plume?) similar to that from which
oceanic island volcanics are derived. Apparently the
Ross Island volcanics only are slightly, if at all,
affected by the underlying continental crust or con-
tinental mantle.

We are indebted to Drs. S. S. Goldich, J. S.
Stuckless, S. B. Treves, and M. G. Mudrey, Jr., for
samples and invaluable discussions. This study was
supported by National Science Foundation rant
Gv-040762.
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Ice surface topography and an ice-free
area, southern Victoria Land

PARKER E. CALKIN
Department of Geological Sciences

State University of New York
Buffalo, New York 14207

Ice surface contours (figure) have been compiled
by using altimetry data obtained in 1967-1968 and
1969-1970 from radio-echo sounding flights of the
Scott Polar Research Institute (Great Britain) and
the National Science Foundation (United Stales).
The elevations, from 11 east-west and two north-south
flights, have been corrected by standard flight re-
corder data and tied to ground survey control near
the coast and, where possible, to oversnow traverse
(altimeter) elevations inland. The latter may be
accurate to ±50 meters (Crary, 1963). Rapid pres-
sure fluctuations and real flight height changes re-
corded over the mountains, however, suggest that the
contours of the figure may be accurate to only 100
meters.

The contours indicate that the supply of ice from
the east antarctic ice sheet to Wright or Ta'1or
valleys, or to the Victoria Valley system, is limted
to that accumulated by local precipitation.	he
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about 600-meter intervals along flight lines tied to oversnow traverse elevation data on the west and to U.S. Geological map elevation
Survey data on the east. Straight line segments show location of airplane data, dashed lines show oversnow traverse routes.

	contours support information compiled solely from	free area, also was an observation of Gunn and

	

the oversnow traverse elevations (fig. 6, Crary, 1963)	Warren (1962). They noted (p. 55) that "ice piracy

	

and show ice surface contours bending inland above	by the Mawson and Mulock Glaciers has assisted in

	

the Mulock and Mawson glaciers relative to their	lowering the level of the continental ice sheet and

	

positions behind the ice-free valleys and a long	in lessening the amount of ice flowing into Victoria,

	

trough or shallow basin between -.154° and 157°E.	Wright, and Taylor Valleys."

	

The conclusion drawn from this information, i.e.	Observations at the eastern termini of the Taylor

	

that glacier flow lines must diverge around the ice-	and Wright upper glaciers, which suggest that these

':1
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glaciers may be advancing eastward, although slowly
(Denton et al., 1970), have to be explained by some
increased local precipitation on the valley glaciers
themselves or on the isolated and immediately adja-
cent high area of the Victoria Land Ice Plateau.
There seems to be little evidence that crestal thresh-
olds are being actively lowered by erosion and hence
that more discharge from the plateau is allowed to
reach the termini of the outlet glaciers here.

Subglacial information assembled from radio-echo
soundings in this area is presented elsewhere by
Calkin (1971, 1973, and in press). Analysis of both
surface and subsurface information was supported by
National Science Foundation grant Gv-22761; the
use of facilities and the assistance in data reduction
at the Scott Polar Research Institute are gratefully
acknowledged.
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Food chain relationships in ancient
freshwater ecosystems of Antarctica

PAUL TASCH
Department of Geology
Wichita State University
Wichita, Kansas 67208

Lacking primary producers, the base of the food
chain in Paleozoic-Mesozoic ponds and/or lakes of
Antarctica is inferred to have been plant tissue and
microorganisms. Crustaceans dominated among in-
vertebrates. Mesozoic insects were of two types of
feeders: phytophagous and predaceous, e.g. beetles
preyed on crustaceans. Crustaceans often were micro-
phagous or bottom detritus feeders; they also preyed
on each other. Fish, where present, consumed insect
food and/or preyed on crustaceans. A predator-prey
arrangement thus characterized these ancient eco-
systems (Tasch, 1974).

Several beetle elytra (fig. 1) were uncovered in
samples from Carapace Nunatak, Tasch station 1,
some 300 meters south of station 2, where carbonized
elytra were reported earlier (Tasch, 1973). These
were associated with conchostracans and ostracod
valves. Numerous eumalacostràcans and other crusta-
ceans (syncarids, fig. 2; notostracans, fig. 3, among
others) have been found in samples from station 2,
and station 1 (150 meters south of station 2).

X-ray diffraction analysis of a fossiliferous rock
sample from Mauger Nunatak (by Dr. Dah Cheng
Wu) showed, in order of abundance, quartz, zeolites
(heulandite or an intermediate), and montmorillonite.
Similar rocks of this section therefore are classifiable
as zeolitic silty mudstone or shale.



At Storm Peak, the lower flow fossiliferous inter-
beds had an annual sedimentation rate of 0.66 to
1.45 millimeters; upper flow fossiliferous interbeds
(273 meters above the lower flow interbed) had a
rate of 0.57 to 1.57 millimeters. These figures, strik-
ingly close, suggest no change in sedimentation con-
ditions across the time interval separating the two
interbeds. This parallels analytical data developed
thus far that indicate persistence of the basic eco-
system structure as well.

Work continues on the Newcastle Coal measures
(New South Wales) collection. Recently completed
is the faunal-paleoecological study of nonmarine
arthropods of the Tasmanian Triassic for which
Professor Max Banks, University of Tasmania, will
provide the stratigraphic context. Data suggest cor-
relation of conchostracan-bearing beds of the Knock-
lofty formation (Triassic) with those of the Aus-
tralian mainland, and the Indian Triassic (Tasch, in
preparation).
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Figure 1 (opposite center). Beetle elytra. (a)
Length, 3.1 millimeters; Carapace Nunatak, Tasch
station 1, bed lb (composite photo). (b) Carbon-
ized specimen; length, 3.5 millimeters; idem,
Tasch station 0 (±7 meters south of station 1).
Figure 2 (opposite right). Eumalacostracan syn-
card; abdomen with three somites and fan-shaped
uropod (arrow); Carapace Nunatak, Tasch station
2, bed 1; height of carbonized fragment, 2.55
centimeters (composite photo). Figure 3 (opposite
left). Notostracan. (a) Carbonized abdomen with
fo.Ir spine-bearing body rings, displaced telson
anJ caudal filaments (arrow); note lack of supra-
angll plate (Trops sp.); Carapace Nunatak, Tasch
station 2, bed 1; width of body ring, 3.0 milli-
mele rs (composite photo). (b) Detail of caudal
flldments from same specimen; length, 1.05 milli-

meters.
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Zirconium concentrations and initial
strontium-87/strontium-86 ratios,

Kirkpatrick basalt, Storm Peak,
Queen Alexandra Range

G. FAURE, L. B. OWEN, J . R. BOWMAN,
and D. H. ELLIOT

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

Columbus, Ohio 43210
The concentrations of zirconium in basalt from

Storm Peak, Queen Alexandra Range, Transantarctic
Mountains, exhibit systematic stratigraphic variations
and correlate positively with initial strontium-87/
strontium-86 ratios. This correlation is incompatible
with magmatic differentiation in a closed system and
is indicative of contamination of a parent basalt
magma with granitic material having a high zir-
conium concentration and a high strontium-87/
strontium-86 ratio.

Storm Peak (84°35'S. 163°55'E.) is capped by 12
basalt flows with a total thickness of about 525 meters.
The stratigraphy and petrography of these flows are
described by Elliot (1970, 1972), and Faure et al.
(1972, in press) discuss their petrogenesis based on
chemical and strontium isotope data. We now report
concentrations of zirconium determined by x-ray
fluorescence spectrometry of 18 samples. A calibra-
tion was obtained by means of U.S. Geological Sur-
vey rock standards (Flanagan, 1973) and included a
correction for interference of strontium-K P radiation
with zirconium-K a radiation. The average difference
between 10 duplicate determinations is about 2 per-
cent and the accuracy of the zirconium concentrations
is believed to be better than 10 percent. The results
are shown in the table.

The zirconium concentrations range from 81 to 220
parts per million and have a mean of 174 ± 35 parts
per million (one standard deviation for 18 samples).
This value is high when compared to the data com-
piled by Prinz (1967), who found an arithmetic
mean value of 111 parts per million and a range from
20 to 335 parts per million in 146 analyses of quartz-
normative tholeiites.

Part A of the figure is a schematic plot of the aver-
age zirconium concentrations of the flows versus the
flow number, counting from the bottom up. There
are three sharp discontinuities that separate four sets
of flows exactly as shown earlier by Faure et at. (in
press) on the basis of all of the major oxides and
strontium concentrations. These sets of flows are iden-
tified by Roman numerals and are interpreted as epi-
sodes of volcanic and petrogenetic processes.

Part B of the figure is a plot of the initial stron-
tium-87/strontium-86 ratios of the samples (corrected
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for decay of rubidium-87 since formation of these
rocks 170 million years ago) versus their zirconium
concentrations (Faure et al., in press). A strong posi-
tive correlation between these parameters is apparent.
Such a correlation is incompatible with differentation
of magma in a closed system because the isotopes of
strontium are not measurably fractionated by such a
process. The positive correlation shown in part B of
the figure suggests contamination of a basaltic magma
with material having a high strontium-87/strontium-86
ratio and a high zirconium concentration. Faure
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A. Schematic plot of zir-
conium concentrations of the
basalt flows on Storm Peak
numbered from the bottom
up. B. Positive correlation
between the initial strontium-
87/strontium-86 ratios of in
dividual samples and their
zirconium concentrations. C.
Mixing hyperbola for the

flows in sets II and Ill.

et al. (in press) show that this contaminant ap-
proached an iron-rich granitic rock in composition.

If the strontium-87/strontium-86 ratio of the basalt
component was 0.706, as suggested by Faure et al.
(in press), the zirconium concentration of the baalt
component was approximately 102 parts per milli 4m;
this is in excellent agreement with the average value
reported by Prinz (1967). The zirconium concenta-
tion of the contaminant appears to have been abut
330 parts per million, assuming that its strontium-87/
strontium-86 ratio was 0.720.
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Geological surveys of Marie Byrd Land
and the central Queen Maud Range

This research was supported by National Science
Foundation grant ov-41037X.

Initial strontium 87/86 ratios and zirconium concentrations,
Kirkpatrick basalt, Storm Peak, Queen Alexandra Range.

(81Sr),

87Sr 	Zr
Sample	 Flow Set	 - 	(ppm)

27.00	 1	I	0.7094	81.0
27.1	 2	II	0.7122	193.2
27.2	 2	II	0.7123	196.9
27.3	 2	II	0.7120	197.4
27.4	 2	II	0.7112	190.5
Average flow #2	 II	0.7119	194.5
27.51	 3	II	0.7112*	179.5
27.13	 4	II	0.7115*	177.5
27.56	 5	II	0.7113	177.5
27.17	 6	III	0.7144	188.1
27.18	 6	III	0.7122	190.9
Average flow #6	 III	0.7133	189.5
27.24	 7	III	0.7129	195.8
27.25	 7	III	0.7120	192.0
Average flow #7	 III	0.7125	193.9
27.64	 8	III	0.7105	170.1
27.67	 9	III	0.7108	150.5
27.28	 10	III	0.7103	121.5
27.29	 10	III	0.7095	114.4
Average flow #10	 III	0.7099	118.0
27.36	 11	IV	0.7117	199.9
27.41	 12	IV	0.7095	219.7

* Adjusted according to evidence presented by Faure et al.
(in press).
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Marie Byrd Land. Geologic maps of three quad-
rangles in Marie Byrd Land have been completed and
submitted to the U.S. Geological Survey (usGs) for
publication under an arrangement with the National
Science Foundation. Base maps used were from the
1:250,000 Reconnaissance Series, Antarctica, pub-
lished by the USGS. The quadrangles are Alexandra
Mountains, Guest Peninsula, and Boyd Glacier; a
fourth quadrangle, Gutenko Nunataks, is in prepara-
tion.

Detailed studies of the plutons intruded in western
Marie Byrd Land in Middle Paleozoic and Cretaceous
are in progress. Granodiorites generally characterize
the older plutons and granites, and leucogranites the
younger. Basic plutons and flows associated with either
of the two events are relatively few in number and
their total volume is relatively small.

The oldest known rocks in the area are a thick
sequence of metasediments and metavolcanics that
accumulated in a marginal eugeosyncline in the Late
Precambrian to Early Paleozoic (Lopatin and
Orlenko, 1972). Subsequent deformations during two
or more orogenies, each followed by a long interval
of erosion, have partially obliterated the record of the
sequence of events. An attempt, however, is being
made to reconstruct the early history of this part of
West Antarctica through a detailed study of speci-
mens from many outcrops. To assist in this task,
zonation by means of acritarch assemblages will be
attempted. Acritarchs and algal remains have been
reported in a few specimens from this area (Iltchenko,
1972).

Queen Maud Range. The basement complex in the
Shackleton Glacier area of the Queen Maud Range,
Transantarctic Mountains, has been restudied in de-
tail. Conclusions have been reached that are some-
what different from those previously reported (Wade
et al., 1965). A final report on this study is in prepara-
tion. A brief summary of the salient conclusions is
presented here.

Two sequences of metasediments are exposed in the
area. On either side of Ramsey Glacier a sequence of
eugeosynclinal fine- to medium-grained arkosic sand-
stones and siltstones crop out. The strike of the bed-
ding planes is roughly north-south and dips are near
vertical. Sills of andesite intrude the sediments. Meta-
morphism has produced biotite facies metasediments.
Microfabric studies revealed two deformation events.
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This sequence is provisionally correlated with the
Goldie formation (Grindley et al., 1974; Grindley and
McDougall, 1969: Oliver, 1972).

The second sequence has been termed the Taylor
formation (Wade et al., 1965). It is well exposed on
both sides of Shackleton Glacier. At Taylor Nunatak
the type section is composed of a sequence of marbles,
ash fall and ash flow tuffs, metaconglomerates,
rhyolites, and metabasalts. The sequence has a mini-
mum thickness of 2,500 meters. On the west side of
the glacier at Mount Greenlee the metavolcanic se-
quence alone has a minimum thickness of 2,500
meters. There the metavolcanics overlie a thick se-
quence of metasediments that includes slates, phyllites,
schists, and marbles. Degree of metamorphism varies
with amphibloite facies representing the highest de-
gree. The beds of the Taylor formation have been
deformed into major folds, the axes of which trend
roughly east-west.

The Taylor formation originally was correlated
with the Cambrian Shackleton limestone and Henson
marble (Wade et al., 1965). In the light of this most
recent investigation, it appears that the Taylor forma-
tion should be correlated provisionally with the Pre-
cambrian Wyatt formation (Minshew, 1967). The
Wyatt formation crops out in the Wisconsin Range
and in the Scott Glacier areas and is composed of
felsic metavolcanics not unlike those of the Taylor
formation. In support of this proposal is the fact that
overlying the Taylor formation near Mount Cole is a
thick section of massive, coarsely crystalline, pure
white marble that fits the description of a portion of
the Henson marble (McGregor, 1965). No contact
is exposed and a snow-covered interval of at least 200
meters separates the outcrops of the two formations.

Regional correlations of Precambrian and Cambrian forma.
tions in the Queen Maud Range and adjacent areas, Trans.

antarctic Mountains.

Shackelton
Wisconsin Range Duncan	Shackelton	Glacier,

Scott Glacier	Mountains	Glacier	Nimrod
(Minshew, 1967) (McGregor, (this paper)	Glacier

1965)	 (Grindley
et al., 1965)

CAMBRIAN

Leverett	Henson	Henson	Shackelton
formation	marble	marble	formation

PRECAMBRIAN

Wyatt	Fairweather Taylor
formation	formation	formation

Greenlee
formation

Lagorce	Duncan	Goldie	Goldie
formation	formation	formation	formation

Amphibolites	 Nimrod group

McGregor is of the opinion that the Fairweather for-
mation, which crops out near the mouth of Livingston
Glacier, is principally composed of metavolcanics that
resemble those of the Wyatt formation (Minshew,
1967). The Wyatt, Fairweather, and Taylor forma-
tions probably are correlative. The thick sequence
of slates, phyllites, schists, and marbles that conform -
ably underlie the metavolcanics of the Shackleton
Glacier area and that were included in the Taylor
formation has not been observed elsewhere. A new
formation, the Greenlee formation, is proposed: it is
restricted to only the prevolcanic geosynclinal se-
quence of metasediments. A suggested regional corre-
lation of Precambrian and Cambrian formations is
presented in the table. During the Ross Orogeny
leucogranites, granites, granodiorites, quartz diorites,
and alaskites were intruded into the greatly deformed
pile of geosynclinal sediments. They appear to be the
result of complete granitization, granodioritization,
and metasomatism of a portion of the sedimentary
pile. They represent portions of the very extensive
Queen Maud batholith.

The valuable assistance in these studies of Mr. Carl
A. Cathey and Ms. Dona R. Long, research assistants,
Antarctic Research Center, is gratefully ackriowl -
edged. This work was supported by National Science
Foundation grant GV-22901A.
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Oxygen isotopes in Cenozoic volcanic
rocks of Antarctica

DAVID B. WENNER
Department of Geology
University of Georgia

Athens, Georgia 30602
A preliminary study of the oxygen isotopic compo-

sitions of volcanic rocks was conducted upon repre-
sentative samples from outcrops in the three major
Cendzoic volcanic provinces shown in fig. 1. These
exposures contain both subaerial deposits and sub-
aquatically erupted palagonite breccias; the latter gen-
erallj are attributed to subglacial eruption beneath
the ice cap (LeMasurier, 1972; Hamilton, 1972).

Ocygen isotope studies of antarctic volcanic rocks
potetitially can be used to further understand the iso-
topic and petrologic history of magmas. The decipher-
ing of such processes is based upon the fact that al-
though most volcanic rocks of deep-seated origin
display uniform oxygen- i 8/oxygen-1 6 values ("nor-
mal" oxygen isotopic compositions, which are ex-
pressed in 8 oxygen-18 values relative to SMOW, range
from 5.3 to 6.9 for basalts, 5.4 to 7.5 for andesites and
trachytes, and 5.5 to 10.2 for rhyolites) (Taylor,
1968; Anderson et al., 1971), some anomalous oxy-
gen-18 depleted rocks also are known.

Most low oxygen-18 igneous rocks are associated
with shallow-level Cenozoic epizonal plutons em-
placed into propylitically altered basaltic country rock
(Taylor and Forester, 1971; Taylor, 1971). The
oxygen-18 depletion of such rocks generally is inter-
preted as being due to isotopic exchange with con-
vecting, isotopically depleted meteoric-hydrothermal
waters at high but subsolidus temperatures. However,
some low oxygen-18 volcanic rocks that are unaltered
also have been reported by Muehlenbachs et at.
(1974) in Iceland and by Friedman et at. (1974)
in the western United States. The oxygen-18 deple-
tion in these rocks generally is attributed to the
existence of low oxygen-18 magmas; this probably is
due to some type of interaction with meteoric waters.

The study of Cenozoic volcanics becomes significant
for further understanding the processes responsible
for producing low oxygen-18 rocks due to the fact
that antarctic meteoric waters have the lowest oxy-
gen-18/oxygen-16 values known on Earth (see Epstein
et al., 1963). Since continental glaciation probably
has been present throughout much of the Cenozoic
(Margolis and Kennett, 1971; LeMasurier, 1972), it
can reasonably be assumed that the isotopic composi-
tions of meteoric waters similar to today's range
probably prevailed during most periods of volcanic
eruption.

The oxygen-18/oxygen-16 data are reported in fig.
2. All of these samples exhibit no petrographic evi-
dence of alteration. In addition, measurement of
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Figure 1. Major exposures within the Hallett, McMurdo, and Marie
Byrd Land volcanic provinces from which representative samples

were examined.

water content of many samples indicates little or no
hydrated glass (perlite) components.

Although only a few samples have been analyzed,
the following tentative conclusions can be deduced
from this isotope data:

(1) The 6 oxygen-18 values of samples from most
localities display a normal range from 5.0 to 6.5; the
coexisting plagioclase phenocrysts also have normal
oxygen-18/oxygen-16 values. These data suggest that
there has been little or no direct or indirect interaction
between meteoric waters and magmas in most antarc-
tic volcanic centers.

(2) A few samples are clearly oxygen-18 depleted,
with groundmass and/or whole rock 8 oxygen-18
values ranging from 1.6 to 4.9; the plagioclase
phenocrysts in one sample also are isotopically de-
pleted, although the pyroxene phenocrysts in another
are normal. The oxygen-18/oxygen-16 values of this
sample group strongly suggest that the magmas them-
selves were isotopically depleted, presumably due
either to interaction with meteoric waters and/or from
exchange with previously oxygen-18 depleted country
rock. Considering the scatter in 8 oxygen-18 values, it
seems unlikely that these low oxygen-18 magmas
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reflect some unusual oxygen-18/oxygen-16 primary
source area.

(3) The normal and low oxygen-18 samples can be
found in both subaerial and subaquatic deposits. This
would suggest that much or perhaps all oxygen-18
depletion occurred prior to eruption and crystalliza-
tion, possibly in shallow-level magma chambers.

(4) The low 8 oxygen-18 values observed in the
quartz and feldspar from granitic xenoliths contained
in one otherwise normal basalt may represent frag-
ments of oxygen-18 depleted epizonal plutonic base-
ment rock incorporated in the basalt magma during
ascent. Since both the basalt as well as coexisting
olivine phenocrysts have normal 8 oxygen-18 values,
it appears that little isotopic exchange occurred be-
tween the granitic xenoliths and the basaltic magma.
However, reversal in the quartz-feldspar oxygen-18/
oxygen-16 fractionation (feldspar is invariably more
oxygen-18 depleted than quartz in virtually all other
low oxygen-18 type plutonic rocks) conceivably may
indicate some isotopic exchange between feldspar and
the basaltic magma.

Acknowledgement is extended to Drs. Hugh P.
Taylor, Jr., and Samuel Epstein, California Institute
of Technology, for the use of their stable isotope
facilities, and to Drs. Warren Hamilton, Lois Jones,
and Wesley LeMasurier for supplying the samples
used in this study.

Structure and sedimentology in the
Scotia Arc: the southernmost Andes

IAN W. D. DALZIEL
Lamont-Doherty Geological Observatory

Columbia University
Palisades, New York 10964

R. H. DOTT, JR.
Department of Geology and Geophysics

University of Wisconsin
Madison, Wisconsin 53706

Our program to study the geologic evolution of the
Andean-West Antarctic Cordillera and of the Scotia
Arc continued during the 1973-1974 austral summer
with fieldwork in the Patagonian and Fuegian Andes
(fig. 1).

In January, Dr. Dalziel, together with Drs. M. J.
de Wit and C. R. Stern, continued the study, initiated
the previous field season, of the Lower Cretaceous
ophiolite complex in the Patagonian Andes north of
the Straits of Magellan. During February and March,
de Wit and Stern carried out further field work in
Cordillera Darwin immediately north of Canal Beagle.
In addition to structural geology, an extensive collect-
ing program was undertaken for petrologic and
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0	 250 Km.

pale magnetic studies at Lamont-Doherty Geological
Observatory, in cooperation with Dr. John Tarney,
Uni ersity of Birmingham, England. The field work
was supported logistically by the Empresa Nacional
del etroleo (ENAP), the Chilean National Oil Com-
pany. Several ENAP geologists participated.

In April and May, Dr. Dalziel was co-chief scien-
tist, along with Mr. Peter F. Barker, University of
Birniingham, England, for Glomar Challenger leg 36
of the Deep Sea Drilling Project.

A goal of the Scotia Arc tectonics project is to do a
comparative study of South Georgia Island, at the
eastern end of North Scotia Ridge, and the geologic-
ally similar Navarino Island, immediately south of
Canal Beagle. It is believed that South Georgia
and Navarino islands once were much closer together
(fig. 2). Field work on South Georgia in 1973
(Dalziel and Dott, 1973; Dalziel et al., 1973; Dalziel
et al., in press) was followed by studies on Navarino,
Hoste, and neighboring islands in May 1974 from
aboard R/V Hero (cruise 74-6). Dr. Dott was senior
scientist on the cruise, accompanied by Messrs. Ron-
ald L. Bruhn and Robert D. Winn, Jr. (all three
worked on South Georgia the previous year), and
Dr. de Wit and Ms. Margaret A. Winslow.

Figure 1. Cape Horn as seen on June 3, 1974, from R/V Hero as
the ship passed under sail in unusually good weather. A success-
ful landing was made on the north side of Cape Horn Island
and geologic observations were made and specimens were taken.

Preliminary results from the Navarino-Hoste cruise
confirmed a close likeness of Lower Cretaceous strata
in Tierra del Fuego with those of South Georgia.
Field work revealed not only a similarity of overall
sedimentary appearance, but also of current patterns
during deposition of the ancient sediments; laboratory
analysis of mineral compositions of the sandstones,
by Winn, will further test our hypothesis. Structurally,

Falkland Islands (Islas Malvinas)

Tierra

&OOk
a	Navarino Island

Cape /	N	 N
Horn ,-'	N	 _/)	--

/	 N
' South N. \
J .	Georgia \S

Figure 2. Map showing a paleogeographic reconstruction of the North Scotia Ridge (after Dalziel et aI., in press).
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the rocks of Navarino and Hoste islands also are
similar to those of South Georgia. In both cases they
are tightly folded in the north but become much less
folded southward. Structural observations by Drs.
de Witt and Winslow and Mr. Bruhn also were ex-
tremely valuable for comparison with their work
farther north in Tierra del Fuego.

Our field work in Chile during January, February,
and March 1974 relied on the generous support of
the ENAP. We are grateful to Sr. Eduardo Gonzalez
P., then ENAP administrator in Punta Arenas, and to
Sr. Raul Cortes R. Work from aboard Hero was
assisted by Captain Norman Deniston and his crew.
The Chilean navy was most helpful in providing sail-
ing advice and some logistics support at Puerto
Williams, Navarino Island. The excellent guidance
and good company of our Chilean pilots, Lieutenant
Luis Allamand and Captain Jorge Zamudio, also is
warmly acknowledged.

This research was supported by National Science
Foundation grants Gv-19543 and Gv-36656.
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Gravity tides at the South Pole
L. B. SLICHTER, ERIK SYRSTAD, BERNARD JACKSON,

and WALTER ZURN
Institute of Geophysics and Planetary Physics

University of California
Los Angeles, California 90024

Gravity measurements at the South Pole were con-
tinued during the 1974 austral winter by Mr. Paul
Rydelek. Three reports on our research have been
prepared (Jackson and Slichter, 1974; Zurn, 1974;
Slichter and Syrstad, in preparation).

In Jackson and Slichter (1974) the amplitudes and
phases of the nine principal diurnal constituents, and
of nine semidiurnal constituents, are obtained. A rec-
ord of one year's duration shows a very low noise
level (ca 0.001 uGal per cycle per hour in the 0.15
to 0.25 cycle per hour band) that precludes the
existence of a solid body inner core oscillation having

an energy greater than 4 X 10 19 ergs. In Slichte and
Syrstad (in preparation), a precise value, 1.153 ±
0.002, is reported for the dimensionless amplitude
parameter of the fortnightly tide. A method forfind-
ing the small phase lag (0.40° ± 0.25°) is desc bed,
which is being used to obtain the phase lag from the
more abundant data of subsequent years.

There have been no great earthquakes of magnitude
8 or more. The hope of recording free modes ^rom
such quakes at South Pole continues.

This research was supported by National Science
Foundation grant GV-2801 1.
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Circumantarctic seismicity in 1973

JAMES F. LANDER
National Geophysical and Solar-Terrestrial

Data Center
National Oceanic and Atmospheric Administration

Boulder, Colorado 80302

Seismic activity in portions of mid-oceanic seisnic
belts that surround Antarctica was unusuallyFigh
during 1973. A total of 175 hypocenters were locted
south of 45°S. compared with an average of alout
120 per year for the previous 6 years. In 1972 only
109 hypocenters were located in this region. This in-
creases the total count of hypocenters in the region
since 1958, when good control was available from
antarctic stations, to a total of 1,666.

The unusually large number of hypocenters as
augmented by a true swarm of earthquakes in he
South Sandwich Islands. It had been noted that t ere
are few aftershocks associated with large earthqu es
in this region and swarm activity had not been b-
served. On November 24, 1973, a swarm of earth-
quakes began with a magnitude 4.6 at 55.8 S.
28.2°W. at normal depth. It continued at least ujitil
the middle of December with approximately 50 lo-
cated events within a few tenths of a degree of this
location. The largest shock in the series reached otiy
magnitude 5.9.

As though to underscore the abnormality of ihe
swarm, a magnitude 7.0 earthquake occurred on the
nearby unnamed portion of the mid-oceanic ridge
system (as deduced from the trend of seismic activity)
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Earthquakes in 1973 south of 45 0 S. with magnitudes of 6.0 or greater.

Latitude	Longitude	Magnitude
Region	 Date	Time (GMT)

	
(°S.)
	(0)

M3	mb

45.5
61.0
58.3
59.3
47.8
54.4
54.5
54.8
60.8

Southeast Indian Rise	 2/8
Scotia Sea	 2/25
Southwestern Atlantic Ocean	4/7
South Sandwich Islands region	4/25
Southeast Indian Rise	 6/1
South Pacific Cordillera	 8/7
South Pacific Cordillera	 9/18
West of Macquarie Island	 9/25
Southwestern Atlantic Ocean	10/6

1009:08.3
0535:55.4
1222:47.3
2134:37.9
0722:57.0
0639:00.8
1332:51.5
1617:28.3
1507:37.3

96.3E.
37.9W.
13.4W.
26.1W.
99.7E.

136.6W.
132.6W.
145.8E.
21.5W.

6.1	5.9
6.4
	6.2

6.7	6.2
*	6.0

6.3	5.8
6.1	5.4
6.4	5.3
6.3	5.9
7.0	6.2

* No M. computed; a depth of focus was 67 kilometers.

connecting the southern limb of the Scotia Arc with
thel mid-Atlantic seismic zone and was accompanied
by only a single locatable aftershock. The magnitude
6.3 event on September 25 also had only a single
aftershock. None of the other large shocks had a
single aftershock associated with them.

The increase in seismic activity was apparent in the

general pattern as well. There were 14 earthquakes
with intermediate depth of focus (60 to 300 kilome-
ters) with the deepest focus reported at 147 kilome-
ters. There were eight large earthquakes (magnitude
6 to 6.9) and one major earthquake (magnitude 7 to
7.9). These are listed in the table.

USGS antarctic cartography and
doppler program, 1973-1974

ROBERT H. LYDDAN
Topographic Division

U.S. Geological Survey
Reston, Virginia 22092

In support of the U.S. antarctic program, the
Topographic Division, U.S. Geological Survey
(USGS), is publishing various map series and carto-
graphic products. Four maps in the 1:250,000-scale
series-Mount Berlin, Grant Island, Cape Burks, and
Hull Glacier of the Hobbs Cost-,Marie Byrd Land
area-have been compiled and are scheduled for
printing. A revised index, Topographic Maps, Ant-
arctica, which lists all antarctic maps published by
the USGS, also is scheduled for printing. Seventeen
maps in the 1:250,000-scale series are in various
phases of compilation. These maps cover an area
along the Marie Byrd Land Coast between the Jones
Mountains and the Hobbs Coast.

Under joint National Science Foundation-National
Aeronautics and Space Administration funding, carto-
graphic experiments continue to use ERTS-1 satellite
imagery (Southard, 1973; Southard and MacDon-
ald, 1974). The 1: 1,000,000-scale Ross Ice Shelf
planning map has been revised along the shelf front
and the 1: 1,000,000-scale McMurdo Sound Region
map has been updated. Both maps are in final stages
o compilation. The McMurdo Sound Region map
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will conform to International Map of the World
(1Mw) specifications.

A single ERTS scene (1174-19433-7, January 13,
1974) of Ross Island, McMurdo Sound, and the dry
valley areas was enlarged to scales of 1:250,000 and
1:500,000. Control was identified on the compilation
image, and a fitted grid was printed on the final
product (fig. ). This experimental product was de-
veloped to determine what uses and demands could be
made of similar single-scene products within the polar
scientific and logistic community. Copies will be made
available to scientists for evaluation of the product as
a tool for polar research.

ERTS image maps or mosaics of 14 coastal areas
are being prepared at 1: 1,000,000-scale. A companion
sketch map also will be available for those areas
where ERTS imagery indicate significant coastal
changes. Plans call for paneling the 14 ERTS image
mosaics into an ERTS image mosaic of the continent
and printing it at 1:5,000,000- or 1: 10,000,000-scale.
The resulting product will provide the first single
photoimage mosaic of Antarctica.

Doppler data collected at South Pole Station and
teletyped daily to the United States during the 1973
austral winter are being used to precisely determine
positions of the geographic South Pole as well as the
magnitude and direction of ice movement. Satellite-
derived geodetic positions for South Pole Station have
been computed at 5-day intervals beginning in Febru-
ary 1973. The initial plot of these data shows a move-
ment of the fixed geoceiver station position to be ap-
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proximately 9 to 10 meters per year in the approximate
direction of 43°W. from Greenwich meridian. The
old South Pole Station is approximately 987 meters
from the geographic South Pole.

Doppler data collected on the Australian section of
the International Antarctic Glaciological Project
(IAGP) traverse also are providing useful data by
determining ice movement south of Law Dome
(IAGP, 1974a, 1974b). Differences of 75 to 100
meters between subsequent doppler observations were
obtained; Australian glaciologists think that these dif-
ferences reflect the expected ice movement for the
area. Doppler data were obtained and geodetic posi-
tions computed for 10 additional sites on the IAGP
traverse. Three of these sites were reoccupied; geo-
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detic positions have been computed and furnished to
Australian scientists for analysis. Additional sites are
being reoccupied during 1974 austral winter traverses.

Year-round doppler research continues at Pole and
Casey (Australia) stations. During the 1974 austral
winter, doppler data at South Pole Station are being
obtained with a geoceiver by USGS engineers Melvin
Y. Ellis and Tony K. Meunier, and at Casey by
David L. Schneider. Doppler data also are being ob-
tained at Casey with filter tracking equipment that is
operated by Mr. Henry Edwards, Applied Research
Laboratories, University of Texas. Geoceiver opera-
tions at Casey are supporting Australian projects as
well as the IAGP.

The USGS Antarctic iMap and Aerial Photogra$iy
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Library now is located at the National Cartographic
Information Center, USGS, 507 National Center,
Reston, Virginia 22092. The library is the U.S. deposi-
tory for all antarctic maps and charts published by
nations represented on the Scientific Committee on
Antarctic Research. In addition, most U.S. antarctic
aerial photographs are on file at the library. The
library is open from 9 a.m. to 4 p.m. weekdays. Tele-
phone (703) 860-6052.

This work is supported by National Science Founda-
tion grant AG-177.
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Microparticle concentration in ice cores
from Camp Century and Byrd Station

L. G. THOMPSON
Institute of Polar Studies

The Ohio State University
Columbus, Ohio 43210

turing the past year measurements were made of
the concentration and size distribution of microparti-
cls in 22 representative sections, averaging 0.4 meter
in length, taken from the 1,387-meter-long ice core
reovered at Camp Century, Greenland. This pre-
1iniinary study is designed to clarify the relationships
between microparticle concentrations and paleocli-
mite by comparing the concentrations and size distri-
butions with the 8 oxygen-18 values of ice from the
same depths. This report includes those relationships
established over millenial time intervals.

The particle analysis is based on the hypothesis that
the stratigraphic record of snow deposition in the dry
snow facies of the polar ice sheets is preserved in the
variations of microparticle concentration and size
distribution. Basic procedures for the analysis were
established by Marshall (1962) and were improved
by Badar et al. (1965), Hamilton (1967, 1969), and
Thompson (1973). In this study the use of a multi-
channel model T Coulter counter enabled consid-
erable improvements in the rate and quality of data
collection.

Microparticle analysis (determining the number of
microparticles in 14 size ranges from 0.518 to 13.1 IA

Average no. of 0.65u to 13.1p diameter	 6180
particles per 500 p1 sample
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Data from Camp Century, Greenland, ice core: (a) profile obtained
from plotting the average number of 0.65 s to 13.1 a diameter
particles per 500 o1 sample in each core section; (b) profile result-
ing from plotting Johnsen et al. (1972) 6 oxygen-18 values for

the core sections analyzed in (a).

diameter) was made at 2.5-centimeter intervals for
all core sections above 1,200 meters in depth. The
sampling interval was reduced to 1.5 centimeters for
all core sections below 1,200 meters in depth to better
resolve annual layers at depths where they are com-
pressed greatly.

The figure allows a comparison of profiles repre-
senting the average number of 0.65 to 13.1 tt diameter
per 500 l of sample and tht 6 oxygen-18 values
(Johnson et al., 1972) for equivalent sections of the
Camp Century, Greenland, ice core. Note that the
average number of particles is greatest in the samples
with the largest negative 8 oxygen-18 values. This re-
gion of the profile corresponds to ice deposited during
the Wisconsin Ice Age. This is significant when con-
sidered in relation to the microparticle profile from
the Byrd ice core (Thompson, 1973; Thompson et al.,
in press). The microparticle profiles from these two
ice cores suggest a large global increase in atmospheric
turbidity during the last ice age. This may be crucial
in climatic reconstruction, especially in light of recent
meteorological and climatological studies by McCor-
mnick and Ludwig (1967), Rasool and Schneider
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(1971), Neumann and Cohen (1972), Mitchell
(1971), and Bryson (1974). It is important to ob-
serve in the figure that peaks in microparticle concen-
tration correspond to lower 8 oxygen-18 peaks, that the
last large peak in microparticles occurs before the end
of the last ice age, and that the subsequent reduction
in microparticles corresponds to the larger 8 oxygen-
18 values in the transition out of the ice age.

These initial microparticle studies offer information
about the paleoatmosphere that must be considered in
climatic reconstruction. Complete aanlysis of the deep
Greenland and antarctic ice cores as well as other
cores would allow reconstruction of past global varia-
tions in atmospheric aerosols, and their effects on past
climate could be determined.

This work was supported by National Science
Foundation grant Gv-32899.
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Sedimentary hiatus in the South Indian
Basin

FRED M. WEAVER and DAVID W. MCCOLLUM
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

During routine micropaleontological analysis of
Eltanin piston cores collected in the South Indian
Basin southeast of the Kerguelen Plateau (cruises 49
and 50), a major sedimentary hiatus has been discov-
ered. A recently developed southern ocean diatom
zonation (McCollum, in press) in conjunction with
the standard radiolarian zonation (Hays and Opdyke,
1967) was utilized to define this hiatus. It occurs in
four cores all collected below 2,300 fathoms: E49-28,
E49-29 1 E49-30, and E50-13, and represents the
interval of time between approximately 1.3 to 2.2
million years before present (see Frakes, 1973, for
exact core locations).

The hiatus is recognized by the total absence of the
Nitzschia kerguelensis-Rhizosolenia barboi partial
range zone (fig.). In each sediment core floral ele-
ments of the Coscinodiscus elliptipora-Actinocyclus
ingens concurrent range zone lie in direct contact with
those of the Coscinodiscus kolbei-Rhizosolenia bar.oi
zone. This contact is characterized by the slight mix-
ing of floral components from both zones, resid.ial
sand accumulations, and the occurrence of mico-
manganese nodules (fig.).

Physical oceanographic data collected during I?l-
tanin cruise 47 indicates that bottom water circua-
tion proceeds in a counter-clockwise rotation arouid
the Kerguelen Plateau (Gordon, 1971). These dense
bottom waters apparently are channeled into the basin
east of the Kerguelen Plateau as a result of the a-
thyrnetry. The hiatus therefore is most likely related to
changes in the erosional efficiency of bottom watrs
through the South Indian Basin during the lat;st
Pliocene and early Pleistocene epochs. Similar erosion
has been shown to have occurred south of Austraia
due to changes in the velocities of bottom waters dur-
ing the Neogene (Watkins and Kennett, 1972).

Bottom waters have continued to affect sedimenta-
tion within the basin during the last 1.3 million
years. Evidence for this can be seen by examining the
sedimentation rates of siliceous oozes and muds ac-
cumulating within and adjacent to the basin. Sedi-
mentation rates within the basin have been estab-
lished by their calculation from paleontological
datums and fall between 0.3 and 0.5 centimeter per
thousand years, while those sediments immediately
adjacent to the basin, accumulating above the 2,300-
fathom isobath, have sedimentation rates of 1.5 to
2.5 centimeters per thousand years.
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Support of this research was provided by National
Science Foundation grant GV-42650.

References

Frkes, Lawrence A. 1973. USNS Eltanin sediment descrip-
ions, cruises 4 to 54. Sedimentology Research Laboratory,

Department of Geology, Florida State University. Contri-
u tio n , 37. 259p.

Grdon, Arnold L. 1971. Eltanin physical oceanography,
ruises 44, 45, and 47. Antarctic Journal of the U.S.,
VI(5): 166-167.

Hys, J. D., and N. D. Opdyke. 1967. Antarctic radiolaria,
magnetic reversals, and climatic change. Science, 158:
1001-1011.

MicCollum, D. W. In press. Antarctic Cenozoic diatoms: leg
28, Deep Sea Drilling Project. Initial Reports of the Deep
:Sea Drilling Project (Frakes, L. A., et al), 28. Washing-
ton, D.C., U.S. Government Printing Office.

Watkins, N. D., and J . P. Kennett. 1972. Regional sedimen-
tary disconforrnites and Upper Cenozoic changes in bot-
tom water velocities between Australasia and Antarctica.
Antarctic Research Series, 19: 273-293.

Pliocene paleotemperatures and
regional correlations, southern ocean

FRED M. WEAVER and PAUL F. CIEsIELsKI
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

Micropaleontological analyses have been completed
on piston and drill cores of Middle to Early Pliocene
age recovered from the southern ocean between
110°E. and 160°W. (fig. 1). All cores are dated by
radiolarians, diatoms, and in part by paleomagnetic
methods. Stratigraphic correlations are based on
paleornagnetic data and recently developed southern
ocean diatom and silicofiagellate zonations (McCol-
lum, in press; Ciesielski, in press). From the silico-
flagellate temperature curve constructed from the
generic ratios of Dictyocha/Distephanus (Ciesielski,
1974), we define seven temperature oscillations and
suggest that a dramatic change in the thermal struc-
ture of the southern ocean occurred during the Gilbert
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Figure 1. Location map of Eltanin piston cores and Deep Sea
Drilling Project drill cores utilized in silicoflagellate paleotempera-

ture determinations.

magnetic epoch. Temperatures apparently fluctuated
between those now found north of the present posi-
tion of the Antarctic Convergence (Gilbert events II,
IV) V, and VII), to those restricted south of this
oceanographic boundary (Gilbert I, III, and VI)
(fig. 2).

The highest inferred paleotemperatures are re-
corded in Lower Gilbert age sediments, where
Dictyocha/Distephanus ratios are 1.0 or more at all
sample intervals. Antarctic temperatures, similar to
and possibly lower than those of the Holocene, are

indicated for Gilbert events I and III (fig. 2). Within
these events the Dictyocha/Distephanus ratios are
less than 0.07, and in most sample intervals within
Gilbert event I essentially no specimens of Dictyocha
were found.

The cooling events recorded in Gilbert events I and
III may reflect the initial establishment of true ant-
arctic climatic conditions within the southern ocean
during the Pliocene (Ciesielski and Weaver, in press),
although little paleoclimatic information is available
for the interval between Gilbert magnetic event "c"
and the epoch 5 boundary.

Dictyocha/Distephanus ratios recorded at Gilbert
events II, IV, and VI (fig. 2) are similar in that they
reflect a temperature range indicative of subantalictic
to northernmost antarctic conditions. These paleo-
temperatures are comparable to present day surface
water temperatures between about 540 and 48°S.

Silicoflagellate paleotemperatures delineate a major
cooling trend between 4.30 and 3.70 million years
ago (table). This Early Pliocene cooling records a
major climatic deterioration in the southern ocean
with surface water temperatures fluctuating from
those commonly associated with waters north of the
modern position of the Antarctic Convergence to those
found associated with antarctic waters.

Our silicoflagellate paleotemperature estimates for
Lower Gilbert age cores average 8° to 10°C. higher
than those found today in the southern ocean. Tem-
peratures this severe would satisfy Mercer's (1968) re-
quirements for partial or complete absence of the
West Antarctic ice sheet during this time interval.

24	 SUGGESTED
S  L  CO F LAG E L L A T E PA LEOTEM P E R A T U R E S	REGIONAL

z	 CORRELATIONS

Figure 2. Early Pliocene paleotemperatures and climatic events and regional correlation of continental glacial and interglacial evidence.
Core correlations are based on close interval diatom, radiolarian, and siticoflagellate biostratigraphy, and on Eltanin core paleomagnetic

stratigraphy.
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Paleomagnetic age determinations of Early Pliocene climatic
events recorded between 69° and 57°S.

	

Approximate	Calculated

	

paleomag-	temperature
Event	netic age	range	Climatic

	

(million years	(seasonal	regime
before	average,

	

present)	°C.)

Holocene	 <0-1-2	Antarctic
Gilbert I	3.35-3.70	<1.5- 2	Antarctic
Gilbert II	-3.75	3- 7	Subantarctic
Gilbert III	3.80-3.85	<1.5- 2	Antarctic
Gilbert IV	-3.90	4- 6	Subantarctic
Gilbert V	3.95-4.05	7-10	N. Subantarctic
Gilbert VI	4.15-4.25	3- 4	N. Antarctic
Gilbert VII	-. 4.25-?	8-10	N. Subantarctic

Continental evidence in support of Early Pliocene
warm conditions comes from recent research on
pecten deposits from Wright Valley, Antarctica
(Webb, 1972; Bull and Webb, 1973). Webb's study
of benthic foraminifera within Pliocene pecten de-
posits led him to suggest fjord conditions in Wright
Valley with water depths of approximately 100 meters
and bottom water temperatures somewhere between
-2° and 5°C. and perhaps as high as 10°C. Webb
believes it is likely that warm interglacial conditions
existed in Wright Valley during the time of the pecten
deposition. We suggest that this event is time cor-
relative with our warm conditions recorded in ant-
arctic deep sea sediments between 4.30 and 3.95 mil-
lion years ago (fig. 2).

Between 3.95 and 3.70 million years ago a major
cooling is recorded in the southern ocean region (fig.
2, table) based on silicoflagellate ratios. Evidence to
substantiate this has been found in the southern ocean
sedimentary record (Weaver, 1973). Weaver noted
a major northward displacement of the character-
istic glacial-marine/siliceous ooze sediment boundary
following Gilbert magnetic event "a." This severe Late
Gilbert cooling event also is substantiated by con-
tinental evidence. Mercer et al. (in press) have dis-
covered evidence for a major glaciation in Argentine
Patagonia (fig. 2), which apparently is the first to
affect the area and is approximately time equivalent
to our late Gilbert cooling.

Support of this research was provided by National
Science Foundation grant Gv-42650 and by donors to
the Petroleum Research Fund. Unpublished paleo-
magnetic data for core E50-28 was furnished by Dr.
Norman Watkins, University of Rhode Island.
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Cretaceous Eltanin core from south of
Naturaliste Plateau

RICHARD E. CONSTANS and SHERWOOD W. WISE, JR.
Antarctic Research Facility
Department of Geology
Florida State University

Tallahassee, Florida 32306

Preliminary examination of calcareous nannofossils
from Eltanin cruise 55 piston cores has revealed Cre-
taceous sediment in the lower portion of core EL55-
26. This, the second Cretaceous core reported from
the Eltanin collection, was taken in 3,970 meters of
water on a promontory near the southwest continental
margin of Australia at 36°41'S. 112°22'E. The first
Cretaceous core documented in the Eltanin collection
(Kaharoeddin et al., 1973) was taken on the flank of
the Kerguelen Plateau during cruise 54. EL55-26,
like several other cruise 55 cores that penetrated older
sediment, contains a number of prominent biostrati-
graphic hiatuses and sharp lithologic changes (see
Heezen and Tharp, 1973, for a summary of cores
collected on Eltanin cruise 55).
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ELTANIN CORE 55-26
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Figure 1. Eltanin core 55-26.
Definitions	of	calcareous
nannofossil zones are sum-
marized by Hay et al. (1967)

and by Bukry (1973).

The Cretaceous sediment of EL55-26 is composed
of coccolith ooze intermixed with a high percentage
of Inoceramus prisms and pebble sized rock fragments.
The larger clasts are identified as schist and vein
calcite, both rock types derived from continental
sources. The coccolith assemblage is considered Upper
Campanian-Lower Maestrichtian due to the presence
of characteristic Upper Cretaceous forms such as
Arkhangelskiella cymbiformis Vekshina (fig. 4),
Microrhabdulus decoratus Deflandre (fig. 5), Micula
decussata (Vekshina), and Eiffellithus turriseifleli
(Deflandre) in the absence of E. eximus (Stover)
(Santonian to early Campanian) and Nephrolithus
frequens Gorka (Upper Maestrichtian). The Meso-
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zoic assemblage is separated by a prominent biostrati-
graphic disconformity and a manganese paven1ent
from the overlying Discoaster multiradiatus zone
assemblage of Late Paleocene age. Most of the upper
portion of the core is composed of nonfossiliferous
brown clay except for a thin coccolith ooze at the
surface and several nannofossil ooze layers between
300 and 500 centimeters that are separated from each
other by barren intervals. The Lower Eocene is refre-
sented by a few dissolution resistant coccoliths re-
ferred to the Tribrachiatus orthostylus zone (fig. 4
and 5), whereas Middle Eocene assemblages are more
diverse with better preservation of less resistant forms
such as placoliths. These latter diminish in nunber
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Figure 2. Discoaster lodoensis
Bramlette and Riedel, 1954.
Figure 3. Trbrachiatus ortho-
stylus Shamrai, 1963. Figure
4. Arkhangelskiella cymbi-
formis Vekshina, 1959. Figure
5. Microrhabdulus docoratus

Deflandre, 1959.

going upward in the Upper Eocene section until
assemblages at the top of the Discoaster barbadiensis
zone are dominated by dissolution resistant dis-
coasters.

Mesozoic coccoliths are moderately etched, indi-
cating deposition in deep water, but well above the
carbonate compensation level (CCL). The marked
hiatus at the Cretaceous-Tertiary boundary (490 cen-
timeters) spans the well known terminal Cretaceous
dissolution event described by Worsley (1971) and
others. However, the sharp contact at 490 centi-
meters, the wide time gap represented, and the pres-
ence of large (5 centimeters) manganese nodules indi-
cate erosion or nondeposition due to bottom currents
as well as complete dissolution of carbonate during
the Early Paleocene.

Upper Paleocene and Eocene coccolith assemblages
are heavily etched as a result of deposition near the
CCL. Fluctuation of that level in relation to the site
of deposition accompanied by probable bottom erosion
resulted in a highly condensed Paleogene section, with
biostratigraphic hiatuses represented by barren inter-
vals that separate the Discoaster multiradiatus,
Orthostylus tribrachiatus, and Reticulofenestra urn-
bilica zone assemblages. A gradual rise of the CCL in
relation to the site of deposition is recorded in the
Discoaster barbadiensis zone where the more soluble

coccolith species disappear via selective dissolution
going upward in the section until only dissolution re-
sistant discoasters are left at about 310 centimeters.
Eventually these also disappear; no microfossils are
present in the long, barren brown clay section (10
to 300 centimeters) that separates Eocene and Plio-
Pleistocene calcareous sediments. During deposition
of this brown clay interval, the coring site probably
subsided to its present water depth as this area along
the Australian continental margin moved progressively
northward and downslope away from the spreading
axis of the Pacific-Antarctic Ridge.

The thin veneer of Plio- Pleistocene calcareous ooze
at the top of the section represents a sharp downward
excursion of the CCL as noted by Heezen and Tharp
(1973). This marks a sharp increase in carbonate
productivity for this region, possibly due to a north-
ward shift of the center of calcareous productivity in
response to intensified glacial conditions to the south.
Alternatively, it may be related to an event of world-
wide significance as suggested by similar events re-
corded in other high latitudinal areas. A marked
lowering of the CCL during the Plio- Pleistocene has
been noted by Gartner (1970) in the North Atlantic
and by Wise (1973) in the North Pacific. The reason
for this phenomenon is uncertain.
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Icerafted debris in subantarctic Eltanin
deep sea sedimentary core

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

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

Although long recognized as a promising means of
delineating antarctic glacial history, the study of ice-
rafted debris (IRD) in deep sea sediments has yielded
frequent ambiguities and uncertainties.

We have devised a model to explain the latitudinal
distribution of IRD around Antarctica. A feature of
this is the diachronous nature of the deposits, and the
existence of a zone in which IRD deposition will be
independent of the timing of glacial and interglacial
cycles (fig.). We have reported on the development of
the model and preferred experimental methods
(Keany et al., 1974a), the initial testing (Keany
et al., 1974b), and are publishing our first results
(Watkins et al., in press). Briefly, by using measure-
ment of the IRD accumulation rates for a selected

South	I	LATITUDE	 North
GDCR

1 L GLACIAL

INTERGLACIAL

I-------------I.........LLJ

LL	 GLACIAL
UJ

1
INTERGLACIAL

I GLACIAL

South	 LATITUDE	 North
Diagram illustrating principles of the model explaining spatial
and temporal distribution of icerafted debris on southern ocean
deep sea sediments during glacial and interglacial periods. Upper
diagram: During interglacial periods the icerafted debris accumula-
tion rate is higher close to the continent (south), due to increased
iceberg calving, and decreases rapidly northward where the 0°C.
isotherm is at its southernmost extent. During glacial periods, ice-
rafted debris deposition is minimized close to the continent by ice
shelf growth, but extends much farther northward corresponding
to the 0°C. isotherm movement. Lower diagram: Adaptation of
the model in the upper diagram into the relative icerafted debris
(IRD) accumulation rate during alternating glacial and interglacial
perkds, as a function of latitude at four sites. IRD deposition
maxima will be during intergiacials in southernmost latitudes, and
during glacial periods in more northern latitudes. The Glacial
Debris Conjugate Region (GDCR) is where the two curves of the
upper diagram intersect, so that the glacial debris accumulation
rate essentially is independent of glacial-interglacial cycles. Initial
results (using Eltanin cores E45-74, E48-03, E49-24, E49-30, and
E50-12, extendng from 41 °S. to 59'S. in the southeastern Indian

Ocean) support the model's reality.

size fraction, and the percentage Antarctissa strelkovi
as our paleoclimatic index, we have verified the major
principles involved in the model. There are three re-
gions that, with decreasing latitude, are characterized
by: (a) a correlation between higher paleotempera-
ture ("interglacial") periods and IRD maxima; (b)
minimal correlation between paleotemperature change
and IRD accumulation rates, which we call the glacial
debris conjugate region (GDcR); and (c) a correlation
between lower paleotemperature ("glacial") periods
and IRD maxima. The GDCR appears to be related in
position to the Antarctic Convergence.

cnj
Q .5cj

EUJ	L)

o
uJ	0

.LD Q

LLi OE

256	 ANTARCTIC JOURNAL



References

Keany, J . , M. T. Ledbetter, T-C Huang, and N. D. Watkins.
1974a. Regional studies of icerafted debris in subantarctic
deep sea sediments: initial results and evaluation of po-
tential significance, models, and experimental methods.
EOS, 55: 312 (abstract).

Keany, J . , M. T. Ledbetter, N. D. Watkins, and T-C Huang.
1974b. Derivation of antarctic glacial history by analysis
of icerafted deposits in marine sediments: initial testing of
a new model. Geological Society of America Annual Meet-
ing Program, Abstract.

Watkins, N. D., J . Keany, M. T. Ledbetter, and T-C Huang.
In press. Antarctic glacial history by analysis of icerafted
deposits in marine sediments: new model and the initial
testing. Science.

Atmospherically transported volcanic
ash in Eltanin deep sea

sedimentary cores

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

University of Rhode Island
Kingston, Rhode Island 02881

The size and systematic distribution of the Eltanin
piston core collection offers an unusual opportunity to
study the regional distribution of selected particulate
matter on the ocean floor. We have finished the third
year of a program designed to delineate the spatial
and temporal distribution of atmospherically trans-
ported volcanic glass in deep sea sediments. The mo-
tive initially was to investigate the possibility of
volcanically induced climatic change during the past
2 million years. Although successful in developing a
method to separate and count particles as fine as 11
microns (Huang et al., in press a), we have become
convinced that since only the finest materials would
have an atmospheric residence time sufficient to be
climatically significant, both the limits of our experi-
mental system and the effect of postdepositional
processes may inhibit resolution of the hypotheses.
Instead, we are concentrating on studies of the distri-
butiQn of subantarctic volcanic dust in sediments and
are analyzing the data in terms of paleovolcanic
posivity (Shaw et al., 1974).

We have shown that fine volcanic dust horizons in
Eltanin cores can be dated and traced downward
from the Balleny Islands to distances of over 4,000
kilometers (Huang et al., 1973). One particularly
violent series of eruptions between 1.8 and 1.6 million
years ago produced a widespread deposit that we call
the Eltanin ash: paleoexplosivities up to 20 megatons
Of TNT equivalent are indicated (Huang et al., in
press b).

Although pessimistic about prospects of detecting

unambiguously any past relationships between climate
and volcanism, we think that volcanic eruptions may
indirectly affect planktonic microfaunal activity, pos-
sibly by the addition of trace elements and micro-
nutrients to the water surface (Huang et al., 1974).
We are aware, however, that selective dissolution of
the radiolaria studied could perhaps produce the same
apparent relationship between volcanism and species
diversity.

This research is supported by National Science
Foundation grant GA-28853.
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Deep sea erosion in the southwest
Indian Ocean

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

University of Rhode Island
Kingston, Rhode Island 02881

Paleomagnetic and micropaléontological dating of
175 Eltanin deep sea sedimentary cores (fig.) has
been carried out in the southeast Indian Ocean be-
tween 70'E. (Kerguelen-Gaussberg Plateau) and
120°E. (Western Australia) and between Antarctica
and 30°S. (Broken Ridge and Naturaliste Plateau)
(Kennett and Watkins, 1974). Cores from the crest
and flanks of the mid-oceanic ridge are mostly Pleisto-
cene with only rare breaks in sedimentation. Flanking
this zone in deep basins immediately to the south of
the ridge and in a broad zone in the South Australian
Basin are areas where bottom currents have systemat-
ically eroded or inhibited deposition of sediments
ranging in age mostly from Pleistocene to Pliocene
but including Middle Tertiary. This regional erosion
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extends northward into the Wharton Basin between
Broken Ridge and the Naturaliste Plateau where
Cretaceous sediments are exposed (Veevers et al.,
1973). The erosional disconformities appear to have
been created by increases in velocities of Antarctic
Bottom Water during the last 2 million years. Bottom
photographs show that vast manganese nodule fields
also have been created by this bottom water activity
especially in the South Australian Basin. In great
contrast, relatively quiesent bottom conditions occur
over the mid-oceanic ridge system

The geological evidence suggests two major patterns
of high velocity bottom water flow; a southern flow
across the southern Kerguelen Plateau and westward
to the northern Indian-Antarctic Basin; a more im-
portant northern flow that crosses the mid-oceanic
ridge northeast of the Kerguelen-Gaussberg Plateau,
traverses the South Australian Basin, and flows be-
tween Broken Ridge and Naturaliste Plateau into the

Wharton Basin. Major Cenozoic and Cretaeous
hiatuses in the Wharton Basin, revealed by deep sea
drilling, show that erosive northward flowing bcttom
water through this conduit has been a long-term fea-
ture. Erosion on the southern parts of the Kerguelen-
Gaussberg Plateau has exposed sediments of Late
Cretaceous, Eocene, Oligocene, Miocene, and younger
ages.

A manuscript giving all details has been submitted
for publication. This research was supported by Na-
tional Science Foundation grants GA-35252 and GV--

25400.
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Origin of micromanganese nodules
determined from

uranium-234/uranium-238 ratios

ROBERT L. IMMEL
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

Uranium-234/uranium-238 activity ratios in micro-
manganese nodules (fig. 1) separated from an Eltanin
deep sea clay core (E27-4, 68°02.9'S. 174°35.5'E.,
1,886 fathoms, western South Pacific) suggest a
diagenetic origin for the concretions.

Sample processing begins with a wet-sieving of
dried samples to remove the >38 micrometer fraction
that contains the micronodules. Exposure of this frac-
tion to an acetic acid-hydroxylamine hydrochloride
solution, as suggested by Chester and Hughes (1967),
selectively leaches the authigenic ferro-manganese
oxides. After filtration normal alpha spectrometric
methods complete the processing.

Previous disequilibrium studies have shown the
uranium-234/uranium-238 method to be inadequate
for dating deep sea sediments due to upward migra-
tion of uranium-234 (Ku, 1965). The uranium-234/
uranium-238 activity ratio, however, is a useful index
of Recent sediment origin. This is based on the obser-
vation of a natural fractionation of the two isotopes
in continental material, which is due to the leaching
of radioactively recoiled uranium-234 from parent
rock during normal weathering processes. Activity
ratios of less than unity thus are present in soils
(Rosholt et al., 1966) and stream sediments (Scott,
1968). An excess uranium-234 activity in seawater,

Figure 1. Micromanganese nodule from Eltanin core E27-4.

Depth in core (cm)

Figure 2. Comparison of the uranium-234/uranium-238 activity
ratio in seawater with values obtained in this study.

which has been established as 15 percent (i.e.,
uranium-234/uranium-238 = 1.15), balances this
continental deficiency. An observed, near-unity activ-
ity ratio therefore is indicative of a predominant
terrigenous origin, as in the case of "normal" deep
sea sediments (Ku, 1965). An observed activity ratio
which approaches the seawater value (1.15) con-
versely suggests a seawater origin, as shown by marine
carbonates (Veeh, 1966), by metalliferous sediments
(Rydell and Bonatti, 1973), and by manganese
nodules (Ku and Broecker, 1969). Unusually great
uranium-234 excesses (up to 40 percent) have been
reported for samples from areas of high seismic activ-
ity and heat flow. Rydell and Bonatti (1973) conclude
that a submarine hydrothermal uranium source is
responsible.

Micromanganese nodules comprise core E27-4
from 0.1 to 1.6 percent, by weight of the sediment.
Uranium-234/uranium-238 activity ratios gave strik-
ingly anomalous values. They average 2.87 ±.52 and
range from 1.42 ±.31 to 5.45 ±.87 (fig. 2). All are
higher than the seawater value. From the previous
discussion it is evident that these micromanganese
nodules originate from neither a continental nor a
seawater source. A hydrothermal origin also must be
eliminated since the observed activity ratios are very
much higher than those reported from cores having
a much closer volcanic association (core E27-4 does
contain some ash). Apparently they are a product of
diagenesis forming within the sediment. Thus, they
are not protomacronodules.

The uranium source must be the sediment pore
water which receives excesses of uranium-234 from
the detrital phase, probably as a result of radioactive
recoil (Kigoshi, 1971). The buildup of uranium-234
activity in the pore water is then a function of time.
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The micronodules either precipitate rapidly at some
later time and at some depth in the sediment, re-
flecting the extent of the pore water uranium-234/
uranium-238 activity ratio increase, or form at a
slow, more constant rate, also reflecting the uranium-
234 accumulation, but possibly to a lesser degree.

Additional work is in progress to develop a sediment
dating technique from the model described here.
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Late Pleistocene paleotemperature
model for the southern Indian Ocean

DOUGLAS F. WILLIAMS and WILLIAM C. JOHNSON, II
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

Planktonic foraminiferal assemblages were exam-
ined quantitatively in 25 trigger core tops and 51
piston core tops collected from the southern Indian
Ocean between latitudes 28°S. and 55°S. and between
longitudes 79°E. and 120°E. The trigger and piston
cores were collected during Eltanin cruises 39, 44, 45,
48, 49, and 50. Samples taken from water depths
exceeding 4,000 meters and/or showing any obvious
indications of calcium carbonate dissolution, reversed
geomagnetic polarity, or relict faunas were eliminated
from further analysis. Distributional variations in the
species composition of the planktonic foraminifera
with latitude correspond closely with surface water
temperature isotherms and major circulation features
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Figure 1. Plot of surface water temperature versus species diversity
(Shannon-Weiner index) of plankto.lc foraminifera in trigger core

top samples from the southeast Indian Ocean.

in the southeast Indian Ocean (positions of the Sub-
tropical Convergence and Australasian-subantarctic
front). Species diversity values were computed for
each of the core top assemblages using the Shannon-
Weiner index [H(s)] (Sanders, 1968) and the
Brillouin index (B) (Patten, 1962). Both diversity
indexes take into consideration the number of species
and the proportionment of individuals among the
species. Species diversity values of [H(s)] and (B)
vary systematically with respect to the independent
parameters of latitude and surface water temperature.
Surface water temperature values were extrap9lated
for each sample location from oceanographic atlases
of Schott (1935) and Wyrtki (1971). A strong cor-
relation of r = +.977 exists between decreasing
species diversity [H(s)] in the trigger core tops and
decreasing average summer-winter temperature of the
overlying water masses (fig. 1).

A paleotemperature equation based on this relation-
ship of diversity in the trigger top samples and surface
water temperatures was used to generate a jaleo-
temperature curve for a 6-meter piston core (E48-22)
located beneath the present position of the Subtropical
Convergence. Analytical precision for individual
paleotemperature estimates is ± 1.0°C. The paleo-
temperature curve contains three major warming and
cooling temperature cycles of the Late Pleistocene
(fig. 2). A 9°C. temperature difference was deter-
mined between interglacial and glacial episodes in the
piston core, reflecting shifts of the Subtropical Con-
vergence and Australasian-subantarctic front in this
region during the Late Pleistocene. Support for this
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TEMPERATURE ESTIMATES

Figure 2. Paleotemperature curve for Eltanin core 48-22, south-
east Indian Ocean, based on the relationship of species diversity

and surface water temperature.

study was provided by National Science Foundation
grant GV-28305.
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Absolute chronology of Upper
Pleistocene calcareous nannofossil zones

of the southeast Indian Ocean
MELVIN H. MIYAJIMA

Antarctic Research Facility
Department of Geology
Florida State University

Tallahassee, Florida 32306
Five Upper Pleistocene cores taken during USNS

Eltanin cruise 45 were studied for their nannofossil
content. The cores traverse the northern flank of the
southeast Indian Ridge, southwest of Australia
(table).

Absolute dates were established by the combined
use of gamma-ray spectrometry and paleomagnetic
data, the latter provided by Dr. N. D. Watkins (per-
sonal communication).

The excess thorium-230 method using gamma-ray
spectrometry in determining average sedimentation
rates of the last 300,000 years was developed by
Osmond and Pollard (1967). This method has been
refined by others and has been found reliable (Scott
et al., 1972; Cochran, 1973; Cochran and Osmond,
in press).

Paleomagnetic data supported by gamma-ray
spectrometric data shows the Brunhes normal mag-
netic epoch at the top of each core and the Matuyama
reversed magnetic epoch at some length down the
core. All cores generally are of Upper Pleistocene age.

Geitzenauer (1969) presented the first subantarctic
nannofossil zonation of the Pleistocene. Using gamma-
ray spectrometry and the foraminiferal data of
Kennett (1970), he extrapolated approximate abso-
lute ages for the Emiliania huxleyi/Gephyrocapsa
zonal boundary and the Gephyrocapsa/Pseudoemi-
liania lacunosa zonal boundary. Geitzenauer (1972)
refined the Gephyrocapsa/P. lacunosa zonal boundary
by extrapolation between the antarctic radiolarian
zonal boundaries of Hays (1965) and the assumption
of a uniform sedimentation rate.

Absolute ages for nannofossil zones in the equatorial
Pacific were established by Gartner (1973). Constant
sedimentation rates were assumed and ages were
extrapolated from the magnetic stratigraphy. In addi-
tion, the thorium-230/protactinium-231 ratio of Rona

Core locations, length, and water depth.

Latitude Longitude Length Depth
Core	(°S.)	(°E.)	(centi-	(meters)

meters)

	

E45-71	 480 1.5'	114 029.2'	1,100	3,658

	

E45-74	 47033.1'	114 026.4'	1,075	3,804

	

E45-77	 46026.9'	114 026.4'	990	31804

	

E45-79	 45° 3.4'	114 022.0'	910	4,097

	

E45-81	 43057.2'	114 022.0'	1,050	4,256
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and Tappan, 1970). The
ranges of the index species
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and Emiliani (1969) was used to date the uppermost
E. huxleyi zone.

In this study, the age of the E. huxleyi zonal
boundary was extrapolated from the average sedi-
mentation rates for the last 300,000 years. The
Einiliania an nula / Gephyrocapsa zonal boundary was
dated by interpolation between the 300,000-year
datum point and the Brunhes/Matuyama magnetic
boundary (0.69 million years).

The Emiliania huxleyi Zone is defined by the first
occurrence of Emiliania huxleyi. In the area investi-
gated, this specie first appeared about 100,000 years
± 50,000 and still lives today (figure). The extrap-
olated age corroborates those of Gartner and
Geitzenauer (figure).

The Gephyrocapsa Zone immediately underlies the
E. huxleyi Zone and is defined by the first appearance
of E. huxleyi and the last occurrence of Emiliania
annula. All species of the genus Gephyrocapsa were
lumped together. This genus ranged throughout the
cores becoming most abundant in the above zone
(figure).

The Emiliania annula Zone is defined by the last

occurrence of E. annula (Pseudoemiliania lacunosa)
to the last occurrence of Discoaster brouweri; the
latter boundary was not found (figure). The name
E. annula is used rather than the more popular P.
lacunosa because the latter has been shown to be
invalid (Loeblich and Tappan, 1970). The Gephyro-
capsa/E. annula zonal boundary was determined to
be approximately 400,000 years ± 50,000. This age
agrees with Gartner's (1973) date but is about
100,000 years younger than the date given by
Geitzenauer (1972) (figure). As mentioned earlier,
the boundary in this study was calculated by interpo-
lation between the 300,000-year datum point and the
Brunhes/Matuyama magnetic boundary. To confirm
this date, calculations using average sedimentation
rates of gamma-ray spectrometry resulted in ages no
older than 450,000 years. The 400,000-year age thus
appears reasonable, and as Gartner (1972, 1973)
pointed out, Geitzenauer's estimate seemed too old
by 100,000 to 150,000 years "even if allowance is
made for equatorward compression of this specie's
geographic range prior to its becoming extinct. . .

This study was supported by National Science
Foundation grant Gv-42650.
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Surface ultrastructurcil variation in the
polar planktonic foraminifer

Neogloboquadrina pachyderma
(Ehrenberg)

J. P. KENNETT and M. S. SRINIVASAN
Graduate School of Oceanography

University of Rhode Island
Kingston, Rhode Island 02881

The Late Miocene to Recent planktonic foraminifer
Neogloboquadrina pachyderma (Ehrenberg) has been
studied intensively over the past decade mainly be-
cause of its value as a paleoclimaticpaleoceanographic
tool resulting from its importance in the cooler water
masses in both hemispheres and because of its distinct
coiling direction patterns (Bandy, 1967, 1972;
Jenkins, 1967; Ingle, 1967; Kennett, 1967). This
species, which is the only planktonic foraminiferal
species occurring in true polar waters, occurs as far
north as about 25°S. in the Southern Hemisphere and
as far south as about 25°N. in the Northern Hemi-
sphere.

We utilized scanning electron microscopy (sEM)
to examine the range of variation in surface ultra-
structure in over 1 5000 specimens of N. pachyderma
from different water masses and from different inter-
vals of time during the Late Cenozoic. We studied
the ancestry, evolution, and environmental relations
of the species, and its phylogenetic relationships with
the N. dutertrei plexus and N. acostaensis during the
Late Cenozoic (Srinivasan and Kennett, 1974, in
press; Kennett and Srinivasan, in press). The appli-
cation of SEM ultrastructural studies to planktonic
foraminifera enables greater precision in taxonomy
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because it assists in differentiating between phylo-
genetic and phenotypic variations (Srinivasan and
Kennett, 1974).

Two main ultrastructural types are recognized
readily: reticulate forms (fig. 1, 1,m) with relatively
unthickened, pitted, microcrystalline surface and more
thickened crystalline forms (fig. 1, k, n) with test
covered by distinct euhedral calcite rhombs. Inter-
mediate forms link these two types. Reticulate forms
predominate in subantarctic (fig. 1, c, e, f) and arctic
(fig. 1, i) populations while crystalline ultrastructure
is dominant in antarctic (fig. 1, a, b, d, j) and sub-
tropical (fig. 1, g) populations. In subtropical popula-
tions crystalline forms are distinguished from those of
high latitudes by thinner walls, higher pore concen-
tration, and a lack of rosette patterned crusts.

These ultrastructural differences reflect a difference
in the nature of secondary calcification with reticulate
microcrystalline ultrastructure representing an earlier
stage. Differences in dominance of the ultrastructural
types presumably reflects environmental differences
associated with the various water masses. Overall
similarity in ulttrastructure within N. pachyderma
links subtropical populations with temperate popula-
tions from the Late Miocene to the Recent as one
phylogenetitc species that evolved from Globorotalia
continuosa in the late Middle Miocene to early Late
Miocene. It was discovered that changes in the char-
acter of secondary calcification on the test surface of
Recent N. pachyderma are related to water mass
change. This discovery prompted us to test whether
such a relationship could be utilized as a paleoceano-
graphic or paleoclimatic index. As a result, variation
in surface ultrastructure has been examined by SEM
of 23 N. pachyderma populations from the Late
Miocene to the Holocene or latest Pleistocene at Deep
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Fi j ure 1. A to N: Neo-
gIboquadrina pachyderma
(Ehrenberg). A, B, G, and J:
Crystalline forms. A: Oblique
ventral view (core E474,
6407'.10"S.	80023'.89"E.,
3,598 meters, x240). B:
Oblique ventral view (core
E36-14, 58 0 05'S. 150614'E.,
2,637 meters, x324). Gt Ven-
tral view (NZOIE core 120,
43 0 00'S. 175 0 30'W., 812 me-
ters, x210). J: Ventral view
showing small umbilical aper-
ture and distinct aperture
rim (E32-8, 73°58.0'S. 1760
07.0'E., 580 meters, x77). C
to F, H, and I: Reticulate
forms. C: Oblique ventral
view (E15-16, 56 0 03'S. 1190
55'W., 3,039 meters, c240).
D: Ventral view (E124, 600
03'S. 140 0 53'W., 3,614 me-
ters, x260). E: Ventral view
(same location as C, p210).
F: Side view, note high
trochospiral nature of the test
(same location as C, 058).
H: Ventral view (DSDP leg 29,
site 284, 40 0 30.48'S. 1670
40.81'E., 1,068 meters, x273).
I: Ventral view (298A, 84°22'
N. 169 0 48'E., 3,175 meters,
x260). K: Enlarged view of
the second chamber from the
earliest in the last whorl of
a dextral form (location same
as G, x2,100). L: Surface of
final chamber of sinistral
form (location same as E,
x2,020). M: Surface of final
chamber of dextral form (lo-
cation same as H, x2,500). N:
Surface of penultimate cham-
ber of sinistral form (location

some as H, x2,000).

Sea Drilling Project site 284 in the cool subtropical
water mass of the South Pacific (Srinivasan and
Kennett, in press). Fifty specimens were examined in
each sample, allowing quantitative analysis of the
trends.

Oscillations in the ratio of reticulate to crystalline
ultrastructure in populations of N. pachyderma (fig.
2) closely coincide with substantial fluctuations, re-
corded by Kennett and Vella (in press), in surficial
Cenozoic water masses. Reticulate forms are dominant
during warm water episodes; crystalline forms are
dominant during cooler water episodes. Variation in
ultrastructure within N. pachyderma thus is a valu-
able tool for Late Cenozoic paleoceanographic analy-
sis and also may be applicable within other forms of
planktonic foraminifera. Particularly severe climatic
cool episodes are shown by this method to have
occurred during the latest Miocene, during the Late

Pliocene, and during the Pleistocene, thus supporting
previous interpretations based on planktonic foramini-
fera.

This research was supported by National Science
Foundation grant GA-35252.
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Figure 2. Percent fluctuations of Neogloboquadrina pachyderma
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forms (dashed) of N. pachyderma in the Late Miocene to Pleisto-
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calcification determined by examination of 50 specimens in each
saàple (shown at right) using a scanning electron microscope.
Note generally reciprocal relations between the two parameters.
N.Z. Late Cenozoic stages are shown at right and Pleistocene dis-

conformity is near the top of the sequence.
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Late Eocene temperatures indicated by
silicoflagellates from the Oamaru

diatomite, New Zealand

YORK T. MANDRA*
California Academy of Sciences

and
San Francisco State University

A. L. BRIGGER
California Academy of Sciences

HIGH00HI MANDRA*

This paper reports the results of analyses of new
data in our continuing studies of Late Eocene
southern ocean water temperatures (Mandra et al.,
1969, 1973c), silicoflagellates as indicators of paleo-
temperatures (Mandra, 1958; Mandra et al., 1972),
and Late Eocene silicoflagellates from the Bain's and
Totara localities of the Oamaru diatomite of New
Zealand (Mandra et al., 1971a, 1973a).

Hornibrook (1971) reviews the evidence for New
Zealand Tertiary climates as published by the close
of 1969. Fig. 1 summarizes the portion of his con-
clusions that relates to our present study. He reports
that marine water temperatures, based on oxygen
isotope studies, during the Runangan stage (Arnold
Series, Late Eocene) at 41°S. in New Zealand were
approximately 22°C. For the same time and place

* Mailing address: 8 Bucareli Drive, San Francisco, Cali-
fornia 94132. This is contribution 54, Biogeology Clean Lab-
oratory, University of California, Santa Barbara.
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Figure 1. N.Z. Eocene and Oligocene climates for Wellington
(41 05W), expressed in terms of absolute time, relative time (stages
and series), °C., and climate zone. Solid line represents tempera-
tures based upon oxygen isotope data, dashed line represents
temperatures based on paleontological analyses. (Adapted from

Hornibrook, 1971.)

STRATIGRAPHIC SEQUENCE OF
OAMARU DIATOMITE

Epochs	N. Z. Stages Symbols	Lithologic Units

	

Duntroonian	Ld
Oligocene	 -

	

Whaingaroan	Lwh McDonald Limestone
-_

Upper

	

Runangan	Ar	Oamaru Diatomite_____________
Eocene	 Lorne Volcanic Mem.

	

Kaictan	Ak

David Crouch

Figure 2. Symbols and N.Z. stages and series used in fig. 1 here
are expressed in terms of epochs. Note that a small part of the
Oamaru diatomite in a few localities is lowermost Whaingaroan
(lowermost Oligocene). The stages immediately above and below
the two "Oamaru stages" are shown. The lithologic units immedi-
ately above and below the Oamaru diatomite are shown. This
chart is part of a more comprehensive chart (unpublished) by the

N.Z. Geological Survey.

his paleontological evidence indicates that the marine
water temperature was approximately 24°C.

Our studies based on silicoflagellates are in remark-
able agreement with the paleontological and oxygen
isotope data reported by Hornibrook (1971). Our
analyses indicate that the surface and near-surface
southern ocean waters in the area of the Oamaru

diatomite, New Zealand, during the Runangan stage
had the following temperature ranges as recorded at
five horizons: 21° to 28°C.; 22° to 27°C.; 21° to
27 0 C.; 20 0 to 27 0 C.; 19° to 25°C. The results are
expressed in terms of temperature ranges because the
degree of accuracy of our method has not yet been
clearly established. What follows are the detailed data
upon which these conclusions are based.

Doig (1967) suggests that Bain's locality and the
Totara locality of the Oamaru diatomite, South
Island, New Zealand, should be called Bain's Farm
section. The name Totara was to be suppressed . He
indicated that his suggestion was supported by N. Z.
Geological Survey (NzGs) geologists who have: ex-
tensively studied the Oamaru diatomite. Because the
name Bain's Farm section now is used in a wider sense
and covers a wider area, it now is necessary to nuriber
its main diatomite localities.

We collected our samples from beds 5, 6, and 7
of localities 3 and 4 of Bain's Farm section. Dr. A. R.
Edwards, NZGS, assisted our extensive field study and
collection of the Oamaru diatomite. We recollected
NZGS samples S136/964, S136/966, and S136/67.
These samples from Bain's Farm section locality 3
have the following map grid reference S136/475:657.
Locality 4, formerly called Totara locality, was a
recollection of NZGS sample S136/969. The map grid
reference is S136/475:656.

The Oamaru diatomite is a member of the
Waiareka volcanic formation. According to the NZGs
it is Runangan (Late Eocene). Fig. 2 shows the
stratigraphic relationship of the Oamaru diatomitq to
the overlying McDonald limestone and the underlying
Lorne volcanic member.

Our samples were treated by chemical extraction
techniques (Mandra et al., 1973b). Depending on
the abundance of silicoflagellates, four or six strekvn
slides were made for each horizon. For example, B 
has very few silicoflagellates; therefore, six slides wre
made. The remaining samples have many sil4o-
flagellates; hence only four slides for each of the otIier
horizons were made. When possible, the proce4re
was to work with a minimum of 200 specimens wth
at least 50 specimens per slide. At least four slies
per horizon were studied. Usually one author worked
with no more than half the slides of one horizon. In
this way each horizon was studied by at least two
authors.

The model by which silicoflagellates can be usd
to estimate paleo temperatures is described in Mancra
(19585 1969). It involves counts and ratios of the
genera Dictyocha (fig. 3a and b) and Distephanus
(fig. 4a and b). The data in the table indicate that
each slide yields remarkably consistent results and
that two researchers can duplicate each other's results.
Therefore this study is one more increment in our
attempt to demonstrate that the Dictyocha/Distepha
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Figure 3a (left) and b (right). Scanning electron micrographs of the genus Dctyocha. The black line on the white background represents
10 I.L. Figure 3a is horizontal, b is tilted 8. The specimen is shown in stereo pair. The height of the specimen almost equals the diameter

of the large, four-sided, basal ring. The ends of the four shorter abapical spines inside the basal ring are considerably below the plane
of the basal ring.

3a	 3b

4a	 4b
David Pierce

Figures 4a (left) and b (right). Scanning electron micrographs of the genus Distephanus. The black line on the white background repre-
sents 10 A. Figure 4a is horizontal, b is tilted 8. The specimen is shown in stereo pair. The plane of the larger basal ring is considerably
below the plane of the smaller apical ring. The ends of the five shorter abapical spines inside the basal ring are well below the plane of

the basal ring.
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Late Eocene paleotemperatures for five horizons in the Bain's Farm section, based upon the
Dictyocha/Distephanus ratio method.

Number of	Number of	Dictyocha/	Approximate	Currently
Field sample	 Dictyocha	Distephanus	Distephanus	temperatures	suggeste i

numbers	 specimens	specimens	ratios	(°C.) determined	temperature
from graph	range (°C.)

BN 5

	

Slide 1	 5

	

2	 4

	

3	 4

	

4	 1

	

5	 4

	

6	 12

BN 6-3

	

Slide 1	 101

	

2	 89

	

3	 105

	

4	 100

BN 7-3 (5 feet below top of 7-3)

	

Slide 1	 76

	

2	 85

	

3	 117

	

4	 67

BN 7-3 (10 feet below top of 7-3)

	

Slide 1	 72

	

2	 20

	

3	 73

	

4	 69

BN 7-3 (22 feet below top of 7-3)

	

Slide 1	 66

	

2	 101

	

3	 73

	

4	 60

21-28
21
25
24
24
25
28

22-27
25
24
24
24

21-27
24
25
23
23

20-27
25
26
23
22

19-25
23
22
22
21

6	 0.83
2	 2.00
3	 1.33
7	 1.28
2	 2.00
4	 3.00

53	 1.90
68	 1.30
75	 1.40
71	 1.40

50	 1.52
47	 1.80

105	 1.11
59	 1.13

45	 1.60
29	 2.75
64	 1.14
64	 1.07

53	 1.23
101	 1.00

61	 1.19
62	 0.96

nus ratio model will yield repeatable, consistent con-
clusions if correct laboratory techniques are used. Our
conclusions concerning the Bain's Farm section of the
Oamaru diatomite are supported by independent
collateral evidence of other researchers.

Support for this study was provided in part by
National Science Foundation grant GV-25572. Facili-
ties were provided incidental to National Science
Foundation grant GB-23809 and National Aeronautics
and Space Administration grant NGR-05-016--035,
to Dr. Preston Cloud.
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Figure 1. Location map of
Eltanin trigger (triangles) and
phieger (circles) cores utilized
in determining surface sedi-
ment Dictyocha/Distephanus
ratios. Examination of diatom
zones and available paleo-
magnetic information (Wat-
kins, unpublished data) al-
lowed selection of only Recent

core sediments.

Silicoflagel late paleotemperature curve
for the southern ocean

PAUL F. CIEsIELsKI
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

While continuing investigations into southern ocean
Neogene and Oligocene paleoclimatology, a review
was made of the silicoflagellate paleotemperature
methods of Martini and Mandra for the purpose of
evaluating their potential applicability to studies of
southern ocean sediments. These methods relate sur-
face water temperatures to the ratio of Diet yocha
fibula to Distephanus speculum (Martini, 1971) and
to the ratio of Diet yocha to Distephanus spp.
(Mandra, 1969).

In the present study, both the Mandra and Martini
techniques for paleotemperature determinations were
tested on two paleornagnetically dated Eltanin piston
cores, E50-28 and E38-8. Application of the Mar-
tini method resulted in entirely unreasonable tempera-
ture range fluctuations of 00 to 25°C. throughout
sediment intervals representative of only a few thou-
sand years. Climatic fluctuations delineated in these
cores by the Mandra paleotemperature method are
considered more accurate (Ciesielski and Weaver,
1973; Weaver and Ciesielski, 1973); however, anoma-
lously high paleotemperatures (in excess of 20°C.)
also were attained. Excessively high paleotemperatures
delineated in both of these early and middle Pliocene
antarctic cores are considered inconsistent with conti-

nental paleoclimatic evidence in South America and
Antarctica.

Due to the apparent inapplicability of these tech-
niques to southern ocean paleotemperature studies, a
technique was devised to more accurately determine
silicoflagellate paleotemperatures. This technique in-
volves the determination of Dictyocha/Distephanus
ratios in Recent surface sediments, and the correlation
of these ratios with the mean annual surface tempera-
tures of the overlying water mass. The area selected
to test the usefulness of this method in high latitudes,
against the established methods developed at low and
middle latitudes, is between Australia and Wilkes
Land, Antarctica. It is located between 36° and 63°S.
and in close proximity to the middle and early
Pliocene cores previously studied.

Fifty phleger and trigger core surface sediment
samples (fig. 1), from close latitudinal intervals (10
to 20), were studied, Dictyocha/Distephanus ratios
within the surface sediment were plotted against the
overlying mean annual surface water isotherms (from
Gordon and Goldberg, 1970) and a best fit curve con-
structed from the 50 plotted points (fig. 2).

Examinations of the Dictyocha/Distephanus ratios
of the southern ocean surface sediments reveal that
major changes occur in sediments immediately across
major oceanographic boundaries, thereby verifying
their generic sensitivity to temperature change (the
temperature change across the Antarctic Convergence
Zone is approximately 3° to 4°C.). Dictyocha/Di-
stephanus ratios 1 consistently are found in the
surface sediments north of the Antarctic Convergence,
where mean annual surface water isotherms are

7°C.; however, ratios <.50 generally are present
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Figure 2. Southern , ocean
silicofiagellate paleotimpera-
ture curve. To form the curve,
D;ctyocha/Distephanus ratios
were plotted against the
overlying mean annual sur-
face water isotherms and a
best fit curve was constructed

from the plotted points.
SURFACE SEDIMENT DICTYOCHA/ DISTEPHANUS RATIO

in surface sediments south of the Antarctic Con-	Paleotemperature derivations based on this method-
vergence, where mean annual surface water isotherms	ology may not be precise. But a specific temperature
are 4°C.	 range based on the presented temperature curve has

heri gI,nyy tr hp n rP1;nl-%lPtrr,l frr i*it pr Ynnec rg-rr_
The maximum and minimum temperatures of the

paleotemperature curve are determined at latitudes
where Dictyocha and Distephanus become absent or
nearly absent for the first time. South of 55° to 56°S.
Dictyocha generally is absent from surface sediments,
and north of 39 0 to 40 0 S. Distephanus occurs in
diminutive quantities. Mean annual surface water
isotherms are -' 1° to 2°C. at 56'S. and 13°C. at
39 0 S• the constructed paleotemperature curve there-
fore has a temperature resolvability range from 1° or
2°C. to 13°C. Fig. 2 shows the paleotemperature
curve to slightly more than 10°C.; beyond 10°C. the
curve flattens considerably toward its peak at -13°C.,
where Dictyocha/Distephanus ratios are generally
from 10/1 to 35/1.

Silicoflagellate paleotemperature techniques are de-
pendent upon the ecology of living silicoflagellates
species. Use of the technique on assemblages other
than Recent is based on the assumption that the eco-
logical response of the organisms has been similar
through past geologic periods. The older the geologic
age of the sediment, the smaller the percentage of
living genera and species with known ecologic para-
meters. In the southern ocean only Plio- Pleistocene
sediments contain a significant number of taxa with
living counterparts that have known temperature
tolerances. It therefore seems desirable to limit the
use of this or any other silicoflagellate paleotempera-
ture curve only to Plio-Pleistocene sediments. All
older sediments contain a large number of taxa that
are extinct or lack living counterparts with known
temperature tolerances.

nition (Weaver and Ciesielski, 1974; Ciesielski, in
press; Ciesielski and Weaver, in press). This tech-
nique is in the early stages of development; further
statistical refinement, in progress, should improve its
reliability.

This research partially was supported by National
Science Foundation grant Gv-42650. Unpublished
paleomagnetic data for core E50-28 was furnished by
Dr. Norman Watkins, University of Rhode Island.
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Neogene and Oligocene silicoflagellate
biostratigraphic zonation for the

southern ocean

PAUL F. CIESIELSKI
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

A detailed micropaleontological analysis of eight
Eltanin piston cores, and of 11 drill cores from eight
Deep Sea Drilling Project (DSDP) leg 28 sites (fig. 1),
has established a silicofiagellate biostratigraphic zona-
tion (fig. 2) of Recent to Early Oligocene southern
ocean sediments. All cores on which the zonation is
based are located in antarctic or subantarctic waters
south of the Antarctic Convergence.

The established zonation includes 15 zones and two
subzones; of these, 10 zones and two subzones are
described for the first time. New zones and subzones
include: the Distephanus speculum Zone A, D.
speculum Zone B, D. boliviensis Zone, Dictyocha
aspera variety pygmaea-D. fibula variety pumila
Zone, Mesocena diodon Zone, Dictyocha mutabilis
Zone, N. regularis Zone, N. robusta Zone, N. biapicu-
lata Zone, Dictyocha deflandrei Zone, D. frenguellii
Subzone, and Mesocena apiculata Subzone. All zone
and subzone definitions and respectitve geologic ages
are given in fig. 2.

Barren stratigraphic sequences occurring both above
and below the Mesocena circulus Zone (fig. 2) cur-
rently prevent precise definition of its zonal boundaries
between those of the Mesocena diodon Zone (above)

and the Dictyocha mutabilis Zone (below). For this
reason, dual zonal definitions are presented for the
upper and lower boundaries of the Mesocena circulus
zone. Further refinement of these zonal boundaries
must await recovery of continuous silicofiagellate-
bearing sequences between these zones.

At DSDP site 274 the Distephanus boliviensis Zone
lies conformably above the Dictyocha pseudo fibula
Zone instead of above the Dictyocha aspera variety
pygmaea-D. fibula variety pumila Zone. An apparent
early Pliocene ecologic restriction of D. aspera variety
pygmaea and D. fibula variety pumila north of 69°S.
results in the conformable positions of the Distephanus
boliviensis and Dictyocha pseudo fibula zones at this
site. Studies of this and other silicofiagellate biofacies
relationships are in progress (Ciesielski, in prepara-
tion) and should aid in regional applications of this
zonation.

Studies of seven of the paleomagnetically dated
Eltanin cores relate the zonal scheme to paleomag-
netic chronostratigraphy for the last 4.65 million years
before present (Brunhes through lower Gilbert mag-
netic epochs) (Ciesielski, in preparation). Whenever
possible, older silicofiagellate zones have been related
to type sections by correlation to calcareous nanno-
fossil zones (Burns, in press).

Noticeable differences occurring between this zona-
tion and other previously established silicofiagellate
zonations underscore the provinciality of many antarc-
tic silicofiagellate assemblages. Only a few cosmopol-
itan zones such as the early and middle Miocene
Gorbisema triacantha Zone and the Naviculopis zones
are recognized.

For details of zonal correlations and assemblages,
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Figure 1. Location map of
Eltanin piston cores and Deep
Sea Drilling Project drill cores
utilized in construction of
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zonation.
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Distephanus speculum Zone A

Distephanus	 Zone

Dictyocha fibula var. pumila
Zone

Iii iiviery.

Dictyocha mutabilis

Eistephanus longispinus Zone

Corbisema triacantha Zone

Naviculopsis naoicula Zone

Naviculopsis regularis Zone

Naviculopsis robusta Zone

Nnviculopsis biapiculata Zone

Uictyocha

Dictyocha 
frnuelli,

Subzone
defi andrei
Zone Mesocena

api cul ata
Sub zo me

PLEISTOCENE

UPPER PLIOCENE

LOWER PLIOCENE

UPPER MIOCENE

MIDDLE MIOCENE

LOWER MIOCENE

UPPER OLIGOCENE

LOWER OLIGOCENE

Not defined but the zone includes all floras above
the initial consistent common occurrence of long-
Opined Distephanus speculum morphotypes

First consistent common occurrence of long-spined
Distephanus speculum in the absence of Distephanus
bol ioiensjs

Last consistent common occurrence of Distephanus
boliviensis in the presence of a Distephanus
speculum group dominated by short-spined morphttypes

Last consistent occurrence of lictyocha aspera
oar. pygmaea and 0. fibula var. pumila

First common occurrence of Eictyocha aspera
oar. pygmaea and I. fibula oar. punila

First common occurrence of Eictyocha pseudofibula

First consistent occurrence of Mesocena diodon/
Last consistent occurrence of Mes ocena circu lus

First consistent occurrence of Mesocena circulus/
Last consistent occurrence of Dictyocha mutabilis

First consistent occurrence of Dictyocha nutabilis

Last consistent occurrence of Corbisema triacantha

Last occurrence of Naviculopsisnavicula and
N. regularis

First consistent occurrence of navicula

Last common occurrence of Naviculopsis robusta

First common occurrence of Naoiculopsis robusta

Last consistent occurrence of Elctyocha deflandrei

First common occurrence of Uictyocha frenguellii

First consistent common occurrence of Oictyocha
deflandrei above the last common occurrence of
Dictyocha heuacantha

Figure 2. Neogene and Oligo-
cene silicofiagellate zone and
subzone definitions. Diagonal
lines represent barren strati-

graphic sequences.

silicofiagellate biostratigraphy, paleoecology, and sys-
tematic paleontology, reference should be made to
Ciesielski (in press).

This research partially was supported by National
Science Foundation grant Gv-42650.
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Pleurosigma in plankton from the
Scotia Sea

ANDREW M. GOMBOS, JR.
Department of Geology

Antarctic Research Facility
Florida State University

Tallahassee, Florida 32306

During the recent leg 36 of the Deep Sea Drilling
Project (DSDP) I took several plankton samples from
the Scotia Sea. Examination of the samples revealed
representatives of the diatom genus Pleurosigma (fig.)
in a living state. The samples in which Pleurosigma
were observed were taken from about 15 meters
below the water surface at 56°09'S. 38°11 1W. and
56°20'S. 40 0 25'W. The nearest land is South Georgia
Island, more than 210 kilometers to the northeast.

Pleurosigma generally is, considered to be a near-
shore, benthic diatom. It has, however, been reported
from deep ocean sediments by several authors. Kolbe
(1954) observed it to occur throughout Swedish Deep
Sea Expedition core 76, although it occurred com-
paratively seldom. Bukry and Foster (1973) recorded
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the rare and sporadic occurrance of Pleurosigma from
upper Miocene to Pleistocene in DSDP cores 157 and
158 in the eastern equatorial Pacific. Gombos (1973)
observed this genus consistently, although rarely, from
middle Miocene through Pleistocene in the central
equatorial Pacific, hundreds of kilometers from land.

The consistent recurrence of a benthic diatom in
sediment of the deep ocean is puzzling. Several expla-
nations have been put forth to explain this phenome-
non. Bukry and Foster (1973) suggest turbid-flow or
erosion during glacial periods of lowered sea level to
account for shallow-water deposits in the deep ocean.
Tychopelagic transport, i.e. the occurrence in the
plankton of bottom-living forms that have been
broken from the substrate by storms, waves, etc., is
another explanation for the deposition of benthic
forms in the deep ocean (Cupp, 1943). These
mechanisms undoubtedly account for a large per-
centage of the benthic forms found in the deep ocean,
especially those found in close proximity to land. But
when benthic, nearshore forms are found in some fre-
quency in a deep ocean such as the central Pacific,
far from land, the possibility of yet another mechanism
arises.

Schrader (personal communication, 1973) suggests
the existence of rare but truly planktonic forms of
Pleurosigma in the biocoenoses. This theory is sup-
ported by the discovery of living Pleurosigma in sur-
face plankton of the Scotia Sea. It should be remem-
bered that the locations of the plankton samples used
in this study are within 240 kilometers of South
Georgia Island; Pleurosigma observed in these sam-
ples may have been derived, therefore, from shallow
waters surrounding that island or perhaps from one
of the other islands of the North or South Scotia
ridges or the South Sandwich Ridge, which delimit
the Scotia Sea.

As the current systems of the region are not well
known and the period of time during which Pleuro-
sigmo can survive in a tychopelagic situation is un-
certain, the true nature of this genus in the plankton
of the Scotia Sea is debatable. It has been shown,
however, that Pleurosigma does exist in a living state,
albeit in reduced numbers (less than 1 percent in

Pleurcsigma recovered in plankton samples from the Scotia Sea.

samples studied), in the plankton of the Scotia Sea.
This suggests the existence of true planktonic forms
of this genus. Future research hopefully will shed
more light on the ecology of Pleurosigma.

Support for this paper was provided by National
Science Foundation grant Gv-42650.
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Neogene diatom biostratigraphy of the
southern ocean

DAVID W. MCCOLLTJM
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306

Utilization of several Eltanin cores in conjunction
with sediments recovered from leg 28, Deep Sea
Drilling Project (DSDP), have allowed for the estab-
lishment of a southern ocean biostratigraphy based
on Recent through Middle Miocene diatoms.

Eltanin core material that has been dated by paleo-
magnetic methods was utilized for the Brunhes
through Lower Gilbert magnetic epochs (table). In-
formation pertaining to the paleomagnetic and other
pertinent data can be found in Hays and Opdyke
(1967); Bandy et at. (1971); Watkins and Kennett
(1972); Ciesielski and Weaver (1973).

The ranges shown in the figure reflect the common
to abundant occurrences of the species listed, thereby
removing most of the minor fluctuations for individual
species. The paleomagnetic ages assigned to zonal
boundaries therefore are approximate. Differences in
particular instances are thought to represent time
transgressive biofacies and possibly reworked sedi-
ments. Because of this not all species shown as occur-
ring together necessarily will occur together for a
specific period of time for a particular sample. Studies
that incorporate biofacies problems are in progress
at this time but are not refined sufficiently for regional
conclusions.
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Coscinodiscus lentiginosus Partial Range Zone: base defined by
latest occurrence of Actinocyclus ingens, top defined as recent
sediment formed in southern ocean containing C. lent iginosus.
Coscinodiscus elliptipora/Actinocyclus ingens Concurrent Range
Zone: base defined by earliest occurrence of C. elliptipora, top
defined by latest occurrence of A. ingens. Rhizosolenia barboi/
Nitzschia kerguelensis Partial Range Zone: base defined by joint
occurrence of R. barboi and N. kerguelensis immediately following
latest occurrence of Coscinodiscus kolbei, top defined by latest
occurrence of R. barboi. Coscinodiscus kolbei/Rhizosolenja barboi
Range Zone: base defined by joint occurrence of R. barboi with
C. kolbei immediately following latest occurrence of Cosmiodiscus
insign.s, top defined by latest occurrence of C. kolbei. Cosmiodiscus
insignis Partial Range Zone: base defined by latest occurrence of
N. interfrigidaria, top defined by latest occurrence of C. insignis.
Nitzschia interfrigideria Partial Range Zone: base defined by
latest occurrence of N. praeinterfrigidaria, top defined by latest
occurrence of N. interfrigidaria. Denticula hustedtii Partial Range
Zone: base defined by latest occurrence of Denticula lauta, top
defined by latest occurrence of D. hustedtii. Denticula hustedtii/
Denticula lauta Partial Range Zone: base defined by latest occur-
rence of Denticula antarctica, top defined by latest occurrence of
D. lauta. Denticula lauta/Denticula antarctica Partial Range Zone:
base defined by earliest occurrence of Denticula hustedtii, top de-
fined by latest occurrence of Dent,cula antarctica. Denticula
antarctica/Coscinodiscus lewisianus Zone: based defined by earliest
occurrence of C. lewisianus, top defined by earliest occurrence of
Denticula hustedtii. Denticula antarctica Partial Range Zone: base
defined by earliest occurrence of D. antarctica, tap defined by
earliest occurrence of Coscinodiscus lewisianus. Denticula nicobarica
Partial Range Zone: base defined by earliest occurrence of D.
nicobarica, top defined by earliest occurrence of Denticula

antarctica.

A portion of the Denticula hustedtii Zone and the
remaining zones are not correlated to paleomagnetic
data. The material from which these zones were
described was obtained from DSDP leg 28. A brief sum-
mary of all of the zonal definitions is given here. For
zonal correlations and assemblages reference should
be made to McCollum (in press).

In an effort to increase the usefulness and value of
the antarctic core collection, where applicable the top
and bottom of each core in the collection is being
dated on the basis of diatom zones; Hopefully this
will give investigators useful information for designing
projects and selecting core material. As major portions
of the collection are completed the information will
be published as a supplement to the core description
volumes already available through the Antarctic Re-
search Facility, Florida State University.

This research was supported by National Science
Foundation contract C-564. Unpublished paleomag-
netic data for core E50- .-28 was furnished by Dr. Nor-
man Watkins, University of Rhode Island.
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Eltanin cores used for paleomagnetic data.

Core number	 Location	 Description

124006.3'W.
160009.0'W.
160017.4'W.
144040.0'E.
134052.2'E.
139054.6'E.
149053.0'E.
149054.2'E.
150041.2'E.

Recent ............................................ Gilber; "C"
. . . . . . . . . . .Recent ........................................Gilbert

Recent........................................... . Gilbert "B"
.Mid-Matuyama ...................................Gilbert "A"

Lower Gauss .........................................Gilbert "A"
Lower Gauss.....................................Upper Glbert
Lower Matuyama ................................. Lower Gibert
Upper Gilbert..................................... ...Gilbert "A"
Mid Gauss ....................................Gilbert "A"

El 3-17	 65°41.O'S.
E14-7	 58°03.I'S.
E14-8	 59°40.O'S.
E32-17	 60°11.7'S.
E34-18	 60°00.O'S.
E36-8	 58°05.5'S.
E38-7	 61°49.3'S.
E38-8	 61 048.6'S.
E50-28	 62°54.2'S.
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Ne species of fossil diatom from the
Antarctic

ANDREW M. GOMBOS, JR.
Antarctic Research Facility

Department of Geology
Florida State University

Tallahassee, Florida 32306
During an investigation of Eltanin piston core 38-8

(61 0 48'S. 149 0 54'E. 5 1,800 fathoms), a new species of
the genus Rouxia was observed. It may be a poten-
tially valuable stratigraphic indicator. The new
species, Rouxia heteropolara, is noteworthy for its
length and strongly heteropolar outline. The type
first was observed 380 centimeters from the top of
E38-8 and was observed to range from 260 to 380
centimeters, entirely within the Gilbert Reversed
magnetic epoch. Research in progress aims at delimit-
ing the stratigraphic and geographic boundaries of
this species. The figure illustrates R. heteropolara.
TAXONOMY

Genus Rouxia Brun et Heribaud (1893).
Rouxia heteropolara Gombos nova species.
Derivatio nominis: heteros (Greek) = different;

polaris (Latin) = pole.
Description: Valves linear, elongate, inflated trans-

apically towards poles. Strongly heteropolar; one apex
blunt, rounded; the other apex attenuate. Rudimen-
tary raphe bars widely separated, each located en-
tirely within one of the inflated ends of the valve.
Axial area clear. Girdle view sigmoid.

Length of valve: 110 to 132 microns. Width: 5 to 6
microns increasing to 7 to 8 microns towards poles.
LengtIi of raphe bars: 23 microns in attenuate end;
27 to 8 microns in blunt end. Marginal striae: 11 to
12 in 0 microns.

Disussion: This species is readily identified by its
strongly heteropolar outline, which somewhat re-
sembles the common laboratory spatula with both a
blunt and a pointed end. The length (more than 100
micro-is) of R. heteropolara is also characteristic.
This fragile diatom is rarely found entire. It is com-
monl)1 observed as fragments possessing either the
blunt or pointed end. Such fragments may be placed

withittriae
 this species by determining the number of mar-

ginal 	in 10 microns.
Ty e locality: Eltanin piston core 38-8 from the

South Pacific Ocean between southeastern Australia
and t e George V Coast of Antarctica.

Ho otype: Slide EL 38-8 380-382. Micro-locator
coordinates (Micro-locator M4800 from Scientific
Products, Inc., Evanston, Illinois) SE 1/4 of L 27.

Re ository: Department of Geology, Florida State
University.

Support for this work was provided by National
Sciene Foundation grant Gv-42650.
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U.S. Antarctic Research Program, 1974-1975
Planned field research Drojects

Below are summaries of U.S. scientific research projects scheduled to take place in the Antarctic i1 1974—
1975. Project titles (in boldface) are followed by names of principal investigators and their institutions (in
italics).

Antarctic Peninsula

Genetic studies of Belgica antarctica adaptation.
Dr. William R. Atchley, Texas Tech University.
Numerous collections of the insect Belgica antarctica
will be made in the Palmer Station area for examina-
tion of intra- and interpopulation genetic variation
and its relation to environmental heterogeneity. These
specimens will be preserved or frozen for subsequent
analysis of allozyme, chromosomal, and morphometric
variation. Detailed observations will be made of
Belgica reproductive biology with particular em-
phasis on the possible occurrence of facultative
parthenogenesis.

Biology and ecology of foraminifera. Dr. Jere H.
Lipps, University of California, Davis. Samples will
be collected at several localities on the Antarctic
Peninsula. Work will be extended to deeper depths
to relate foraminiferal assemblages to those being
studied at Palmer Station. Studies at Palmer will
include laboratory experiments and in situ observa-
tions utilizing gear and remote sampling devices.
Environmental monitoring will continue for the
fourth complete year. Emphasis this year will be on
the role of microorganisms in the structure of marine
communities.

Adaptations of charadriiform birds to antarctic
environments. Dr. David F. Parmelee, University of
Minnesota, Minneapolis. Ecological and behavioral
studies of skuas, gulls, and terns begun at Palmer
Station in 1973 will be continued during the next
2 years. Birds residing on Bonaparte Point, Anvers
Island, and several islands close by, including Cor-
morant, Humble, and Breaker islands, will be marked,
and their movements will be recorded. The inter-
actions between brown and south polar skuas breed-
ing near Palmer will receive attention. Since chara-
driiform species occur at Palmer even in the austral
winter, observations will be made throughout the year.

Peripheral vascular control in birds. Dr. David
Murrish, Case Western Reserve University. During

the past 2 years we have studied perpheral circula-
tion responses to heat and cold in the legs of the
giant petrel. Now we will turn our attention to the
role of the sympathetic nervous system in the regula-
tion of blood flow and temperature responses in the
flippers of the Adélie penguin. This study necessitates
measurement of blood flow and temperatures t vari-
ous sites within these unique extremities. Vasoactive
drugs will be used to specifically stimulate or block
portions of the sympathetic nervous system. The
birds also will dive under controlled experimental
conditions to determine the central and peripheral
cardiovascular responses to submersion.	\

Thermoregulatory and osmoregulatory responses
to altering central temperatures in the Adélie
penguin. Drs. H. T. Hammel, Scripps Institution of
Oceanography, and E. Simon, Max Planck Institute
for Physiological and Clinical Research. Therrnodes
implanted astraddle the preoptic and anterior hypo-
thalmic (P0AH) nuclei will be circulated with water
to alter the POAN temperature from 32° to 42°C.
Heating this tissue induces eating of snow apd in-
creased activity of the salt gland; cooling iihibits
these effects. We will seek to quantify these observa-
tions. Thermally induced activity of the salt gland
will be investigated during continuous oral irfusion
of 1-molar solutions of NaCl, KC1, MgCl, and
glucose to ascertain which solutes excite acthity in
the POAH neurones controlling the salt gland. Bcause
therinoregulatory responses to POAH heating an cool-
ing have been slight, thermoregulatory responss will
be investigated in Adélies implanted with a ve4tebra1
thermode. Attempts will be made to determinewhere
the core temperature is transduced: measureme4ts will
be made of oxygen consumption and evaporativ heat
loss at ambient temperatures from -10' to + 30'C.
The effects of intravenous infusion of pyroge s and
the infusion of prostoglandin E 1 directly onto POAH
nuclei will be investigated.

Pollutants in antarctic ecosystems. Dr. Rob4rt W.
Risebrough, University of California, Berkeley. Atmos-
pheric transport and fallout is thought to be a najor
input pathway of synthetic organic compound into
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food chains of remote ecosystems. Dry fallout and
precipitation also contain many natural organic com-
pounds. Both groups accumulate in snowfields, from
which they can be extracted for study. However,
snow also may contain organic compounds originat-
ing in algae. This season we will extract large volumes
of snow near Palmer Station. Because a highly re-
fined capacity was deemed essential for work in
Antatctica where pollutants are estimated to occur
in srowfields in concentrations of 10-14 or less, we
have improved our techniques for sampling trace
levels of chlorinated hydrocarbons in environmental
samples. In addition to analysis of chlorinated hydro-
carbon residues, we also plan to measure lead-210
and plutonium to determine the accumulation of
these natural and artificial radioactive fallouts. These
radioactive components also serve to date snow from
permanent stratified snowfields and thus produce an
historical record of the atmospheric fallout rates of
both radioactive and chlorinated pollutants.

Evolution of the Late Mesozoic-Cenozoic marine
depositional basin of the James Ross Island area,
northern Antarctic Peninsula. Drs. David H. Elliot,
The Ohio State University, and Peter N. Webb,
University of Northern Illinois. Field work and labo-
ratory studies will be coordinated with Argentine
scientists. Logistics support will be provided by the
Argentine Antarctic Institute. The objectives are to
establish a detailed biostratigraphy of the Cretaceous
part of the sequence by both macropaleontological
and micropaleontological studies. Faunas and floras
will be related to those recovered from surface out-
crop and by deep sea drilling in mid to high southern
latitudes. The provenance of the sediments will be
determined by detailed petrologic studies. Together
with analysis of paleocurrent measurements, these
investigations should aid in interpretation of the
evolution of this important marine basin.

Tectonics of the Antarctic Peninsula, subantarc-
tic islands of the Scotia Arc, and southernmost
South America. Dr. Ian W. D. Daiziel, Lamont-
Doherty Geological Observatory of Columbia Uni-
versity. Long term study of the tectonic evolution of
the Scotia Arc that joins South America to the
Antarctic Peninsula will continue with field work in
the Antarctic Peninsula-South Shetland Islands re-
gion and in southernmost South America. The exact
location of the antarctic work will be determined by
the availability of logistics support. The work in
South America will be supported by Chilean vessels
and undertaken cooperatively with Chilean and
Argentine scientists. The studies combine reconnais-
sance geology with detailed structural and petrologic
work in selected areas.

Siple Station

Active and passive probing of the magnetosphere
using very low frequency techniques. Dr. Robert A.
Helliwell, Stanford University. A major feature of
our program at Siple Station will be continued and
expanded use of the very low frequency (VLF) trans-
mitter in studies of wave-particle and wave-wave
interactions in the magnetosphere, investigations of
wave-induced precipitation effects due to natural
and artificial VLF signals (including power line har-
monics), studies of wave propagation in the multi-
component plasma, and certain diagnostic investiga-
tions of the structure and dynamics of the thermal
magnetospheric plasma. The program also will fea-
ture continued broadband VLF whistler studies of
quiet time and disturbed time plasma flow in the
magnetosphere, continued studies of the plasmapause
and associated phenomena, and studies of coupled
ionosphere-magnetosphere effects involving electric
fields and interchange of plasma. A correlative-
collaborative approach generally will be taken: use
of various instruments and techniques at Siple Sta-
tion and its conjugate, Roberval, Quebec, Canada,
measurements at times of rendezvous with satellites,
and cooperation with observers at a number of
other ground stations in both hemispheres.

Ultra low frequency studies near the plasma-
pause. Drs. R. Arnoldy, University of New Hampshire,
and L. J . Cahill, Jr., University of Minnesota. The
first year of operation of a sensitive micropulsation
detector (1 my at 1 hertz) at Siple Station indicated
the rich diversity of signals in the range 0.01 to 10
hertz. Some correlations of micropulsations with
measurements by the Explorer 45 satellite were ob-
tained, but the benefits of a conjugate detector in the
Northern Hemisphere became evident. A similar
detector will be operated near the foot of the Siple
magnetic field line in Quebec, Canada. Signals from
both stations will be compared for simultaneous
occurrence, polarization, and phase to study genera-
tion and propagation of signals near the plasmapause.
The advantages of digital recording of the signals
for ease of servicing and flexibility of processing will
be extended to the conjugate station.

Conjugate magnetic studies near L=4. Drs. L. J.
Lanzerotti and A. Hasegawa, Bell Laboratories. A
three-component fluxgate magnetometer will acquire
data at Siple Station during 1975. 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
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3.2 and with a fifth station mobile in longitude in
the vicinity of L = 3.5. The data will be used in
extensive studies of seasonal effects on geomagnetic
conjugacy, of seasonal effects on magnetohydro-
dynamic wave modes present in the magnetosphere,
of 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. Drs. Hugh
J . A. Chivers and W. Ian Ax ford, University of
California, San Diego. Observations of ionospheric
absorption using the solid state 30-megahertz riometer
will continue at Siple Station during 1974-1975.
The absorption that is measured by the riometer is
caused by streams of electrons precipitated into the
ionosphere along the magnetospheric boundary fol-
lowing disturbances on the Sun. The results will be
compared directly with very low frequency and
magnetic data that also will be recorded at Siple
by other groups. Comparisons of these data make
possible an investigation of the changing spectrum
of the electron flux during the events and leads to
a better understanding of the complex interactions
involving the Sun, the ionosphere, and the Earth.
In order to improve the resolution of the riometer
system to resolve small but intense patches of ioniza-
tion, it is hoped to construct a large antenna array
that will have a beam only 30 between half power
points. The beam's direction may be changed while
the observations are being made so that more than
one part of the ionosphere can be probed at about
the same time.

Auroral photometry. Dr. S. B. Mende, Lockheed
Palo Alto Research Laboratories. The objective of
this continuing program is to measure auroras, which
are the optical signatures of precipitating particles
from the magnetosphere. The measurements are made
by a six-channel scanning photometer at Siple Sta-
tion. From Siple, the instrument covers an interest-
ing region of the magnetosphere which is located on
the equatorward edge of the quiet time auroral oval
and is the region of the plasmapause and ring cur-
rent related activities. Because of its unique position,
Siple Station has been instrumented with extensive
geophysical instrumentation. It is the site of the VLF
emitting transmitter used in artificial wave injection
experiments. The transmitter produced waves excite
the particles which are in the magnetosphere. The
photometer can be used to monitor the precipitating
fraction of the energetic particles of the magneto-
sphere. Thus, the photometer is a diagnostic tool in
the artificially injected magnetospheric wave experi-
ments. In the 1974-1975 season, we will collect the

1973 data from Siple Station and improve the
photometer for studies in the following dark (winter)
season.

A study of midday auroras at South Pole and
Siple stations. Dr. Syun-Ichi Akasofu, Univer.ity of
Alaska. An all-sky camera (Fairchild fisheye 1600
lens, 35 millimeter) has been operated at the South
Pole since 1968 to study midday auroras. Soutl Pole
Station is favorably located to observe the midday
aurora, which appears directly under the cusp rgion.
Midday auroras result from a direct interacticn be-
tween the solar wind and the upper atmosphere. Pho-
tographs taken from the ground and from asael1ite
help to establish relationships between behavi4rs of
the midday and the midnight auroras. Differeit re-
sponses of midday and midnight auroras to chanes in
the interplanetary magnetic field will be examined.
At Siple, a 16-millimeter camera will continue to
operate as part of an overall atmospheric studies pro-
gram at the station.

Antarctic ice core studies. Dr. Chester C. Lang-
way, Jr., Research Foundation of the State University
of New York. Bulk and trace chemistry analyses will
be done at shallow ice core sites on the Ross Ice Shelf
and at South Pole and Siple stations. These analyses
will be to determine and characterize present and past
environmental conditions at each site, and also to
determine baseline and past precipitation records.
Physical property measurements also will be made.

Amundsen-Scott South Pole Station

Climatic alterations in the thermal radiation
budget. Dr. Peter M. Kuhn, National Oceanic and
Atmospheric Administration. Vertical profiles of the
thermal infrared radiation budget over South Pole
Station have been made since 1958; they show up-
ward, downward, and net radiant flux. The diver-
gence of the net irradiance with height then yields
the atmospheric layer cooling. The instrument is
carried aloft piggyback on a standard radiosonde and
operates until burst (average of about 28 kilometers).
Significant changes in the cooling rate have been
noted. These profiles are used in an atmospheric
transmission modeling program and, using a volume
absorption coefficient, to compensate for aerosol. It is
hoped that the difference between observed and
calculated measurements can be minimized.

Meteorological monitoring. Mr. J. C. Straiton,
National Weather Service, National Oceanic and
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Atmospheric A dninist ration. Meteorological param-
eters both at the surface and aloft will be measured
and evaluated. Surface observations include wind
temperature, pressure visibility, clouds, and snow
measurements. Upper air observations are made daily
and describe the wind and temperature structures
above the South Pole to altitudes of 25 kilometers.
Application of physical loss to the accumulated data
will permit description of the atmospheric structure
and circulation above Antarctica and surrounding
oceans. This data will permit the following: (1)
further quantitative evaluation of the heat exchange
budgets of the high altitude south polar region; (2)
study of the antarctic heat budget's relation to the
planetary budget; (3) investigation of meteorological
phenomena peculiar to, or most strongly developed
in, Antarctica. Air samples also will be collected for
analysis of carbon dioxide content. Filters will be
exposed to collect samples for analysis of radioactive
debri. Atmospheric turbidity will be measured.

Acoustic echo sounder studies of the planetary
boundary layer. Dr. Freeman F. Hall, Environmental
Research Laboratories, National Oceanic and Atmos-
pheric Administration. An acoustic echo sounder will
he used to study the turbulent structure of the plane-
tary boundary layer. The high static stability of the
lower atmosphere plus significant wind shear assures
that significant acoustic backscatter will be measur-
able. The thickness and internal structure of the
temperature inversion will be compared with the
synoptic situation and with in situ measurements from
surface and radiosonde sensors. The simple mono-
static echo sounder to be operated also will establish
the feasibility of employing more advanced acoustic
doppler wind sensing systems in future years.

Geophysical monitoring for climatic change. Mr.
Donald H. Pack, Air Resources Laboratories, Na-
tional Oceanic and Atmospheric Administration.
Long term measurements of atmospheric constituents
and related parameters that can influence climate
or shed light on climatic processes will continue at
South Pole Station as one of the six clean air geo-
physical monitoring observatories of the National
Oceanic and Atmospheric Administration. Measure-
ments will include carbon dioxide, to determine the
annual rate of increase of this gas in the atmosphere
from combustion of fossil fuels; surface and total
ozone, to study short term variations in climate as
reflected in year-to-year phase shifts in the annual
cycle concentrations of these gases; Aitken nuclei and
other aerosols, to establish baseline values for atmos-
pheric turbidity and global pollution; solar radiation
in several broad bands, to obtain irradiance data

that will be useful in the interpretation of long term
climatic change.

Atmospheric electric program. Mr. William E.
Cobb, National Oceanic and Atmospheric Adminis-
tration. Our program of surface and upper air atmos-
1 hericelectric measurements will be continued next
season. Surface sensors will be moved to the vicinity
of the new South Pole Station but sufficiently upwind
so that camp-produced pollution will not affect
measurements. Balloon observations of the air-earth
conduction current density will be made intensively
this season and concurrently at several Northern
Hemisphere sites. The purpose of the program is two-
fold: to investigate what controls and maintains
mechanisms of electrical current flow between Earth
and the ionosphere (the "global circuit"), to estab-
lish and index electrical parameters at the surface
and aloft that are sensitive to aerosol pollution.

Atmospheric processes and energy transfers. Drs.
J. J. Carroll and K. L. Coulson, University of Cali-
fornia, Davis. This project has two objectives. First,
the energy transfer across the interface between
atmosphere and snow surface will be determined.
This will heir) to assess the extent that Antarctica
serves as a major heat sink for general atmospheric
circulation. All components of the energy budget in
the boundary layer, including fluxes of sensible and
latent heat, momentum, both solar and terrestrial
radiation, and flux of heat into or out of the snow
surface will be measured at the South Pole. A second
objective is to use the polarization field of sunlit sky-
light as an indicator of particulate matter in the
atmosphere over Antarctica. A skylight polarimeter
providing polarization and intensity measurements in
six spectral regions in the ultraviolet, visible, and
near infrared will be installed at the South Pole for
operation throughout the austral summer.

Data acquisition system. Dr. Allen M. Peterson,
Stanford University. Stanford is assisting the Univer-
sity of California, Davis, in selection and installation
of data acquisition and computation equipment for
the new South Pole Station. The system is based on
two Hewlett-Packard 2100S minicomputers. One
computer will be on-line at all times; the second
will be for off-line data analysis, program prepara-
tion, and backup. Reliability is a primary concern
since the station is isolated for 10 months a year.

Measurement of submicron particulate matter
in the stratosphere. Drs. David J . Hofmann and
James M. Rosen, University of Wyoming. Work will
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continue on determining variations in the density of
dust particles in the polar stratosphere at McMurdo
and South Pole stations. Balloons will be flown from
each station, each carrying darkfield microscopes and
photoelectric particle counters. Two measurements
of the undisturbed atmosphere will be made; the first
as the balloons ascend to burst altitude and the second
as the instruments are lowered by parachute. The
measurements will provide information on the origin
and global distribution of submicron particulate
matter and will establish baseline values for particu-
late concentration over Antarctica.

Aerosols and the atmospheric radiation field.
Dr. Glenn E. Shaw, University of Alaska. We will
derive the size distribution and columar mass loading
of aerosols in the atmosphere from multispectral
measurements of diffuse sky and direct sun radiation
fields. A photoelectric coronagraph will measure the
circuiiisolar radiation field to within 1 ' of the Sun.
Major objectives include an assessment of the magni -
tude of background aerosol concentration, a deter-
mination of aerosol effects on radiation budget,
studies of the source and method of transport of
aerosols, and a comparison of the radiational prop-
erties of antarctic and arctic aerosols.

Aerosols and ice crystals. Mr. Austin W. Hogan,
State University of New York, Albany. Measurements
to determine the physical characteristics of aerosol
concentrations in continental and marine antarctic
air, begun last year, will be continued. The first
series of observations showed an influx of small
aerosol particles concurrent with subsiding air over
the polar plateau. Several aerial experiments are
planned for this season to determine the level at
which these particles are transported or formed. Ice
crystals were observed to fall from a layer super-
saturated with ice just above the South Pole surface.
A small dry ice seeding program is planned to deter-
mine if there is a natural deficiency in ice forming
nuclei in this area. Additional measurements of drift-
ing snow properties are planned, should the proper
conditions be present.

Ice crystal precipitation. Dr. Takeshi Ohtake,
University of Alaska. Ice crystals from a cloudless
sky of the central antarctic (South Pole Station) will
be studied. This research includes investigations of
(1) ice crystal precipitation, such as maximum height
of occurrence and the vertical distribution of con-
centration, size, and shape of ice crystals and their
fall velocities on the ground, and (2) formation
mechanisms such as nucleation and moisture. A
special meteorological instrument package will be

used. Observations of ice crystal formation at Barrow,
Alaska, will be compared with those at antarctic
stations to clarify mechanisms of ice crystal preipita-
tion in both regions.

The origin of ice crystals in precipitation. Dr.
Vern N. Smiley and Professor Joseph A. Warburton,
University of Nevada. Ice crystals falling out at South
Pole Station will be measured this austral summer and
during the 1975 austral winter. These will consist of
lidar measurements to obtain vertical profiles of
backscatter intensity and concurrently surface ob-
servations with a replicator to measure crystal sizes,
size distribution, and crystal habits. These measure-
ments will be integrated with radiosonde data; i.e.,
temperature, and humidity versus altitude. Data
from measurements will be used to determine at
what heights the crystals are formed, vertical struc-
ture of the "crystal cloud," and dependence of these
quantities on environmental conditions.

Particulate trace elements in the atmosphere. Dr.
William H. Zoller, University of Maryland. The air
sampling shelter set up at South Pole Station will
be modified and then set up with a diesel generator
approximately 800 meters east of the new station.
This position hopefully will cut down on contamina-
tion problems encountered last season from airplanes
and surface vehicles. Samples will be collected for
trace metal and hydrocarbons, using high volume
samplers. A cascade impactor will be used to obtain
size distributions of the particulates greater than 0.5
micrometers. A new, temporary clean air facility will
be set up several hundred meters upwind of the new
South Pole Station for austral winter operation by
the National Oceanic and Atmospheric Administra-
tion and other experimenters. We will install some
of our air filtration equipment in this new facility
for winter operations.

Dual Air Density twin satellite experiment. Mr.
Kenneth D. McDonald, Goddard Space Flight Cen-
ter, National Aeronautics and Space Administration.
The National Aeronautics and Space Administration
plans to launch two science satellites simultaneuosly
from the Western Test Range on a Scout vehicle in
the last half of 1975. These satellites, known as Dual
Air Density A and B, will be in a polar orbit. The
primary objective of the satellites is to measure atmos-
pheric constituents (e.g., helium, atomic oxygen,
argon, hydrogen, and molecular nitrogen). A - corn -
rnand and data acquisition facility will be at South
Pole Station for about 2 years.
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Measurement of atmospheric carbon dioxide.
Drs. Robert Bacastow and Charles D. Keeling, Scripps
Institution of Oceanography. Twice a month year-
round, air will be collected in glass flasks to extend
nearly uninterrupted measurements begun in 1957.
These data furnish the most reliable record of the
worldwide rise in atmospheric carbon dioxide thus
far obtained. The air samples will be analyzed at
Scripps by a nondispersive infrared gas analyzer with
specially prepared standard gases.

A 100-meter drill hole at the South Pole and a
resurvey of the Byrd Station drill hole. Messrs. D.
E. Garfield, H. T. Ueda, and John Rand, U.S. Army
Cold Regions Research and Engineering Laboratory.
A 100-meter drill hole with continuous core will be
attempted at South Pole Station early in the season.
Either a mechanical or thermal drill will be employed.
Initial core analysis will be performed in situ before
the cores are shipped to the United States. Then the
1967-1968 Byrd Station drill hole will be resurveyed.
A depth-velocity profile will be obtained for a depth
of 1,545 meters by comparing measurements with
data from the 1967-1968 survey. The profile will be
used to verify analytical ice sheet deformation studies.
About 400 meters of previously drilled core will be
packaged and shipped to the United States.

Observations of Earth tides and Earth's free
vibrations. Dr. Louis B. Slichter, University of Cali-
fornia, Los Angeles. Observations of long period tides
and of Earth's free vibrations excited by large quakes
(should there be earthquakes of sufficient energy,
magnitude 8 or more) will be continued by Mr.
William Smythe, who replaces Mr. Paul Rydelek
probably in November 1974. The near absence of
daily and sernidaily tides at the South Pole gives the
location unique advantages to observe weak gravity
signals with high precision. Highest precision is
needed for observations of two quantities not yet
measured: (1) phase lag and Q of the fortnightly
tide, and (2) the period of solid body vibration of
Earth's inner core when or if it is displaced from its
central position by a large earthquake or by random
motions of outer core fluid. Knowledge of these two
unknown quantities seems best sought at the unique
South Pole location.

Seismological observatory program. Dr. A. C.
Tarr, Office of Earthquake Studies, U.S. Geological
Survey. Earthquake records are obtained at South
Pole Station for Antarctica and all of the Southern
Hemisphere. These are transmitted daily (year-
round) to Boulder, Colorado, for use in a worldwide
epicenter program. The data also are used to help
delineate continental and oceanic structures in Ant-
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arctica and to study microseisms and meteorological
phenomena. Seismologists use the records to study
propagation of body waves through Earth's mantle
and core, and to study ground motion magnitude and
energy.

Doppler satellite research. Mr. William R. Mac-
Donald, Topographic Division, U.S. Geological
Survey. Doppler data collection begun during the
1972-1973 austral winter at Pole and Casey (Aus-
tralia) stations will continue year-round in support
of ice movement, polar motion, and scintillation
studies. The doppler station at Palmer will not
operate this season: due to long communication
blackouts during 1972-1973 between Palmer and
other stations, doppler data could not be transmitted
to the United States and rendered the Palmer opera-
tion ineffective. This season two U.S. Geological
Survey (usus) engineers will operate a geoceiver
at South Pole Station: another usos engineer will
operate a geoceiver on the Australian field traverse
at Casey Station, which is in support of the Inter-
national Antarctic Glaciological Project. Geoceiver
traverse sites established last year will be reoccupied,
and new sites will be established on the traverse. For
the third consecutive year, USGS will deploy two
engineers to Byrd Station for 4 days of continuous
geoceiver operations. A precise geodetic position again
will be established to determine ice movement over
the last 3 years.

Biomedical aspects of human adaptation to com-
plex south polar stresses. Harold G. Muchmore,
M.D., and Jay T. Shurley, M.D., Oklahoma Medical
Research Foundation and the University of Oklahoma
Health Sciences Center. Dr. Muchmore and three
assistants will continue studies on immunologic
changes in people who are isolated at the South Pole.
Cellular immunity studies will be carried out at
South Pole Station on live leukocytes derived from
peripheral blood. T and B lymphocytes will be
enumerated and phagocytic function will be studied.
Specimens for secretory igA and other immuno-
globulins will be collected. Throat swabs and other
samples for virus isolation will be obtained in an
attempt to isolate the respiratory virus responsible
for postpolar infections. Baseline data on these same
parameters from persons scheduled to spend the
1975 austral winter at South Pole Station were
gathered prior to their departure for Antarctica.

Ross Ice Shelf

Ross Ice Shelf Project. Dr. Robert H. Rut ford,
University of Nebraska, Lincoln. Field parties are to
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conduct a second season of surface studies on the
Ross Ice Shelf. All but one are continuations of
1973-1974 austral summer programs. Dr. Joseph A.
Warburton. Desert Research Institute, will conduct
a study of the relationships between major chemical
constituents of snow and the relative proportions of
two major atmospheric precipitation mechanisms
across the ice shelf. Continuing studies include a
geophysical program under the direction of Dr.
Charles R. Bentley, University of Wisconsin, Madi-
son, a tidal gravimeter program by Dr. Edwin S.
Robinson, Virginia Polytechnic Institute and State
University, and a glaciology program headed by Dr.
Robert H. Thomas, University of Nebraska, Lincoln.
The U.S. Geological Survey again will provide a
geoceiver and operator to establish satellite derived
positions for each geophysical study site. Dr. W.
Dansgaard, University of Copenhagen, Denmark, will
provide a person to assist in collecting ice cores for
isotope studies. Air support in the field will be by
Twin Otter airplane. Investigators will be working
at last season's base camp at 82°30'S. 166°W., at
the proposed drill site at 82°22.5'S. 168°38.7'W.,
and on Roosevelt Island and several other locations.
Drilling through the ice shelf has been postponed
because of delays in assembling the drill and asso-
ciated equipment.

1-month periods this season. These data will be used
with previous records to prepare cotidal-c9range
charts for the southern Ross Sea and to calculate
ocean currents related to the tide. The Ross Sea tide
is primarily diurnal with a 1- to 2-meter range.

The influence of precipitation-forming mecha-
nisms on the chemistry of the Ross Ice Shelf.
Professor Joseph A. Warburton, University of Nevada.
As part of the Ross Ice Shelf Project we plan to
investigate the relationships between major chemical
constituents in the snow and growth characteristics
of precipitation across the Ross Ice Shelf. The studies
will provide evidence on how precipitation mecha-
nisms affect accumulation of chemical impurities on
the shelf. The data will enable development of mathe-
matical models for use in paleoclimate studies in
coastal and near-coastal antarctic regions. Two-person
teams will occupy two camps several hundred kilom-
eters apart. Continuous replication of snow crystals
and sequential samplings of falling snow for sub-
sequent chemical analysis will be made during storms.
Dry deposition fallout of marine aerosols and near-
surface snow samples will be collected over large
portions of the Ross Ice Shelf.

Continuation of a Ross Ice Shelf geophysical
survey. Dr. Charles R. Bentley, University of Wiscon-
sin. The Ross Ice Shelf survey started during the
1973-1974 austral summer and completed coverage
of the southeast quarter of the ice shelf. This sea-
son's work will continue with the expectation that
ice shelf coverage will be complete at the end of
two more seasons. Ice thickness, water depth, and
gravity measurements will continue on a 30-nautical-
mile grid that covers about 75 stations. Ice thickness
measurements at the grid points will be supplemented
by radio-echo sounding from the air. At about seven
or eight stations more extensive studies of radio and
seismic wave propagation in the ice will be carried
out; this will lead to improved knowledge of ice
shelf structure. Two or three long refraction profiles
aimed at determining the upper crustal structure
beneath the ice shelf area will be carried out.

Ocean tide beneath the Ross Ice Shelf. Dr. Edwin
S. Robinson, Virginia Polytechnic Institute and State
University. The ocean tide beneath the Ross Ice Shelf
will be measured with recording gravimeters that
detect gravity variation related to periodic fluctua-
tions of shelf elevation and subjacent water mass.
Sites at 82.5°S. 166°W., 80.1 0 S. 161 0 W. 5 810S.
175 0 W., and 81.5°S. 175°E. will be occupied for

Doppler satellite positioning for a geophysical
survey of the Ross Ice Shelf. Mr. Robert H. Lytdan,
Topographic Division, U.S. Geological Survey. This
season the U.S. Geological Survey again will provide
a geoceiver and associated equipment for real time
geodetic positioning and will provide a geoceiver
operator in support of the Ross Ice Shelf Project.
Selected geoceiver sites established last season will be
reoccupied this season new study sites also will be
established. Dependent upon acquiring good doppler
data, position accuracies are expected to be within
100 to 200 meters for the real time positions and
within 5 to 10 meters for sites selected for later
processing through an expanded computer program.

Surface glaciology of the Ross Ice Shelf. Dr.
Robert H. Thomas, University of Nebraska, Lincoln.
This is the second season of a 3-year project to
measure strain rates in a network of stations cover-
ing the Ross Ice Shelf. The results, together with
those from other Ross Ice Shelf Project-associated
investigations, will be used to examine the dynamics,
history, and stability of the ice shelf. In 1973-1974
50 strain rosettes were planted in the southeast
corner of the ice shelf. These will be resurveyed this
season and approximately 100 more rosettes will be
planted over the northern half of the ice shelf.
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Southrrn Victoria Land

Dry Valley Drilling Project. Dr. Lyle D. McGin-
nis, Northern Illinois University, DeKaib. The final
season of a 4-year geophysical exploration, geological
reconnaissance, and drill program commenced in early
October. Nine boreholes have been drilled during pre-
vious Dry Valley Drilling Project (DVDP) seasons,
with participation of scientists and personnel from
Japan, New Zealand, and the United States. Core is
stored at Northern Illinois University, DeKaib, and at
Florida State University, Tallahassee. The following
drill schedule has been set for this season: (1) mid-
October, deepen hole 8 (New Harbor) to basement;
(2) mid-November, drill to basement at Common-
wealth Glacier (about 4 kilometers west of New Har-
bor) ; (3) mid-December, redrill Lake Fryxell (hole
7); (4) late December, drill Don Juan Pond (east
side) to basement; (5) January, drill Black Island to
150 to 300 meters in depth; (6) February, deepen
hole 3 on Ross Island. The Edward C. Thiel Earth
Sciences Laboratory will continue to be maintained
by Japanese DVDP participants; drill personnel and
most other technical assistants will be provided by
New Zealand. Primary logistics support and housing
at McMurdo will be furnished by the United States.

Site and borehole geology of DVDP sites; geology
of the Ross Island volcanic province and the crater
of Mount Erebus. Dr. Samuel B. Treves, University
of Nebraska, Lincoln. Dry Valley Drilling Project
(DVDP) operations from September to December are
scheduled to be near McMurdo Sound and in lower
Taylor Valley. Cores will be logged and prepared for
shipment to the United States. If time permits,
mapping and investigation of Ross Island volcanic
rocks will be done to supplement core data. In
December, New Zealand and French investigators
will be accompanied in an attempt to enter the crater
of Mount Erebus (elevation: 3,794 meters), Ross
Island, to obtain gas and lava samples. In late
January, as site gologist for DVDP drilling of Black
Island volcanic rocks and deepening of previous
boreholes on Ross Island, the volcanic history of this
area will be investigated and the results integrated
into a comprehensive geological history of the
McMurdo Sound region.

Geothermal studies. Drs. Edward R. Decker and
Scott B. Smithson, University of Wyoming. During
October to February subsurface temperatures will be
measured in new and previously completed holes
drilled by the Dry Valley Drilling Project. Other
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field work will include collecting surface and core
samples of bedrock for measurements of thermal
conductivity and radioactive heat generation from
uranium, thorium, and potassium. These studies will
provide new data on the thicknesses of permafrost,
on paleoclimate, on heat flow, and on the McMurdo
Sound region's thermal history.

Groundwater flow systems in the dry valleys.
Dr. Keros Cartwright, Illinois State Geological Survey.
Hydrogeologic investigations were made in conjunc-
tion with the Dry Valley Drilling Project during the
1973-1974 austral summer. Samples of groundwater
were taken for laboratory analysis and for compari-
son with physical data. Studies were undertaken in
Victoria, Wright, and Taylor valleys and on Ross
Island. Considerable hydrogeologic information has
been obtained, particularly from Wright Valley.
These data show that there are several short gound-
water flow systems that are independent of each
other. The study will continue in conjunction with
the Dry Valley Drilling Project. Efforts this season
will concentrate on Wright and Taylor valleys to
define more precisely the known flow systems and to
determine where similar flow systems might exist.
The goal of this research is to establish the hydro-
geologic characteristics of dry valley lake basins and
to better understand the origin of saline lakewaters.

Toward a model for Lake Bonney. Dr. Robert C.
Hoehn and Bruce C. Parker, Virginia Polytechnic
Institute and State University. Field work this season
will investigate more fully the productivity of benthic
mats and the importance of melt streams in carrying
nutrients to Lake Bonney. Further verification is
expected for types, numbers, and seasonal distribu-
tion of planktonic algae, yeasts, and bacteria in the
water column. Experiments also are planned for
refinements of the carbon 14 technique; hopefully the
effects of enrichments and toxicants on productivity
can be ascertained by this technique. We will try to
determine the extent of nitrogen fixation, especially
by the mat community in which Nostoc and other
suspect nitrogen fixers were discovered.

Cape Crozier, Ross Island

Behavioral adaptations of penguins. Dr. Dietland
Muller-Schwarze, State University of New York,
Syracuse. The relations between Adélie penguins and
south polar skuas will be studied at Cape Crozier,
Ross Island, where breeding penguins are exposed
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to two forms of skua predation: (1) a large portion
of the rookery is "open to all," i.e., all skuas may
hunt and scavenge there; (2) the rookery's periphery
has skua nests close by and sections of the rookery
are defended by breeding pairs of skuas as feeding
territories. We have found that skua predation pres-
sure on the penguins is, contrary to expectation, lower
at the periphery than in the center or beach areas
of the rookery. Penguins thus may derive some bene-
fits from breeding in a skua feeding territory. This
season we plan to test this hypothesis by comparing
the breeding success of penguins within and outside
of feeding territories.

Behavioral studies of Adélie penguins. Dr. David
G. Ainley and Mr. Steve Morrell, Point Reyes Bird
Observatory. Large numbers of Adélie penguin chicks
were banded from 1962 to 1970 at Cape Crozier,
Ross Island. Previous work on 2- to 8-year-old pen-
guins, with ages being recognized by band numbers,
resulted in descriptions of ages and experience related
factors in the development of reproductive maturity,
the process of maturity, the process of maturation in
social behavior, and their breeding biology and ecol-
ogy. This season we will continue that work by
studying the breeding biology of 9- to 13-year-olds.
We will particularly be looking for the age at which
breeding success reaches maximum. Also, depending
on which individuals still remain in the population
of banded birds, we will attempt to summarize the
population dynamics of this species. We hope to
answer questions about how long Adélie penguins
live, how many years a penguin must reproduce
successfully to insure replacement in the population
by offspring, and how many offspring adults must
fledge during their lifetime to insure replacement.

McMurdo Station and vicinity

Population dynamics of seals. Dr. D. B. Siniff,
University of Minnesota. Studies of the McMurdo
Sound Weddell seal population are to resume in
October. This work will involve (1) determining the
underwater spacing of seals in the pupping colony,
(2) enumerating the nonproductive female popula-
tion, and (3) experimentally manipulating density
in a remote area where we can control the number
of breathing holes in relation to seal densities. At
Hutton Cliffs, sonic tags and a two-dimensional-
array hydrophone will be used to measure under-
water spacing. This will be correlated to behavior as
monitored by underwater television. Marked recap-
ture techniques will be used to enumerate segments
of the population. This will involve traversing

McMurdo Sound weekly and recording all tags
sighted. Work at the experimental area will bo pre-
liminary; we will manipulate density and investigate
parameters that may be involved in regulation of
the population. We will correlate blood parameters,
reproductive status, weight gain, and survival to the
number of animals per breathing hole in two experi-
mental areas.

Temperate-zone and antarctic penguins. Dr.
William J . L. Felts, University of Oklahoma Medical
Center. Temperate-zone (Euryptula minor and per-
haps Megadyptes antipodes) and antarctic (Adélie
and emperor) penguins will be collected to analyze
their gross and microscopic structure. Most research
will be at the University of Otago Medical School,
Dunedin, New Zealand. Selected preparations will
be sent to the United States for completion. In view
of the sparse literature on systemic anatomy and the
microstructure of tissues and organs of penguins, this
study has value as a comparison with results of our
larger study of detailed structure in antarctic seals.

Energy expenditure and thermoregulation in
fasting emperor penguins and cost of locomotion
in little blue penguins. Dr. Knut Schmidt-Nielsen,
Duke University. During the winter breeding season
emperor penguins may fast for 4 months at rookeries
as far as 80 kilometers from the open sea. This sea-
son's study will further measure emperor penquins'
metabolic responses to cold. Oxygen consumption and
evaporative water loss will be measured over a wide
range of temperatures (-80 0 to + 10 0 C.). The
resulting thermal response curve will be used to
determine the amount of energy used for maihte-
nance and thermoregulation. In addition, energetic
cost of walking will be measured in little blue pen-
gums, to provide a comparison with data already
obtained on emperor and Adélie penguins. This will
help to clarify the role of body size and geometry in
the analysis of bipedal, terrestrial locomotion. The
emperor penguin will be studied at McMurdo Station,
and the little blue penguin at Canterbury University,
Christchurch, New Zealand.

Community ecology of the McMurdo Sound
benthos. Dr. Paul K. Dayton, Scripps Institution, of
Oceanography. This experimental program will con -
tinue and expand research begun in 1967. Specifically,
we will (1) monitor the 60 cages and controls estab-
lished in 1967, (2) evaluate the existence and con-
sequences of an increasing primary productivity
gradient running north from the McMurdo Ice
Shelf, (3) further define the competitive effects of
Mycale acerata, thought to be a competitive domi-
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nant in the sponge community, (4) study the biology
and foraging strategies of Perknaster fuscus antarc-
ticus, a starfish that preys on Mycale at McMurdo
but has an entirely different diet at the northern end
of the primary productivity gradient, (5) study the
settling behavior and ecology of invertebrate larvae,
(6) test the hypothesized key role that Odontaster
validus is thought to exert on the organization of
the community, and (7) instigate graduate theses
on sponge defense mechanisms and the development
of soft bottom communities in the McMurdo Sound
area.

Glycoproteins as biological antifreeze agents in
fishes of ice-laden seawater Dr. A. L. DeVries,
Scripps Institution of Oceanography. Antarctic waters
are laden with ice throughout much of the year. In
this environment many of the world's fishes would
quickly freeze to death. But antarctic fishes live among
the ice and never have been observed to freeze because
their body fluids are fortified with glycoprotein anti-
freezes. This seasons project centers on how the
antifreeze affords protection to these fish in this icy
environment. The field work will involve collection of
large amounts of blood from the large antarctic cod,
Dissostichus mawsoni (160 centimeters long and 45
kilograms in weight) from which glycoprotein anti-
freeze will be purified, study of how the eight different
sized glycoprotein antifreezes are distributed in the
tissues and body fluids of the fish, study of how the
glycoprotein antifreeze modules are prevented from
being lost into the urine at the kidneys, and study of
how the glycoprotein antifreezes stop ice from propo-
gating across the body wall. The effect of temperature
acclimation on the oxygen capacity of D. mawsoni
blood also will be studied. This study will be done in
cooperation with Dr. W. Zapol, Massachusetts General
Hospital, and Dr. J . Qvist, Gentofte Hospital, Copen-
hagen, Denmark. The effect of temperature on the
rate of conduction of nervous impulses also will be
determined for the same specimens. This study will be
done in cooperation with Dr. J . MacDonald, Uni-
versity of Auckland, New Zealand.

Cosmic ray intensity measurements. Dr. Martin A.
Pomerantz, Bartol Research Foundation of the Frank-
lin Institute. Through observation of intensity varia-
tions and anisotropies, continuously recording high
precision cosmic ray detectors at McMurdo Station
will exploit the special advantages of the polar regions
for providing information about electromagnetic
conditions in space and about Earth's immediate
environment. Data will be acquired on fundamental
processes occuring in Earth's upper atmosphere, in
the interplanetary medium, and at the Sun. Major

objectives include the following: (1) observations of
very energetic (relativistic, e.g., greater than 1 billion
volts) cosmic rays emitted by the Sun on discrete
occasions; (2) study of intensity variations of galactic
cosmic rays arriving from outside the solar system
over times ranging from minutes to tens of years;
(3) investigations of interplanetary shock wave effects
that are associated with plasma streams moving in
space with supersonic velocities; (4) detection of
cosmic ray intensity gradients both in and perpendicu-
lar to the plane of Earth's orbit.

Geodetic and upper atmosphere studies. Dr. Ar-
nold J . Tucker, University of Texas, Austin. Satellite
tracking station 019, McMurdo Station, is part of the
National Geodetic Satellite Program. This station is
equipped to measure the doppler shift of cw signals
transmitted by artificial Earth satellites. Data col-
lected by station 019 are used to determine a set of
orbital parameters that describes satellite motion.
Earth's gravitational field and atmospheric drag affect
satellite motions, causing deviations in the trajectory
described by this set of orbital parameters. By track-
ing satellites, a better understanding of Earth's
gravitational field and of ionospheric effects can be
achieved.

International Southern Ocean Studies: thermo-
haline processes under antarctic sea ice in winter.
Drs. Henry Grew and Victor T. Neal, Oregon State
University. Thermohaline processes that occur under
sea ice during the austral winter are not well known.
Nevertheless, it is during the winter that these proc-
esses are thought to be active in producing the dense
water that eventually is mixed with other water to
form Antarctic Bottom Water. A pilot program to
determine the feasibility of obtaining useful ocean-
ographic data under the sea ice in winter is being
planned. A preliminary field expedition, primarily
devoted to obtaining high resolution vertical profiles
of temperature from beneath the sea ice to the sea
floor, was scheduled to take place in September with
measurements being made between McMurdo Station
and Marble Point. Upon successful completion of this
effort, plans will be made for a larger pilot program in
1975. The 1975 measurement program will include
conductivity (salinity) and current measurements.
The ultimate goal is to determine the best methods
and places to monitor thermohaline processes during
the austral winter.

Seismic reflection and refraction studies. Dr.
H. K. Wong, Northern Illinois University, DeKaib.
As an aid to selection of future core drilling sites,
sediment thickness, sedimentary structures, and de-
formations, and the general tectonics of McMurdo
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Sound and adjacent Ross Sea areas will be studied by
seismic means. Sonobuoy refraction profiles will ascer-
tain the velocity and thickness of sedimentary strata,
perhaps to basement rock.

Remote projects

Small station development. Dr. Allen M. Peterson,
Stanford University. An automatic station will be
placed at Plateau Station (closed in 1969) to monitor
atmospheric conditions on the high Antarctic Plateau.
Since temperatures at Plateau Station may exceed
—87 0 C., great care has been exercised in the choice
of sensors and in design of station electronics. Wind
speed, wind direction, barometric pressure, air temper-
ature, and power system performance will be trans-
mitted to the Nimbus F polar orbiting satellite and
stored onboard for later read-out by a National
Astronautics and Space Administration tracking sta-
tion. The station will be powered by either a 10-watt
propane-thermoelectric generator or a small radioiso-
tope generator since temperatures at Plateau Station
are too low for standard battery operation.

A geological test of whether the West Antarctic
Ice Sheet is collapsing. Drs. G. H. Denton and
H. W. Borns, Jr., University of Maine, Orono. Recent
glaciological and geological investigations suggest the
strong possibility that ice in West Antarctica, floored
largely below sea level, is disintegrating from a full-
bodied stage attained when grounded ice recently filled
much of the Ross and Weddell seas. Continued col-
lapse of this ice would cause worldwide sea level rise
and perhaps would influence climate. Our field work
this season will focus on glacial deposits that mantle
Beaufort, Franklin, and Inexpressible islands in the
Ross Sea. This continues our project to map the
former extent of grounded west antarctic ice in the
Ross Sea, with particular emphasis on carbon 14 dating
of the recession of the grounding line southward
through Ross Sea and McMurdo Sound.

Topographic survey mapping operations. Mr.
Robert H. Lyddan, Topographic Division, U.S. Geo-
logical Survey. The U.S. Geological Survey this season
will provide two engineers and surveying equipment
for a reconnaissance of Pine Island Bay and Lindsey
Island. The engineers will make a plane-table survey
with 30- or 60-centimeter contours of Lindsey Island.
For island areas not suitable for plane-table operations,
photogrammetric techniques will be used to complete
the topographic map. These investigations will be
supported by a Coast Guard icebreaker.

Solar electric power monitoring. Dr. Joseph Lind-
mayer, Solarex Corporation. Small monitors will be
emplaced at three sites representative of areas visited
by U.S. antarctic program personnel. The monitors
will gather data on amounts of electrical power that
could be obtained in Antarctica by using solar cells.
Future applications of solar power in antarctic pro-
grams might include powering science instruments
and radio equipment during austral summers.

Late Cenozoic glacial history of East Antarctica:
glacial geology and ice surface reconstructions in
the Bowers and Freyberg mountains of northern
Victoria Land. Dr. Paul A. Mayewski, University of
Main, Orono. Investigation of glacial deposits dur-
ing the 1968-1969, 1970-1971, and 1971-1972austral
summers in the Queen Maud Mountains and in
southern Victoria Land have been combined with
studies by other researchers to provide a composite
glacial history of the Transantarctic Mountains. This
season's investigation is intended to test the following.
(1) the glacial history defined thus far in the Trans-
antarctic Mountains with the glacial history of the
upper reaches of Rennick Glacier (an example of the
northern extremity of the Transantarctic Mountains);
(2) the former responses of the East Antarctic ice
sheet in an area not connected with the Ross Ice
Shelf; (3) the presence or lack of evidence for tectonic
interaction at the time of formation of lateral moraines
in the study area recorded by tilting or faulting of
these moraines.

International Antarctic Glaciological Project.
Dr. Jean Vaugelade, Expeditions Polaires Francaises.
The ultimate objective of glaciological research in
Antarctica is to determine the regime and procsses-
past, present, and future—of the entire ice sheet, and
to examine the unique record of the terrestrial and
extraterrestrial environment that is contained in the
ice. This is an immense task, too large for any single
country to undertake alone. Consequently, the IAGP
is a cooperative project of Australia, France, the Soviet
Union, and the United States. A concentrated pro-
gram will continue in the region bounded by longi-
tudes 60° and 160°E., latitude 80°S., and the
antarctic coast. A major effort will be devoted to
studying the high domes of East Antarctica.

Geological investigations of basement rocks in
the Scott Glacier region. Mr. Edmund Stump, The
Ohio State University. Field investigation will be
directed toward sedimentary and volcanic rocks. Re-
finement of the stratigraphy and understanding of the
structural relationships are objectives within the con-
text of a continuing regional study in the central
Transantarctic Mountains. Returned samples will be
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Murdo Sound (aboard USCGC Burton Island). Dr.
Peter J . Barrett, Victoria University of Wellington
(New Zealand).

examined petrographically to better characterize the
environments or deposition and emplacement of these
rocks.

Ellsworth Mountains survey. Mr. Robert H.
Lyddan, Topographic Division, U.S. Geological Sur-
vey. Two engineers will accompany a Norwegian
expedition into the Ellsworth Mountains. A geoceiver
will be used to establish geodetic control to position
satellite (ERTS) imagery for revising 1:250,000-scale
topographic maps of the Sentinel Range.

Weddell Sea oceanographic investigation. Drs.
Theodore D. Foster and Eddy C. Carrnack, Scripps
Institution of Oceanography. As a continuation of the
International Weddell Sea Oceanographic Expedition,
a physical oceanographic investigation of the northern
and western parts of the Weddell Sea will be done.
Hydrographic casts and continuous measurements of
salinity, temperature, and depth will be made. Two
current meter moorings will be set out to monitor the
flow of bottom water out of the Waddell Sea; we
plan to retrieve these moorings in 1976. An attempt
will be made to penetrate the pack ice in the vicinity
of Larsen Ice Shelf, a region previously unexplored.
This work is aimed at furthering our understanding
of the formation of Antarctic Bottom Water.

International cooperation

In addition to the Dry Valley Drilling Project and
the international Antarctic Glaciological Project, de-
scribed above, several 1974-1975 antarctic programs
will involve U.S.-foreign nation interactions in per-
sonnel and support services. Projects in this category,
most receiving U.S. logistics support, are listed below.

Geological investigations in northern Victoria
Land (McMurdo Station). Dr. Sergei Aleksandro-
vich Abakumov, Arctic Geological Research Institute
(Soviet Union).

Seismic profiling of sediment thickness in Mc-

Lactation dynamics of Weddell seals (McMurdo
Station/Sound). Dr. Michael M. Bryden, University
of Queensland (Australia).

Neurophysiological studies of marine life (Pal-
mer Station). Dr. Rene Edgar Dalinger, Direccion
Nacional del Antartico (Argentina).

Isotope studies of ice cores and snow samples
(Ross Ice Shelf, McMurdo Station, Roosevelt Island).
Professor W. Dansgaard, University of Copenhagen
(Denmark).

Effects of volcanic activity on the benthic fauna
of Deception Island (R/V Hero). Dr. Victor A.
Gallardo, University of Concepcion and Inst ituto
Antartico Chileno.

Norwegian Ellsworth Mountains Geology Expe-
dition (Lc-130 support). Dr. Tore Gjelsvik, Norsk
Polarinstitutt (Norway).

Phototheodolite resurvey of dry valley glaciers
(McMurdo Station). Dr. Sergei M. Myagkov, Mos-
cow State University (Soviet Union).

Ice movement measurements (South Pole Sta-
tion). Dr. J . F. Nye, University of Bristol (Great
Britain).

Airborne ice sounding (McMurdo Station, LC-130
support). Dr. Gordon de Q . Robin, Scott Polar Re-
search Institute (Great Britain).

Geochemistry at South Pole Station. Dr. Joseph
Sanak, Centre des Faibles Radioactivities (France).

Structure and evolution of antarctic cyclones
(Molodezhnaya Station, Soviet Union). Dr. Frank S.
Sechrist, University of Wisconsin, Madison.
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News and notes___________

Winter mail deliveries

Isolated from the rest of the
world since February 22, 1974,
winterers at McMurdo Station and
at nearby Scott Base (New Zea-
land) were air-dropped nine bags
of mail in early August. The spe-
cial postal delivery was made by
the Royal N.Z. Air Force.

A first attempt to fly to Mc-
Murdo from Dunedin, New Zea-
land, on August 6 was aborted
because of bad weather in the
McMurdo Sound region. On Au-
gust 8 the weather cleared, and the
N.Z. fliers again left aboard their
P-3 Orion. The nonstop flight to
McMurdo and back to New Zea-
land is hazardous because of the
absence of landing and refueling
areas for airplanes without skis.
The airplane made low passes over
McMurdo, dropped the mailbags
into a lighted area, and returned
to New Zealand.

This was the second winter mail
drop ever at McMurdo. On July
31 3 1973, the Royal N.Z. Air Force
flew a similar mission to McMurdo
and Scott.

Palmer Station's nine winter res-
idents, isolated since April 12, 1974,
received mail on August 13 when
an Argentine air force plane landed
at the station. The Argentines have
flown several other winter mail
flights to the station in recent
years. The airplane departed from
the station on August 15.

Death

Dr. Henry ("Harry") M. Dater,
historian of the U.S. antarctic pro-
gram, June 26, 1974, at his Wash-

ington, D.C., home. He had been
ill with cancer.

Born in Brooklyn, New York,
Dr. Dater received the B.A. and
Ph.D. degrees from Yale Univer-
sity. He also studied as an Amer-
ican Field Service Fellow at the
University of Lyon, France. From
1934 to 1936 he was an instructor
in history at Yale College, and
from 1936 to 1943 he was on the
history faculty at Kent State Uni-
versity.

During World War II Dr. Dater,
a U.S. Navy lieutenant commander,
was assigned to the Navy's history
program in Washington, D.C. After
the war he retired from active
military duty and became chief.
Aviation History and Research Sec-
tion, Office of the Chief of Naval
Operations. In 1952 he was named
deputy historian of the Office of
the Secretary of Defense.

In 1956 Dr. Dater was made
staff historian for Admiral Richard
E. Byrd, officer in charge, U.S.
Antarctic Programs (in 1952 the
organization was retitled the U.S.
Antarctic Projects Office). A re-
organization of the U.S. antarctic
program in 1965 resulted in Dr.
Dater's office being transferred
from the Department of Defense
to the Department of the Navy;
he became chief, History and Re-
search Division, U.S. Naval Sup-
port Force, Antarctica, and held
this position until his death.

Dr. Dater was founding editor
of the Bulletin of the U.S. Antarc-
tic Projects Officer and co-founding
editor of its successor publication,
Antarctic Journal of the United
States. He was a co-author of the
book Antarctica, with Emil Schult-
hess and George Dufek, and was
author of numerous articles, pro-
fessional papers, and monographs.

Dr. Dater's organizational mem-

P. J. Anderson
Dr. Dater.

berships included the American
Historical Society, the Naval His-
torical Foundation, the American
Military Institute, the American
Polar Society, the Explorers' Club,
and the Antarctican Society. He
was editor-emeritus of the Aitarc-
tican Society's Bulletin.

Dater Glacier (78°14'S. 84°
30'W.) was named in honor of
Dr. Dater, a six-time traveler to
Antarctica. He also was a ziecipi-
ent of the Navy's Distinguished
Civilian Service Medal, the Navy's
highest civilian award.

Dr. Dater is survived by his wife,
two sons, and a sister.
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Monthly climate summary
I	 July 1974	 August 1974
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