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COVER. Sixty-five million years ago—at the beginning of the
Cenozoic era—Antarctica, Australia, and South America were a
single continent. Antarctica had no ice cover. There was no
circumantarctic ocean current. In this drawing, solid color
represents land above sea level, and the dotted areas probably are
shallow seas, less than a hundred meters deep. The jagged lines
show spreading ridges and connecting fracture zones. Latitude and
longitude are present day. Cores of sediment taken from the ocean
bottom by the ships Eltanin (now named Islas Orcadas) and Glomar
Challenger provided information for this reconstruction, which
James P. Kennett developed based on compilations for southern
ocean sectors by J. G. Sclater, J. K. Weissel, and others. See pages
100-102. A review by Professor Kennett will appear in the December
1978 Marine Micropaleontology.

Drawing by University of Rhode Island

1	U.S. antarctic research, 1977-1978

Terrestrial geology and geophysics
CIENCE

Antarctic Journal of the United States,
established in 1966, reports on U.S. activities
in Antarctica and related activities elsewhere,
and on trends in the U.S. Antarctic Program.
It is published quarterly (March, June,
September, and December), with a fifth an-
nual review issue in October, by the Division of
Polar Programs, National Science Founda-
tion, Washington, D.C. 20550. Telephone:
202/632-4076.

Subscription rates are $7.50 per five issues
($9.50 foreign). Single copies of the October
issue cost $3.50 ($4. 50 foreign). Single copies
of the March, June, September, and
December issues cost $1.10 ($1.40 foreign).
Subscription address: Superintendent of
Documents, Government Printing Office,
Washington, D.C. 20402.

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

2 Petrologic study of the granulite-facies metamorphic rocks of
Enderby Land, East Antarctica, with the Australian National
Antarctic Research Expedition (ANARE), 1977-78, Edward S.
Grew

3	Geological investigations in the Leverett Glacier Area,
Edmund Stump, Patrick H. Lowry, Greta M. Heintz-Stocker and
Philip V. Colbert

4	Geologic survey of Ruppert-Hobbs Coasts sector, Marie Byrd
Land, F. Alton Wade

5	Plutonic rocks from the Ruppert Coast, West Antarctica, Anne
P. Metcalfe, K. B. Spörli and Campbell Craddock

7	Geologic studies in Orville Coast and eastern Ellsworth Land,
Antarctic Peninsula, Peter D. Rowley

9	Stratigraphical studies in Orville Coast and eastern Ellsworth
Land, M.R.A. Thomson, T.S. Laudon and J.M. Boyles

10	Scotia Arc Tectonics Project, 1977-78, Ian W.D. Dalziel

10	Geologic reconnaissance of the Pro-Late Jurassic Basement:
Patagonian Andes, Randall D. Forsythe



12 Geologic studies In the northern Antarctic Peninsula,
R/V Hero cruise 78-1B February 1978, D.H. Elliot, D.R.
Watts, R.B. Alley and T.M. Gracanin

13 Geological studies In southern Victoria Land, on
Black Island, and on the McMurdo Ice Shelf, H.T.
Brady

14	Japanese scientific activities In Victoria Land
1977-1978, T. Nagata

15	Ages for the vida granite and olympus granite gneiss,
Victoria Valley, southern Victoria Land, R.D. Vocke,
Jr., G.N. Hanson, and J.S. Stuckless

17	RubIdium-strontium geochronology of granitic rocks
from Mt. Chapman, Whitmore Mountains, West
Antarctica, Jack Kovach and Gunter Faure

18	Palynologic studies in the Transantarctic Mountains,
Rosemary A. Askin and James M. Schopf

19	Permian palynomorphs (Coaisack Bluff, Mt. Sirius,
Mt. Picciotto) and other studies, Paul Tasch

20	Prato-lizards from the Triassic of Antarctica, Edwin H
Colbert

21	Stratigraphy and sedimentary petrology of the
Fremouw Formation (Lower Triassic), Cumulus Hills,
Central Transantarctic Mountains, James W.
Collinson, Kenneth 0. Stanley, and Charles L. Vavra

23 New Triassic vertebrates from the Fremouw
Formation of the Queen Maud Mountains, John W.
Cosgriff, William R. Hammer, John M. Zawiskie and
Noel R. Kemp

24 Eocene nautiloid fauna from the La Meseta Formation
of Seymour Island, Antarctic Peninsula, William J.
Zinsmeister

25 Effect of formation of the west antarctic ice sheet on
shallow-water marine faunas of Chile, William J.
Zinsmeister

26	Fresh-water diatoms from perched deltas in Taylor
Valley, Antarctica, Davida Kellogg, Minze Stuiver,
George Denton and Thomas Kellogg

27	Ostracoda from the Pleistocene Taylor Formation,
Ross Island, and the Recent of the Ross Sea and
McMurdo Sound Region, Antarctica, William M. Briggs,
Jr.

30	Dry Valley Drilling* Project Seminar Ill, Tokyo, Lyle D.
McGinnis

30	Geology of DVDP 1 and the hyaloclastite of DVDP 3,
Hut Point Peninsula, Antarctica, Samuel B. Treves

31 Volcanoes in the Hobbs Coast and Ruppert Coast
sectors of Marie Byrd Land, Wesley E. LeMasurier,
William C. McIntosh and David A. Tewksbury

32	Volcanic activity at Mt. Erebus, 1977/78, Philip R. Kyle
and W. McIntosh

34 Volcanic geology of the lower slopes of Mt. Morning,
Philip R. Kyle and H. Lee Muncy

36 Soil weathering sequences In Wright Valley, J. G.
Bockheim

39	Antarctic search for meteorites during the 1977-78
field season, W. A. Cassidy

41	Free oscillations of the Earth and tilt at the South
Pole, L. Knopoff, R. L. Countryman, P. A. Rydeiek, W. D.
Smythe, T. Yogi, and W. Zum

Glacial geology

43	Ross Sea glaciations: events in Lower Victoria Valley,
Harold W. Boms, Jr.

44 Glacial geologic studies in the McMurdo Sound
region, Minze Stuiver

46	Reconnaissance of the glacial geology of Hobbs
Coast and Ruppert Coast, Marie Byrd Land, Wibjärn
Karin and Oils Melander

Ice sheet, shelves, glaciers, bergs

47	Fixed nitrogen in antarctic ice and snow, Bruce C.
Parker, Edward J. Zeller, Karen Harrower and William
J. Thompson

48 Ultrasonic measurements on deep ice cores from
Antarctica, Anthony J. Gow and Heinz Kohnen

50	A 905-meter deep core drilling at dome C (East
Antarctica) and related surface programs, Claude
Lorius and Daniel Donnou

52	Radio echo sounding of the antarctic ice sheet,
1977-78, D.J. Drewry and D.T. Meldrum

53	Glaciology near Byrd Station, I. M. Whillans

54	Ross Ice Shelf Project 1977-78, John W. Clough

55 Access hole drilling through the Ross ice Shelf,
James A. Browning and David A. Somerville

55 Glaciological measurements on the Ross ice Shelf,
Robert H. Thomas and Douglas R. MacAyeal

56 Ross ice Shelf Geophysical Survey, 1977-1978, Larry
L. Greischar, Sion Shabtaie, Donald G. Albert and
Charles R. Bentley
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59 Antarctic Ice core recovery, Erick Chiang and Chester
C. Langway, Jr.

89 Spatial variation of the Kl, 01, and M2 constituents of
the southern Ross Sea tide, E.S. Robinson, R.T.
Williams, and H.A.C. Neuburg

61	Erebus Glacier Tongue movement, G. Holdsworth and
R. Holdsworth

63 Green iceberg sampled in the Weddell Sea, Anthony
F. Amos

Sea ice

65	Numerical model of antarctic sea ice, Claire L.
Parkinson and John N. Rayner

67 Continuous surface strain measurements on sea ice
and on Erebus Glacier Tongue, McMurdo Sound,
Antarctica, D. J. Goodman and R. Holdsworth

70 Sea ice and ice algae relationships in the Weddell
Sea, S. F. Ackley, S. Taguchi and K. R. Buck

Physical oceanography

71	Tritium and carbon-14 distributions In McMurdo
Sound, 1977, T. L. Jackson, T. W. Linick, R. L. Michel
and P. M. Williams

73	Surface layer kinematics of the circumpolar current
as inferred from Nimbus 6, A. D. Kirwan, Jr., and E.
Reyna

75	Polar Front zone in the western Scotia Sea, winter
1977, Roberto Daniel Parodi

76 Interaction of the Antarctic Circumpolar Current with
topography south of New Zealand, R.A. Heath, H.L.
Bryden and S. P. Hayes

78	FDRAKE 77 Yelcho, Worth D. Nowlin, Jr., A. Dale
Pillsbury and Hellmuth A. Sievers

79	Eddies and ridges In the thermal structure south of
New Zealand, Donald B. Olson and William J. Emery

81	Temperature and salinity fields under the Ross ice
Shelf, Theodore D. Foster

82 International Weddell Sea Oceanographic
Expedition, 1978, Theodore D. Foster and Jason H.
Middleton

83 Physical oceanography of the Ross Sea, S. Jacobs, P.
Bruchhausen and J. Ardai

86 Differences between AAIW In the southeast Pacific
and the southwest Atlantic, Daniel T. Georgi

87 South Atlantic oceanography, Arnold L. Gordon

ii

91 Ocean wave measurements at the RISP J-9 camp,
R.T. Williams, E.S. Robinson, and H.A.C. Neuburg

Marine geology and geophysics

92 Isles Orcadas cruise 16, S.W. Wise, Jr., S.C. Jones,
P.F. Ciesielski, Daniel T. Georgi, David S. Woodroffe
and Stanley S. Jacobs

94 Basal sediment ages of Islas Oicadas cruise 11
piston-cores, Paul F. Ciesielski, F. Amrisar
Kaharoeddin, and Dennis S. Cassidy

97 Basal sediment ages of ARA Islas Orcadas cruise 12
piston cores, David R. DeFelice

99 Amino acid racemization in Isles Orcadas piston core
12-77-24, David J. Blunt, David R. DeFelice and Detlef
A. Warnice

100 Development of planktonic biogeography in the
southern ocean during the Cenozoic, J.P. Kennett

102 Cenozoic microfossil datums in antarctic to
subantarctic deep-sea sedimentary sequences, J. P.
Kennett

104 Paleontology and paleoenvironment of the Southwest
Atlantic Ocean basin, Sherwood W. Wise, Jr.

107 Planktonic foraminiferal dissolution at high latitudes
of the southwestern Atlantic, Björn A. Malmgren and
Hans G. Cronblad

110 Distribution of manganese nodules with depth In
sediments of the Sough Georgia Basin, Falkland
(Malvinas) Plateau and adjacent areas, Geoffrey P.
Glasby and Dennis S. Cassidy

111 Modern zoogeography of antarctic planktonic
microfdsslls, J. P. Kennett

113 Reduction in the South Pacific zone of high bottom
current activity during the last 3 million years,
Michael T. Ledbetter and T. C. Huang

115 Structure of the Middle Miocene antarctic diatom
species Denticula antarctica McCollum, David R.
DeFelice and William Miller, Ill

116 Studies of deep-sea benthonic foraminifera in the
southeast Indian Ocean, Bruce H. Corliss

118 Late Quaternary paleoclimatic applications of mean-
size variations In Globlgerina bulloldes d'Orbigny in
the southern Indian Ocean, Bjärn Malmgren and
James P. Kennett
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120 Heat flow in the Weddell Sea, Victor Ziotnicki, Ian 0.
Norton, John G. Sciater, and Richard P. Von Herzen

121 Miocene giaciomarine sediments from site J-9, Ross
Ice Shelf, Antarctica, Thomas E. Ronan, Jr., Peter N.
Webb, Jere H. Lipps, and Ted E. Deiaca

123 Miocene diatom flora from bottom cores at RISP site
J-9, H. T. Brady

124 Late Quaternary paleoecoiogy and paieociimatology
Inferred from Ross Sea sediments, Thomas B.
Kellogg, Lisa E. Osterman, and Robert S. Truesdale

126 Piston coring aboard USCGC Glacier in the Ross
Sea, Thomas B. Kellogg, Kevin Melanson, and Galen
Kenoyer

128 Geochemistry of the fine size fraction of bottom
sediments from the southern Argentine shelf,
Frederic R. Siegel, Frank T. Dulong, Anthony Dorrzapf,
Paul P. Hearn, and Jack W. Pierce

Marine biology

129 Microbial life beneath the Ross Ice Shelf, 0. Holm-
Hansen, F. Azam, L. Campbell, A.F. Carlucci, and D. M.
Karl

130 Microbial investigations in the Ross Sea, R. J. Olson,
B. M. Tebo, E. Moussalli, A. F. Carlucci, F. Azam, and
0. Holm-Hansen

131 Biogeography and metabolism of phytoplankton and
zoopiankton In the Ross Sea, Antarctica, S. Z. El-
Sayed, D. C. Biggs, D. Stockwell, R. Warner and M.
Meyer

133 Biological studies of antarctic krill, austral summer,
1977-1978, M. A. McWhinnie and C. J. Denys

135 Antarctic krill: ecology and commercial exploitation,
Gerald J. Bakus, Wendy Garling, and John E.
Buchanan

136 Long-term experimental benthic studies In McMurdo
Sound, Paul K. Dayton and John S. Oliver

137 Benthic fishes and echinoderms in the Scotia Arc
region, John H. Dearborn, Hugh H. DeWitt, James D.
McCleave, Timothy E. Targett and Edgar F. Lowe

139 Benthic marine biology, Ross Ice Shelf Project, Jere
H. Lipps, T. E. DeLaca, Jack Farmer, William Showers,
Thomas E. Ronan, Jr., John Clough, James Raymond,
Janet Bradford, and Arthur L. DeVries

141 Sediments and life under the Ross Ice Shelf (J-9),
Antarctica, Thomas E. Ronan, Jr., Jere H. Lipps, and
Ted E. DeLaca

142 Birds of the Weddell Sea, Robert M. Zink

145 Winter observations of birds at Palmer Station in
1977, Brian M. Glass

146 impact of unfavorable ice conditions on bird
productivity at Palmer Station during the 1977-78 field
season, David F. Parmeile, Neil Bernstein, and David
R. Neilson

147 Dispersal of algae and Protozoa by antarctic flying
birds, H. E. Schlichting, Jr., B. J. Speziale and R. M.
Zink

149 Behavioral and ecological adaptations in pygoscelid
penguins, D. Muller-Schwarze, W. Trivelpiece and N.
J. Volkman

150 Corneal curvature and amphibious vision in
penguins, J. G. Sivak

151 Three Ado-lie penguin colonies on the Hobbs coast,
and a nesting site of the snow petrel, Marie Byrd
Land, Antarctica, Russell W. Strandtmann

152 Establishment of a high antarctic penguin colony and
controlled environment breeding of Ad6IIe penguins
(Pygoscelis adeliae) Frank S. Todd

154 Bird and seal observations at Joinvllle Island and
offshore islands, David H. Elliot, Doyle R. Watts,
Richard B. Alley, and Tomislav M. Gracanin

156 Seal and emperor penguin survey, Victoria Land
coast, G. L. Kooyman and R. L. Gentry

157 Breeding status of southern elephant seals at King
George Island, D. Muller-Schwarze, E. C. Waltz, W.
Trivelpiece, and N. J. Volkman

158 Blood chemistry of freely diving Weddell seals, G. L.
Kooyman, E. A. Wahrenbrock, E. E. Sinnett, R. W.
Davis, and M. A. Castellini

159 Colonial behavior of the Weddell seal In eastern
McMurdo Sound, J. Thomas, V. Kuechle, D. DeMaster,
E. Bimey, and J. Eldridge

161 Biota of the antarctic pack ice: R/V Hero cruise 77-5,
D. Siniff, R. Laws, T. Oritsland, I. Stirling, J. Bengtson,
D. DeMaster, and R. Reichle

Terrestrial biology

162 Melting snow in the dry valleys Is  source of water
for endolithic microorganisms, E. Imre Friedmann

163 Airborne particles and electric fields near the ground
In Antarctica, William S. Benninghoff and Anne S.
Benninghoft

164 Physiological basis of low temperature tolerance in
antarctic insects, John G. Baust, John S. Edward, and
Robert Brown
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166 Terrestrial arthropods, Marl. Byrd Land, Antarctica,
A. W. Strandtmann

168 Ecosystem comparisons of oasis lakes and soils,
Bruce C. Parker and George M. Simmons, Jr.

Medical research

170 Respiratory virus transmission at McMurdo Station
and Scott Base (New Zealand), during the winter-fly-
in period, 1971, Elliot C. Dick, Frank Polyak, Sent S.
Kapitan, David M. Warshauer, Adrian D. Mandel, B.
Spencer Thomas and James Rankin

171 Respiratory virus infection late in isolation at the
South Pots, H. G. Muchmore, A. J. Parkinson, E. N.
Scott, L. Scott, and J. A. R. Miles

190 Geophysical monitoring for climatic change at the
South Pole, 1917, Gary A. Herbert and Bradley C.
Halter

191 Halocarbon and N20 analyses In Antarctica, R. A.
Rasmussen

193 Gamma ray activity from radioactive fallout at the
South Pole, Giesela Dreschhoff and Edward Zeller

194 Particles in the air at the South Pole, Glenn E. Shaw

196 Some considerations in deriving poleward water
vapor transport values for coastal East Antarctica,
David H. Bromwich

Magnetosphere, ionosphere

Meteorology

172 Solar radiation over the Weddell and Ross Seas, Guy
A. Franceschini

174 Atmospheric ic• crystals at the South Pole in
summer, Takeshi Ohtake

175 Early winter storms in the northwestern Weddell Sea,
W. Schwerdtfeger and F. Komro

178 Spectroscopic studies at McMurdo, South Pole, and
Siple stations during the austral summer 1917-78,
Michael Kuhn and Leonidas Siogas

179 Boundary layer research at South Pole Station using
acoustic remote sensing, W. D. Neff

181 Possible mechanism of meridional atmospheric
circulation over Antarctica, E. P. Lysakov

183 Operational meteorology, Deep Freeze '78, Manuel G.
Salinas

Atmospheric constituents

185 Trace gas and aerosol measurements to 30
kilometers in Antarctica, D. J. Hofmann, J. M. Rosen.
A. L. Fuller, D. W. Martell, and G. L. Olson

187 Trace elements in the antarctic atmosphere, William
H. Zoller, William C. Cunningham, Cary McGregor, and
Robert A. Duce

188 Antarctic tritium measurements, Allen S. Mason and
H. Gote Ostlund

iv

197 High time resolution riometer studies of
magnetospheric electron precipitation, T. J.
Rosenberg, D. L. Detrick, C. G. Mcclennan, and L. J.
Lanzerotti

199 Precipitating electrons observed from balloons
launched near the conjugate point of Siple Station,
Antarctica, J. C. Siren, T. J. Rosenberg, and D. Detrick

200 Correlative Pc 1 micropulsatlons and particle
precipitation, A. L. Amoldy, P. B. Lewis, Jr., and L. J.
Cahill, Jr.

202 SIple/Roberval magnetospheric wave-wave
Interaction experiments, R. A. Helliwell and D. C. D.
Chang

203 ISEE-1 satellite observations of signals from the SIple
transmitter, U.S. man and T. F. Bell

204 Wave-Induced particle precipitation effects at Siple
Station, J. H. Doolittle, W. C. Armstrong, J. P.
Katsufrakis and D. L. Carpenter

206 Power line radiation in the magnetosphere, C. G. Park

208 Jupiter: a new tool for magnetospheric research,
William J. Trabucco and Evans W. Paschal

209 Energy flux in the solar wind and magnetospheric
substorms, S. I. Akasofu

211 High-latitude ionospheric absorption, H. J. A. Chivers

212 Polar cap geomagnetic variations studies, A. N.
Zaitzev

214 High time resolution studies of sudden impulses, R. A.
Heacock

215 Cosmic ray intensity variations, Martin A. Pomerantz
and Shakti P. Duggal
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Services, support, other

217 Polar Research Board, 1977-1978, W. Timothy Hushen

218 Searching on-line data bases for the Antarctic
Bibliography, Mary C. Smith

219 Processing and distributing antarctic meteorites
collected during 1977-78, John 0. Annexstad

221 Antarctic Marine Geology Research Facility,
1977-1978, Dennis S. Cassidy and Sherwood W. Wise,
Jr.

222 Core splitter for an Argentine-U.S. coring program,
Sherwood W. Wise, Jr., Harold J. Siegel, Felix H.
Mouzo, Miguel A. Marmorato, and Alfredo Yung

223 Polar biological specimens, B. J. Landrum

224 LC-130R research flights, 1977-78, Samuel R.
Schoenhals

226 New 60-megahertz antenna array for radio echo
sounding, P. Gudmandsen, M. Pallisgaard, N. Skou and
J. Tel lgaard

227 Public Works Department, Deep Freeze '78,
Lt. Robert L. Bellafronto

227 Ship operations, Deep Freeze '78, James F. Eckman

229 Contractor support, A. C. Esser and A. J. Wolak

231 Gathering materials for a second book about
Antarctica, Charles Neider

231 East Base, Stonington island, Antarctic Peninsula,
Jere H. Lipps
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U.S. antarctic research, 1977-1978

Over the last year, the United States continued its program, uninterrupted since 1959, of
research into the physical and biological characteristics of the antarctic region.

The program can be divided into three major components. First is the cadre of investigators,
approximately 300, who went into the field to perform nearly a hundred research projects during
the 1977-1978 austral summer. Some of these projects were completed in as short a period as
several weeks; others are long-term efforts that may continue for years. Objectives are to under-
stand and to quantify the adaptations of species to the environment, the components of the
marine ecosystem and their interactions, the physical and chemical characteristics of the oceanic
water masses, the geology of the continent and its surrounding shelf and ocean basins, the struc-
ture and the dynamics of the magnetosphere and the ionosphere, the interactions of antarctic and
global climate, and the present and past structure, dynamics, and chemistry of the ice sheet. In
each of these areas, projects have been selected to take advantage of Antarctica's often unique
situation within the global structure. More than half the articles in this issue are preliminary
reports, prepared by investigators only shortly after their return from Antarctica, describing these
field campaigns.

The second major component is the suite of operational and logistics efforts that make the
field research possible. In 1977 and 1978, these efforts comprised operation of the four year-
round stations Amundsen-Scott South Pole, McMurdo, Palmer, and Siple; a squadron of
helicopters and ski-equipped airplanes; numerous temporary camps at remote research sites;
three icebreakers, two supply ships, and two research ships; and operational and administrative
units in New Zealand, Argentina, Chile, California, and Washington, D.C. The final section of
this issue contains descriptions of most of these services. Additional descriptions and
acknowledgements of these support efforts will be found in many of the field reports written by
investigators themselves.

The third component of the program, though devoid of the drama of a rolling ship or a bit-
ing wind, is the work performed by investigators upon return to their home institutions. The
many reports in this issue that present summary accounts of these major research results are the
payoff of the program. They represent years of data gathering, analysis, and conferrals with
fellow workers.

It is a pleasure to acknowledge the generosity of the 310 investigators and project directors
who have helped to compile this year's review of the United States Antarctic Research Program.
While the final and full research results are likely to appear in the scientific literature, these short
papers will stimulate the flow of information within the international and many-disciplined com-
munity of antarctic scientists and operators. In addition, they will enable the convenient presenta-
tion of a full year's results to the growing community of nonantarctic workers who require
knowledge of the far southern region.

Funds expended to support the projects reported in these pages are difficult to identify pre-
cisely. Some reports are the result, or only the partial result, of grants made over the last several
years, and others are based on work supported to some extent by grantee institutions. However, in
the pages that follow, each scientist who performed research under a National Science Founda-
tion grant cites his or her award number; the amounts of these grants are listed in previous issues
of the AntarcticJournal. For summary purposes, this issue describes, to a large extent, work carried
out over a period of 1 year. In the 1978 fiscal year-1 October 1977 to 30 September 1978—U.S.
government (National Science Foundation) expenditures for antarctic projects were as follows:
environmental research, $4,145,000; mineral and marine resources research, $1,830,000; infor-
mation and advisory services, $500,000; direct science support in the field, $7,100,000; base level
support (stations, aircraft, etc.), $26,583,000; major construction or procurement, $8,075,000.
Total of above, $48,233,000.
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Terrestrial geology and geophysics,

Petrologic study of the granulite-
facies metamorphic rocks of

Enderby Land, East Antarctica,
with the Australian National

Antarctic Research Expedition
(ANARE), 1977-78

EDWARD S. Grtiw

Department of Earth and Space Sciences
University of California

Los Angeles, California 90024

I did field work for a petrologic study of high-grade Pre-
cambrian metamorphic rocks in Enderby Land that contain
the assemblages sapphirine-quartz and orthopyroxene-
sillimanite-quartz while I was a member of the Australian
National Antarctic Research Expedition (ANARE).

The present ANARE program, a geological, glaciological,
geophysical, and cartographic survey of Enderby Land
(45°E. to 55°E.), was begun during the 1974-75 season. A
temporary logistics base has been established 5 kilometers
southeast of "Mount King" (unofficial name)
(67004'S.52052'E.).

During my stay in Enderby Land (28 December to 11
February) I studied eight localities in detail (3 to 7 days at
each) and made a brief visit to a ninth. On 25 January and
again on 27January 1978, I accompanied members of ANARE
to Molodezhanaya while L. I. Dubrovin, chief of the 22nd
Soviet Antarctic Expedition, paid a visit to the Mount King
base camp.

After completion of my program in Enderby Land, I spent
a week at Mawson Station (figure 1), where I collected sam-
ples of a sapphirine-enstatite-phlogopite pod in charnockite
described by Segnit (1958).

The major rock types exposed in the central part of Ender-
by Land (figure 2) are charnockitic gneiss, pyroxene gneisses,
leucocratic granitic gneisses, quartzofeldspathic pelitic
gneisses containing sillimanite or garnet, and quartzite. Char-
nockitic gneiss, the most widespread and abundant rock type,
was found at all localities; mafic pyroxene-plagioclase
gneisses, although less abundant, are equally widespread.
The charnockitic gneiss is typically gray or yellow-brown and
layered from alternation of finer and coarser material or from
variations in pyroxene content. Garnet is local. The pyrox-
ene-plagioclase gneisses are gray, black, or yellow-brown
rocks containing orthopyroxene, clinopyroxene, feldspar,
arid, locally, garnet and hornblende. Quartzite, which is less
abundant than the rocks described above, is glassy, com-
monly well-layered, and white to blue to dark-gray. It con-

Figure 1. MV Nell. Dan in Horseshoe Harbor, Mawson Station,
Emperor penguin in foreground. (February 1978)

Figure 2. Pythagoras Peak, Tula Mountains. View to
southeast from air. Layered gnelsses typical of Enderby

Land. (January 1978)

tains feldspar, sillimanite, and garnet. Subordinate and local
rocks include u Itramafic rocks, quartz -magnetite -pyroxene
rocks in layers to 10 meters in thickness, and marble and calc-
silicate rocks.

The metamorphic rocks have been cut by pre-
metamorphic igneous rocks, which are now mafic pyroxene
gneiss, and by one or two generations of postmetamorphic
mafic igneous rocks. All the metamorphic rocks have under-
gone at least two periods of deformation (figure 3).

Sapphirine is abundant in aluminous rocks in association
with sillimanite, cordierite, garnet, biotite, and orthopyrox-
ene. Quartz is reported to occur in these rocks at Spot Height
945, Gage Ridge, and Mount Hardy. Examples of sap-
phirine-bearing rocks are: (1) white-weathering layers a few
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Figure 3. Beaver Island, Amundsen Bay. View south from air.
Fold In quartzofeldspathlc and matic pyroxene gneisses.

(January 1978)

centimeters in thickness (and pods to 15 centimeters) in
quartzite at Spot Height 945, Dallwitz's (1968) locality for the
sapphirine-quartz association; (2) layers 0.5 meter to 6 meters
thick containing garnet, sapphirine, and orthopyroxene in
quartzite or pyroxene-plagioclase gneiss (Mounts Hardy and
Torckler, Beaver Island); and (3) biotite gneiss layers a few
centimeters to 2 meters thick at Forefinger Point. Other sap-
phirine parageneses include a sapphirine-garnet-biotite reac-
tion skarn between ultramafic rock and garnetiferous
quartzo-feldspathic gneiss (Beaver Island) and sapphirine-
biotite-orthopyroxene rocks in lenses at Gage Ridge.

In thin section, one of the pelitic rocks at Mount Hardy
consists of sapphirine, quartz, orthopyroxene, cordierite,
rutile, and rare sillimanite. The sapphirine is mantled by cor-
dierite and is not in direct contact with quartz and
orthopyroxene. In a section of quartzite from Gage Ridge,
sapphirine is in direct contact with quartz.

Osumilite (identification confirmed with electron
microprobe analyses) is an important rock-forming mineral
at Gage Ridge, where it occurs with sillimanite, garnet,
spinel, sapphirine, orthopyroxene, and quartz. David Ellis of
the University of Tasmania is studying osumilite-bearing
rocks from Spot Height 945 that he collected in 1976-77
(mentioned by Hensen, 1977, p. 198).

Quartzo-feldspathic gneisses containing the association
sillimanite-ortho pyroxene (sapphirine absent, except as rare
inclusions in garnet at Mount Charles) are leucocratic rocks
found at Mount Charles and Forefinger Point. Garnet,
orthopyroxene, and cordierite in these rocks are paler than in
gneisses in which only one of sillimanite or orthopyroxene is
present. At Mount Charles the sillimanite-orthopyroxene
association was found in only one layer 5 meters thick,
whereas at Forefinger Point, this association is abundant and
is found in layers up to 2.5 meters thick. In thin section, the
sillimanite in the Forefinger Point rocks is mantled by cor-
dierite. Rutile is a typical accessory in the sillimanite-
orthopyroxene rocks.

I wish to thank Ian Allison (Antarctic Division), who was
officer-in-charge in Enderby Land, Lyall Offe (Bureau of
Mineral Resources, Canberra BMR) and other members of ANAR.E

for arranging logistic support and for invaluable assistance in
the field, and John Sheraton (BMR) for directing me to the
critical localities. The present research is supported by Na-
tional Science Foundation grant DPP 76-80957.
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Geological investigations in the
Leverett Glacier area

EDMUND STUMP, PATRICK H. LOWRY, GRETA M. HEINTZ-
STOCKER and

PHILIP V. COLBERT

Department of Geology
Arizona State University
Tempe, Arizona 85281

A four-person field party composed of the authors under-
took geological mapping and collection in the Leverett
Glacier area during the 1977-78 austral summer. The object
was to record the occurrence and geological history of rocks

in this area and to relate these to sequences elsewhere in the
Queen Maud Mountains studied previously by Stump
(1976). The area north of Watson Escarpment included on
the Leverett Glacier quadrangle (U.S. Geological Survey,
1:250,000, Antarctic Reconnaissance series) had been visited
only three times prior to the 1977-78 season: twice at Support-
ing Party Mountain by ground parties of Byrd's expeditions
(Blackburn, 1937; Gould, 1931) and at Mt. Webster where a
helicopter landing was made in 1964-65 (Minshew, 1967).

The party was placed in the field by LC-130 aircraft on 30
November at a location in the center of the quadrangle (see
figure). Supplies were cached there and five subsequent tent
camps were occupied during the season, with returns to the
central cache after camps 1, 2, and 5. With the exception of a
storm that halted work for 9 days (27 December to 4 Janu-
ary), few days were missed because of bad weather; by the
time of the take-out on 25 January, reconnaissance mapping
of the quadrangle had been completed.
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As had been predicted from the few descriptions of the
area and from aerial photo interpretation, the rocks are pre-
Ross Orogeny, belonging to the so-called "basement" of the
Transantarctic Mountains. Metamorphic and igneous types
occur with both variety and abundance.

The western portion of the Harold Byrd Mountains is un-
derlain by biotite and hornblende schist and gneiss. Minor
calc-silicate rocks indicate that a calcareous fraction existed
in some of the original sediments. In places, bedding is well
preserved with axial plane cleavage developed on it.
Elsewhere the schists are severely folded on the mesoscopic
scale so that original bedding is uncertain. It seems likely that
these rocks are related to late Precambrian sequences of
graywacke and shale or their metamorphic equivalents desig-
nated the Beardmore Group at other locations throughout the
central Transantarctic Mountains.

Another sequence of schist and gneiss crops out on spurs
north of Phleger Dome. Its character is distinct from the
rocks in the Harold Byrd Mountains, however, and the rela-
tionship between the two is uncertain and awaits
petrographic study. An aluminosilicate mineral (perhaps
sillimanite) is well developed in the more pelitic portions, and
a gneiss with porphyroblasts of feldspar to 5-centimeters in
diameter is distinctive. Metamorphism seems due to the adja-
cency of extensive granitic intrusions, for the schists and
gneisses appear not to have been deformed penetratively.

A sequence of clastic, carbonate, and volcanic rocks con-
taining Middle Cambrian fossils and designated the Leverett
Formation was known from Mt. Webster (Minshew, 1967).
Our party reexamined the Mt. Webster occurrence and
measured the upper part of the section from the point where
Minshew had left off.

A similar association of rocks occurs in the eastern Harold
Byrd Mountains, at Cressey Peak and Fadden Peak. Rock
types include cross-bedded quartzite, monomict and polymict
conglomerates, phyllites, calcareous phyllites, marbles, and
silicic volcanic rocks. Sections were measured on ridges west
of Mt. Manke and Cressey Peak, in excess of 2,000 and 2,500
meters respectively. These rocks are tightly folded at places,
in particular where the marbles occur, and axial plane
cleavage is developed

The Bender Mountains also are underlain by similar
rocks. White marbles and silicic volcanic rocks are par-
ticularly conspicuous. One 80-meter section was measured
west of Mt. Mahan. No folding of these rocks is apparent but

a major east-west trending fault cuts through the southern
portion of the area.

Except for small occurrences of Beacon rocks on the Wat-
son Escarpment (Mirsky, 1969) and LaGorce Formation
rocks at Teller Peak (Minshew, 1967), the rest of the Leverett
Glacier quadrangle is underlain by an extensive suite of calc-
alkaline intrusive rocks. Compositions range from granite to
perhaps diorite. Most have homogenous textures but some
are foliated. The rocks in the Tapley Mountains and western
Watson Escarpment were observed at a distance from both
the ground and air, but elsewhere collections were made. The
southern portion of the quadrangle borders the northern
margin of the Queen Maud-Wisconsin Range Batholith, ex-
tensively developed in the Reedy and Scott Glacier areas to
the south.

Returned samples from all rock-types examined are being
prepared for petrographic analysis at Arizona State Univer-
sity.

This research is supported by National Science Founda-
tion grant DPP 77-21774.
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Geologic survey of Ruppert-Hobbs
Coasts sector, Marie Byrd Land

F. ALTON WADE

Antarctic Research Center
The Museum, Texas Tech University

Lubbock, Texas 79409

A final, large-scale assault on the lesser known areas of
Marie Byrd Land was scheduled for the 1977-78 austral sum-
mer. Two areas were to be investigated: (a) the Ruppert-
Hobbs Coasts sector between longitudes 128°W. and
142°W., south to 76°15'S. and (b) a portion of the Walgreen

Deceased.
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Coast sector between longitudes 109°W. and 119'W., south
to 77°S. For various reasons, only the first of the two sectors
was surveyed. A Jamesway camp (75°45'S., 135°W.) was
established at a location central to the area and transportation
to and from outcrops was by helicopters operated and main-
tained by Antarctic Development Squadron Six (vxE-6). The
camp was erected and maintained by Holmes and Narver
personnel. The camp was ready for occupancy on 1 Novem-
ber as scheduled. The scientists were in residence and ready
for operations on 15 November.

To maximize the use of the facilities and support units,
the scientific investigations included five programs:

1. Detailed geologic survey of the Hobbs Coast sector,
Marie Byrd Land (Principal investigator: F. A. Wade, Texas
Tech University; co-principal investigator: John R. Wilbanks,
University of Nevada-Las Vegas).

2. Study of volcanic history of Marie Byrd Land, West
Antarctica (Principal investigator: W. E. Le Masurier,
University of Colorado-Denver).

3. Study to determine if the West Antarctic Ice Sheet is di-
sintegrating (Principal investigator: George H. Denton,
University of Maine-Orono).

4. Resource and radioactivity survey in Antarctica by air-
borne gamma ray spectrometry (Principal investigator: E. J.
Zeller, University of Kansas).

5. Study of terrestrial orthropods of Marie Byrd Land,
Antarctica (Principal investigator: R. W. Strandtmann,
Texas Tech University).

George W. Grindley, New Zealand Geological Survey,
was a guest member of the staff. Three helicopters were sta-
tioned at the camp. Operations were curtailed somewhat by a
regulation that prohibits more than two being flown at any
one time; at no one time could all 13 scientists be in the field.
Frequent blizzards and whiteouts were responsible for many
nonflying days. Field operations were carried out on only 14
days between 14 November and 22 December.

The geology of Marie Byrd Land has been and still is
enigmatic to investigators. West Antarctica is composed of
four large island units and an unknown number of small
ones. All are segments of continental crust. The large islands
are the geographic units known as the Antarctic Peninsula,
Ellsworth Mountains, Eights Coast, and Marie Byrd Land.
Relationships between the four have not been satisfactorily
determined. This is so because relative and absolute ages of
most rock units have not been established. In all of Marie
Byrd Land the only sedimentary formation that has been
assigned a relative age is the Swanson Formation, which
crops out in the Ford Ranges. On the basis of an assemblage
of microfossils, lltchenko (1972) placed it in the late Pre-
cambrian/early Paleozoic.

In the two areas scheduled for investigation in 1977-78,
exclusive of Tertiary vulcanism, the only events that had been
dated with some confidence were a Cretaceous orogeny in
both areas and a late Paleozoic orogeny in the Waigreen
Coast sector. Low-grade metasediments occur in both areas,
but no fossils had been noted in any of the units. Radiometric
dating has yielded few acceptable dates. It was hoped that
careful resurveys of both areas might produce information
that would make possible the development of an acceptable
geologic history of all of Marie Byrd Land.

The most exciting event of the field season was the discov-
ery on 11 December 1977 of plant fossils. Although they were
present only in erratics of carbonaceous argillite that rested
on the granite surface of Milan Rock (approximately 76° 1'S.

140°42'W.) in considerable numbers, they could not have
been transported more than 1 or 2 kilometers. From the
characteristics and bearings of the glacial striations on the
granite outcrop, it appears that they were plucked from a sub-
ice outcrop located to the southeast of Milan Rock. The dis-
covery was made by George Grindley. Other geologists pre-
sent were John Wilbanks, John Brand, James Reilly, and
Oley Melander. The Wilbanks collection was submitted to
James M. Schopf for study and fossil identifications. His
preliminary results indicate the age of the formation to be
Middle Devonian. The Grindley collection was studied by D.
C. Mildenhall, whose preliminary report suggests a relative
age of Upper Devonian.

James Reilly selected specimens for radiometric dating by
M. Halpern, University of Texas-Dallas, and Carl Cathey
collected oriented specimens for fabric analyses.

This work was supported by National Science Foundation
grant DPP 715-19130.
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Plutonic rocks from the Ruppert
Coast, West Antarctica

ANNE P. METCALFE

Department of Geology and Geophysics
University of Wisconsin-Madison

Madison, Wisconsin 53706

K. B. SPORLI

Department of Geology
University of Auckland

Auckland, New Zealand

CAMPBELL CRADDOCK

Department of Geology and Geophysics
University of Wisconsin-Madison

Madison, Wisconsin 53706

This paper summarizes studies of a collection of plutonic
rocks from the Ruppert Coast, West Antarctica (see figure).
The rock specimens were collected during the 1967-68 field
season by C. Craddock and K. B. Sporli, who carried out a
preliminary study and constructed a geologic map (Sporli
and Craddock, 1967, 1968).

Forty-six specimens of granitic and gabbroic rocks re-
cently have been analyzed for 10 major elements by x-ray
fluorescence and atomic absorption spectrometry techniques.
Additional optical work has been carried out using a five-axis
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Distribution of plutonic rocks along the Eights Coast. (Cape
Burks Is about 175 kilometers from Mount Shirley.)

Universal stage. Five main plutonic rock suites have been dis-
tinguished on the basis of field and laboratory data. These
suites are described below, in their inferred chronological
order.

Layered gabbro crops out at Cape Burks, Mount Giles,
and northern Mount Gray. Major minerals are plagioclase
(andesine/labradorite-bytownite), clinopyroxene (saute-
hedenbergite), olivine (in the more basic members to the
northeast), opaque minerals commonly associated with
apatite, and subophitic kaersutite and titaniferous biotite.
These rocks are quartz-free.

To the south of the gabbros, foliated granodiorites and
quartz diorites are exposed at Mount Gray, Mount Steinfeld,
and Mount Vance. These rocks clearly are igneous in
character. Typically they contain multiply zoned plagioclase,
quartz, olive-green hornblende, biotite, and rare perthitic
alkali feldspar, microcline, and sphene. Specimens from the
south of Mount Gray and Mount Steinfeld show evidence of
hydrothermal alteration and alkali metasomatism. Three
whole-rock Rb-Sr (rubidium-strontium) isotope analyses on
a gabbro and a quartz monzonite (parallel to the layering
gabbro) from Mount Giles and a quartz diorite from Mount
Gray suggest that these rocks are 154±35 million years old.

An alkali syenite-alkali granite intrusion crops out in the
southern and western regions of Mount Gray. At least three
phases of this pluton have been observed from a helicopter,
but only two phases have been recognized in the laboratory.
All specimens from this pluton have similar felsic
mineralogy. Anorthoclase occurs in various stages of exsolu-
tion with minor quartz and albite; granophyric intergrowth
between quartz and anorthoclase is common. The mafic
mineralogy of the lighter, more abundant phase includes
mainly bluish-green hornblende, commonly with cores of
ragged clinopyroxene, and some biotite. The darker-weather-
ing phase contains grains of aegirine-augite with sodic augite
cores mantled by olive-green hornblende, and rare aenig-
matite grains. Similar alkalic granites from the Ickes Moun-
tains contain rare grains of riebeckite-arfvedsonite. The
alkaline granitic rocks of Mount Vance contain little biotite

and actinolite (?) as major mafic phases. The presence of ac-
tinolite, together with the abundance of volcanic inclusions
seen in the outcrop, and the comparatively low iron-mag-
nesium ratios, suggest that the initial melt was modified by
the assimilation of basic material. An inclusion of the gabbro
has been identified in a specimen from Mount Gray,
Amphibole from an alkali granite from the Ickes Mountainf
yields a K-Ar (potassium-argon) apparent age of 96 millior
years.

Biotite- and hornblende-bearing quartz monzonite an
granitic rocks crop out west of Coulter Point. These rocks are
calcalkaline in character (Peacock index = 59.5) and are
typical of the type found in cordilleran batholiths. However,
when compared to similar rocks from the Sierra Nevada
batholith (Bateman ci al., 1963), they have lower modal
quartz (10-25%) and are unusual in containing exclusively
perthitic alkali feldspar. A specimen of granite from Landry
Peak has yielded a Rb-Sr apparent age of 92 million years.
Compared with the alkaline rocks, these rocks are poorer in
manganese and richer in magnesium.

Two specimens of a garnet-two-mica granite were col-
lected from Mount Shirley. Similar rocks have been
described elsewhere in West Antarctica from the southern
Ford Ranges (Warner, 1945) and from small islands west of
Thurston Island (Lopatin and Polkov, 1976).

To the west of Coulter Point the intrusives are associated
with a contorted pile of calcalkaline volcanic rocks (Peacock
index = 59), metamorphosed in the greenschist facies. The
age of these volcanic rocks is not clear, but they may correlate
with other calcalkaline suites from West Antarctica, which
are probably Jurassic in age (Dewar, 1970; Fuenzalida ci al.,
1972; Lopatin and Polkov, 1976; Thomson, 1972a; White,
1970).

It is interesting to note that the apparent ages obtained
from these plutonic rocks correspond to two of the magmatic
"pulses" statistically determined from dates of plutonic rocks
from the Antarctic Peninsula (Saunders ci al., in press).

This work was supported by National Science Foundation
grant oPP 76-11867.

References

Bateman, P. C., L. D. Clark, N. K. Huber, J . G. Moore, and C. D.
Rinehart. 1963. The Sierra Nevada batholith. US. Geological
Survey, Professional Paper, 414-D.

Dewar, G. J . 1970. The geology of Adelaide Island. British Antarctic
Survey Science Report, 57: 66.

Fuenzalida, H., it Araya, and F. Herve. 1972. MiddleJurassic flora
from northeastern Snow Island, South Shetland Islands. In: Ant-
arctic Geology and Geophysics (RJ. Adie, ed.). Universitetsforlaget,
Oslo. pp. 93-97.

Lopatin, B. G., and M. M. Polkov. 1976. Geology of Marie Byrd Land
and the Eights Coast (in Russian). Moscow: 144-147; 42-50.

Saunders, A. D., S. D. Weaver, andJ. Tarney. In press. The pattern
of Antarctic Peninsula plutonism (Proceedings of the Third Sym-
posium on Antarctic Geology and Geophysics, Madison, Wisconsin).

Sporli, B., and C. Craddock. 1967. Geology of the Ruppert Coast.
Antarctic Journal of the US., 2(4): 94.

Sporli, B., and C. Craddock, 1968. Analysis of Ellsworth Mountains
and Ruppert Coast geologic data. Antarctic Journal of the US., 2(5):
179.

ANTARCTIC JOURNAL



Thomson, M. It A. 1972. New discoveries of fossils in the Upper
Jurassic volcanic group of Adelaide Island. British Antarctic Survey
Bulletin, 30: 95-102.

Warner, L. A. 1945. Structure and petrography of the southern Edsel
Ford Ranges. Proceedings of the American Philosophical Society, 89:
78-122.

White, C. 1970. Bedrock Geology of the Eights Coast, Ellsworth Land, Ant-
arctica. Unpublished master's thesis, University of Wisconsin,
Madison.

Geologic studies in Orville Coast
and eastern Ellsworth Land,

Antarctic Peninsula

which is locally interbedded with volcanic rocks. The forma-
tion, of Late Jurassic and perhaps partly Middle Jurassic age,
comprises all the Hauberg and Wilkins Mountains and part
of the southern Sweeney Mountains. The clastic fraction of
the Latady is rich in volcanic rock fragments derived from a
contemporaneous magmatic arc that formerly occupied the
present interior of the Antarctic Peninsula. The Latady For-
mation becomes generally finer grained as it passes south-
ward and southeastward off the edge of the magmatic arc.
Depositional environments simultaneously change from
swamps and possible continental settings on the flank of the
arc (present southern Sweeney Mountains and Sky-Hi
Nunataks) to deltas and other nearshore marine environ-
ments farther south (present Hauberg and Wilkins Moun-
tains), to an open shallow-water marine environment farthest
south (present Cape Zumberge, which is the southernmost
rock outcrop on the Orville Coast, see figure 2), and the
nunataks east of the Wilkins Mountains.

PETER D. ROWLEY

US. Geological Survey
Box 25046, Denver Federal Center

Denver, Colorado 80225

Reconnaissance geologic mapping of about 30,000 square
kilometers was completed during the 1977-78 austral summer
in the Orville Coast, the last large remaining area of unex-
plored mountains in Antarctica (see figure 1). The U.S.
Geological Survey field party also visited parts of eastern
Ellsworth Land to map some areas that had not been ex-
plored before and to conduct more detailed studies in some
previously mapped areas. The geology of the Orville Coast
has many similarities to the geology of the Lassiter Coast
(Rowley and Williams, in press; Williams et al., 1972) and
eastern Ellsworth Land (Laudon, 1972; Laudon et al., 1969).

The oldest exposed rocks in the area are the predonit-
nantly sedimentary Latady Formation

74	 I	
6

çornerNunataks

RONNE
III	 ICE

Sky-Hi Nunata6s

EASTERN Me,r,ck MIS

f' Morgan b
Nunataks

76* LAND

ELLSWORTH

o 20 40 60

RONNE ICE SHELF KILOMETERS

Figure 1. Sketch map of major topographic features in Orville
Coast and eastern Ellsworth Land.
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Figure 2. Cape Zumberge, where ice cliffs (seen in the back-
ground) rise more than 150 meters above the surface of the

Ronne Ice Shelf, to the south (left).

The volcanic rocks that locally are interbedded with the
Latady Formation consist of calc-alkaline silicic to intermedi-
ate composition ash-flow tuffs, lava flows, air-fall tuffs. Most
appear to have been deposited subaerially. In the northern
Sweeney Mountains, Sky-Hi Nunataks, and Olander-
Tollefson-Horner Nunataks these rocks represent the interior
and southern flank of the magmatic arc. They intertongue
with the Latady Formation in the southern Sweeney Moun-
tains and much of eastern Ellsworth Land. They are
generally correlative with volcanic rocks of similar lithology
found throughout the interior of the Antarctic Peninsula.

The Latady Formation and the volcanic rocks have been
folded along west-northwest- to east-northeast-trending axes;
most rocks display a well-developed axial-plane cleavage
(figures 3 and 4). Generally east-striking thrust faults were
observed in several places; the direction of thrusting probably
was toward the south, based on the predominant sense of fold
asymmetry and overturning.
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Figure 3. View to the east of folded rocks of the Latady For-
mation, Novicin Peak, southern llauberg Mountains. Mt.

Dews is in the left background.

Figure 4. View of Mt. Dews, southeastern Hauberg Moun-
tains. Mt. Dews is underlain by an anticline in the Latady For-
mation and is flanked on the north by a syncline, In the saddle

above the ice axe.

The folded rocks were intruded by calc-alkaline stocks
that produced contact metamorphic aureoles with outcrop
widths as large as 1 kilometer and with grades as high as an-
dalusite hornfels. The stocks, which range in composition
from granodiorite to gabbro, are similar to numerous Andean
stocks and batholiths in the southern Antarctic Peninsula that
have Late Cretaceous isotopic ages (Farrar et at., in press).
Fourteen stocks, with diameters of as large as 10 kilometers,
were mapped in the Sweeney Mountains and the Morgan,

Witte, and Janke Nunataks; a large stock also was mapped
just west of the Behrendt Mountains.

A small noneconomic porphyry-type copper deposit was
discovered in an Andean granodiorite stock in the
southeastern Sky-Hi Nunataks. The exposures consist of 

1

several small nunataks with a total outcrop length of less than
1 kilometer. Intrusive contacts are not exposed, but probably
the pluton intrudes folded Jurassic volcanic rocks that are ex-
posed in nearby nunataks. Metallic minerals consist of
chalcopyrite, bornite (?), pyrite, and lesser amounts of
malachite, hematite, and limonite that occur in quartz veins
and as disseminated crystals or stains in the plutonic rock.
Most plutonic rock is propylitically altered and is cut by
numerous north-northeast-striking zones, as large as 3 meters
wide, of argillic, phyllic, and potassic(?) altered rock. The
deposit in general and the altered zones in particular closely
resemble those of the noneconomic Upper Cretaceous copper
deposit of the Lassiter Coast (Rowley et al., 1977).

High-angle faults of mostly small displacement occur
throughout the Orville Coast. They offsetJurassic rocks and
possibly also Cretaceous plutons. The last significant geologic
event in the Orville Coast area was glaciation, which followed
or perhaps occurred partly contemporaneously with faulting;
the ice formerly was at least 500 meters thicker than it is now.

The field party consisted of seven geologists—Peter D.
Rowley (party leader), U.S. Geological Survey (usGs); J.
Michael Boyles, University of Texas at Austin; Paul E. Car-
rara, USGS; Karl S. Kellogg, USGS; Thomas S. Laudon,
University of Wisconsin at Oshkosh; British Exchange Scien-
tist M. R. A. Thomson, British Antarctic Survey; and Walter
R. Vennum, California State College, Sonoma; and four
topographic engineers of the USGS—Eberhard G. Schir-
macher (topographer in charge), David E. Reed, Robin A.
Schmutzler, and Harry L. Zohn. The party was placed in the
field by LC-l30 aircraft by the Navy's Antarctic Development
Squadron Six on 3 November 1977, and was evacuated on 2
February 1978; time in the field was 91 days.

This work was supported by National Science Foundation
grant DPP 76-12557.
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Stratigraphical studies in Orville
Coast and eastern Ellsworth Land
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J. M. BOYLES2
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The 1977-78 geological reconnaissance of Orville Coast
and eastern Ellsworth Land (Rowley, 1978) found that most
of this area is underlain by sedimentary rocks of the Latady
Formation. Although the Latady Formation also is
widespread farther north, in the Lassiter Coast of eastern
Palmer Land, the exposures there are separated by many
plutonic intrusions surrounded by wide metamorphic
aureoles (Rowley and Williams, in press; Vennum, 1978),
and fossils become less abundant to the north. In the Orville
Coast area, by contrast, exposed portions of intrusive bodies
are smaller and more scattered, and fossils are locally abun-
dant, making the Orville Coast an excellent place to study the
Latady Formation. A north-south cross section of nearly 200
kilometers is exposed intermittently in mountain ranges and
isolated nunataks of the Orville Coast. Depositional facies
along this section range from an island arc with lagoonal or
possibly lacustrine deposits in the northern Sweeney Moun-
tains to deltaic deposits in the Hauberg and Wilkins Moun-
tains to a more distal shelf fades at Cape Zumberge.

In most places the Latady Formation consists of fine- to
medium-grained sandstone and subordinate siltstone and
shale. Fossils occur sporadically throughout the sequence and
are locally abundant. The massive to fissile sandstones are
generally arkose, but they also include subarkose and
quartzite. They exhibit a wide range of weathering colors
(white, gray, tan, brown, and red) and are in beds ranging in
thickness from a few centimeters to more than 10 meters, with

British exchange scientist, Orville Coast field party.
2Work done while employed by the U.S. Geological Survey,

Denver.

the average thickness being about 1 meter. Internal lamina-
tion is absent in most places, but where present it is generally
parallel and laterally persistent. Cross-bedding occurs occa-
sionally, and there are rare examples of convolute lamination.
Intraformational shale-pebble conglomerate, usually in beds
a few centimeters thick, occurs frequently at the bases or tops
of massively bedded sandstone units. In many places these
shale-pebble conglomerates are fossiliferous and contain
belemnites or buchiid bivalves. True conglomerates, apart
from fine granule types, are generally absent. Carbonaceous
shales and minor coals are largely restricted to the lagoonal or
lacustrine facies in the northern part of the area.

Despite the variation in sandstone types and bedding
units, the sequence is repetitive and monotonous and con-
tains no obvious marker beds. Thus a detailed stratigraphy is
likely to be established only by a great deal of painstaking
work. However, wherever possible, sections were measured to
demonstrate variations in lithologic composition and bedding
thicknesses from one area to another. Maximum
stratigraphic thickness measured in a single section in the Or-
ville Coast was 830 meters.

The base to the Latady Formation has never been
positively identified. The lower parts of the Latady Forma-
tion, exposed in the Sweeney Mountains, contain interbedded
andesitic and felsic volcanic rocks, and the sedimentary rocks
appear partly to overlie large masses of porphyritic
rhyodacite. However, this probably represents a sedimentary
sequence banked against an island arc, rather than a true
basal contact. Likewise, no top to the formation was seen in
the area, although apparently overlying dacitic and andesitic
volcanic rocks have been reported in the Lassiter Coast
(Williams et al., 1972).

The marine faunas are dominantly molluscan, and large
collections of ammonites, belemnites, and bivalves were
made, notably in the Hauberg Mountains. Fossil floras, as
well as the invertebrate faunas, also were obtained from the
Behrendt Mountains and northern Sweeney Mountains.
Studies of the faunas will bridge the geographical gap be-
tween those being completed by R. W. Imlay and E. G.
Kauffman (unpublished data) of the U.S. Geological Survey
for the Lassiter Coast area and earlier investigations in
eastern Ellsworth Land (Laudon et al., 1969). Field identifica-
tions indicate that the bulk of the faunas collected this season
are Late Jurassic in age, but the hitherto unique Middle
Jurassic marine faunas of the southern Behrendt Mountains
(Quilty, 1970) were re-collected to see if they might be recog-
nized elsewhere in the area. These faunal collections will add
significantly to our knowledge of the Mesozoic rocks in Ant-
arctica and the distribution of fossil faunas around the world.

This work was supported by National Science Foundation
grant DPP 76-12557 to the U.S. Geological Survey.
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Scotia Arc Tectonics Project,
1977-78

IAN W. D. DALZIEL

Lamont -Doherty Geological Observatory
Columbia University

Palisades, New York 10964

During the austral winter of 1977 and the austral summer
of 1977-78, Scotia Arc Tectonics Project (Dalziel, 1975)
fieldwork was conducted by scientists from Lamont-Doherty
Geological Observatory at the South Shetland Islands, Ant-
arctica; at Cordillera Darwin, Tierra del Fuego, Chile; in the
Andean foothills, Magallanes Province, Chile; and the
Patagonian coastal cordillera, Chile. The fieldwork involved
the history of the Scotia Arc region from the late Paleozoic to
present day.

In his work in the Patagonian coastal cordillera, Randall
Forsythe (1978) mapped detailed pre-Middle Jurassic base-
ment rocks of southern South America to tie in with work in
the South Orkney and South Shetland Islands (Daiziel, in
press). Margaret Winslow and Terry Wilson undertook field
studies of the tectonic evolution of the well-developed Andean
foreland fold and thrust belt. The first detailed study of the
structural geology and tectonic history of Cordillera Darwin
in Tierra del Fuego, a highly deformed region on the conti-
nental side of the Early Cretaceous marginal basin in the
southern Andes (Dalziel et al., 1974), was initiated by Eric
Nelson (Nelson et al., 1977). Finally, Margaret Winslow un-
dertook a detailed study of the late Mesozoic and Tertiary
rocks on Byers Peninsula of Livingston Island.

Laboratory work on all these individual projects, as well as
my study of the basement rocks of the South Orkney and
South Shetland Islands, continued at Lamont-Doherty.
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Geologic reconnaissance of the
Pre-Late Jurassic Basement:

Patagonian Andes

RANDALL D. FORSYTHE

Lamont-Doherty Geological Observatory
of Columbia University

Palisades, New York 10964

Over 3 months of field work have been done to define the
regional geologic framework of the Pre-Late Jurassic base-
ment exposed along the outer perimeter of southernmost
Chile. This work has been carried out through the RJv Hero
cruise 76-5, and more recently through the logistical support
of the limestone quarry operated by the Compania de Acero
del Pacifico within the region of concern. These investiga-
tions were part of the continuing study of the structural and
tectonic history of the Scotia Arc supported by the National
Science Foundation. (See, for example, Daiziel et al., 1975;
Dalziel, 1975.)

The Pre-Late Jurassic basement forms an almost con-
tinuous belt of exposure from 47° S. to 54'S. along the outer
belt of islands that comprise the southern Chilean
archipelago (see figure). The islands containing basement ex-
posures that have thus far been investigated are Desolacion,
Donas, Madre de Dios, and Duque de York.

Desolacion Island. Over 90 percent of the basement within
this region is composed of a monotonous sequence of alter-
nating conglomerate, sandstone, and shale, all generally im-
mature and containing many graded units of turbidite
character. Tectonically emplaced into these clastic sediments
are lenticular bodies of red and green rhythmically bedded
chert.

Structurally the flyschoid and chert units exhibit an ex-
treme parallelism between bedding and cleavage, usually
striking northwest and dipping variably to the southwest. The
discontinuous nature of the chert and elastic units together
with the cleavage-bedding relationships suggest massive im-
brication and thrusting on a inter- and intraformational scale.

Madre de Dios, Duque de York, and Donas Islands. As a result
of detailed investigations carried out in this region, a geologic
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Pacific perimeter of southern Chile between latitudes 50 0 and
530 Islands investigated were Duque de York ("a" on map),
Desolacion, Donas, and Madre de Dios ('b" on map).

Limestone quarry located at "c."

map for these three islands at a scale of 1:100,000 is close to
completion. Many new discoveries have been made to add to
the previous work in this region (Oppinger, 1883; Biese,
1945; Mordojovich, 1953; Cecioni, 1956; Douglass and
Nestill, 1976; Dalziel, 1975). Probably the most important
discovery is the occurrence of over 20 bodies of a
basalt/chert/shale/limestone association that are for the most
part in thrust contact with the other two dominant lithologies
in the region, these two being (1) a massive fusulinid-bearing
limestone of Carboniferous to Permian age (Mordojovich,
1953; Douglass and Nestill, 1976) and (2) a monotonous se-
quence of conglomerate, sandstone, and shale similar to those
on Desolacion Island. In 3 of the 20 localities stratigraphic
relationships among the basalt/chert/shale/limestone associa-
tion have been preserved. Massive pillow basalt with in-
terstitial red and purple manganiferous chert is overlain by a
sequence of red ribbon chert. The red chert consistently
passes upward into a sequence of green ribbon chert. Within
both red and green cherts, radiolaria and fine turbiditic struc-
tures occasionally are visible. The green chert can be seen in
transitional contact with thinly bedded limestones in at least
three localities. In one of the three localities, the limestone
contains a fusulinid-bearing zone. This suggests a late
Paleozoic age for the basalt/sediment association. The se-
quences of conglomerate, sandstone, and shale commonly
contain zones of soft sediment deformation, olistostromes,
and cleavage-bedding relationships similar to those observed
in Desolacion Island. Conglomeratic horizons contain many
clasts of silicic volcanics, occasional clasts of limestone, and
many angular sandstone and shale clasts.

Structurally the region is more complicated than the
Desolacion area and cannot be adequately synthesized here.
Structural domains of both consistent fabric characteristics
and consistent orientation are generally relatively small,
perhaps less than 25 square kilometers on the average.

Regional Synthesis. The presence of (1) pillow basalts over-
lain in sequence by red chert, green chert, and limestone, (2)
immature clastic sequences containing clasts of felsic/silicic
volcanics, turbidite intervals, and soft sediment deformation
features, (3) tectonic melanges, and (4) zones of small- and
large-scale crustal imbrication as well as complicated discon-
tinuous folds, corroborate the hypothesis suggested earlier
that this region represents a fore-arc, arc-trench-gap
assemblage of late Paleozoic to early Mesozoic age (Barker et
al., 1976; Dalziel, 1975; Dalziel, in press; de Wit, 1977;
Surez, 1976).

This work could not have been accomplished without the
cooperation and excellent seamanship of Captain Pieter
Lenie and the entire crew of the R.Jv Hero. Further thanks is
due the Compa?iia de Acero del Pacifico and the kind people
at the Guarello Quarry for their assistance in the Madre de
Dios area. This research was supported by National Science
Foundation grant DPP 74-21415.
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Geologic studies in the northern
Antarctic Peninsula, A/V Hero
cruise 78-113, February 1978
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Geologic investigations were carried out between 2 and 18
February on eastern Joinville Island and surrounding
offshore islands and at Hope Bay (figure 1). Studies
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Figure 1. Location map of northern Antarctic Peninsula.

originally planned for the South Shetland Islands were not
carried out because the cruise was terminated early.

The objectives of the studies were:
1. To investigate the Mesozoic conglomerates and associ-

ated rocks cropping out onJoinville Island and at Hope Bay,
as part of the program initiated in 1974-75 to study the late
Mesozoic and Cenozoic evolution of the Antarctic Cordillera
through the sedimentary rocks of that age (Dalziel et al., 1977;
Elliot et al., 1975; Elliot and Trautman, in press; Elliot and
Wells, in press); and

2. To collect samples for paleomagnetic study to establish
the position of the northern Antarctic Peninsula relative to
South America and the east antarctic craton during the late
Mesozoic and early Cenozoic (see Watts, in press).

Mesozoic sedimentary and volcanic rocks. The principal objec-
tive of this part of the program was to establish the relation-
ship between the Mesozoic sedimentary and volcanic rocks
(see Bibby, 1966; Elliot, 1967) that crop out onjoinville Is-
land and at Hope Bay and the evolution of the Antarctic Cor-
dillera. The sedimentology of the conglomerates suggests that
all are alluvial fan deposits. Four sedimentary facies have
been recognized, and at Hope Bay an evolution in the deposi-
tional environment is suggested by the vertical change from
debris flows, through sheetwash conglomerate, to fluvial or
lacustrine plant-bearing beds at the top of the section. All the
conglomerates reflect erosion of the late Paleozoic-early
Mesozoic Trinity Peninsula Formation. The alluvial fan
deposits are probably related to fault block tectonism. The
finer grained, plant-bearing sandstones at Hope Bay repre-
sent a sedimentary facies not preserved elsewhere, except
possibly at inaccessible outcrops west of Fleiss Bay (see Bibby
in Elliot, 1967); the plant beds are known to be either fluvial
or lacustrine deltaic deposits, but a precise distinction must
await further detailed fieldwork. Siliceous volcanic rocks oc-
cur at intervals through the sedimentary sequence at Hope
Bay and form a thick pile of rocks conformably overlying the
plant beds.

The unconformity between the conglomerate beds and the
Trinity Peninsula Formation was observed at three places
around Ambush Bay, and what appear to be Trinity Penin-
sula Formation outcrops were located very close to the con-
glomerates at Hope Bay.

Dating of these rocks has regional significance and,
therefore, samples were collected for palynological study. It is
hoped that such studies will help define the age of the con-
glomerates and refine the age of the plant beds.

Hope Bay is particularly important in the Mesozoic histo-
ry of the northern Antarctic Peninsula (figure 2). Here the
Trinity Peninsula Formation, which was deformed during
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Figure 2. Mount Flora, Hope Bay. (The Trinity Peninsula For-
mation crops out on the low ground at the base of Mount
Flora. The conglomeratic rocks form the lower north-facing
cliffs (right-hand side of the photo) of Mount Flora below the
prominent pale band located in the middle part of that face.
The volcanic rocks form the upper part of that face and the

rest of the mountain.)

the early Mesozoic Gondwanian Orogeny, is seen to be un-
conformably overlain by what probably are Jurassic sedimen-
tary rocks. The conglomerates probably resulted from the
erosion of the uplifted Gondwanian Orogen; however, these
rocks, together with the overlying plant-bearing beds, have in-
tercalated volcanic rocks representing the initiation of the An-
dean cycle. Nowhere else in the northern Antarctic Peninsula
is this transition from Gondwanian to Andean events so well
displayed.

Paleomagnetic studies. An extensive paleomagnetic investiga-
tion of Mesozoic rocks in the northern Antarctic Peninsula
was initiated with the collection of 234 oriented samples from
the vicinity ofJoinville Island and Hope Bay. Wherever possi-
ble, oriented cores were collected using a commercially
available, portable drilling apparatus; otherwise, oriented
block samples were taken. The samples were oriented by
clinometer and magnetic compass. Magnetic bearings were
checked by a direct-reading solar compass (Stone, 1967)
when possible.

Samples were collected from intrusive rocks at King
Point, Fitzroy Point, and the offshore islands to the north and
east ofJoinville Island. Most of the units sampled in the area
consist of gabbro, though a few have intermediate composi-
tions. Intrusive rocks of granitic and intermediate composi-
tion were sampled at Hope Bay.

The Antarctic Peninsula Volcanic Group was sampled in
detail at Hope Bay. Volcanic rocks above and below the
plant-bearing horizons were collected. Because normal fault-
ing has tilted some of the volcanic rocks up to 50°, the fold
test of Graham (1949) may be applied to establish the
stability of the magnetization of these rocks.

It is hoped that laboratory analysis of the samples col-
lected will yield a well-dated Mesozoic pole position for the
northern Antarctic Peninsula.

We appreciate the excellent support of Captain Lenie and
the crew of iJv Hero. This work was supported by National
Science Foundation grant DPP 77-23427.
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Geological studies in southern
Victoria Land, on Black Island, and

on the McMurdo Ice Shelf

HOWARD THOMAS BRADY

School of Biological Sciences
Macquarie University, North Ryde

Sydney. 2113 Australia

Earlier dry valley glaciations (H.T. Brady and B. McKelvey,
Armidale University, N.S.W.). Brady and McKelvey (in
preparation) describe an ancient tillite at 2,750 meters on Mt.
Feather overlooking the Skelton Nevé, the Ferrar Glacier, and
Beacon Valley. The deposit has many features in common
with the Sirius tillites described by Mercer (1972), Mayewski
(1972, 1975) and Barrett (in press). Brady and McKelvey
mapped 57 directions on striated clasts and exposed two sec-
tions of striated pavement showing a glacial direction to the
south-southeast towards and parallel to the Skelton Glacier.
Brady and McKelvey's paleocurrent readings do not agree
with those of Mayewski's thesis diagram, which shows a
direction at Mt. Feather parallel to the Ferrar Glacier. No
descriptions of the site are given in his text. Brady and
McKelvey consider the tillite to be a remnant of an uplifted
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paleoglacial valley which predates Beacon Valley and the
present day Taylor Glacier system. It was not a small tribu-
tary glacier (like the glaciers that cut Beacon and Arena
Valley) because the tillite rock types cannot be derived from
the surrounding Mt. Feather complex.

The age of the tillite is unknown, but it predates the
glaciations that cut the Taylor Valley fjord and presumably
the Wright Valley fjord which are at least early late Miocene
or middle Miocene (Brady 1977). The Mt. Feather glaciation
suggests that glacial drainage patterns have been modified
substantially during a long history of uplift in southern Vic-
toria Land that is consistent with uplift along continental rift
zones. This uplift has continued for at least 50 million years
(Stuckless 1975).

Marine fossils on the shore of Lake Vanda (G. Denton, Univer-
sity of Maine, and H. T. Brady). A gully section in one of the
low terraces along the northeastern shore of Lake Vanda was
discovered to contain rich marine diatom and silicoflagellate
floras. Shells also were recovered by Denton from the section.
The diatom floras contain late Miocene diatoms. Studies are
in progress to see if a younger flora is also present. Initial
studies suggest that these floras are similar to those described
by Brady (1977) from the lowermost section of the Lake Van-
da drill core (DVDP 4A). The relationship between the shells
in this section and the Prospect Mesa pectens is being
studied.

Mirabilite deposit on the McMurdo Ice Shelf (Brady and B.
Koci, University of Wisconsin). Brady and Koci sampled 30
sites on the McMurdo Ice Shelf near Black Island for living
algae. Living cultures were brought to Australia and are
being maintained in a cold room at Macquarie University,
Sydney.

Samples from the Scallop Hill Formation were collected
so that a diatom investigation can be made.

A bed of mirabilite was discovered on the McMurdo Ice
Shelf along a 1-kilometer line parallel to the eastern shore of
Black Island. The mirabilite, is resting on ice, and the upper
surface of the 1-meter bed is covered with a compressed algal
mat. Carbon-14 dates for the algal mat are being determined
by Sydney University. Brady (in press) suggests the mirabilite
has been injected from beneath the McMurdo Ice Shelf when
grounding forced saline solutions through crevasses to the
surface. This deposit suggests that mirabilite can be concen-

trated in a manner suggested by Dort and Dort (1972) but the
deposition is unrelated to sea level heights. Brady (1977) sug-
gested that nonmarine moats can occur between marine ice
sheets and land forming an environment in which marine
material can be reworked and rebedded. Brady (in press)
suggests that these moats are also possible sites for mirabilite
deposition.

George Denton encouraged me to study the relationships
between Dry Valley Drilling Project cores and his surface
glaciological studies. The Victoria University, Wellington,
welcomed me to their camp at Mt. Feather enabling Dr. Bar-
rie McKelvey (Armidale University, Australia) and myself to
reevaluate the Mt. Feather tillite. Bruce Koci was my field
assistant at Black Island. The continual help of vxE-6
helicopter pilots made such a diverse field season possible.
This research was supported by National Science Foundation
grant DPP 76-20657 to Northern Illinois University (Peter
Noel Webb).
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Japanese scientific activities in
Victoria Land 1977-1978

TAKES! NAGATA

National Institute of Polar Research
Tokyo,Japan

Two Japanese scientists visited McMurdo Station and
Victoria Land during the austral summer field season of

14

1977-78. K. Yanai (geologist and meteoriticist) and M.
Funaki (geophysicist), National Institute of Polar Research,
stayed at McMurdo Station for their research from 16
November 1977 to 2 February 1978. Three research
programs were carried out during this seaon.

Geological survey of dike rocks in Dry Valley area (K. Yanai). As
part of a comparative study of geological structure in East
Antarctica, geological survey of dike rocks was conducted in
the Dry Valley area. Many dikes and their mutual relation-
ship were determined in the field near Vanda Station of
Wright Valley. The succession of intrusion is as follows in
order of time: black-colored lamprophyre A and B; grey-col-
ored lamprophyre, porphyry A, B, and C; granite porphyry A
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This research was supported by the National Science
Foundation, the Antarctic Division of the Department of
Scientific and Industrial Research (New Zealand), and the
National Institute of Polar Research (Japan).
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Location of searching sites and distribution of meteorites col-
lected during austral summers of 1976-77 and 1977-78. (Solid
circle, chondrite; open circle, achondrite; half solid circle,
carbonaceous chondrite; dot in open circle, iron meteorite.)

Preliminary tabulation of specimens recovered at Allan Hills
during field season 1977-78.

1977-78	1976-77
Type	 season	season

Irons	 6+la	1

Achondrites	 3 or 4
Chondrites of a variety of types and
metamorphic grades (except carbonaceous) 295 or 297 7 + 2b

Carbonaceous chrondrites	 I or 2
Possible meteorites but probably terrestrial
rocks	 4

Total	 311 + la 9 + 2b

aThis iron was collected by Harold Borns and Steven Kite,
University of Maine, in morainal deposit in Lower Victoria Valley on
23 January 1978.

bMt Baldr meteorites were collected on the bare ice near Mt.
Fleming.

and B; felsitic dike; basalt (Ferrar dolerite); and acidic dike in
dolerite. In contrast, only a few dikes were recognized in
Taylor Valley.

Sampling of typical rock specimens for paleomagnetic studies (M.
Funaki). About 300 rock specimens were collected for
paleomagnetic studies in Wright Valley, Taylor Valley, Allan
Hills, Carapace Nunatak, and Ross Island areas. These
specimens consist of various gneisses, marble, and granitic
varieties of basement; sandstone, shale, coal, and petrified
wood of Beacon Formation; many dike rocks in Beacon For-
mation; and Ferrar dolerite and McMurdo volcanic rocks.

Search for Antarctic meteorites. A U.S.-Japan search for
meteorites was conducted again on the basis of success during
the last field season. Two U.S. and two Japanese scientists
visited again the bare-ice field of Allan Hills, Victoria Land,
230 kilometers north of McMurdo Station. During the field
season of 1977-78, the team recovered 311 individual speci-
mens (see table and figure).

Ages for the vida granite and
olympus granite gneiss, Victoria
Valley, southern Victoria Land

ROBERT D. V0cKE,JR. and GILBERT N. HANSON

Department of Earth and Space Sciences
State University of New York at Stony Brook

Stony Brook, New York 11794

JOHN S. STUCKLESS

U.S. Geological Survey
Denver, Colorado 80225

The crystalline basement rocks of the dry valleys of the
Transantarctic Mountains, southern Victoria Land, generally
consist of a sequence of medium- to high-grade Precambrian
metasedimentary rocks, often grading along strike into a
series of paragneisses and younger intrusive orthogneisses.
All of these units are intruded by lower Paleozoic granitic
rocks (McKelvey and Webb, 1962; Webb and McKelvey,
1959). The basement rocks in Victoria Valley sampled by
Dry Valley Drilling Project drillhole 6 consist of the strongly
foliated biotite-hornblende olympus granite gneiss and the
younger intrusive vida granite. The olympus granite gneiss
sampled by the drillhole shows strong textural evidence of
contact effects caused by the intrusion of the vida granite.
The granite and the gneiss were dated using the fission track
method for zircons and apatites (table 1) and the U-Pb
(uranium-lead) method for zircons. The vida granite was also
analyzed for major elements, rare earth elements (REE), and
barium.

Whole-rock Rb-Sr (rubidium-strontium) isochrons for
the olympus granite gneiss (Faure andJones, 1974; Stuckless
and Ericksen, 1975) give ages of 500 million years, the time of
the Ross Orogeny, or younger. U-Pb ages for zircons from
the gneiss dated in this study (figure 1) are very discordant
but do give ages on a concordia diagram older than the Ross
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Fission track ages for zircon and apatite from olympus granite
gneiss ( Fission track ages for zircon and apatite from olympus

granite gneiss (ANGN. 1) and vida granite (ANGR-1). The
uncertainties are counting uncertainties (one sigma).

Zircon	 Apatite
(million years)	 (million years)

ANGN-I	 172±23	 123±16
193 ± 23
170 ± 24
176 ± 25

ANGR-1	 558 ± 83	 48 ± 12
444 ± 75
517 ± 90

Orogeny, with an upper intercept age of 2,555 million years.
The age for the lower intercept of 461 million years suggests
that the Ross Orogeny or the contact effects of the vida gra-
nite were the cause of episodic loss of Pb from the zircon. The
fission track ages for these same zircons are approximately
180 million years and were affected by a temperature in ex-
cess of 350"C at that time. The fission track ages for apatites
from the gneiss give an age of 123 million years, suggesting
that the gneiss has been cooler than 50°C since that time.

The U-Pb ages for zircons from the vida granite are also
quite discordant (figure 1) but have a very small spread in
U/Pb ratios, giving upper and lower intercept ages of 447 and
0 million years, respectively. The concordance of the upper
intercept with the approximately 500 million years zircon fis-
sion track ages suggests that these are dating the time of intru-
sion of the vida granite. These ages within their respective un-
certainties are similar to the previously determined Rb-Sr
whole-rock ages of 470 million years for the granite (Faure
and Jones, 1974; Stuckless and Ericksen, 1975). An apatite
fission track age of 48 million years from the granite indicates
that it has been cooler than 50°C since that time.

The 180-million years fission track age for the zircons
from the gneiss may be related to the intrusion of the Jurassic
ferrar dolerites. In any case this heating appears to be local,
as the fission track ages for the zircons in the granite have not
been affected. Since the granite and gneiss samples are sepa-
rated by a near vertical shear zone, the apatite fission track
ages suggest that the granite was displaced upward relative to
the gneiss and underwent subsequent erosion in early
Cenozoic times.

Field relations suggest that the paragneisses within the
Olympus granite gneiss were derived from the older sediments
of the Asgard Formation by a process of granitiziation and
that the orthogneisses represent younger plutonic intrusions
of granitic composition (Deutsch and Grögler, 1966; Webb
and McKelvey, 1959). The high initial stron-
tium-87/strontium-86 ratio of 0.709-0.710 for the vida granite
implies that it had an ancient source with a relatively high
rubidium/strontium ratio (Faure and Jones, 1974).
Cathodoluminescence studies of the internal zircon
morphologies reveal relic cores in most crystals. The shape
and relative abundance of the rare earth elements (figure 2)
preclude a source with a flat-to-light rare-earth-element-
depleted pattern. The strongly depleted, concave upward
nature of the heavy rare earth elements suggests that either
garnet or hornblende were residual minerals. Subcontinental
mantle, oceanic or continental basalts, or leucocratic granitic
rocks could not have been the parent for the vida granite.
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Figure 1. Uranium-lead evolution diagram showing the rela-
tionship between the concordia curve and the zircon data

from the olympus granite gneiss and the vida granite.
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Figure 2. Chondrite normalized barium and rare earth ele-
ments plot of the vida granite.

Detailed modeling of both the major and trace element com-
position for the vida granite is consistent with partial melting
of a rock of intermediate composition such as found in the
Asgard Formation or paragneisses of the Olympus granite
gneiss.
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This study attempts to demonstrate two important points
concerning the origin and evolution of the crystalline base-
ment rocks in this area of Antarctica:

1. There is a component to the crust in this region that is
older than 950 million years and may be Archean. If the
analyzed zircons in the gneiss are detrital, this older compo-
nent may be the provenance for these zircons. If the zircons
formed in situ, the 2,555 million years age may date an event
that affected the gneiss.

2. Partial melting of ancient metasedimentary rocks is a
plausible source for the vida granite.

This study was supported by Office of Polar Programs,
National Science Foundation, grants GV 0400762 and GV
36951.
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Rubidium-strontium
geochronology of granitic rocks
from Mt. Chapman, Whitmore
Mountains, West Antarctica
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The Whitmore Mountains (centered approximately at
820 30'S.1040 30'W.) are composed predominantly of early
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Preliminary Rb-Sr isochron plot of whole-rock (wn), feldspar
(F), and biotite (B) concentrates of coarse and fine-grained ig-

neous rocks from Mt. Chapman, Whitmore Mountains.

Mesozoic plutons of felsic composition that are intrusive into
deformed metasedimentary rocks (Webers et al., in press).
The geology and geologic history of the Whitmore Mountains
are of particular interest because these mountains comprise
one of the few presently exposed geologic ties between East
and West Antarctica (Craddock and Webers, 1977). We pre-
sent here a preliminary report on rubidium-strontium age
determinations on whole-rock samples and mineral separates
from a fine-grained equigranular granite (sample 120A) and
a coarsely crystalline, porphyritic granite (sample 120B) from
Mt. Chapman (82°35'S. 105°55'W.) in the Whitmore Moun-
tains.

The specimen was collected by W. E. Long during the
1957-58 field season. It weighed 1.075 kilograms and con-
sisted of a fine-grained igneous rock of granitic composition
in contact with a coarse-grained quartz monzonite. The con-
tact shows no chilling or obvious intrusive relationships be-
tween the two varieties of rock. The coarse-grained phase of
the igneous rock at Mt. Chapman may be equivalent to the
Mt. Seelig granite, whereas the fine-grained phase may corre-
late with the Linck Nunataks granite described by Webers
and others (in press). These authors reported K-Ar (biotite)
dates of 190 ± 8 million years and 176 ± 5 million years for
the Mt. Seelig and Linck Nunataks granites, respectively.

Our age determination is based on analyses of whole-rock
samples of both phases of the granitic rocks together with
concentrates of biotite, muscovite, and feldspar. The in-
terpretation of these data is preliminary because the analyses
of the muscovites are still in progress. The available data
define an isochron shown in the figure whose slope and inter-
cept were estimated by an unweighted least-squares regres-
sion method. The results indicate a date of 173 million years
and an initial strontium-87/strontium-86 ratio of 0.7 148,
assuming a value of 1.42 x 10.11 per year for the decay con-
stant of rubidium-87.

The date is identical to the age of the Linck Nunataks
granite reported by Webers and others (in press) and thus
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supports the correlation with the fine-grained phase on Mt.
Chapman. The coarse-grained phase may be older than 173
million years: it may have been homogenized isotopically by
the intrusion of the fine-grained phase, assuming a relation-
ship between these rocks similar to that between the Mt.
Seelig and the Linck Nunataks granites (Webers et al., in
press). This interpretation is plausible because both samples
were taken from a single hand specimen and therefore ex-
perienced similar temperature histories. However, our pres-
ent data do not exclude the possibility that both phases of the
granitic rock at Mt. Chapman formed at about the same time
during a single episode of magmatic activity.

The initial 87Sr/86Sr ratio (0.7 148) is high compared with
that of strontium derived from the upper mantle (Faure,
1977). The presence of excess radiogenic 87Sr indicates either
that magma formed by partial melting of old sialic rocks in
the underlying continental crust or that a mantle-derived
magma was extensively contaminated with crustal 87Sr. In
either case, the resulting rocks are strongly affected
isotopically, and presumably chemically, by the sialic crust.

Thejurassic date (173 million years) and elevated initial
87 Sr/86Sr ratio of the granitic rocks in the Whitmore Moun-
tains are similar to the age and initial 87 Sr/86Sr ratio of the
Kirkpatrick basalt and the Ferrar dolerite (Faure et at., 1972,
1974, in press). This coincidence also was pointed out by
Ravich and Grikurov (1976), who suggested that the granitic
stocks of the Whitmore Mountains and those located between
the Ellsworth Mountains and the Thiel Mountains may be
felsic derivatives of the tholeiite basalt magma that formed the
basalt flows and dolerite sills in the Transantarctic Moun-
tains. This interesting suggestion deserves further study.

This research was supported by the Division of Polar
Programs of the National Science Foundation through grant
DPP 76-11871.
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Palynologic studies in the
Transantarctic Mountains
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Further palynologic assemblages have been recovered
from the Victoria Group, upper Beacon Supergroup, in the
Nilsen Plateau, and Beardmore and Shackleton Glacier areas
of Antarctica. Samples processed include carbonaceous
mudstones, siltstones, and fine sandstones collected by past
expeditions to these areas by the Institute of Polar Studies,
The Ohio State University. Sample preparation included hot
hydrofluoric acid treatment and flotation in zinc bromide
solution. Oxidation and bleaching, to varying degrees for
each sample, was required to clear the microfossils, whose
state of preservation was generally poor (Kyle and Schopf,
1977).

An informal palynostratigraphic zonation was proposed
by Kyle (in press) for the Permian and Triassic palynologic
succession in south Victoria Land. Though further refine-
ment of zonal boundaries is necessary, this zonal scheme
seems applicable to Victoria Group strata as far south as the
Ohio Range (Kyle and Schopf, in press). Recovery of addi-
tional palynomorph assemblages has led to the recognition of
species that occur in other Gondwana basins but previously
were not known in the Transantarctic Mountains, and to the
extension of known ranges of some species in the Transant-
arctic Mountains. Additional samples not yet examined in-
clude a collection from the Cumulus Hills, Shackleton
Glacier area, made by the Institute of Polar Studies expedi-
tion during the 1977-78 season.

This palynological study has enabled relatively precise
correlation with the closely similar palynologic succession of
eastern Australia (Kyle, in press; Kyle and Schopf, in press)
and therefore has allowed finer age control of Victoria Group
strata than previously was possible. It has also resulted in

'Formerly Rosemary A. Kyle.
2Deceased.
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some interesting conclusions regarding correlation of Vic-
toria Group units along the Transantarctic Mountains. For
example, the palynomorph assemblages from the Queen
Maud Formation, Nilsen Plateau, and upper Mount
Glossopteris Formation, Ohio Range, apparently are younger
than those from the middle and upper Weller Coal Measures
of south Victoria Land. Some previous lithologic correlations
had suggested these sequences were equivalent.

Plant microfossils and megafossils provide an indication
of Permian and Triassic plant biogeography. The plant com-
munities of the Transantarctic Mountains area were inland
basin floras that, after glaciation, developed into Glossopteris-
dominated woodlands during the Permian. Later, Dicroidium
dominated the stands of vegetation that occupied the Triassic
floodplain. The Permian and Triassic Transantarctic Moun-
tains floras, as reflected by the palynomorphs, are of lower
diversity than equivalent-aged floras in the surrounding
Gondwana continents of Australia, India, Africa, and South
America. We suspect that this may reflect less favorable con-
ditions for preservation rather than an original floristic dis-
tinction. Further study may help resolve this problem. Plant
megafossils do not seem to reflect this difference (Rigby and
Schopf, 1969).

This study is funded by National Science Foundation
grant DPP 76-83030.

References

Kyle, R A. In press. Palynostratigraphy of the Victoria Group of
south Victoria Land, Antarctica (New ZealandJournal of Geology and
Geophysics, 20(6)).

Kyle, R. A., andJ. M. Schopf. 1977. Palynomorph preservation in the
Beacon Supergroup of the Transantarctic Mountains. Antarctic

Journal of the U.S., 12(4): 121-122.
Kyle, R A., and J . M. Schopf. In press. Permian and Triassic

palynostratigraphy of the Victoria Group, Transantarctic Moun-
tains (Proceedings of the Third Symposium on Antarctic Geology and
Geophysics, Madison, Wisconsin, 1977).

Rigby, J . F., and J . M. Schopf. 1969. Stratigraphic implications of
Antarctic paleobotanical studies. In: Gondwana Stratigraphy (A. J.
Amos, ed.). UNESCO, Paris. pp. 91-106.

Permian palynomorphs (Coalsack
Bluff, Mt Sirius, Mt Picciotto) and

other studies

PAUL TASCH

Department of Geology
Wichita State University
Wichita, Kansas 67208

Samples of palynomorphs were collected on a reconnais-
sance traverse of Coalsack Bluff from the southwest end up
the diabase sill during the 1969-70 season. Some samples also
were taken from Mt. Sirius and Mt. Picciotto.

Some 7,155 palynomorphs (pollen and spores), an
average of 795 per sample, have been recovered. Most are in
poor condition but can be placed in broad morpho groups,
and comparisons can be made with specimens elsewhere.
Variable and definitive morphogroups, according to J . M.
Lammons, include: taeniate dissaccate pollen; simple trilete
spores; non -taeniate dissaccates; and monosaccates.

Correlation with eastern Australian basins is likely. This is
of significance because: (1) Ohio Range Permian leaiid con-
chostracans have long since been shown to correlate with
equivalents in the Newcastle Coal Measures of eastern
Australia (New South Wales); (2) correlation of Jurassic
palynomorphs from Coalsack Bluff and other antarctic sites,
with those of western Australian assemblages, recently was
reported (Tasch and Lammons, 1977); (3) palynomorphs are

now known from the Devonian, Permian, Triassic, and
Jurassic of the Antarctic (Kyle and Schopf, 1977, and
references therein; Tasch and Lammons, 1977, and this
report) and must be considered an additional food resource
in the restricted nonmarine ecosystems that prevailed at
various times in the geologic past (Tasch, 1977a).

The Coalsack Bluff traverse disclosed seven successive
coal beds from the basal Permian Buckley Formation coal
(No. 1) to the capping diabase sill. Some of the upper coally
beds (Nos. 7, 8, 10) were carbonaceous siltstones.

Findings reported here allow correlation of the Mt. Sirius
section (84°08'S.163°15'E.) (Northeast face) with the
Coalsack Bluff section, below the Bone Bed in the Triassic
Fremouw Formation. At Mt. Sirius three Glossopteris-bearing
beds were noted. The upper Glossopteris bed was in contact
with the overlying crossbedded Fremouw sandstone. Similar
palynomorph morphogroups were found at both sites. A
basal coal bed unlies the lower Glossopteris bed at Mt. Sirius.

Palynomorphs were recovered at Mt. Picciotto
(83°46'S. 163°00'E.) in a light-gray, plant-bearing shale, un-
derlain by a bench-forming sandstone (Fairchild?) that rested
on a dolerite sill. The bisaccotes were very sparse and poorly
preserved.

Fossil conchostracans from antarctic Jurassic interbeds
(Blizzard Heights) were found to be variously colored
because of igneous heat. Temperature ranges for these colors
were experimentally determined using modern valves. X-ray
diffraction study of interbed minerals at several localities cor-
roborated the temperature ranges determined experimentally.
Different ranges of igneous heat were effective on con-
chostracan valves in Jurassic interbeds at Blizzard Heights
and Carapace Nunatak. Thus a new geothermometer is
available wherever van-colored conchostracan fossils are
found in interbeds of basalt flows (Tasch, 1977b).
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J. M. Lammons of Texaco Trinidad and I are preparing a
joint paper for publication on the palynomorphs (pollen and
spores) collected from Coalsack Bluff and Mt. Sirius during
the 1969-70 season.

References

Kyle, It A., andJ. M. Schopf. 1977. Palynomorph preservation in the
Beacon Supergroup of the Transantarctic Mountains. Antarctic

Journal of the Us., 12(4): 123-124.
Tasch, P. 1977a. Ancient antarctic nonmarine ecosystems. In: Third

Antarctic Biological Symposium Proceedings (G. A. Llano, ed.). Na-
tional Academy of Science, Washington, D.C. pp. 1077-1088; dis-
cussion, p. 1130.

Tasch, P. 1977b. Experimental valve geothermometry applied to fossil
valves (Blizzard Heights, Antarctica). Symposium of Antarctic
Geology and Geophysics, Madison, Wisconsin (preprint and in print).

Tasch, P., andJ. M. Lammons. 1977. Palynology of some lacustrine
interbeds of the Antarctic Jurassic. Coloquio Internacional de
Palinologia, Leon, Spain. (Abstract) (Also: In press, Palinologia)

Proto-lizards from the Triassic of
Antarctica

EDWIN H. COLBERT

Museum of Northern Arizona
Flagstaff Arizona 86001

Among the fossils collected from the Fremouw Formation
of early Triassic age are two skulls, some partial skulls and
jaws, and numerous postcranial bones representing a small
reptile that might be considered a predecessor of modern
lizards. These fossils, small and delicate, were found near the
junction of the Shackleton and McGregor Glaciers at approx-
imately latitude 85°13'S. and longitude 174°30'E. They were
collected during the austral summer of 1970-71 by a field
party under the leadership ofJames W. Kitching of the Ber-
nard Price Institute of Palaeontology, University of Wit-
watersrand, Johannesburg, South Africa.

Proto-lizards of the genus Prolacerta are characteristic of
the Lower Triassic Lystrosaurus zone, of the Karroo sequence
of South Africa. The antarctic fossils seem to belong to the
genus Prolacerta but evidently represent a new species. Such
specific differentiation among small terrestrial vertebrates is
to be expected, even in contiguous parts of Triassic Gond-
wanaland, because when Prolacerta was living, those areas of
the ancient supercontinent, now preserved as central Antarc-
tica and South Africa, were probably 1,500 kilometers apart.

Prolacerta from South Africa is comparable in size to a
modern lizard such as the North America alligator lizard,
Barisia. In life, the African form was about 2 feet, or 60 cen-
timeters, long. The antarctic specimens, however, seem to
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Figure 1. Skeleton of a proto-lizard from the Lower Triassic
Fremouw Formation of the Transantarctic Mountains (left

lateral view, twice natural size).

Figure 2. Reconstruction of the skeleton of Prolacerta broomi
from the Lower Triassic Lystrosaurus zone of South Africa.

(From Gow, 1975.)

represent a very small reptile, perhaps only about half the size
of Prolacerta from Africa. As may be seen in the reconstruction
of a skeleton of Prolacerta from the Karroo beds, this was a
slender reptile with a supple body and rather elongated limbs
well adapted for running. The long skull and jaws, with
numerous sharply pointed teeth, indicate that Prolacerta was
an active predator. The essential lacertilian relationship of
Prolacerta is revealed particularly by the absence of a lower
temporal bar, thus freeing the distal end of the quadrate bone
and thereby providing the kinetic jaw articulation so charac-
teristic of modern lizards and snakes. Although Prolacerta is
rather rare in the Lystrosaurus zone of South Africa it seems to
have been adequately, perhaps abundantly, preserved in the
Transantarctic Mountains.

In a previous issue of the AntarcticJournal Colbert (1975)
showed that Procolophon trigoniceps, a small cotlylosaurian rep-
tile characteristic of the Lystrosaurus zone in Africa, is also
well represented in the Fremouw Formation of Antarctica.
Procolophon, typified by cutting teeth with transverse blades,
may have been to some degree an ecological equivalent of
some of our modern heavy-bodied lizards, such as the North
American chuckwalla, Sauromalus. Like Sauromalus, Pro-
colophon may have been primarily a vegetarian; with its broad
body and heavy limbs, it undoubtedly was a rather slow-mov-
ing reptile, not adapted for the pursuit and capture of small
animals. This latter role probably was fulfilled in Antarctica
and Africa by Prolacerta. Consequently, it is unlikely that there
was ecological competition between the two reptiles.
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This raises the question of what the food of the antarctic
proto-lizard may have been. Gow (1975), in his monograph
on Prolacerta from South Africa, suggested that this reptile fed
upon "the young of many small synapsids [mammal-like rep-
tiles] procolophonids and labyrinthodonts [amphibians],
as well as insects." Gow also suggests that Prolacerta—"a light,
swift creature"—may have been to some extent arboreal. Ap-
plying these considerations to the presumed Prolacerta in Ant-
arctica, we can speculate on the environment of this part of
Gondwanaland in early Triassic time. We know there were
trees and other forms of vegetation. There must have been in-
sects, for the antarctic proto-lizard is of such small size that
insects probably formed a large part of its diet. But we still
have much to learn about the fauna and flora of the Fremouw
Formation.

The study of Prolacerta from Antarctica was supported in
part by National Science Foundation grant DPP 75-23136.
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Stratigraphy and sedimentary
petrology of the Fremouw

Formation (Lower Triassic),
Cumulus Hills, Central

Transantarctic Mountains

JAMES W. COLLINSON, KENNETH 0. STANLEY, and
CHARLES L. VAVRA

Institute of Polar Studies and
Department of Geology and Mineralogy

The Ohio State University
Columbus, Ohio 43210

Sedimentologic investigations in the Cumulus Hills, com-
bined with vertebrate paleontologic studies (Cosgriff et al.,
1978), are providing new information about Early Triassic
paleogeography in Antarctica. A seven-man camp was
established on the McGregor Glacier (175°W.85°S.) on 21
November 1977 near the site of the 1970 camp. The three
sedimentologists left the field with the midseason supply
flight on 11 December 1977. Localities in the Cumulus Hills
were reached by motor toboggan via LaPrade Valley or the
Shackleton Glacier.

The Fremouw Formation of the Cumulus Hills represents
a small part of a large river system that probably drained the
Gondwanian orogenic belt (Elliot, 1975). Streams in the
Cumulus Hills area flowed toward the southwest from a
source terrane that included volcanic, metamorphic, and
sedimentary rocks. Rocks in the lower and middle Fremouw
are interpreted to represent broad, relatively straight, sand-
bed variable discharge rivers separated by well-vegetated
flood plains. The upper Fremouw represents a system of
braided streams in which the flood-plain facies is poorly
represented. This change was possibly related to renewed
uplift or increased volcanism in the source area or to climatic
change.

The Fremouw Formation in the Cumulus Hills is approx-
imately 700 meters thick (Kitching et al., 1972) and can be
divided into 3 informal members, although thicknesses of
these members vary greatly from locality to locality. The
lower member consists of approximately equal amounts of
ledge-forming sandstone and slope-forming mudstone; the
middle member is predominantly slope-forming siltstone and
mudstone with varying proportions of ledge-forming
sandstone; and the upper member is mostly ledge-forming
sandstone. The lower member was studied at Thrinaxodon
Col and Collinson Ridge, the lower and middle members at
the head of LaPrade Valley and Shenk Peak, and a part of
the upper member near the top of Mt. Kenyon.

Two major facies occur in the Fremouw Formation, chan-
nel and flood-plain. Channel-lag deposits of conglomerate
commonly occur above the basal erosion surfaces of channels
and above large scour surfaces within sandstone units. Most
clasts are locally derived mudstone chips, pebbles, and cob-
bles, but quartz pebbles and vertebrate bones occur
sporadically. Characteristic features of channels are large
scours with single trough-fills [or cosets] of festoon cross-
beds, which probably represent high-flow scour and fill
and/or fill at lower flow by linguoid dunes and bars (figure
1). Beds are commonly distorted by soft-sediment deforma-
tion. Tops of some major scours and truncation surfaces are
overlain by thin, silty mudstone drapes that are commonly
burrowed and mud-cracked.

The flood-plain facies comprise: (a) fining-upward se-
quences of greenish-gray, fine-grained argillaceous
sandstone, siltstone, and mudstone; (b) tabular sheets of low
angle cross-bedded and horizontally bedded, medium-
grained sandstone (figure 2); and (c) fining-upward se-
quences of red, sandy siltstone and mudstone. Fine-grained
sandstone commonly exhibits parting lineation and small-
scale cross-bedding. Root casts and burrows are most abun-
dant in the greenish-gray rocks; only the tops of redbeds con-
tain root casts. Tabular sheets of medium-grained sandstone,
intercalated in the flood-plain facies, are characterized by
bottom surfaces that are not scoured. In some cases sandstone
has filled mudcracked surfaces on the underlying mudstone
(figure 3). These sandstones represent rapid progradation of
sand across the flood plain during overbank flow. Their inter-
nal structures suggest lobate-bar, sand-delta, and sheet-sand
deposition where the stream expanded onto the flood plain.

Streams that deposited Fremouw sandstone in the
Cumulus Hills were of low sinuosity and flowed toward the
southwest. This is in contrast with the northwesterly
paleocurrent directions reported by Barrett (1970) for the Fre-
mouw Formation in the Queen Alexandra Range. Of 508
cross-bed readings in the Cumulus Hills, the mean direction
was 223°, s=±62°. In the lower and middle members, 427
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Figure 1. Channel fades in the lower Fremouw Formation at
Shenk Peak showing cross-bedded sandstone and large
scour surface overlain by a pebble lag and filled with festoon

cross-bedded sandstone.

Figure 2. Flood-plain fades at Shenk Peak In middle Fremouw
Formation showing fining-upward, greenish-gray siltstone to
mudstone sequences and tabular sheets of medium-grained

sandstone.

readings indicate a mean direction of 219*, s= ±45°. Fewer
readings in the upper Fremouw (78) indicate a mean direc-
tion of 246°, s= ±36°. Most of the dispersion occurs in sepa-
rate but closely spaced sandstone units. Dispersal directions
are similar in flood-plain and channel facies. The variation in
direction from large- and small-scale cross-beds and from
parting lineation is insignificant.

Channel and coarser flood-plain deposits of the Fremouw
Formation are dominantly medium- to fine-grained, well
sorted volcanic sandstone. Detrital rock fragments, quartz,
feldspar, and heavy mineral grains indicate a source terrane
dominated by felsic volcanic rocks with subordinate
metamorphic and sedimentary rocks. Relic shard and
pumaceous structures indicate that some of the volcanics at

Figure 3. Mudcracks on bottom surface of sheet sandstone In
flood-plaIn fades.

the source were pyroclastic flows. Post-depositional modifica
tions to Fremouw sandstones include formation of cements,
destruction and replacement of grains, and dissolution of
grains. Authigenic cements and minerals that replace detrital
grains include zeolites, prehnite, and phyllosilicates.

The important volcanic components in sandstones of the
lower Fremouw in the Cumulus Hills are not characteristic of
the formation in the Queen Alexandra Range, where Barrett
(1969) reported subarkose. However, in both areas the mid-
dle and upper members are similarly dominated by volcanic
lithic fragments. Our interpretations of the sandstone
petrology in the Cumulus Hills differ from those of LaPrade
(1970), who described these rocks as feldspathic graywackes.

This research was supported by National Science Founda-
tion grant DPP 76-23431.
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New Triassic vertebrates from the
Fremouw Formation of the Queen

Maud Mountains

JOHN W. COSGRIFF,
WILLIAM R. HAMMER, and

JOHN M. ZAWISKIE

Department of Biology
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Detroit, Michigan 48202

NOEL R. KEMP

Tasmanian Museum and Art Gallery
Hobart, Tasmania
Australia, 7001

In the course of a geological mapping and collecting trip
in the Transantarctic Range during the field season 1970-7 1,
several localities rich in Lower Triassic Vertebrate material
were discovered in the Fremouw Formation of the Cumulus
Hills. A large and varied collection of fossils was made, but
because time was limited, the collecting potential was far
from exhausted. Hence, the present team was formed to
revisit the sites and attempt to enlarge and augment the
1970-71 collection. The localities lie at the junction of the
Shackleton and McGregor Glaciers (85°08'S. 174°50'W.) in
the Queen Maud Mountains (see figure).

The recently completed field season was highly successful
in its collecting program. The material acquired consists of
116 fossil vertebrate specimens, each of which should yield
valuable scientific information. Thirty of these should prove
of particular importance in forthcoming research either for
degree of completeness and quality of preservation or for
being representative of hitherto unreported species. Of the 30,
9 are complete or largely complete skeletons, 9 are well-
preserved and largely complete skulls, and 12 are other po-
tentially diagnostic complete skeletal elements such as lower
jaws, clavicles, vertebrae, and limb bones.

In the previous seasons, all vertebrate material was found
in the lower 200 meters of the Fremouw Formation (Kitching
et al., 1972). This was also true of the material collected this
year, with one exception. A small, partial reptilian skeleton
was found 239 meters above the base of the section, the high-
est stratigraphic occurrence yet recorded from the Triassic of
Antarctica. The nature of this reptile is yet to be determined.

Specimens were collected from four sites in the Cumulus
Hills. The most productive locations were Shenk Peak and
Collinson Ridge; some material, however, was also obtained
from Thrinaxodon Col and the head of the LaPrade Valley
(see figure). At Shenk Peak and Collinson Ridge material
was collected from both flood plain deposits (mudstones and
sandstones) and stream channel pebble conglomerates. The
stream channels yielded less complete specimens than the
flood plains, but the abundance and variety of conglomerate
material was far greater.

Preliminary field identification of the material indicates
that both previously described antarctic species and a number
of new forms are represented. The previously established rep-
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Cumulus Hills, Queen Maud Mountains, central Transant-
arctic Range. (A, Thrinaxodon Col; B, Head of LaPrade
Valley; C, Shenk Peak; D, Collinson Ridge. Outlined areas are
those regions of exposed rock that project above snow and

Ice level.)

tilian component includes the therapsids Lystrosaurus murrayi
(Colbert, 1974) and Thrinaxodon liorhinus (Colbert and Kitch-
ing, 1977); the small cotylosaur Procolophon trigoniceps (Colbert
and Kitching, 1975); and a small prolacertid eosuchian
(Kitching et al., 1972). The labyrinthodont component of the
fauna (Colbert and Cosgriff, 1974) includes the brachyopid
Austrobrachyops jensoni and the Iydekkerinid Cryobatrachus
kitchingi. All of the above appear to be well represented in the
new collection, and specimens pertaining to them should
yield significant supplementary information on their
morphology, paleoecology, and stratigraphic ranges in the
Fremouw Formation.

In addition, a number of forms previously unknown from
the Triassic of Antarctica are present. Following preparation,
two, (possibly three) new labyrinthodonts and two new rep-
tiles will probably be added to the fauna. Two of the new
amphibians are provisionally identified as members of the
temnospondyl families Rhytidosteidae and Capitosauridae.
The other possibly new amphibian is represented by a single
small jaw, but even tentative identification of this will have to
wait until after preparation. Size suggests it could be a small
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dissorophid similar to Micropholis of South Africa. The rep-
tiles are both therapsids, one being an anomodont much
larger than Lystrosaurus, the other a theriodont larger than
Thrinaxodon. A few fish scraps also collected are not yet iden-
tified.

This material from the Fremouw Formation of Antarctica
promises to add new information on the geographical dis-
tribution of faunas during the Lower Triassic in addition to
the morphological and taxonomic data obtained. Affinities
with the Lower Triassic faunas of South Africa, Indian, and
China have had corroborative influence on plate tectonic
constructs as discussed by Colbert (1970). He has demon-
strated a firm biostratigraphic correlation between the Lower
Triassic Lystrosaurus zone of the middle Beaufort beds of
South Africa and the fossil-bearing beds of the Fremouw For-
mation. Not only are the taxonomic listings of the two units
strikingly similar, but the structures of the living communities
the fossil taxa reflect appear to have been very similar. We
anticipate that the new collections from the Fremouw Forma-
tion will extend stratigraphic correlations to other Triassic se-
quences of the world and bring into sharper focus the en-
vironment in which the fauna lived.

This research was supported by National Science Founda-
tion grant DPP 76-23435.
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Eocene nautiloid fauna from the La
Meseta Formation of Seymour

Island, Antarctic Peninsula

WILLIAMJ. ZINSMEISTER

Institute of Polar Studies
The Ohio State University
Columbus, Ohio 43210

The La Meseta Formation of Seymour Island is un-
equaled in Antarctica for its abundant and diverse inverte-
brate fauna. Recent studies of the molluscan fauna
(Zinsmeister, 1976, 1977, in press) have provided new data
about the changes in the biogeographic distribution of
shallow-water faunas during the final breakup of Gondwana-
land.

The occurrence of Eutrephoceras argentinae del Valle and
Fourcade and a species of Aturia provides new evidence of an
Eocene age for the La Meseta Formation. Both nautiloids are
restricted to the lower two thirds of the La Meseta Formation
(units I and II of Elliot and Trautman, in press). E. argentinae
is the most abundant and occurs in both units I and II. In
most cases, specimens of E. argentinae are too poorly preserved
for detailed study. The specimen for the type of the species is
partially crushed and shows few diagnostic morphologic
features. I collected one exceptionally well-preserved speci-
men (see figure) from the seacliffs near Cape Wiman (In-
stitute of Polar Studies location 1). Because of the near per-

Eutrephoceus argentlnae del Valle and Fourcade.

fect preservation of this specimen, it is now possible to com-
pare E. argentinae with other species of Eutrophoceras from the
Southern Hemisphere. E. argentinae is very similar to E. allani
Fleming from the Eocene of New Zealand. It is believed to be
distinct because of the differences in the development of the
sutures and outline of the shell. E. victorianus Teichert from
the Paleocene of southeast Australia also appears to be closely
related, but distinct.

The genus Eutrephoceras, except for a single species in the
Oligocene from the west coast of North America, is confined
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to the Paleocene and Eocene in the Western Hemisphere.
Several nautiloids from the Oligocene and Miocene of
Australia originally described as belonging to the genus
Nautilus recently have been referred to as Eutrephoceras (Dar-
ragh, 1970) in a catalog of Australian Tertiary molluscs. A
detailed study of these Australian nautiloids is needed to
determine if these Middle Tertiary species actually belong to
the genus Eutrephoceras. At the present time, their placement
in Eutrephoceras seems questionable.

The other species of nautiloid from the La Meseta Forma-
tion is represented by a single specimen of Aturia from the
middle part of unit II (Institute of Polar Studies location 15).
The size and development of the sutures is very similar to A.
bruggeni Ihering from the Eocene of Punta Boqueron, Tierra
del Fuego. When more material of the genus Aturia from the
La Meseta Formation is available for study, it probably will
be shown that the antarctic specimens are referrable to A.
bruggeni. The occurrence of E. argentinae and Aturia sp. in the
La Meseta Formation supports the Eocene age assignment
proposed by Simpson (1971).
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Effect of formation of the west
antarctic ice sheet on shallow-
water marine faunas of Chile

WILLIAMJ. ZINSMEISTER

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

Oceanic circulation in the southeast Pacific is dominated
by the broad slowly eastward flowing West Wind Drift. Most

of the water in the West Wind Drift is derived from the
Central Pacific, with little or no surface water coming from
the Circumpolar Current (Arnold Gordon, personal com-
munication). The surface waters of the West Wind Drift are
characterized by a longitudinal temperature gradient with the
temperature decreasing to the south and reaching a
minimum along the Polar Front. At the point where the West
Wind Drift impinges against South America in the vicinity of
Isla Wellington, part of the current is deflected northward
along the coast of Chile, forming the Humboldt Current. The
remaining portion of the water of the West Wind Drift turns
southward and flows through Drake Passage. Because of
cooling in the southern Circum-Pacific, surface water of
Humboldt Current is relatively cold.

The physical characteristics of the Humboldt Current are
controlled by the prevailing weather patterns on the West
Wind Drift as it flows across the south central Pacific. The
biological and geological processes along the west coast of
South America are dependent on the Humboldt Current and
any variation in the marine and polar climate in the southern
Circum-Pacific should be reflected by corresponding changes
in the Humboldt Current. Because the Humboldt Current
has been a permanent oceanographic feature in the southeast
Pacific throughout most of the Cenozoic, the geologic record
along the coasts of Chile and Peru should contain a detailed
history of past climatic events in the southeast Pacific and
Antarctica.

Climatic deterioration in Antarctica began in the Early
Tertiary and continued through the Cenozoic (Shackleton
and Kennett, 1975). A comparable cooling trend also should
be recorded along the west coast of southern South America.
My recent work on the shallow-water molluscan faunas of
Central Chile indicates that subtropical conditions existed
during the Middle and Upper Miocene when temperatures
would have been expected to be much colder. Recently col-
lected material from the northern part of the Gulfo de Penas
suggests that these subtropical conditions extended at least as
far south as 47°S. These diverse subtropical faunas abruptly
disappear at the end of the Miocene and are replaced by cool
temperate impoverished faunas similar to the faunas existing
today along the coast of Chile. This sudden faunal change
appears to be related to the formation of the west antarctic ice
sheet during the latest Miocene and Lower Pliocene
(Zinsmeister, 1977).

Prior to the development of the west antarctic ice sheet,
West Antarctica consisted of a series of islands extending
from the northern tip of the Antarctic Peninsula to Marie
Byrd Land and was separated from East Antarctica by a
broad, relatively shallow seaway (Zinsmeister, 1977). The
name Shackleton Seaway is provisionally applied to this
shallow sea, which existed between East and West Antarctica
prior to the development of the west antarctic ice sheet.
Because of its geographic location, a significant amount of
surface water from the Circumpolar Current probably was
diverted through this seaway, reducing the amount of cold
water flowing along the west coast of the Antarctic Peninsula.
In addition, the absence of an extensive ice sheet in West Ant-
arctica also would have greatly reduced the prevailing
westerly winds and importance of the Antarctic Divergence
and the formation of antarctic surface water along West Ant-
arctica. The net result of a greatly weakened divergence and
the water diverted from the Circumpolar Current through the
Shackleton Seaway would have been a southward shift of the
Polar Front and a corresponding displacement of the West
Wind Drift to the south.
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The cold water of the southern part of the West Wind
Drift would then have flowed through Drake Passage and not
along the coast of South America. The southward shift also
may have resulted in a change of prevailing wind patterns
along the coast of South America and allowed the develop-
ment of strong, warm, south-flowing, El Nio-like counter-
current along Peru and Chile. If this hypothesis is correct,
warmer conditions would have existed much farther south
along South America and in the southeast Pacific. The pre-
sence of subtropical molluscan faunas as far south as the
Gulfo de Penas and tropical radiolarians in the Middle and
early Late Miocene at Deep Sea Drilling Project site 323 in
the Bellingshausen Sea (Craddock and Hollister, 1976) sup-
port this hypothesis of a southward advance of warmer condi-
tions during the Middle Neocene.

With the development of the west antarctic ice sheet at the
end of the Miocene and Lower Pliocene, the Shackleton Sea-
way was closed, and water that previously flowed between
East and West Antarctica was diverted northward along the
Antarctic Peninsula and through Drake Passage. The
development of a major ice sheet in West Antarctica and
associated wind patterns would have caused an intensifica-
tion of the Antarctic Divergence. This would have increased
the amount of antarctic surface water being formed and
shifted the Polar Front northward. With the corresponding
displacement of the West Wind Drift to the north, the colder
subantarctic water that lies just north of the convergence and

which had flowed through Drake Passage would then be in-
corporated into the Humboldt Current and flow northward
along the coast of Chile. The sudden introduction of colder
subantarctic waters in the Humboldt Current is believed to be
the cause of the sudden disappearance of the subtropical
molluscan faunas along the coast of southern and central
Chile at the end of the Miocene.

References

Craddock, C., and C.D. Hollister. 1976. Geologic evolution of the
southeast Pacific basin. In: Initial Reports of the Deep Sea Drilling
Project (Vol. 35) U.S. Government Printing Office, Washington,
D.C. pp. 721-722.

Shackleton, N.J., andJ.P. Kennett, 1975. Late Cenozoic oxygen and
carbon isotopic changes at DSDP site 284: Implications for glacial
history of the Northern Hemisphere and Antarctica, In: Initial
Reports of the Deep Sea Drilling Project (Vol. 29) U.S. Government
Printing Office, Washington, D.C. pp. 801-807.

Zinsmeister, W.J. 1977. The formation of the West Antarctic Ice
Sheet and its effect on Miocene molluscan faunas of southern and
central Chile. Geological Society of America, Abstracts with Programs,
6(7): 1240-1241.

Fresh-water diatoms from perched
deltas in Taylor Valley, Antarctica
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We are studying the glacial geology and micropaleon-
tology of sediments from Taylor Valley. G. Denton dis-
covered that numerous perched deltas in this valley contain
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layers of algae (Cyanophyceae). Carbon-14 dating of the
algae place the age at from 8,340±120 (QL-993) to
18,170 ±70 (QL-1 137) years for deltas at elevations from 20
to 204 meters above sea level, respectively.

Taylor Valley delta sediments contain abundant,
unbroken freshwater diatoms and rare, fragmented marine
diatoms. A total of 14 freshwater species, which form 6 floral
assemblages, were present in samples from the 27 deltas
analyzed. Numerically important species include Nitzschia
antarctica, Navicula muticopsis, N. contenta, N. shackletoni, Pin-
nularia oculus, and Hantzschia amphioxys. Navicula mutica, N.
minisculum, N. gibbula, N. seminulum, N. murrayi, Stauroneis an-
ceps, Pinnularia cymatopleura, and Tropidoneis laevissima also were
present but not in as great an abundance.

We conclude that the deltas were deposited in a large
freshwater lake dammed behind a tongue of the grounded
West Antarctic Ice Sheet (Denton et at., 1971, 1975; Denton
and Borns, 1974) which filled the Ross Sea and McMurdo
Sound about 18,000 to 19,000 years ago. The sequence of
dates, from oldest at highest elevations to youngest at lowest
elevations, indicates that the lake level dropped as the ice
tongue retreated. The six freshwater floral assemblages may
represent differing environmental conditions at different
times in the history of this short-lived lake. The presence of
rare fragmented marine diatoms in the deltas is probably re-
lated to reworking of older Ross Sea drift by grounded ice or
by fluvial or lacustrine processes, rather than to invasion of
Taylor Valley by marine waters during the Late Quaternary.

Freshwater diatoms also occur in a number of other
deposits in Taylor Valley and the Dry Valley region. We cur-
rently are working with samples from several of these deposits
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as part of our effort to understand the Quaternary history of
the Ross Sea region. Similar perched deltas exist in nearby
Salmon Valley. We suggest that the younger Salmon Valley
deltas, which are at similar elevations to those in Taylor
Valley, were deposited in small freshwater lakes dammed by
ice-cored moraines deposited by the last Ross Sea glaciation.
This interpretation is in contrast with the hypothesis of
Miagkov and others (1976) that the Salmon Valley deltas,
which contain many of the same freshwater diatom species
found in the Taylor Valley deltas, formed in seawater or
brackish water along the ice sheet edge during a general
lowering of sea level related to tectonism.

This work was supported by National Science Foundation
grants DDP 75-15524-AOl and DPP 74-20991-A03. We thank
the helicopter pilots and crews of U.S. Navy Antarctic
Development Squadron Six for their support with the field
work. Ruth Patrick of the Philadelphia Academy of Natural
Sciences and Howard Brady of Marquarie University pro-
vided assistance with the diatom taxonomy.
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Ostracoda from the Pleistocene
Taylor Formation, Ross

Island, and the Recent of the Ross
Sea and McMurdo Sound region,

Antarctica

WILLIAM M. BRIGGS,JR.

Divisions of Life and Physical Sciences
Scarborough College, University of Toronto

West Hill, Ontario, Canada MIC 1A4

Current research on southern ocean ostracodes involves
investigation of sediments of the Ross Sea and McMurdo
Sound region and from the Taylor Formation, Ross Island.
The Taylor Formation (Speden, 1962) has been studied at

three localities where it crops out on the western side of Ross
Island, between Cape Barrie and Cape Royds (figure 1).
These localities are typical of the frozen, but unconsolidated,
fossiliferous raised marine deposits that occur commonly in
the McMurdo Sound region (Speden, 1962, figure 1).

One of three samples from locality 1 (figure 1) which con-
tains ostracodes is from the middle shell layer (sample
VNA-8), 30 meters above sea level; carbonate material from
this layer gave a radiocarbon age of between 37,000 and
32,000 years (Hendy et al., 1969). Another sample from the
same locality gave a radiocarbon age of greater than 47,000
years (Denton et al., 1970). The deposits at localities 2 and 3
occur at elevations of between 50 meters and 60 meters above
sea level (Chapman, 1916; David and Priestly, 1914;
Debenham, 1920; Speden, 1962). The ostracode assemblages
from these localities suggest that the depth of deposition
decreased from locality 1 to locality 3.

Figure 1. Taylor Formation localities, Ross Island: locality 1,
near Deep Lake, Cape Barne, samples S6, SR26, VNA-8;
locality 2, Cape Barne, samples WR11, VNA-13; locality 3,

Backdoor Bay, sample VNA-11.
Chapman (1916) recorded eight ostracode species from

the Taylor Formation of Ross Island, all from locality 2. Ex-
cept for Chapman's work on the raised marine deposits on
Ross Island and a deposit 6 meters above sea level farther to
the north (75°S.), near the Dryglaski Ice Tongue, no other
study has been made on Taylor Formation ostracodes.

Ross Sea and McMurdo Sound bottom samples have been
examined for ostracodes; these include eight samples from
the New Zealand Oceanographic Institute (Kennett, 1968,
table 8) containing calcareous faunas (New Zealand
Oceanographic Institute stations A533, A641, A455, A537,
A449, A450, A463, and A537), from depths of 90-548 meters,
and three samples (Glasby et al., 1975, fig. 1) immediately
north of the Ross Ice Shelf (77°S.) collected from the USCGC
Northwind, from depths of 608-628 meters (New Zealand
Oceanographic Institute stations G844, G855, and G856).
The latter samples were devoid of calcareous faunas,
presumably because of the shallow nature of the calcium car-
bonate solution boundary in the Ross Sea (Kennett, 1968).
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Figure 2. Scanning electron
micrographs of 37 of the 72
ostracode species listed In
table 1 (see table for iden-

tification).

Another sample studied was collected at a depth of 241
meters in McMurdo Sound (JC-8, 77037l5, 166°17'E.).

A total of 44 genera and 72 species of ostracodes were
found in the Taylor Formation and Recent sediments of the
Ross Sea during this study. Because of the importance of this
highly diverse ostracode fauna, and in view of the current in-
terest generated by the Ross Ice Shelf Project (RIsP) in the
biota of the seabed beneath the Ross Ice Shelf, a list of the
ostracode fauna is included in table 1; 37 of these species are
illustrated in figure 2. The systematics of these taxa, includ-
ing several new genera and species, and their abundances
and distribution, will be discussed elsewhere.

This work has been aided by the following people: R.M.
Kirk (Canterbury University) collected samples S6 and SR26
during the 1965-1966 field season; A.J. Wright (now at

Wollongong University) and V.E. Neall (now at Massey
University) collected samples WRL1 and VNA-8, 11, and 13
during Victoria University of Wellington Antarctic Expedi-
tions (vuwAE-12, 1967-1968; vuwAE-14, 1969-1970, respec-
tively); J . Eade, G. Glasby (uscGc Northwind samples), J.
Kennett (now at the University of Rhode Island), and K.
Lewis (New Zealand Oceanographic Institute) supplied Ross
Sea samples; P. von Bitter and D. Collins (Department of In-
vertebrate Palaeontology, Royal Ontario Museum) and J.
Westgate (University of Toronto) provided research facilities
and funds for operation of the scanning electron microscope;
and E. Lin (Department of Zoology, University of Toronto),
and G. Gomolka (Department of Geology, University of
Toronto) took the scanning electron micrographs on
Cambridge Mark II instruments.
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Ostracode species.

Antarctzcythere laevior (Muller)	Loxoconcha laevior Muller, 1908. (fig.
2-31, LV', x42 2, loc. 13)

"Antarcticythere" sp.
Argilloecia obtusata ? ( Brady) = Aglaia (?) obtusata Brady, 1880.
Australicythere polylyca (MUller) = Gythereis polylyca MUller, 1908. (fig.

2-4, LV, x25, loc. 1)
Aversovalva antarctica (MUller) - Eucytherura (?) antarctica MUller, 1908.

(fig. 2-27, LV, x63, sta. A455)
Bairdoppilata (B.?) simplex (Brady) Bairdia simplex Brady, 1880.
Baltraella sp.
Bradleya sp. aff. B. norman, (Brady) = Cythere normani Brady, 1866. (fig.

2-8, RV, x29, loc. 1)
Bythoceratina dubia (MUller) - Loxoconcha (?) dubia MUller, 1908.
Bythoceratina sp. (fig. 2-35, LV, x42, sta. A450)
Bythocypris reniformis Brady, 1880
Bythocytheremorpha ? sp. (fig. 2-32, LV, x43, sta. A455)
Cativella bensoni Neale, 1967. (fig. 2-5, RV, x25, loc. 1)
Cluthia ? sp. (fig. 2-13, RV, x50, loc. 1)
Copytus elongatus Benson, 1964
Cytherois sp: (fig. 2-26, LV, x43, loc. 2)
Cytheropteron antarcticum Chapman, 1916. (fig. 2-16, RV, x45, sta.

JC-8)
Cytheropteron gaussi Muller, 1908. (fig. 2-24, LV, x40, sta. A455)
Cytheropteron sp. cf. C. testudo Sars, 1866. (fig. 2-20, RV, x59, sta.

A455)
Cytheropteron sp. A.
Cytheropteron sp. B.
Cytheropteron sp. C.
Cytheropteron sp. D.
"Echinocythereis" sp. (fig. 2-6, RV, x35, loc. 1)
Eucytherura ? sp. (fig. 2-14, RV, x84, sta. A455)

"Hemicythere" robusta (Skogsberg)	Gythereis (Procythereis) robusta
Skogsberg, 1928. (fig. 2-11, LV, x22, loc. 3)

Hemicytnere taeniata taeniata Skogsberg) Cythereis (C.) taeniata taeniata
Skogsberg, 1928. (fig. 2-7, LV, x3b, loc. 3)

Hemicytherura irregularis (MUller)	Gytheropteron irregularis MUller,
1908. (fig. 2-17, RV, x55, loc. 1)

Hemicytherura sp. A. (fig. 2-18, LV, x47, loc. 2)
Hemicytherura sp. B. (fig. 2-19, RV, x53, sta. A455)
Kangarina sp. (fig, 2-15, RV, x64, sta. A455)
Krithe sp. cf. K tumida Brady, 1880.
Krithe sp. cf. Krithe sp. Benson (1964).
Loxocytherefrigida Neale, 1967.
Loxoreticulatumfallax (MUller) = Gytheropteronfallax Muller, 1908.
Macrocypris sp.
Microcytherefrigida MUller, 1908. (fig. 2-33, RV, x80, loc. 1)
Microcythere scaphoides (Brady) Cytheropteron scaphoides Brady, 1880.

(fig. 2-29, carapace, left lateral view, x73, sta. A450)
Paracypris sp.
Paracytherois similis Muller, 1908. (fig. 2-36, LV, x59, sta. A450)
Paracytherois ? vanhoeffeni Muller, 1908. (fig. 2-25, RV, x46, sta. A455)
Paradoxostoma antarcticum Muller, 1908.
Paradoxostoma hypselum MUller, 1908.
Paradoxostoma sp.
"Patagonacythere" devexa (MUller) Gythereis devexa MUller, 1908. (fig.

2-10, LV, x24, loc. 1)
"Patagonacythere" longiductus antarctica Benson, 1964.
"Patagonacythere" megalodiscus (Skogsberg) - Cythereis (C.) megalodiscus

Skogsberg, 1928. (fig. 2-9, LV, x25, loc. 3)
Pellucistoma sp.
Phlyctocythere sp. A.
Phlyctocythere sp. B.
Polycope brevis MUller, 1908.
Propontocypris (Ekpontocypris) mcmurdoensis Maddocks, 1969.
Pseudocythere caudata Sars, 1866. (fig. 2-34, LV, x46, loc. 1)
Psuedocythereis spinifera (Skogsberg) = Cythereis (Pseudocythereis) spinifera

Skogsberg, 1928. (fig. 2-1, LV, x31, sta. A450)
"Robertsonites" antarcticus Neale, 1967. (fig. 2-2, LV, x37, sta. A455)
"Robertsonites" sp. (fig. 2-3, RV, x37, sta. A455)
"Rotundracythere" sp. A. (fig. 2-30, RV, x68, loc. 1)
"Rotundracythere" sp. B. (fig. 2-37, LV, x68, loc. 1)
"Roundstonia" sp. (fig. 2-12, LV, x37, loc. 1)
Sclerochzlus antarcticus MUller, 1908.
Sclerochilus meridionalis Muller, 1908.
Sclerochilus renformis MUller, 1908.
Scierochilus sp.
Semicytherura costellata (Brady) - Cytherura costellata Brady, 1880. (fig.

2-21, RV, x55, loc. 1)
Semicytherura notalis (MUller) = Gytherura notalis MUller, 1908. (fig. 2-22,

RV, x56, loc. 3)
Semicytherura sp. (fig. 2-23, LV, x52, sta. A455)
Xestoleberis sp. aff. X. rigusa MUller, 1908.
Xestoleberis davidiana Chapman, 1915.
Xestoleberis kerguelenensis Miller, 1908.
Xestoleberts rigusa MUller, 1908.
Xestoleberis setigera Brady, 1880.
Xzphichilus gracilis (Chapman) - Macrocypris gracilis Chapman, 1915.

(fig. 2-28, RV, x73, sta. A450)

'LV, left valve; RV, right valve; all specimens single valves except Fig.
2-29, which is a carapace; all views exterior lateral except Fig. 2-36,
which is Interior lateral.
2Abb magnifications are fora figure width of 13 centimeters (5 inches).
3Locabities 1, 2, 3 in Taylor Formation: loc. 1, 1.1 kilometers N. of
Cape Barrie; loc. 2, 2.1 kilometers N. of Cape Barrie; loc. 3, 3
kilometers NE. of Cape Royds. Stations A450 and A455 are New Zea-
land Oceanographic Institute (N.Z.O.I.) Stations: A450, Ross Sea,
760 42'S. 1790 44'E., 395 meters depth; A455, Pennell Bank,
740 22'S. 1780 35'W., 330 meters depth. JC-8 is in McMurdo Sound,
770 37'S. 166° 1 7'E., 241 meters depth.
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Dry Valley Drilling Project Seminar
Ill, Tokyo

LYLE D. MCGINNIS

Department of Geology
Northern Illinois University

Dc Kalb, Illinois 60115

A measure of any study includes the quality of questions it
permits one to ask, the degree to which the study has met its
objectives, and that unknown factor called serendipity. The
Dry Valley Drilling Project (DVDP) ended its final assembly
with some intriguing contradictions, a proposal from New
Zealand to focus on a number of problems by drilling more
deeply into McMurdo Sound, and new ways of viewing the
physics, chemistry, biology, and paleobiology of ice sheet
peripheries.

Seminar III was attended by 20 scientists from the United
States, 4 from New Zealand, 2 from Australia, 1 from West
Germany, and 30 from Japan. Forty-five formal papers were
presented, and planning meetings were held 5-9 June 1978.

A New Zealand consortium is planning to drill through a
seismic discontinuity that may mark the preglacial unconfor-
mity on the continental shelf in McMurdo Sound. Other

projects in McMurdo Sound are being planned to ac-
complish unmet DVDP objectives. Earth scientists at the con-
ference gave their support to further attempts to drill deeper
into the Sound to determine the age of the sediment there.
(Early attempts have been thwarted by technical difficulties,
such as down-hole problems at New Harbor, and the sea ice
breakup in McMurdo Sound at the hole.) The evidence thus
far is contradictory. Reversed magnetic polarities in the upper
20 meters of holes 8 and 10 at New Harbor suggest an age
greater than Brunhes, whereas fossil evidence confirms
beyond doubt a Holocene age. The evidence from both
paleomagnetism and paleontology indicates a long sedimen-
tary record extending into the Miocene.

Two papers on the Japanese drilling program at Lake
Biwa were presented. This study is a broad, interdisciplinary
research effort, with goals very similar to those of DVDP.

After the meetings, field trips were made to the Lake Biwa
region, to Hokkaido Island, and to the lava flows of Mt. Fuji
and Hakone Volcano.

Seminar III was hosted by the Japan National Institute of
Polar Research and was supported by the Japan Society for
the Promotion of Science and the National Science Founda-
tion, Office of International Programs. Proceedings of the
conference will appear as a memoir of the National Institute
of Polar Research, Special Issue No. 13. Final project papers
will be published in the Antarctic Research Series of the
American Geophysical Union.

DVDP was supported under National Science Foundation
contract C-642.

Geology of DVDP 1 and the
hyaloclastite of DVDP 3, Hut Point

Peninsula, Antarctica

SAMUEL B. TREVES

Department of Geology
University of Nebraska

Lincoln, Nebraska 68508

During the past year the flow units of Dry Valley Drilling
Project (DVDP) 1 and the hyalocastite of DVDP 3 have been
studied petrographically and chemically, and some units
were dated radiometrically. A summary of the results is pre-
sented in this article.

DVDP 1 was drilled during the 1972-73 austral summer on
the south flank of Twin Craters, an extinct volcano located
near McMurdo Station on Ross Island, and 196.5 meters of
core were recovered. Logging, petrographic analyses, and
chemical analyses indicate that the core consists of 32 flows
and 6 pyroclastic units that are cut by two dikes. The flows
are thin and most are oxidized.

Chemical analyses indicate that most of the flows are in-
termediate. Radiometric dates indicate that the units were
erupted very rapidly about 1 million years ago.

Data obtained from the study of these rocks support the
general conclusions of Goldich and others (1975) and indi-
cate that the rocks are differentiates of an alkaline magma.

DVDP 3 was drilled during the 1973-74 austral summer on
the north flank of Observation Hill, immediately adjacent to
the Thiel Earth Science Laboratory, and 381 meters of core
were recovered. The lowermost 214 meters consist of hy-
aloclastite and some thin flow units.

In detail, the hyaloclastite, from bottom to top, consists of
194 meters of lapilli tuff and blocky-lapilli tuff with minor
amounts of mixed breccia of which blocky-palagonitic-lapilli
tuff is the major constituent. At 218 meters the lapilli of the
tuff consist of volcanic rocks such as trachyte that do not oc-
cur in the overlying fragmental units.

Radiometric dates indicate that the rocks of DVDP 3 ac-
cumulated rapidly and that the uppermost 180 meters ac-
cumulated about 1 million years ago.

These data indicate that the hyaloclastite records a period
of submarine volcanism that produced a volcanic pedestal
upon which the volcanic flows now exposed at the surface ac-
cumulated.

This study was conducted under National Science Foun-
dation grant GV 36950.
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Volcanoes in the Hobbs Coast and
Ruppert Coast sectors of Marie

Byrd Land

WESLEY E. LEMASURLER,
WILLIAM C. MCINTOSH, and

DAVID A. TEWKSBURY

Natural and Physical Sciences Division
University of Colorado at Denver

Denver, Colorado 80202

We made field investigations during the 1977-78 austral
summer in the Hobbs and Ruppert Coast sectors
(128°-142°W.) of Marie Byrd Land. This region lies well
north of the International Geophysical Year (IGY) oversnow
traverse routes and was visited for the first time only 11 years
ago, during the 1966-68 Marie Byrd Land reconnaissance
surveys.

The purpose of revisiting this region was to investigate in
more detail some of the questions raised by the 1967-68
reconnaissance and subsequent laboratory investigations.
During the reconnaissance it was found that the basal portion
of nearly every volcanic section in the region is composed of
hyaloclastites, and that these deposits range in thickness from
as little as a few meters to more than 2,000 meters. Hy-
aloclastites are glassy tuffs that can form during either
subglacial or submarine volcanic eruptions. In Marie Byrd
Land these rocks are now exposed in isolated nunataks or
mountain massifs, at elevations ranging from a few hundred
to a few thousand meters above the present level of the ice
sheet. These elevated deposits indicate either that ice levels
were formerly much higher than they are at present, that
block faulting has raised each hyaloclastite section above the
ice, or that both processes have occurred (LeMasurier and
Rex, in press). The exact nature of this instability is one of the
major problems in Marie Byrd Land and it is likely to be of
very broad interest.

For example, some glaciologists believe, on theoretical
grounds, that the west antarctic ice sheet is unstable, that its
disintegration is imminent or in progress, and that coastal
cities are vulnerable to a rise in sea level that would result
from this disintegration. If this theory is correct, then much of
the elevation of the hyaloclastites can be explained by a recent
lowering of the ice level. However, it is equally likely that the
elevations were produced by tectonic uplift. The K-Ar
(potassium-argon) age determinations and field relationships
available from the 1966-68 reconnaissance surveys do not
eliminate either possibility.

To isolate the effects of tectonic uplift from those created
by ice level fluctuations in Marie Byrd Land, additional dates
on hyaloclastite sections and overlying subaerial lavas, and
dates on recent-appearing lavas near present ice levels are
needed. Furthermore, coordination of these studies with the
work of glacial geologists studying moraines, striated bedrock
surfaces, and weathering profiles is essential. A major part of
the work this past season was devoted to these objectives.

During the 1977-78 field season we visited 67 different
localities in the Hobbs and Ruppert Coast region. Over half
of these were hyaloclastite localities or related in some way to
the problem of hyaloclastite elevations. New hyaloclastite
localities were discovered and sampled at Bowyer Butte, Mt.
Petras, Brandenburger Bluff, Cruzen Island, Coleman
Nunatak, Holmes Bluff, Cousins Rock, Shephard Island
(three localities), and Grant Island. Abundant tills were
found interbedded with hyaloclastite at Shibuya Peak, and a
striated granite pavement directly overlain by hyaloclastite
was found at Bowyer Butte. Detailed stratigraphic collections
for paleomagnetic and petrologic study were made at Bran-
denburger Bluff, Shephard Island, Coleman Nunatak, and
Shibuya Peak. The tills and striated pavement clearly
establish the subglacial (rather than submarine) origin of two
coastal hyaloclastite localities, both of which were studied by
us and by a glacial geologist from Stockholm University (011e
Melander).

K-Ar dates and paleomagnetic and petrologic studies of
materials from the 11 new localities will enlarge the
chronologic base for glacial history interpretations by more
than 50 percent, will provide more data on criteria for sub-
thick-ice vs. sub-thin-ice eruptions, and perhaps will reveal a
horizon of stratigraphic value in the paleomagnetic character
of the hyaloclastite sections. Furthermore, K-Ar dates on
cinder cones and hyaloclastites near the present ice level will
be used by the University of Maine-University of Stockholm
team (Melander and Karlen) studying the stability of ice
levels in this region.

A mature erosion surface developed on basement granites
and gneisses in Marie Byrd Land may be the only
stratigraphic horizon in this region. However, its age and
evolution of Cenozoic modifications are not well known.
Lavas and hyaloclastites resting on this surface were collected
in the Ickes Range (Mt. Langway), at Bowyer Butte, Holmes
Bluff, Kouperov Peak, and Mt. Petras. Dates on these
materials should greatly improve our knowledge of this im-
portant surface, and this in turn will have a direct bearing on
our knowledge of the timing of block faulting and its relation
to glacial history.

A second objective is to study volcanic history as it relates
to the processes that caused the fragmentation of Gondwana-
land. These processes of rifting and continental breakup,
which began roughly 200 million years ago with the separa-
tion of Africa from Antarctica, appear to have developed in
post-Cretaceous time in Marie Byrd Land and have extended
into the very recent geologic past (LeMasurier, in press).
Volcanism of the island arc type, for example, was active in
Marie Byrd Land until late Cretaceous time and then ceased
at about the time the New Zealand block broke away from the
Marie Byrd Land-Ross Sea sector of Antarctica (Cooper et al.,
in press). This volcanism and its relationship to the pre-
Cenozoic continental margin of Antarctica has received very
little study. During the past field season, volcanic and in-
trusive rocks believed to be of Mesozoic age were collected
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from Mt. Petras, the Ickes Range, and from several nunataks
along the Ruppert Coast for K-Ar dating, chemical analysis,
and paleomagnetic studies that will help illuminate these pre-
Cenozoic relationships.

Volcanic activity associated with rifting in Marie Byrd
Land appears to have commenced in the Oligocene and ex-
tended into Recent time. Many of the central-type volcanoes
in this region occur in linear chains, some oriented north-
south and others oriented east-west; the age of volcanism ap-
pears to change systematically along the lengths of the chains
(LeMasurier and Rex, 1977). Both the evolution of these
lavas and the mechanism of this migration seem quite
different from the more familiar examples in the ocean basins
(for example, the Antarctic plate has remained stationary
during the period of these migrations); it is hoped that a
thorough study of this activity will provide some insight into
the relationships between volcanism and rifting in a continen-
tal region.

During the 1977-78 season, detailed collections were ob-
tained from the Ames and Flood Ranges, and steaming
fumarolic ice towers were observed at close hand on the sum-
mit of Mt. Berlin. The Ames and Flood Ranges are linear
ranges oriented at right angles to one another, and each range
is a chain of coalescing central type volcanoes. With K-Ar
dating and chemical analyses it should be possible to deter-
mine the eruptive and petrologic histories of most of the
volcanoes in these ranges. This will form a basis for deter-
mining whether migrations of activity have actually taken

place there and for evaluating mechanisms to explain the
migrations.

We thank Lt.Comdr. Mike Brinck and all U.S. Navy per-
sonnel under his command, and Dave Pluth and the Holmes
and Narver camp staff, for their interest, cooperation and
helpfulness during our stay at Mabel I. This work was sup-
ported by National Science Foundation grant DPP 76-04396.
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Volcanic activity at Mt. Erebus,
1977/78

PHILIP R. KYLE

Institute of Polar Studies
The Ohio State University
Columbus, Ohio 43210

W. McINrosii

Department of Geology
University of Colorado

Boulder, Colorado 80302

On 28 November 1977, P. R. Kyle, H. Lee Muncy (The
Ohio State University) and Peter Farrell (field leader, New
Zealand Antarctic Research Program) made a 6-hour visit to
the summit crater of Mt. Erebus to observe volcanic activity.
The authors made more extensive observations duringJanu-
ary 1978. We spent 2 days acclimatizing at Fang Glacier prior
to working at the summit from 3-13 January. W. McIntosh
also made three 1-day visits to the crater during late January
to provide support for another U.S. Antarctic Research
Program party.

In general, the observations of the lava lake were hindered
by the dense gaseous plume emitted from the degassing

anorthoclase phonolite lava lake; however, W. McIntosh had
clear conditions on 22 January. Observations made on this
day are described below.

The most significant change in the activity during 1977-78
was an increase in explosive strombolian eruptions. During
the 1976-77 field season (22-31 December) no explosive
eruptions were heard, although in previous years they had
been frequent (Kyle et al., in press). Compared with the
1972-1975 period, eruptions during 1977-78 were more fre-
quent and possibly larger. The frequency and duration of
eruptions are shown in figure 1. During 3-13 January, 36
eruptions were heard, an average of four per day. Frequency
ranged from one (6January) to six (7 January) eruptions per
day. We believe that most of the eruptions originated from the
active vent (figure 2). The distribution, size, and number of
bombs littering the northeast quadrant of the crater attest to
increased activity. Numerous fresh bombs of up to 4 meters in
length were found during November 1977 (figure 3). The
number and size of the bombs were greater than those ob-
served in any previous season since observations began in
1971-72. Pelts Hair of up to 100 millimeters in length was
particularly common and was found lying on the snowy
northern flanks more than 3 kilometers from the crater
(figure 4).

The persistent lava lake showed no apparent increase in
size over that observed (figure 2) The south side of the inner
crater had a large depression parallel to the ridge that divides
the inner crater. Subsidence along the depression may be
caused by a slight lowering in the magma column level. On
the eastern end of the lava lake two raised benches of consoli-
dated lava also suggest a slight lowering in the lava lake.
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Figure 1. Frequency and
duration (in seconds) of
eruptions of Mt Erebus
from 2-17 January 1978.
Eruptions also were
classified according to
their Intensity on a 5-point
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Figure 2. Summary of the development of the anorthociase phonollte lava lake at Mt. Erebus.

Activity within the lava lake consisted of three main
features (figure 5): (a) lava upwelling in nearly circular areas;
(b) small bubble-like degassing eruptions; and (c) downwell-
ing of the consolidated crust along planar troughs or "sub-
duction zones." As a series of observations over a 1.3-hour
period on 22 January 1978 shows (figure 5), there is no pat-
tern to these features. The sketches (figure 5) seem to indicate
central upwelling and peripheral downwelling, but this was
not quite the case. While there was moderate and steady
downwelling along the northern wall, downwelling along
central subduction cracks was more rapid or at least more ap-
parent. Migration of the subduction zones themselves was the
most easily observed surface movement. Upwelling was

difficult to detect because it did not usually involve bubble
formation, but instead involved a slight increase of surface in-
candescence and cracking of the lava crust.

Major element analyses (see table) of four bombs col-
lected in 1977-78 are indistinguishable (within analytical er-
ror) from analyses of ejecta collected in previous years. The
magma column is therefore not undergoing rapid changes
because of crystal fractionation or influxes of new magma.
Apparently the lava lake is the surface expression of a stable
convecting column of magma.

This work was supported by the National Science Foun-
dation grant DPP 76-23440.
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Figure 3. Fresh anorthoclase phonolite bombs found during
November 1977 on the northeastern rim of Mt. Erebus crater.

Whole-rock major element analyses of volcanic ejecta erupted
from Mt. Erebus.'

197273b	1974-75'	197576b	197778d -

Si02	56.13	56.32	(0.l2)e	55.96	56.21	(0.45)
Ti02	0.95	0.93	(0.02)	0.98	0.96	(0.04)
Al 203 20.04	20.18	(0.04)	19.92	20.11	(0.16)
Fe203f	5.36	5.17	(0.17)	5.49	5.28	(0.25)
MnO	0.21	0.21	(0.01)	0.22	0.22	(0.01)
MgO	0.84	0.83	(0.01)	0.89	0.86	(0.04)
CaO	2.68	2.67	(0.06)	2.65	2.62	(0.07)
Na20	8.41	8.54	(0.08)	8.48	8.66	(0.07)
K20	4.50	4.54	(0.06)	4.57	4.62	(0.11)
P205	0.39	0.38	(0.01)	042	039	(0.02)
Summary 99.51	99.77	 99.58	99.93

aAnalysis made by X-ray fluorescence.
bOne analysis.
'Three analyses.
dFour analyses.
'Standard deviations given in parentheses.
Total Fe as Fe203.
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Figure 4. Recently erupted Pole's Hair found tying on the
northern flank of Mt. Erebus about 1.5 kilometers from the

crater.
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Figure 5. Changing patterns of convection, minor degassing
eruptions (lava bubbles), and areas of downwelllng observed
In the anorthoclase phonolite lava lake, Mt. Erebus, between

1030 and 1150 22 January 1978.

PHILIP R. KYLE and H. LEE MUNCY

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

During December 1977 we undertook field investigations
of McMurdo volcanic group rocks on the northern slopes of
Mt. Morning, with the specific aim of mapping in detail an
area 5 kilometers east of Lake Morning. A sample collected
by Kyle in 1972 from the area had yielded a K-Ar
(potassium-argon) age of 15.4 million years (Armstrong, in
press), making it the oldest known McMurdo volcanic group
sample.

The McMurdo volcanics at Gandaif Ridge (unofficial
name) (78°20'S.164°8'E.) overlie a basement of skeiton
group granitic intrusive rocks and intercalated metasedimen-
tary schists. The granite is similar to intrusives around the
head of Koettlitz Glacier, which tentatively have been termed
the "crag granite" by D. N. B. Skinner (personal com-
munication, February 1978). According to Skinner, the schist
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probably belongs to one of two formations, most likely the
cocks formation (Skinner, 1978); however, it may be an
amphibolite from the anthill limestone (Gunn and Warren,
1962).

Highly sheared and jointed trachyandesite overlies the
basement. The volcanic pile is extremely broken up and
strongly altered. The mode of eruption of the trachyandesite
is uncertain; there is little to suggest subaqueous eruptions, so
it is believed the lavas were erupted subaerially. Relic flow
banding and zeolite-filled amygdales and vugs show random
orientations. Breccias are common but show no bedding
within themselves or relative to the massive trachyandesite;
some of the brecciation is post-depositional and related to
subsequent events.

The highly sheared nature of the trachyandesite is caused
by intrustion of strongly oversaturated peralkaline trachyte
dikes. The dikes form a general east-west orientated dike
complex which is best exposed at the north end of Gandaif
Ridge. The dikes are steeply dipping and vary from 0.2 to 10
meters in width. Most are porphyritic with large phenocrysts
of feldspar, although fine-grained nonporphyritic types do oc-
cur. The 15.4 million-year age determination (Armstrong, in
press) was made on a dike sample. It is probable that the
dikes are part of a high-level subvolcanic complex, the dikes
being feeders to a now-eroded peralkaline trachyte volcano.

At the extreme south end of Gandalf Ridge there are
several massive peralkaline trachyte lava flows. These are
chemically very similar to the dikes (figure) and are undoubt-
edly a small erosional remnant of the former volcanic cone.

The trachyandesite and dike complex is cut by north-
south trending faults, shear zones, and zones of intense hy-
drothermal alteration and silicification. It is apparent that
many of the fault planes have provided paths for the migra-
tion of hydrothermal fluids. The faulting may be either local,

related to volcanism, or of regional significance associated
with uplift and tectonism of the Transantarctic Mountains.
The latter suggestion is supported by the faults paralleling the
trend of the nearby Transantarctic Mountains. Faults with
associated hydrothermal veins were mapped by D. N. B.
Skinner (personal communication, February 1978) along the
foothills of the Royal Society Range; these are parallel, and
possibly similar, to the Gandalf Ridge faults. All the faults
could be part of a wide fault zone adjacent to the Transan-
tarctic Mountains. The Gandaif Ridge faults are believed to
be the first documented evidence of Neogene faulting in the
Ross Sea area.

A breccia or diamictite, possibly formed from lahars, over-
lies the trachyandesite and dike complex. The clasts, which
occasionally exceed 5 meters, are volcanic and consist mainly
of peralkaline trachyte and occasionally of porphyritic
trachyandesite. The matrix is strongly altered and weathered.

We made brief reconnaissance of the area west of Lake
Morning. The most striking features there are several large
pillars which are erosional remnants of acidic (possibly
peralkaline trachyte) intrusive breccia pipes. These intrude
five thin peralkaline trachyte flows. A porphyritic peralkaline
trachyte dike, which is very similar to the dikes at Gandalf
Ridge, cuts the flows and breccia pipes. These rocks probably
are similar in age to those at Gandaif Ridge and are further
evidence for the existence of widespread Miocene volcanism
in the area.

Major and trace element analyses of 43 Mt. Morning sam-
ples (figure) show that many are petrologically distinct from
the younger basanite-phonolite Suite exposed elsewhere in the
Erebus volcanic province (Goldich et al., 1975; Kyle and
Cole, 1974; Kyle and Rankin, 1976). Many of the analysed
samples are oversaturated. The dikes are strongly peralkaline.

Field and laboratory work was supported by National
Science Foundation grant DPP 76-23440.
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Soil weathering sequences in
Wright Valley

J. G. BOCKHEIM

Department of Soil Science
University of Wisconsin

Madison, Wisconsin 53706

During the 1977-78 field season, I examined soils in
Wright Valley to establish their relationship to Wright Lower,
Wright Upper, and alpine glaciations and to compare them
with soils previously investigated in Taylor Valley
(Bockheim, 1977).

Detailed descriptions were made for 55 profiles. I col-
lected 295 soil samples and recorded surface weathering
features at 28 localities. Laboratory and field methods were
described earlier (Bockheim, 1977).

Wright Lower Glaciations. Soil properties and surface
weathering were examined on moraines of the Trilogy (see
figure, location A) and Loop (figure, location B) glacial
episodes (Nichols, 1971). Several small, indistinct lateral
moraines extending about 100 meters above the Loop
Moraine (figure, Cl) and an associated end moraine (figure,
C2) 1.6 kilometers west of the Loop Moraine also were ex-
amined. Finally, several small, indistinct lateral moraine seg-
ments on the north side of the valley 1.5 kilometers west of the
C2 end moraine were sampled (figure, D).

Soils on the various moraines differ markedly in depths of
oxidation, ghosts, salt encrustations, and coherence (table 1).
Soils on D moraines feature a salt-cemented horizon averag-
ing 12 centimeters in thickness. In places these soils overlie
buried soils derived from a light gray, silty, pulverulent drift

which crops out widely further up-valley to the west. Trilogy,
Loop, C, and D moraines were distringuished on the basis of
surface boulder frequency, fragmentation of boulder in situ,
and the extent of cavernous weathering and ventifaction (ta-
ble 2).

Alpine Glaciations. Alpine moraines were examined adja-
cent to the Goodspeed, Hart, Meserve, and Bartley Glaciers.
A sequence similar to that described by Behling (1971) and
Everett (1971) was observed. Soil morphology and surface
weathering data appear in tables 1 and 2.

Alpine I and II soils are similar to Alpine I (II in Denton
et al., 1971) and 11(111) soils in Taylor Valley (Bockheim,
1977). However, soils equivalent to Alpine III soils in Wright
Valley were not observed in Taylor Valley. This suggests that
Alpine III moraines, if they existed in Taylor Valley, were
destroyed by the subsequent Taylor IV glaciation(s) or by
Ross Sea glaciations. Wright Valley, to the east of Lake Van-
da, apparently has not experienced major axial glaciations
from the Polar Plateau in the past 4.2 million years (Fleck et
al., 1972). A less plausible explanation for the lack of Alpine
III moraines in Taylor Valley is that the mechanisms con-
trolling the fluctuations of alpine glaciers in Taylor and
Wright Valleys may differ and Alpine III moraines may
never have existed in Taylor Valley.

The lower portions of Alpine III moraines adjacent to
Hart and Meserve Glaciers, and possibly to the Bartley
Glacier, have been overridden by advances of the Wright
Lower Glacier (table 3). Surface weathering is less on the
lower, overridden portions of these lateral moraines. Salt
pans, which are common to Alpine III soils above the junc-
tion, are conspicuously absent in the portion of the moraine
that has been reworked by ice from the Wright Lower
Glacier.

Wright Upper Glacier. Silt deposits depicted by Vucetich
and Topping (1972) as representing the Prospect Formation
were examined in detail at three locations: 726, 730, and 734
(figure). Soils derived from the silts have a characteristic light
gray (2.5Y 7/2, Munsell soil color chart notation) color, are
poorly oxidized, and are pulverulent or powdery. The soils
feature a thin (7 centimeter), white, salt-indurated layer just
below the surface. Striated diabase cobbles were found within
soils 726 and 734.

Soils derived from the fine-textured Prospect Formation
are poorly developed. However, at Prospect Mesa (figure, E)
soils developed in coarser textured debris fan material overly-
ing the Prospect sediments are among the most strongly
developed soils that have been examined in Wright Valley
(tables 1 and 2). The soils are oxidized to about 25 cen-
timeters, contain ghosts to depths exceeding 25 centimeters,
and feature a salt pan at least 15 centimeters thick.

Correlation of Wright Valley and Taylor Valley Soils. Using soil
properties and surface weathering criteria, moraines of
Wright Valley and Taylor Valley are correlated in table 4.
The correlations are subject to revision following further field
work in Wright Valley and examination of laboratory data.

All soil pits were backfilled and the landscape restored to
its original conditions as near as possible.

This research was supported by National Science Founda-
tion grant DPP 74-20991 to George H. Denton, University of
Maine. I am grateful to him for his assistance in locating crit-
ical sites for soils investigation, for valuable discussions in the
field, and for reviewing this manuscript. A. James Pastene,
Ernest F. S. Downes, and Montague Alford assisted in the
field work.
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Map of Wright Valley show-
ing location of soil profiles
(circles and three-digit
numbers) and landforms (A
through E) discussed In
this paper. (Compiled from
U.S. Department of Interior
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Map of Wright Valley showing location of soil profiles (circles and three-digit numbers) and iandforms (A through E) discussed
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Table 1. Morphologic properties of soils developed on moraines representative of glaciations in Wright Valley.

Depth

	

slightly	 Depth ice-
Number	Depth	Depth	Depth salt	coherent	Thickness	cemented

of	oxida-	ghosts	encrusta-	consis-	salt pan	perma-
Glaciation	 profiles	tion (cm)	(cm)	tions (cm)	tence (cm)	(cm)	frost (cm)

Trilogy 	 1	 0	0	 0	 0	0	 8
II	 2	 0	0	 0	 0	0	 28
111(A)	 2	 0	8	33	 0	0	 72

Loop (B)	 2	 13	8	 42	 42	 0	 115
C moraines	 6	 14	13	tOO	100	0	 105
D moraines	 2	 35	32	85	 85	20	 105
Alpine 1	 1	 0	0	 0	 16	0	 16
Alpine ha	 4	 6	0	23	 18	0	 75
Alpine lIb	 2	 8	0	100	50-120	0	 110
Alpine III	 3	 32	15-75	125	115	12	 125
Wright Upper hhI(?)	 1	 65	20	35	110	0	 122
(soil 725)

Post-Prospect	 3	 27	38	> 100	> 100	16	 100
debris pan (E)

Prospect Formation	 3	 24	8	23	> 100	6	 100

Table 2. Surface weathering characteristics of moraines representative of glaciations in Wright Valley.

Surface
boulder

frequency
Number	(per 314	% fragmented	 % venti-	% cavernously

Glaciation	 of sites	square meters)	in situ	% planed	facts	weathered

Trilogy I	 1	 248	 0	 0	0	 0
II	 1	 140	 0	 0	9	 2
111(A)	 1	 -	 8	 2	4	 10

Loop (B)	 1	 84	 48	 34	 1	 10
C moraines	 5	 36	 66	 38	 4	 19
D moraine segments	 1	 24	 71	 19	33	 4
Alpine!	 1	 -	 0	 0	0	 0
Alpine ha	 2	 78	 1	 7	0	 60
Alpine hIb	 3	 103	 6	 1	 0	 63
Alpine III	 3	 6	 95	 33	33	 33
Wright Upper III (?)	 1	 67	 43	 46	 16	 9
(soil 725)

Post-Prospect	 3	 37	 68	 21	22	 12
debris pan (E)

Propect Formation	 2	 85	 42	 16	16	 29

38	 ANTARCTIC JOURNAL



Table 3. Effect of an advance of the Wright Lower Glacier on morphological properties of soils on Alpine III moraines, Wright Valley.

Approximate	 Depth	Depth salt	Salt pan
elevation	Depth oxida-	ghosts	encrustations	thickness

Profile	Location	 (m)	 tion (cm)	(cm)	 (cm)	 (cm)

701	Meserve Glacier,	 700	 53	 75	 > 112	 15
east

702	Meserve Glacier,	 350	 35	 8	 65	 0
east

718	Hart Glacier,	 350	 28	 14	 > 85	 11
west

721	Hart Glacier,	 325	 18	 8	 > 100	 0
west

Table 4. Correlation of moraines in Wright and Taylor Valleys
based on soil and rock weathering.

Wright Valley	 Taylor Valley

Alpine I (II)
Ross I
Alpine I! (III)
Taylor!!
Ross II
Ross III
Taylor III
Ross IV
Taylor IV

Alpine!!!	 -
Prospect Formation (E)	 -

Increasing age

aSymbols in parentheses indicate earlier nomenclature used by Den-
ton and others (1971), but since modified for correlation elsewhere in
McMurdo Sound vicinity (Denton, personal communication).
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Antarctic search for meteorites
during the 1977-78 field season

W. A. CASSIDY

Department of Earth and Planetary Sciences
University of Pittsburgh

Pittsburgh, Pennsylvania 15260

Our goals during field season 1977-78 were twofold: (a) to
continue collecting meteorites at the Allan Hills site dis-
covered during the 1976-77 field season (Cassidy, 1977;
Cassidy et al., 1977; Yanai, 1978); and (b) to reconnoiter

other bare ice patches noted on satellite photographs to the
west and north of Allan Hills as possible sites of meteorite ac-
cumulation. Members of the field party in addition to myself
were Billy Glass, Department of Geology, University of
Delaware, and Keizo Yanai and Minoru Funaki, National
Institute of Polar Research, Tokyo.

We were able to carry out detailed foot searches at all ma-
jor bare ice patches along the western side of Allan Hills, oc-
cupying two campsites in different parts of the area (figure 1).
We recovered 310 samples in this area and identified 307 of
these in the field as meteorites; the other 3 may be terrestrial
rocks, but they looked unusual enough that we collected them
as possible meteorites. At a third field camp located between
the eastern and western "arms" of Allan Hills we found one
meteorite on the ice.

We visited three patches of bare ice west of the Allan Hills
site by helicopter. On two of these we found nothing; but on
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Figure 1. Field map showing locations of meteorite finds at
the Allan Hills site. (Rock outcrops are shaded and bare ice
patches are outlined. Monocline in the ice surface runs from
the southwest end of Allan Hills toward Battlements Nunatak
but flattens out before reaching Battlements. Surrounding
features can be located on USGS Convoy Range map ST
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Figure 2. Sketch of a section crossing the main meteorite site
from west to east. (Allan Hills protrudes from the ice to the
east, and an Inferred rocky ridge lies below the ice surface to

the west, causing the ice surface to be monoclinal.)

the one closest to the Allan Hills findsite we recovered 25
specimens (part of the 311 total) that appeared to be frag-
ments of the same meteorite.

We were not able to visit the ice patches north of Allan
Hills, except to make a very brief overfly of an ice patch just
west of Reckling Peak. Rock outcrops at that site suggest
similarities with the Allan Hills occurrence.

Judging by similarities and differences we noted among
the recovered meteorites, we believe the collection represents
20 to 50 new finds. (In many cases groups of meteorites ap-
peared identical and, therefore, from the same parent.)

We believe we gained greater insight this season into the
concentration mechanism for meteorites at Allan Hills. The
specimens were found for the most part on the upper and
lower limbs of an ice monocline, which may reflect the exist-
ence of a near-surface ridge across which the ice is flowing. A
very slight consequent elevation of the ice surface over the
ridge crest results in greatly increased ablation rates by
katabatic winds, leading to constant exposure of older ice at

the ablation surface. Meteorites are periodically exposed by
this process and carried over the monocline to be deposited
on the lower limb. Ice in the lower limb is in a stagnant-flow
condition because of the barrier presented by Allan Hills.
These relationships are suggested in figure 2.

Data on ice-flow regimes could help us determine where
to search for meteorite concentrations. On the other hand,
knowledge Data on ice-flow regimes could help us determine
where to search for meteorite concentrations. On the other
hand, knowledge of meteorite concentrations should help to
interpret ice-flow regimes and to infer past climate. For ex-
ample, Drewry (in press) reports that the supply of ice to the
Skelton, Ferrar, Taylor, Wright Upper, Victoria Upper, and
Mackay Glaciers is limited by an ice ridge and dome system
some tens of kilometers inland. To date we have found only
one meteorite (Mt. Baldr) within this limited accumulation
area. The Mt. Baldr meteorite was found as two fragments
700 meters apart but has recently been identified as a single
meteorite (Olsen, personal communication 31 March 1978).
Drewry finds in addition that the Mawson Glacier has a large
source area in central East Antarctica. The Allan Hills site,
where we found many meteorites, lies approximately at the
boundary between these two regimes. Drewry shows an ice
divide at the accumulation site. We have called the same
feature a monocline, and plan to measure ice flow and abla-
tion in and around the meteorite accumulation. If ice seems
to be arriving with the major flow feeding Mawson Glacier
we will understand that the meteorites have been collected
over a large area. If it is not, such a large accumulation could
be explained if the restricted source area we see at present has
not been restricted over a long time. Earth-residence times of
meteorites can be measured, and Whillans (personal com-
munication 27 April 1978) suggests measurements could un-
cover hiatuses or changes in meteorite arrival rates at con-
centration sites that reflect development of such surface
features in source areas farther inland.

During the 1977-78 field season another meteorite, an
iron, was found by Steven Kite, University of Maine, in a
moraine about 600 meters inland from Lower Victoria
Glacier. It apparently had been deposited there as glacier
debris. It seems likely that as field workers in Antarctica
become more aware of the possibility of finding meteorites
more will be found.
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Free oscillations of the Earth and
tilt at the South Pole

L. KNOPOFF, R. L. COUNTRYMAN, P. A. RYDELEK, W. D
SMYTHE, T. YOGI, and W. Zf5i.N

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

Los Angeles, California 90024

During the 1977 winter season at Amundsen-Scott South
Pole station, T. Yogi operated two LaCoste-Romberg tidal

meters as ultra-long period seismometers and carried out a tilt
survey in preparation for the installation of a long-period
horizontal tidal meter. This article reports preliminary results
of these investigations.

The Indonesian earthquake (11.13°S.118.40°E.) of 19
August 1977 excited all spheroidal modes ( 0S0 ) of zero radial
order and of low angular. order (n) from 0S3 to 0S37 , a
relatively rare geophysical event. In addition, several higher
order radial modes have been observed. The measurement of
the specific alteration factor (Q) amplitude, and frequency of
these modes is important for constraining models of the
earth's interior. Figure 1 exhibits the frequency spectrum of
this event as recorded at the University of California at Los
Angeles and at the South Pole. The predicted absence of
splitting of the modes on the rotational axis is readily ap-
parent in the South Pole spectral lines for 0S3 and A. This

CYCLES/HOUR

Figure 1. Part of the frequency spectrum of the Indonesian earthquake, 19 August 1977. (The absence of splitting In the pole
record is particularly apparent for modes 0S3 and 0S4.)
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Figure 2. The measured tilts about two orthogonal axes for (a) an axis perpendicular to the radial direction of the dome and (b)
an axis along the radial direction of the dome and outside temperature variations, day 211, 1977.

absence of splitting in the South Pole record is advantageous
in determining the Q of these modes, since the energy is not
partitioned among several peaks. Further, the absence of
splitting simplifies determining the frequency of the central
peak, since there is a lower likelihood of having unresolved
nearby peaks which might shift the apparent frequency.

The tilt survey was carried out using a Burris-LaCoste
level with a sensitivity of 0.811 millivolt/micro-radian at
-40°C. The meter was placed on an aluminum table at the
bottoms of 9-foot and 40-foot bore holes (8-inch diameter)
made by a thermal drill in November 1976. Both holes were
located within (but near the periphery of) the dome. The
result of measurements from the 9-foot hole is shown in
figure 2 for two orthogonal axes of measurement over a
period of 70 days. Figure 2(a) shows the tilt (rotation) about
the axis perpendicular to the radial direction of the dome
("easy" axis), and figure 2(b) shows tilt about the radial
direction ("quiet" axis). Also shown in figure 2 is the outside

temperature1 during the measurement period. A few qualita-
tive features can be noted from the figure:

1. The preferential direction of tilt is such that the center
of the dome is sinking with respect to the surrounding ice.

2. There is an apparent overall correlation between the
variations in tilt and temperature, particularly for the "easy"
axis.

3. Major turning points in the tilt are preceded by major
changes in temperature trend. These phase delays are shown
by arrows in figure 2(a) and are estimated to be between 1.5
and 2.5 days.

One possible mechanism for the observed behavior is a
plastic flow of the ice under the station load, coupled with

'Temperature variation at the meter site was typically less than
1°C per month at a depth of 9 feet.
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.thermo-elastic surface deformation of the local ice surround-
ing the station. The rate of observed tilt, when linearly ex-
trapolated to the center of the dome, corresponds to a station
sinking rate of about 3 centimeters per year, which is similar
to but smaller than the rate estimated for the old pole station
(15 centimeters per year) (Bentley).

On the basis of these findings, a search for a more tilt-free
location away from the station has been instituted in the 1978
winter season by R. Countryman.

This work was supported by National Science Foundation
grant DPP 76-17234.
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Glacial geology

Ross Sea glaciations: events in
Lower Victoria Valley

HAROLD W. BORNS,JR.

Institutefor Quaternary Studies and
Department of Geological Sciences

University of Maine
Orono, Maine 04473

The glacial geology of the Lower Victoria Valley in the
dry valleys area researched by Calkin (1971) was reexamined
during the 1977-78 field season in an attempt to determine
whether, and to what extent, lower Victoria Valley had been
invaded from the seaward side by ice of the Ross Sea glacia-
tions (Denton, 1971) and, if so, to examine the details of these
events. This research will be continued during the 1978-79
field season.

The field party of four, Harold W. Borns, Jr., Rollin C.
Glenn, Stephen A. Norton, and James S. Kite, all from the
University of Maine-Orono, spent 18 days in lower Victoria
Valley in January. We had anticipated approximately 15
more field days, but logistics could not be provided.

David Drewry from the Scott Polar Research Institute
supported the research by flying a radio echo sounding flight
along the east-west axis of the Victoria Lower Glacier to
determine the bedrock evaluation beneath the terminus of
Victoria Lower Glacier and the sea. The preliminary data
imply that the maximum elevation of the bedrock surface
below the ice is approximately 450 meters.

Calkin (1971) suggested that at its maximum the Victoria
Glacier had advanced westward about 8 kilometers from its
present terminus to the vicinity of Lake Vida and, at a later
time, terminated approximately 6 kilometers westward of its
present terminus. This is fundamentally correct; however,
time did not allow further analysis of this and possible addi-
tional glacial events of the Victoria Lower Glacier.

Cross-cutting end and lateral moraines representing
former glacier positions indicate that complex out-of-phase
relationships between the Victoria Lower Glacier and many
of the alpine cirque glaciers draining into the Lower Victoria
Valley have existed. This conclusion, based on morphology,
is supported by the presence of multiple drifts and buried
soils. Denton (1971) indicated that the Ross Sea glaciations
were out of phase with the alpine glaciations in nearby Taylor
Valley, and it seems reasonable to expect similar relation-
ships in adjacent valleys.

The majority of clasts in the drift in Lower Victoria Valley
appear to be locally derived (Calkin, 1971). However, ap-
proximately 1 percent of the drift in the valley is composed of
scoreaceous basalt clasts distributed rather uniformly across
and along the valley. These clasts were derived either from
broadly distributed outcrops beneath the Victoria Lower
Glacier, from the volcanic islands in the Ross Sea, or from the
sea floor to the east and were transported into the valley by
glacier ice moving inland from the Ross Sea.

The broad distribution of volcanic clasts and apparent
lack of in-place young volcanics in the lower Victoria Valley
area suggest that a Ross Sea source is the most reasonable ex-
planation.

In conclusion, the preliminary field work suggests the Vic-
toria Lower Glacier has expanded several times and out of
phase with at least many of the alpine glaciers that drain into
the valley. This evidence, coupled with the elevation of the
bedrock beneath the Victoria Lower Glacier and with the
presence of scoreaceous basalt clasts in the drift, suggests the
possibility that ice of the Ross Sea glaciations moved into
Lower Victoria Valley several times.

Mummified seals and algae resting on the youngest drift
have been collected; radiocarbon analyses of these materials
should provide minimum ages on the last glacial recession of
the Victoria Lower Glacier.

In the process of examining the glacial deposits of Lower
Victoria Valley, James S. Kite discovered an 18-kilogram
iron meteorite embedded in the till surface on the north side
of the valley floor approximately 1 kilometer in front of the
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Victoria Lower Glacier. The specimen subsequently was col-
lected by William Cassidy's meteorite collecting team. Ac-
cording to Cassidy this is the largest iron meteorite yet found
in Antarctica.

In addition to working in Lower Victoria Valley, Stephen
A. Norton and Harold W. Borns,Jr. spent 2 days at Carapace
Nunatak collecting cores for paleomagnetic determinations
from the mid-Jurassic age lavas previously studied by Borns
and Hall (1969). This work, in part, is in support of the
paleomagnetic studies of Brian Embleton of CSIRO in
Australia. He will analyze the cores and will collaborate with
Borns and Hall in publishing the results.
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Glacial geologic studies in the
McMurdo Sound region

MINZE STUIVER

Quaternary Research Center
University of Washington

Seattle, Washington 98195

GEORGE H. DENTON, THOMAS B. KELLOGG, and
DAVIDA E. KELLOGG

Institute for Quaternary Studies and Department of Geological
Sciences

University of Maine
Orono, Maine 04473

We carried out field work on several projects during the
1977-78 field season.

1. G. H. Denton, J . G. Bockheim, W. Karlen, and 0.
Melander mapped surficial deposits in Wright Valley be-
tween Wright Lower Glacier and Lake Vanda. The main
result was the recognition, on the basis of drift morphology
and soil-weathering studies, of four drift sheets deposited in
lower Wright Valley by westward-flowing ice. The first cor-
responds with Nichol's (1971) Triology drift; on the basis of
drift distribution and soil-weathering studies, we infer that
Triology drift correlates with the youngest Ross Sea drift
mapped throughout the McMurdo Sound region. Nichol's
(1971) Loop moraine marks the outer limit of the second
drift. Moraines on both valley walls about 2.4 kilometers west

of the Loop moraine mark the outer limit of the third drift.
Moraine segments on the north valley wall about 4.5
kilometers west of the Loop moraine mark the outer limit of
the fourth drift. The soil studies that differentiate the four
drifts are given in this volume by Bockheim (1978).

Denton and Bockheim mapped the Prospect Formation
that outcrops on the valley floor between Lake Vanda and
Bartley Glacier, discovering in the process a new exposure of
shell-bearing sediment near Lake Vanda. T. B. Kellogg and
D. E. Kellogg are searching for microfossils in samples from
this new exposure, as well as from the type Pecten site.

2. M. Stuiver and Denton collected additional algae car-
bon-14 ( 14C) samples from deltas deposited in a higher Lake
Vanda in Wright Valley and in Glacial Lake Washburn in
Taylor Valley; the altitudes of all sample sites were deter-
mined by leveling. Five of nine samples from Lake Vanda
deltas have been dated, giving consistent 14C ages of high lake
levels between about 2,100 and 2,900 years. Twenty-five of 38
samples from Glacial Lake Washburn deltas have been proc-
essed and given ages ranging from 18,170±70 years
(QL-1137) for high-level deltas to 8,340±120 years (QL-993)
for low-level deltas (Stuiver et al., in press).

3. A chronology has been obtained for young, ice-cored
moraine ridges that border most glaciers in the McMurdo
Sound region. Generally the ridges parallel glacier sides but
do not encircle glacier snouts. This suggests that glacier
tongues formerly were relatively short and wide but subse-
quently became narrow and long, overriding in the process
any frontal ice-cored moraine ridges. These ice-cored lateral
moraine ridges were called Alpine II by Denton and others
(1971) and Alpine I by Calkin and Bull (1972).

The ice-cored moraine ridges beside Suess Glacier in
Taylor Valley and Joyce Glacier in upper Garwood Valley
yielded 14C samples of freshwater algal layers in lacustrine
sediments that had become incorporated in the moraines
when the glaciers advanced into lake basins (see figure). A
sample from upturned lacustrine sediments in the ice-cored
moraine adjacent to Suess Glacier dated to 3,110±40 years
(QL-1 162). Three samples came from upturned lacustrine
sediments in the moraine beside Joyce Glacier. One dated to
3,960±30 years (QL-1 157). The other two dated to 5,810±160
years (QL-1 159) and 3,780±200 years (QL-1 158), coming
respectively from the base and the top of a 2-meter-thick, in-
tact block of upturned lacustrine sediments in the moraine.
Rhone Glacier in Taylor Valley exhibits lateral ice-cored
moraine ridges, but its terminus is now advancing over deltas
deposited into Glacial Lake Washburn about 16,470±250
years ago (QL-1046); this situation is compatible with many
other glacier tongues whose sides are bordered by ice-cored
ridges but whose • snouts project into older deposits. The
results suggest that alpine glacier sides attained their greatest
Holocene extent within the last 3,100 years but that alpine
glacier snouts now occupy their maximum Holocene posi-
tion.

4. Kellogg and others (1977) reported shell collections
and initial 14C dates from the McMurdo Ice Shelf. Several
additional 14C dates are now available. Five 14C dates on the
prominent debris band north of Black Island are, from north
to south: 6,600±60 (QL-166), 6,510±50 (QL-1126),
5,670±100 (QL-84), 4,610±100 (QL-1 127), and 1,260±30
(QL-1 128) years. Shell samples from the debris band that bor-
ders the northeast shore of Black Island have now yielded I4C
dates of 1,290±50 (QL-79), 3,620±40 (QL-1132), and
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3,630±90 (QL-1 123) years. Shell samples from several
hundred meters north of this debris band date from 3,590±80
years (QL-1222). Shell samples from the ice shelf surface be-
tween Black Island and Brown Peninsula gave 14C dates of
3,130±40 (QL-167), and 3,770±40 (QL-1130) years. Finally,
shell samples from debris bands beside the Dailey Islands
gave 14C ages of 1370±50 (QL-77) and 1,340±30 (QL-1225)
l4C years.

5. Finally Karin and Melander examined the glacial
geology of the Ruppert and Hobbs Coasts as part of our con-
tinuing study of the glacial history of the West Antarctic Ice
Sheet. The results are reported in this volume (Karin and
Melander, 1978).

The field party consisted of G. H. Denton, J . G.
Bockheim,J. Pastene, E. F. Downes, and M. E. Alford, who
were in Antarctica between 20 October and 14 December
1977; W. Karlen and 0. Melander, who were in Antarctica
between 20 October 1977 and 7 January 1978; and M.
Stuiver, who was in Antarctica between 7 and 14 December
1977. The research was supported by National Science Foun-
dation grant DPP 74-20991-A03. We thank the helicopter
pilots and crew of VXE-6 who assisted us in the field program.
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EXPLANATION

Ice-cored moraine

QL-1157 Location and laboratory number of 4C sample

Location of carbon-14 samples from ice-cored moraines in the McMurdo Sound region.
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Reconnaissance of the glacial
geology of Hobbs Coast and

Ruppert Coast, Marie Byrd Land
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Quaternary Institute
University of Maine

Orono, Maine 04473
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Department of Physical Geography
University of Stockholm

Sweden

During November and December 1977 we made a recon-
naissance of the glacial geology in the area of Hobbs Coast
and Ruppert Coast (see figure). The area studied is located
between 73°-77°S. and 128°-142°W. The bedrock, which is
exposed in a number of small nunataks along the coast and a
few large volcanos further inland, consists of metamorphosed
clastic sedimentary rocks, granitic rocks, and volcanic rocks.

In the Ruppert Coast area (northwest of Flood Range),
striations and roche moutonn&s show an ice movement
mainly toward north and northwest (essentially the same as
the present). At a few places striations indicate that an ice
movement toward northeast occurred at some time. Weather-
ing features in this area are limited to frost shattering, dilata-
tion, and a little exfoliation.

McDonald Heights, a local highland north of Flood
Range, is covered by an ice cap 1,000 meters high. The
nunataks around its southwest, west, and northwest edges are
very different from the one further to the west. Good striations
were found at Cape Burks and Rose Point, which are at the
coast. These outcrops also show examples of spherical and
cavernous weathering, features we had not observed before
together with glacial striations. We also noticed evidence of
earlier glaciations of larger extent at Dee Nunatak, a small
granite outcrop surrounded by an outlet glacier that reaches
the coast. The bedrock at the top of this nunatak shows evi-
dence of intense weathering, while glacier polish and stria-
tions occur close to the present ice surface. Several other
nunataks occur at the margins of McDonald Heights. At
these nunataks bedrock (mainly consisting of granite) is
severely weathered, and examples of spherical weathering
and tors are common. We observed no signs of glacial polish
or striations.

In the Hobbs Coast area glacial striations were less abun-
dant than in the western sector. Observed striations were
mainly close to the present ice surface, and directions of the
striations were basically the same as the direction of ice move-
ment that now occurs (north and, locally, west). A small rock
glacier situated below a steep edge of Holmes Bluff shows
that the inland ice above the cliff has not been larger during
the period needed for the formation of the rock glacier.

We found no striations on the large volcanos (Flood
Range, Ames Range, and Mt. Petras) in the central and
eastern part of the field area. This may be attributed in part to
the bedrock in many places, which is soft and therefore un-
suitable for the preservation of striations. Moraines in-front of
local glaciers at some distance from the present glacier
margin show that these glaciers have been larger. The time of
their maximum size is unknown; nor is it known whether the
local glaciers are currently advancing or retreating.

Glacial striae at Ruppert Coast and Hobbs Coast, Marie Byrd Land.
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A fact of great interest in the discussion of the age of stria-
tions is the occurrence of such beneath volcanic sediments
(hyaloclastite) at Boyer Butte. The sediment has been dated
by the K/Ar (potassium/argon) method to 13±2 million years
(LeMasurier and Rex, 1977); therefore the striations are at
least of this age. The striations now uncovered by weathering
are very fresh looking. Striations of a similar age have been
reported from Jones Mountains (Rutford et al., 1972).

According to our preliminary interpretation of the field
observations, glaciers in direct contact with the sea have re-
treated through calving (Hollin, 1962; Hughes, 1973).
Glaciers not in direct contact with the sea show no evidence
of a retreat in recent time. The lack of evidence for glacier
retreat might be a result of extremely fast weathering. The
weathering features observed could also be of old age and
have survived later expansions because the ice was cold-
based. However, we believe overriding ice would erode the
substratum, because we frequently observed dirt-bands in the
ice at McDonald Heights, at the volcanos, and in the inland
ice.

Because our field area is located just north of a local ice
dome (over 2,000 meters high), which is separated from the
main high plateau of the West Antarctic ice sheet, this study
does not provide a test of theories about the stability of the ice
sheet discussed by Hughes (1973), Whillans (1973, 1976),
and Thomas (1976).

This work was supported in part by National Science
Foundation grant DPP 76-24209 to the University of Maine.
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For about 1 year, we have been examining the concentra-
tions of nitrate (NO 0, nitrite (NO 2-) and ammonium

(NH 4 + ) ions in antarctic ice and snow. We have completed
several thousand analyses and are continuing to test the
model shown in the figure to identify the source(s) of these
ions. We will give a more complete report of our data and in-
terpretations elsewhere; in this article we summarize progress
beyond that already published (Parker et al., 1977, 1978).

Using portions of a 100-meter South Pole urn core and
snow pit samples, we have identified both a short term and
long term cyclicity in the concentrations of NO 3-and NH  .
The presence of significant NH4+ and absence of detectable
NO 2-in clean antarctic firn, ice, and snow had not been pre-
viously reported (Wilson and House, 1965). On the basis of
estimates of recent average annual snow accumulation at
South Pole by numerous glaciologists, we can recognize
several climatic maximums and minimums in the South Pole
core. These include the Modern Maximum (1900
AD—present), Maunder Minimum (1645-1715 A.D.),
Spörer Minimum (1460-1550 A.D.), and part of the
Medieval Maximum (1100-1250 A.D.). Climatic minimums
apparently correspond to low NO 3-and NH 4 + levels
generally. This phenomenon is more pronounced for the
Maunder Minimum than for the Spörer Minimum, which is
consistent with carbon-14 tree ring data analysis (from
Damon, 1968).

Power spectrum analysis of data from a South Pole snow
pit spanning the period 1925-1977 on a year-by-year basis
reveals that NH4+ is not very different from NO 3 in the
periodic fluctuations in concentration. Prominent peaks oc-
cur at 10.7 and 13.7 years, the first periodicity corresponding
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rather well with the 10.7-year average value for sun spot
(solar flare) peaks (our calculation).

SOLAR
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GALACTIC
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PHOTOCHEMICAL

NOX+NHXIORG_NIVOLCANIC/NHLX,NOX
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SNOW
Word model showing various hypothetical sources of fixed

nitrogen to snow and glacial ice.

A Vostok ice core specimen approximately 10,000 years
old revealed the highest NO 3 - concentration of 525
micrograms of NO 3-Nper liter, while surface snow at Vostok
Station showed about the same levels of NO 3- and NH4+
found at South Pole.

Microorganisms and in situ microbial activity at South
Pole have been ruled out as possible contributors to the NO3
and NH 4 + in the snow and firn. Pollution also has been
ruled out. We are currently testing other potential sources
(see figure). Regardless of the source, it is apparent that ant-
arctic snow, firn, and ice possess a long term and short term
record, reflected in the NO 3-and NH 4 + concentrations,
which seems to indicate past trends in global climate. This
research promises to add yet another tool to the use of glacial
ice in studying climatic events prior to, into, and following the
last major glaciation, and may provide information of value
in long term climate prediction.

We are grateful to the Office of Naval Research for a con-
tract supporting these studies and to the National Science
Foundation for logistics support, and approval of the use of
the South Pole core, as available, from C. Langway at the
State University of New York, Buffalo, New York.
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Ultrasonic measurements on deep
ice cores from Antarctica
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The importance of crystal anisotropy (oriented crystal
structure) in determining the rheological behavior of polar
ice sheets can no longer be ignored, especially in light of re-
cent observations of widespread crystal anisotropy in West
Antarctica (Bentley, 1971; Gow and Williamson, 1976). This
report discusses some results of recent measurements of
ultrasonic velocities performed on ice cores collected in 1968
at Byrd Station. This sonic logging of cores in a sense
amplifies and extends the original bore hole logging of
Bentley (1972). However, Bentley's measurements were
restricted to P-wave velocity determinations along the bore
hole axis, whereas our measurements were made in the
diametral (transverse) direction (Vp—. ) as well as along the
vertical axis (V1), which corresponds to the bore hole axis.
This dual velocity measurement permits immediate evalua-
tion of the velocity difference (V), a very important
parameter whose magnitude depends entirely on the orienta-
tion of crystals in the ice core.

Our objectives were to determine the functional relation-
ship between ultrasonic velocities and the c-axis fabrics, and
to evaluate the relaxation characteristics of the drilled cores,
especially the directional aspects of relaxation. Because cores
have relaxed appreciably since 1968, densities of the cores
must be remeasured simultaneously with the velocity
measurements before corrections to the velocity data can be
made to correspond with in situ temperatures and densities.
These remeasurements also provide an independent source of
data on the relaxation characteristics of deep ice cores.
Ultrasonic measurements also were performed on cores from
the original Ross Ice Shelf drilling at Little America V
(1958-1959).

48	 ANTARCTIC JOURNAL



L0

V0

0

0
0 0

400

800

E

1200

0

600

2000

400

800

_.-	Bentley

	

200	 (1972)

1600

---I
1

	

2000	 .

	

VP —.,.	 VP

00

Relaxation
(I) 8months
(2) 16 months
(0) 27 months
(•) 114 months

Density Decrease	(Mg/rn3)

0.004	0.006
P-Wave Velocity (km/sec)

0.008	 37	3.8	3.9	4.0
0

0	0.2	0.4	0.6	0.8
Volume Expansion	(%)

Figure 1. Relaxation characteristics (density decrease with
time) of deep ice cores from Byrd Station, Antarctica.

Analytical technique. A Krautkrämer USIP Il System utiliz-
ing barium titanate transducers was used to measure the
transverse and axial velocities of cores ranging in length from
70 to 14 millimeters. The equipment was operated at a fre-
quency of 2 megahertz to ensure an optimal relation between
time resolution, sample dimensions, and energy attenuation.
All measurements were performed in a cold room (nominal
temperature, -10° C). Errors in the velocity measurements are
estimated not to exceed ±20 meters per second. Core den-
sities were measured to an accuracy of 0.0003 megagrams per
cubic meter by hydrostatic weighing in iso-octane. Most of
the cores examined ultrasonically were sampled earlier for
thin section fabric studies. Reexamination of these thin sec-
tions together with observations on several new thin sections
of the same cores revealed no detectable changes in either the
textural properties or the c-axis orientations of the ice.

Results. The latest density measurements (see figure 1)
made approximately 9 1/2 years after the cores were drilled,
show that the cores are still relaxing. A maximum volume in-
crease of 0.9 percent is observed at around 800 meters, but
overall the relaxation of the Byrd ice cores appears to have
tapered off.

Results of ultrasonic velocity measurements of Byrd Sta-
tion cores are presented in figure 2. Both sets of velocity data
have been corrected to in situ ice temperatures and densities to
facilitate comparisons with Bentley's (1972) down hole
velocity log. Axial (v1) velocities generally agree with
Bentley's velocity profile down to about 1,200 meters before
beginning to diverge appreciably. The apparent reduction in
V 1 of the 9-year-old cores is real and can be attributed sub-

2400

BT

Figure 2. Axial and transverse ultrasonic P-wave velocity
profiles for deep Ice cores from Byrd Station. (Bentley, 1972,

velocity profile was obtained from bore hole logging.)

stantially to the existence of cleavage cracks that are propa-
gated along the basal planes of ice crystals during relaxation
of the cores. This propagation of cracks is concentrated in the
transverse plane of cores from the zone of strong axial fabrics
below 1,200 meters, causing a significant reduction of
velocity in the direction normal to the plane of the cracks, that
is in the direction of vj. These data point up the significance
of the directional nature of relaxation and importance of
oriented crystal structure in determining the orientation of
cleavage cracks that form in cores during relaxation from en-
vironmental stresses. A similar depression of seismic
velocities also has been observed in rocks containing oriented
cracks, even in low-porosity rocks. The pattern of changes ob-
served in v ,j and also correlates precisely with changes
in the c-axis fabric profile measured by Gow and Williamson
(1976). This applies especially to the velocity difference Av
and serves to establish the close connection between sonic
anisotropy and the anisotropic state of the crystals in the ice
sheet at Byrd Station.

In sum, measurement of ultrasonic velocities of cores from
deep drill holes enables monitoring of the relaxation charac-
teristics of the cores and determination of the gross trends of
c-axis orientation in the ice sheet. Supplemental by optical
thin section studies can verify the exact nature of the fabric at
any given depth and any inclination of the fabric symmetry
axis with respect to the direction of propagation of P-wave
velocity.
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A 905-meter deep core drilling at
dome C (East Antarctica) and

related surface programs

CLAUDE LoRIus and DANIEL DONNOU

Centre National de la Recherche Scientfique
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Following reconnaissance work during the 1974-75 field
season (Lorius, 1975) and the development of a 1,000-meter
deep thermal drill in our laboratory, it was proposed to use
this equipment at dome C (74°39'S.124°10'E., elevation
3,200 meters). The accumulation rate for the last 20 years (4
centimeters of ice per year) obtained from radioactive fallout
layers indicated that it could be possible to reach the coldest
part of the Wisconsin ice age, the ice layers down to that
depth being free of perturbations connected with ice
dynamics. The hope of getting a good climatic record was
also supported by the present linear relationship between the
surface mean annual temperature and the stable isotopic
composition (6 D and 6 180 per mill) observed from the
coast near Dumont d'Urville up to the plateau near dome C
(Lorius and Merlivat, 1977). Although isotopic variations
connected with past changes in ice thickness are probably
small in central parts of East Antarctica, we also planned to
use the total gas content to separate purely climatic events
(Raynaud and Lorius, 1973).

Time permitting, we also intended to sample for depicting
changes in the chemistry of the atmosphere from the study of
the snow, both at South Pole and dome C sites. Previous work
(Boutron ci al., in press) indicated that heavy metals (lead,
cadmium, copper, etc.) are highly enriched when compared
with elements from crustal (aluminum) or oceanic (sodium)
origins. For these pollutants a small but significant increase

Figure 1. Drilling shelter and electromechanical corer, Dams
C, 1977-78 field season.

was also observed during the past 25 years. Sulfates also
showed marked changes, some of these being connected with
volcanic events such as Mount Agung in 1963 (Delmas and
Boutron, in press). To determine the relative contributions of
natural phenemena and industrial activities, it was thought
necessary to dig clean snow pits for sampling a longer time
period because of the risk of contamination with coring
devices was high.

The overall project was delayed by LC-130 Hercules
airplane crashes. Successful recovery operations were com-
pleted during the 1976-77 season (Bellafronto, 1977). Finally,
as part of the International Antarctic Glaciological Project
(Radok, 1977), a 905-meter deep core was recovered at dome
C during the 1977-78 field season. The team was composed
of M. Briat, T. Cappelle, D. Donnou, P. Duval, M.
Dumerchat, G. Lorius, F. Pinglot, C. Rado, G. Ricou, N.
Rousset, S. Thomere,J. P. Valentin, and G. Yvon. The first
of the 14 flights required to support this operation (35 tons of
equipment, 7 tons of ice samples, and fuel) was made on 18
November 1977; the last was made with the closing of the
camp on 31 January 1978. With the assistance of U.S. Navy
personnel, the camp and runways facilities set up during the
previous seasons for the recovery of crashed LC-130s were
reactivated first.

The drilling started on 4 December 1977; working in two
shifts around the clock, it took 72 hours to reach the 141-
meter depth with a newly developed electromechanical corer.
(See figure 1.) A thermal system (Gillet etal., 1976) was then
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Figure 2. Processing ice cores in the cold laboratory, Dome C,
1977-78 field season.

used. The drilling was stopped after 42 days at a depth of 905
meters, the mean rate of progress being of the order of 1
meter per hour. This figure includes the time required to
overcome technical problems which occurred mainly at 620
meters, at which depth almost no progress was made during 5
days. Although our cable was a little longer, we were unable
to core deeper than 905 meters, probably because of the rate
of closure of the dry hole. Tests with fluid were made for
future developments. Recovery of the core, which is 100
millimeters in diameter, went well, but all the samples ob-
tained with the thermal equipment show cracks.

Several operations were carried out along with the drilling
(figure 2): logging and sampling for further laboratory studies
(including in the United States), total gas content determina-
tions (down to 170 meters), crystal size measurements, tests
for mechanical properties of the ice, and filtration of the col-
lected meltwater. In situ measurements consisted of diameter
and temperature profiles.

Although it was not possible to wait for equilibrium, the
latter shows a minimum in the first 100 meters, the tem-
perature being of the order of -47°C near the bottom of the
hole. The mean crystal size values show distinct features that
appear to be connected with climatic changes depicted from

the first stable isotope analyses. The 6 D and 6 180 per mill
values are rather constant in the first 400 meters, which pro-
bably cover the Holocene period (about 10,000 years). The
transition to a colder climate then takes place, and approx-
imately the last 350 meters of the core consist of precipitations
deposited during the last glacial period (Wisconsin).

A surface program was also carried out. It included
meteorological observations and atmospheric sulfur dioxide
(SO 2 ) sampling. The former dome C site (a few kilometers
away) was reoccupied for snow surface and accumulation
studies. The 5-meter-deep pit dug 3 years ago was extended
(town to 8 meters for stratigraphy and snow sampling.
'shallow coring and temperature measurements were also
crformed.

The dome C team spent some time at South Pole for ac-
(timatization. This allowed the start of digging a 10-meter-
1ep snow pit which, along with the one at dome C, was

vered at the end of the season for further use. Stratigraphic
udies and detailed sampling were performed byJ. R. Petit

and M. Pourchet; after completion of the program the latter
joined the dome C team on 29 December 1977.

The field project was supported both by the National
Science foundation and the Expeditions Polaires Francaises
(through a grant from Terres Australes et Antarctiques Fran-
caises). Laboratory and technical studies are supported in
France by Centre National de la Recherche Scientifique, In-
stitut National d'Astronomie et Geophysique and Ministere
de I'Environnement.
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Radio echo sounding of the
antarctic ice sheet, 1977-78

D.J. DREWRY and D. T. MELDRUM
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Cambridge CB2 JER, United Kingdom

The fifth season of airborne radio echo sounding in Ant-
arctica was conducted in January 1978 by the Scott Polar
Research Institute (sPRI) in collaboration with the U.S. Na-
tional Science Foundation and the Technical University of
Denmark (TuD). Trials also were undertaken of a mag-
netometer operated by the Applied Physical Laboratory
(APL), Johns Hopkins University under NSF contract. The
National Science Foundation and the U.S. Navy (Antarctic
Development Squadron Six) made available an LC-130
airplane configured for radio echo sounding and magnetic
work.

The radio echo sounding team comprised D. J . Drewry
and D. T. Meldrum (leaders), R. H. N. Steed, E.Jankowski,
C. Hereward, A. Brimelow (all of Scott Polar Research In-
stitute), M. Pallisgaard (TuD), L. Irons (Ross Ice Shelf Proj-
ect, University of Nebraska), and C. Brown (Victoria Univer-
sity of Wellington, New Zealand). A new data logging system

was operated by G. Ahr and J . Klever (Naval Weapon
Center) and a magnetometer by A. Finkel and P. von Gunter
(APL).

Field operations. A total of 141 flight hours were flown dur-
ing 13 missions between 14 and 23January 1978. Sounding
was achieved along 25,000 kilometers (figure).

Radar equipment comprised 60 and 300 megahertz units,
designed by TUD in cooperation with SPRI, including the SPRI
echo strength measurement device (Neal 1976). Bottom
echoes were received over 80 to 90 percent of the on-station
track. A new development was the installation by National
Science Foundation of a Honeywell 1856A fibre optic record-
ing oscillograph with heat processing unit. This recorder pro-1
duced a rapid visual inflight trace of high quality, which gave
an invaluable spur to enthusiasm of both aircrew and scien-
tists. New antennas were designed and installed on the
airplane.

International Antarctic Glaciological Project (IAGP) area. (a)
Four flights in the coastal area between Dumont d'Urville
and Totten Glacier furnished data on ice flow patterns,
especially channelling into high velocity ice streams, at
margins of the east antarctic ice sheet and on bedrock con-
figuration of the Precambrian basement (Steed and Drewry,
in press).

(b) A low level pass was made over dome C to determine
layering structure of the ice sheet adjacent to the French 904-
meter drill hole.

Radio echo sounding
flights in Antarctica
1977-78. Only on-station
track is shown. Aircraft
refuelling stations de-

picted by solid circles.
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A profile was flown from Vostok Station towards dome B
long the flowline to assist interpretation of the Soviet Vostok
ore (Robin et al., 1977; Robin 1977).

(c) Sub-ice terrain was investigated in the Wilkes
ubglacial basin (Drewry, 1976), to the grid east of South
ole Station and beneath dome B.

West Antarctica. (a) A 100-kilometer reconnaissance grid
as established between the network accomplished in

1974-1975 in Marie Byrd Land (Rose, in press, a) and the
Ellsworth Mountains to investigate bedrock geology and in
particular the boundary between East and West Antarctica.
Analysis and interpretation of radar data will be supple-
mented with magnetic measurements.

(b) Data are allowing a better understanding of ice flow
towards the Ronne and Filchner Ice Shelves. Two lines were
flown along the axis of and across the Foundation-Patuxent
Ice Stream. In addition the grounding line of the Filchner Ice
Shelf was determined with increased precision between the
south-western end of the Heritage Range and the Pensacola
Mountains. The ice shelf edge is found to be located up to
100 kilometers farther inland than suggested by previous
mapping.

(c) Sounding was conducted along the flowline
downstream from Byrd Station and into the Ross Ice Shelf via
ice stream 'D' to assist interpretation and modelling of ice
sheet regime (Rose, in press).

(d) The first large sub-ice lake in West Antarctica was
detected along the western flank of the Ellsworth Mountains.
The water body is at least 13 kilometers in extent occupying a
bedrock hollow beneath 3,500 meters of ice. Several smaller
lakes were also identified.

Ross Ice Shelf. One mission collected data over the Ross Ice
Shelf at the request of the Ross Ice Shelf Project. In addition,
two lines were flown for further investigation of bottom
roughness characteristics of the shelf, begun in 1974-1975.
Application of radio scattering theory developed by C.S. Neal
on the basis of this latter work has enabled a detailed in-
terpretation of the physical nature of the ice/water interface to
be made. Zones of very smooth bottom have been located in
areas of known and potential bottom melting. Moreover,
assessment of the radio frequency dielectric absorption within
the shelf has, in conjunction with the scattering theory,
revealed areas in which sea water appears to be freezing to
the ice shelf base. The distribution of bottom melting and
freezing is of oceanographic interest (Neal, in press).

Other continuing investigations include studies of layering in
East Antarctica (Robin et at., 1977); studies of birefringence
and thus anisotropy of the dielectric constant of radar wave
propagation in ice sheets (Hargreaves, 1977); detailed sound-
ings behind the McMurdo dry valley area indicating the pre-
sence of sub-ice water, moraine, and a local ice surface dome
rather than general overspilling of the main ice sheet (Dre-
wry, in press); estimation of the heat flux through the base of
an ice sheet (Drewry, in press); and study of the relative
chronology between formation of ice sheets in East and West
Antarctica (Rose, in press; Drewry, 1978).

The U.S. National Science Foundation provided logistics
support. In particular, the untiring assitance of USARP repre-
sentatives in Antarctica and New Zealand is gratefully
acknowledged. We also thank the Commander, Executive
and Operations officers, pilots and both air and maintenance
crew of VXE-6 for their excellent support. The SPRI radio
echo sounding program is funded by U.K. Natural Environ-
ment Research Council.
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Glaciology near Byrd Station

I. M. Wi-IILLANS

Institute of Polar Studies
and

Department of Geology and Mineralogy
The Ohio State University

Columbus, Ohio 43210

We are investigating the dynamics of ice flow along the
Byrd Station strain network and the interpretation of the Byrd
Station core results. The radio-sounding by National Science
Foundation, Scott Polar Research Institute, and Technical
University of Denmark detected internal layers in the ice
sheet. Analysis shows that this layering probably is associated
with the sedimentary stratigraphy and that the ice sheet near
Byrd Station has been flowing in a simple, nearly steady-state
fashion for some tens of thousands of years (Whillans, 1976).
A comparison of ice export rates with replenishment by new
snow accumulation supports this result of simple ice flow and
finds that, although the ice sheet is close to steady-state, it is
thinning slowly, at a rate of a little more than 0.03 meter per
year (Whillans, 1977).

The cause of this thinning first was attributed to inade-
quate present-day snow accumulation, but recently a much
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more satisfactory explanation has been found (Whillans, in
press). About 14,000 years ago the surface climate of the ice
sheet warmed, and this warmth has been penetrating the ice
sheet. The rate of penetration depends on the downward
movement of ice and on conduction. Warmer ice can deform
more readily, so the shearing and velocity of the ice is now
faster than it was. A warming of about 8°C about 14,000
years ago explains why present-day velocities are too fast to
maintain the ice sheet in its present configuration. This thin-
ning in the central west antarctic ice sheet will continue and
eventually will affect ice flow downglacier toward the Ross
Sea.

Because the tilting of the Byrd Station core hole has been
measured (Garfield and Ueda, 1976) it now is possible to
model the ice flow and to calculate the depth-age relationship
for the Byrd Station core with some reliability (Whillans, in
preparation). At a depth of about 1,200 meters, the oxygen
isotopic ratio of the ice changes by a large amount. This is at-
tributed to the climatic change at the end of the last, Wiscon-
sinan, glaciation. The time scale shows that the change began
about 17,000 years ago, 3,000 years earlier than in north
Greenland. Values similar to today's values were attained
10,000 years ago at both sites. The model also finds that the
central ice sheet has thinned by about 200 meters because of
the warming effect.

On a different topic, the variations in snow accumulation
on the ice sheet near Byrd Station have been analyzed
statistically (Whillans, in press, b) to assess how much of the
variation in annual layer thickness along an ice core, say,
must be caused by regional accumulation changes andhow

much by local variability. Sedimentary layers are expected 
tjvary horizontally, over short distances, because of the pre

sence or absence of drifts and sastrugi. Near Byrd Station th
local effect has an approximately Gaussian distribution witF
a standard deviation of 0.02 meter of ice equivalent, which i
enough to cause layers of separate seasons occasionally to b
absent at a single site.

This work is supported by National Science Foundatior
grant DPP 76-82032.
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Ross Ice Shelf Project 1977-78

JOHN W. CLOUGH

Ross Ice Shelf Project
The University of Nebraska-Lincoln

Lincoln, Nebraska 68588

The 1977-78 Ross Ice Shelf Project (RIsP) field season was
marked by two major achievements: penetration of the ice
shelf at the RISP drill campJ-9 (82°22.5'S. 168°37.5'W.), and
completion of the Ross Ice Shelf Geophysical and Glaciologi-
cal Survey (RIGGs).

RIGGS activity began 9 November with the opening of the
field camp at Q-13. Ground-based measurements were con-
ducted while awaiting the arrival of the chartered Twin Otter
aircraft. Although the airplane did not arrive on site until 9
December and navigation instrument problems plagued the
project, nearly all work planned was completed. Operating
from camps located at Q-13 (780 57 1 S. 179°55'W.) and C-16

(81005'S. 1720 45'E.), 81 strain networks were revisited and
13 new sites were established, including 8 for geophysical
measurements. Tidal gravity measurement was again con-
ducted at J-9 and at a new site, 0-19 (79°33'S. 163°18'E.).

At the J-9 drill site, the ice shelf was penetrated with the
Browning flame-jet drill on 2 December. This first access
hole was frozen and lost before any scientific measurements
could be made beneath the shelf. Redrilling was completed
on 14 December, and the access hole was used from then un-
til 2 January. The hole was reamed every 3 to 4 days to keep it
open during this period.

The wireline coring drill was moved after attempts to melt
out the drill stem that became stuck last season. Wireline cor-
ing was completed to a depth of 170 meters when the season
ended.

Reports in this issue describe the activities and prelimin-
ary results of the 16 projects involved in RISP.

The University of Nebraska's support of RISP was pro-
vided in the field by S. Atwood, T. Clark,J. W. Clough, B. L.
Hansen, B. Koci,J. Litwak, P. Marshall, W. Rierden, and R.
Tillson. Support was provided by National Science Founda-
tion contracts C-726 and C-861.
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Access hole drilling through the
Ross Ice Shelf

JAMES A. BROWNING and DAVID A. SOMERVILLE

Browning Engineering Corporation
Hanover, New Hampshire 03755

Two access holes were drilled by flame-jet through the
1,380-foot ice thickness of the Ross Ice Shelf. The first hole
was completed on 2 December 1977 after an approximately
9-hour run. The second hole was made about 10 days later
using the same equipment and drilling procedures.

The flame-jet drill is powered by an internal burner (simi-
lar to a rocket engine) whose reactants are compressed air
and fuel oil provided at high pressure. A 600 standard cubic
feet per minute flow of air at 140 pounds per square inch gage
(provided by a standard compressor) was fed into a booster
compressor capable of producing an output pressure of 1,200
pounds per square inch gage. We found that this high a
pressure was not required. Using a 5/8-inch diameter burner
exit nozzle, the initial air pressure (when starting the hole)
was 300 pounds per square inch gage. The pressure at
breakthrough was just over 500 pounds per square inch gage.
This increase in pressure was caused by the back-pressure of
the increased hydrostatic head within the hole.

Two phenomena peculiar to ice drilling were thought
sufficiently serious to warrant special drilling techniques.
First, possible freeze-in in the coldest ice nearest the top of the
hole becomes less of a threat with increasing hole diameter.
Freeze-in time varies as the square of the hole diameter. To
maximize hole size, a drilling speed of only 2 feet per minute
was used in the top 100 meters of ice to produce a hole
diameter of more than 18 inches.

The second problem concerns hole closure by plastic flow
in the warmer ice near the sea below. Time required for this
type of closure varies directly with hole diameter. Because a
hole of double-the-diameter requires four times as long to
produce, it appeared best to drill as rapidly as possible in this
region. A drilling speed of 6 feet per minute was used for the
final 100 meters.

The second access hole was enlarged to an average
diameter of 18 inches by flame reaming using the same drill-
ing equipment and procedures used for drilling the hole. This
hole was kept open for nearly 3 weeks; several additional
flame reamings were required to maintain a minimum hole
diameter greater than 12 inches.

The diameter (measured by caliper) showed large ir-
regularities over the entire hole length. There were many
zones where the diameter was narrow. Heat used to keep
these above the 12-inch limit enlarged the diameter in other
areas of the hole to more than 30 inches. Reasons for the for-
mation of these irregularities are not well understood. They
seem to occur at points where initial minor narrowing occur-
red. Each successive application of heat amplified the
diameter difference between these zones. This may have been
caused by a lack of adequate water circulation within the hole
or by the formation of "cells" by reverse flow of the water
within the large chambers between the restricting diameters.

The density of the water filling the hole during flame drill-
ing is reduced appreciably by the presence of rising gases.
Thus, the hydrostatic head was nearly 300 pounds per square
inch less than the sea pressure of 500 pounds per square inch
gage on breakthrough. Although this imbalance caused us no
apparent difficulty (for the depths drilled at site J-9), it is
doubtful that flame drilling beyond 3,000 feet in solid ice is
practical. Pressure imbalance increases with depth and a
point would be reached where the ultimate effect of hole
closure forces could no longer be restrained.

This project was sponsored by the National Sciencç Foun-
dation under research agreement C-726-11, University of
Nebraska.

Glaciological measurements on
the Ross Ice Shelf

ROBERT H. THOMAS and DOUGLAS R. MAcAYEAL

Inst it utefor Quaternary Studies
University of Maine at Orono

Orono, Maine 04473

Field work to complete the Ross Ice Shelf Geophysical
and Glaciological Survey (RIGGS) in the 1977-78 field season
was to involve remeasurement of 82 Kehle-type strain rosettes
(Zumberge et al., 1960) planted the previous season in a grid
pattern on the ice shelf (Thomas and MacAyeal, 1977). In
addition it was planned to remeasure detailed strain networks
along two 40-kilometer lines near camp C-16 and along a 35-
kilometer line on Crary Ice Rise (figure). Precise position
fixes were to be made at most of the grid stations by two mem-
bers of the U.S. Geological Survey using a Geoceivei.

Most of this work was accomplished: rosettes at 69 grid
stations were remeasured, and all the detailed work near C-16
was completed. However, problems with the Litton inertial
navigation unit in our Twin Otter airplane caused major
delays. These problems began before the plane arrived on the
ice so that the start of our field activities was delayed by 4
weeks. Thereafter, recurring breakdowns reduced the field
season from a planned 10 weeks to less than 1 month.
Cooperation between our teams and the two excellent pilots
allowed us to work almost continuously during the brief
periods of fair weather and a functional navigation system.

For part of the season a group of geophysicists from the
University of Wisconsin at Madison occupied new stations,
principally in the western part of the ice shelf. Whenever
possible strain rosettes were planted at these new stations.
Stations that have been reoccupied and those that may be
remeasured in the future are shown in the figure. Major gaps
in the data exist downstream from the Byrd Glacier and on
Crary Ice Rise; other gaps doubtless will be revealed during
data analysis.
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The field party consisted of M. Hyland, M. Jordan, D.
MacAyeal, and R. Thomas from the the University of Maine
at Orono. D. Chun and R. Wilson of USGS operated the
Geoceiver, and S. Hansen of the University of Copenhagen
drilled 11-meter holes for firn cores and temperature
measurements. We are indebted to our cook, D. Johnson, for
once more providing us with excellent meals, radio com-
munications, vehicle maintenance, and general bonhomie.

The research was supported by National Science Founda-
tion grant DPP 76-23047 AOl.
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Ross Ice Shelf Geophysical
Survey, 1977-1978

LARRY L. GREISCHAR, SI0N S-IABTAIE,
DONALD G. ALBERT, and CHARLES R. BENTLEY

Geophysical and Polar Research Center
University of Wisconsin

Madison, Wisconsin 53706

The geophysical program of the Ross Ice Shelf Geophysi-
cal and Glaciological Survey during 1977-1978 (RIGGS iv)
brought to completion work started during the 1973-1974
season and continued during the 1974-1975 and the
1976-1977 seasons (Bentley, 1976; Bentley et al., 1974;
Bentley and Jezek, 1977; Clough and Robertson, 1975). The
University of Wisconsin geophysical crew (Greischar, Shab-
taie, and Albert) arrived in McMurdo 8 December 1977.
Before deployment to the field, a gravity tie was made to
South Pole Station, the latest in a series of measurements to
determine the secular increase of gravity (Bentley, 1971).

The geophysical program on the ice shelf began with gra-
vity and radar sounding profiles and a seismic-surface-wave
experiment soon after arrival of the field crew at station Q-13
(77°57'S.179°55'E.) (figure 1). During the last week of
December, five remote field sites were occupied with support
of the Twin Otter airplane (figure 2). Gravity measurements,
radar sounding of ice thickness, and seismic sounding of
water depth beneath the ice were made at all sites. In addi-
tion, studies of seismic and radio-wave velocities within the
ice shelf were made at two of these sites and an electrical
resistivity profile was completed at one (see table). Early in
January, airborne radar sounding was made along 1,800
kilometers of flight lines (figure 1). The inertial navigation
system of the Twin Otter operated well and sighting of survey
sites from the air generally was successful, thus providing a
strong tie to the ground-based sounding network.

When not flying, and after the surface-glaciological party
had moved with the Twin Otter to station C-16 (81° 12'S.
170°30'E.) (see figure 1) on 9January 1978, the geophysical
group continued more detailed experiments around Q-13
base camp. The measurements made near Q-13 included:

1. A seismic surface-wave experiment, carried out with
shot sizes of 0.5 to 22 kilograms, shot depths of 1 to 5 meters,
and shot-detector distances of 1.5 and 10 kilometers. This ex-
periment was completed as an investigation of seismic-wave
velocities in the upper 70 meters of the ice shelf independent
of refraction shooting.

2. Continuous radar-sounding profiles along the axis of,
and perpendicular to, an interesting surface topographical
depression approximately 5 meters deep and 2 kilometers
across, which is located 10 kilometers grid west of Q-13. The
profiles indicate the depression is centered over a very large
bottom crevasse or rift that extends upward to only 70 meters
below the surface.

3. A gravity line 45 kilometers long, running grid east-west
through Q-13. A negative anomaly of close to 34 milligals
was found about 20 kilometers grid west of Q-13. Two addi-
tional gravity lines of approximately 10 kilometers each were
completed to the grid NW. and grid SW. to see if the gravity
low extended closer to Q-13.
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4. An 800-meter electrical resistivity profile along a line
perpendicular to a 1976-77 profile, which itself was extended
to 700 meters this season. A substantial anisotropy in the ap-
parent resistivities was detected.

5. Two radar wide-angle measurements of wave velocities
in the ice shelf using both 35-megahertz and 50-megahertz
radars.

6. A 350-kilogram seismic long refraction-reflection shot
recorded at distances of 10 and 31 kilometers grid west of
camp.

October 1978

7. Seismic up-hole experiments in a 100-meter hole and in
several holes of 5 meters or less.

8. Radar surface-wave measurements made for testing the
effect of various antenna orientations.

On 16January 1978, base camp operations were moved to
C-16, where near-camp work continued as the opportunity
arose. Measurements made near C-16 included: (a) a wide-
angle experiment completed with the 35-megahertz radar
along the same line as a 1976-77 experiment using the 50-
megahertz radar; and (b) 30- and 300-kilograms seismic
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reflection shots from the 100-meter core hole recorded at a	to establish six new stations in the McMurdo area (figure 2).
distance of 2 kilometers.	 Positions were found within a radius of approximately 5

Because station 0-19, occupied in 1976-77, is located in	kilometers by sighting on geographical landmarks. Measure-
an interesting area along the margin of the ice flowing from	ments of ice thickness, water depth, and gravity taken at these
Byrd Glacier, it was reoccupied this season for additional	stations essentially completed the 55-kilometer (1/2°) grid of
measurements including determinations of seismic and	geophysical measurements covering the Ross Ice Shelf (figure
radio-wave velocities in the ice shelf, radar-sounding profiles	1).
of the ice thickness, a gravity-gradient measurement, and an	We thank Steven Jones for the loan of the 35-megahertz
electrical resistivity profile. Soon after returning to base camp	radar. Logistic assistance in the field by W. Rierden and P.
from 0-19, the inertial navigation system on the Twin Otter	Marshall of the Ross Ice Shelf Project office is gratefully
failed, making it impossible to relocate stations occupied in	acknowledged.
1976-77, as was necessary for the surface-glaciology program.	This work was supported by National Science Foundation
Thereafter, the Twin Otter was used by the Wisconsin party	grant DPP 76-01415.
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Ross Ice Shelf Project stations (see figure 2).
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0-19 100 S.30 E.	19-20January 1978	X X X X X X
P-18 10.60 S.2.60 E.	23 January 1978	X X X
P-19 l0.70 S.3.00 E.	24 January 1978	X X X
Q-16 11.2°S.1.50 E.	24 January 1978	X X X
Q-17 11.1 0 S.2.1 0 E.	24 January 1978	X X X
Q-18 11.0°S.2.60 E.	23 January 1978	X X X
R-16 11 1120S.

I 112°E.	27-28 December 1977 X X X X X
R-17 11 1/20 S.20 E. 26 December 1977	X X X
R-18 11.40 S.2.60 E.	22 January 1978	X X X
S-16 120 S.1 1/20 E.	27 December 1977	X X X
S-17 120 S.20 E.	26 December 1977	X X X

This is University of Wisconsin, Geophysical and Polar
&esearch Center, Contribution 355.
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Antarctic ice core recovery

ERICK CHIANG and CHESTER C. LANGwAY,JR

Department of Geological Sciences
State University of New York

at Buffalo
Amherst, New York 14226

As part of the Polar Ice Core Analysis Program (Langway
and Herron, 1977), ice cores were obtained from sites Q-13
(78°57'24.4"S. and 179"55'22.3"E.), C-16 (81°!! '36.6"S.
and 170°29'52.2"E.),J-9 (82°22'S. and 168°40'W.), on the
Ross Ice Shelf, and South Pole (90°S.). These cores and
other samples were collected to permit further investigation of
the seasonal variation in sea salt concentrations (Herron and
Langway, 1978), delineation of aerosol sources by chemical
analysis, and assessment of the factors influencing the varia-
tions in the physical characteristics of the ice at these and
other selected sites. In addition to the ice cores, snow and ice
samples were collected from the ice towers near the summit
of Mt. Erebus and also on the Ross Ice Shelf for preliminary
investigations of the dispersion of aerosols emitted in the Mt.
Erebus plume toward the shelf. All phases of the field ac-
tivities were completed between 16 November 1977 and 26
January 1978.

Between 16 November and 2 December the field team (E.
Chiang, field leader;J. Cragin; G. Klouda) collected samples
at the summit of Mt. Erebus and, in a complementary sam-
pling effort, recovered nine five-meter hand-augered firn
cores at radially increasing distances from Ross Island.
Several samples of condensed vapor from the plume were col-
lected from the inner rim of the Mt. Erebus crater, and a
small ice tower (2.5 meters high x 1.5 meters in diameter) ap-
proximately 30 meters from the crater rim was sectioned for
laboratory analysis of chemical composition and physical
properties. The radial sampling was conducted with
helicopter support out of McMurdo along three flight lines.
The maximum distance of each line from Mt. Erebus varied
from 75-85 nautical miles.

The field team was supported in the shallow drilling
operations by the Polar Ice Coring Office (Pico), which pro-
vided the drill crews (T. Clark, S. Atwood, R. Tilsson, and P.
Marshall) and the Army Cold Regions Research and
Engineering Laboratory (CRREL) shallow drill (Rand, 1976).
Coring operations were initiated on 2 December 1977 and
were completed by 15 January 1978. The drilling operations
at Q-13, and South Pole proceeded smoothly and, in general,
the quality of the core obtained is excellent. Although 100
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meters of core could be obtained in 4 to 5 days site time (ac-
tual drilling time decreased as the drillers gained experience,
from about 28 hours at Q-13 to 14 1/2 hours at the South
Pole), considerations for surface-to-core tie-in studies and
down-borehole measurements suggest that a minimum of 7 to
10 days is required to complete future shallow-drilling opera-
tions with this drill.

Because of the rapid rate of core recovery by the USA CR-
REL shallow drill, field measurements on the core were
restricted to: (a) careful logging of each section with respect to
depth and container number, (b) recording of the major
stratigraphic features, and (c) measurements for the deter-
mination of bulk density from selected sections of the core
prior to packaging and crating in preparation for the return to
the Ice Core Laboratory at SUNY/Buffalo. The density
measurements obtained at those sites are presented in figure
1. At C-16 and Q-13 the pore close-off zone was reached at a
depth of about 45 meters, which is comparable to that atJ-9
(Chiang and Langway, 1976) but shallower than the 52
meters measured at Little America V (Gow, 1968). The ex-
tension of the South Pole density profile (Langway, 1975) in-
dicates that pore close-off has not yet been reached by 111.49
meters. Further detailed hydrostatic densities of the imper-
meable ice will be conducted in the laboratory.

Surface chemical sampling and surface-to-core tie-in
studies were conducted in the vicinity of each of these Sites
following the core-recovery operations. Two adjacent pits
were excavated 5-6 kilometers from the main camp.
Ultraclean, 4çailed collections were made in one pit for
further laboratory investigations of seasonal variations (Her-
ron and Langway, 1978) and horizontal variations (Klouda,
1977) in chemical constituents, and for further characteriza-
tion of the glaciochemical regimes represented on the Ross

 Close Off
- Zone

at
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Ice Shelf (Herron and Langway, 1976). Detailed density and
stratigraphic measurements were conducted in the adjacent
pit, located downwind of the chemical-sampling pit, to obtain
an approximation of the recent rates of surface accumulation.

Corehole temperatures were measured using a thermistor
in conjunction with a Wheatstone Bridge (figures 2 and 3). At
the South Pole, measurements were obtained from the 100-
meter corehole drilled under the dome in 1974 (Rand, 1975)
as well as from the 111-meter corehole drilled during austral
summer 1978 (figure 3). The comparison of the two tem-
perature profiles from the South Pole suggests that there is a
signficant (0.2° C) influence on the more recent temperature
profile resulting from heat from the drill. This is especially
apparent between 90 and 110 meters in the new hole where
the penetration rate was considerably slower because of the
denser firn.

Coincident with the South Pole drilling operations was the
core recovery at J-9 5-14 January 1978. Core processing was
done by James Cragin. While there was some difficulty with
the chip removal system, core recovery was rapid and core
quality improved with depth. The corehole was fluid-filled at
approximately 100 meters, and the final depth was 170.76
meters.

This work was supported by National Science Foundation
grant DPP 78-04412.
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Erebus Glacier Tongue movement

G. HOLDSWORTH

Environment Canada
Ottawa, Canada

R. HOLDSWORTH

University of Waikato
Hamilton, New Zealand

Ice deformation measurements were made on the Erebus
Glacier Tongue (77°40'N.166 0 40'E.), McMurdo Sound, in
an attempt to support the hypothesis that, as a result of ocean
wave excitation, a floating glacier may oscillate at a frequency
that corresponds to one of its higher modes (Holdsworth and
Glynn, in press). Under storm conditions with open water,
the amplitude and duration of vertical oscillations may be
caused by the bending stresses in the resonant-like motion,
that cause fatigue failure in the ice.

A field camp on the glacier (figure 1) was occupied con-
tinuously from 21 December 1977 until 26 January 1978.
Because of the degree of crevassing all over the glacier sur-
face, travel was by skis and equipment was moved by sled.
The water depth at the glacier's edge was measured at 15
points by sounding line. Either a hole was drilled through the
sea ice (3 to 3.8 meters thick) with a SIPRE corer or existing
cracks or seal holes were used. Figure 2 shows the bottom
profiles along the north and south edges of the glacier.
Although no measurement of water depths directly under the
glacier could be obtained, the data suggest that the glacier is
free-floating except for a section of the north edge at the fixed
end. On 15 February a hydrographic survey was made by
USCGC Burton Island, but only near the terminus (figure 3)
because fast sea ice remained in Erebus Bay and north of the
glacier.

Deformation of the glacier was measured by continuously
recording wire strain meters (Goodman and Holdsworth,
1978) and a Schaevitz LSOC ( 1 0 ) servo-inclinometer. The
direct current output of the latter instrument was fed to a por-
table strip-chart recorder. The unprocessed results obtained
for tow of the stations reveal oscillations with periods of about
ito 1 minutes and about 30 seconds occurring alternately as
if there were "beating" between the two frequencies. Waves
with a period of roughly 15 seconds are also evident. Pro-
nounced oscillations exist with a period of 16 ( 1) seconds,
which correlates well with the peak in the frequency spectrum
for the sea ice (Goodman, personal communication, May
1978) although waves with a longer period (about 2 minutes)
also are present in the glacier motion, at the same point. Per-
sonnel from the Scott Polar Research Institute, in cooperation
with the U.S. Navy, surveyed ice thickness along the can-
terline of the glacier by air. The provisional glacier thickness
profile is shown in figure 2.

Other measurements included density and temperature in
the upper 11 meters of firn at station number EGO 0. Density
varied irregularly from 0.463 to 0.64 million grams per cubic
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Figure 1. Provisional map of Erebus Glacier Tongue, January 1978. (Open circles represent position of permanent markers on
the glacier.)

Tent
Is.	 100

Om

00

200

S
	 300

ocean bad	 400

10	 5	 0
I	 I	 I	 I	I	 I

Kilometers

Spot depth o north edge

• south edge
Vertical exaqg. 51	 Ships soundings =

Figure 2. Cross section through the central flowline of the glacier, with ocean bed depths as Indicated.

meter at 11 meters depth. The 10.3-meter temperature was
-20.2± 0.1°C, and the minimum temperature at 6 meters was
-21.0 ± 0.1°C (22January). All the stations shown in figure 1
were surveyed at least twice; the resulting sets of coordinates
will enable the determination of ice flow rates and provide
horizontal and vertical control for mapping the glacier from
U.S. Navy aerial photographs.

Data on ice thickness and water depth will update pre-
vious data (Holdsworth, 1974) used in a vibration model
(Holdsworth and Glynn, in press) to compute the periods of
the glacier's normal modes of free vibration for lengths of 8 to
14 kilometers, which appear to be the post- and precalving
lengths. Using specific energy data we have calculated the
deflection field for each mode and the corresponding elastic

62	
ANTARCTIC JOURNAL



4

Figure 3. Terminus of Erebus Glacier Tongue, 13 February
1978, with Big Razorback island in upper left. (Photographed

by PH3 Weinger, U.S. Navy.)

stresses. The analysis indicates that deflections of order 5 cen-
timeters are needed to produce significant stresses for the pre-
sent glacier in the sixth vibration mode (period about 16 ± 1
second). Wave lengths are then about 11/2 kilometers. Tilts have
been observed of order 11/2 (arc) seconds (for the 16-second period
waves). This would correspond to amplitudes of order 1 cen-
timeter.

i nese measurements were taken under relatively calm
conditions with sea ice surrounding most of the glacier.
Under storm conditions with open water it seems possible
that significant bending stresses may be generated and that
the ice may fail in fatigue along one of the antinodes. This is
the vibration calving theory, constructed to account for the
production of large tabular icebergs.

The strain meter data will provide independent informa-
tion on wave periods and on amplitudes of the oscillation.
The longitudinal velocity data will provide information on
the flow law of the ice.

We thank personnel of Holmes and Narver Inc., as well as
the U.S. Navy, for full logistics support arranged for by the
National Science Foundation.
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Green iceberg sampled in the
Weddell Sea

ANTHONY F. AMOS

Port Aransas Marine Laboratory
The University of Texas Marine Science Institute

Port Aransas, Texas 78373

A green and white iceberg (one of several seen during the
cruise) was observed and sampled in the eastern Weddell Sea
(69°14.5'S.10°11.8'W.) from ARA Islas Orcadas cruise 15 in
February 1978 (see figure).

The bulk of the iceberg was comprised of bluish-white,
opaque ice that was horizontally stratified but had a rougher
top surface than a typical tabular iceberg. The "abnormal"
portion of the iceberg was a deep green color, appearing
almost black in certain light. The iceberg was estimated to be
about 20 meters high, 100 meters long, and 40 meters wide
and was tilted at an angle of approximately 35°. The green
"outcrop" stretched along the entire side that was tilted
downward and extended beneath the sea surface. The max-
imum height of green ice above the surface was approx-
imately 14 meters. Most of the green ice was covered with
snow, but several exposed faces, up to 8 meters high, ap-
peared to be the result of recent fractures and showed no ob-
vious signs of weathering. One of these faces was flat and
smooth and the ice appeared to be transparent (rather than
translucent, as described by Moulton and Cameron, 1976, for

a green iceberg observed off the South Shetlands). One got
the impression of looking through very clear ice, deep into a
dark green interior. There was an abrupt boundary between
the green and the white ice. Reconstructing the iceberg's
geometry before it tilted would put the green ice on the top
surface overriding or abutting the stratified ice. Other green
ice observed on this cruise appeared to be on the underside of
overturned icebergs (see also Moulton and Cameron, 1976).

While we were not able to get close enough to the iceberg
to collect samples directly from the green outcrop, a piece of
ice was netted in the immediate vicinity of this iceberg.
Although we do not know with certainty if this ice sample
came from the green or the white portion of the berg, or even
if it came from that iceberg in particular, what we have found
so far indicates that this is an unusual piece of ice. We do
know that there were no other icebergs closer than several
kilometers, that the closest sea-ice was 150 kilometers away,
and that the sea-surface temperature was -0.06°C, well above
freezing for surface water.

The sample when recovered weighed about 2 kilograms
and was shaped like a goose-neck. Its entire surface was
covered with regular hexagonal-shaped depressions about 30
millimeters across. It appeared colorless in daylight as well as
under artificial lighting conditions. Close examination
showed it to contain many inclusions of particulate material
(it took only 30 milliliters of the melted sample to clog a 25-
millimeters diameter, glass-fiber filter with a pore size of 0.45
micrometers). Portions of the sample have been sent to
various research laboratories for analysis. Collaborating in
these studies are Steve Ackley and Tony Gow of the U.S.
Army Cold Regions Research and Engineering Laboratory
(CRREL), John Edmond of MIT, Harmon Craig of Scripps,
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Results of analyses of iceberg sample and some comparisons with surface water.'

	

Iceberg	-	Surface

	

sample	water
Temperature (°C)	 NMb	-0.06 Dissolved nitrogen:
Salinity (particulate protein nitrogen)	 0	33.03	NO 3 + NO2 (j.g-at liter')	 3.8702 (ml liter')	 NMb	6.57	NO2	(.tg-at liter -1)	 0.87PH	 6.98	 NMb NH4	(g-at liter')	 25.834Si0 (pg-at liter')	 0.7	 68.0	Total persulphate nitrogenP0 (.tg-at liter')	 2.04	 1.55	 (.tg-at liter')	 271.33ppc (tg-at liter)	 28.8	 0.74	Organic nitrogen
Total dry weight (.tg liter')	 4,000	 NMb	 (jg-at liter')	 241.64
'Samples taken 6 February 1978 at 0600 GMT; water depth, 4,104 meters; air temperature, 0.4°C; weather, overcastbNM = not measured.
CPPN = particulate protein nitrogen.

Iceberg
samole

Green and white Iceberg photographed in the eastern Wed-
dell Sea, February 1978. Green portion appears as black por-

tion In foreground.

John Anderson and Dennis Kurtz of Rice University, and
Ken Haines, Warren Pulich, Paul McDonald, and Pat Cotter
of the University of Texas Marine Science Institute, Port
Aransas.

Thin sections examined at the Cold Regions Research and
Engineering Laboratory showed a remarkably bubble-free,
highly orientated crystalline structure indicative of high-
deformation sheared ice and typical of a simple valley glacier.
The ice contains a diversified assemblage of particles includ-
ing a large number of fibers, perhaps of vegetable origin and
ranging from colorless to blue, orange, and green; obsidian
flakes; a few quartz grains; amorphous aggregates; black,
charcoal-like fragments; pieces of shelly material; and
diatoms, some of which (approximately 700 per liter) appear
to contain protoplasm. This material contains almost 30
microgram-atoms per liter of particulate protein nitrogen.

Other particles include a lustrous metallic-looking mineral
fragment as well as several malleable metallic particles
resembling silver. After filtering, the meltwater contains 26
microgram-atoms per liter of ammonia-nitrogen and 240
microgram-atoms per liter dissolved organic nitrogen. The
table summarizes the results of some of our analyses com-
pared with surface-water conditions at the iceberg site.

None of the results so far can be used to postulate an
origin for green icebergs, except to say that in this particular
sample the color may have been caused by optical effects
from the bubble-free ice rather than from the material sus-
pended in it and that it is formed not from shelf ice but from a
simpl valley glacier. The very high ammonia and nitrate-
nitrite and nitrogen values are far higher than reported for the
antarctic ice sheet (Parker ci al., 1978). We hope the analyses
still in progress (mineralogical, physical, and geochemical
analyses, ATP and chlorophyll determinations, and bacterial
and phytoplankton growth experiments) will help us deter-
mine the origin of these interesting icebergs and point the way
to future research in this field.

I thank Arnold Gordon (and NSF grant DPP 76-81240) and
Ted Baker of Lamont-Doherty Geological Observatory, chief
scientist, Captain Badaroux of the Armada Argentina for his
good humor and cooperation during the 3 am, ice-collecting
venture, and John Hattner of Florida State University who
displayed great dexterity in collecting the sample.
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Sea ice

Numerical model of antarctic sea
ice
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Boulder, Colorado 80307
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Typically, the extent of floating antarctic ice varies within
the year from a minimum of 2.5 million square kilometers to
a maximum of 20 million square kilometers, or from roughly
1.6 percent of the Southern Hemisphere oceans to roughly 13
percent (Untersteiner, 1975). The ice has a significant
climatic effect, due both to its high albedo relative to that of
water and to its insulation properties. In view of this, a large
scale numerical model has been developed to simulate the
annual cycle of sea ice in the Southern ocean.

The model employs a 41 by 41 rectangular grid with 200-
kilometer horizontal resolution, an 8-hour timestep, and four
vertical layers: ice, snow, ocean, and atmosphere. Both ther-
modynamic and dynamic processes are incorporated and
there is an allowance for leads. The model is run for a 4-year
simulation period, allowing sufficient time for the yearly cycle
to reach an approximate equilibrium.

Ice ablation and accretion are determined by balancing
energy fluxes at the top and bottom surfaces of ice and snow.
A simple linear distribution of temperature is assumed within
both the ice and the snow layers, and the only energy flux
through either layer is the conductive one. This conductive
flux is combined at the top surface with net inputs of short-
wave radiation, longwave radiation, and sensible and latent
heat. The balance is used to calculate the change in surface
temperature, with any excess energy beyond that required to
raise the temperature to the melting point contributing to ice
ablation. Similarly, at the bottom of the ice, the conductive
flux is combined with the heat flux from the ocean, with an
excess or deficit of energy resulting in bottom ablation or ac-
cretion, respectively. Lead percentages are increased by
lateral ice ablation and decreased by lateral accretion, both
based on the net energy input to the lead area.

Determination of ice transport proceeds in two steps. First,
a steady-state velocity of the ice is calculated by balancing
wind stress, water stress, Coriolis force, and the stress from
the tilt of the sea surface. Second, the velocity field produced
by this balance is modified where necessary because of excess
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Figure 1. Simulated contours of sea ice thickness (in meters) in March and August. Shading indicates ice compactness above 90
percent.
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ice convergence. Further details on the model structure can	range 20°W.—lO°E., reaching latitudes of 50-51 0 S. Thick-
be obtained from Parkinson (1978).	 ness varies from about 1.4 meters at its coastal maximum to 

The model produces a reasonable yearly cycle of sea-ice	at the ice edge.
thickness and extent, with the ice expanding from a	Simulated ice concentrations (figure 2) correspond well
minimum in March to a maximum in late August (figure 1).	with the patterns of the U.S. Navy oceanographic atlas (Daniel,
In March the ice reaches a latitude of 640 S. off the coast of	1957) and reveal a broad region of lowered concentrations in
East Antarctica and has its maximum extension from the	the area most noted for large polynyas, to the north of Queen
continent in the Weddell Sea region to the east of the Antarc-	Maud Land at about the Greenwich meridian (Daniel, 1957;
tic Peninsula. Thickness varies from about 1.2 meters in the	Zwally and Gloersen, 1977). The simulated velocity fields
Ross and Weddell Seas to 0 at the ice edge. In August the ice	(figure 3) show westerly motion wherever the ice reaches
extends to the grid boundary over the approximate longitude	northward of about 58° S. Ice velocities tend to be greatest in
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Figure 2. Simulated contours of Ice concentration (percent) In March and August.

YEAR 4	 YEAR 4

Figure 3. Simulated Ice drift for January and July.
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this region of strong westerly atmospheric flow, with the
weaker velocities near the coast being more variable in direc-
tion but predominantly easterly and with cyclonic curvature.

Although the model produces some satisfactory results on
a large scale, smaller scale features such as the observed ten-
dency for thicker ice at the northern reaches of the Weddell
Sea than at the Weddell Sea coast are generally not
reproduced. Even on the large scale the simulated thicknesses
and extents are dependent on a rather arbitrarily chosen
oceanic heat flux employed in the model (Parkinson, 1978).
Nevertheless, the current results are encouraging and reveal
the feasibility of inserting sea ice into global models of the at-
mosphere and/or oceans.

This work was supported by National Science Foundation
grant ATM 76-08492 and was carried out at the National
Center for Atmospheric Research with the assistance of the
leader of the Global Climate Modeling Group, Warren M
Washington.
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Continuous surface strain
measurements on sea ice and on
Erebus Glacier Tongue, McMurdo

Sound, Antarctica
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Cambridge, UK

R. HOLDSWORTH

Department of Physics,
University of Waikato,

Wellington, New Zealand

We measured the flexural wave energy on the sea ice close
to the Erebus Glacier Tongue (a floating glacier in McMurdo
Sound) and monitored surface strain changes on the glacier
itself. Also, we made continuous surface strain measurements
(in a frequency range between 1 hertz and d.c.) close to the
annual runway on the sea ice close to McMurdo Station as
LC-130 transport planes landed, and vehicles passed along
the ice road to the runway.

Strains were measured continuously, to an accuracy of 1
in 108 strain, over a 5-meter gage length with a geophysical
wire strainmeter (King and Bilham, 1976). Such instruments
have been used to measure flexure of fast ice due to swell
(Goodman et al., 1975; Squire and Allan, 1977), and surface
strain changes on an ice cap, and a valley glacier (Goodman,

1977; Evans et al., 1978). The strainmeter uses a length of IN-
VAR wire held under constant tension as a length standard,
and detects strains with a lever system and a L.V.D.T. The
output, in this case, from the L.V.D.T. was amplified and
recorded on a data logger, and a strip chart recorder. An
automatic rezeroing system allowed the instrument to operate
at a high sensitivity, for long periods, unattended. Six instru-
ments were used in two arrays of three. To avoid temperature
effects the instruments were covered with snow. Care was
taken not to install the instruments across prominent cracks.

Six strainmeters were installed close to the ice road near
the ice runway on 14 December 1977 and removed on 19
December. LC-130s were using the runway throughout this
period, and were landing approximately 1 kilometer from the
site. A typical strain record, from three strainmeters in three
different directions, obtained when an LC-130 weighing
105,000 pounds landed is shown in figure 1. The clear dis-
persion of the waves can be seen. The data collected is in a
much lower frequency range to that previously collected by
Press etal. (1951) or Robinson (1965) as can be seen from the
time bar on the figure. The initial oscillations, which can be
seen on the record before the waves from the plane landing
arrived, are from swell penetrating from the open water. The
fast ice was 3.44 meters thick at the site, which was 35
kilometers from the fast ice edge when the record in the figure
was collected. Static, and dynamic, records of the strain also
were made as vehicles moved along a road close to the array.

On 23 December the first strainmeter was installed on the
ice tongue, approximately 9 kilometers from the snout; data
were collected more or less continously until 22 January 1978
at the initial site. Data were collected at a second site on the
glacier between 11 and 26January 1978. A typical example of
the data obtained is shown in figure 2a; the power spectra of
4048 s of the time series (with a five point Gaussian
smoothing) is shown in figure 2b. The different peaks corres-
pond to the different modes of oscillation of the ice tongue;
the driving force for the oscillation is the swell in the sea.
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Figure 1. The strain changes observed by three strainmeters at 120 0 to each other when an LC-130 weighing 105,000
pounds landed on the sea Ice runway about 1 kilometer away. The initial waves are due to swell penetrating

through 35 kilometers of fast Ice.
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Figure 2a. Part of the time series recorded on the array of
strainmeters on the surface of Erebus Glacier Tongue.

While strainmeters were running on the glacier, at
different times to the north and the south of the glacier, an ar-
ray of three strainmeters was installed on the sea ice about
400 meters from the ice front. The array measured the wave
energy incident on the glacier, and will enable the transfer of
energy between the sea and the glacier to be determined. A
typical record of the swell induced flexural waves is shown in
figure 3a (the wave amplitude is greater than the waves in
figure 1 because the fast ice edge had advanced to a line be-
tween the end of the ice tongue and Cape Evans). The power
spectra (also with a five point Gaussian smoothing) of part of
the time series (4048 s) is shown in figure 3b. This is typical
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Figure 2b. The log10 (power) spectra of 4048 a of the time
series shown in figure 2a. The peaks are the normal modes of

oscillation of the ice tongue.

of a sea swell spectra with the high frequency components
removed by attenuation in the fast ice (Wadhams, 1973).

Further data analysis is under way to generate frequency
spectra to follow how the wave energy in the ice tongue
changes with the progress of the season, and the approach of
the fast ice edge. This will later be combined with the other
work out this season on the ice tongue (Holdsworth and
Holdsworth, 1978, this issue), the theoretical model for
oscillations of the ice tongue (Holdsworth and Glynn, 1978),
and fracture studies of ice (Goodman and Tabor, 1978) to
predict the conditions for the ice tongue to calve. The ice
tongue has now grown to the same length as it was when it
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Figure 3e. Part of the time
series recorded on the sea
Ice close to the Ice tongue.
The waves are swell in-
duced flexural waves pro-
pagating into the fast Ice

from the open water.
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Figure 3b. The 1og 10(power) spectra of 1200 s of the time
series shown in figure 3a. The spectrum is typical of a wind

Induced swell.

was first observed to calve in 1911 (Debenham, 1965), and
was thought to have calved in the 1940s (Holdsworth, 1974).
The end result will have important implications for the calv-
ing of other ice tongues, and icebergs.

The strain data collected can also yield long term strain
rate data, which is of interest in the modelling of the
dynamics of the ice tongue. This is particularly important
here because the size and location of the ice tongue make it

ideal for the testing of present theories of the creep of a large
floating ice mass. G. Holdsworth, who was the third member
of our party, describes elsewhere in this volume the extent of
information collected about the glacier.

We are grateful to C. S. Neal, who designed and built part
of the strainmeter recording system. Our project would not
have been successful without the close support of the
helicopter crews, and members of the field centre in McMur-
do. A grant from the Royal Society and the Science Research
Council of the U.K. paid for part of the equipment and the
freight charges; the Scott Polar Research Institute, Sea Ice
Group, loaned the remainder of the equipment. The National
Science Foundation provided complete logistics support.
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Sea ice and ice algae relationships
in the Weddell Sea

S. F. ACKLEY
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K. R BUCK
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Preliminary findings on ice properties and ice-associated
algae were given using data obtained during a 1977 cruise in
the Weddell Sea (Ackley, 1977; El-Sayed and Taguchi,
1977).

Further analysis of these data indicates that the ice algal
community found during that cruise is distinct from others
that have been described (for example, the bottom epontic
community in the land-fast ice in McMurdo Sound, the sur-
face communities off East Antarctica, and the bottom com-
munities in Arctic pack ice).

The surface communities off East Antarctica (Meguro,
1962) depend on a thick snow cover, in excess of one-fourth
the ice thickness. These snow loads depress the ice surface to
below sea level, causing seawater to infiltrate the bottom few
centimeters of snow. Increased light levels and high nutrient
concentrations in the snow-seawater mixture enable the
growth of ice algae (Meguro, 1962). Bunt (1963) has
described extensively the bottom epontic community forma-
tion which appears to occur primarily in fast ice regions and
depends for its existence on a relatively low level of mechani-
cal disturbance at the bottom ice surface. In moving pack ice,
shear between the ice and water probably would be strong
enough to disturb this fragile layer.

The other bottom ice communities, observed in the Arctic,
depend on thermal processes leading to brine migration to the
bottom of the sea ice. Coupled with summer light levels, algae
growth is enhanced in this nutrient-rich region at the bottom
(Meguro et al., 1967).

Unlike these other communities, the Weddell pack ice
algae is dominantly an interior one, existing not at the surface
or bottom but at mid-depth (.65 to 2.15 meters) within the ice.
The formation of this community is dependent on the unique
thermal and physical setting for Weddell sea pack ice. Brine
drainage processes are initiated by summer warming, but are
not carried through to completion as in the Arctic. This proc-
ess causes a redistribution of salinity, maximizing in the mid-
depth regions of the ice and apparently leading to algae pro-
duction because of the relatively higher nutrient levels at
these mid-depths. A qualitative model indicating the relation-
ship between the thermally induced brine migration and sub-
sequent algae growth is given in the figure.

In assessing how this primary production contributes to
the food chain, we examine how the algae enters the ocean
through pack ice breakup processes. The disintegration of
pack ice in the Weddell region seems to be dominated by
mechanical processes (divergence and wave action) occur-
ring primarily at the ice edge region. "Ice edge region" refers
to the pack ice-open ocean boundary and is different from
"the edges of the ice," [implying the edges of particular ice
floes]. The broken-up ice mixes with the sun-warmed ocean
water until completely melted. These processes affect the time
and location of release of ice-associated algae into the pelagic
system and differ considerably from the thermal disintegra-
tion and consequent pulse input of ice algae to the water col-
umn observed in the Arctic (Homer, 1976). In the table we
use satellite-derived estimates of the ice extent together with
the field measurements of sea ice chlorophyll a to estimate the
organic carbon input to the water column from the annual ice
retreat in the Weddell Sea.

As seen in the table, organic material is supplied to the
water column over a prolonged period of roughly half the
year. Although these are not high values for carbon and
chlorophyll typically found in the Antarctic oceanic region,
the constant supply of biomass may provide supplemental
nutrition to the pelagic grazers. This algae may also be the
major contributor for areas where the water column in situ

Chlorophyll  content and particulate organic carbon (POC)
contributions to the water column by retreating sea ice (Weddell

Sea, south of 55°S., between 60°W. and 30°E.).

	

Mass of	POC input to
Sea ice	chlorophyll a	water column

Date	 extent (million	in sea ice'	from retreating
sq km)	(million kg)	ice (million

kg)a
15 Sept	 7.75	 7.44
15 Oct	 825b	7.92	

-

15 Nov	 7.15	 6.86	 4615 Dec	 5.85	 5.62	 12815Jan	 2.25	 2.16	 3615 Feb	 1.25	 1.20
15 Mar	 1.15	 1.10
15 Apr	 1.65	 1.58	 -

asumes area shown in column 2 is 80 percent ice covered and 20
percent open ocean at any given time.

bMaximum area of sea ice coverage.
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standing crop is low, such as the northern edges of the Wed-
deli Sea (El-Sayed and Taguchi, 1977) where pack ice break-
up would also be relatively high. More details of the work
reported here are in press (Ackley, et al).

This work was supported by National Science Foundation
grants DPP 76-15351 to the U.S. Army Cold Regions
Research and Engineering Laboratory and DPP 76-80738 to
Texas A&M University.
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Physical oceanography

Tritium and carbon-14
distributions in McMurdo Sound,

1977

R. L. MICHELandP. M. WILLIAMS

Scripps Institution of Oceanography
University of California

San Diego, California 92093

T. L. JACKSON and T. W. LNIcK	 During the 1977-1978 season at McMurdo Sound, tritium
Department of Chemistry	 samples were collected with a 5-liter niskin bottle and
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analyzed as outlined in Michel and Suess (1975), and car-
bon-14 samples were collected and analyzed by the procedure
described in Williams and Linick (1975). Carbon-14 samples
were obtained from the uppermost layer of the seawater col-
umn. Occasionally a freshwater layer was present above the
seawater, and samples were collected from beneath this layer.
A sample of atmospheric CO2 was collected from outside the
Earth Science Laboratory at McMurdo. No artificial radioac-
tivity is allowed at this laboratory, so there were no con-
tamination problems. Tritium sampling was conducted from
the top layer to about 100 meters. Ice cores of 1-year-old pack
ice were collected at the McMurdo sampling site. The cores
were sectioned into segments about 20 centimeters long and
analyzed for tritium. The sampling was done in conjunction
with microbial studies conducted by the Marine Food-Chain
Research Group of the Scripps Institution of Oceanography
(Holm-Hansen et al., 1977).

Data for all these samples are listed in tables 1 and 2.
Blank values at the La Jolla Tritium Laboratory are 0.1 tri-
tium units. (One tritium unit is one tritium atom per 10 18 hy-
drogen atoms.) Tritium values given without error values in
table I can be assumed to have an uncertainty of 0. 1 tritium
units. The uncertainties for the carbon-13 values are ±0.2
parts per million.

The seawater sampling program was directed toward
determining any differences in tracer distributions within
McMurdo Sound. Dayton and Oliver (1977a, 1977b) had
concluded from biological observations that water flows
northward from under the Ross Ice Shelf on the west side of
McMurdo Sound. On the east side, the flow was less cons-
tant, and a strong influence from southward-flowing water

Table 1. Tritium and carbon-14 results from seawaters in
McMurdo Sound.

Depth	 Sal
Location	(meters)	TU	o/00b	13(	A 14C

770 52'S. 166020'E.
(McMurdo)	5	0.82	 +1.0 -69±
780 13'S. 162054'E.
(Heald Island)	0	2.89 ± 0.22 10.464

10	0.64	 +0.8 -109±
30	0.52	34.483
75	0.54	34.508

77 0 57'S. 164038'E.
(Cape Chocolate)	0	3.9 ± 0.3	1.723

9	0.53	 +0.2 -114±
25	0.58	34.327
50	0.65	34.523

78°0I 'S.167°2l'E.
(White Island)	0	0.64	33.903

5	0.57	 +0.4 -106±
20	0.68	34.190
50	0.73	34.189

770 38'S. 163050'E.
(New Harbor)	0	5.39 ± 0.27	1.504

10	0.61	33.948
20	0.50	34.218

aTU = tritium units (one TU is one tritium atom per 10 18 hydrogen
atoms)
bSalinity in parts per mill.
'Atmospheric CO  at McMurdo Station: 13C = -11.1A I4C =
+ 290±

Table 2. Tritium concentration in pack ice cores at McMurdo
Station.

Depth (millimeters)	 TUa	 Sal (0/00)b

ICE CORE I
snow from top of core	23.7 ± 0.8	 0.008

	

0-11	 5.6 ± 0.3	 6.512

	

12-36	 0.96±0.21	 5.84

	

37-56	 1.26±0.19	 6.226

	

57-76	 0.92±0.18	 6.176
ICE CORE 2

	20-40	 1.08±0.18	 6.140

	

41-77	 0.86±0.18	 6.72

	

78-105	 1.06±0.18	 6.506

	

106-139	 0.97±0.18	 6.802
BRINE

-	 0.66±0.28	43.857

'tritium units
bsalini ty in parts per mill.

was noted. Foster and Bruchhausen (1977) studied tem-
perature and salinity distributions in McMurdo in 1977 and
also concluded that water in the central and western parts of
McMurdo flowed northward. The microbial activity studies
of Holm-Hansen and other (1977) correlated closely with the
planktonic observations of Dayton and Oliver (1977a,
1977b). The highest activities were found at the McMurdo
Station, and the lowest activities were found on the west side
of the sound.

These investigations indicate that the seawater on the east
side of McMurdo may have undergone a more recent interac-
tion with the atmosphere than the west side. Thus, higher
concentrations of bomb-produced radionuclides such as tri-
tium and carbon-14 might be present. In the case of both
radioisotopes, higher concentrations were found at the
McMurdo sampling site. However,Jacobs (1977), working in
the open Ross Sea at the same time, found a tritium con-
centration (0.5 tritium units) closer to values found in the
west side of McMurdo. Thus, other factors, such as snow
melt, may influence concentrations at McMurdo.

Table 2 gives tritium and salinity values for water from
two ice cores taken at the McMurdo sampling site. The two
cores were approximately 3 meters apart. Also listed are a
snow sample from above the pack ice and a sample of brine
collected from the core hole. The ice at this site was 2 meters
thick, and we were unable to obtain a core through the whole
ice column. Because the water volume obtained was small,
we had to shorten our tritium enrichment procedure, and as a
result, uncertainties are larger.

Ignoring the top of core 1, the average tritium concentra-
tion was 1.01 tritium units. This is slightly higher than the tri-
tium concentration found in the seawater at McMurdo, in-
dicating a possible fractionation during pack ice formation.
The brine is probably a mixture of seawater and brine and
could be slightly depleted in tritium. The tritium at the top of
core 1 shows the influence of melted and refrozen snow.

E. M. Druffel and C. S. Hutto assisted in analytical
analyses. 0. Holm-Hansen and R. E. Hodson assisted in
sample collection.

The analytical work was supported by National Science
Foundation grants DPP 77-20579, OCE 77-17567, and EAR
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76-22623. The sampling program was supported by National
Science Foundation grant DPP 76-22134.
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Surface layer kinematics of the
circumpolar current as inferred

from Nimbus 6

A. D. KIRWAN, JR. and E. REYNA

Department of Oceanography
Texas A&M University

College Station, Texas 77843

In December 1977 five satellite (Nimbus 6) tracked
drifters were deployed from the USCGC Burton Island in the
Antarctic Circumpolar Front south of New Zealand on the
leg from Wellington to McMurdo Sound. This was a pilot ex-
periment conducted as part of the International Southern
Oceans Study. It was designed principally to test the
feasibility of making oceanographic measurements of the sur-
face layer currents, air and sea temperatures and atmospheric
pressure in the Circumpolar Current during the First Global
Atmospheric Research Program Global Experiment. To
reduce wind drag on the drifters so that their movements
closely paralleled the flow of the Circumpolar Current, the
drifters were drogued at 100 meters by 9.2-meter personnel
parachutes.

As explained by Kirwan and others (1976, 1978) the Ran-
dom Access Measurement System (R.'Ms) on Nimbus 6
determines the drifter's position by Doppler shift of a con-
tinuous radio signal from the drifter. The radio signal also

contains the particular identifier (ID) for each drifter along
with eight data words. For this experiment, the data words
were sea surface pressure, air temperature, sea surface tem-
perature, and a drogue indicator to determine if the drogue
remained intact and deployed.

Two of the drifters failed shortly after they were deployed.
The failure has been traced to faulty crystals in the buoy
transmitter terminals. The other three have operated suc-
cessfully, at least until 9 March 1978. The only problem on
these drifters has been that their pressure sensors have not
worked since deployment.

The three drifters have provided new information on sur-
face kinematics in the Circumpolar Current. Figure 1 shows
the trajectories of those drifters up until 9 March. Drifter ID
1204 was deployed just south of the subarctic front. Its trajec-
tory indicates that after a large southward meander in that
front, it moved almost due north for 300 kilometers. After
reaching 54'S. it started slow eastward zonal flow. The tra-
jectory from drifter ID 1134 shows that it was deployed in a
cyclonic eddy. The existence of this eddy was verified by an
expendable-bathythermograph survey from the Burton Island
(Olson and Emery, 1978). After one revolution in the eddy,
this drifter moved off to the northeast, paralleling the track of
1204. It then began moving southward, changed direction
about 300 kilometers due south, executed a series of rather
complicated movements, and, after reaching 600 S., started
eastward zonal flow. Drifter ID 1102, deployed just north of
the subpolar front, has moved eastward along the front. Its
trajectory indicates a large northward meander of the front
centered around 179°W. Meanders similar to this have often
been reported in this front.

Figures 2, 3, and 4 are plots of the velocities of these three
drifters. Maximum eastward velocity of ID 1204 was about
.38 meter per second, just at the beginning of 1978. Since
then its eastward velocity has averaged only about 0.11 meter
per second. The record for ID 1134 shows considerably more
variability.

50S

55S

60S

170 E	175 E	180	175 W 170 W

Figure 1. Trajectories of drifters 1204, 1134, and 1102, from
day 355, 1977 to day 68, 1978.

65S
165 E
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Figure 2. Plot of velocities of drifter 1204.

Figure 4. Plot of velocities of drifter 1102.
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Figure 3. Plot of velocities of drifter 1134.

This drifter shows two peaks of more than .4 meters per
second in eastward velocity. Its northward velocity also has
been quite variable, on time scales of about 10 to 15 days.
Note that the velocities associated with the eddy at the early
part of the trajectories are quite small, just over .10 meter per
second. The velocity record shows that ID 1102 has had the
strongest eastward flow. Its average up to day 68 of 1978 was
0.18 meter per second.

The velocity records of all three drifters are rich with
mesoscale information. Typical periods associated with these
disturbances range from 5 to 20 days, not unlike those

reported in the Mid-Ocean Dynamics Experiment and the
North Pacific Experiment.

The return on the data words, except for the surface
pressure has been excellent. Because Nimbus 6 is polar orbit-
ing, the satellite may receive up to eight signals a day from the
drifters. Although the satellite is not able to fix the location of
the drifters on each of those passes, the data received by the
satellite are of excellent quality. Because of this, the diurnal
cycle in both air and sea temperatures is seen clearly in these
drifter records. It is of the order of 0.2°C for the water tem-
perature and about 0.5°C for air temperature.

It is clear from these preliminary results that the RAMS on
Nimbus 6 is an extremely useful tool for studying the large
scale, near surface circulation and air/sea interactions in the
upper layer of the Circumpolar Current. Its use will be even
more enhanced when the data can be combined with data on
surface winds, hydrographic, and current meter.

This research was supported by National Science Founda-
tion grant OCE 77-16825. Joseph Coehlo collected data
aboard the ship.
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Polar Front zone in the western
Scotia Sea, winter 1977

ROBERTO DANIEL PARODI

Servicio de Hidrografia Naval
Republica Argentina

As an Argentine contribution to Isos (International
Southern Ocean Studies), I participated in theJuly 1977 Islas
Orcadas cruise 13-14, whose primary objective was to deter-
mine the Polar Front on the Scotia Sea in winter.

Field operations. The physical oceanography started on 8
July. On 16July a main engine failed, and the ship returned
to Buenos Aires for repairs. Nevertheless, in 14 days of work,
44 salinity-temperature-depth stations were made (see figure)
using a 12-bottle Rosette to standardize the salinity-tem-
perature-depth. data and to gather chemical information.

WEST LONGITUDE
54	52	50	48	46	44

STD station and cruise
track, Islas Orcadas cruise

13/14.

To determine temperature deviations, thermometers were
used in 6 of the 12 bottles, and the salinities were corrected
using one Autosal with which the salinity was measured for
comparison with the salinity-temperature-depth information.

Definition of Polar Front zone. For the determination of the
Polar Front position, the temperature gradient was con-
sidered as the Polar Front zone in its surface condition (see
Gordon, 1971, table 1), this value being supported in the sur-
face silicates value. The subsurface condition was defined as

the position at which the minimum-temperature layer ends or
shows an abrupt depth change (Gordon, 1967).

The surface front axis position coincided with the 2°C
isotherm. The terms cold limit and hot limit are introduced
instead of antarctic limit and subantarctic limit.

Dynamic topography. The relative geostrophic flow axis is
observed crossing the two legs of the more westerly bearing. It
then turns to the north, passing through the opening that
leaves the north part of the Scotia Ridge, and makes a
cyclonic turn towards the east passing between the northern
Scotia Ridge and the Malvinas Plateau elevated body.

Near station 22 there remains uncovered a small anti-
cyclonic turbulence. This is also noted in the surface tem-
perature as a hot meander of 0°C in colder antarctic water.

The temperature and salinity surface gradient compensa-
tion occurs in the same manner as in summer, as shown by
the small surface density gradients.

Surface water. Surface temperature, salinity, and silicates
were measured in each expendable bathythermograph and
salinity-temperature-depth, and the geographical distribution
of the properties has been plotted.

The front's surface axis would be the 2°C isotherm and
the 15 micromoles per liter silicates isoline; the salinity is not
well defined due to the presence of the subsurface front on
the Malvinas Plateau elevated body.

The cold limit of the frontal zone is the 1°C isoline, 20
micromoles per liter of silicates, and 33.85 per mill salinity.
The hot limit would be near the 3°C isotherm, 10 micromoles
per liter silicates, and 34 per mill salinity.

Position of the Polar Front zone. This is defined by surface
and subsurface expressions until station 38 and by its subsur-
face expression from that point to station 44, where I could
see clearly the subsurface condition of the front zone, sepa-
rated from the axis of the surface front by 60 nautical miles.

No meanders as large as those appearing in summer were
observed.

I am thankful to Lamont-Doherty Geological Observatory
for loaning scientific instruments and extend special thanks
to Arnold Gordon for his assistance in oceanographic assess-
ments.
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Interaction of the Antarctic
Circumpolar Current with

R. A. HEATH
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S. P. HAYES
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Seattle, Washington 98105

The cruise southeast of New Zealand by the iiv Tangaroa
from 4 to 24 April 1978 (figure 1) marked the start of concen-
trated International Southern Ocean Studies (iSos) designed
to investigate the interaction of the Antarctic Circumpolar
Current with the topography of the Macquarie
Ridge/Campbell Plateau region south of New Zealand and
the formation of subantarctic mode water on the Campbell
Plateau. The purpose of this initial experiment was to study
the spatial and temporal variability of low frequency motions

topography south of New Zealand

FIgure 1. Cruise track of niv Tan geroa 4-24 April 1978, shown on a bathymetric chart of the region southeast of New Zealand.
Also shown are cm station and mooring positions and dynamic height (0-1,000 meters) contours drawn from the CTD data.



and their effects on the mean circulation and to study the late
winter formation of subantarctic mode water (McCartney,
1977), which is hypothesized to be similar to the formation of
subtropical mode water south and east of the Gulf Stream
and Kuroshio (Masuzawa, 1969; Worthington, 1959).

Participating in the Tangaroa cruise were Harry Bryden
from Woods Hole Oceanographic Institution, Ron Heath
and Bruce Shakespeare from the New Zealand
Oceanographic Institute, Dennis Root and Robert Still from
Oregon State University, and David Spell from the Pacific
Marine Environmental Laboratory.

During the cruise, six moorings equipped with Aanderaa
current meters measuring temperature, pressure, and current
speed and direction were deployed: five in a cluster array near
49°30'S. 170°W. on the abyssal plain of the southwestern
Pacific basin (figure 2), and one at 51°10'S.175°E. on the
slope of the Campbell Plateau. In addition, one drifting buoy
provided by George Cresswell (Commonwealth Scientific
and Industrial Organization, Cronulla, Australia) was
launched at 50°30'S.176°40'W. and will be tracked by
satellite on its journey across the Pacific. Near the cluster ar-
ray, 13 CTD (conductivity-temperature-depth) stations to
1,500 meters depth were made to determine the spatial scales
of the density structure. A larger scale survey of 26 CTD sta-
tions (figure 1) was made to define the broad scale density
structure and associated circulation southeast of New Zea-
land.
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Figure 2. Positions of current meters in the cluster array near
49030'S.1700W.

From the cluster array measurements and the smaller
scale CTD survey, the dynamics of low frequency motions or
eddies will be studied and the effects of the eddies on the
mean circulation will be estimated. We plan to investigate
whether the eddies are freely propagating waves, at-
mospherically forced waves, or locally generated eddies grow-
ing in a baroclinic instability process. Following analysis of
Drake Passage measurements (Bryden, in preparation), we
will estimate the rate of energy exchange between eddies and
mean circulation.

The mooring on the slope of Campbell Plateau was equip-
ped with five thermistor chains as well as two current meters
to study the winter overturning of subantarctic mode water
and its relationship to the production of antarctic intermedi-
ate water (McCartney, 1977). The CTD station near this
mooring (figure 3) revealed a 100-meter-deep mixed layer
with temperature and salinity values similar to those of sub-
antarctic mode water. That such a deep mixed layer was pre-
sent in early autumn suggests that this is a region of active for-
mation of subantarctic mode water and that the formation
may take place throughout the year rather than only during
late winter.
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Figure 3. Temperature and salinity v. pressure from the CTD
station near the thermistor chain mooring at 51010'S.1750E.

Preliminary analysis of the CTD data showed that the
cluster array was set in a strong frontal region where the
dynamic height between 1,000 meters depth and the surface
changed by 10 dynamic centimeters over about 15 nautical
miles. Because the CTD data in this region revealed significant
amounts of subtropical water intermixed in subantarctic
water, this front was probably the southeastward extension of
the subtropical convergence located by Ridgway (1975).
Within this front there was a pronounced tongue of water
with a salinity maximum at a depth of about 150 meters. The
presence of such a tongue extending southward from the
Subtropical Convergence was first observed by Deacon
(1937) and more recently has been analyzed by Heath
(1976). The Subantarctic Front within which the thermistor
chain mooring was located passes south of the cluster array.
The complex distribution of fronts including the Subtropical
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Convergence, Subantarctic Front, and Southland Front in the
region southeast of New Zealand clearly will require a
detailed reexamination.

We thank the officers and crew of RIv Tangaroa for their
cooperation in carrying out this experiment. The quality of
the CTD measurements is due to the initiative and persistence
of David Spell in diagnosing both hardware and software
problems. The moorings could not have been deployed with-
out the patience and care of Robert Still, Dennis Root, and
Bruce Shakespeare. This experiment was supported by the
New Zealand Oceanographic Institute of the Department of
Scientific and Industrial Research, by the Environmental
Research Laboratories of the National Oceanic and At-
mospheric Administration, and by the Office for the Interna-
tional Decade of Ocean Exploration of the National Science
Foundation under agreement OCE 77-22868 with Pacific
Marine Environmental Laboratory and under grant OCE
77-22887 to Woods Hole Oceanographic Institution.
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FDRAKE 77 Yelcho
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In December 1977 the Chilean navy ship AGS Yelcho sup-
ported the last phase of the International Southern Ocean
Study known as FDRAKE (First Dynamic Response and
Kinematics Experiment). Hellmuth A. Sievers and eight
other persons from the Department of the Chilean Naval Hy-
drographic Institute were aboard to assist in the program.
The NSF Office of the International Decade of Ocean Ex-
ploration provided support for equipment and the participa-
tion of R. Dale Pillsbury (Oregon State University); Worth
D. Nowlin, Jr., James Stasny, and Brady A. Elliott (Texas
A&M University); and Earl Krause (Applied Physics
Laboratory, University of Washington).

The objectives of the cruise were: to recover deep pressure
gages deployed during February 1977 on the north and south
sides of Drake Passage; to install other pressure gages at these
locations; to recover a cluster array of current/temperature
recorders moored near 59°S.63°45'W. in the central passage
during February 1977; and to deploy a single, year-long
mooring in the central passage.

The pressure measurements are part of a long term
program to monitor pressure difference and to relate this
difference to flow through the passage. Density profiles are
made at times of installation and deployment of the gages.

The principal objective of the cluster array was to deter-
mine the spatial variability of currents and thermal field at
horizontal separations between 12 and 60 kilometers for the
depth range 300-3,500 meters. This information was needed
to design a major array to be deployed in Drake Passage dur-
ing 1979 to monitor transport and to obtain data for special
kinematics/dynamics experiments. A secondary objective of
the cluster array was to obtain information to describe move-
ments of sharp bands of current through the area and to com-
pare local changes of temperature with horizontal advection
of temperature gradients. Hydrographic data were taken
before and after the deployment in support of this objective
(see Whitworth, 1977). The cluster array and the new moor-
ing in the central passage for 1978 extend time series of cur-
rents and temperatures at a location in the Antarctic Circum-
polar Current to 4 years. These time series are being com-
pared with variations in the geostrophic surface wind stress in
the Southern Hemisphere.

Departing Punta Arenas, Chile, on 4 December 1977,
Yelcho proceeded to the position (56°32'S.67°01'W.) of the
pressure gage at the northern side of Drake Passage and oc-
cupied a hydrographic station there in 500 meters water
depth and another station nearby in 1,700 meters water
depth.

All current and temperature recorders from the five 1977
moorings clustered near 49°S.63°45'W. in the central Drake
Passage were recovered. A total of 21 Aanderaa instruments
had been deployed on the moorings at depths of 300, 500,
1,000, and 2,000 meters. Two moorings also had instruments
at 3,500 meters, and two of the recorders at 300 meters were
equipped with conductivity sensors.

All but four recorders were operating when recovered.
Three returned partial records of about 6 months, and one
had failed soon after deployment. At the position of the
central mooring, another mooring was deployed with current
and temperature recorders at 500, 1,000, and 2,000 meters to
operate until January 1979.
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Yelcho then proceeded to the location (62°06'S.60°35'W.)
of the pressure gage moored during February 1977 at the
southern side of the passage in 500 meters of water. Two bot-
tom pressure recorders on separate moorings were deployed
at approximately 500 meters, and an XBT (expendable
bathythermograph) and salinity samples provided the density
profile at this location. The 1977 pressure recorder was
recovered.

The acoustic releases scheduled to be deployed with the
pressure gage moorings were found to have leaking batteries.
Since batteries were available only for two moorings, Yelcho
returned to Puerto Williams in the Beagle Channel to pick up
new batteries that had been shipped from the United States.
As on the first crossing, XBT's were taken to describe the ther-
mal field down to 750 meters.

After receipt of these batteries, Yelcho proceeded to the
northern pressure gage location. There two bottom pressure
recorders were deployed on separate moorings at 500 meters.
The 1977 pressure recorder was recovered and found to be
running.
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Eddies and ridges in the thermal
structure south of New Zealand

DONALD B. OLSON
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As part of the International Southern Ocean Studies
(Isos), expendable bathythermograph (xBT) observations
were taken by the USCGC Burton Island and USCGC Glacier on
their southward transits from Wellington, New Zealand, to
McMurdo, Antarctica, in December 1977. In addition to the
XBT program, five satellite-tracked drifting buoys were
deployed from the Burton Island (Kirwan, 1978). The drifter
deployment was supervised by J . Coehlo of Scripps Institu-
tion of Oceanography; the XBT program on the Burton Island
was directed by D. Olson of Texas A&M University. On the
Glacier, G. Franceschini, also from Texas A&M University
was in charge of the XBT data collection. The objective was
for both ships to cross eddy structures in the XBT temperature
sections and survey with a pattern of XBT casts.

The Burton Island left Wellington first, going to Campbell
Island and then south along 170°E. The Glacier proceeded
south along 175°E. Figures 1 and 2 show that the Subtropical
Convergence (the confluence of the East Cape and Southland
currents) was crossed to the east of the Banks Peninsula be-
tween 44°-45°S. in both sections. The subantarctic water
south of this convergence is cooler and fresher than the
australasian subantarctic water found to the west of the Mac-
quarie Ridge (Burling, 1961). Intrusions of australasian sub-
antarctic with an isothermal layer of 8°-9°C are evident
around Campbell Island. North and eastward cooling in the
isothermal layer of the subantarctic water (McCartney, 1977)
is indicated by a shift in the boundary isotherms from 7°-8°C
in the Burton Island section to 6° -7°C in the Glacier section.
Sea-surface salinities decrease to the east and are greatest at
the edges of the Campbell Plateau corresponding to the flow
of the northern edge of the Antarctic Circumpolar Current
across the Macquarie Ridge and around the edge of the
Campbell Plateau.

South of the Campbell Plateau a cold ridge bound by sub-
antarctic frontal features is evident. Low surface salinities
were associated with this and all other cold features in both
sections. A similar ridge can be found in earlier sections
(Burling, 1961; Gordon, 1975; Houtman, 1967) through this
region, suggesting that it is quasi-permanent. The Antarctic
Circumpolar Current flows eastward along the edge of the
Campbell Plateau and westward on the southern side of the
ridge (approximately 56.5°S.). The drifter deployed at
56.5°S.170°E. (drifter 1204, figure 3) exhibits westward flow
followed by an anticyclonic loop to the south, where it follows
along the Subantarctic Front near 59°S. in figure 1.

South of this large cold ridge in figure 1 is a smaller, more
intense cold feature which proved to be a closed eddy based
on the drifter (1134) deployed in it. At about the same
latitude (approximately 59°S.) the Glacier also encountered a
cold feature of similar size (see figure 2). Although no drifters
were deployed in this feature, the spatial survey suggests that
this was not a closed eddy. Instead it has been contoured as
an elongated ridge in figure 3.

Both sections show the northward termination of the tem-
perature minimum layer at about 61°S., which is approx-
imately 4° southward of its mean position in this region as
reported by Emery (1977). Taken as a position of the Polar
Front the latitude of the temperature minimum is known to
change rapidly as it forms meanders and eddies.

Support for this research was provided by National
Science Foundation grant OCE 76-81371. We thank A. D.
Kirwan for providing the drifter data and G. Franceschini for
for supervising the data collection on the Glacier. This work
would not have been possible without the cooperation of the
U.S. Antarctic Research Program and the crews of both the
Burton Island and the Glacier.
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Temperature and salinity fields
under the Ross Ice Shelf

THEODORE D. FOSTER

Centerfor Coastal Marine Studies
University of California, Santa Cruz

Santa Cruz, California 95064

In December 1977 while the Ross Ice Shelf Project access
hole at J-9 (82'22.5'S. 168'37.5'W.) was open, we were able
to make a series of vertical temperature and salinity profiles
in the ocean beneath the Ross Ice Shelf. We used a high-
resolution electronic conductivity-temperature-depth (cTD)
recorder, specially modified to fit down the access hole. The
CTD data were recorded on magnetic tapes and will be proc-
essed by computer to provide corrected salinity profiles. A
preliminary vertical temperature and salinity profile was
calculated in the field and is shown in the figure.

During the passage of the CTD through the ice, salinity
values from about 10 to 25 parts per thousand were observed,
showing that seawater was being mixed with the meltwater
left over from the thermal drilling operation. The tem-
peratures in the ice ranged from about .2.00 to -0.7°C with a
somewhat irregular pattern probably also attributable to the
thermal drilling operation. At the lower edge of the ice shelf
the salinity increased sharply to about 34 parts per thousand
which is nearly typical of open ocean water, and the tem-
perature dropped sharply to about -2.15°C, which is about
the freezing point for seawater with a salinity of 34 parts per
thousand and a pressure of 360 decibars (-2.14°C). Just

below the ice the temperature was relatively constant in a
layer about 90 meters thick; however, this layer was stabilized
by a moderate salinity gradient. Just above the sea floor was a
nearly constant temperature and salinity layer which varied in
thickness from about 20 to 60 meters on different profiles. Be-
tween these two layers was a transition zone characterized by
relatively strong gradients with irregular step-like structures
and inversions in both temperature and salinity.

-r	 p.

0	 10	S	20	0/	30	40

Preliminary evaluation of one vertical temperature and
salinity profile under the Ross Ice Shelf at J-9.
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The temperature gradients in the sea floor sediments were
measured using a modified Bullard-type probe with two pairs
of thermistors between 10 to 110 and 110 to 210 centimeters
depth. Both pairs gave exactly the same gradient, 0.00067°C
per centimeter. A sediment core about 100 centimeters long
was obtained using a standard shipboard gravity corer, and
the thermal conductivity was measured at about 15-cen-
timeter intervals. The average thermal conductivity below 10
centimeters depth was 0.00195 calories per centimeter per
degree Celsius per second. The geothermal heat flux was thus
1.30 microcalories per centimeter per degree Celsius per sec-
ond, which is just about the worldwide average heat flux.

The interpretation of the temperature and salinity fields
found below the Ross Ice Shelf will require more data, in par-
ticular temperature and salinity data at other places under the
Ross Ice Shelf and long term current meter records. A very
tentative interpretation is as follows. Water from the open
ocean is advected in under the ice shelf in the bottom layer
near the sea floor. The water subsequently is modified by a
net melting at the bottom of the ice shelf. This water then
returns to the open ocean in the top layer just beneath the ice
shelf. The main evidence for net melting at this time seems to
be that the water just under the ice shelf is less saline than the
bottom layer. We would expect a nearly constant salinity
throughout the water layer because of haline convection if net
freezing were taking place.

I appreciate the assitance of my colleagues atJ-9 in taking
these measurements. This project was supported by National
Science Foundation grants DPP 75-14936 and DPP 76-12559.

International Weddell Sea
Oceanographic Expedition, 1978

THEODORE D. FOSTER

Centerfor Coastal Marine Studies
University of California, Santa Cruz

Santa Cruz, California 95064

JASON H. MIDDLETON

Scripps Institution of Oceanography
University of California, San Diego

Lajolla, Cjfornia 92093

The third phase of the International Weddell Sea
Oceanographic Expedition (IwsoE) began in 1977 when the
Norwegian research vessel Polarsirkel set out five two-current
meter moorings in the southern Weddell Sea. From 1 Febru-
ary 1978 to 6 March 1978 the Glacier continued the third
phase of !WSOE with an intensive physical oceanographic in-
vestigation in the same general area in which the Norwegians
operated (see figure 1). This work is aimed at understanding
the mixing processes that lead to the formation of bottom
water near the edge of the continental shelf.

Figure 1. Track of Glacier during the IWSOE in 1978 (dashed
line) and area where oceanographic operations were carried

out (enclosed by heavy line).

Of the 118 hydrographic stations that were occupied, most
were in a rectangular grid with a spacing of about 10
kilometers (see figure 2). A high-resolution, electronic con-
ductivity-temperature-depth (cTD) recorder was lowered to
within about 10 meters of the bottom on most stations with
the aid of an acoustic pinger. Water samples were taken in
the surface layer and the bottom layer using 5-liter Niskin
bottles. These water samples were analyzed at sea for salinity
and oxygen, and part of each sample was frozen for later
analysis in the United States for silicate and nitrate. On about
half the stations water was also collected for Robert Michel,
who will analyze it for tritium. On the other stations the water
was filtered. These filters will be examined microscopically
for plankton in the United States.

The current meter moorings set by the Norwegians in
1977 had ground lines attached for purposes of retrieval, but
heavy sea ice prevented systematic dragging operations and
the current meters were not recovered. Five additional current
meter moorings were deployed on a line perpendicular to the
shelf break (see figure 2). Each of these moorings has two
acoustic releases arranged in parallel so that activation of
either release will enable the mooring to float to the surface.
In addition, the two shallow moorings on the continental
shelf have ground lines about 1,200 meters long similar to
those used by the Norwegians. Each mooring has two current
meters, which will record current speed and direction and
water temperature for more than a year. We hope ice condi-
tions will be less severe in 1979, so that we can recover all 10
moorings. It is planned that both the Norwegian research
vessel Polarsirkel and a U.S. Polar-class icebreaker will oper-
ate together in the southern Weddell Sea in February 1979.

Helicopters from the Glacier placed a buoy on a large tabu-
lar iceberg for the Norsk Polarinstitutt so that the drift of the
iceberg can be tracked by satellite.

Although analysis of the CTD data is not complete, some
interesting preliminary results have been obtained. At several
stations in the eastern part of the survey area extremely cold

82	 ANTARCTIC JOURNAL



water with temperatures below the freezing point at one at-
mosphere pressure was found just above the bottom. Since
these stations were probably on the oceanic side of the sill
separating the Filchner Depression from the main Weddell
Sea basin, the extremely cold water may flow downslope and
contribute to the bottom water. The water mass probably
originates beneath the Filchner Ice Shelf, where the pressure
effect allows the water to be cooled below the freezing point at
one atmosphere pressure. Another interesting observation
was that the intrusion of warm water from the open ocean
onto the continental shelf was much more irregular than pre-
viously indicated by the single section made during IWSOE in
1973 in the same area. Perhaps this is an indication that the
intrusion is an intermittent event or that it occurs with an
eddy- or wave-like structure. We hope a detailed analysis of
the CTD data and the current meter data will resolve this
question.

We were assisted by Einar Svendsen and Tor Torresen
from the University of Bergen, Norway; Gwyn Griffiths from
the Institute of Oceanographic Sciences, England; David
Muus and Dwight Wahlberg from Scripps Institution of
Oceanography; and Bradford Fowler and James Mitchell
from the University of California, Santa Cruz. The Glacier's
Marine Science Division assisted in the scientific program,

and all the officers and crew gave superb cooperation.
This work was supported by National Science Foundation

grant DPP 75-14936.
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Figure 2. Positions of hydrographic stations (crosses) and
currant motor moorings sit out during iwsoa in 1978
(triangles), and positions of current motor moorings sit out

by the Norwegians during uwsot In 1977 (squarss).

Physical oceanography of the Ross
Sea

S.JACOBS, P. BRUCHHAUSEN,andJ. ARDAI

Lamont-Doherty Geological Observatory
Columbia University

Palisades, New York 10964

We made oceanographic measurements through the J-9
access hole on the Ross Ice Shelf (82°22'S. 168°40'W.) and
from the usccc Burton Island during December 1977-Febru-
ary 1978. The observations provided information on circula-
tion beneath the ice shelf and on interactions between glacial
ice and the adjacent oceans.

At J-9 temperatures were measured with reversing ther-
mometers. Water samples were taken from seawater pumped
up the hole and with modified "Niskin" bottles, closed from
the surface electrically or by messenger. Nearly all the equip-
ment was contaminated by diesel fuel byproducts remaining
from the "drilling" operation and by a slushy ice that formed
in the hole. Salinity was determined onsite with a laboratory
salinometer. Geochemical samples were sent to the United
States for analysis. A Geodyne savonius rotor current meter
was suspended beneath the ice for periods up to several hours
and a modified Thorndike deep-sea camera photographed
the sea floor, the ice hole, and biological activity.

From Burton Island 80 salinity/temperature/depth (STD)
casts were completed (figure 1). Aanderaa current meters and
a thermistor chain were bottom-moored at the locations indi-
cated. Fifty XBT (expendable bathythermograph) casts were

made at 5-kilometer intervals over portions of the ship's track.
A submarine depression deeper than 1,100 meters was en-
countered southwest of Terra Nova Bay, near station 168. It is
the deepest region on the Ross Sea continental shelf (see
Hayes and Davey, 1974), comparable in depth to Discovery
Deep beneath the Ross Ice Shelf (Robertson et al., 1977).

Seawater beneath the Ross Ice Shelf atJ-9 is above the in
situ freezing point below the ice/seawater interface (figure 2).
Relatively well-mixed layers exist below the ice and above the
bottom, with a transitional region between. Repeated obser-
vations showed variations of about 0.05°C. Salinity increased
from 34.39 parts per mill near the ice shelf base to 34.83 near
bottom, counterbalancing the temperature inversion to pro-
duce a predominantly stable water column.

The near-bottom layer atJ-9 has about the same charac-
teristics as the high salinity shelf water in the western Ross
Sea (figure 2, station 11) and appears to derive from that
water mass. Some modifications are probable from freezing
in cracks beneath the ice shelf and from geothermal heating.

The Northwind section (see Jacobs, 1977) along the ice
shelf in the Ross Sea (figure 3) is representative of Burton Is-
land and Eltanin observations. The warm subsurface core cen-
tered at station 25 can be traced to the circumpolar deep
water north of the continental shelf. There are two regions
where water is within 0.2°C of the in situ freezing point. One
is near 450 meters and centered at station 22; the other ex-
tends the length of the shelf at depths near 200 meters. We
hypothesized earlier that this very cold "ice shelf water" has a
sub-ice shelf origin (Gordon, 1974; Jacobs et al., 1970). The
J-9 observations indicate that it results primarily from melting
at the ice shelf base, with the heat supplied from the warmer
layers advected southward beneath the Ross Ice Shelf.

Current measurements extending through a full tidal cy-
cle were not possible at J-9, but interesting results were ob-
tained nonetheless (figure 4). In the bottom layer current
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Figure 2. Temperature and
salinity vs. depth for J-9 ob-
servations and four North-
wind stations along the
Ross ice Shelf. (See figure
3 for relative station posi-
tions. The vertical positions
of the current meter (CM)
recordings, figure 4, are

shown by triangles.)

Figure 1. Oceanographic (salinity/temperature/depth) stations occupied from uscoc Burton Island during January-February
1978. (Current meters were set for recovery the following year. Bathymetry after Hayes and Davey, 1974.)
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Figure 3. Temperature (°C) above in situ freezing point along the Ross Ice Shelf (uscGc Northwind salinity/temperature/
depth stations). (Most stations are within 1 kilometer of the barrier. Note warm subsurface core centered at station 25 and

deeper cold core at station 22.)
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Figure 4. Current velocity and direction at hourly intervals for
five observation periods at J-9, and (inset) the predicted
spring tide (Williams, 1976). (The vertical position of each set

of current observations is shown in figure 2.)

meter (CM 2-4) velocities reached a maximum of 17 cen-
timeters per second and suggest a clockwise tidal current
ellipse aimed with the axis of a depression in the submarine
topography (Robertson et al., 1977). In the top layer (CM 5) a
counterclockwise tidal current may occur. The spring tidal
flow predicted forJ-9 by Williams (1976) is shown for com-
parison.

A photograph of a fish near bottom appears in figure 5.
This and other photographs provide the first evidence that
vertebrates exist this far from the open sea (475 kilometers)
and add to the other evidence that there is active circulation
between the open oceans and the sub-ice shelf regions
(Jacobs et al., in preparation).

This work was supported by National Science Foundation
grant DPP 76-11872 to Columbia University. Assistance was
provided by the University of Nebraska/Cold Regions
Research and Engineering Laboratory/Browning drillers, by
Burton Island personnel, and by Arnold Gordon. Edward
Thorndike designed and built the camera and nephelometer,
Peter Suckling modified the water sampling bottles; and
Arthur DeVries and Hugh DeWitt identified the fish.

Figure 5. An 18-centimeter-long fish, Trematomus Ioenn-
bergii, near bottom under the shelf at J-9. (The round object
is a weight attached to the camera. A piece of bait (knock-

wurst) is attached to the weight.)
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Differences between AAIW in the
southeast Pacific and the

southwest Atlantic

DANIELT. GEORGI

Woods Hole Oceanographic Institution
Woods Hole, Maine 02543

Traditional antarctic intermediate water (mw) formation
theories conclude from the shoaling or surfacing of isopyc-
nals commonly associated with the AAIW salinity-minimum
core that the surface waters in the vicinity of the Polar Front
are sinking and spreading northward and thus are the ulti-
mate source of AA!W (Sverdrup et al., 1942). Recently, a new
school of thought has emerged: McCartney (1977) has pro-
posed that AAIW is merely the coldest/freshest variety of sub-
antarctic mode waters (sAMw) formed by late winter convec-
tion north of the Polar Front in the southwest Pacific, Drake
Passage, and Scotia Sea.

Modal properties of AAIW have been obtained from bivari-
ate distribution diagrams constructed for a region in the
southwest Atlantic and another in the southeast Pacific
(figures 1, 2, and 3). The distribution of deep waters is not il-
lustrated. Class intervals that contained no water are blank,
while those with significant volumes (less than .05 percent are
represented by dots. All volumes are expressed in thousands
of cubic kilometers.

In the southeast Pacific section (figure 2), the surface
water temperatures range from 6 to 8°C, and salinities are
less than 34.3 per mill. The bivariate distribution is domi-
nated by waters having potential temperatures between 3.0

and 6°C and salinities between 34.1 and 34.32 per mill.
These waters can be identified as intermediate waters. The
aggregate volume of these waters comprises 21 percent of
total water in this region. A subset of 10 individual modes
(3.8 to 5.2°C, 34.2 to 34.26 per mill), each of which contains
more than .5 percent of the total volume, comprises nearly
one-half of the AAIW volume in this region. The large volume
mode at 3.4 to 3.6°C and 34.28 to 34.30 per mill is similar in
temperature but saltier than the AAIW in the southwest Atlan-
tic. Perhaps this mode represents Atlantic iviW that has been
advected by the Antarctic Circumpolar Current but modified
by vertical and/or horizontal mixing.

In the southwest Atlantic sector (figure 3) the surface
waters appear as a cluster of small volume modes warmer
than 7°C and saltier than 34.10 %. Because surface waters in
the southwest Atlantic are somewhat saltier than those in the
southeast Pacific sector, the intermediate waters in the Atlan-
tic (2.2 to 6°C and 34.10 to 34.3 per mill) appear to be
characterized by a better defined salinity minimum.
However, no single mode exceeds .5 percent of the total
volume, and the total percentage of AAIW in the region is only
12. This is only half that found in the South Pacific sector but
is due in part to the increased average depth of this region
(4.5 vs. 3.5 kilometers) and the increased volume of the deep
and bottom waters.

From figures 2 and 3 it can be seen that the AA!W of the
Atlantic is nearly 1°C colder than the AAIW in the southeast
Pacific sector. If McCartney's (1977) AAiw formation hy-
pothesis is correct and there are no secondary sources ofiw
in the south atlantic, then the difference in temperature (and
thus heat content) between the AA!W of the southwest Atlantic
and the Amw (or the coldest SAMW) of the southeast Pacific
must be attributed to vertical processes occurring in the
Drake Passage and western Scotia Sea.

The heat content difference implies that a substantial heat
loss occurs as the SAMW traverses the Drake Passage and
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Figure 1. Geographic loca-
tion of the two regions for
which the modal properties
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Figure 2. Volumetric census for the southeast Pacific region
Identified with Pacific Amw. Volumes are in thousands of
cubic kilometers; dots signify volumes less than .05 percent;
hatched lines enclose potential temperature salinity class in-
tervals with volumes greater than .05 percent of the total

water volume in the region, 9815 x 1,000 cubic kilometers.

Scotia Sea. Assuming that the poleward heat flux at the
northern boundary, compared with the southern boundary,
of the SAMW is small and that the heat flux to the atmosphere
is much greater than the flux from the deep waters, then a
heat loss for the SAMW's can be calculated, which is the result
of a poleward and/or a heat flux to the atmosphere. These
heat fluxes can be compared with recently derived poleward
heat flux due to low frequency motions of the Antarctic Cir-
cumpolar Current (Bryden, 1978) and the heat flux to the at-
mosphere (Bunker, personal communication). From these
comparisons it appears that both the poleward and the heat
flux to the atmosphere are of the right order of magnitude,
but a factor of two too small, to account for the observed tem-
perature difference between Atlantic and Pacific AAIW. These
results must be considered preliminary because of uncertain-
ties in the actual winter hydrographic and atmospheric condi-
tions and the lack of true heat flux divergence measurements.
Thus it appears possible that the Atlantic AAIW derives from
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Figure 3. Volumetric census for the southwest Atlantic region.
Volumes are in thousands of cubic kilometers; dots signify
volumes less than .05 percent; hatched lines bound volumes
In excess of .5 percent of the total water volume in the region,

8996 x 1,000 cubic kilometers.

the southeast Pacific SAMW; but the relative importance of
cross-frontal mixing or the sea-air heat exchange is not yet
clear.

This research was supported in part by National Science
Foundation grant OCE 76-81149.
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South Atlantic oceanography	From November 1976 to May 1978 ARA Islas Orcadas made
four cruises into the Atlantic sector of the Southern Ocean to
perform hydrographic stations. These cruises are a compo-
nent, perhaps the final component, of the circumantarctic

ARNOLD L. GORDON	 survey begun in 1962 by the same ship, then USNS Eltanin.
The South Atlantic sector remained the most extensive gap in

Lamont-Doherty Geological Observatory	 coverage by modern hydrographic stations. The 250 hy-
of Columbia University	 drographic stations obtained during the four ruises (see

Palisades, New York 10964	 figure) do much to fill the void.
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Hydrographic stations obtained during four Islas Orcadas cruises in Atlantic sector of Southern Ocean, November 1976 to May
1978.

The four cruises were: 11-76 (Sclater et at., 1977) and
12-77 (Gordon and LaBrecque, 1977), made during the
1976-77 austral summer, 15-78 (16 January to 11 March
1978), and 16-78 (5 April to 28 May 1978).

The distribution of hydrographic station, shown in the
figure, was obtained with a Neil Brown CTD-0 2, which
measures nearly continuously conductivity (salinity), tem-
perature, pressure (depth), and oxygen of the water columns.
The CTD-02 was lowered at nearly all stations to within a few
meters of the sea floor as determined by a pinger. Water sam-
ples for CTD-02 sensor calibration and additional nutrient
chemistry (silicate and phosphate) were obtained with a 24-
bottle rosette system housed around the CTD-0 2. On board,
display of the CTD-02 was made possible with a Hewlett-
Packard minicomputer.

The hydrographic station data were supplemented by
water samples collected to determine tritium and stable
isotope. Between CTD-0 2 stations, XBT (expendable
bathythermograph) observations were made. The XBT data
were plotted on an expanded scale record (Georgi, 1977).
With each XBT observation, surface-water samples were ob-
tained for salinity and silicate. Surface-water temperature was
measured nearly continuously along the ship's track.

Processing of the CTD-02 hydrographic station and XBT
data will begin on 1 October 1978 and will be ready for dis-
tribution in late 1979. The data will be analyzed to define the

thermohaline-chemical distribution of water masses and
frontal structures found in the Atlantic sector of the Southern
Ocean. The objective primarily is to learn about the existing
advective-mixing patterns, specifically the impact of the
Pacific and North Atlantic derived water properties in the
area, and the oceanography of the Weddell Basin waters and
waters south of Africa, which connect the Atlantic and Indian
Oceans.

Data collected recently in the Drake Passage and Scotia
Sea by the isos (International Southern Ocean Studies)
program (Gordon, 1975; Nowlin ci at., 1975, 1976; Whit-
worth, 1977), the !WSOE (International Weddell Sea
Oceanographic Expedition) in the western part of the Wed-
deli Basin (Foster, 1976), and the work of RIv Conrad cruise 17
in the southwest Indian Ocean (Jacobs and Georgi, 1977) are
of particular value since they define the oceanographic
characteristics at the boundary of the Islas Orcadas data set. A
significant lack of closely spaced, modern hydrographic data
is found in the belt 30-45 0 S. (with the exception of the Cato
data near the Rio Grande Ridge [Reid et at., 1977]) across
the entire South Atlantic.

The success of the collection of the Islas Orcadas data
results from the dedicated work of many people, particularly
the Lamont physical oceanographic department and the
officers and crew of the ARAI5IaS Orcadas.

This work has been supported by National Science Foun-
dation grants DPP 74-12838 and its successor, DPP 76-81240.
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Spatial variation of the K1  01, and
M2 constituents of the southern

Ross Sea tide

E. S. ROBINSON, R. T. WILLIAMS, and H. A. C. NEu BURG

Department of Geological Sciences
Virginia Polytechnic Institute and State University

Blacksburg, Virginia 24061
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Figure 1. Tidal gravity records from eight locations on the
Ross ice Shelf.

variations of gravity for 39 days at site 0-19 (79.6°S.
196.7°W.) and for 30 days at site C-16 (81.2°S. 189.50W.).
Results from C-16 are in close agreement with those we ob-
tained there 1 year earlier. Measurements were repeated at
C-16 to help us evaluate the reliability of our recording gra-
vimeters. Field operations at 0-19 and C-16 were similar to
those described by Robinson et al. (1977) for the other six sites
we have occupied since beginning our survey in 1973.
Measurements at these sites (figure 1) and earlier results from
Little America (Thiel et al., 1960) and McMurdo Sound

information about the ocean tide at 10
the southern Ross Sea.

	

We completed our survey of the southern Ross Sea tide	(Heath, 1971) provid

	

during the 1977-78 antarctic field season by measuring tidal	locations (table) over
Tidal harmonic constituents in the southern Ross Sea.

Site

Base(82.5°S.- 166.0°W.)
J9(82.4°S.-168.6°W.)
RI(80.2°S.- 16l.6°W.)
C36(79.80 S.- 169. I°W.)
C13(79.3°S.-I80.7°W.)
019(79.60S.-196.7°W.)
Cl6(81.2°S.-189.5°W.)
F9(84.3°S.-l71.3°W.)
LAS(78.20S.-162.30W.)
McM(77.9°S.-193.4°W.)
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lengtha Ab	PC

44	43
	

186
30
	

37
	

191
36
	

44	160
34
	

37
	

160
29
	

30
	

200
39
	

31
	

208
76	31	200
58	41	206
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'Record length in days.
bAmpli tude in centimeters.
'Phase angle in degrees relative to the Greenwich Meridian.
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Figure 2. Cotidal-coampiltude charts of the Ki and 01 ocean
tidal constituents, and a cotidal chart of the M2 constituent in
the southern Ross Sea. (Cotidal lines indicate times, ex-
pressed in degrees rather than hours, of simultaneous high
tide relative to the Greenwich Meridian. Coamplitude con-
tours are loci of points of equal tidal amplitude expressed In

centimeter..)

We calculated amplitudes and phase angles of the oceanS
tidal constituents K!, P1, 01, M2, S2, and N2 from tidal
variations of gravity (Robinson et at., 1977). The results (see
table) show the dominance of the diurnal constituents. These
results indicate patterns of spatial variation that are displayed
on cotidal-coamplitude charts for the K1 and 01 constituents
and on a cotidal chart for the M2 constituent (figure 2). The
coamplitude contours on the diurnal charts show more ir-
regularity than at first may seem justified by measurements
from only 10 locations. However, comparison of tidal
amplitudes and water-layer thicknesses at these locations
(figure 3) indicates an apparent relationship that we used to
estimate positions of the coamplitude contours. Analysis of
the propagation of long waves in a canal of varying cross-sec-
tion (Lamb, 1932) indicates amplitude (A) dependence on
the inverse 4th root of water thickness (h), and a constant (b)
related to canal width. Therefore, assuming that b is related
in some way to the distance between trajectories taken in the
direction of propagation of the diurnal tidal constituents, we
fitted curves of the form A = bh 25 to our data (figure 3). We
propose to study the amplitude-depth relationship more
thoroughly. In the meantime we have used these curves

200	400	600
DEPTH (m)

Figure 3. Comparison of Ki and 01 tidal amplitudes (A), In
centimeters, and water-layer thickness (h), in meters, at nine
sites on the Ross Ice Shelf. (Curves have the form A = bh,
where b = 144 for the KI constituent, and b = 132 for the 01

constituent.)
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together with the recent map of water thickness (Greischar
and Bentley, 1978) to guide the location of Ki and 01
coamplitude contours.

The southern Ross Sea tide is dominated by the diurnal
constituents, so it is different from most parts of the ocean
where the semi-diurnal constituents, are largest. Amplitudes
of the K 1, P1, and 01 constituents are much too large to be
explained simply in terms of equilibrium tide theory. Reso-
nance related to the shape of the embayment and water-layer
thickness variations amplify these constituents and control
their direction of propagation. Wavelengths of the diurnal
constituents are seen (figure 2) to be approximately 4 times
the length of the Ross Sea measured in the direction of
progressing tide from the edge of the continental shelf. This is
a condition for diurnal resonance.

Spatial variation of the M2 constituent is considerably
more complicated. There is no simple relationship between
amplitude and water-layer thickness. Different empirical
cotidal charts that could be compiled from our data (see ta-
ble) must also be consistent with the M2 tide in the south
Pacific that borders the Ross Sea. One pattern (figure 2) dis-
plays no actual amphidromes within the Ross Sea and merges
with the global M2 cotidal chart of Zahel (1970). Other pat-
terns requiring at least two amphidromes in the Ross Sea are
also consistent with the results of Zahel.

This research was supported by National Science Founda-
tion grant DPP 73-05873.
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Ocean wave measurements at the
RISP J-9 camp

R. T. WILLIAMS, E. S. ROBINSON and H. A. C. NEBURG

Department of Geological Sciences
Virginia Polytechnic Institute and State University

Blacksburg, Virginia 24061

Waves having periods of between 1 minute and 15
minutes propagate in the ocean beneath the Ross Ice Shelf.
These waves produce gravity fluctuations on the ice shelf sur-
face that are related to changing elevation and water mass.
During November 1977 we operated three gravimeters near
the J-9 Camp (82.4°S. 168.6°W.) in a 5-kilometer triangular
array (see figure) to determine the velocity and direction of
these ocean waves. Gravimeter output was recorded at 4-sec-
ond intervals on magnetic tape cassettes using micro-
processor-based digital recording systems of our own design.
The three instruments operated simultaneously for a total of
58 hours.

We have completed a preliminary analysis of the three
wave groups indicated on the simultaneous record segments
in the figure. Vectors representing the velocity and propaga-
tion direction of these wave groups were determined from
time shifts of corresponding peaks and troughs along the
different sides of the triangular recording array. The
velocities of these three wave groups are reasonably close to
the value of 48 meters per second expected for a long gravity

wave in the water layer, which is 238 meters thick at J-9.
Their directions of propagation are consistent with the sup-
position that they have traveled from the northern Ross Sea
into the ocean beneath the ice shelf.
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Simultaneous gravimeter records from three sites in a
triangular array near J-9 display fluctuations produced by
ocean waves. (Vectors represent the velocity and direction of
the three separate wave groups that are marked on the gra-

vimeter records. M/S=meters per second.)
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The wave groups we have analyzed have wavelengths that
are more than an order of magnitude longer than the ice shelf
thickness. According to the theory of flexural waves that
propagate in a structure consisting of an ice layer over a water
layer (Ewing, ci al., 1957) the phase velocity (c) for long
wavelengths should depend only on gravity (g) and the water
layer thickness (h) in the formula: c JW The ice shelf.
should have no measurable effect on the phase velocity of
long waves. This conclusion is confirmed by our preliminary
results.

Waves in the ocean beneath theJ-9 Camp excite our grav-
imeters in their dynamic response range. Until dynamic
response calibration tests are complete, we cannot state pre-

cise amplitudes for the ocean waves. On the basis of
preliminary calibration results we estimate that the waves
beneath J-9 have amplitudes of a few centimeters.

This research was supported by National Science Founda-
tion grant DPP 73-05873.
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Marine geology and geophysics

Islas Orcadas cruise 16
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DANIEL T. GEORGE, DAVID S. WOODROFFE, and STANLEY S
JACOBS

Lamont-Doherty Geological Observatory
Palisades, New York 10964

ARA Islas Orcadas departed Buenos Aires 5 April 1978 on a
54-day, 6,781-nautical-mile cruise to the southwest Atlantic
sector of the southern ocean for:

(1) marine geology: coring survey of older (pre-Pliocene)
strata on the Falkland (Malvinas) Plateau, Georgia Basin,
and the Islas Orcadas Rise to elucidate the older geologic
history of the region; coring east and northeast of the Scotia
Arc to trace Antarctic Deep Water flow.

(2) physical oceanography: hydrographic surveys east and
northeast of the Scotia Arc to trace Antarctic Deep Water
flow and the configuration of the Polar Front; hydrographic
transect across the Argentine Basin.

(3) marine geophysics: investigation of the northeast Georgia
Rise tectonics, the pre-Eocene spreading regime and fracture

zone trends east of the Scotia Arc on the South Atlantic tec-
tonic, plate, and a tie-in profile with cruise 15 over the young
crust southeast of the Scotia Arc.

A total of 120 ship stations were attempted, yielding 69
complete piston cores and 73 successful conductivity-tem-
perature-depth (CTD) stations. All major objectives were met,
at least in part, despite four moderately severe storms (winds
over 40 knots).

Placid winds during the first week of the cruise allowed
for an %ninterrupted 17-station CTD transect across the
Argentine Basin to the northern margin of the Maurice
Ewing Bank of the Falkland Plateau (figure) where an inten-
sive coring survey of older sediments was conducted in rough
weather during the second week.

A sonobuoy was recorded in the West Georgia Basin to
determine basement velocity while in transit to the north-
eastern Georgia Rise where intensive coring was resumed
briefly before proceeding to the Scotia Arc to begin the im-
portant transect to the Mid-Atlantic Ridge. We offset along
the ridge to begin a line of stations down to 61°S.20°W. Core
or CTD stations were taken every degree of latitude or less with
geophysical tracking in between. Extra time gained along the
track was invested in two geophysical excursions for mag-
netics and in a core and CTD traverse from the southernmost
turn point to the Scotia Trench to study antarctic deep water
flow.

A storm broke just as the rosette came on board at the last
CTD station of the section. For the next 3 days the ship was
driven north, but fortunately in the general direction of our
last major objectives in the area of the Islas Orcadas Rise (see
figure). A day of intensive coring on the Rise did yield older
sediments, the first ever recovered from this aseismic feature.
From there we ran the final traverse of CTD and core stations
across the Polar Front into the Argentine Basin, with a good
geophysics crossing of the shelf break.

Marine geology. A primary coring goal was to survey older
(pre-Pliocene) sediment outcrops indicated on seismic
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profiles across shallow (1,000 to 1,700 fathoms) aseismic
features south of the Falkland Fracture Zone. As each core
was raised, the chief scientist dated a smear slide of the cutter
head sample and used this information to select the next core
site. Of 34 cores attempted on the Maurice Ewing Bank, 18
penetrated the thin glacial marine cover to reach pre-Pliocene
sediment ranging from Paleocene to Miocene in age. Rapid
progress was made; as many as eight cores were raised in 24
hours. Of interest were Oligocene siliceous oozes sampled on
the northwest corner of the Ewing Bank and Eocene
calcareous/siliceous oozes encountered for the first time in
this region along the northeast corner. These cores greatly ex-
pand the coverage of older sediment previously obtained in
this area (Ciesielski and Wise, 1977).

Three cores attempted along the Northeast Georgia Rise
failed to penetrate older sediment, although a good Pliocene
record was obtained. Our disappointment was compensated
for by the success of the first cores ever taken on the Islas Or-
cadas Rise where an extensive cover of Miocene to
Eocene/Oligocene carbonate-siliceous ooze was sampled at
two widely separated localities. These initial cores show that
the Islas Orcadas Rise harbors a long ranging sedimentary
record of the geologic history of this area which can be ob
tained by piston coring.

The two long tracks between the Scotia Trench and the
Mid-Atlantic Ridge obtained long (12 to 18 meter) cores
ranging in age from early Pliocene to Quaternary. Ash layers
were sampled east of the Scotia volcanic chain. The stations
from the Islas Orcadas Rise into the Argentine Basin also
produced long (18-meter) cores of siliceous muds and oozes.

Physical oceanography. Seventy-three CTD and oxygen sta-
tions and 1,700 water samples were taken during the cruise.
Four major hydrographic-chemical sections cross the Antarc-
tic Circumpolar Current and the Polar Front. An additional
section with closely spaced stations was obtained between
61°S.20°W. and the South Sandwich Islands. One hundred
sixty expendable bathythermographs and numerous sea-sur-
face temperature, salinity, and nutrient observations provide
additional information between the stations.

The first hydrographic section across the Argentine Basin
to the Ewing Bank crosses several major hydrographic
features including the Brazil/Malvinas (Falkland) Con-
fluence, a meander or a cold-core eddy of Malvinas origin,
and the Polar Front. Evidence of lateral mixing, unusually in-
tense temperature, salinity and dissolved oxygen fine-struc-
ture, between the circumpolar deep waters and those of
northern origin being transported towards the south by the
Brazil current was found along the entire section. Four
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closely spaced stations were taken immediately north of the
Falkland Escarpment to look for a westward extension of
Antarctic Bottom Waters with potential temperatures less
than -0.25°C.

The next major hydrography came after coring on the
Ewing Bank. Eighteen full depth CTD and oxygen stations
were occupied between the South Sandwich Islands and the
midocean ridge. The polar front zone, the region of transition
from antarctic to subantarctic waters, was rather broad oc-
cupying nearly 4 degrees of latitude. Farther to the east, a
north-south section starting at the midocean ridge and ending
in the Weddell Sea was completed. The southernmost sta-
tions of the section had been occupied during the previous
cruise. Along the section two prominent water mass transi-
tions were evident: to the north near 50'S. the Polar Front, to
the south near 60'S. the eastward extension of the Wed-
dell/Scotia Sea confluence. Before starting the final hy-
drographic section from the Islas Orcadas Rise north into the
Argentine Basin a short section from 61 0 S.200 W. to the
South Sandwich Islands was occupied. The final section,
which provided the fourth crossing of the Polar Front, ended
in the central Argentine Basin.

Marine geophysics. Continuous bathymetric (3.5 and 12
kilohertz), gravimetric, magnetic and single channel seismic
data were gathered. The Graf-Askania gravimeter was cor-
rected for cross-coupling errors using an L-DGO designed
analog computer. The seismic sound source was an array of
three 40-cubic-inch Bolt air guns fired simultaneously at
2,000 pounds per square inch pressure.

The Islas Orcadas Rise is an early Cenozoic manifestation
of an 800-kilometer westward jump in the spreading center
south of the Agulhas/Falkland Fracture Zone (LaBrecque
and Hayes, in press). Cruise 16 was planned to determine the
southern extent of the Islas Orcadas Rise and to aid in
deciphering the seafloor spreading regime south of the Islas
Orcadas Rise. Data were gathered to further delineate the age
and structure of the Argentine Basin.

An important discovery was the attainment of an excellent
magnetic profile across the M series (Mesozoic) magnetic
anomaly pattern in the Georgia Basin tentatively identified by
Rabinowitz and LaBrecque (1977). This is the first positive
identification of the Mesozoic sequence south of the
Agulhas/Falkland Fracture Zone and strongly supports the
hypothesis that the Ewing Bank and the Mozambique Ridge
were conjugate margins during the early rifting of Africa and
South America. Also a 4,000-meter guyot was discovered
along the southern extension of the Islas Orcadas Rise. The
guyot was named "Maria Lucia" in honor of Captain Tam-
bussi's wife.

Cruise 16 was a particular pleasure due to the warm
hospitality given the 18-man scientific staff by the ship's
officers and crew. We especially thank Captain Carlos Tam-
bussi and the Segundo, Albertani, for their kindness and con-
siderations, and Lt. Horatio Ezcurra for the strong technical
support by the Oceanographic Section cheerfully and
tirelessly rendered despite the heavy load of station time and
the often difficult weather conditions. Geophysics work was
funded by the National Science Foundation grant DPP
77-15586.
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Basal sediment ages of Islas Or-
cadas cruise 11 piston-cores

PAUL F. CIESIELSKI', F. AMRISAR KAHAROEDDIN, and
DENNIS S. CASSIDY

Antarctic Research Facility
Department of Geology
Florida State University

Tallahassee, Florida 32306

ARA Islas Orcadas cruise 11 was a multidisciplinary
cruise—marine geology, geophysics, and physical oceanogra-
phy—sailing from Buenos Aires to Cape Town. Sediment
recovery during the cruise was successful at 49 of the 50 at-
tempted coring stations (figure). Preliminary basal sediment
ages for the cores are shown in the table, which lists piston

'Present address: Institute of Polar Studies, The Ohio State Univer-
sity, Columbus, Ohio 43210.

core number, latitude, longitude, water depth, sample inter-
val, sediment lithology, and the age of the core sediment at
each sampled interval.

Coring activities were concentrated on the Malvinas
(Falkland) Plateau, the Northeast Georgia Rise, and along a
NNE track from 58° to 45'S. The primary objective of coring
on the Malvinas Plateau and Northeast Georgia Rise was to
obtain a series of piston cores reflecting a broad vertical dis-
tribution of sediment ages within the stratigraphic record so
that the complex history of deposition and erosion of these
features could be understood more fully. Coring along the
NNE, 580 to 450 S. track was done to provide additional infor-
mation on Pliocene-Quaternary sedimentation, particularly
fluctuation responses of the sedimentary regime to changes in
the paleo-position of the Polar Front. Because most coring
stations along this track either included, or were close to,
physical oceanographic stations, the investigator can integrate
present hydrographic data with that gleaned from the sedi-
mentary record.

Cores from other locations were taken at sites considered
important to the extension of knowledge already gained from
the Eltanin/Islas Orcadas circumpolar survey.
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Location map of cores retrieved aboard ARA Islas Orcadas cruise 11. Note: This map shows the positions of only those cores
received by the Antarctic Research Facility. Four piston cores (10 1176-65, -69, -90, and -91) were retained by the Republic of

Argentina. One of these (10 1176-90) has no associated trigger core recovery and therefore is not shown.

A detailed summary of cruise 11, its scientific objectives
and accomplishments, appears in Sclater et at. (1977).

Sampling. Of the 49 successful piston-coring attempts, 45
recovered sediment that at least partially filled the core liner.
These cores were sampled for age-dating within 7 centimeters
of their base and, in most cases, at their base. Cores with dis-
turbed basal sedimentary sequences were also sampled im-
mediately above (within a few centimeters) the disturbed se-
quence. Also sampled and dated were core catcher and/or
cutter (C/C) sediments, if recovered. It is interesting to note
that all sample intervals within a particular core yielded simi-
lar age-dates, with the exception of one core, 10 1176-67.

Sediment recovery limited to either C/C retrieval or but a
few centimeters of sediment in the bottom of the core liner (or
both) is represented by four cores (10 1176-8, -11, -17, and
-18); this material is stored as bagged samples. These four
cores, in effect, are surface sediments, but were nevertheless
sampled for purposes of age-dating. Age-dates for four other
cores (10 1176-65, -69, -90, and -91) are based solely on the
analysis of sediment from the core bottoms, because these
cores were retained by the Republic of Argentina. No infor-
mation is available at this time concerning sediment
lithologies within these cores or the degree of disturbance, if
any, of the sediment.

Laboratory. Smear-slide preparations from each sample
were examined for their calcareous nannofossil, diatom, and

silicoflagellate constituents. All samples, which contained lit-
tle or no carbonate, were age-dated using one or more of the
following siliceous microfossil biostratigraphic schemes: the
Neogene biostratigraphic zonation of McCollum (1975), as
modified by Weaver (1976); the Paleogene diatom zonation
of Gombos (1977); and the silicoflagellate zonation of
Ciesielski (1975) and Bukry (1974, 1976).

Investigators making use of the age-dates presented in the
table are cautioned that these are preliminary figures. Con-
siderable reworking and the extremely poor preservation of
the microfossil content of some of the dated sediments render
age assignments difficult and tenuous at best. The basal sedi-
ment ages are presented to aid investigators in selecting piston
cores for sampling. Individuals whose research requires pre-
cise age determinations may wish to obtain additional confir-
mation of the age-dates provided. More detailed age assign-
ments, such as subepoch and/or biostratigraphic zonations of
some of the cruise 11 cores, are given in Ciesielski and Wise
(1977) and Ciesielski (1978). The lithologic character of all
cores is described in Kaharoeddin (1978).

Results. The basal sediment ages of the 49 piston cores
range from late Eocene to Quaternary; sediments from 17
cores are Pliocene or older. All but three of these pre-Quater-
nary cores (10 1176-16, -18, and -19) are located on the
Maurice Ewing Bank (eastern Malvinas Plateau), in close
proximity to the African-Antarctic ridge crest, or south of the
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50009.71
50'05.7'
50006.0'
50004.1

50'04.2'
50046.1
50053.8
51 0 26. 7

51026.7
51029.0
51°28.2'
51'26.8'
51°25.9'
51'47.2'
52°12.4'

56024.3
56'28.5'

56'22.7'
56'15.8'
56012.8
56004.91
53'427'

52* 12. 7'
530071
53°22.9'
57°13.8'
57'12.5'
5705531
57002.6

56'11.2
55°07.1
55'090'
54031 .2

53°31 .2
53°06.7'
52'31 .6

51°45.5'
51°11 .0'
50009.2

49'31 .2'
48' 59. 1'
48 0 20. 9'
48' 02 . 6'
47'29.5'
46057.8
4610.4'
4503461
440 56.7'

42°17.2 W
41°06.5' W
40050.1'(W)
40-38.8'(W)

40-30.2'(W)
370092l (W)
33057.6 (W)
33 0 09.7 (w)
3301751 W
3321.7' W
3304431 iW
33051.9

1 W330594
330393
32 0 38 . 0 W

28°08.2' (W
21°58.8' (W

16°59.7' W
12°49.1' W
10008.41 W)

06°15.0' W
10024.0 E

09028.3
07*59.2
06°39.6'
08012.1
08012.4
08*59.0
09'14.9'
0903531

09056.91
09°58.0
10'17.9
10°49.1'
11'12.8
1134.3'

12°03.1
12026.4
12°54.6'
13011 .5
13026.4
13045.7
13049.0
14004.0
14'18.2
14039.9
14052.1
15002.9

Core
Number

8

11
12

13
15
16
17

18
19
20
21
22
24
25

32
34

36
38
39
41
52

53
54
55
64
65
66
67
68
69
70
71
73
74
76

78
79
81
82
83
85
86
87
88
89
90
91

Latitude(S) Longitude

49 0 53.1 1 42022.31(W)

Water Sample
De p th(m) Interval(cm)

1929 C/C

1441
 

145; C/C
1635
 

331 ;C/C
1865
 

C/C
2088
 

160 ; C/C

2209
 

127;C/C
4876
 

646 ; C/C
2880
 

1 38;C/C
2041
 

C/C

1929
 

C/C
1767
 

233;461 ;C/C
2081
 

488
2281
 

583;C/C
2542
 

160;256
1970
 

395;541
2418
 

176;C/C

2474
 

36
4486
 

1052 ; C/C

4175
 

1016;1 106;C/C
4587
 

1199;C/C
4128
 

1177;C/C
3773
 

966;C/C
3815
 

964;C/C

3116
 

950 ; 990 ; C/C
2502
 

438;C/C
2926
 

1180;C/C
5479
 

1754 ; C/C
5483
 

C/C
4513
 

1160;C/C
5274
 

1643;1771 ;C/C
4830
 

1766 ; C/C
4552
 

C/C
4521
 

1686; C/C
3809
 

1080 ;1453; C/C
3167
 

624;C/C
3561
 

171
3127
 

348; 363 ; C/C

3974
 

1167 ; C/C
3727
 

1100 ;C/C
4265 1149
4100
 

1 168;C/C
4634
 

1708 ; C/C
4499
 

1683;1742;C/C
4338
 

17 20 ; C/C
4843
 

1242;1469;C/C
5106
 

1012 ; C/C
4374
 

171 5;C/C
4587
 

1342 ; C/C
4649
 

C/C

Sediment Llthology*

glauconitic, foraminiferal,
quartz sand

nannofossil ooze
diatomaceous, nannofossil ooze
muddy sand
radiolarian-diatomaceous mud;
diatomaceous mud

diatomaceous, sandy mud
diatomaceous ooze
diatomaceous, sandy mud
glauconitic, sandy,

diatomaceous ooze
sandy, diatomaceous mud
muddy, diatomaceous ooze
diatomaceous, sandy mud
diatomaceous ooze
diatomaceous mud; diatomaceous ooze
diatomaceous, calcareous ooze
diatomaceous mud;

diatomaceous, sandy mud
diatomaceous, muddy,volcanic ash
diatomaceous ooze;

ash-bearing, diatomaceous ooze
muddy, diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
diatomaceous, foraminiferal ooze
ash-bearing, diatomaceous ooze;
muddy, diatomaceous ooze

diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
pelagic clay
diatomaceous mud
diatomaceous mud
pelagic clay
diatomaceous ooze
muddy, diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
vol canoci asti C
muddy, diatomaceous ooze;

gravelly, volcanic ash;
ash-bearing gravel

volcanic ash; gravel
diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
diatomaceous ooze
zeolitic clay
muddy, diatomaceous ooze

Age

Quaternary

Middle Miocene
Late Miocene
Middle Miocene
Late Eocene

Middle Pliocene
Quaternary
Middle Pliocene
Quaternary

Late Pliocene
Early Pliocene
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary

Quaternary
Quaternary

Quaternary
Quaternary
Quaternary
Quaternary
Quaternary

Quaternary
Quaternary
Quaternary
Late Miocene
Quaternary
Late Miocene
Middle Pliocene**
Late Pliocene
Quaternary
Early to Middle Pliocene
Late Miocene
Early Pliocene
Late Pliocene
Early Pliocene

Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary

*In cases where sediment lithologies differ at more than one sampling horizon within a core, each is shown. Lithologic
names are based on descriptive criteria appearing in Kaharoeddin (1978).

**C/C dated as Early Pliocene(?).

Basal sediment ages of piston cores.

ridge crest along the portion of the NNE-trending cruise track
from 58° to 450S.

This work supported by National Science Foundation
contract C-1059. All sampling and laboratory procedures, in-
cluding age-dating, were carried out by Ciesielski. Kaharoed-
din, assisted by Margaret Eggers and Shelton Graves, pro-
vided the descriptions of the sediment lithologies based on
smear-slide analyses, and final preparation of the map, table,
and manuscript was the responsibility of Cassidy.
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Basal sediment ages of ARA Islas
Orcadas cruise 12 piston cores

DAVID R. DEFELICE

Antarctic Marine Geology Research Facility
Department of Geology
Florida State University

Tallahassee, Florida 32306

Preliminary basal sediment ages for 39 of the 46 piston
cores recovered on ARA Islas Orcadas cruise 12 (figure) are
presented here to aid others working on southern-ocean-
oriented research. (Seven cores were found to be barren of
microfossils diagnostic for age determination.) Cruise 12
began in Capetown, South Africa, in January 1977 and ended
in March 1977 in Buenos Aires, Argentina. The objectives of
the coring operation were to improve core control in the
southeast sector of the South Atlantic Ocean as a means of in-
creasing understanding of the depositional history of the area.
Most cores were taken in conjunction with physical
oceanographic stations along geophysical seismic tracts,
allowing for the integration of sedimentologic, hydrologic,
and structural data. The table lists piston core number,
latitude, longitude, water depth, sample interval, core length,
and basal age.

Sampling. Samples were taken within 6 centimeters of the
base in 44 of the 46 piston cores (recovery in core 38 was
limited to mud at the base of the piston; only core catcher
sediment was retrieved from core 45). Samples were also
taken from core catcher and/or cutter (c/c) sediment
wherever possible. Cores having disturbed bases were
sampled at the base of the undisturbed section as well. In all
but one core (core 18), biostratigraphic examination of sam-
ples from the c/c, core base, and the base of the undisturbed
section has yielded similar ages.

Cores that were found to be barren at the base were
sampled and examined whenever possible at 20-centimeter
intervals farther up the core until microfossils, diagnostic for

age determination, were found. For these cores (1, 20, 24),
the ages given in the table may not be basal ages and are
given only to offer rough estimates of sedimentation rate.
These cores are labeled in the table.

Laboratory. Smear slides were made of the sampled
material and were examined for their diatom, silicoflagellate,
and calcareous nannofossil content. The intervals were then
age-dated using the biostratigraphic zonations defined by
McCollum (1975) for diatoms, and Weaver's (1976)
modification of McCollum's zonation was used whenever
possible for the early Pliocene; Ciesielski (1975) for
silicoflagellates; and Wise and Wind (1977) for calcareous
nannofossils.

Because description and thorough biostratigraphic ex-
amination of each core had not been completed at the time of
preparation of this article, these basal age dates must be con-
sidered preliminary. For many cores, age dates were deter-
mined on the basis of only one or two samples. It is difficult
without further, more thorough examination of the cores to
realize fully the extent of reworking and contamination fac-
tors that would lead to improper age assignments. Many sam-
ples taken from the southernmost cores of cruise 12 indicate
the occurrence of intense reworking, possibly due to turbidite
deposition in the southern Weddell Basin.

I appreciate the assistance of Dennis Cassidy, Alan
Brown, and Rosemary Raymond in the preparation of this ar-
ticle. Research was done under National Science Foundation
grant DPP 77-19360.

Core location map for Islas Orcadas cruise 1277.
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Piston Core
Number

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
3B
39B
40
41
42
43
44
45
46

Latitude(S)

39'31 .8'
45'02 1
46'59. 7•
47*59 3
49*01.0

49'299'
49* 59.
50'32. 5'
51*00.8

52'Ol .1
53'OOO'
54'OO 6'
56' 16. 0'
58'26.5'
59'315'
61'Ol.8'
61' 59. 3'
63'OO.l'

63'59. 7'
65'OO.l'
66'00.8'
67'Ol .2'
67 o 53. 8 '
68'lO.O'
68036.51
65'01.6'
62o56.01
61 0 28. 0'
59'314'
60'Ol .2'
62'Ol .6'
53'00.4'
63 0 33. 5'
64028.81
64 0 27. 3'
65032.11
66 0 30. 5'
67' 29 . 4'
68'29.8'
69' 29 . 6'
69'599'
66' 00 . 3'
68'19.8'
65' 30. 2'
67'26.3'
68' 49 . 5'

Longitude

16*51 .5'E

22 0 28. 2' E
21* 55. SE
21'34.9'E
21'21.2'E
21'10.6E
21*06.9

20053.0'E
20*44.3

20028.3'E
20* 05 . 6' E
l9'47. SE
19004.2'E
18*14.9
17*50.6 E

17'26.7'E
16*57.7E
16*37.1 'E

16*11 .2'E

15'44.6'E
1S'20.4'E
14'52.4'E
14'34.8'E
11'58.8'E
10057.9'E
09'll.O'E
09'07.7'E
90'll.O'E
09'00.3'E
06007.4'E
04*09.5 E

03* 06 . 0' E
02*28.7 E

0l'33.3'E
0l'46.7'E
00027.9'E
00'40. SW
01*50.1W
03*05.7W

04019.7'W
05'04.6'W
15*00.7W

23'58.9W
18*31 .6'W

22041.2'W
28*38.3W

Water
Depth (m)

4806
4806
5055
4559
4610
4243
4153
4492
4151
2740
3027
3178
4100
4682
5066
4921
4988
5022

4949
3886
3603
3904
3698
1862
2015
4658
4846
5322
4976
5229
5240
5227
4184
2679
2527
3440
4473
4444
4062
2970
1873
4918
4724
4910
4786
4563

Sample Interval (cm)

79*; 676 1136 C/C
416; C/C
39;C/C
519; 588; C/C
919;1208;C/C
1059;1193;C/C
1 183;C/C
11 75;C/C
1178 ; C/C
l678;C/C
377 ; 983 ; C/C
1019;1167;C/C
821 ;1062;C/C
983;C/C
30;1721 ;C/C
1491 ;1800;C/C
1701 ;C/C
42
l670;C/C
1038; 1673 ;C/C
461*, 891, 1303, C/C
990,1171 ;C/C
1193;C/C
43; 950 ; C/C
459*; 5 59; 1179 ; C/C
841 ;1171;C/C
1081 ;1731 ;C/C
1803;C/C
205; C/C

579;1204;C/C
1 730;C/C
1731 ;1790;C/C
1439;1749;C/C
9;1649;C/C
488;1220;C/C
llg;1730
495;1343
1273

Mud at Base of Piston
286 ; C/C
1220; C/C
259;1171
334;C/C
110 ; C/C
501 ;C/C
C/C
553;C/C

Core Length(cm)

1137
417
43

590
1212
1194
1187
1178
1179
1680
985

1168
1063
984

1723
1801
1705
1671

1674
1304
1172
1194
951

1180
1172
1732
1804
206

1205
1733
1791
1750
1650
1221**

1736**
1344
1274

288
l221**
1173
337
112
502**

C/C only
556

Age

Late Pliocene
Late Pliocene
Late Pliocene
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Quaternary
Early Pliocene

Paleocene (nanno Ooze)
Late Miocene
Early Pliocene

Early Pliocene (reworked Miocene)
Late Pliocene
Early P liocene(reworked Miocene)
Early Pliocene (reworked Miocene)
Middle Miocene?
Late Miocene
Early Pliocene
BARREN
Quaternary
Middle Miocene
Late Miocene

Early Pliocene (reworked Miocene)
Quaternary
BARREN

Early Pliocene reworked Miocen
Early Pliocene reworked Miocen
Early Pliocene reworked Miocen
Late Miocene (probably reworked)
Early Pliocene
Early Pliocene
Middle Miocene

Early Pliocene (reworked Miocene)
Quaternary
Quaternary
Quaternary
Quaternary
BARREN
BARREN
BARREN
BARREN
BARREN

* 
Core date based on this interval. All intervals below this interval were found to be barren of microfossils diagnostic
for age determination. Ages assigned may not be basal ages.

** Undescribed Core lengths.

Basal sediment ages of piston cores.
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Amino acid racemization in Islas
Orcadas piston core 12-77-24

DAvIDJ. BLUNT and DETLEF A. WARNKE

Department of Geological Sciences
California State University
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DAVID R. DEFELICE

Antarctic Marine Geology Research Facility
Department of Geology
Florida State University

Tallahassee, Florida 32306

An objective of the geology party on ARA Islas Orcadas
cruise 12 was to recover piston cores for a study of amino
acids in high-latitude marine sediments. This preliminary
report discusses some of the early results of these analyses,
performed on the foraminiferal fraction of a southern ocean
core.

Islas Orcadas piston core 12-77-24 is 1,185 centimeters long
and was raised at 680 10.0 1 S. latitude, 1 1°58.8'E. longitude
from a depth of 1,862 meters. The light olive gray color sand-
y-silty clays are interlayered with zones of foraminiferal ooze
3 to 6 centimeters thick down to a depth of 522 centimeters.
Paleontologic age assignments must remain tentative since
only a few diagnostic diatoms are present. However, Cos-
cinodiscus elliptipora occurs at 359-360 and 799-800 cen-
timeters, and Actinocyclus ingens occurs throughout the core.
These diatoms characterize the Actinocyclus ingens/Coscinodiscus
elliptzpora zone, which is approximately 0.7 to 1.6 million
years old (McCollum, 1975). The foraminiferal component
is predominantly left-coiling Globigerina pachyderma, which
also has a wide age range (Kennett, 1972).

The extent of racemization of amino acids contained in
foraminiferal tests perhaps can be used as a new dating tech-
nique once the kinetics of racemization are better understood,
particularly if monospecific samples are used (see King and
Neville, 1977). Since the foraminifera in Islas Orcadas piston
core 12-77-24 are largely Globigerina pachyderma, they furnish
essentially monospecific samples. The amino acids in the
foraminifera from eight intervals in the piston core were iso-
lated using the method of Bada and Man (1973) and were
resolved by gas chromatography (Kvenvolden et al., 1972)
with the goal of providing an additional perspective on the
sedimentary history.

A plot of amino acid enantiomeric (D/L) ratios vs. depth in
the core is presented in the figure. The two most important
characteristics of the graph are: (a) there is only a minor
change in each amino acid D/L ratio with depth (although a
trend toward increasing D/L ratios is present); and (b) the
amino acids show significant apparent racemization even at
the top of the core. Although alanine shows more variability
with respect to other amino acids down-core, the order of
racemization is as follows:

aspartic acid alanine leucine glutamic acid valine.
This order is consistent with other studies that have reported
more than one amino acid (e.g., Kvenvolden et al., 1973). The

sedimentary structure in the core does show signs of flow-in
up to a depth of 561 centimeters, but it appears that this effect
has not been too severe since increases of D/L ratios with
depth are seen through the affected section of the core. The
consistent rate order and lack of gamma-aminobutyric acid
indicates that contamination has been minimized in this
study (Schroeder, 1975).

The relationship of the slope of the points plotted in the
figure is a function of sedimentation rate, diagenesis of
foraminifera protein, and, possibly, reworking of the sedi-
ments. We cannot say with certainty whether the low rate of
increase of amino acid enantiomeric ratios with depth in the
undisturbed section of the core is caused mainly by rapid
sedimentation or by the effect of slow rates of racemization.
However, slow rates of epimerization of isoleucine are ob-
served in foraminifera more than 400,000 years old (King
and Neville, 1977). The age estimate by diatom biostratigra-
phy supports slow rates of racemization in the foraminiferal
tests in core 12-77-24. We cannot estimate age using amino
acids because we lack information about the diagenesis of
proteins (and racemization of amino acids) in the
foraminifera analyzed.

In this preliminary report we have used organic geochemi-
cal reactions dependent on time and temperature which are
stored in the foraminiferal tests to provide a graph that clearly
suggests erosion and/or nondeposition at the surface of Islas
Orcadas piston core 12-77-24. Assuming that the diatom speci-
mens are not reworked, this observation is confirmed by the
occurrence of Actinocyclus ingens in the 0- 1-centimeter inter-
val. Amino acid geochemistry can provide a useful backup
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technique, especially in cores in which a hiatus or variable
sedimentation rate is suspected. Continued progress in the
study of protein diagenesis and amino acid racemization
should provide workers in marine geology with an important
stratigraphic and sedimentologic tool.

We thank D. S. Cassidy, curator of the Antarctic Marine
Geology Research Facility at Florida State University, for
generous help in sampling, and K. A. Kvenvolden, U.S.
Geological Survey, Menlo Park, California, for technical ad-
vice. This work was supported by National Science Founda-
tion grant DPP 76-01005 to California State University (D. A.
Warnke).
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Development of planktonic
biogeography in the southern
ocean during the Cenozoic

J. P. KENNETI-

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

I have recently synthesized southern ocean paleontological
data (Kennett, in press) to evaluate biogeographic evolution,
through the Cenozoic, of the planktonic realm at high
latitudes of the Southern Hemisphere encompassing water
masses south of about 50'S. (the Subantarctic and Antarctic).
The development of biogeographic patterns has been evalu-
ated within a framework of plate tectonism. Continental and
plate reconstructions have been made at various intervals of
geologic time to evaluate controls on changing circulation
patterns (figures 1 and 2) and, in turn, the effects these have
had on biogeographic evolution. A rather detailed discussion
of the biogeographic development of southern ocean
planktonic groups through the Cenozoic is presented
elsewhere (Kennett, in press). Some highlights of this
development are summarized here:

1. The evolution of planktonic foraminifera and
calcareous nannofossils has occurred primarily outside of the
antarctic and subantarctic regions. Migration of these forms
into subantarctic and antarctic waters often took place much
later than their evolution at lower latitudes.

2. Unlike the calcareous microfossil forms, a high propor-
tion of the evolution of the siliceous groups has taken place
within the antarctic -subantarctic region, producing a con-
spicuous endemic assemblage. This evolution has been most
conspicuous since the early Neogene when the Antarctic
Water Mass and the Antarctic Convergence became well
established. Paleogene siliceous and calcareous microfossil
assemblages seem more cosmopolitan.

3. Diversity in all microfossil groups is relatively low in
high-latitude regions and generally becomes greater with
decreasing latitude. Although the antarctic region has been
the most important siliceous biogenic province in the oceans,
during the Late Cenozoic, species diversity in the siliceous
groups is still lower than in warmer oceanic areas.

4. Evolution during the Neogene appears to have
progressed in siliceous microfossil groups as quickly in ant-
arctic and subantarctic areas as in the tropics. This is not the
case among calcareous microfossils, the evolution of which is
essentially nonexistent in the polar regions. The temperate
latitudes represent staging areas for possible later plantonic
migration into subantarctic and antarctic regions. This
largely has not been the case in the siliceous microfossil
groups.

5. During the Cenozoic, there has been no simple pattern
of evolution toward greater diversity within subantarctic and
antarctic assemblages. This suggests that the antarctic
ecosystem is still unstable. If stability increases as a
biogeographic province ages (Dunbar, 1977), then diversity
might be expected to increase. This has not happened in the
southern ocean. Subantarctic planktonic foraminiferal
assemblages of late Quaternary age do exhibit a higher diver-
sity than those of early Quaternary and Pliocene age, but
other microfossil groups show no such simple pattern.
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Figure 1. Reconstruction of the Southern Ocean and sug-
gested bottom-water circulation 53 million years ago, during
the Early Eocene. (No Circum-Antarctic Current exists. A
spreading ridge has formed between Australia and Antarc-
tica, heralding the beginning of northward drift of Australia.
India has now moved north off the map. Spreading ridges and
connecting fracture zones are shown as jagged lines; the
dashed line In the South Atlantic represents the fracture
zone. Reconstructions are compiled from those produced for
different sectors by Weissel and others, 1977; Sclater, Abbott,
and others, 1977; and Sclater, Hollinger, and others, 1977.)

6. Antarctic and subantarctic planktonic foraminiferal
species exhibit high intraspecific polymorphism, probably in
response to the high seasonality characteristic of the polar
regions. These species more commonly become similar in
shape, whereas tropical-subtropical populations tend to be
more morphologically distinctive. Considerable polymorph-
ism in Antarctic diatoms has also been reported (Kozlova,
1970).

7. The development of biogeographic patterns in the
Southern Ocean is intimately linked with the development of
the water-mass system through the Cenozoic, which, in turn,
was in response to plate tectonism (figures 1 and 2).

8. Paleogene and Neogene planktonic biogeographic pat-
terns are fundamentally different when all microfossil groups
are considered. Close to the Paleogene -Neogene transition,
global patterns began to change toward present patterns.

9. The first major Cenozoic biogeographic change in the
Southern Ocean occurred close to the Eocene-Oligocene
boundary (38 million years ago), when antarctic planktonic
foraminifera developed polar characteristics with low diver-
sity and simpler morphologies, and calcareous nannofossil
assemblages became drastically less diverse. This event was
associated with one of the most important paleoceanographic
changes in the world ocean, when a rapid drop in tem-
perature of surface and bottom waters seems to have been

Figure 2. Reconstruction of the Southern Ocean and sug-
gested surface-water circulation 36 million years ago, during
the earliest Oliogocene. (A substantial ocean has now formed
between Australia and Antarctica, although the southward
extension of the continental South Tasman Rise and
Tasmania continued to block deep circumantarctic flow be-
tween these two continents. The Drake Passage remains
closed between South America and Antarctica. Spreading
ridges and connecting fracture zones are shown as jagged
lines. A shallow, surface-water connection Is, by this time,
established over the South Tasman Rise, possibly leading to
cooling and sea-ice formation in the Ross Sea region. The
warmer east Australian current is losing Its previous in-
fluence on west Antarctica, contributing to the thermal iso-
lation of Antarctica. Reconstructions are compiled from those
produced for different sectors by Weissel and others, 1977;
and Sclater, Abbott, and others, 1977; and Sclater, Hollinger

el al., 1977.)

triggered by the initiation of major sea-ice formation adjacent
to Antarctica (Kennett, 1977).

10. Oligocene microfossil assemblages of all groups, from
tropical to polar areas, contain more cosmopolitan forms and
exhibit lower diversity than during most other Cenozoic inter-
vals. This pattern, which was related to particular paleo-
ceanographic and climatic conditions, was not repeated dur-
ing the Neogene.

11. Circumantarctic provinciality should have become
established late in the Oligocene in association with the
development of the Circumantarctic Current.

12. The distinctive antarctic biogenic realm characterized
by an abundance and dominance of siliceous forms began to
form at the time of the Paleogene -Neogene transition (ap-
proximately 20 million years ago) as the Antarctic Water
Mass expanded and the Antarctic Convergence began to
develop. Further reduction occurred in the distribution of
calcareous planktonic microfossil assemblages in this region.
A sharp separation was established at the Antarctic Con-
vergence between dominantly siliceous assemblages to the
south and calcareous assemblages to the north.
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13. Biogeographic changes during the Neogene primarily
have been in scope rather than styfe. For instance, major
changes have occurred in biogenic productivity and inferred
oceanic upwelling; in the geographic range of individual
biogeographic provinces; and in the diversity of assemblages
within these provinces. A steep diversity gradient between
polar and tropical areas developed close to the beginning of
the Miocene. This gradient has since been an essentially per-
manent feature.

14. Modern antarctic microfossil assemblages developed
their basic characteristics by the early Pliocene; since then
further changes have been biogeographically less important.

15. Although the Quaternary was a time of maximum
global terrestrial and oceanic cooling for the Cenozoic, no
major biogeographic crisis occurred in the marine realm.
This is because global cimate changed in many steps over a
long time, during the Cenozoic, each step having
biogeographic repercussions.

This research was supported by National Science Founda-
tion grants DPP 77-06687 and OCE 76-81489.
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Cenozoic microfossil datums in
antarctic to subantarctic deep-sea

sedimentary sequences

J . P. KENNErF

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

The southern ocean, here considered to represent the ap-
proximate present-day positions of the subantarctic and ant-
arctic water masses, represents an enormous area of the
earth's surface. Biostratigraphic information from this region
is important for a complete understanding of global
biogeographic and biostratigraphic patterns during the
Cenozoic and of the paleoceanographic and paleoclimatic
controls of dynamic changes that are known to have occurred
in the planktonic realm.

The high-latitude regions of the Southern Hemisphere are
marked by an almost complete lack of marine sedimentary
sections on land. The antarctic continent lacks useful marine
sequences; a few shallow marine sediment sections occur on
and around the antarctic continent but essentially lack
planktonic m icrofossils. Therefore, information about the
marine Cenozoic microfossil succession must be gained from
deep-sea sediments. Piston-coring programs have provided
the most useful biostratigraphic information on Quarternary-

Pliocene sections (see figure). This biostratigraphy has been
very successfully tied to the magnetostratigraphy, providing a
detailed dated sequence of microfossil events. In fact it was
the southern ocean area where magnetostratigraphy was first
successfully applied to the enhanced correlation and dating of
biostratigraphic successions (Goodell and Watkins, 1968;
Hays and Opdyke, 1967; Opdyke et al., 1966). Although most
piston cores taken in the southern ocean are of Quaternary
and Pliocene age, only a few are older and have provided
brief glimpses of Tertiary and Late Cretaceous planktonic
biogeography of the region (Margolis and Kennett, 1970,
1971; Quilty, 1973).

The development of any reasonable understanding of
southern ocean biostratigraphy by necessity thus awaited
deep-sea drilling operations, which began in 1972. Four
deep-sea drilling legs involving the Glomar Challenger have
provided much new information on the Cenozoic. Cruises 28
and 29 south of Australia and New Zealand provided the
most complete sequences, while cruises 35 and 36, although
important, were less successful because of poorer drilling
conditions. Numerous biostratigraphers have analysed the
materials, and the results have been for the most part
published in the initial reports of each of the expeditions.
Before now (Kennett, in press), no attempts have been made
to synthesize this body of information which consists of two
categories: (a) biostratigraphic ranges of individual
microfossil species for correlation purposes within and out-
side of the southern ocean; and (b) biogeographic informa-
tion related to general distribution patterns, relative impor-
tance of major planktonic microfossil groups and diversity
patterns throughout the Cenozoic. My contribution (Kennett,
in press) is a compilation of biostratigraphic datums (first and
last appearances) of the major planktonic microfossil groups
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in the southern ocean (planktonic foraminifera, calcareous
nannofossils, diatoms, radiolaria, and silicoflagellates)
studied by a large number of investigators. This compilation
provides a sequence of integrated datums and hence a histori-
cal sequence of microfossil events through the Cenozoic.

The datum levels of Quaternary and Pliocene age, their
nature, relative position, and age are now well known
because of integration with magnetostratigraphy, better sedi-
ment records, and more numerous studies. In contrast, the
relative position of Miocene and older datum levels is much
less firmly established. There are several reasons for this:
poorer stratigraphic control because of a lack of a mag-
netostrati graphic framework; few sections that contain
siliceous and calcareous microfossil assemblages in associa-
tion to establish detailed relations; and poor stratigraphic
representation especially in the Early Cenozoic. In general,
most datum levels do not extend over both the antarctic and
subantarctic regions. Instead, microfossil events, if they occur
in both regions, can be highly diachronous between the two
water-mass regimes. This is most strongly developed in the
calcareous Cenozoic microfossil groups which, as in the pres-
ent day, show major assemblage differences across the
boundaries of these water masses.

During the Cenozoic, major changes occurred in
planktonic microfossil biogeography in the southern ocean as
reflected in the biostratigraphic sequences. These changes
were created in response to evolution of the southern ocean
circulation system through the Cenozoic and the develop-
ment of the antarctic and subantarctic water masses and high
latitude climate. Eocene sediments are marked by a relatively
high diverse and important calcareous microfossil

assemblage, even closely adjacent to the antarctic continent.
During the Cenozoic, this calcareous microfossil province
moved northward as cooler conditions developed and was
replaced by a rich siliceous microfossil province. In the
northern subantarctic area of the present day, calcareous
microfossil diversity has remained relatively high throughout
the Cenozoic compared with the antarctic area, providing a
sequence of numerous datum levels very similar to that
described in the temperate New Zealand area.

Some enormous gaps in our knowledge still exist in the
biostratigraphy of the southern ocean. Siliceous microfossil
biostratigraphy of the subantarctic Miocene and older is still
poorly known and has not yet been integrated into the
calcareous microfossil sequence. Eocene biostratigraphy is
also poorly known for the antarctic region, and the Late
Miocene datum level sequence still requires much attention.
Further deep-sea drilling is essential to provide the required
marine sections.

This research was supported by National Science Founda-
tion grants DPP 77-06687 and OCE 76-81489.
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Paleontology and
paleoenvironment of the

Southwest Atlantic Ocean basin

SHERWOOD W. WISE,JR.

Antarctic Marine Geology Research Facility
Department of Geology

Florida State University
Tallahassee, Florida 32306

Over the past 4 years, research at the Antarctic Marine
Geology Research Facility (Florida State University) has been
concentrated on the southwest Atlantic sector of the southern
ocean. Field work has involved one Deep Sea Drilling Project
(DSDP) cruise and four ARA Islas Orcadas cruises to the area.
This article is a condensation of an extended paleontological
and paleoenviron mental summary by Wise ci al. (in press;
also available from the author in preprint form) which covers
some of the research to date. The summary is based on three
DSDP leg 36 drill core sequences and a reconnaissance study
of more than 75 piston cores taken on the Falkland
(Malvinas) Plateau.

Data from the three drill cores and selected piston cores
are summarized in figures 1 and 2. Much of the drill core
data was extracted from Barker ci al. (1977). The older sedi-
mentary record (figure 1) suggests that a Middle (?) to Late
Jurassic inland sea transgressed the southwest portion of
Gondwanaland, then became progressively more restricted
until by Oxfordian times predominantly pelagic and nektonic
fossils were preserved, particularly coccol iths, belemnite
rostra and arm hooks (onychites), and rare decapod remains.
Stagnant conditions continued into the Early Cretaceous,
when well-preserved marine palynomorphs and phy-
toplankton contributed to the high organic content of Aptian
black sapropelic claystones deposited in a shallow, quiet
water environment. Abrupt loss of all palynomorphs near the
Aptian-Albian boundary coincides with the ventilation of this
segment of the incipient South Atlantic Basin.

Sharp changes in the benthic foraminiferal populations in
the late Albian are attributed to down flank subsidence of the
Falkland Plateau as seafloor spreading widened the South
Atlantic Basin. A prominent stratigraphic hiatus encompass-
ing most of the Cenomanian-Santonian suggests erosion and
dissolution of calcareous microfossils by cold bottom cur-
rents. A return to normal pelagic sedimentation and a sharp

lowering of the carbonate compensation depth (CCD) is evi-
denced by a thick upper Campanian-Maestrichtian chalk se-
quence deposited at paleodepths close to present day.

The Tertiary sequence (figures 1 and 2) is characterized
by sharp fluctuations of the CCD (low stands during the late
Paleocene-early Eocene, Oligocene, Miocene, and late
Quaternary) and strong erosional events (Cretaceous-Terti-
ary boundary, Miocene, Miocene-Pliocene boundary). Con-
spicuous reworking of microfossils throughout the Miocene
sequence (figure 2) occurred as a result of an increase in cur-
rent velocity associated with the opening of Drake Passage
and the establishment of the circumpolar current. A sharp
change from calcareous ooze to diatom ooze and glacial
marine sedimentation near the Miocene-Pliocene bou ridary
(figure 2) plus erosional loss of considerable section repre-
sents intensification of the circumpolar current during the
severe late Miocene antarctic glaciation (terminal Miocene
event described by Van Couvering ci al., 1976).

The rather extraordinary erosional history of the eastern
portion of the Falkland Plateau is recounted by Ciesielski and
Wise (1977), who found that during the latest Miocene, cir-
cumpolar deep water impinging from the southwest stripped
away the upper sediment cover, exposing units at least as old
as Maestrichtian (figure 3). They speculated that a concomi-
tant northward expansion of the antarctic water mass forced
the Polar Front (antarctic convergence) well to the north of
the Maurice Ewing Bank, thus shutting off appreciable car-
bonate deposition until the southern limit of the Polar Front
zone migrated to its present position along the southern
margin of the plateau in late Pleistocene or perhaps Holocene
times (figure 3).

The late Miocene hiatus, so well developed on the
Maurice Ewing Bank (Ciesielski ci al., 1977; Ciesielski and
Wise, 1977), has now been documented in many sectors of
the southern ocean and its environs (figure 4). The agent of
erosion, however, was not always the same. In the Ross Sea
the unconformity was formed by the grounded ice sheet
(Hayes and Frakes, 1975); along the adjacent abyssal margin
(Deep Sea Drilling Project sites 266 and 274), by bottom cur-
rent winnowing (Frakes, 1975); in New Zealand, by glacial
eustatic regression (Kennett and Watkins, 1974, as rein-
terpreted by Van Couvering ci al., 1976, and Weaver, 1976);
and along the Agulhas Plateau, by climatically induced inten-
sification of local or antarctic bottom currents (Tucholke and
Carpenter, 1977). At DSDP site 328 (Malvinas Outer Basin
adjacent to the Falkland Plateau) (Gombos, 1977), the agent
probably was antarctic deep water or bottom water rather
than circumpolar deep water. Correlations of this terminal
Miocene event elsewhere in the world are given by Van
Couvering ci al. (1976) and Peck ci al. (1976).
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Figure 1. Paleontologic and lithologic properties of cores from Lleep Sea Drilling Project holes 327A and 330, Islas Orcadas sta-
tions 07-75-44 and 11-76-12 (from Wise of al., in press).
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Figure 2. Paleontologic and lithologic properties of cores from
Deep Sea Drilling Project hole 329, Islas Orcadas station
07-75-45, and Robert Conrad station 15-84 (from Wise et al., in

press).

Piston core studies were supported by National Science
Foundation grants OPP 74-20109 and DPP 77-19360. Opera-
tional support for ARA Islas Orcadas cruises by the Argentine
Naval Hydrographic Service is gratefully acknowledged.
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position of the Polar Front are from Barker of al., (1977, figure
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Planktonic foraminiferal
dissolution at high latitudes of the

southwestern Atlantic

BJ5RN A. MALMGREN and HANS G. CR0NBLAD

Department of Geology
Stockholm University

Box 6801
11386 Stockholm, Sweden

As part of a study of Recent planktonic foraminifera from
the South Atlantic sector of the southern ocean, we have
analyzed 53 core-top samples (Eltanin and Islas Orcadas
cruises) from the southwestern Atlantic (Scotia and Weddell
Seas; figure 1). In the eastern South Atlantic (east of the Mid-
Atlantic Ridge), the calcium-carbonate compensation depth
(CCD) under antarctic waters is 3,700 meters (Lozano and
Hays, 1976). In the western regime, none of the core tops in
areas south of the Antarctic Convergence (Polar Front) have
calcium carbonate in excess of 10 percent (figure 2). CaCO3
was analyzed by the Hiilsemann (1966) gasometric method.

If the definition of CCD as the depth at which the amount
of CaCO 3 decreases to 10 percent is followed (Lisitzin, 1972),
this indicates a CCD of less than 2,000 meters in the western
basin, which is much shallower than in the eastern basin.
Using the same criteria, the CCD in the Polar Front Zone is
between 2,100 and 3,000 meters (figure 1). We could not
determine CCD north of the Polar Front because we used sam-
ples only from depths shallower than 4,000 meters. However,
Lozano and Hays (1976) have reported a CCD of 4,900 meters
under subtropical and subantarctic waters in this area. This
shows that the CCD rapidly shallows southward across the
Polar Front.

Differential -dissolution effects were analyzed using three
dissolution -sensitive parameters (figure 3): percentages of
fragments of planktonic foraminiferal tests (in relation to
fragments plus whole tests), percentages of benthonic
foraminifera (in relation to benthonic plus planktonic
foraminifera), and proportions between the frequencies of the
planktonic foraminifera Globorotalia inflata and Globigerina
bulloides. Fragmentation is relatively constant down to about
3,500 meters, after which it increases considerably, indicating
an increase in dissolution below this depth. An increase in
benthonic foraminiferal percentages occurs at about the same
depth. High percentages of benthonic foraminifera at depths
shallower than 2,000 meters probably are related not to dis-
solution, but rather to greater relative abundances of
benthonic foraminifera in shallower depths of the Maurice
Ewing Bank (eastern Falkland Plateau; figure 1).

The ratio between the dissolution-resistant G. inflata and
the more susceptible G. bulloides (Berger, 1970) appears to be
particularly sensitive to dissolution. The samples are from a
restricted latitudinal range, and hence the ratio between the
two species is not considered to represent biogeographic
changes between the two species. G. bulloides is dominant at
depths of less than 2,000 meters while G. inflata is dominant
below about 3,400 meters. The inflection point between 2,000
and 2,500 meters may represent the lysocline in the subant-
arctic. The strong depth dependence of the G. inflataiG. bul-
bides ratios indicates severe selective dissolution in this
region. Great care must thus be exercised when interpreting
distribution charts of relative species frequencies in this area.

The number of planktonic foraminiferal tests (in the more
than 150 micrometer fraction) per gram of raw sediment is
strongly related to percent of CaCO 3 (r= 0.87). Twenty-five
core tops have planktonic foraminifera, including 15 of the 16
samples taken north of the Antarctic Boundary of the Polar
Front (figure 1). The number varies between about 3,000 and
45,000 tests in subantarctic sediments, and bctween about
100 and 23,000 within the Polar Front zone (figure 1). Ten of
the antarctic samples contained planktonic foraminifera, with
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Figure 2. Relationship between calcium-carbonate content
and water depth In the samples from figure 1.

frequencies generally decreasing poleward. The number of
tests ranges between 1 and about 5,000.

Seven species of planktonic foraminifera are recognized in
this region: Neogloboquadrina pachyderma (sinistral and dextral),
Globorotalia inflata, Globigerina bulloides, Globorotalia trun-
catulinoides (sinistral and dextral), Globigerinita glutinata,
Globigerina quinqueloba, and Globigerinita uvula. A late Quatern-
ary age of all core tops containing planktonic foraminifera
was confirmed by identification of the planktonic
foraminiferal G. truncatulinojdes zone (less than 200,000 years
in subantarctic waters; Kennett, 1970); the coccolith Emiliania
huxleyi zone (less than 270,000 years; Thierstein et al., 1977),
or by the absence of the radiolarian Stylatractus universus (Hays
and Shackleton, 1976).

The distribution of planktonic foraminifera in our
material largely reflects the distribution in the water column
as reported by Be (1969) and is similar to those of Kennett
(1969) in the South Pacific and Herb (1968) in the Drake
Passage. The sinistral form of N. pachyderma is dominant
(greater than 95 percent in the Antarctic and greater than 60
percent north of the Antarctic Boundary of the Polar Front),
and it penetrates farthest to the south (down to 63'S. in our
samples). The frequency of the dextral form of N. pachyderma
is less than 6 , percent. It persists southward to the same
latitude as the sinistral form in our samples.

G. inflata and G. bulloides are distributed a few degrees of
latitude south of the Polar Front as in the South Pacific (Ken-
nett, 1969). The frequency of G. bulloides approaches 20 per-
cent in relatively undissolved subantarctic samples, but are

108
ANTARCTIC JOURNAL



1000

1500

2000

2500

3000

3500

4000

1000
£

1500	A

E 2000

±	•a
I—	•
Q_w 2500
0

crw
3000- •

3500	S

40001 0
 S

1000

1500

2000

2500

3000

r 0.47
(1%<P<5%)

3500

A

4000

0	10	20	30	40	 0	 5	 10	 0.1 0.2	0.5	1	Z	a	iv	so iv

FRAGMENTS, %	 BENTHONIC FORAMINIFERA, %	G. inflafa/& bulloides ratio (log scale)

a NORTH OF POLAR FRONT
• POLAR FRONT ZONE
• SOUTH OF POLAR FRONT

Figure 3. Changes with depth in percentages of planktonic foraminiferal tests (In relation to fragments + whole tests), percen-
tages of benthonic foraminifera (in relation to benthonic + planktonic foraminifera), and proportions of G. intlata and G.

bulloides. These parameters are sensitive to calcium-carbonate dissolution.

frequently lower (less than 15 percent) because of strong dis-
solution. The percentage of G. inflata is less than 8 percent in
the shallower subantarctic samples, but at depths greater than
2,500 meters it increases to more than 13 percent. G. trun-
catulinoides, G. glutinata, C. quinqueloba, and G. uvula were not
found in antarctic sediments. Individual frequencies of these
species do not exceed 4 percent.

We thank Dennis Cassidy, Florida State University, for
supplying us with material from the Eltanin and Islas Orcadas
core collections and James P. Kennett, University of Rhode
Island, for comments on the manuscript. Jan Backman made
the coccolith identifications, and Anders Granlund made the
radiolarian identifications.

References

Be', A. W. H. 1969. Planktonic foraminifera. In: Distribution of Selected
Groups of Marine Invertebrates in Waters South of 35° S Latitude (Folio
11, Antarctic Map Folio Series). American Geographical Society,
New York. pp. 9-12.

Berger, W. H. 1970. Planktonic foraminifera: Selective solution and
the lysocline. Marine Geology, 8: 111-138.

Gordon, A. L., D. T. Georgi, and H. W. Taylor. 1977. Antarctic Polar
Front zone in the western Scotia Sea-Summer 1975. Journal of
Physical Oceanography, 7: 309-328.

Hays,J. D., and N.J. Shackleton. 1976. Globally synchronous extinc-
tion of the radiolarian Stylatractus unwersus. Geology, 4: 649-652.

Herb, R 1968. Recent planktonic foraminifera from sediments of the
Drake Passage, Southern Ocean. Eclogae geologzcae Helvetiae, 61:
467-480.

Hülsemann,J. 1966. On the routine analysis of carbonates in uncon-
solidated sediments. journal of Sedimentary Petrology, 36: 622-625.

Kennett,J. P. 1969. Distribution of planktonic foraminifera in surface
sediments southeast of New Zealand. In: Proceedings of the First In-
ternational Conference on Planktonic Microfossils, Geneva, 1967 (P.
Bronnimann and H. H. Renz, eds.). Brill, Leiden, The Nether-
lands. pp. 307-322.

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

Lisitzin, A. P. 1972. Sedimentation in the World Ocean (Special publica-
tion 17). Society of Economic Paleontologists and Mineralogists,
Tulsa, Oklahoma.

Lozano, J . A., and J . D. Hays. 1976. Relationship of radiolarian
assemblages to sediment types and physical oceanography in the
Atlantic and western Indian Ocean sectors of the Antarctic
Ocean. In: Investigation of Lake Quaternary Paleoceanography and
Paleoclimatology (Memoir 145, R M. Cline and J. D. Hays, eds.).
Geological Society of America, Boulder, Colorado. pp. 303-336.

Thierstein, H. R, K. R. Geitzenauer, B. Molfino, and N. J.
Shackleton. 1977. Global synchroneity of late Quaternary coc-
colith datum levels: Validation by oxygen isotopes. Geology, 5:
400-404.

109October 1978



I

Distribution of manganese nodules
with depth in sediments of the
South Georgia Basin, Falkland

(Malvinas) Plateau and adjacent
areas
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Although there are considerable statistical problems in
studying the distribution of manganese nodules with depth in
the sediment column (Glasby, 1978; Glasby and Read, 1976),
the consensus is that deep-sea nodules are found predomi-
nantly at the sediment-water interface, with a fairly regular
distribution below that depth (at least in the upper few meters
of sediment). This is well illustrated in histograms of the
depth distribution of nodules in sediment cores (Cronan and
Tooms, 1967; Goodell et al., 1971; Horn et al., 1972). A more
extensive survey of nodule distribution in 370 Deep Sea Drill-
ing Project (DSDP) cores has revealed that 42 percent of
nodules are present in Pleistocene sediments (Glasby, 1978).

During ARA Islas Orcadas cruise 7 (Cassidy et al., 1977;
Ciesielski and Wise, 1977b; Warnke et al., 1976), 14 piston
cores containing manganese nodules were recovered from the
South Georgia Basin, Falkland (Malvinas) Plateau and adja-
cent areas (figure 1). Nodule occurrences (see figure 2 for
further discussion concerning nodules and nodule occur-
rences) in one of these cores (PC 0775-17) are at 16 different
horizons. A histogram of the depth distribution of nodules in
these cores (figure 2) reveals that of the 69 nodule occur-
rences only 22 (32 percent) are in the upper 1 meter of sedi-
ment; and of these only 5 (core PC 0775-50, 4 occurrences;
core PC 0775-56, 1 occurrence) could be considered to be
from the sediment surface. Only 7 percent of the nodules
recovered, therefore, occur at the sediment surface in cores
up to 17 meters in length. The nodules predominantly are
associated with siliceous oozes (68 percent) and red clay (26
percent), with a much smaller proportion occurring in
glauconitic sediment (6 percent). According to Tarney and
Donnellan (1976), there are considerable variations in
lithology and geochemistry (related in part to bathymetry) of
sediments throughout the area.

This study indicates not only the high abundance of
nodules in the South Georgia Basin-Falkland (Malvinas)
Plateau region (approximately five nodule occurrences per
core in cores in which nodules occur), but also their
widespread distribution with depth in the sediment core.
Clearly, the nodules do not occur predominantly at the sedi-

ment surface, and there is no evidence that these nodules are
associated with sediment unconformities.

Similar results were obtained during ARA Islas Orcadas
cruise 11 (Kaharoeddin, 1978; Sclater et al., 1977), during
which 6 more cores (cores 16, 39, 71, 74, 76, 85), containing a
total of 21 horizons of nodule occurrences, were recovered to
the east of the region described earlier during a transect from
Buenos Aires to Cape Town. In each case, the nodules were
associated with diatomaceous sediment reflecting the
southerly latitudes of the stations and again were randomly
distributed with depth down each core, in the range 4-706
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Figure 1. Location of piston cores containing manganese
nodules collected during ARA Islas Orcadas cruise 7. (Depth

contours in fathoms.)

Depth of nodules in cores (cm)

Figure 2. Histogram of the depth distribution of manganese
nodules In piston cores collected during ARA Islas Orcadas
cruise 7. Note: In the core descriptions (Cassidy et al., 1977),
the occurrence of manganese nodules is represented In the
lithologic log by the circled symbol, Mn. The symbol repre-
sents either a single large nodule or a cluster of small
nodules that are macroscopically observable. Small nodules
not seen may be burled In the sediment. Use of the available
data in this manner does not affect the findings In this paper.
Research that will provide more exact count and sizes of

nodules has begun.
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centimeters. Dating of the basal sediments of these cores in
which nodules occur (Ciesielski et at., 1978) reveals the base
of the cores to be late Miocene to Quaternary. Age-date deter-
minations for basal sediments of the nodule-bearing cruise 7
cores (Ciesielski and Wise, 1977a) range from Eocene to
Quaternary, with the nodule occurrence horizons ranging
from the core tops to a depth of 1,039 centimeters.

In a previous paper, Glasby (1978) states that "only DSDP

hole 328 taken at a depth of 5,105 in the Argentine Basin
has the sort of distribution of nodules in the sediment column
from Oligocene to Pleistocene in age that one would expect if
nodules had been forming at their present level of abundance
throughout the world's ocean since the Mesozoic." This
survey strongly confirms Glasby's suggestion that the forma-
tion of abundant nodules on the seafloor is related to the
onset of high bottom-current velocities, which can scour away
sediment, creating low sedimentation conditions favorable for
nodule growth (Barker et at., 1976; Ciesielski and Wise,
1977b). According to Glasby, the strong bottom currents have
been operating in this region over a much longer time than in
the Pacific because of the early opening of the Drake Passage.
The central role of the Drake Passage in establishing high
bottom-current velocities (and therefore high nodule abun-
dances) in the vicinity of the Argentine Basin and South
Georgia Basin over a long geological time-scale is therefore
emphasized. The importance of these bottom currents in con-
trolling the distribution of manganese nodules and crusts in
the Verna Channel to the north recently has been emphasized
by Debrabant and Maillot (1978), Ledbetter et at. (1978), and
Melguen et at. (in press).

Core descriptions were partially supported by National
Science Foundation contract C-1059.
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Modern zoogeography of antarctic
planktonic microfossils

J . P. KENNETT

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

B iogeograph ically the southern ocean, particularly those
antarctic waters south of the Antarctic Convergence, is one of
the most highly distinctive marine ecosystems on earth: it is
one of the most biologically productive marine systems and it
possesses a distinctive endemic assemblage. I have reviewed
southern ocean distributions of the microfossil zooplankton
groups as a whole, namely the planktonic foraminifera,
radiolaria, and the pteropods (Kennett, in press). Several
contributions have described and discussed the southern
ocean distribution patterns of each of these microplankton
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groups. Planktonic foraminifera from plankton samples have
been summarized by Be (1969) and in surface sediments by
Kennett (1969), Echols and Kennett (1973), and Malmgren
and Kennett (1973). Radiolarian distributions in surface
sediments and plankton have been discussed by
Petrushevskaya (1968; 1971), Lozano and Hays (1976), and
Dow (1976). Pteropods have been summarized by Be and
Gilmer (1977). From these data I summarized major
biogeographic patterns exhibited within and between the ant-
arctic and subantarctic water masses (Kennett, in press).

Antarctic zoogeography of planktonic microfossils.

1. The Antarctic Convergence represents a major
biogeographic barrier to planktonic foraminifera and
radiolaria as reflected in both the living plankton and in sur-
face sediments. Major changes in both planktonic
foraminifera and radiolaria occur close to the Antarctic Con-
vergence with respect to species composition, relative fre-
quencies, and morphotypic (ecophenotypic) variation.

2. Antarctic planktonic foraminiferal radiolarian
assemblages are distinctly different from subantarctic
assemblages north of the Antarctic Convergence.

3. The antarctic biogeographic province is marked by an
abundance of siliceous biogenic forms including the
radiolarians. Antarctic deep sea sediments are, in general,
rich in biogenic silica except in areas south of the Antarctic
Divergence, where glacial marine sediments dominate.

4. Calcareous microfossils are normally poorly repre-
sented and are often absent in deep sea sediments, although
carbonate oozes occur on certain shallow water areas such as
the Kerguelen-Gaussberg Rise.

5. Antarctic and subantarctic planktonic microfossil
assemblages are circum -Antarctic in distribution.

6. The Antarctic Divergence, which approximates present
day sea-ice limits, appears to exert no major influence on
faunal compositions compared with the Antarctic Con-
vergence. However, south of the Antarctic Divergence diver-
sity and number of specimens decrease noticeably as a result
of lower biogenic productivity and, perhaps, of dilution by
glacial marine sediments.

7. Planktonic microfossil diversities in antarctic waters are
considerably lower than in subantarctic areas and substan-
tially lower than in tropical regions.

8. Antarctic planktonic foraminiferal assemblages in sur-
face sediments are monospecific and consist entirely of
Neogloboquadrina pachyderma. In northern antarctic waters, sub-
antarctic species appear and become progressively important
toward the north.

9. The antarctic radiolarian assemblage is clearly domi-
nated by Antarctissa strelkovi; of secondary importance is Ant-
arctissa denticulata. These two forms may intergrade as a dine.

10. The antarctic radiolarian fauna is largely endemic and
has little in common with arctic-subarctic faunas. Major
differences also exist between antarctic and subantarctic
assemblages. The antarctic fauna has evolved in relative iso-
lation. Although N. pachyderma is the sole bipolar planktonic
foraminifer, antarctic and arctic assemblages are represented
by different morphotypes.

11. Antarctic planktonic foraminifera and radiolaria are
characterized by heavy, thick shells, whereas shells of subant-
arctic morphotypes are often delicate.

12. Highly depleted planktonic microfossil assemblages
are reported in the large antarctic embayments and the Ross

112

and Weddell Seas. Both diversity and specimen abundance of
radiolarians and surface sediments are highly reduced.

Subantarctic zoogeography of planktonic microfossils.

I. The subantarctic province is bounded to the south by
the Antarctic Convergence and to the north by the Subtropi-
cal Convergence, both of which are substantial biogeographic
boundaries.

2. Calcareous phytoplankton and zooplankton dominate
within the subantarctic biogeographic province. A corr-
esponding southward change from carbonate-rich to
siliceous-rich biogenic sediments closely coincides with the
position of the Antarctic Convergence.

3. Subantarctic planktonic foraminiferal assemblages can
be subdivided into southern and northern groups. About six
species occur in the southern group and nine in the northern
group.

4. Subantarctic planktonic foraminiferal species are not
endemic to the subantarctic region. All of these forms also oc-
cur in subtropical and even tropical areas where they all
evolved.

5. As with the planktonic foraminifera, the radiolarian
fauna exhibits close affinities with temperate assemblages.
Even warm subtropical elements are present.

6. The subantarctic radiolarian assemblage does not dis-
play the endemism exhibited by the antarctic radiolarian
assemblage, reflecting the greater biogeographic importance
of the Antarctic Convergence than the Subtropical Con-
vergence.

This research was supported by National Science Founda-
tion grants OPP 75-15511 and OCE 76-81489.
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Reduction in the South Pacific
zone of high bottom current

activity during the last 3 million
years

MICHAEL T. LEDBETTER and T. C. HUANC
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A zone of high bottom current activity has been identified
in the subantarctic sector of the South Pacific using bottom
photographs (Hollister and Heezen, 1967), sedimentation
rates (Goodell and Watkins, 1968), and the presence of lag
deposits of ice-rafted debris (Ledbetter and Watkins, in
press). An increase in bottom current activity during the
Matuyama (0.7-2.43 million years ago) was inferred from a
study of textural and compositional parameters from six cores
within this zone (Huang and Watkins, 1977). We have at-
tempted to learn if the temporal velocity increase was accom-
panied by an increase in the areal extent of the zone of high
bottom water velocity.

We have chosen the apparent accumulation rate of
manganese micronodules (MMN) as our index of bottom cur-
rent activity. Increases in MMN accumulation rates in cores
have been attributed to increases in bottom current activity
during deposition (Kennett and Brunner, 1973; Ledbetter
and Watkins, in press). The origin of MMN is not well under-
stood: Immel and Osmond (1976) conclude that at least some
MMN in Southern Ocean cores were diagenetically formed
after deposition, in particular where conditions are less ox-
idizing than average. The core sections in the South Pacific
having high accumulation rates of MMN are mostly associated
with the laminae produced by high bottom current activity
(Huang and Watkins, 1977) and presumably represent highly
oxidizing conditions. Nevertheless, we believe that in zones of
high bottom water velocity, the accumulation rate of MMN is
enhanced more by the reduction in sedimentation rate than
by the increase caused by remobilization of manganese dur-
ing diagenesis. Therefore, in the South Pacific where bottom
water activity is high we use the MMN accumulation rate in 23
Eltanin piston cores (see figure, a) to define fluctuations in the
areal extent of the dynamic zone.

The mean apparent accumulation rate of MMN was deter-
mined for three magnetic epochs: Brunhes (0.7 million years
ago), Matuyama (0.7-2.43 million years ago), and Gauss
(2.43-3.32 million years ago). The mean MMN rates for each
period were plotted and the values contoured (figure, b, c,
and d). The contour interval was arbitrarily chosen to express
adequately temporal fluctuations of the limit of the dynamic
zone. The inferred high-velocity zone had its widest extent in
the Gauss period (figure, d), when the northern limit was in
the vicinity of 50'S. The exact limits cannot be determined
because of a lack of cores with Gauss-age sediment. The
Matuyama is characterized by a more restricted high-velocity
zone between 58° and 68°S. (figure, c). The high-velocity
zone during the Brunhes (figure, b) is further restricted to a
narrow zone between 61° and 65°S.

The expansion of the zone of high bottom water velocity
during the Gauss represents increased bottom water produc-
tion, which may be responsible for erosional unconformities
observed in Gauss and Matuyama core sections in the same
area (Fillon, 1975; Huang and Watkins, 1977). Widespread
unconformities of the same age also have been reported in the
southeast Indian Ocean (Kennett and Watkins, 1976;
Watkins and Kennett, 1971, 1972). The increased bottom
water production may be linked with a pronounced Pliocene
cooling trend in the Southern Ocean (Ciesielski and Weaver,
1973; Keany, 1978; Shackleton and Kennett, 1975) which
coincides with the first Patagonian glaciation 3.5 million
years ago (Mercer, 1976).

Since the MMN zone continually decreases in areal extent
through the Matuyama and Brunhes epochs, we infer that
bottom water production in the South Pacific has decreased
since the onset of the Northern Hemisphere glaciation 3.2
million years ago (Schackleton and Opdyke, 1977). Addi-
tionally, the decrease in inferred bottom water production oc-
curred after a significant cooling of antarctic water 3.5
million years ago (Keany, 1978). Clearly, more work is
needed to determine the timing of the changes in bottom
water velocity in order to understand how bottom water pro-
duction is coupled to major regional and global climatic
changes. The evidence available at this time implies that
climatic deterioration did not result in increased production
of bottom water.

This work was supported by National Science Foundation
grant DPP 77-09491.
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Structure of the Middle Miocene
antarctic diatom species Denticula

antarctica McCollum
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Scanning electron and light microscopic examination of
the Middle Miocene antarctic diatom species Denticula ant-
arctica McCollum (1975) demonstrates the wide range of
morphologic variability found within the species. Valves are
elliptical to linear-elliptical with bluntly rounded apices.
They range from 15 to 76 microns in length and from 3 to 9
microns in width. Margins of the valve are generally parallel
to subparallel, maximum width occurring at midlength and
gradually tapering in width toward the apices.

In most specimens, septa were not found. Some speci-
mens, however, were found with the septa intact, occurring as
a weakly silicified band along the lower rim of the valve man-
tle (figure 1).

The exterior of the valve consists of a generally lanceolate
hyaline central area bounded on either side by double rows of
pores, one row on the valve face and one row on the mantle
(figures 2 and 3). On one side, the rows of pores are separated
by the raphe. The number of pores varies from 4 to 8 in 10
microns. In some specimens, there are external transapical
thickenings of the central hyaline area (figure 3). These
thickened areas alternate with the marginal pores. Some
specimens were found to have a number of randomly scat-
tered pores in the central hyaline area (figure 4).

Specimens of Denticula antarctica displaying these pores
within the central hyaline area previously have been included
by Schrader (1976) in Nitzschia grossepunctata.

The structure of the interior of the valve shows a complete
gradation from incomplete transapical costae (figure 5) to
complete transapical costae (figures 6 and 7). The costae
alternate with the pores. In specimens with incomplete cos-
tae, the central interior of the valve is occupied by a lanceolate
hyaline area (figure 5). All specimens, to a greater or lesser
extent, show distinct thickening of the costae proximal to the
valve mantle (figure 8).

In the light microscope, this species (figure 9) may be
difficult to distinguish from Nitzschia denticuloides Schrader
(1976) (figures 10 and 11). Both species are characterized by
a central hyaline area. N. denticuloides has a broader outline
and lacks the double rows of pores. In addition, the marginal
pore fields of N. denticuloides are much more elliptical than
those of Denticula antarctica. It appears that N. denticuloides
ranges stratigraphically higher than Denticula antarctica.

This research was done under National Science Founda-
tion grant DPP 77-19360.
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1. Denticula antarctica 2000X, 40 microns In length,
Eltanln 36-16, 590 centimeters. (McCollum, 1975, in describ-
ing Denticula antarctica, used Eltanin 36-16. Unfortunately,
no core depth was reported for sampled intervals.)

2. Denticula antarctica 1500X, 49 microns in length,
Eltanin 36-16, 590 centimeters.

3. Denticula antarctica 2400X, 38 microns in length, 10
1176-9, 62 centimeters.

4. Denticula antarctica 1500X, 56 microns in length,
Eltanin 36-16, 590 centimeters.

5. Denticula antarctica 2700X, 10 1176-9, 62 centimeters.
6. Denticula antarctica 2200X, 34 microns in length,

Eltanin 36-16, 590 centimeters.
7. Denticula antarctica 2500X, Eltanin 36-16, 590 cen-

timeters.
8. Denticula antarctica 5500X, 10 1176-9, 62 centimeters.
9. Denticula antarctica 2700X, 21 microns in length,

Eltanin 36-16, 590 centimeters.
10. Nitzschia denticuloides 2200X, 30 microns in length, 10

1277-25, core catcher/cutter.
11. Nitzschia denticuloides 2700X, 16 microns in length, 10

1277-25, core catcher/cutter.
The positions of the cores used in this study are as

follows: Eltanin 36-16, 149 059.5'E.55 008.2'S.; Islas Orcadas
1176-9, 42°17.2'W.50 009.7 1 S.; Islas Orcadas 1277-25,
10057.9'E.68036.5'S.
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Studies of deep-sea benthonic
foraminifera in the southeast

Indian Ocean

BRUCE H. Cowssl

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

Deep-sea benthonic foraminifera have been studied in the
southeast Indian Ocean (25 0 -50°S. 80°-140°E.) as a means
by which to infer Quaternary bottom-water circulation
changes in this area (Corliss, 1978). The Recent benthonic
foraminifera from middle bathyal-abyssal water depths
(2,500 to 4,600 meters) from 64 trigger core tops in the
southeast Indian Ocean are documented and illustrated with
scanning electron micrographs, and a review of the taxonomy
of 33 taxa is presented (Corliss, in press, c). The majority of
the 33 taxa (26) are rotalid species, with miliolid species (4)
and agglutinated forms (3) being of secondary importance.

The benthonic foraminifera have been quantitatively ex-
amined to evaluate their possible relations with deep-sea
water masses. Factor analysis of the species-frequency data
shows two faunal assemblages in the region (Corliss, in press,
a). The first major faunal assemblage is dominated by
Epistominella umbonfera (Cushman), Planulina wuellerstorfi
(Schwager), Globocassidulina subglobosa (Brady), Pullenia
bulloides (d'Orbigny), and Oridorsalis tener (Brady). This
assemblage is associated with Antarctic bottom water (Bw).
Two subgroups exist within this assemblage: E. umbon!fera
dominates the faunal assemblage where the coldest (-0.2° to
0.4°C) AABW is found; C. subglobosa dominates the
assemblage where warmer (0.6° to 0.8°C) AABW is present.
The second major faunal assemblage is marked by a strong
dominance of Uvzgerina spp. and Epistominella exigua (Brady)
and is associated with Indian bottom water (IBw) on the
Southeast Indian Ridge and water intermediate between
AABW and 18W in the South Australian Basin. The distribu-
tion of the first faunal assemblage suggests that AABW flows
northward through the Southeast Indian Ridge at about 105°
to 120°E. longitude into the South Australian Basin and turns
westward, forming a narrow western boundary contour cur-
rent along the northern flank of the ridge. The bottom water
is inferred to flow north to the Broken Ridge, where it is
diverted eastward, and finally flows northward into the
Wharton Basin between Broken Ridge and Naturaliste
Plateau.

The faunal-water mass relationships found in the dis-
tributional study have been used to infer the history of AABW
circulation over the last 500,000 years in this region from
faunal data from four Eltanin cores (Corliss, in preparation).
One core was taken from the southeast Indian Ridge in
association with IBW and three were taken from the flank of
the ridge associated with AABW flowing within a western
boundary contour current in the South Australian Basin. Lit-

'Present address: Woods Hole Oceanographic Institution, Woods
Hole, Massachusetts 02543

Figure 1. The distribution of two assemblages of deep-sea
benthonic foraminifera in the southeast Indian Ocean (Cor-
liss, in press, a). The numbers shown at the sample locations
are factor loadings derived from a factor analysis of the
faunal data. The values range from 0 to 1 with the larger
values Indicating the greater importance of that particular
assemblage within the sample. The data are contoured at the
.6 and .8 levels. The Antarctic bottom water (AABW)assemblage is dominated by Epistominella umbonifera,Planu gina wuellerstorfi, Globocassjduilna sub globosa,Pullenia bulloides, and Oridorsails tenor, and is in areas
where A4aw Is inferred to be present. The Indian bottom water
(law) assemblage is dominated by Uvigerina app. andEpistominella exigua, and is In areas where iaw and water In-

termediate between AABW and iw Is inferred to be present.

tie faunal variation exists in E48-22 taken beneath IBW, in-
dicating that bottom circulation in this area has been
relatively constant on the Southeast Indian Ridge during the
Late Quaternary. Marked oscillations in the relative propor-
tions of AABW and IBW faunal assemblages are found in one
core, E48-03, which is the deepest core taken within the
western boundary current. The faunal variations are inferred
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Figure 2. The location of
four Eltanin piston cores
used to determine from
deep-sea benthonic
foraminiferal data a history
of Quaternary bottom-
water circulation In the
southeast Indian Ocean.
The major physiographiC
features and the 2,000,
3,000, and 4,000 meter
depth contours (Heezen at
al., 1972) are also shown.
The path of AABW within a
western boundary contour
current inferred from deep-
sea benthonlc foramini-
feral data is shown
enclosed by the dark line,
with the solid arrows in-
dicating the direction of the
Inferred flow (Corliss, in
press, a). An additional
route for AABW is shown in
open arrows and Is Inferred
from hydrographic data
(Gordon and Molinelli,

1975; Rodman, 1977).

to have resulted from variation in the intensity of AABW cir-
culation, between 500,000 and 195,000 years ago. Two addi-
tional cores taken beneath AABW, E45-27 and E45-74, show
the AABW assemblage to be present from about 195,000 years
ago to the present indicating relatively constant intensity of
AABW circulation during this time.

AABW production has occurred during both glacial and in-
terglacial episodes, with low intensity of AABW circulation oc-
curring during both glacial and two interglacial episodes. In
this study, the relationship between bottom-water circulation
and climatic fluctuations appears to be more complex than
had been previously suggested (Weyl, 1968; Newell, 1974)
since a simple relationship between Quaternary bottom-water
circulation and paleoclimatic fluctuations is not shown in this
study.

Biometric analysis of the deep-sea benthonic foraminifer
Globocassidulina subglobosa (Brady) in the southeast Indian
Ocean has revealed distinct trends in size variation (Corliss,
in press, b). The mean length and coefficient of variation of
the length of specimens greater than 150 microns in 31 trigger
core tops were calculated. A correlation analysis between the
mean length and variability of the length and potential tem-
perature, in situ temperature, salinity, dissolved oxygen con-
tent, sigma-t, greater than 63 micron weight percent, water
depth, a calcium carbonate dissolution index, and latitude
was carried out to determine what factors control the ob-
served size patterns. Mean length correlates negatively with
water depth and the calcium carbonate dissolution index.
Variability of length correlates negatively with depth.

Phenotypic variation resulting from the distribution of tem-
perature, salinity, and oxygen, or winnowing by bottom cur-
rent activity do not adequately explain the observed size dis-
tribution. Significant correlations between length, variability
of length, and water depth and the calcium carbonate dis-
solution index suggest the size trends may be controlled by
either calcium carbonate dissolution or by the availability of
calcium carbonate to the living organism.

This work was supported by National Science Foundation
grant DPP 77-06687.
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Late Quaternary paleoclimatic
applications of mean-size

variations in Globigerina bulloides
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When studying phenotypic variation in the cool-water
planktonic foraminifer Globigerina bulloides d'Orbigny
throughout its range of abundance in the southern Indian
Ocean (south of 30°S.), we discovered several morphotypic
gradations among the samples (Malmgren and Kennett,
1976). One of these is the mean test size, which becomes gra-
dually larger with decreasing seawater temperatures. We
have now completed measurements in a traverse of three late
Quaternary Eltanin cores from the southern Indian Ocean
(Malmgren and Kennett, 1978). Our objective was to deter-
mine whether mean size responds to paleoclimatic changes
and thus whether this parameter represents a potential
paleoclimatic index.

In core E 48-22 from the Subtropical Convergence (40° 5.
85°E., water depth 3,380 meters), mean size oscillates in a
fashion similar to paleoclimatic oscillations based on prin-
cipal-component analysis of entire assemblages of planktonic
foram inifera, coiling proportions in Neogloboquadrina
pachyderma, and oxygen isotopes (figure 1). Larger mean size

during cool episodes and smaller sizes during warm episodes
are predicted from the modern size gradation. Cool and
warm peaks do not exactly coincide in the mean-size curve
and the paleoclimatic curves, but cross-correlation
analyses show that the mean-size curve is offset 10 to 40 cen-
timeters (5-22 103 years) behind the paleoclimatic curves.
Cross-correlation coefficients are between 0.73 and 0.89,
which are significant at the 0.1 percent level.

A strong paleoclimatic control of the mean-size oscilla-
tions also is exhibited in the central subantarctic area (core E
49-19; 44°S.90°E., water depth 3,036 meters) (figure 2).
Here, close to the present area of optimum adaptation of G.
bulloides, the mean-size curve is not offset from the
paleoclimatic indices as in E 48-22. Cross correlations of 0.63
at lags of zero are significant at the 0. 1 percent level. In the
area of the Polar Front (core E 45-74; 48'S. 114* E.,  water
depth 3,806 meters), the relationship between mean sizes and
paleoclimatic history breaks down. Increased dissolution of
the assemblages due to greater depth and higher latitude may
have biased the size distributions.

Predictions of absolute-paleotemperature ranges were
made in E 48-22 and E 49-19 from a paleotemperature equa-
tion derived from the mean-size variation in the surface sedi-
ments (Malmgren and Kennett, 1976):

Temperature (annual-average surface water in °C) =
—0.1184 (mean width of G. bulloides in microns) +

45.06.

The late Quaternary sediments in E 48-22 were deposited
under surface-water temperatures ranging between about
9°C ± 1°C and 16°C ± 1°C and those in E 49-19 under tem-
peratures fluctuating between about 3°C ± 1°C and 10°C ±
1°C.

In summary, the study has shown that mean size of G.
bulloides may be a useful paleoclimatic index in studies of
deep sea cores in the Southern Ocean region. However, this
method must be used carefully in cores exhibiting intensive
calcium carbonate dissolution because selective dissolution
could bias the size distribution of G. bulloides.

We appreciate the use of unpublished data supplied by
Douglas Williams (University of South Carolina) and John
Keany (Phillips Petroleum, Oklahoma). This research was
supported by National Science Foundation grant DPP 77-
06687.
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Figure 1 (left). Variation in mean sizes of Globigerina
bulioides in core E 48-22 from the Subtropical Convergence in
relation to paleoclimatic indices based on principal-compo-
nent analysis of planktonic foraminiferal faunas, coiling
directions in Neogloboquadrina pachyderma, and oxygen
Isotope ratios. (The curves are plotted as three-point moving
averages. Oxygen isotopes and other data are after Williams,

1976. Chronology is shown to the right.)
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Figure 2 (right). Variation in mean sizes of G. bulloides in
core E 49-19 from the central subantarctic in relation to prin-
cipal-component analysis of planktonic foraminiferal faunas
and coiling direction of N. pachyderma curves. (The curves
are plotted as three-point moving averages. Chronology is

shown to the right.)
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Heat flow in the Weddell Sea
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Between 16January and 12 March 1978, on ARA Is/as Or-
cadas cruise 15, the heat flux through the floor of the Weddell

Sea was measured at 13 stations; 1 measurement was ob-
tained in the Scotia Sea.

The measurements were made by rigging five thermistors
along the coring pipe and one on the core weightstand. Tem-
perature was recorded with an optical instrument mounted
on the weightstand. Conductivity was determined by the nee-
dle-probe method of Von Herzen and Maxwell (1959) on
samples of sediment recovered by the corer. The conductive
heat flux was obtained by multiplying the least squares esti-
mate of the temperature gradient by the harmonic mean con-
ductivity along the core.

The area presented many difficulties. The hardness of the
bottom sediments was responsible for bending many of the
cores; it caused tilt and poor penetration, and it damaged rug-
ged exterior cables and connections. On other stations the
rough basement, frequently outcropping, distorted the tem-
perature field and was probably the site of water circulation
producing convective heat losses (Lister, 1974; Sclater et al..
1976). Of 31 stations attempted only 14 were successful.

The distributuion of stations is shown in figure 1. All sta-
tions with a computed heat flux have at least three consistent
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Figure 1. Location of stations visited during MA Islas Orcadas cruise 15 to measure heat flow. Underlined are the heat flux
values, in calories per square centimeter per second.
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• cal/°C sec cm2) vs. dis-
tance from core weight-
stand, for three stations on
cruise ARA Was Orcadas
15. At station 39 the lower-
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•	torn off the pipe.

temperature measurements down the profile and reliable
conductivity. Figure 2 shows three of these profiles. Station 55
is right on top of a basement outcrop, which may explain the
high value. On the other hand, stations 4,5,8,11,48 can be ex-
pected to have their values lowered due to the presence of
nearby outcrops.

These results show that heat flow can be measured from
aboard ARA Islas Orcadas in the southern oceans. Surprisingly
high heat flow values are found in the Weddell Sea. These
values are especially high in elevated topography south of the
South Sandwich fracture zone. Cooling models for the
lithosphere allow one to relate the heat flux and depth to the
basement with the age of the crust (e.g., Parsons and Sclater,
1977). Additional heat flow measurements in this area (these
have been the first) will provide important constraints on the
tectonic history of the southern oceans.

We are grateful to John Crowe who advised and aided
during all the precruise stages; to Jim Akins, whose recording
instrument proved 100 percent reliable; to Captain Horacio
Badaroux andJohn LaBrecque for managing to get 55 days at
sea with high scientific productivity and negligible human
frictions; to Paul Dudley Hart and the Argentine officers and
crew of the ship for their complete and friendly cooperation.
This research was carried out under National Science Foun-
dation grant DPP 76-19053.
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Miocene glaciomarine sediments
from site J-9, Ross Ice Shelf,

Antarctica
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Bottom sediments were collected from beneath the Ross
Ice Shelf at RISP (Ross Ice Shelf Project) site J-9.
(82°22'S.168°38'W.) during the 1977-78 austral summer.
The access hole was made through the ice shelf with a
Browning flame-jet and the sampling gear was lowered 657
meters to the seafloor by winch. Two bottom-sampling
devices were used. A cylindrical sphincter corer with an inter-
nal diameter of 22.5 centimeters was used to obtain about 1/3
square meter of sample cored to a depth of 14 centimeters.
Ten such samples were obtained. Deeper bottom penetration
was achieved with a conventional gravity corer 4-centimeter
internal diameter. Eleven gravity cores were collected; the
longest was 102 centimeters.

The sedimentary succession obtained may be subdivided
into two distinct lithologic units as shown in figure 1. Ig-
neous, metamorphic, and sedimentary pebble and granule

* Deceased.
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Figure 1. Schematic representation of sedimentary succes-
sion obtained at RiSe site J-9.

and coarse sand-size clasts are distributed throughout the
stratigraphic succession. The largest clast recovered was a
striated granite pebble with a longest dimension of 4.5 cen-
timeters. The igneous and metamorphic material in the sedi-
ment is similar to rock types known from the Transantarctic
Mountains.

Angular to subrounded sediment clasts are ubiquitous in
all cores. These clasts are soft to moderately indurated and
are white to buff in color. The clasts display varying degrees
of buoyancy when placed in fresh or salt water. At least some
are diatomaceous ooze with subordinate amounts of clay.
The clasts are not evenly distributed throughout the core
length; more than 71 percent occur in the top 3.5 centimeters
of the succession. Furthermore, sediment clasts from near the
sediment-water interface are larger in mean size (0.81 cen-
timeters) than those found deeper in the succession (0.56 cen-
timeters)

Grain-size distributions were determined for six subsam-
pIes from a vertical sediment slice from sphincter core 6-2
and from gravity core 11, and are shown in figure 2.

The percentage of gravel in the sphincter core samples
averages 17.5 percent, with a standard deviation (s) of 12.3
percent. Similarly, the sand, silt, and clay content averages
20.2 percent (s=2.3 percent), 16.9 percent (s=5.4 percent),
and 45.5 percent (s=9.3 percent), respectively. For the gravity
core, note that the frequency distributions are nearly identical
for both units, suggesting that the two units are part of the
same depositional phase.

An interpretation of the J-9 bottom sediments must take
into account both sedimentary and micropaleontologic infor-
mation. Abundant siliceous (diatoms and to a lesser extent
silicoflagelfates) and calcareous (benthic foraminifera)
microfossils are distributed through the lower olive gray
diamicton, whereas only siliceous taxa are present in the up-
per 10-20 centimeters (Brady, in press). Diatoms suggest a
middle Miocene age for the lower unit, whereas the upper
unit contains broken and recycled middle Miocene and late
Miocene diatom taxa (Brady, in press). Benthic foraminifera
in the lower unit indicate an early-middle Miocene age
(Brady, in press). There is no microfaunal evidence that sup-
ports the presence of either Pliocene or Pleistocene sedi-
ments.

Two contrasting interpretations of the sedimentary succes-
sion might be advanced on the basis of micropaleontological
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Figure 2. Cumulative grain size distributions for RISP
sphincter sample 6-2 and frequency distributions for two suc-
cessional units in RISP gravity core 11. Bottom figure: Lines s-y
are grain size analyses of subsamples drawn at 2-centimeter
intervals from the sediment-water interface down to a depth
of 12 centimeters in the sphincter core. The grain size
analyses are typical of a poorly sorted glacial deposit. Middle
and top figures: Frequency distributions (histograms) for the
coarse fraction of the gravity core. The middle figure shows
grain size analysis of a subsample drawn from the top of the
"lower" gravity core unit. The top figure shows grain size
analysis of a subsample from within the "upper" unit. Note
that the frequency distribution for sand, gravel, and pebble
clasts is nearly Identical in both units. The upper unit, which
is 5 centimeters thick in this core, and the lower unit are sep-
arated by a 1-centimeter-thick orange-brown iron-rich unit.

and sedimentary evidence. Diatom biostratigraphy suggests
that a thin (less than 20 centimeters thick) late Miocene
diamicton (containing recycled mid-Miocene sediments) is
separated by a disconformity from a much thicker mid-
Miocene diamicton. A second explanation is that the entire
section is mid-Miocene, that the upper 10-20 centimeters
light olive-gray diamicton is an alteration product of the un-
derlying sediment, and that small amounts of mid- and late-
Miocene fine material have been added to it by relatively re-
cent bottom current processes.

Sedimentary observations support the second suggestion.
The composition of the sand, granule, and pebble clasts is
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identical in both units, suggesting a common provenance.
Large clasts straddle the boundary between the two units.
This is difficult to explain if the boundary is a disconformity.
The absence of calcareous Miocene foraminifera and the
presence of vermiculite in the upper unit argues in favor of
solution and alteration. The highly fragmented nature of the
diatoms in the upper unit can be explained by a combination
of chemical alteration in near-surface sediments and recyc-
ling of fine fractions. Perhaps the most convincing evidence
in favor of the explanation that the entire succession is part of
the same depositional phase lies in the fact that grain size dis-
tributions for the sand-pebble (40 to -30) grade range is
nearly identical in both units. Both show dominance in the
fine to medium sand and both exhibit almost identical per-
centages of coarse granules and pebbles.

Interpretation of Barrett's (1975) size analyses from
Cenozoic diamictons in DSDP site 270 (Ross Sea) show that
diamictons 1 or 2 meters apart are closely related in size fre-
quency distribution. Conversely, diamictons separated by
tens or hundreds of meters or by appreciable intervals of time
show strongly contrasting frequency distribution. In conclu-
sion, we favor the explanation that this is a mid-Miocene suc-
cession in which there has been near-surface alteration and
some subsequent transport of the silt/clay fraction. Physical
movement and resorting of semibouyant mid-Miocene
diatomaceous ooze granule- and pebble-size clasts also seem
to have occurred in near-surface sediments.

The entire diamicton clearly has a glacial origin, with
sedimentation occurring below floating ice. The very abun-
dant and diverse photic zone plankton assemblages in these
sediments indicate that this ice was neither thick nor perma-
nent (Brady, in press). Brady (in press) suggests open marine
water conditions over the site at least during the summer
months. The benthic microfauna of the lower unit suggests a
water depth no shallower than 400-500 meters.

Coring operations atJ-9 were conducted from 16 Decem-
ber to 30 December 1978 by P. N. Webb, H. Brady, B. Ward,
T. E. Ronan, J. H. Lipps, T. E. Delaca, and W. M. Showers.
We thankJ. Clough andJ. Ardai for assistance in many ways.
This research was supported by National Science Founda-
tions grants DPP 720647 and DPP 76-1723 1.

References

Barrett, P.J. 1975. Textural characteristics of Cenozoic preglacial and
glacial sediments at site 270, Ross Sea, Antarctica. In: Initial
Reports of the Deep Sea Drilling Project, 28 (D. E. Hayes et al., eds.).
Washington, D.C. pp. 757-767.

Brady, H. T. In press. Miocene diatoms in sediment beneath the Ross
Ice Shelf, Antarctica (Science).

Miocene diatom flora from bottom
cores at RISP site J-9
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Rich and diverse diatom floras were obtained from bottom
cores (shorter than 102 centimeters) collected at Ross Ice
Shelf Project site J-9. The mudline of this site is 597 meters
below sea level.

The lithological succession is similar in all cores, that is, a
lower unit consisting of a firm olive gray diatom-rich diamic-
ton at least 86 centimeters thick is succeeded upwards by a
sloppy to firm light olive gray (occasionally streaked by brown
iron staining) diamicton less than 20 centimeters thick
(Ronan et al). A sampl from a shallow (10 centimeters)
sphincter core was also examined for diatoms.

Floras were prepared from 2-3 milliliter samples following
treatment in hydrogen peroxide and hydrochloric acid.

At least 44 species of planktonic diatoms were recovered
from the lower diamicton unit. Floras are dominated by
Melosira sulcata, Liradiscus sp., Rhizosolenia hebetata hiemalis,
Stephanopyxis sp., Thalassiosira sp. and Nitzschia n.sp.

The flora present in the lower unit atJ-9 has been com-
pared with taxa cited in the zonal schemes of McCollum
(1975) (Deep Sea Drilling Project leg 28) and Schrader
(1976) (DSDP leg 29). It is deduced that theJ-9 floras are mid-
dle Miocene in age. This determination is based on the pres-
ence of the following taxa: Denticula lauta, D. antarctica,
Liradiscus sp., Melosira sulcata, Macrora stella, aff, Nitzschia
grossepunctata, aff., Nitzschia maleinterpretaria, Rhizosolenia
hebetata hiemalis, Rhizosolenia hebetata f. spinosa, Trinacria ex-
cavata, and T. pileolus. Critical early and late Miocene taxa
have not been observed and a middle Miocene age seems
most likely.

The thin upper light olive gray diamicton contains a high-
ly fragmented and poorly preserved diatom flora. Many of the
identifiable fragments also occur in the underlying middle
Miocene unit. Several taxa are confined to the upper unit and
are known elsewhere in late Miocene sediments (Denticula
hustedtii partial range zone, McCollum 1975). It is suggested
that the flora of the upper unit are not the result of local
recycling but have been derived from Miocene sediments ex-
posed along the flanks of the submarine channel over which
siteJ-9 (Ice Stream B) is located.

The presence of a diverse and abundant flora of middle
Miocene marine planktonic diatoms in association with a
diamicton succession suggests that the wer column over the
J-9 area was capped by a relatively thin and intermittant ice
cover. The absence of benthic diatoms indicates that bottom
depths lay below the photic zone, that is below 80 to 150
meters.

This work is supported by National Science Foundation
grant DPP 76-20657 to Northern Illinois University (Peter-
Noel Webb).
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Figure 1. Percentage fine-fraction (less than 62
micrometers) curves for three Ross Sea piston cores ar-
ranged In order of Increasing latitude from left to right.
(Schematic lithologic columns showing boundaries of sedi-
mentary units described In the text are shown to the right of

each curve.)

Late Quaternary paleoecology and
paleoclimatology inferred from

Ross Sea sediments
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Our recent findings pertain to grounded-ice extent in the
Ross Sea during the Late Würm glacial maximum. Bentley's
(1976) gravity data from the Ross Ice Shelf region suggested
that grounded ice extended no farther north than the center of
the present Ross Ice Shelf during Late Wiirm. Denton and
others (1971, 1975) and Denton and Borns (1974) presented
glacial-geologic evidence indicating that grounded ice
covered most or all of the continental shelf during Late
Wurm.

We studied microfossils in core-top samples to determine
oceanographic, environmental, and sedimentary conditions
that control modern faunal and floral distributions (Oster-
man and Kellogg, in press; Truesdale and Kellogg, in press).
Down-core faunal and floral assemblages are interpreted in
the same terms (Kellogg and Osterman, in preparation;
Truesdale and Kellogg, in preparation).
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Figure 2. Lithologic columns of piston, gravity, and drill
cores from the Ross Sea continental shelf, showing the
systematic variation In thickness of unit A. (The top of each
column Is positioned at the core location on the superim-
posed base map; Dathymetry is after hayes, of al., 1975.)
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Three sedimentary units were encountered in Ross Sea
cores (figure 1). Unit A, consisting of diatom-rich, silty sedi-
ment (greater than 90 percent silt-size or smaller), occurs at
the tops of most Ross Sea cores. This unit varies
systematically in thickness throughout the Ross Sea (figure
2); it is thin or absent near the Ross Ice Shelf but it is about
150 centimeters thick near the continental shelf margin.
Foraminifera, Radiolaria, and sponge spicules comprise
coarse particles in unit A. Unit B underlies Unit A in cores
collected from the continental shelf. Unit B, coarser than unit
A, is poorly sorted and compact and contains striated clasts
and abundant angular, conchoidally fractured quartz grains.
Faunal and floral remains are rare in unit B and, when pres-
ent, are fractured or fragmented. Unit C underlies unit A and
occurs only in cores collected from north of the continental
shelf. Unit C contains an abundant diatom flora and about 5
to 12 percent rock fragments and angular, conchoidally frac-
tured quartz grains. Units A and B are separated by a Transi-
tion Zone that consists of a well-sorted, sandy sediment in
which rare diatoms of the Eucampia balaustium assemblage
predominate.

We equate Fillon's (1972, 1974, 1975) "Brunhes"-aged
(0.69 to 0.0 million years old) sediment with our unit A and
correlate it with unit 1A in Deep Sea Drilling Project cores at
sites 270 to 273, which Hayes, Frakes, et al. (1975) stated was
identical to Fillon's Brunhes-aged sediment. Unit B, unit 1B,
and Fillon's Gauss-aged (3.32 to 2.43 million years old) sedi-
ment are similarly equivalent.

We disagree with Fillon (1972, 1974, 1975) and Hayes,
Frakes, et al. (1975) concerning the ages of the sedimentary
units. We think unit A is Holocene rather than Brunhes. We
obtained a radiocarbon date of 7,360 (+3,700— —2,500)
years (QL-1 125) on a composite sample from the base of unit
A from the southern Ross Sea (M. Stuiver, written com-
munication, 1978). We think that unit B is not Gauss, as sug-
gested by Fillon (1972, 1974, 1975) but that it was deposited
during the Late Pleistocene. This latter age is assigned, even
though rare Radiolaria of Gauss age occur in unit B, because
the diatom flora shows intense reworking (diatom species in
unit B have stratigraphic ranges in the Miocene, Pliocene,
and Quarternary). Radiolaria, Foraminifera, and sediments
in unit B are similarly reworked. These age interpretations for
units A and B negate Fillon's (1975) hypothesis of a major
Matuyama-to-Brunhes aged disconformity in the Ross Sea.

We also disagree with Fillon's (1972, 1974, 1975) in-
terpretations of Ross Sea sediments. Unit B represents
deposition and reworking beneath grounded ice during the
Late Wurm, and perhaps previous, ice advances. This in-
terpretation is supported by the reworked faunal and floral
constituents, and by the sedimentology of unit B which Bar-
rett (1975) showed was that of an unmodified till. Unit B is a
till and not, as proposed by Fillon (1975), a deposit that
formed beneath a floating ice shelf. The great thickness of
unit B at DSDP sites 270 to 273 (more than 20 meters) suggests
that this sediment represents more than one advance of
grounded ice. Unit A represents postglacial sedimentation
just north of and on the continental shelf under conditions
similar to those that prevail today. The systematic variation in
thickness of unit A is related to the length of time since
grounded ice covered each core location and indicates that
the base of unit A is time-transgressive.

The upper portion of unit B is probably a temporal
equivalent of unit C. Unit C was deposited under glacial-
marine conditions north of the grounded Late Wurm ice

sheet. The Eucampia balaustium assemblage in well-sorted,
sandy sediments of the Transition Zone indicates that strong
bottom currents winnowed material in the grounding zone.
The currents probably were caused by a combination of melt-
water streaming from beneath grounded ice, tidal pumping in
the grounding zone, and marine bottom waters.

This revised paleoclimatic interpretation of Ross Sea sedi-
ments supports the contention of some glacial geologists
(Denton, et al., 1971, 1975; Denton and Burns, 1974) that
grounded ice extended to the continental shelf margin in the
Ross Sea during the Late Wurm glacial maximum. It does
not support the evidence from gravity anomalies that Late
Wurm grounded ice was only slightly expanded beyond the
present grounding line. These results are preliminary, and
additional work is underway to provide supporting evidence
for our conclusions.

This work was supported by National Science Foundation
grants OPP 75-15524 and DPP 75-15524-AOl.
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Cruise track and locations
of cores collected during
cruise of uscoc Glacier 78.
(Bathymetry shown is
modified from Hayes et al.

1975.)

Piston coring aboard USCGC
Glacier in the Ross Sea
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As part of a continuing effort to ascertain the Late Quater-
nary history of the Ross Sea region, studies are underway on
the sedimentology and microfossils in Ross Sea cores (see
Kellogg et al., 1978). Data obtained from Eltanin cores, and
cores collected from USCGC Glacier (Kellogg and Truesdale,
1976) show that a thin layer (less than 2 meters) of diatom-
rich sediment of probable Holocene age covers the Ross Sea
floor. Beneath the diatom-rich sediment (unit A) is a thin
Transition Zone consisting of well-sorted, sandy sediments
containing a diatom flora indicative of sediments winnowed
by bottom currents. The Transition Zone overlies unit B, a
thick, (more than 20 meters) till-like sediments that contains
reworked diatom species with stratigraphic ranges in the

Miocene, Pliocene, and Pleistocene. Unit B is probably of
late Pleistocene age and may represent material that was
mechanically reworked by grounded ice of an expanded West
Antarctic Ice Sheet during the last and, perhaps, previous
glacial advances.

Interpretation of these sedimentary units and their consti-
tuent microfossils is currently hampered by a lack of ade-
quate, absolute-age control. Ross Sea sediments have few
Foraminifera, and coccoliths are absent from the region.
These conditions make radiocarbon-dating of carbonate im-
possible. A small amount of organic carbon is present in unit
A (2 to 4 percent), and radiocarbon-dating of this material is
possible if large enough samples are used. A composite sam-
ple was prepared by combining sediment from unit A in three
trigger cores (GL 76-1, GL 76-12, and GL 76-13) from the
southern Ross Sea. This samDle (QL-1 125) has a radiocar-
bon age of 7,360'700 (M. Stuiver, written communication,
1978) the date has a large analytical uncertainty but clearly
shows a Holocene age.

The. major objective of this year's coring project was to ob-
tain cores suitable for additional dating of unit A, to substan-
tiate an hypothesis that this sediment was deposited during
the Holocene. Secondary objectives included collection of
cores from areas where core coverage is scanty, collection of
cores suitable for sedimentary analyses of till-like unit B, and
cores suitable for testing an hypothesis that the boundary be-
tween unit A and the Transition Zone is time-transgressive.

Planning for the 1977-78 field season concentrated on
avoiding problems that occurred during the 1976 season. A
core-pipe straightener was obtained. A Raytheon model
UGR-196 precision depth recorder was installed aboard
USCGS Glacier to aid in core site selection. A cruise track was
plotted in conjunction with other principal investigators who
shared ship time.
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Core locations, water depth, and length.

	

Water	 Trigger
Core	 Date	Basisa	Latitude (S.) Longitude	 depth	Length	core

	

(meters)	(centimeters)	length
(centimeters)

GL 78-1	 12/28/77	DR	 70015?	179040'E.	 3,508	1,114	 58
GL 78-2	 12/29/77	0	73036'	175048'E.	 481	 50	 15
GL 78-3	 12/30/77	0	73034?	175048' E.	 470	 23	 6
GL 78-4	 12/30/77	0	73034?	175048'E.	 470	 282	 14
GL 78-5	 12/31/77	RDR	74058'	170°10'E.	 384	 110	 14
GL 78-6	 12/31/77	RDR	75027'	169°37'E.	 461	 125	 6
GL 78-7	 1/1/78	 RDR	76023'	166°53'E.	 719	 387	 8
GL 78-8	 1/1/78	 RDR	76029'	167°20'E.	 777	 383	 32
GL 78-9	 1/2/78	 RDR	76058'	167052'E.	 437	 196	 -
GL 78-10	1/2/78	 RDR	77010'	168005'E.	 900	 601	 -
GL 78-11	 1/2/78	 IWR	77°10.3'	168°06'E.	 899	 726	 -
GL 78-12 b	1/11/78	 DR	 78016'	175015'W.	 538	 274	 32GL 7813b	1/12/78	 DR	78035'	164040'W.	 554	 240	 42
GL 78-14b	1/13/78	 DR	76030'	164000'W.	 776	 345	 -
GL 78-15	 1/13/78	 DR	76000'	162030'W.	2,009	 310	 24GL 7816b	1/13/78	 DR	76002'	162030'W.	1,938	 288	 32
GL 78-17b	1/14/78	 DR	76007'	171013'W.	 512	 348	 34
GL 78-18b	1/15/78	 75034?	174025'W.	 525	 390	 20
GL 78-19	 1/15/78	 75001'	177030'W.	 439	 -	 -
GL 78-20	1/15/78	 7500'	180000'	 454	 557	 -
GL78-21'	1/16/78	 RDR	76011'	167°46'E.	 618	 156	 22
GL 78-22	 1/16/78	 RDR	76047.2'	164°04'E.	 695	 125	 16

Total recovery (centimeters)

'DR = Dead reckoning fix (possible poor quality); RDR = radar fix (good to excellent quality); ® = celestial fix (possible large errors).
bCore liner extracted from core pipe while in vertical position.

A method was devised for extracting core liners from core
pipes while they were still in the vertical position. This pro-
cedure was necessary because previous experience had shown
that the very soft, diatom-rich sediment (unit A) at the tops of
Ross Sea cores frequently was lost during extraction of the
liners from the pipes.

USCGs Glacier departed from Wellington, New Zealand,
on 19 December 1977. The first core was taken on 28 Decem-
ber from the base of the Ross Sea continental slope in 3,500
meters of water (see figure). Additional cores were obtained
from the western Ross Sea between 29 December and 2Janu-
ary. Glacier then began an easterly leg along the Ross Ice Shelf
margin but was recalled to McMurdo on 3 January to assist
Burton Island and Polar Star with the channel break. It was 7
days before Glacier was released to continue the science
program. The ship then cruised to the Bay of Whales, where
two cores were taken. Later, a 1-day storm and heavy ice con-
ditions in the eastern Ross Sea required a modification of the
ship's track to permit us to meet our scheduled arrival at
McMurdo. Many cores taken during this latter leg were ex-
tracted successfully from the core pipes while they were
almost vertical.

On arrival at McMurdo on 17 January, 21 piston cores,
totaling 70.3 meters of sediment, and 16 trigger cores had
been obtained (see table). An accident during the unloading
of the cores from Glacier occurred when the box containing
the piston cores dropped about 4 meters to the deck of USNS
Maumee. The box broke open, spilling broken cores over the
deck. An effort to salvage as much material as possible
resulted in the loss of only 0.6 meters of sediment. Damage to
the detailed stratigraphy of the diatom-rich, soupy sediment

of unit A was impossible to judge and will remain so until the
cores are opened at the Antarctic Core Facility in
Tallahassee. Most of the cores were partially frozen and
probably did not sustain serious damage.

If the damage is not serious, cores obtained during this
field season should be adequate to fulfill the field objectives.
Unfortunately, the ship's satellite navigation system was in-
operative during the cruise, making the precision depth
records useless for improving charts of the region and causing
uncertainty about some of the core locations listed in the ta-
ble.

We thank the officers and crew of usccc Glacier for their
invaluable assistance which contributed to the success of this
program. This research was sponsored by National Science
Foundation grant DPP 77-21083.
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Major element data and trace element data on bottom
sediments from the Argentine continental platform are
generally lacking. It is important to generate such data in
order to establish geochemical baseline concentrations from
which "anomalous" concentrations can be identified. These
"anomalies" may be the result of natural processes such as
drainage from a mineralized zone (Siegel and Pierce, in
press), or may represent environmental intrusion by man
because of population growth and subsequent problems re-
lated to urbanization, industrialization, and increasing de-
mands on mineral and energy resources (Siegel et al., 1978).
Environmentally secure development can proceed only when
available data provide a basis for proper planning that will
least intrude on the environment.

Siegel and others (1968) and Lunking and others (1973)
reported on trace element concentrations in bottom sediments
and cores from the Golfo San Matias (41°-42°S.) and were
able to demonstrate the influence of size fraction, biogenic
component, and heavy mineral suite on trace element dis-
tribution. In 1973, Boosman studied a suite of bottom sedi-
ments taken on the continental shelf (38°-42°30'S.) sedimen-
tologically and mineralogically and provided Corg data as well
on the less than62-micron fraction of the sediments.

During RIv Hero cruise 75-3, which was designed to study
the amount of suspensate on the southern Argentine shelf
(between about 55° and 47 ' S.), suspensate mineralogy, and
suspensate contribution to the Argentine Basin lutite se-
quence (Pierce and Siegel, in press; Siegel et al., 1976), bot-
tom sediments were collected in order to study their relations
to the suspensates above them. Although Siegel and his col-
leagues believe that the suspensate represents a "purer" sam-
ple for geochemistry since the degree of diagenetic alteration
it undergoes is probably far less than that of the fine fraction
in bottom sediments, bottom sediments are also good for
geochemical studies because the data generated from them
provide reference bases for future evaluations of environmen-
tal contamination.

Table 1. Summary of emission spectrographic analyses of bottom
sediment combined silt and clay size fractions, southern Argen-
tine continental shelf. The standard deviation on any single

answer was taken as +50%, -33%.

IN PERCENT

X	 Range
Si	 23.5	7.0	 9.0-34.0
Al	 4.8	1.7	 1.4- 7.0
Fe	 3.7	1.4	 1.4- 8.5
Mg	 1.2	0.2	 0.7- 1.7
Ca	 3.8	3.9	 1.1-19.0
Na	 1.8	0.4	 0.9- 2.9
K	 1.7	0.4	 0.7- 2.4
Ti	 0.2	0.1	 0.1- 0.4
P	 0.3	0.3	 0.1- 0.6

IN PPM

x	 Range
B	 61.3	18.0	24.0- 94.0
Ba	 318.0	69.9	180.0- 470.0
Be	 1.3	0.6	< 1.0-	2.0
Co	 8.1	3.3	 2.8- 17.0
Cr	 36.7	12.9	16.0- 68.0
Cu	 113.0	147.0	25.0- 580.0
Ga	 14.8	4.1	 4.6- 21.0
La	 27.2	5.0	19.0- 41.0
Mn	 1345.0	750.0	330.0-4100.0
Nb	 5.1	2.4	<2.2-	9.4
Ni	 23.6	9.4	13.0- 61.0
Pb	 86.6	70.3	18.0- 310.0
Sc	 12.0	3.1	 5.0-	17.0
Sn	 37.9	99.6	< 1.5- 640.0
Sr	 518.0	315.0	190.0-1600.0
V	 88.8	29.4	30.0- 150.0
Y	 20.0	4.5	 9.9- 29.0
Yb	 2.7	0.7	 1.3-	3.8
Zn	 187.0	112.0	51.0- 560.0
Zr	 111.0	39.6	57.0- 250.0

Table 2. Correlation coefficient estimates for selected element
couples, significant at the 99% confidence level. N= 33.

Fe-Co	=	+0.73	Cu-Zn	=	+0.76
Fe-Ni	=	+0,61	Pb-Zn	=	+0.67
Fe-Cr	=	+0.55	Cu-Pb	=	+0.41
Co-Cr	=	+0.75
Co-Ni	=	+0.80
Ni-Cr	=	+0.72

The bottom sediments taken on the southern Argentine
shelf (Siegel and others, 1976) are being studied by one of us
(FTD) sedimentologically and mineralogically as part of an
M.S. thesis. Geochemically, emission spectrographic analyses
have been made on the combined silt and clay fractions. Of
the 55 trace elements analysed for, 20 were present in greater
than detection level concentrations. A summary of these data
plus data for major element concentrations is given in table 1.
Thus, for the area studied, concentration levels have been
established (for the time of sampling) against which future
geochemical studies may be compared taking into account
the accuracy, precision, and detection limits of the analytical
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technique and instrumentation used. Isogeochemical plots of
element distribution are similar for those elements, which,
because of the number and arrangement of electrons around
their nuclei, respond similarly to geochemical processes and
environments. For example, one grouping of Fe, Cr, Ni and
Co, and another grouping of Cu, Zn and Pb, have been iden-
tified. This is reflected in the significant correlation coeffi-
cient estimates (at the 99 percent confidence level) between
the elements in each group (table 2).

To highlight some of the subtle distributional trends,
trend surface analyses will be prepared, and subsequent com-
parisons will be made to the sedimentological and
mineralogical trends.

We acknowledge National Science Foundation grant DPP
73-09317 for support of this program.
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Marine biology

Microbial life beneath the Ross Ice
Shelf

0. HOLM -HANSEN, F. AZAM, L. CAMPBELL,
A. F. CARLUCCI, and D. M. KARL

Scripps Institution of Oceanography
University of California, San Diego

LaJolla, California 92093

Biologically, the water column and sediments beneath the
Ross Ice Shelf represent one of the least studied environments
on earth. Due to the 400-600-meter thick ice cover, there is no
sunlight available to the water column and hence no prod-
uctive euphotic zone to serve as the source of reduced carbon
for all deeper living organisms. Our objectives during the
1977-78 field season of the Ross Ice Shelf Project were (a) to
estimate the abundance and biomass of planktonic organisms
in the water column and (b) to estimate the metabolic activity
of the microorganisms in the water column and in the sedi-
ments.

The 237-meter deep water column below the ice shelf was
sampled through an access hole drilled at site J-9, approx-
imately 400 kilometers from the open Ross Sea. Water sam-
ples were obtained by (a) hydrocasts with modified Van Dorn

bottles and (b) pumping with an impeller-type submersible
pump, taking samples at five depths (20, 66, 110, 154, and
200 meters) below the ice. It was not feasible to use our open-
ing-closing plankton nets because of the large amount of
diesel fuel remaining in the access hole from the drilling
operations. Sediment samples were obtained with a sphincter
corer (Ronan et al., 1978).

Bacterial abundance and activity. Bacterial abundance, esti-
mated by epifluorescent microscopy, was between 8.7 and 12
million cells per liter in the seawater samples and between 39
and 160 million bacteria per gram (dry weight) in the upper
10 centimeters of the sediment. The total microbial biomass
in the water samples, as estimated from measurement of
adenosine triphosphate (Karl and Holm-Hansen, 1976), was
between 0.04 and 0.5 nanograms ATP per liter; if a car-
bon/ATP ratio of 250 is used for microbial cells (Holm-
Hansen, 1973), the measured ATP levels would predict ap-
proximately the bacterial concentrations mentioned above.
Confirmation that these microbial cells were alive and
metabolically active was obtained by (a) micro-
auto radiographic studies showing uptake of radiolabelled
organic substrates, (b) respiration of radiolabelled substrates,
with release of labelled carbon dioxide, and (c) assimilation
of tritiated and radiocarbon substrates (glucose, thymidine,
uridine, ATP) and incorporation into the particulate material.

Phytoplankton. Water samples were preserved with buffered
formalin and examined for small microplankters using the
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Utermöhl inverted microscope procedure at 400X magnifica-
tion. Many small (2-10 microns in diameter), unidentified
"Monads" were seen, with the largest number of approx-
imately 10,000 cells per liter being found in the 200-meter
sample. A few naked dinoflagellates were seen. Larger
phytoplankton were counted in the pumped samples which
had been filtered through a 35-micron nytex mesh net. Be-
tween 10 and 200 cells per cubic meter were seen at all depths
sampled, and consisted mostly of pennate diatoms, together
with a few centric diatoms and dinoflagellates.

Zooplanklon. A few nassellarian radiolarians were seen in
the preserved net samples, in addition to the lorica of one tin-
tinnid which still retained the protoplast of the ciliate.
Metazoan forms observed included naupliar and post-
naupliar copepods of the genus Oithona. Several specimens of
another segmented metazoan, probably a polychaete larva,
were seen in the water sample from 20 meters.

The results of this year's field work thus indicates that
there are viable and metabolically active planktonic popula-
tions of organisms in the water column beneath the Ross Ice
Shelf. The data available do not permit us to conclude that
there is an operational food web in this cold and aphotic en-
vironment, as all the organisms seen in our samples might
merely represent the remnants of those populations existing
in the water mass advected from the open Ross Sea to beneath

the ice shelf. Resolution of such questions will depend upon
data on the residence time of water beneath the ice shelf, in
addition to further biological studies on rates of production
and trophic transfer in these populations living beneath the
Ross Ice Shelf. The field party for this work consisted of:
Farooq Azam, Lisa Campbell and David M. Karl.

We thank F. M. H. Reid and J. R. Beers for examination
of phytoplankton and zooplankton samples. This work was
supported by National Science Foundation grant DPP
77-26394.
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Microbial investigations in the
Ross Sea

R.J. OLSON, B. M. TEBO, E. MOUSSALLI, A. F. CARLUCCI,
F. AZAM, and 0. HOLM-HANSEN

Scripps Institution of Oceanography
University of California, San Diego

Lajolla, California 92093

Working aboard USCGC Glacier from 19 December 1977 to
16 January 1978, we obtained data on plankton in the Ross
Sea and investigated the distribution, biomass, and metabolic
activity of microbes and plankton between New Zealand and
Antarctica. Eighteen stations were occupied—two north of
the Polar Front and five close to the Ross Ice Shelf between
Ross Island and the Bay of Whales (see map in Et-Sayed et
al., 1978).

Bacteria. The function of bacteria in antarctic waters is not
well understood. Sorokin (1971) and Pomeroy et al. (1969)
suggest that microbial activity is so depressed by low tem-
peratures that bacteria does not have significance in the food
web. Our results in McMurdo Sound, however, suggest that
bacterial biomass and activity in antarctic waters are com-
parable to those measured in temperate waters (Holm-
Hansen et al., 1977a). During the Glacier cruise, we took water
samples between the surface and 1,000 meters to determine
(a) total bacterial numbers as estimated by epifluorescent
microscopy, (b) rates of assimilation and respiration of

radiolabelled organic substrates, (c) bacterial uptake of
organic substrates as demonstrated by micro-autoradiogra-
phy, (d) the species and numbers of luminous bacteria, and
(e) the rates of conversion of nitrate, nitrite, and ammonia by
use of substrates labelled with nitrogen-15.

Nitrite was found at low levels (< 0.1 /AM) throughout the
upper water column, with no strong relationship to either the
nitrate or ammonium concentrations or to the light attenua-
tion profile. Simulated in situ incubations using 15N-labeled
substrates were done to investigate the source of the nitrite
present. The results of three experiments indicate that the
predominant source for nitrite is ammonium and not nitrate.
This finding is similar to that of experiments done off the
coast of southern California.

The numbers and species of luminous bacteria were
determined in water samples obtained between the surface
and 1,000 meters, and also from the guts of marine fish col-
lected in McMurdo Sound. Total numbers of luminous col-
onies grown on media were so low we could not determine
whether one temperature favored the isolation of one species
of luminous bacteria over another. The gut isolations were
done by direct plate smears and dilutions of the gut contents
in sterile sea water and subsequently spread plated onto Sea
Water Complete agar. In all, 96 luminous bacterial isolates
were obtained. Twenty-four of these were obtained in the
warmer waters off New Zealand. Nineteen were isolated from
deep (500-1,000 meter) waters north of the Polar Front. Four
came from the station in the convergence zone; all were
Beneckea harveyi, considered a warm water species. Ten iso-
lates were obtained from McMurdo Sound and along the
Ross Ice Shelf, and 39 came from the guts of the fish Tre-
matomus bernacchhi. P/zotobacterium phosphoreum accounted for 50
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percent of isolates from the sea water samples and 15 percent
of those from fish guts. The remainder of the isolates from
both groups appear to be a new species closely related to P

fischeri, except for one isolate from each group that appears to
be a totally new species or genus of luminous bacteria (Paul
Baumann, personal communication).

Phytoplankion. A basic antarctic question is how the growth
rates of phytoplankton (the base of the food chain which sup-
ports the krill population) are controlled or limited by
nutrients, light, and temperature. Holm-Hansen et at.
(1977b) suggest that antarctic phytoplankton grow slowly
(0.02-0.15 doublings per day) and that significant popula -
tions are active at low light intensities (less than 1 percent of
the light intensity incident upon the sea surface). Aboard
Glacier, also, our nitrogen-15 uptake measurements of sam-
ples from a Phaeocystis bloom near Ross Island showed that
uptake of both nitrate and ammonium was very slow; the
specific turnover time for both nitrate and ammonium was
about 0.03 per day.

In our previous work, we measured the attenuation of
light in the water column using secchi disk readings. There
may be an error in our calculated light flux in the lower por-
tion of the euphotic zone for two reasons: (1) when working
on a drifting icebreaker, the wire angle of the secchi disk
sometimes approaches 45°, making estimation of the vertical
distance difficult; and (2) we commonly deploy and recover
the bottles in darkness; this was not possible when south of
the Antarctic Circle, and the bottles were exposed to higher
light during deployment and recovery. During the Glacier
cruise we eliminated these problems by measuring the light
flux using submersible Quantum Scalar Irradiance Meters
(Booth, 1976). These were of two types: one automatically
records the flux of photosynthetically active light quanta as a
function of depth; the other has small units at the same depth
as the bottles containing radiocarbon, which integrate the
light flux during the entire incubation period. The biomass of
phytoplankton in the water samples was estimated by
measurement of adenosine triphosphate (Holm-Hansen and
Booth, 1966). Our data on phytoplankton biomass and light
attenuation in the water column, when combined with the
radiocarbon and chlorophyll measurements by Texas A & M,
will enable calculation of specific growth rates and quantum
efficiency of the phytoplankton.

The field party on Glacier consisted of 0. Holm-Hansen;
E. Moussalli, R. J . Olson, and B. M. Tebo. We thank the
U.S. Coast Guard for their help in these studies. The
research was supported by National Science Foundation
grant DPP 77-26394.
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Biogeography and metabolism of
phytoplankton and zooplankton in

the Ross Sea, Antarctica

S. Z. EL-SAYED, D. C. BIGGS,
D. STOCKWELL, R. WARNER, and M. MEYER

Department of Oceanography
Texas A&M University

College Station, Texas 77843

A cooperative study of the phytoolankton/
zooplankton/nutrient chemistry of the Ross Sea by Texas
A&M University and Scripps Institute of Oceanography was
conducted on the USCGC Glacier during December 1977-Janu-
ary 1978. Eighteen oceanographic stations between New Zea-
land and McMurdo Sound and off the Ross Ice Shelf were
occupied (see map). The Texas A&M program focused on
the biogeographical distribution, primary production, and
metabolic activities of the phytoplankton and included an ex-
tension of the study of ice-algae we initiated in February-
March 1977 in the Weddell Sea (see El-Sayed and Taguchi,
1977). Special attention also was given to metabolic measure-
ments of zooplankton oxygen utilization and ammonia excre-
tion during this cruise and at Palmer Station.

At the 18 stations occupied by Glacier, water samples were
collected at eight depths corresponding to 100, 50, 25, 12, 6,
1, 0. 1, and 0.01 percent of incident light levels for estimation
of concentrations of chlorophyll a, b, and c, phaeopigments,
cell counts, and species composition of phytoplankton. Verti-
cal net (35 micrometers) tows also were made for
phytoplankton species composition. Size fractionation experi-
ments were conducted to determine the percentage contribu-
tion of nannoplankton to primary production and
phytoplankton standing crop. Primary production was deter-
mined by nine in situ experiments using the C14 (radioac-
tive carbon) uptake method of Steemann Nielsen (1952). At
all the stations, hydrocasts were made for determining tem-
perature, salinity, dissolved oxygen, inorganic nutrients,
hydrogen-ion concentration, and alkalinity. Zooplankton
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samples were collected at each station using twin 0.5-meter
(333-micron mesh) nets (equipped with flow-meters) hauled
vertically from 200 meters to the surface.

The ice-algae were sampled using a coring device (7.5-
centimeter inner diameter) on loan from the Cold Regions
Research Environmental Laboratories. Melted samples were
taken for salinity and in vivo fluorescent determinations; sub-
samples were also preserved for floristic study.

At each station, water samples were collected for deter-
mining dissolved nutrient concentrations (NO 3-1 NH4+,

and SiO 4 4 ). To minimize contamination errors that
could occur during sample storage, NH4+ was analyzed
aboard ship. Preliminary analysis of the nutrient data showed
conspicuously high NO3 -, PO4 -3, and SiO4 4 concentrations
south of the Polar Front, when compared with subantarctic
waters. The stations in the pack ice showed a near-surface
maximum of NO 3 -3, PO4 -3, and SiO4 4 compared with the
open water stations, where the near-surface waters recorded
minimal values.

Ammonia also exhibited regional variability in surface
waters. Relatively high concentrations of NH4+ (0.4-0.9
microgram-atom per liter) were found in the photic zone at
subantarctic stations and immediately south of the Polar
Front. Farther south, euphotic zone concentrations of NH4+
were generally low (less than 0.1-0.3 microgram-atom per
liter; average = 0.1 p.g-at/liter), though distinct NH 4 max-
ima occurred in midwater. In particular, at the neritic sta-
tions where Phaeocystis was abundant (see below), NH4+ con-
centrations were less than 0. 1 p.g-atlliter to depths of 70 to
100 meters. At every station, the NH4+ maxima corres-
ponded to the depth at which dissolved oxygen concentrations
began to decrease significantly from surface values. The data
are being analyzed to determine whether the NH4+ maxima
and oxycline correspond to either a deep chlorophyll max-
imum or a nitrite maximum and zone of increased
heterotrophic activity (see Kiefer et at., 1976; Packard et at.,
1978).

Pacific
Ocean

90'

South
Americ

Africa	Atlantic
Ocean.

Ammonium excretion and oxygen consumption by Ross Sea zooplankton (uscGc Glacier), December 1977—January 1978.

NH4 + excretion	02 consumption	O:NH4+ ratio	 Size
(cg-at/g wet wt/h)a	102/g wet wt/h)b	 (by atoms)	 (mg)

	

x±s(n)	 x±s(n)	 x±s(n)	 x 
Subantarctic ZOne:C

Unsorted zooplankton	3.6 ± 2.1 (17)	 -	 -	 -
Hyperiid amphipods	 1.6 ± 0.3 (10)	 340 ± 60(9)	 19 ± 3 (9)	 64 ± 20
Euphausiids	 2.6 ± 0.2 (3)	 740 ± 70 (2)	 26 ± 1(2)	 26 ± 3
Calanoid copepods	 5.3±0.8(3)	 710±340(3)	 12±4(3)	 3±1
Gymnosome pteropods	 0.9(1)	 -	 -	 50

Antarctic zone:'
Unsorted zooplankton	1.6± 1.0(17)	 -	 -	 -
Euphausiids:juvenile	 0.9±0.4 (14)	 240±80(13)	 31 ± 16(13)	 10±2
Euphausiids: adult	 0.9 ± 0.3 (9)	 170 ± 30(6)	 24 ± 13(6)	 90 ± 70
Euphausiids: all sizes	 0.9 ± 0.3 (23)	 220 ± 70(19)	 28 ± 15 (19)	 -
Calanoid copepods	 1.3 ± 0.6 (17)	 190 ± 40(7)	 15 ± 3 (7)	 14 ± 5
Gammarid amphipods	0.8 ± 0.2 (3)	 100 ± 30 (3)	 12 ± 2 (3)	 18 ± 9
Thecosome pteropods	 1.6 ± 0.3 (4)	 280 ± 80 (4)	 16 ± 1 (4)	 3 ± 1
Gymnosome pteropods	0.3 ± 0.1(2)	 135 ± 35 (2)	 48 ± 3 (2)	 32 ± 20

'Microgram-atom per gram wet weight per hour.
bM icroliters 02 per gram wet weight per hour.
'Stations I and 2 (temperature, 10 ± 2°C; 34 excretion experiments).
dStations 3-18 (temperature, -1 ± 2°C; 66 excretion experiments).
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Extensive blooms of Phaeocystis (Haptophycea; Prym-
nesiales) were encountered off the Ross Ice Shelf at stations
10 through 15 (see map). The bloom extended from at least
167°E. to 164°W. and from 78°27'S. to about 76°S. At all sta-
tions in the area, Phaeocystis was so abundant that it clogged
the zooplankton nets before they had filtered more than 30
cubic meters. Phaeocystis was not restricted to the 21-meter
euphotic zone, but was present to depths of 100 to 150 meters.

To determine the uptake of glycolic acid under naturally
simulated conditions, uniformly labeled C14 glycolic acid was
inoculated into subsamples for simulated and in situ incuba-
tion (Parsons et al., 1977). These experiments will be used to
determine the fate of extracellular phytoplankton metabolites
and a possible relation to heterotrophic bacterial biomass.
Autoradiography will be used to identify the organisms in-
volved in heterotrophic uptake of glycolic acid (Munro and
Brock, 1968).

Krill (Euphausia superba) were not common at stations oc-
cupied during this cruise, but a congeneric species of
euphausiid (E. crystallorophio.$) was present at all stations
south of the Polar Front and at subantarctic station 2. Except
for numerous tiny larvaceans and chaetognaths, gelatinous
zooplankton were rare. Hyperiid amphipods (primarily
Parathemisto) were abundant at the subantarctic stations, but
in the Ross Sea species of gammarid amphipods predomi-
nated.

Rates of oxygen consumption and NH4 + excretion were
measured at each station for individual organisms of the
more abundant and larger sized zooplankton groups, in con-
tainers of filtered sea water (see table). Subantarctic species
(stations 1 and 2) were used in 34 experiments and 66 experi-
ments were conducted with species collected south of the
Polar Front. As shown in the table, weight-specific NH 4 + ex-
cretion and oxygen consumption rates were uniformly higher
at the stations north of the Polar Front than at the Ross Sea
stations. However, ratios of atoms of oxygen consumed to
atoms of NH4 + excreted (O:NH 4 * ratios) were not signifi-
cantly different (95 percent confidence level) between suban-
tarctic and antarctic zooplankton. Gymnosome pteropods
showed high O:NH 4 ratios, which reflect their very low
rates of NH 4 + excretion (Biggs, 1977). O:NH 4 + ratios for
other zooplankton averaged 12 to 31 (see table). This sug-
gests that protein catabolism may account for 50 percent or
more of zooplankton metabolism (Harris, 1959; Ikeda, 1974).
Respiratory quotients measured by McWhinnie and others
(1975, 1976) suggest that lipogenesis is quite significance, as
well.

Another Texas A&M research activity carried out during
the 1977-78 austral summer was conducted by M. Meyer at
Palmer Station, Anvers Island. Grazing experiments with
krill (Euphausia superba) feeding on natural phytoplankton
populations were conducted in cooperation with Mary Alice
McWhinnie's krill study (see p. 133 in this issue). During
each experiment, changes in cell number, dry weight, carbon,
chlorophyll a, phaeopigments, oxygen, and ammonia were
monitored. Preliminary analysis of these data suggest
O:NH4 + ratios of 19, which are comparable to the values
measured for euphausiids from the Ross Sea cruise. Four ad-
ditional krill grazing experiments were conducted to deter-
mine the ingestion rates of C14 labeled phytoplankton
(Lasker, 1966), which were isolated and cultured at Palmer
Station. The antarctic phytoplankton cultures will be con-
tinued at Texas A&M University for taxonomic and
physiological studies.
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Biological studies of antarctic krill,
austral summer, 1977-1978

M. A. MCWHINNIE and C.J. DENYS

Department of Biological Sciences
De Paul University

Chicago, Illinois 60614

Our study of the biology of krill, Euphausia superba, con-
tinued at Palmer Station from 4 December 1977 to 28 March
1978. Two new krill laboratories provided the first oppor-
tunity to maintain large stocks of living planktonic animals
over long periods (see figure 1). These wet-laboratories are
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Figure 1. Two krill aquarium buildings behind the main
laboratory building at Palmer Station. These are joined by a
light-tight anteroom which allows entrance to the aquaria
without changing the internal light conditions. A flow-through

sea water system services both buildings.

Figure 2. View of part of the 11-foot-long seawater tank in
which stock krill are maintained and behavioral studies are
conducted. In this photo, krill are aggregating under a dim

red light source.
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phausia superba from
eggs spawned In the
laboratory and reared to

metanauplius.

equipped with all-glass aquaria (two measuring 3.34 by 0.6
by 0.6 meters, one 1.7 by 0.6 by 0.6 meters, and four smaller
tanks), and automatic light control (see figure 2). Stocks from
(a) the eastern Bellingshausen Sea and (b) the Bransfield
Straits and area channels and passages were maintained sep-
arately.

Field sampling was conducted aboard RJV Hero
throughout the season (2 December 1977 to 24 March 1978)
between the southern Gerlache Strait (640 43'S.63° 10'W.)

and Danger Islands (63 0 20'S.54°50'W.). Collections in the
eastern Bellingshausen Sea were made at the same locations
every 3 to 4 weeks.

The knit study was broad in scope: it included spawning
and development of young, molting and its relation to growth
rate and longevity, feeding habits and thei relation to sea-
sonal growth, and the behavioral role of light. Light responses
and visual pigment characteristics were investigated in rela-
tion to swarming behavior and diurnal vertical migration

134	 ANTARCTIC JOURNAL



(figure 2). Potential population differences were also studied
with krill from the two regions sampled.

Animals collected (2 December) in the Bellingshausen
Sea included mature females; the first spawning in the
laboratory occurred 20 December. Spawning females were
isolated throughout the summer, and development was
studied repeatedly with larvae reared in the laboratory. This
study establishes that high hydrostatic pressure, as exists at
great depths in the water column, is not necessary for spawn-
ing or normal development as previously thought. The time
scale (figure 3) and developmental events from fertilized egg
to metanauplius larva are now known, as is the fecundity of
this species. Post-spawned females were maintained to study
their viability and longevity. These animals molt at appropri-
ate intervals and assume a premature condition showing nor-
mal feeding and viability. The change to an apparent younger
stage after spawning is responsible for the conclusion that
post-spawn females most probably die, because they are
rarely found in populations collected throughout the austral
summer and early fall.

Krill representing a wide size range were isolated in 0.5-
and 1.0-liter containers (170 animals) and kept 4 months to
study molting frequency and growth with each molt.
Phytoplankton collected in Arthur Harbor served as the food
source for these animals. Because crustaceans undergo
"shock molting" when taken from their normal environment,
the intermolt interval for knIt was studied after the initial
burst of molting that occurred for several days after transfer to
laboratory aquaria from live-boxes on R/v Hero, from which
all collections were made. Growth increments were deter-
mined by measuring the uropod of the shed exoskeleton. By
regression correlation of uropod length vs. body length, the
equation so derived was used to determine linear growth or
length differentials at each molt. With these data, growth
rates through late spring to early fall can now be computed
and longevity more accurately estimated. The data support
the empirical hypothesis that time to maturity is considerably
greater than 2 years if molting and growth do no occur in
winter.

The opportunity to maintain a large and healthy stock of
these planktonic animals permitted observations of their feed-
ing behavior. Stock-animal aquaria were provided with a sea-
water flow of approximately 300 liters per hour. These
animals, conducting filtering movements continuously,
showed a sustained phytoplankton feeding level by the inten-
sity of green throughout their digestive tract and by fecal-
string production. With the seasonal decline of
phytoplankton in early February and onward, they became
light green, in general. This index of feeding, as well as other
data, had been the basis for the designation of this species as
an exclusive herbivore. However, careful observation
throughout these 4 months revealed that cannibalism among
knit is relatively common. In addition, these animals, feed on
other zoopiankton. On the basis of data from this study, then,
Euphausia superba must be classified as omnivorous and pre-
datory as are the majority of other euphausiid species. These
new data require revisions of estimations of growth
throughout the austral winter, a period of greatly diminished
phytoplankton availability during which krill growth pre-
viously had been considered negligible.

Several thousand krill are being maintained in the knit
facility at Palmer Station through austral winter 1978 to
determine survivability, growth, advance to maturity, and

feeding behavior. This is the first opportunity to study knIt on
a year-round basis. We are especially grateful to James
Punches, who is conducting this winter study and sur-
veillance.

In addition, we gratefully acknowledge the assistance of
Robert Picken and Thomas Poleck, whose help made the ex-
tent of these studies possible; we are grateful to Michael
Myers (Texas A&M University), who joined our program
and assisted in many ways. Captain P. Lenie of RJv Hero col-
lected krill and worked with us on many stringent cruises;
without his work this broad-based study would not have been
possible.

This study was supported by grant DPP 77-21747 from the
National Science Foundation.
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The antarctic marine ecosystem is highly productive; it in-
cludes 44 bird, 6 seal, and approximately 14 whale species.
Diatoms are the dominant phytoplankton and copepods are
the dominant small zooplankton. Knit (euphausiids) com-
prise the basic food of many animals.

The density of krill in the Antarctic is believed to be about
one individual per cubic meter. The most important of the 11
species of krill are Euphausia superba (dominant in open
waters), E. crystallorophias (dominant under pack ice),
Thysanoessa macrura, and E. vallentini. Antarctic krill are
basically filter feeders, feeding mostly on diatoms found in
surface waters. The largest concentrations of knIt are found
in the East Wind Drift zone; the Weddell, Ross, Amundsen,
and Bellingshausen Seas; north and east of South Georgia Is-
land; the Scotia Sea north of the Orkney Islands; around the
South Shetland Islands; and west of the South Sandwich Is-
lands.

Fertilization of krill eggs occurs externally, and the eggs
sink. Hatching occurs in deep water, and the developing krill
ascend to the surface layers where they congregate and ex-
hibit diurnal vertical migration. Knit fecundity values vary;
growth rates vary geographically; Euphausia superba may live
for 4 years. KnIt form patchy, dense, but apparently
monospecific, aggregations (swarms), possibly the result of
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light intensity and feeding activity. Krill may remain in the
same area or be transported over large areas.

Standing stock estimates of krill range from 183 million
tons to 1.35 billion tons live weight (all tons metric); estimates
of annual production (based on predation) range from 200 to
330 million tons. Crabeater seals consume 63 to 106 million
tons annually. Cephalopods may consume 100 million tons;
fish, perhaps 64 million tons; whales, 43 million tons; and
penguins, 14 million tons of krill per year. The estimated total
annual predation on antarctic krill does not correspond well
with the estimated total annual production of krill.

Interest in the krill resource greatly increased during the
1976-1977 season. Harvesting gear has included surface side
trawls and frame nets, single and twin midwater trawls, and
purse seines. Recent West German catch rates averaged 8 to
12 tons per hour of towing time, with a maximum haul of 35
tons in 8 minutes. The economics of establishing a krill fish-
ery are largely unknown.

Krill are a potentially valuable, high-quality food, rich in
essential amino acids, vitamins, and minerals. Various krill
products, including whole meats, coagulated paste, protein
concentrates and other dried products, and krill meal has
been produced on an experimental basis. The technology of
processing most products will require substantial develop-
ment. More marketing research is needed.

The most important information gaps appear to be the
relationship between currents, surface rings, and krill dis-
tribution; the biology of all antarctic krill species; the feeding
habits of E. superba in relation to their aggregation and the
abundance of phytoplankton; the exact location of krill
spawning areas; the causes and sustainment of swarming;
longevity and mortality of krill; the rates of predation on krill
by squid and fish; and the role of krill detritus in the antarctic
ecosystem. Accurate information on standing stocks and sus-
tainable yields of E. superba is lacking, and overexploitation
could cause severe environmental damage to the southern
ocean ecosystem. Harvesting and processing technologies
have not yet been fully developed, and commercial-scale costs
cannot be determined from the experimental operations so
far undertaken; the potential salability of krill products is ao
unknown, and potential revenues cannot be estimated.

Management and conservation of the krill resource will
become important as harvesting increases. Exploitation of
this resource should be well planned and carefully
monitored. Many data gaps must be filled. An international
policy and decisionmaking body for krill management is
needed. Careful management should minimize damage to
the environment, encourage limited commercial develop-
ment, and prevent economic losses to the fishing industry.

This study was supported by U.S. Department of State
contract 1722-720188, and a full report with bibliography ap-
pears as Bakus a at. (1978).
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Long-term experimental benthic
studies in McMurdo Sound
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A primary goal of our research, begun in 1967, is to un-
derstand processes that organize marine communities.

The present benthic program was reactivated in 1974 to
monitor field experiments established during 1967 and 1968
in the sponge community and to initiate new studies in the
soft-bottom communities. General results of the last several
years of work were reported in Oliver et at., (1976) and
Dayton and Oliver (1977). The very slow rates of individual
and population growth necessitate relatively long intervals be-
tween periods of observation and measurement. We have
therefore deactivated the present field program for a period of
5 to 10 years.

The work in the sponge community represents one of the
best series of long-term experiments established in any
marine community. Over 100 bottom cages include or ex-
clude various predators to evaluate their roles in community

Sketch of McMurdo Station area showing locations of long-
term study areas. The area directly In front of the seawater in-
take jetty extends out 100 meters and is approximately 70
meters wide. This is a mud substrate. The Cape Armitage
area is about 250 meters from the jetty and extends about 300
meters; it is about 100 meters wide. The Hut Point area is ap-
proximately 200 meters long by 75 meters wide with the outer
edge being 150 meters from shore. The latter two areas are of

mixed cobble and sponge substrata.
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organization. These cages are also artificial habitats that col-
lect a unique bottom assemblage which has been manipul-
ated by single-member removal of competing couplets, ex-
posure to light and algal growth, and predator exclusion.
Many permanent line transects mark study sites that are
photographed to document recruitment, survival, growth,
and mortality of large sessile species, especially slow-growing
hexactinellid sponges. Numerous individuals of many species
are also tagged for similar measurements. Finally, there are
several other artificial habitats used to collect specific animal
assemblages and then manipulated to study interactions
among resident species. The habitats include plastic panels
and settling plates, floaters, tuffie scrubbers, plastic algae,
plastic caves, and several others.

Many manipulative experiments are set up in the local
soft-bottom communities. Some azoic sediments are caged,
some are contained to prevent lateral burrowing, some are
placed in racks above the bottom to eliminate non-swimmers,
and some include large epifaunal predators. Other azoic
areas are modified to prevent the penetration of tube builders
into a depth refuge from predators, and impede the activities
of large burrowing crustaceans. A large number of experi-
ments are also set up in small plastic cups and placed on the
bottom, on tables above the bottom, and in midwater racks.
These cups contain single species "cultures" of several in-
faunal animals. The results from these contrasts will help to
establish the importance of species-specific adult-larval in -
teractions among small infaunal organisms. A series of cages
is being used to assess the community effects of increased
sedimentation, decreased currents, and larval entrainment.
These habitat modifications are characteristic of many preda-
tor-exclusion cages placed on soft bottoms and are potentially
more important to settling larvae than the presence or ab-
sence of predators. Anchor ice scour and iceberg grounding,
the two most important physical disturbances in the region,
are also being studied.

Finally, we are testing the hypothesis that the input of pri-
mary food accounts for the remarkable differences in bottom
communities living on the east and west sides of the McMur-
do Sound. These are among the first field experiments
designed to unravel some of the mechanisms resulting in a
number of the pronounced and well-known differences be-
tween relatively eutrophic shallow-water communities and
the more oligotrophic soft-bottom assemblages such as those
of the deep sea. It is possible that McMurdo Sound offers a
unique opportunity to perform these experiments.

The long term studies briefly described above, which have
included over 2,000 dives, are currently in progress and in-
volve a much longer monitoring interval than similar experi-
ments performed in warmer seas.

Their success depends upon the cooperation of future
researchers in the McMurdo Sound. A bottom grab or dredge
could destroy years of hard work and the unique continuity of
much of this study. Fish and invertebrate traps are especially
destructive, as they are relatively large and move with the cur-
rents, destroying everything they contact. Because the bottom
is characterized by a thin layer of silt and a particularly fragile
infauna, a diver simply swimming near the bottom could
cause substantial damage. The two main study areas are
shown in the figure. We would greatly appreciate cooperation
of future researchers in avoiding these sensitive areas.

In addition to requesting cooperation, we take this oppor-
tunity to offer our help to future workers interested in benthic

problems. We have no plans to continue the work, and we
offer our assistance and invite future workers to use our tran-
sects, cages, and other equipment. In the same sense, future
workers should be aware that much of the habitat in our im-
mediate study area has been damaged by our collections and
work. We will be happy to furnish as much help and infor-
mation as possible to anybody interested in studying these
habitats.
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March 1977 to June 1978 was the final year of our
research under National Science Foundation grant DPP
76-23043. We investigated the abundance, species composi-
tion, food habits, and feeding rates of demersal fishes and the
species composition, food habits, and general biology of
selected echinoderm groups. Large collections are now
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available to us, most from ARA Islas Orcadas cruises 5 and 8
along the Scotia Arc and R/v Hero cruise 76-2 in the vicinity of
Anvers Island (64°46'S., 64°05'W. (DeWitt, 1976; DeWitt
and McCleave, 1976; DeWitt et al., 1976; Lowe and
Crawford, 1976; McCleave et al., 1977).

Taxonomy, zoogeography, and population structure of benthic
fishes. Linda S. Tompkins completed a survey of Liparidae
based on Eltanin material. This work was submitted to the
University of Maine at Orono in partial fulfillment of the re-
quirements for the degree of Master of Science. Twenty-eight
new species in the genera Paraliparis and Careproctus were
described and figured.

H. H. DeWitt and J.-C. Hureau (Museum National
d'Histoire Naturelle, Paris) have completed a report on the
fishes collected during RIV Hero cruise 72-2. This paper in-
cludes descriptions of two new species of Lycenchelys (family
Zoarcidae) and one new species of Chionodraco (family Chan
nichthyidae), together with a revision of Chionodraco. Two new
genera of the family Bathydraconidae are recognized and
other relatively little-known species are described.

Work continued on the fishes obtained during ARA Islas
Orcadas cruise 5. Much of the collection was x-rayed, and
morphometric and meristic data were obtained for a large
sample of undescribed conger eel collected off the Rio de la
Plata.

H. H. DeWitt and T. L. Hopkins (1977) published a study
of the diet of the antarctic silverfish, Pleuragramma antarcticum.
This species is a circumpolar pelagic notothenioid fish abun-
dant in antarctic coastal waters. Its diet consists primarily of
copepods and euphausiids. Prey size distribution and diver-
sity suggest opportunistic feeding. Morphological adaptations
for a pelagic, planktivorous existence include size and types
of teeth, development of the cephalic lateral-line system, and
shape of body and fins.

Feeding biology of benthic fishes. Work continues on the
trophic ecology of antarctic benthic fish communities.
Stomach samples from fishes in each of six communities (two
at South Georgia, one at the South Sandwich Islands, two at
the South Orkney Islands, and one near Anvers Island, Ant-
arctic Peninsula) are being analyzed. Stomachs from fishes in
the first three of these communities are now completely
sorted. This represents 460 and 255 stomach samples from
the two South Georgia communities and 150 stomach sam-
ples from the South Sandwich Island community.

James D. McCleave and Timothy E. Targeu are sorting
stomach samples. Considerable technical assistance is being
provided by David M. Wyanski, Andrew D. Rhodes, and
Audrey M. Stevens, all undergraduates. Undergraduates
Patricia L. Davis and Lawrence E. Reynolds, Jr., also have
worked on this project.

Results of our analyses to date are generally at the level of
major taxonomic group. Future detailed analyses of all six
communities will involve the identification to species of as
many prey items as possible. After this is completed, analyses
of detailed community trophic structure, patterns of food
resource partitioning, and intercommunity comparisons will
be made.

Zoogeography, feeding biology, and chemical composition of
echinoderms. Work continues on the identification of
echinoderm specimens and their stomach contents. Data on
geographic and bathymetric distributions of crinoids,
asteroids, and ophiuroids are being correlated with informa-
tion on the prey of benthic fishes to assess the importance of

those echinoderms to benthic fishes. Thus far the data sug-
gest that despite their abundance, adult echinoderms
generally are not significant prey items for most demersal
fishes. Notothenia gibberfrons appears to be the most important
fish predator on ophiuroids.

Analyses of echinoderm stomach contents continue. We
are particularly concerned with the active, epifaunal species
of ophiuroids, which can occur in very high densities in the
Scotia Arc-Antarctic Peninsula region. These include such
common forms as Ophiurolepis gelida, 0. martensi, Ophionotus
hexactis (off South Georgia), and 0. victoriae. A summary of
our earlier work on the foods and feeding habits of antarctic
asteroids and ophiuroids has been published (Dearborn,
1977). Data on 30 species of asterozoan echinoderms are pre-
sented and show a wide spectrum of feeding habits, from ex-
treme stenophagy to euryphagy. At least one asteroid,
Labidiaster annulatus, is able to catch and consume adult krill
and small fishes. Adult krill also are taken by the ophiuroids
Ophionotus victoriae, Ophioperla koehleri, and others. Other
zooplankton such as copepods and small amphipods are im-
portant food items for such brittle stars as Ophiacantha pentactis
and 0. vivipara, which have large, erect arm spines used to
trap active food organisms.

Detailed morphological studies on the feeding mechan-
isms of antarctic asteroids and ophiuroids have been initiated
using scanning electron microscopy. Adaptations of
echinoderms for capturing and manipulating krill and other
zooplankton are of special interest. For example, Labidiaster
annulatus, a large multiarmed sea star, utilizes large crossed
pedicellariae (see figure) to capture and hold prey.

Scanning electron micrograph of a pair of crossed
pedicellariae from the distal portion of an arm of the asteroid
Labidiaster annulatus. (Numerous pairs of these structures
are used collectively to hold prey long enough for the flexible

ray tips to swing over and retain the food organism.)

Studies continue on the composition of ophiuroids
through analyses of protein, lipid, ash, and calories. This in-
formation is important in an evaluation of the quality of these
echinoderms as potential prey for other invertebrates and
fishes. Analyses of 13 species of brittle stars have been com-
pleted in whole or part. Mean percent of dry weight for pro-
tein ranges from 3.9 for Ophiomages cristatus to 12.9 for discs of
Astrotoma agassizii. Lipid values range from 0.9 percent for the
arms only of Ophiuroglypha lymani to 9.1 percent for the discs
only of a deep-water species of Ophiura. Ash values for certain
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species such as Ophiomages cristatus were very high, up to 85.3
percent dry weight, suggesting that some antarctic brittle stars
may be locally common but are not very nutritious prey.
Ophiuroids examined thus far generally have mean caloric
levels around 1 to 2 kilocalories per gram dry weight.

Richard L. Turner (Florida Institute of Technology) and
J . H. Dearborn recently have completed a study of the organic
and inorganic composition of postmetamorphic growth states
of the viviparous subantarctic brittle star Ophionotus hexactis.
Brood sizes range from 0 t 54 juveniles, with a mean of 24.5
juveniles. The composition of intraovarian juveniles was
measured to estimate the contribution by the parent to
postmetamorphic growth. Levels (percent dry weight) of
lipid, protein, carbohydrate, and ash generally were
unchanged. Contents (milligrams) of total organic matter
and the three organic components showed large increases.
Nutrient transfer probably involves nurse eggs and parental
body fluids. Details are provided in a manuscript recently
submitted for publication.

We are grateful to numerous U.S. and foreign colleagues
who have cooperated in the field operations in 1975 and 1976
and aided in data analyses and interpretation at the Univer-
sity of Maine. This research was supported by National
Science Foundation grants 0PP 74-08565 and DPP 76-23043.
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Benthic biology studies within the Ross Ice Shelf Project
(RISP) took three successful directions during the 1977-78
season: (a) sampling under the Ross Ice Shelf at the primary
drill site J-9, 82°22'S. 168°38'W.; (b) comparative sampling
along the ice front from the USCGC Burton Island; and (c) com-
parative studies using scuba (self-contained underwater
breathing apparatus) diving at New Harbor and at other
places in McMurdo Sound (see Lipps and DeLaca, 1977).

Our field teams' efforts were focused in these ways:
DeLaca (5 November to 24 December 1977) and Showers (5
November 1977 to 11 February 1978), assisted by Lipps (21
November 1977 to 4January 1978), worked at New Harbor;
Lipps, Ronan (12 December 1977 to 4 January 1978),
Clough, Raymond (29 November 1977 to 4 January 1978),
and Bradford (20 December 1977 to 4January 1978), assisted
by DeLaca and Showers, worked at J-9; and Showers and
Farmer (1 February to 28 February 1978) sampled from Bur-
ton Island.

We expected to find either a typical Antarctic fauna or a
sparse but diverse fauna under the Ross Ice Shelf (see Lipps
and DeLaca, 1977; Lipps et al., 1977). Our work revealed
neither. The sampling program was successfully completed at
J-9 using television, baited traps and lines, and a specially
designed sphincter sampler. Mysid shrimp, euphausiids,
numerous amphipods (Orchomene spp), and an isopod (Serolis
* Deceased.
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trilobitoides) (figure) were captured, or observed on the televi-
sion.

Seven hours of television videotape showed the activities of
the amphipods as they swam in and around the baited traps.
During one television run, the camera was placed by Clough
in one end of a trap to observe what went on during the trap-
ping operation. As the trap and camera reached the bottom,
400 to 500 amphipods quickly collected in and about the trap
from the nearby area where, possibly, they were attracted by
seal meat bait left lying on the bottom. When the trap was
lifted, several hundred amphipods fell out. When the trap en-
tered the ice hole, the animals became frantic and another
100 or so escaped. Some of these may have been observed
later (on the television) swimming near the bottom of the ice.
A total of 260 amphipods were caught during several trap-
ping runs. Of the amphipods retrieved, about 30 percent were
carrying eggs or brooding up to as many as 69 young. The
eggs were approximately 0.1 millimeter in diameter, and the
adults were approximately 3 centimeters long. Examination
of stomach contents indicated that most of the animals proba-
bly had nothing in their stomachs when they first entered the
traps, but they later ate seal meat bait. Bottom photographs
taken by Stanley Jacobs and Peter Bruchhausen of Lamont-
Dougherty Geological Observatory revealed two species of
fish.

Bottom samples representing an area of about 1/3 square
meter were collected (see Ronan et at., 1978). There were no
living animals in the mud, but dead shells of an ostracode, a
bivalve, snails, foraminifera, and what may be small worm
tubes were found.

The evidence completely analyzed to date suggests that
life under the shelf at the drill site, some 400 kilometers from
the open ocean, is neither very abundant nor particularly
diverse. It seems to be even less so than it is in very deep sea
areas where food is also scarce. At the drill site, the parts of
the food chain represented by infaunal detritus feeders seem
to be missing. Large animals such as the crustaceans and fish
are present in small numbers, but there are no smaller
animals as would be found in most other areas of the world's
oceans. There are bacteria, so it is surprising that the infauna
is missing. It is possible that the samples were inadequate or
that the area at the drill site is unusual and not representative
of the entire bottom under the Ice Shelf.

usccc Burton Island was utilized to collect material from
the Ross Sea near the Barrier and along Victoria Land to pro-
vide a basis for comparison with material from J-9. Forty-two
stations were occupied, with sampling done by Smith-MacIn-
tyre Grab, Blake Trawl, and fish traps. This material revealed
more or less typical antarctic assemblages quite different
from what we found under the ice shelf.

Comparative work in McMurdo Sound using scuba was
done during 80 man-dives. Comparisons were made between
the eastern side of the sound, which receives south-trending
nutrient-rich water, and areas on the western side of the
sound, which are bathed with nutrient-poor, north-trending
water (Dayton and Oliver, 1977) that may originate from
under the Ross Ice Shelf. This work focused on microscopic
and small organisms, especially foraminifera. The trophic
strategies of benthic foraminifera also were studied.

d.

Scrolls trllobitoldes (Eights) captured in traps baited with seal meat at the nisp drill site, J-9. (Right, dorsal view; left, ventral
view. The specimen, the only isopod captured, is 7 centimeters in total length.)
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This field program was supported by National Science
Foundation grant DPP 76-1723 1. For much help, we thankJay
Ardai, Peter Bruchhausen, and Stanley Jacobs of the Lamont
Geological Observatory; Lisa Campbell, Dave Karl, and
Farooq Azam of Scripps Institution of Oceanography; Peter
Webb and Fra. Howard Brady of Northern Illinois Univer-
sity; the RISP drill team; and U.S. Navy Antarctic Support
Force flight squadron VXE-6 and usccc Burton Island crews.
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Sediments and life under the Ross
Ice Shelf (J-9), Antarctica

THOMAS E. RONAN,JR.*

Department of Earth and Space Sciences
University of California

Los Angeles, California 90024

JERE H. Li PPS and TED E. DELACA

Department of Geology
University of California

Davis, California 95616

Although the general biology of the antarctic seas is
relatively well known from a descriptive view, little is known
about life under the permanent ice shelves (Lipps et al.,
1977). If life does exist far under an ice shelf, the sediments
would be of great interest because they afford food and
shelter for benthic organisms and contain a record of the
biota through geologic time. Our plan as participants in the
1977-78 Ross Ice Shelf Project (RIsP) was to obtain bulk sam-
ples of bottom sediment for biological study at the Ross Ice
Shelf U-s ) (82°22'S, 168°38'W.), a remote drill site located
some 450 kilometers from McMurdo Sound. Our bottom
sampling , equipment consisted of a modified cylindrical
sphincter corer (Burke, 1968) with an internal diameter of
22.5 centimeters, for use in an ice hole with a predicted work-
ing diameter of 25 centimeters. A remote television camera
(with surface monitor and videotape recorder) was used in
conjunction with our corer to study the sea floor at the drill
site. Ten successful coring runs with our sampler yielded

* Deceased.

about 1/3 square meter of bottom sediment cored to a mean
depth of 10 centimeters. Because this portion of the ice shelf
moves northeastward at a rate of about 1 me4er per day
(Zumberge, 1971), we sampled along a track about 12 meters
in length.

Although our results are biased by the limited number of
samples collected and the restricted area from which they
were gathered, we believe the J-9 sea floor to be unusual in
several respects:

1. Although the sediment may be reworked, there appears
to be no Pleistocene or Recent sediment at the drill site; fossil
diatoms and foraminifera indicate a deposit of mid-Miocene
age (Webb and Brady, 1978). The rich assemblage of
planktonic and benthic microfossils in the sediment suggests
that a thick ice cover was absent at the site during the
Miocene.

2. Bottom photographs under the sea ice in the McMurdo
area, and elsewhere in the world ocean (Heezen and
Hollister, 1971), show much evidence of biological activity on
the sea floor in the form of animal tracks, trails, and burrows.
In contrast, videotapes of theJ-9 sea floor show a depositional
interface carpeted with indurated clay fragments and cobbles
but devoid of biological activity and epifaunal organisms.

3. Even more unusual was the absence of biological mix-
ing of the sediment cores. X-radiography (figure) of vertical
sections of four sphincter cores showed no burrow structures
or indications of a remnant bioturbate texture, suggesting that
bottom fauna has been absent from the drill site since the
deposition of the sediment (Ronan and Lipps, 1978). The
biological processing of 0.15 square meter of sediment thus
far has revealed only a few dead foraminifera tests and several
isolated shells of an ostracod, bivalve, and gastropod along
with a problematic worm tube. Micro-organisms, however,
are not absent from our sediments. Azam et al., (1978) have
shown that there are bacteria and probably other microbes in
the sediment, but their numbers are low, perhaps fewer than
in nutrient-poor areas of the deep sea.

X-radiograph of a vertical sediment slice from RISP sphincter
core 5-2. The sediment has the texture of glacial till, with in-
durated clay fragments and striated pebbles scattered
throughout the core material. Living animals and blogenlc

sedimentary structures are absent from the X-ray photo.
To understand the geological history of the sediments and

the biological environment under the Ross Ice Shelf, we plan
to secure additional samples from the drill site and to core
other localities distant fromJ-9. We shall not have a good un-
derstaiding of the habitability of the sediments until we know
a great deal more about its organic matter and associated
micro-organisms, which we call detritus, and its importance
as a food for sediment-dwelling organisms. We also plan
further study of our sediments using high-resolution gas
chromatography and mass spectrometry to examine the
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natural organic components and to determine what consti-
tuents (if any) still have food value for benthic invertebrates.

Coring operations and sediment processing were con-
ducted at the drill site from 16 to 30 December byJ. H. Lipps,
T. E. Delaca, W. M. Showers (all of the University of
California, Davis), and T. E. Ronan (University of Califor-
nia, Los Angeles). We thank Lisa Campbell, 0. Ford, J . Ar-
dai, and Valerie Russell for assistance of various sorts. This
research is funded by National Science Foundation grant DPP
76-17231.
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Birds of the Weddell Sea

ROBERT M. ZINK'

J. F. Bell Museum of Natural History
University of Minnesota

Minneapolis, Minnesota 55455

This report briefly summarizes the results of 100 hours of
pelagic observation of seabirds conducted from aboard the
USCGC Glacier during the austral summer of 1976 as it cruised
the Weddell Sea from 9-29 February in support of the Inter-
national Weddell Sea Oceanographic Expedition (IwsOE). In
addition, some pelagic observations of birds taken during the
1973 IwsOE (23 January to 26 February) by David F. Par-
melee and S. D. MacDonald are included. The route of each
cruise is given in figure 1.

'Present address: Museum of Vertebrate Zoology, University of
California, Berkeley, California 94720.

Figure 1. Routes of uscoc Glacier in 1973 and 1976. (for the
1976 cruise, circles indicate the ships noon [Gin] position and
the numbers refer to date. from 9-29 February. For the 1973
cruise [23 January-26 February] the dates given do not

necessarily refer to noon position.).

The method of obtaining pelagic data on antarctic marine
birds is given elsewhere (Parmelee 1977; Zink, in prepara-
tion). Table 1 summarizes the distribution of sampling effort
(a function of the schedule of the oceanographic program) on
open seas and two arbitrary chosen pack ice concentrations
during 1976. During 1973 most of the observations were from
open seas.

Table 1. Summary of census hours and area censused in the
Weddell Sea (1976)

Census km 2 of
General habitat	 hours	census	(%)

Open water
underway	 48.9	547.4	78.4
adrift'	 18.2	-	-

Pack ice (14)b
underway	 17.9	122.0	17.5
adrift	 7.8	-	-

Pack ice (58)b
underway	 4.3	29.0	4.1
adrift	 2.9	-	-

Totals	100.0	698.4	100.0

'Refers to observations taken while ship was adrift on oceanographic
stations.
bNumbers refer to oktas (eighths) of pack ice concentrations; 0 open
seas, 8 solid pack.

A total of 14,376 individuals of 22 species was recorded in
1976; the relative frequency of each species occurrence and
general habitat preference are given in table 2. Density esti-
mates were computed from 1976 data and some are given in
table 3. The findings of the 1973 study are given in Parmelee
(1977).

The Adlie penguin (Pygoscelis adeliae), antarctic petrel
(Thalassoica antarctica), arctic tern (Sterna paradisaea), and snow
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Table 2. Number of birds sighted during 100 hours of shipboard observation in the Weddell Sea (9-29 Febrary 1976).

	Percen	Percent	Percent

	

sightings	sightings	sightings
Species	 Number	Percent	open water'	pack (14)b	pack (58)b

Adéliepenguin	 4,689	32.62	-	 89.90	 10.10
Snow petrel	 3,527	24.53	11.96	 73.15	 14.89
Antarctic petrel	 1,757	12.22	28.23	 63.97	 7.80
Arctic tern	 1,547	10.76	76.20	 18.20	 5.60
Wilson's storm-petrel	 949	6.60	90.00	 4.10	 5.90
Southern fulmar'	 709	4.93	99.60	 0.10	 0.30
Cape pigeon	 694	4.83	98.80	 0.30	 0.90
Antarctic prion	 112	0.78	100.00	 -	 -
Giant fulmar	 106	0.74	77.40	 15.10	 7.50
Chinstrap penguin	 91	0.63	100.00	 -	 -
Light-mantled sooty albatross	 29	0.20	100.00	 -	 -
Black-bellied storm-petrel	 27	0.19	100.00	 -	 -
Sooty shearwater	 24	0.17	100.00	 -	 -
Wandering albatross	 23	0.16	100.00	 -	 -
Gray-headed albatross	 21	0.15	100.00	 -	 -
Emperor penguin	 16	0.11	-	 75.00	 25.00
Black-browed albatross	 16	0.11	100.00	 -	 -
Blue petrel	 13	0.09	100.00	 -	 -
Skua	 10	0.07	40.00	 30.00	 30.00
Sheathbill	 6	0.04	67.00	 33.00	 -
White-chinned petrel	 6	0.04	100.00	 -	 -
Southern black-backed gull	 4	0.03	75.00	 25.00	 -

Total	 14,376	100.00	-	 -	 -

alcebergs may be nearby.
b Numbers refer to oktas (eights) of pack ice concentration; 0 open seas, 8 solid pack.
'On 27 February 1976 at 61°57'S.54°56'W. (80 kilometers southwest of Clarence Island) over 7,200 additional southern fulmars were observed
in 90 minutes as they flew toward Clarence Island.

Table 3. Density estimates for selected species, b

Open water	 Pack ice	 Specific habitat for

	

density	 density	 highest maximum
Species	 Mean	Max.	Mean	Max.	density (if applicable)

Emperor Penguin	 -	-	.14	.50	 4-5 oktas
Adélie Penguin	 -	-	7.0	101.75	 3-4 oktas
Southern giant fulmar	 .15	.99	.11	.48	 -
Cape pigeon	 1.0	4.20	-	-	 -
Snow petrel	 .61	5.93	8.0	98.69	 2-3 oktas
Antarctic petrel	 .57	5.85	3.0	58.41	 3-4 oktas
Antarctic prion	 .21	1.72	-	-	 -
Wilson's storm-petrel	 1.44	9.65	.44	4.38	 -
Arctic tern	 2.67	27.54	1.40	3.39	 -

alfl square kilometers
bDensit ies were estimated from the underway censuses (see table 1) by dividing the number of individuals seen by the area censused. There were
36 censuses in open water (x 15.2 km 2 S. D. 9.97), 14 in 1-4 oktas of pack ice (x 13.5 km 2, S.D. 6.25), and five in 5-8 okias of pack ice
(7 5.8 km 2 , S.D. 2.57). The pack ice censuses were combined to estimate the densities given in this table.

petrel (Pagodroma nivea) were the most abundant species com-
mon to both the 1973 and 1976 studies. These species, in ad-
dition to the emperor penguin (Aptenodytes forsteri), cape
pigeon (Daption capense), Wilson's storm-petrel (Oceanites
oceanicus), and antarctic prion (Pachyptila desolata) are proba-
bly the primary constituents of the avifauna of the Weddell
Sea. Of course, it should be noted that a ranking of these
species by biomass (and relative abundance) would depict
better the impact each species has upon the ecosystem.

Species typical of open seas. The primary species found in
open water were the arctic tern, southern fulmar (Fulmarus
glacialoides), Wilson's storm-petrel, cape pigeon, antarctic
prion, and the giant fulmar (Macronectes giganteus). The mean
density (from 1976) for each of these species was 2.67, 4.1
(between 61°S.-63°S. only), 1.44, 1.0, 0.21, and 0.15 in-
dividuals per square kilometer respectively. Southerly range
extensions (Watson 1975) were obtained for the sooty shear-
water (Puffinus griseus) on 17 February 1976 at
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670 35'S.41 0 02'W. and for the wandering albatross (Diomedea
exulans) on 1 February 1973 at 70°36'S. 13°58'W. Arctic terns
were seen in pack ice, but they reached maximum concentra-
tions in open water with icebergs present (Parmelee 1977).
The southern fulmar was seen in 1976 mainly between
61°-63°S. and over open water (footnote a, table 2). The
maximum density of Wilson's storm-petrels was 9.65 per
square kilometer at 67°27'S.41 0 56'W. on 15 February 1976,
while the mean density was 1.44 per square kilometer in most
areas censused. The cape pigeon rarely was seen south of
65°S. The antarctic prion was seen in low numbers
throughout most of the areas censused. Giant fulmars fre-
quently trailed the ship, waiting for refuse to be dumped or
some prey item to be exposed by the propeller wash. The
chinstrap penguin (Pygoscelis antarctica) was seen in open seas
in 1976, often far from pack ice, and was recorded aS far
south as 67'26'S.42' 12'W. on 17 February 1976. The light_
mantled sooty albatross (Phoebetria palpebrata), wandering
albatross, sooty shearwater, blue petrel (Halobaena caerulea),
white-chinned petrel (Procellaria aequinoctialis), and black-
bellied storm-petrel (Fregatta tropica) were sighted infre-
quently, and no density estimates were computed.

Species noted primarily on pack ice. The primary species of the
pack ice were the Adelie penguin, emperor penguin, snow
petrel, and antarctic petrel. The emperor penguin was widely
dispersed in the region censused in 1976 although they were
encountered in higher numbers in the southeastern Weddell
Sea during 1973. Adelie penguins were seen in large numbers
in the northern limits of the summer pack ice in 1976, be-
tween 67°64°S. and 49°-51°W. (maximum density on 21
February). Further information is needed to determine the
actual occurrence of this species in the vast areas of the Wed-
del Sea pack ice. Most of the Adelies were grouped around
feces-stained ice hummocks and pressure ridges; figure 2
depicts such a situation. In spite of a few local concentrations,
the occurrence of snow petrels was uniform in most regions of
pack ice visited by both expeditions. The antarctic petrel
seemed to inhabit most regions studied. Large flocks of ant-
arctic petrels commonly were encountered resting on floes
and icebergs. While more inclined to forage over open water,
the antarctic petrel also foraged in older pack ice (see figure
3). The arctic tern, skua, and southern black-backed gull
(Larus dominicanus) often were seen in pack ice; however, in-
sufficient data were obtained to draw conclusions about their
respective importance.

The Weddell Sea is available for avian exploitation for a
short period each year. The austral winter (April to October)
finds the Weddell Sea essentially covered with ice, and, for
the most part, useless to birds. During the austral summer,
however, more than 20 species can be found in the Weddell
Sea, and while there are relatively few species in pack ice or
open water environments, the species often are abundant.

Because of harsh maritime conditions and heavy pack ice
concentrations, there have been few studies on the avifauna
of this region (Clarke 1907; Cline et al. 1969; Novatti 1962;
Parmelee 1977). Participation in the IWSOE program has in-
creased our understanding of the pelagic ecology, behavior,
and distribution of birds in the Weddell Sea; however, much
remains to be learned.

This study was financed by National Science Foundation
grant opp 74-21374 to David F. Parmelee. I thank Dr. Par-
melee for his advice and assistance throughout the project.
The crew of the USCGC Glacier was very helpful; Steven M.
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Figure 2. Adelie penguins in the Weddell Sea peck ice, 22
February 1976. (See text.)

/

Figure 3. Antarctic petrels in the Weddell

TIM

 Sea peck ice on 24
February 1976, feeding on krill (Euphausa sp.). The surface of
this cake of ice has disintegrated, leaving subsurface ice
(with Its associated holes and tunnels) exposed. Older ice
such as this, with its deteriorating subsurface and uneven
surface, seemed more attractive to birds than newer, more
uniformly structured ice. Thus it is apparent that the type of
Ice as well as its concentration (that is, okta rating) influence

the occurrence of birds.

Kozlechar assisted with field observations. D. B. Siniff, R. J.
Oehlenschlager, G. F. Barrowclough, R. M. Timm, D. W.
Warner, W. F. Fraser, B. Barnes, G. E. Nordquist, and J. E.
Eldridge offered useful suggestions on various aspects of this
work. I thank Ned K. Johnson for comments on the
manuscript.
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Winter observations of birds at
Palmer Station in 1977

BRIAN M. GLASS

Field Biology Program
University of Minnesota

Minneapolis, Minnesota 55455

Between 8January and 5 December 1977 I observed, col-
lected, and banded resident and transient birds in the vicinity
of Palmer Station. Bonaparte Point and Humble and
Shortcut Islands were the principal study areas, but I worked
at several other locations in Arthur Harbor and Biscoe Bay
when ice conditions permitted. Although I took notes on all
species encountered, I concentrated my efforts on winter
social behavior of the southern giant fulmar (Macronectes
giganteus) and the trial use of a new radar system for following
migrations and winter feeding flocks of birds.

During the 1976 1977 giant fulmar breeding season, I
took nest counts and made behavioral observations from
January to May. Those activities concerned with the care of
the chicks, defense of the nest, fledging of young, and court-
ship of inexperienced birds were documented in detail.
Another major effort was the banding of nearly every nestling
throughout the study area between 2 March and 5 May.
Since mortality in chicks appears to be very low at the age
they were banded, I estimate that most if not all of the 265
young banded also fledged in 1977.

I recorded the complete overwinter behavioral repertoire
of a colony of nine pairs of southern giant fulmars (birds col-
or coded with plastic leg bands for individual recognition) on
Bonaparte Point. They were observed with a 60X scope from
a blind 230 meters away to diminish any effect my presence
might have on their behavior. I completed 141 hours of obser-
vation of the colony between 9 March and 5 December
(about 20 percent of that time was quantitative, with behavior
recorded every 30 seconds). Whenever possible, I collected
food pellets (approximately 200) found near nests, as well as
samples obtained from defensive regurgitations. These will
be analyzed to determine the kinds of food taken in winter.

Preliminary analysis of data indicates that intraspecific
behavioral interactions that take place in winter may be im-
portant in the bird's adaptation to the antarctic environment.
Courtship behavior at nest sites was common even in mid-
winter, and a long prelaying period of frequent and some-
times promiscuous courtship occurred at the Bonaparte col-
ony from 4 August until early November. Brief periods of ab-
sence from the colony during this period of time may be com-
parable to the prelaying exodus reported by Conroy (1972),
or perhaps may be caused by weather and ice conditions.
Copulations were infrequent in September and October.
Although several islands showed only a small reduction in

numbers of pairs during the winter, the Bonaparte study col-
ony was virtually deserted from 19 May to 1 June and from
late June to early August, for reasons unknown. The first egg
of the 1977-1978 breeding season was noted on 7 November.
Data on egg laying dates, nest relief timing, and nest counts
were recorded until I left the study area in December.

I documented winter movement of birds through the
Palmer region by telescopic and radar observations. With the
cooperation of a University of Nevada project, I filmed an X -
band radar screen time-lapse for a total of 713 hours between
11 May and 9 October. At certain times echoes were noted
that seemed unlikely to be anything but large flocks of
seabirds (Parmelee et al., 1977). The films could be important
in documenting migration in the region.

With the aid of a spotting scope I observed antarctic
petrels, cape pigeons, and snow petrels off Palmer, where the
seas appear to be an important winter feeding ground for
fulmarine petrels. I collected three snow petrels for analysis of
stomach contents. Plankton samples from waters being inten-
sively fished by these birds turned up viable juvenile krill on
23 May.

Blue-eyed shags were see throughout the winter. Their
numbers dropped in July but increased after 5 August.
Although fast ice prevailed from 9 July to 5 December, I was
able to visit Cormorant Island on 26 and 29 August, when
there was a brief period of open water. Active nest building
was taking place at this time (figure). In addition to observing
shags, I obtained much information on overwintering
sheathbills, southern black-backed gulls, and antarctic terns
and also accumulated considerable data on breeding
Wilson's storm petrels and south polar and brown skuas from
27 October to 5 December.

-\

•	.	:
Winter nest building and courtship behavior of blue-eyed
shags as observed on Cormorant Island on 26 August 1977.
Note that the nest sites are mostly covered with snow on this

date. (Photo by S. J. Williams.)
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Impact of unfavorable ice
conditions on bird productivity at
Palmer Station during the 1977-78

field season

DAVID F. PARMELEE, NEIL BERNSTEIN, and DAVID R.
NEILSON

Field Biology Program
University of Minnesota

Minneapolis, Minnesota 55455

Since 1974 we have demonstrated that the south polar
skua (Catharacta maccormicki) and the brown skua (C. lonnbergi)
occupy common breeding grounds and interbreed to some
extent in a narrow zone of overlap west of the Antarctic
Peninsula, including the Palmer Station (64°46'S.64°03'W.).
Although it is too soon to determine whether the hybrid
young are fertile (20 F 1 hybrids banded and color coded), we
have been able to study ecological and behavioral differences
in the two species under identical environmental conditions.

Our first hypothesis was that although both are predators
and scavengers of renown, basic feeding requirements of the
two species during the breeding season are different. We
believed that they partition the feeding grounds and food
resources in vastly different ways to meet these requirements.

It soon was apparent to us that the brown skua depended
almost exclusively on penguin colonies for food and that their
numbers of breeding pairs more or less adjusted to penguin
numbers and especially to available territories near the
penguin rookeries.

South polar skuas fed mostly at sea and regularly brought
krill and fish to their young. Their at-sea foragings were
clouded by the species' propensity to visit artificial feeding
sites, such as station dumps, or to be fed by hand. Individual
rogues in the population also preyed heavily on smaller birds,
such as tern eggs and chicks, and predation of this sort is con-
spicuous. But there never was much doubt that the sea is the
principal feeding ground for most breeding south polar
skuas. Parent birds feeding young regularly flew out to sea
and upon their return regurgitated krill and fish before their
chicks.

At Palmer we witnessed heavy concentrations of south
polar skuas during the 1974-75 and 1975-76 breeding
seasons. Although the birds are highly territorial and defend
their nesting spots and young viciously from intrusion and
predation by other skuas, territories of these birds were com-
pressed to the point where it was not unusual to see nests as
close as 15 to 20 meters apart in the choice breeding areas
(Parmelee etal., 1977). Moreover, two chicks, rather than the
usual one, attained fledging age from these many nestings,
resulting in the largest productivity on record for the species.
At the same time, southern black-backed gulls (Larus
dominicanus) were establishing new highs in productivity.

Our second hypothesis was that the sea in the Palmer area
was exceptionally rich in foods for these birds. We based this
belief mostly on the unusual behaviors of the gulls on their
breeding territories and on the extraordinarily high survival
rates of young gulls and south polar skuas. Scientists who
studied the marine waters in Gerlache Strait not tar away add

credibility to this hypothesis (El Sayed, 1968).
The 1976-77 and 1977-78 seasons at Palmer were ye

different climatically from the previous two. Late summe
storms in 1976-77 prevented efficient foraging by adult south
polar skuas, causing many of their young to starve. The
resulting drop in south polar skua productivity was astound-
ing. The early nesting gulls and terns experienced normal
productivity, since they managed to get their young beyond
the fledging stage before the late summer storms developed.
Penguins and shags not hampered by the storms bred nor-
mally, as did the brown skuas dependent on the penguins.

Ice remained locked to the shore well into the 1977-78
breeding season and spelled disaster not only for the south
polar skuas but also for the gulls and terns. The tharked skuas
returned to their breeding spots on schedule, defended their
territories, and in a few cases even laid eggs. But not one of
these hatched. From a record high, chick productivity fell to
zero. The male south polar skuas had occupied their tradi-
tional territories throughout the long, chickless nesting season
that extended from November to April. They left their territo-
ries periodically to fly to presumed feeding areas free of ice,
but invariably they returned after several days' absence.

Terns fared no better that year. A few dropped eggs on the
breeding grounds, but these were not even incubated. Gulls
preying on limpets and fish managed to carry their nesting
beyond the incubation and hatching stages, but one by one
their chicks died, presumably of starvation. So far as we could
determine only a single gull chick fledged, indicating a prod-
uctivity near zero.

Once again neither the penguins and shags nor their
respective predators, the brown skuas and sheathbills,
showed a noticeable drop in productivity. But not a single hy-
bridizing pair composed of a south polar skua (usually male)
and a brown skua (usually female) paired and bred suc-
cessfully that year. Matings likely were not consummated
because the male south polar skuas could not forage suc-
cessfully in the frozen sea. As with nonhybridizing south
polar skuas, productivity of the hybridizing pairs was zero.

These important field observations not only support the
hypothesis that south polar and brown skuas have distinctly
different feeding requirements in the Palmer area; they also
clearly indicate that unfavorable ice conditions are important
barriers to hybridization in the polar environment.

Brian Glass completed his overwintering observations at
Palmer in December 1977. Like David R. Neilson and
William R. Fraser before him, he noted much winter activity
at the Palmer breeding grounds, as well as large migrations or
movements of several species of petrels during the winter
period. One cannot dismiss birds as unimportant winter con-
sumers in the southern oceans on the assumption that they do
not occur there in sufficient numbers at that time. The unsta-
ble ice conditions west of the Antarctic Peninsula may well
turn out to be a vastly more important winter feeding ground
than heretofore believed.

This work was supported by the National Science Foun-
dation grant DPP 76-15350.
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Dispersal of algae and Protozoa by
antarctic flying birds

H. E. SCHLICHTING,JR. andB.J. SPEZIALE

BioControl Company, Inc.
Port Sanilac, Michigan 48469

R. M. ZINK'

J. F. Bell Museum of Natural History
University of Minnesota

Minneapolis, Minnesota 55455

Cyanophyta, Chlorophyta, and Bacillariophyta are the
predominate freshwater algae found in the antarctic (Holm-
Hansen, 1964; Parker et al., 1972; Cameron, 1972). These
species can withstand diurnal freeze-thaw cycles; low
humidities, annual precipitation, and magnetic field; and
high winds and incoming radiation as well as high sublima-
tion and evaporation rates so typical of the antarctic climate.
Organic carbon and nitrogen also are extremely low except in
a few areas where algal soil crusts have accumulated
(Cameron, 1972). Cameron (1971) listed 14 species of Pro-
tozoa and 26 species of algae identified from the antarctic.

It has been well established that in the temperate zone
many microalgae and Protozoa are dispersed by air currents
(Schlichting, 1969). In contrast, the antarctic air is relatively
free of microbes and insects and, therefore, birds probably
are the most important agents dispersing microbes within
antarctic ecosystems. Blue-green and other algal growth was
most abundant where concentrations of guano, such as from
skuas, were present (Cameron, 1972). Various studies of dis-
persal by birds in the temperate zone have been conducted for
algae and Protozoa (Atkinson, 1972; McGuire, 1963; Proctor,
1959; Proctor and Malone, 1965; Schlichting, 1958, 1960;
Sides, 1973), zooplankton (Loffler, 1963), and fungi
(Warner, 1967; Warner and French, 1970). No studies have
been conducted on the dispersal of these microorganisms by
birds into and out of the Antarctic.

The bird specimens were obtained during the 1976 Inter-
national Weddell Sea Oceanographic Expedition and earlier
at Palmer Station. Specimens were shot, sealed in plastic bags
immediately upon retrieval, and frozen for later analysis. The
south polar skua (Catharacta maccormicki) and southern black
backed gull (Larus dominicanus) specimens were collected over
land at Palmer Station. The other species, arctic tern (Sterna
paradisaea), cape pigeon (Daption capense), and giant fulmar
(Macronetes giganteus) were collected at various locations in the
Weddell Sea with the aid of the USCGC Glacier. Birds taken at
sea were retrieved from the water within 5 minutes of shoot-
ing. Collection dates and localities for each specimen are
listed in table 1. The microorganisms cultured are given in ta-
ble 2.

Although the 15 bird specimens were frozen approx-
imately 3 months prior to taking sample washings, nine birds
rendered positive cultures containing nine species of algae,
nine Protozoa, and 12 fungi. Three arctic terns, three cape
pigeons, two giant fulmars, and one south polar skua
transported microalgae and/or Protozoa.

These data are supported by Sides' (1973) findings that
gulls more frequently carried microorganisms externally than
internally. Atkinson (1972) also found little evidence of
phytoplankton organisms transported internally. Schlichting
(1960) showed great reductions in both numbers and species
of algae and Protozoa carried externally by ducks after ex-
posure to the air for 8 hours.

All species of blue-green algae sampled from the arctic
terns collected in Antarctica, Anacystis marine, A. montana,
Nostoc commune, and Schizothrix calcicola, have been collected
from pools on Ellesmere Island, Northwest Territories,
Canada (83°08'N.), less than 800 kilometers from the North
Pole (Croasdale, 1973) and from antarctic soil (Cameron,
1971). This suggests that these blue-green algae, seldom
found in atmospheric samples (Schlichting, 1969), may be
transported between polar regions by birds. Thomson (1977)
suggests that long range dispersal and establishment of bipo-
lar lichens may be occurring. Usnea sulpharreus, for example,
grows on rocks in northern Greenland and some arctic is-
lands of Canada as well as the antarctic. Explanation for the
means of such disjunctive dispersal has been exceedingly
controversial. Suggestions include: (1) separate evolution of
the species in the two polar regions; and (2) dispersal by birds
migrating along such mountain chains as the Rocky Moun-
tains and the Andes. (Possible evidence of such migration
routes is certain lichen species at a few intermediate locations
in the southern Andes.).

Characteristics of the antarctic soil bacterial species ap-
pear to be most similar to those isolated from soils of the
Chilean Atacama Desert. Mycococcus sp., found in Antarctica
as well as Chile, also occurs in high mountain soils. It ex-
hibits pleomorphism which may aid survival in harsh en-
vironments (Cameron et al., 1970). This also may be true of
the algae and Protozoa (Schlichting and Bruton, 1970;
Trainor et al., 1971).

South polar skuas banded at Palmer Station have been
recovered along the coasts of Argentina and western Mexico
(Baja, California), and from Greenland (Parmelee et al.,
1977). Watson (1975) indicated that skuas regularly disperse
northward to the subtropics during the austral winter and less
often into the Northern Hemisphere. Thus, the south polar
skua as well as the arctic tern may transport micro-organisms
between polar regions, although the skuas examined in this
study did not have positive tests for these blue-green algal
species.

Organisms are not found in all suitable habitats. Their
restriction may be attributed to competition in reaching suita-
ble habitats; or repeated invasions may modify the habitat
and finally allow for their establishment.

Field collections in the Antarctic were supported by Na-
tional Science Foundation grant OPP 74-21374 under the
direction of David F. Parmelee. The authors used facilities at
Bell Museum of Natural History and the Forestry and
Biological Station, University of Minnesota. Eugene Royce,
Department of Zoology, University of Kansas, assisted in the
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Table 2. Algae and protozoa cultured from sterile washings of
selected antarctic flying birds.

Specimen	Area of	Culture
number	washing	media'	Organisms culturedb

Arctic tern
1905 1	Feet	1&2	Anacvstis marina

Schizothrix calcicola
Tetracystis like
UncI. zooflagellate

1&2	Chlorella vulgaris
Nostoc commune
Schizothrix calcicola
Bodo like
Unci. zooflagellates (2)

1&2	Chlorella sp.
Unci. zooflagellate

3	Schizothrix calcicola

1&2 Anacystis marina
Chiorella vulgaris
Nostoc commune
Tetracystis like
Mastigamoeba sp.

1&2	Chlorella sp.
Bodo like
UncI. zooflagellates (2)

1&2	Chlorella minutisima
Valkamphia umax type
Monas sp.

1&2	Anacystis montana
Tetracystis like
Mastigamoeba sp.
Monas sp.

1&2	Anacystis montana
Chiorella vulgaris
Chiorella zofingiensis
Nostoc commune
Unci. zooflagellates (2)

3	Anacystis marina

1&2	Chlorella sp.
1&2	Chiorella sp.

Tail
Feathersc

Wing
Feathers
Breast

Feathers
1905 3	Bill

Wing

2305 4	Feet

2305 6	Breast
Feathers

Feet

Cape pigeon
0306 8	Tail

Feathers
0306 9	Gullet

Wing
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Table 1. Antarctic birds collected.

Specimen	 Date

	

Bird	Number	 Species'	 Collection Location	(1976)

	

1	0306 8	 Giant fulmar (Macronectesgiganteus)	 66052'S.49056'W.	20 Feb

	

2	0806 11	 Giant fulmar (Macronectesgiganteus)	 59053'S.52028'W.	29 Feb

	

3	0306 10	 Cape pigeon (Daption capense)	 3Jun

	

4	0306 9	 Cape pigeon (Daption capense)	 640 15'S.43°56'W.	3Jun

	

5	2305 6	 Cape pigeon (Daption capense)	 64015'S.43056'W.	12 Feb

	

6	2305 7	 Cape pigeon (Daption capense)	 59053'S.52028'W.	29 Feb

	

7	1905 1	 Arctic tern (Sterna paradisaea)	 670 12'S.45°35'W.	18 Feb

	

8	1905 s	 Arctic tern (Sterna paradisaea)	 67012'S.45035'W.	18 Feb

	

9	1905 3	 Arctic tern (Sterna paradisaea)	 67012'S.45035'W.	18 Feb

	

10	2305 4	 Arctic tern (Sterna paradisaea)	 67012'S.45035'W.	18 FebII	2305 5	 Arctic tern (Sterna paradisaea)	 670 l2'S.45°35'W.	18 Feb

	

12	NAb	 Southern black backed gull (Larus dominicanus)	 Old Palmer Station	7 Feb

	

13	NA	 Southern black backed gull (Larus dominicanus)	 Old Palmer Station	7 Feb

	

14	NA	 South polar skua (Catharacta maccormicki)	 64046'S.64004'W.	7 Feb

	

15	NA	 South polar skua (Catharacta maccormicki)	 64046'S.64004'W.	7 Feb

'Taxonomy after Watson (1975)
b NA= None assigned.

0306 10	Feathers
0306 10	Feet	1&2	Unci. zooflagellate

Giant fulmar
0806 II	Bill	1&2	Anacystis marina

Monas sp.
Saccamoeba stagnicola
Valkamphia spp.

Gullet	1&2	Anacystis marina
Monas sp.
Saccamoeba stanicola
Vahlkampfia spp.

	

Feet	3	Chlorella sp.
Unci. zooflagellate

South polar
skuad

	

Feces	1&2	Chlorella sp.

'Media utilized: 1. Bold's basal medium & soil water extract (50/50)
2. Bold's basal medium, soil water extract and 3
drops sodium silicate per 100 milliliter
3. Erdschreiber's medium & 20 percent soil water
extract

bAlgal taxonomy after Bold (1970), Drouet (1968), Drouet and Daily
(1956), Fort (1964), and Kantz and Bold (1969). Some protozoan
identifications were made by Eugene Boyce, University of Kansas.
'The three longest feathers on the wing and tail were sampled.
dOnly bills and fecal matter were studied.

taxonomic study of the Protozoa; Clifford M. Wetmore pro-
vided laboratory facilities; and John W. Thomson, Depart-
ment of Botany, University of Wisconsin, Madison, critically
read the manuscript.
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Behavioral and ecological
adaptations in pygoscelid

penguins

D. MULLER-SCI-IWARZE, W. TRIVELPIECE and N.J.
VOLKMAN

Department of Environmental and Forest Biology
SUNY College of Environmental Science and Forestry

Syracuse, New York 13210

The objective of our work was to determine if and how
sympatrically breeding pygoscelid penguins partition critical
resources, i.e., time, breeding habitat, and food. During the
1977-78 field season, we collected a second season's data on
breeding success, predator-prey dynamics, interspecific in-
teractions, breeding habitat, food utilization, and rate of chick
growth of three pygoscelids.

From 1 November 1977 to 20 February 1978, W. Tn-
velpiece and N.J. Volkman stayed at the Polish Academy of
Sciences, Henryk Arctowski Research Station, in Admiralty
Bay near Point Thomas, King George Island, South Shetland
Islands (62°10'S. 58°30'W.).

In Admiralty Bay there are two rookeries, Point Thomas
and "Llano Point," (unofficial name) with breeding
penguins of all three pygoscelid species-the Adflie penguin
(Pygoscelis adeliae), the chinstrap penguin (P. antarctica), and
the gentoo penguin (P. papua).

Egg-laying began about 10 days later in 1977 than in
1976, probably because of unusually heavy sea ice during the
1977 austral winter. Ad€lies began egg-laying in late October
(exact dates unknown due to late arrival of investigators),
chinstraps on 19 November and gentoos on 7 November.
Peak egg-laying dates for Adélies and gentoos were 2 weeks
apart; those of gentoos and chinstraps were 8 days apart. A
similar spacing of egg-laying dates was observed during 1976.

We studied the food utilization in collaboration with Piotr
Presler, biologist at the Polish Academy of Sciences and Lodz
University. Whole and partial stomach samples were col-
lected throughout the breeding season. Euphausia suberba con-
stituted 99.7 percent of the diet of P. adeliae and P. antarctica by
volume, and fish and amphipods comprised the remaining
0.3 percent. P. papua stomachs were found to contain 85 per-
cent E. superba, 14 percent fish, and 1 percent amphipods.
White and Conroy (1975), sampling in the South Orkneys,
also found that E. superba made up nearly 100 percent of the
diet of Adélies and chinstraps. In contrast, they found that
fish constituted 100 percent of the gentoo's diet. The sex,
length, and weight of Euphausia in the stomach samples are
presently being analyzed.

The competition for breeding habitat between Adlie and
chinstrap penguins was monitored for a second season. In the
Pt. Thomas rookery, about 300 of the approximately 750
breeding chinstrap penguins obtained their nest site by ac-
tively displacing established Ad1ie pairs. Observations at
Llano Pt. indicated that about 50 percent of the chinstraps
used nests previously occupied by Adélies. The male
chinstraps arrived 1-4 days before their mates and competed
for nest sites with Adlies. As chinstraps began nesting 15 to
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20 days after the Adlies had begun nesting, the takeover of
nest sites by chinstraps caused Adélie egg losses. Adlies
banded in areas of interspecific competition for nest sites in
1976 showed less nest-site tenacity than Adlies in other col-
onies.

Preliminary analysis of our data indicates that of the three
pygocelids, Adélies and chinstraps have the most similar
resource requirements. These two species rarely breed in the
same rookery (Muller-Schwarze and Muller-Schwarze,
1975) and have very similar displays (Muller-Schwarze and
Muller-Schwarze, in preparation). That direct competition
for breeding habitat has been observed repeatedly is notewor-
thy in that such direct competition for critical resources is
seldom observed. Detailed analysis of our data should allow
us to judge further how similar the niches of the three
pygoscelids are, and also to hypothesize about the cause of the
direct competition between Adélies and chinstraps.

This work was supported by the National Science Foun-
dation through the Office of Polar Programs grant 7515506.
We thank the Polish Academy of Sciences, and in particular
Drs. Rakusa-Suszczewski,Jersak, and Zalewski, for generous
hospitality and assistance on many parts of our research.

TERRESTRIAL	 AQUATIC
EYE	 EYE

IN AIR

IN WATER

Figure 1. Schematic view of the effect of water on a terrestrial
eye and the effect of air on an aquatic eye.
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Corneal curvature and amphibious
vision in penguins

J. G. SIVAK

School of Optometry
University of Waterloo

Waterloo, Ontario, Canada

Scientists long have been fascinated with the study of the
means by which amphibious vertebrates cope with the optical
problem of moving from air to water or vice versa. The
problem is that the cornea refracts light when it is in air but
not when it is in water. Thus an eye that is adapted for under-
water vision becomes considerably over-refractive (myopic)
in air while a,n aerial eye is under-refractive (hyperopic) in
water (figure 1).

Until recently, scientists believed penguins were visually
adapted for seeing underwater and were therefore extremely

Figure 2. The overall shape of the penguin eye as compared
with that of the typical avian eye. The reduced convexity of

the cornea Is obvious.

THE AVIAN
EYE
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myopic on land (Duke-Elder, 1958; Walls, 1942). Apparently
this conclusion was based on observations appearing in popu-
lar and semipopular reports of antarctic exploration. For ex-
ample,James Murray (1910), biologist to the Shackleton Ex-
pedition of 1907-1909, wrote that "many of the apparent
stupid acts of penguins are to be traced to their very defective
sight in air."

Optical studies of four species of penguins at zoological
parks indicate a far different situation (Sivak, 1976; Sivak and
Millodot, 1977). Refractive measurements of the eyes of
blackfoot, rockhopper, gentoo, and king penguins reveal that
the eye has little or no refractive error in air and low to
moderate hyperopia in water. Photokeratoscopic study of cor-
neal curvature shows that the hyperopia induced by move-
ment into water is minimized in penguins by an abnormally
flattened cornea.

Preliminary results from gross and microscopic study of
the Adélie penguin's (Pygoscelis adelzae) eye support this earlier
optical work. Six eyes, preserved in 10 percent formalin, were
provided by' Sea World, Inc., of San Diego. The overall shape
of the eye is a truncated oval, the truncation resulting from
the flattened appearance of the cornea. This appearance is in
marked contrast with that of the typical avian eye (Walls,
1942) in which the radius of curvature of the cornea is much
smaller than that of the whole eye (figure 2).

The crystalline lens is much more spherical than the usual
bird lens. Possible cause is the decreased refractive impor-
tance of the cornea resulting from its flattened curvature.
Histological study reveals a striated ciliary muscle, a common
characteristic of the accommodative muscle in birds. This
finding suggests that penguins are capable of augmenting the
focusing power of the eye to compensate for whatever hy-
peropia is introduced in underwater conditions.

Further research will be directed toward the anatomical
study of ocular tissue from other species as well as toward the
effect of a flattened cornea on the visual field of the penguin.

This research was supported in part by the National
Research Council of Canada. I thank the Montreal
Aquarium, the Metropolitan Toronto Zoo, the Scottish Na-
tional Zoological Park, Edinburgh, and Sea World, San
Diego, for their assistance.

Three Adêlie penguin colonies on
the Hobbs coast, and a nesting site

of the snow petrel, Marie Byrd
Land, Antarctica

RUSSELL W. STRANDTMANN

Department of Biological Sciences
Texas Tech University
Lubbock, Texas 79409

Ade'lie penguins (Pygoscelis ade'liae). Four penguin colonies,
indicated on the map of Hobbs Coast, Marie Byrd Land,
Antarctica, were visited during December 1977:

1. Cruzen Island (74'45S. 140'40'W.), a small island
about 64 kilometers from the coast, is surrounded on three
sides by permanent sea ice and is nearly covered by snow and
ice. The only exposures are two shelves facing the sea. The
lower of these shelves is about 30 meters above sea level and is
large enough for about 100 penguin nests. The second shelf is
about 100 meters above the lower shelf and is just large
enough for a helicopter.

On 13 December we observed the Cruzen Island nesting
site (figure 1). The site was free of snow. There were approx-
imately 100 active nests, rather evenly distributed; the colony
was active and healthy, but we saw no chicks. We noted two
or three skuas and a few snow petrels flying.

The open sea off Cruzen Island had many lovely, flat-
topped icebergs.

2. Worley Point (74°25S. 132°48'W.) on Shepard Island
is a rolling plain, sloping gently to the shallow bay and rising

'
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Figure 1. Cruzen Island Adélie penguin colony in its
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teeply inland. The nesting area is about 1 to 1.5 kilometers
w ide by about 0.5 kilometer deep. The nests were on widely
teparated ridges (figure 2). When we visited the site on 14
December, it was suffering from a recent heavy snowstorm.
Many birds were head deep in snow, and many nests were
waterlogged and had been abandoned. We estimated approx-
imately 10,000 active nests, including those that had been
abandoned. There were no chicks. Skuas were numerous and
undoubtedly nested in the area, although we saw no eggs.

3. Mathewson Point (74°17'S. 132°30'W.), also on
Shepard Island, is a large exposure of several levels. The
lower level is perhaps 10-15 meters above sea level, the sec-
ond level some 30-40 meters above the lower, and the third
level, 30-50 meters above the second. The third level consists
of small shelves and ledges on the light-colored basaltic ridge
that rises steeply above the rookery. A steep slope between the
second and third level has penguin nests on parts of it. The
Mathewson Point colony was remarkable for the thin dis-
tribution of nests, with nest-bearing ridges on the first and
second levels widely separated in many isolated groups of
one, two, or three nests. All nests on the basalt ledges were in
small groups. The attrition rate from skuas may be very high.
The nesting area is roughly 2 kilometers wide by 0.75-1.5

kilometers deep. We estimated about 30,000 active nests. On
my 2 December visit, there were no chicks. Skuas were
numerous and protested our presence, but they had no eggs.
A second group visiting the colony on 12 December reported
skua eggs, but no penguin chicks.

On 2 December the penguin colony was suffering from
the effects of a severe snowstorm. Many birds were partially
buried, and many eggs had been abandoned.

4. Cape Burks (74°45'S. 136°50'W.) is reported on some
maps to have a penguin colony. We visited the area on 24
November 1977 and found no penguins nor any evidence that
penguins had ever been there. It is likely that the sea off Cape
Burks is never free of fast sea ice.

Snow Petrels (Pagodroma nivea). Snow petrels were seen at
all the steep and bluff-like exposures we visited on Marie
Byrd Land, but the only nesting birds we actually saw were in
the Perry Range (74°55'S. 134° 15'W.), where they were nest-
ing in the rubble of fallen boulders at the base of a 200-300
meter cliff. Two nests observed on 3 December apparently
had no eggs, but on 14 December, three nesting birds were
seen, each with one egg. (figure 3).

These field observations were made during research sup-
ported by National Science Foundation grant DPP 76-20056.

Establishment of a high antarctic
penguin colony and controlled

environment breeding of Adélie
penguins (Pygoscelis adeliae)

FRANK S. TODD

Hubbs[Sea World Research Institute
San Diego, California 92109

The final field phase in the establishment of an "ar-
tificial" high antarctic penguin colony took place in Novem-
ber 1977, when F. Todd, Scott Drieschman, Frank Twohy,
and Don Goldsberry collected 40 pairs of Adlie penguins
and 20 emperor penguins (Aptenodytesforsteri). The penguins
were airlifted via chilled C-141 from Ross Island to San
Diego, California, using the same transport techniques of the
previous season (Todd, 1977). Modification of acclimation
and husbandry techniques resulted in a substantial decrease
in mortality, from 30 to 1 percent. The experimental freezer
unit in San Diego was expanded to accommodate the new
penguins; it now measures 24.4 meters by 10.68 meters. An
additional 3.66 by 2.46 by 1.22 meters pool has been pro-
vided, and 3,500 kilograms of finely flaked snow is produced
daily within the unit.

In October, the Adlie penguins brought up the previous
season commenced courtship. The timing and sequence of all
courtship and breeding activities coincided with the behavior
of the penguins at the Cape Crozier rookery. Fifteen of 34
eggs ultimately hatched, and a significant amount of
parent/chick behavior was documented.

One important facet of the program was to determine
whether or not polar penguins could be hand-raised from the
egg. If future research requires captive colonies of penguins
that usually inhabit subantarctic regions, it would be easier to
move 100 penguin eggs in a 1 by 1 meter box than to move
adults. Hence, 80 Adélie eggs were transported to San Diego
in specially designed field incubators in which a temperature
of 36°C was maintained. Sixty-seven of these eggs hatched.
An artificial diet had previously been prototyped on newly
hatched Leach's storm petrels (Oceanodroma leucorhua). These
petrels proved to be excellent test birds because, Like
penguins, their young are fed by regurgitation.

The average hatching weight of the Ad€lie chicks was 83
grams. They exhibited three distinct color phases: uniformly
dark charcoal, almost white bodies with dark heads, and a
color intermediate between these two extremes. However, by
the time the chicks produced their second coat of down, all
were uniformly dark.

Hand-feeding large numbers of penguin chicks four or
five times a day with a syringe was a messy, time-consuming
task.. The problem of identification was solved by tying
different color combinations of embroidery thread around
one flipper of each chick, but this required changing every
few days as the chicks grew. Birds were weighed before and
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after each feeding, and a chick's weight determined the
amount it was fed. A certain percentage of chicks did not
begin gaining weight immediately, and we were able to pre-
dict their demise merely by examining the growth graphs.
Some chicks were vigorous at hatching; others were not. The
weaker chicks may have hatched from eggs set along the sides
of the field incubators, thus possibly exposing them to greater
temperature variances. It is possible that these subtle tem-
perature changes were not significant enough to affect
hatchability, but did affect viability.

A pair of adults having a chick in the experimental unit
was selected as a control pair, and a television camera was in-
stalled for 24-hour-a-day monitoring. Much of the data ob-
tained from this pair was used to develop the hand-rearing
techniques.

At 3 weeks of age, the chicks were deprived of heat and
chilled to 12.5°C. Huddling and creche behavior was noted.
The chicks were offered semisolids at this stage. At 5 weeks of
age, they were transferred to a rearing corral on the ice in the
research freezer, where their appetites improved considera-
bly. The chicks began to consume ice as soon as they were ex-
posed to it. By the end of the sixth or seventh week, they were
90 percent feathered and weighed in excess of 2,800 grams.

During the course of the rearing period, some very in-
teresting behavior was noted. For example, if a downy Adflie

left the security of the rock nesting pallets and ventured onto
the ice, numerous emperor penguins would race over and at-
tempt to brood it on the tops of their feet. This resulted in at
least one chick death. Forty chicks were reared to fledging
size. These young birds are extremely important because
now, for the first time, the population contains birds whose
ages are known.

The encouraging results of the 1977-78 season suggest
that captive propagation of Adlie penguins is feasible. The
next phase will emphasize the breeding of the emperor
penguins. Courtship activity has already been observed.

This project was partially supported by the National
Science Foundation contract DPP 76-20746 to Hubbs/Sea
World Research Institute.
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Bird and seal observations at
Joinville Island and offshore

islands

DAVID H. ELLIOT

Institute of Polar Studies and
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During RIv Hero cruise 78-lB, February 1978, landings
were made at a number of places on eastern JoinviHe Island

(63015'S.55045'W.) and the offshore islands to the north and
east (map). The breeding colonies observed are listed in the
table.

No attempt was made to estimate numbers of birds or the
density of nests. Adlies are particularly numerous on Patella
Island, on the promontories and islands on the east side of
Ambush Bay, and on those Danger Islands that were visited
(except for Darwin, which has very steep sides). It is likely
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Locality'	 Species	 Remarks

Wideopen Islands (I )b	 Adlies	 Common
chinstraps	 Less common than Adlies
cape pigeons	 A few on the cliffs

Patella Island	 Adlies	 Numerous and look as if they
are spreading onto the
high slopes facing NE.

gentoos	 Few in number
cape pigeons	 A few observed on cliffs
sheathbills Very few nests seen, but birds

seemed quite numerous for
sheathbills

King Point	 Adlies	 A single nest, on the north
shore, with one chick that
had completed its moult

East side of Ambush
Bay (2)
	 Adlies	 Everywhere possible

West side of Fleiss
Bay (3)
	 Antarctic terns	 Unhatched eggs and newly

hatched birds
gentoos	 Two observed, but no nest

positively identified

Fitzroy Point	 gentoos	 Small number of birds

Etna Island
	

Adlies	 A small number
cape pigeons	 A few on the cliffs
Antarctic terns	 A few

Brash Island	 sheathbills	 A few
Adlies
	 Numerous

Danger Islands (4)
	

Ad&lies	 Numerous

Danger Islands (5)
	

Ad&lies	 Numerous

Danger Islands (6)
	

Adlies	 Everywhere possible

Beagle Island
	

Ad&lies	 Common on lower slopes.

'See accompanying map,
bNumbcl.s in parentheses correspond to circled numbers on map.

that Adlies also nest on the unvisited island numbered (7) on
the map. For comparison, where Adlies are listed in the ta-
ble as "everywhere possible" or "numerous," the concentra-
tion is about the same as that observed on the most southern
point of Powell Island, or on Graptolite Island, both in the
South Orkneys; where "numerous," the proportion of ground
covered by nesting birds is much greater than on Togersen Is-
land, near Palmer Station.

Fur seals in small numbers were noted on Patella Island
and Fitzroy Point, and elephant seals also were seen at Patella
Island. Weddell seals were by far the most common at all
localities in the joinville area; however, not one crabeater was
positively identified.

These observations were made during the course of
geological fieldwork supported by National Science Founda-
tion grant DPP 77-23427.
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Seal and emperor penguin survey,
Victoria Land Coast

G. L. KOOYMAN
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Scripps Institution of Oceanography
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Lajolla, California 92093

R. L. GENTRY

Marine Mammal Laboratory
Northwest Marine Fisheries Center

Sand Point Naval Air Station
Seattle, Washington 98115

In early February 1978 we had the opportunity to survey
by air areas of known seal and emperor penguin concentra -
tions along the Victoria Land coast. Such observations so late
in the austral summer are unusual. Of special interest were
the location of relative densities of the various antarctic seals,
the occurrence of pup Weddell seals, and the presence or ab-
sence of emperor penguin chicks at the rookeries.

The eight surveys were conducted in U.S. Coast Guard
H52 helicopters based on the icebreaker Burton Island. For
safety reasons two aircraft were flown on parallel tracks. The
usual altitude was 150 meters, but this varied considerably
depending on the need. For example, when the identification
of a seal was impossible from the original position, the track
and altitude were changed. These track deviations resulted in
some overlap in counts between the two aircraft. All flights
lasted nearly 2 hours. Weather was clear and temperatures
and wind were mild on most flights. The last flight at Cape
Adare was overcast, and the flight from Cape Washington to
Gerlache inlet was overcast and windy, with some snow flur-
ries.

The table summarizes the counts made during aerial sur-
veys. Cape Adare was the most diverse area. (It was also
teeming with Adlie penguins as the chicks were in the proc-
ess of fledging and leaving the Ridley Beach rookery.) At least
one elephant seal was immature. The other two may have
been immature males or adult females.

A number of the leopard seals were small and presumably
young animals. We were impressed with the large number of
leopard seals present on our last flight at Cape Adare. We
wondered if this was less than coincidental since the Ad€lie
chicks had just begun to leave the rookery in large numbers.

The farther south into the Ross Sea the larger the absolute
number of Weddell seals and the relative number of Weddell
seals to other seals. Few Weddell seal pups were seen on any
of the surveys. Of the leopard seals seen in the Ross Sea many
seemed to be young animals. In each area of animal con-
centrations there seemed to be a few killer whales.

During the entire cruise from 2-9 February a total of only
15 adult emperor penguins were seen; two near Beaufort Is-
land, three in the vicinity of Coulman Island, three near
Moubray Bay, three off Cape Washington and four near the
tip of Drygalski Glacier.

Of special interest to us were the conditions at the emperor
penguin rookery sites. In every case (including Cape Roget,
Coulman Island, Cape Washington, and Beaufort Island-.---
most of the known rookeries in the Ross Sea except Cape
Crozier and Franklin Island) the sea ice upon which the
rookeries had been located had disappeared. In one instance,
a chick with large down patches was seen on a floe 55
kilometers offshore from Cape Washington. A hummock on
the floe provided some shelter. Guano stain indicated the
chick had been there a long time. It did not enter the water as
we hovered nearby, and we suspect that it had never been in
the water.

The amount of open water at the rookeries indicated that
the break-up and dispersal had occurred more than just a few
days before. If the downy chick we saw was not unusually late
in moulting, then the disintegration of the rookeries at all of
the Ross Sea sites occurred prior to the time that chicks are
capable of entering the water. The following days or weeks

Seals observed from the air.

Number of each species counted
Ice

Feb-	 conditions	L.	L. Car-	L.	0.	M.	0.ruary	Time	 Locality	 (Okta)	Weddelli cinophagus hydruga	rossi	leonina	orca
4	0900-1100	5 n.mi. E. Cape	 ito 6	25	90	25	1	0	27

Oakley to C. Adare

	

1825-2002	Coulman Island

7	2320-0120	Cape Washington to
Gerlache Inlet

3to6	10	55	10

3to6	20	85	20

	

25	70	42

8tofast	55	17	4
ice

7	 68	4	2

Fast ice	630	0

0	1	27

0	0	27

0	2	0

0	0	2

0	0	0

0	0	6

9	1600-1800	Cape Royds to	 Fast ice	1584	ii	4	0	0	6Pram Pt.
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could be exceptionally hazardous for the chicks if the floes
they go to sea on do not continue to be substantial platforms
for them until their down is lost.

We appreciate the support and hospitality of the crew of
the Burton Island, and especially the willingness and
enthusiasm of Lieutenant Commander Robert Melvin and
his helicopter group.

This reasearch was supported by National Science Foun-
dation grant DPP 76-23424.

Breeding status of southern
elephant seals at King George

Island

D. MULLER-SCHWARZE, E. C. WALTZ,
W. TRIvELPIECE, and N.J. V0LKMAN

Department of Environmental and Forest Biology
SUNY College of Environmental Science and Forestry

Syracuse, New York 13210

Records of antarctic and subantarctic pinniped popula-
tions are spotty because site visits by field researchers have
been irregular. Population counts are important for future
research, especially for species having changing population
sizes.

Southern elephant seal (Mirounga leonina australis) and
southern fur seal (Arctocephalus tropicalis gazella) populations
were drastically reduced by 19th century scalers, but have
been increasing in recent decades (Bonner, 1968; Carrick
and Ingham, 1962). In the maritime antarctic region fur seal
populations have increased at South Georgia and in the
South Shetlands (Erickson et al., 1971; Laws, 1973; D. F. Par-
melee, personal communication, 1977), but little is known
about South Shetland elephant seals. Laws (1953) estimated
the 1951 breeding population of the entire archipelago at 250
animals. Livingston and King George Islands contain the
largest concentrations of non-breeding elephant seals in the
South Shetlands (10,000 and 7,000 respectively) (Aguayo,
1970), but there are no recent breeding population estimates.

On 12 October 1976 D. Muller-Schwarze, E. Waltz and
W. Trivelpiece of the State University of New York, Syracuse
visited Stranger Point, King George (62°16'S.58°37'W.), the
site of the southernmost record of elephant seal breeding (In-
gham, 1957). D. B. Siniff (personal communication, 1978)
found 1 female with a pup together with a group of 12
subadult males and 2 adults of undetermined sex in the
Gerlache Straits at 64°50'S.62°40'W., 150 miles to the south.
There is no other evidence of elephant seals breeding here.)
Stranger Point's eastern snow-slope contained a main colony
and four satellite colonies. The main colony had 4 groups,
each with 1 "harem bull" and from 28 to 52 females. The 145
females had 76 pups, from 11 to 31 per group. Each satellite
colony had a harem bull; one had one peripheral bull, and
another had three. Numbers of females ranged from 9 to 42,

pups from 4 to 20. The entire slope contained 12 bulls, 222
cows, and 114 pups. Additional elephant seals were seen in
the distance along the coast west of Stranger Point, but they
could not be censused accurately.

Apparently 12 October was near the peak pupping time;
about half of the cows had pups, many less than 24 hours old.'
This is close to the Signy and South Georgia Islands' mid-
October pupping peaks (Laws, 1956) but is later than at
Peninsula Valdes colonies (42° to 43°S.64°W.), the north-
ernmost southern elephant rookery, where pupping peaks in
mid-September (LeBoeuf and Petrinovich, 1974; Scolaro,
1976). Thus, breeding times vary from 3 to 4 weeks between
the northernmost and the southernmost rookeries.

The overall cow to bull ratio at Stranger Point was 18.5:1,
higher than either the 10.3:1 Macquarie I. ratio (Carrick and
Ingham, 1962) or the 13:1 South Georgia ratio (Carrick et al.,
1962). The relative dearth of young bulls here might explain
this difference. The 27.8 cows per 1 harem bull ratio resembles
the young South Georgia bulls (24:1) and young peripheral
bulls at Macquarie I. (30:1), but is less than the Macquarie
overall 48:1 harem bull ratio (Carrick et al., 1962). This sug-
gests that either the number of available females is limited at
Stranger Point or that these bulls are young and therefore in-
capable of defending and inseminating more females (see
Laws, 1956). Either explanation suggests a relatively young
age distribution at this site.

A smaller breeding colony exists at Point Thomas in Ad-
miralty Bay (62° 10'S.58°30'W.). From 13 October to 4
December we observe several loosely defined seal groups,
totaling one mature harem bull and from 6 to 8 females with
pups. Frequent turnover of individuals in the groups pre-
vented exact counts. Larger numbers of seals hauled out to
molt in early November. On 13 November we noted 2 mature
bulls (proboscis developed), 45 immature bulls and cows,
and 5 calves along a 2-mile section of the beach. We also ob-
served Weddell (Leptonychotes weddelli) and leopard seals (Hy-
drurga leptonyx) with young.

We encourage visitors to these and other South Shetland
Island sites to census the pinnipeds so that population trends
can be documented better.
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We were successful in these experiments because of some
unique characteristics in the behavior of Weddell seals and in
the sea-ice environment of McMurdo Sound (Kooyman,
1965, 1968). A seal was captured in one of the common haul
outs near shore. It was then transported by sled out to a hut
several miles offshore and established on fast ice 2 meters
thick. After a 12-to 24-hour rest period the seal was
anesthetized and an arterial catheter was placed in its
foreflipper. After another 12 to 40 hours of recovery from the
anesthesia the seal was released in a specially cut ice hole
below the hut floor. The hut was intentionally located where
no other cracks or breathing holes were accessible to the seal,
even if it made long dives in search of them. In this way we
exercised our only control over the seal—where it would
come to the surface to breathe.

Four seals were studied. On the basis of length and girth
measurements, we estimated that their weights ranged from
350 to 450 kilograms. While a seal was on the surface we
drew blood samples from the catheter. When it was sleeping,
or after it returned from extensive dives of 40 minutes or
more, this was relatively easy. After short dives the seals were
more wary, and we exercised considerable caution to avoid
causing them to depart prematurely. Several hundred sam-
ples were collected. The blood was processed immediately for
later determination of glucose, lactic acid and hemoglobin
concentrations; blood gases and hydrogen-ion concentration
were measured soon after sampling.

The results are being analyzed. It appears that the consis-
tent responses of Weddell and other species of seals, which
result in anaerobic metabolism during forced dives, are not so
consistent in voluntary dives. Often there was little indication
that anaerobic metabolism took place during the dives.

This research was supported by National Science Founda-
tion grant DPP 76-23424.
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Colonial behavior of the Weddell
seal in eastern McMurdo Sound
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Minneapolis, Minnesota 55455

We investigated the colonial behavior of the Weddell seal
(Leptonychotes weddelli) in McMurdo Sound from 11 October
1977 through 14 January 1978. This season our objectives
were to: (a) continue population estimates using mark-recap-
ture techniques, (b) document annual pup production, (c)
collect data on variations in underwater vocalizations during
the pupping/mating season, (d) carry out telemetry studies on
haul out pattern, and (e) monitor post-weaning dispersal of
pups.

In continuation of 9 years of tagging/census records, this
season we tagged a total of 670 Weddell seals (135 adult
females, 89 adult males, 54 subadult females, 41 subadult
males, 301 pups, and 50 seals with tags missing). Five cen-
suses of the McMurdo Sound area were conducted between 3
November and 12 December. Table I presents a summary of
the number of seals visible on the ice during each census

period. Using the estimation techniques outlined by
DeMaster and others (1977), these data were used to calcu-
late total population estimates (see table 2). Of particular in-
terest was the resighting of about 100 different subadult seals,
7 of which were tagged in this area as pups. Never before had
we seen large numbers of subadults return to this study area.
In October they seemed to congregate in groups of 15 to 30
near the ice edge; during November they moved southward
toward the Deibridge Islands, and by December they had
formed large concentrations near Tent and Inaccessible Is-
land (see figure, location c).

Data from this field season support previous evidence that
in general pup production in eastern McMurdo Sound has
been declining. DeMaster (1978) reported annual pup pro-
duction from 1963 to date; the highest total pup production in
the Sound was 767 pups in 1967, compared with approx-
imately 300 in the Sound this past season. However, pup pro-
duction increased from 288 in 1976 to 301 in 1977. Whether
or not this slight increase will be reflected in a subsequent
population increase can be ascertained only through long-
term field studies.

Results from a preliminary investigation in 1976 indicated
that underwater vocalizations may be useful in monitoring
activity and seasonal changes in behavior associated with
pupping and mating. During the 1977 field season portable,
automated systems that recorded underwater vocalizations for
a 2.5-minute interval/hour throughout the day were placed at
the Hutton Cliff and South Turtle Rock colonies for approx-
imately 3 months. Diurnal and seasonal variations in call
rates will be analyzed from these recordings. In addition two

I
I
I

IC.	I
.dg. ,c	c:N$

- NP	

N.,
IL MAW

TENT Is'

 
GLACIER TONGUE

K	 CLWFS 

Mp PUJIbO SOUND

ROSS ISLAND

Numbers of subadult Wed-
deli seals at 10 locatIons in
McMurdo Sound, 1977-

1978.

Number of subadults by location per census period

Census Tent	macc. Tip Cape Ice Edge	Crack
Date Island Island Gl.Tg. Evans A B C	A B C

11/1	12	2
	

0	?	33 18 13	000

11/15	36	23
	

0	?	0 0 0 16 5 7

12/1	78	25
	

0	?	000 000

12/12	20	18
	

0	2	000000

01/3	?	?
	

13	10	0 0 0	0 0 0

%.1
,ø' ,

October 1978	 159



S

Table 1. Actual numbers of seals of various sex and age categories seen during each of five census periods in eastern McMurdo Sound
in 1977.

Adult
females

Non-	Adult	Subadult	SubadultDate	 Parous	 parous	males	females	 males	Pups	Total
3 Nov.	 261	 70	 97	 16	 5	261	71017 Nov.	 203	 152	 93	 55	 35	 247	7851 Dec.	 193	 279	 100	 75	 43	 273	9639 Dec.	 106	 385	 222	 28	 15	274	103012 Dec.	 59	 450	 215	 14	 23	 221	982

Table 2. Estimated number of seals of various sex and age categories during each of five census periods in eastern McMurdo Sound in
1977, as corrected for probability of sighting.

Adult
females

Non-	Adult	Subadult	SubadultDate	 Parous	 parous	males	females	 males	Pups	Total
3 Nov.	 261	 100	 100	 23	 7	261	75217 Nov.	 291	 217	 217	 79	 50	291	11451 Dec.	 301	 399	 399	 107	 40	301	15479 Dec.	 301	 550	 550	 40	 21	 301	176312 Dec.	 301	 643	 643	 20	 33	 301	1941

types of playback experiments were conducted successfully to
determine the function and behavioral context of the 13 iden-
tified underwater-call elements. One playback system con-
sisted of a 15-minute prerecorded tape of calls, controls, and
response intervals that was projected at several locations
throughout the Sound. The other playback system allowed
the investigator to project a selected call and vary the repeti-
tion rate or intensity.

To investigate differences in the haulout pattern in
different sex and reproductive classes of adults, radio
transmitters were attached to the rear flipper of selected seals
at two colonies. Eight females with pups, four females with-
out pups, and four adult males were radio tagged at Hutton
Cliff (a traditional pupping/mating colony) and eight females
without pups and three adult males were radio tagged at
South Turtle Rock (a nonpupping colony). Comparisons of
the hau lout pattern at these two sites indicate sex-related
differences in haulout pattern as well as differences in time
and energy budgets of females with pups versus females with-
out pups.

Siniff and others (1977) postulated that juvenile survivor-
ship might be a mechanism regulating this population of
Weddell seals. To investigate factors affecting survival of
newly weaned pups, we planned to monitor post-weaning dis-
persal of 15 pups tagged with radio transmitters from their
natal site. However, ice conditions remained good late into
the season, and we were able to locate pups both visually and

with telemetry fixes on a daily basis from mid-December to
mid-January. In general, pups stayed close to their birth site
and seemed to congregate around areas where they could
gain access to the water easily. On one occasion we noticed a
pup surfacing with a small fish in its mouth, which suggests
that pups occasionally feed during this period. We postulate
that newly weaned pups remain near their natal sites to: (a)
save energy until ice breakup necessitates movement, (b)
avoid predators, or (c) gain experience in hunting prey in
shallow shelf areas.

This research was supported by National Science Founda-
tion grant DPP 73-09316.
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Between 22 October and 20 November 1977, we used Na-
tional Science Foundation's R/v Hero to conduct studies of
Antarctic seals in pack-ice areas of the Antarctic Peninsula.
Our principal focus was on crabeater seals, but we also were
interested in other pack-ice species, particularly leopard seals.
Our work centered on (a) collecting female crabeater and
leopard seals for reproductive material depicting various
stages of the reproductive cycle, (b) documenting further the
social structure and reproductive behavior of crabeater seals,
(c) observing daily activity patterns and local movements of
crabeater seals at fast-ice concentrations, and (d) investigat-
ing crabeater seal behavior at weaning and their interaction
with leopard seals.

Tagging and immobilizing procedures were identical to
those used in 1976. Individuals in the pack ice first were
lightly sedated with Sernylan (Phencycledine hydrochloride)
and then were bagged to facilitate handling. Seals on fast ice
were bagged without drugging. The one Ross seal encoun-
tered during our cruise was alone on a small ice floe. It was
easily bagged without drugging and permitted tagging and
measuring with no struggle. All seals handled were identified,
tagged, measured, and released without accidental mortality
from handling.

Female seals were collected in order to gain better under-
standing of reproductive parameters. A total of 103 crabeater
seals (96 females, 7 males) and 7 leopard seals (6 females, 1
male pup) were sacrificed. Individuals were chosen to pro-
vide a sample of seals from different age classes. The follow-
ing specimens were collected from each individual: a lower

jaw and toenail (to investigate aging), the reproductive tract
(ovaries, uterus, and partial vagina for females), vaginal
smear, and stomach contents. Skeletal material and pelts
were taken from a selected few. Standard body measure-
ments, body weight, and general condition of pelt were also
noted. Examination of ovaries, uteri, and vaginas will provide
information on age of first reproduction, pregnancy rates, and
the timing of ovulation and birth. When this information is
compared with data on age, length, girth, weight, and social
group, we will have a much better understanding of how
reproductive features of crabeater and leopard seals fit into
their ecology and management.

Observations of the social structure and behavior during
the pupping and breeding season substantiated data from
previous years. The crabeater seal pupping period is from late
September through mid-November. At that time, most
mother-pup pairs are associated with an adult male (forming
what we have termed a "family" group). Our observations of
the social behavior of crabeater seals in fast-ice areas added
considerably to our understanding of social events during the
breeding season. A field party of 2 to 3 was maintained in a
fast-ice area of Ezcurra Inlet, Admiralty Bay, King George
Islands from 3 to 16 November. From our field camp we were
able to observe interactions among crabeater seals and note
the persistence of social bonds within the few family groups
and mated pairs present in that area.

We also observed the transition from family groups to
mated pairs. The key to this change apparently is the separa-
tion of the pup from its mother. We still do not know the
mechanism for this separation: the male may finally chase the
pup away, or the female may simply leave the pup, with the
male following the female away. What does seem certain,
however, is that the adult male in a family group remains as
the male in a mated pair unless chased away by another male.

Our work in the pack ice over the last 2 years suggests that
aggregations of nonbreeding crabeater seals in fast-ice bays
are not uncommon. Therefore, tagging efforts in fast-ice
areas were directed at estimating the numbers of seals present
at different times of the day. There were marked differences
in the timing of crabeater seal haul-out on the fast ice.
Generally, early morning periods seemed to be most favora-
ble for hauling out. However, weather patterns may have
been equally important. When snowstorms or high winds
developed, the majority of crabeater seals went into the water.

Because this year's cruise was made later than last year's,
we encountered direct evidence of leopard seal predation on
crabeater seal pups. In two instances we observed adult
leopard seals eating crabeater seal pups. These observations,
in conjunction with our previous observations that more than
80 percent of adult crabeater seals bear scars made by leopard
seals, suggest that leopard seal predation may be an impor-
tant factor limiting the survival of young crabeater seals.

Also related to the later timing of this year's cruise was our
encounter of two female leopard seals with newly born pups
of their own. Unlike mother and pup associations of cra-
beater seals, no adult male was hauled out on the ice nearby.
We found these pairs on 7 and 13 November 1977. In each
case the pup was measured and weighed—the first measure-
ments of this sort of living leopard seal pups. The dates of our
observation agree with the two previous sightings of living
leopard seal pups in the Antarctic Peninsula area: M. A. Mc-
Whinnie and D. F. Parmelee (personal communication) each
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saw an adult leopard seal female with its pup in early Novem-
ber. Future research will attempt to determine the extent of
the predatory interactions and timing between crabeater and
leopard seals. It may be that leopard seals have a later pup-
ping season than do crabeater seals.

We acknowledge the important contributions to our
program made by the captain and crew of the RJv Hero, in
both excellent logistic and enthusiastic moral support of our
goals. This research was supported by National Science
Foundation grant DPP 76-23111.

Terrestrial biology_____________________

Melting snow in the dry valleys is a
source of water for endolithic

microorganisms

E. IMRE FRIEDMANN

Department of Biological Science
Florida State University

Tallahassee, Florida 32306

In the 1977-1978 austral summer season I continued a
survey of endolithic microorganisms in the dry valleys of
southern Victoria Land. The occurrence of endolithic blue-
green algae as well as other photosynthetic and nonphoto-
synthetic microoganisms in a variety of rock types was
described earlier from several localities (Friedmann and
Ocampo 1976, Friedmann 1977).

There seems to be a morphological similarity between en-
dolithic microbial growth forms in Antarctica and those oc-
curring in hot deserts (Friedmann 1972, Friedmann and
Galun 1974). In both, the porous rock shielded by a surface
crust acts as a water trap that maintains an endolithic
microscopic climate that is different from the outside environ-
ment (Friedmann 1971, Friedmann and Ocampo 1976). In
hot deserts, the main water source of the endolithic environ-
ment appears to be dew (Friedmann, Lipkin and Ocampo-
Paus 1977). The evidence presented here indicates that in the
antarctic dry valleys melting snow plays a similar role.

Available information about snowfall in the dry valleys
and the fate of snow on the ground is scarce. Several authors
(Tedrow and Ugolini 1966, Bull 1966, and Horowitz et al.,
1972) indicate that snow in the dry valleys sublimes mostly
without melting. Vishniac and Mainzer (1973) report that at
least part of the snow may melt and is "the major source of
moisture in the dry locales."

In the 1977-1978 austral summer season snow was
relatively abundant in the dry valleys. During our stay in the
Beacon Valley area light snow fell several times, and melting

occurred during the subsequent sunny periods. Many small
snow patches stayed permanently in the higher side valleys of
Beacon Valley in contrast to our observations during the
much drier 1976-1977 season.

On 29 December 1977 several-centimeter-deep snow
covered the floor of the third lateral eastern side valley of
Beacon Valley (figure 1). Snow was melting at the sunlit
northern "warm" face of the sandstone boulders that showed
the exfoliating weathering indicative of the presence of cryp-
toendolithic primitive lichens (Friedmann 1977). The rock
surface often appeared to be saturated with water (figure 2).
Snow patches were seen at the Beacon Valley floor although
without the conspicuous melting observed at higher altitudes
(figure 3).

These observations suggest that melting snow is a major,
or perhaps exclusive, source of water for endolithic
microorganisms in the antarctic desert. Like dew in hot
deserts, meltwater is available only intermittently: endolithic
microorganisms that rely on these water sources periodically
undergo stages of desiccation. Although relevant weather
data are not available, it appears likely that endolithic
microorganisms of the antarctic cold desert are being
moistened less frequently than those in hot deserts (Fried-
mann et al., 1977).
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Figure 1. Snow in the third eastern lateral valley of Beacon
Valley, 29 December 1977. 14:00 hr.
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Figure 2. Melting snow on northern ("warm") face of
Beacon sandstone boulder colonized by endolithic
microorganisms. Third eastern lateral valley of Beacon

Valley, 29 December 1977.14:00 hr.

Ecophysio logical Foundation of Ecosystems Productivity in Arid
Zones. Nauka. U.S.S.R. Academy of Sciences, Leningrad, p.
182-185.

Friedmann, E. I. 1977. Microorganisms in Antarctic desert rocks
from dry valleys and Dufek Massif. Antarctic Journal of the US.
12(4): 26-30.

Friedmann, E. I., and M. Galun. 1974. Desert algae, lichens and
fungi. In: G. W. Brown,Jr. (ed.): Desert Biology, Vol. II. Academic
Press, New York and London. p. 165-212.

Friedmann, E. I., Y. Lipkin and R. Ocampo-Paus. 1967. Desert algae
of the Negev. Phycologia, 6:185-196.

Friedmann, E. 1. and R. Ocampo. 1976. Endolithic blue-green algae
in the dry valleys: primary producers in the antarctic desert
ecosystem. Science, 193:1247-1249.

Horowitz, N. H., R. E. Cameron and J . S. Hubbard. 1972.
Microbiology of the dry valleys of Antarctica. Science, 176:242-245.

Tedrow,J. C. F., and F. C. Ugolini. 1966. Antarctic soils. In: J. C. F.
Tedrow (ed.): Antarctic soils and soil forming processes. Antarctic
Research Series Vol. 8. American Geophysical Union, Washington,
D.C. p. 161-177.

Vishniac, W. V. and S. E. Mainzer. 1973. Antarctica as a Martain
model. Life Sciences and Space Research, X1:25-3 1.

Figure 3. Snow patches on Beacon Valley floor. 29 Decem-
ber 1977. 15:00 hr.

Jon 0. Brunson participated in the field work during this
study, and his cooperation is acknowledged with thanks. This
research was supported by National Science Foundation
grant DPP 76-15517.
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Airborne particles and electric
fields near the ground in

Antarctica

WILLIAM S. BENNIN;HOFF
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During November and December 1977 we investigated
the kinds, numbers, and deposition of airborne particles
larger than 2 micrometers within 2 meters of the ground at
McMurdo Station and Arrival Heights on Ross Island, at
South Pole Station, and at the New Zealand Lake Vanda Sta-
tion. Elementary collecting devices were used: Rotorod
samplers and Tauber (static sedimentation) traps were used
at all four sites. A Staplex Hi-Volume sampler and
microscope slides coated with petrolatum were employed in
addition at McMurdo. At least one sample of freshly
deposited snow (13.5-18.5 liters water equivalent) was col
lected at each station and filtered for particles. Rotorod
samplers and the Staplex were operated for 2-hour periods.
Some Tauber traps were exposed for different periods rang-
ing from 4 hours to 1 month, and sets of these traps were
emplaced in wooden tripod supports for 1-year exposure at
each of the four localities.
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The airborne organic particles derived from indigenous
organisms were relatively few at Arrival Heights and Lake
Vanda, still fewer at McMurdo, and absent at South Pole
Station. The particles in this group identified so far are from
algae, fungi, lichens, a moss, and a very small arthropod.
Two categories of introduced organic particles caught by the
air samples greatly outweigh the numbers of native particles:
first, (a) cells and tissue fragments of conifer wood, most
abundant and pervasive; second, (b) clothing fibers, both
natural and synthetic. The wood cells undoubtedly are
derived from the wooden packing cases at camps and experi-
mental sites. Snow samples collected at South Pole Station
contained incompletely burned diesel fuel residue and small
quantities of mineral grains as well as conifer wood cells and
clothing fibers, all presumably introduced by station activity.
The results suggest the usefulness of air and snow sampling
for monitoring releases of airborne particles into the local en-
vironment.

The Tauber traps were modified by coating surfaces
around the aperture with conductive carbon paint. All these
traps were exposed in pairs, one earthed, the other not
(although earthing in the snow at South Pole is probably in-
effective). At the McMurdo sampling site, the Cosmic Ray
Laboratory, the electric fields were measured by a rotating

dipole instrument (Stanford Radioscience Laboratory field
ill 2) mounted on a wooden post 2.5 meters above the

ground. During periods of blowing snow and dust, the
electric field gradient was + 500 to + 2,500 volts per meter.
In those intervals the Tauber traps with earthed covers col-
lected two or more times as much snow and dust as the ones
with insulated covers. During periods of falling snow, the
electric field gradient was -1,000 to -1,500 volts per meter. In
those intervals the insulated traps collected more, and in
some instances almost twice as much, snow and dust as the
traps with earthed covers.

Dispersal of diaspores and minute organisms by wind over
snow and ice has long been recognized in the polar regions.
The relationships to electric fields shown here suggest that,
during periods of blowing snow and/or dust, greater numbers
of airborne particles would tend to be deposited on wet (i.e.,
earthed) soil or rock surfaces. This principle may be of basic
significance in processes of diaspore (i.e., viable reproductive
particle) lodgment and germination. The principle also may
apply to differential accumulation of fine material and
organic sediments on diversified terrain in cold or dry cli-
mates.

This research was supported by National Science Founda-
tion grant DPP 77-00202 to the University of Michigan.

Physiological basis of low
temperature tolerance in antarctic

insects
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'Department of Biology
University of Houston

Houston, Texas 77004

'Department of Zoology
University of Washington

Seattle, Washington 98195

The strategies of low temperature tolerance utilized by
various species of terrestrial insects has been studied by
relatively few investigators. Cold hardiness, especially freez-
ing tolerance, is most frequently correlated with the presence
of cryoprotective compounds (Baust and Morrissey, 1977).
Salt (1959), Somme (1964, 1965), Asahina (1966), Baust
(1972), and Miller and Smith (1975) have described a variety
of single-type cryoprotectant systems that utilize low molecu-
lar weight polyhydric alcohols as antifreeze agents. Other evi-
dence now suggests that many species rely on mixed-type
cryoprotectants that are sequentially synthesized upon cold
exposure (Mansingh and Smallman, 1972; Morrissey and
Baust, 1976).

Following a first season of study (December 1977 and
January 1978) of two antarctic species resident to the Palmer

Station area (64°S.640 W.), Belgica antarctica and Cryptopygus
antarctica, two distinct mechanisms of adaptation have been
identified.

Belgica larvae are freezing-tolerant during the austral sum-
mer and are capable of elaborating an array of cryoprotectant
compounds. This species is the first identified to endure
freezing in a non-overwintering state. Ambient larvae pro-
duce a cryoprotectant profile containing erythritol, glucose,
sucrose, and trehalose. Adults are freezing-susceptible and
contain only trace amounts of protective agents (figure 1).
The identification of erythritol, a plant sugar derivative, has
not been made or associated with cryoprotective function in
other species.

Preliminary evidence (figure 2) suggests that, at tem-
peratures below 0°C, cryoprotectant accumulation is tem-
perature dependent and independent of nutrient (carbon)
source. Cryoprotectants include in increasing order of con-
centration: glycerol, erythritol, fructose, and glucose. At 0°C
the triggers become biphasic. Temperature induces shifts in
carbohydrate metabolism such that glycerol is built up.
Simultaneously, dietary carbon sources cause accumulations
of other protective sugars and/or polyhydric alcohols. A
glycerol diet results in increased fructose levels, an eryrhritol
diet in erythritol increases, a glucose diet in nonpatterned
profiles, and a sucrose diet in a profile similar to the -5°C
profile. It would be speculative to proceed with discussions of
intermediary metabolism beyond this point. However, the
Belgica data suggest a number of exciting prospects for con-
tinued study:

1. Erythritol metabolism and its apparent conversion to
glycerol imply that an undescribed metabolic pathway exists.

2. The mechanism (site) of influence by the dicotomous
triggers is unknown.
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Figure 1. Cryoprotectant profiles for ambient Beigica antarc-
tica and a primary food source, Prisioia crispa. (Abscissa
key: 3-glycerol, 4-erythrltol, F-fructose, 6-glucose, S-sucrose,
T-trehaiose, R-ribose, X=xylose, D?-unidentified disac-

charides.)

3. The role and significance of the noncarbohydrate in-
termediates is unknown.

4. The fate of dietary carbon sources in ambient speci-
mens is unknown.

5. The pivotal temperature concept appears to be a key in
determining metabolic routes.

Other factors complicate the wintering picture. First, both
adults and larvae have limited supercooling capabilities ( =
supercooling points -5.3°C and -5.7°C). Therefore, early
freezing is ensured in larval specimens. Adults, however,
represent a nonfeeding, short-lived reproductive stage (few
days) and are sufficiently mobile to avoid subfreezing ex-
posures by vertical migration (Baust and Edwards, in prepa-
ration). Second, snowmelt, precipitation, and wind combine
to present many terrestrial habitats with transient freshwater
or saline conditions. Larvae survive well in distilled water (50
percent survival after 9 days) or seawater (75 percent survival
after 4 days). Fifty percent seawater or less results in survivals
equivalent to distilled water. The data suggest a remarkable
degree of euryhalinity and strong ion-regulating capacities at
near freezing temperatures. Third, Belgica are tolerant to
anaerobic conditions. Whether or not the decayed detritus
habitat containing larvae is anaerobic is unknown. However,
occasional bouts of anaerobiosis may be necessary. Larvae
are capable of 90 percent survival after 6 days in an aqueous
nitrogen environment. Preliminary electrophoretic evidence
(Baust and Edwards, in preparation) indicates that Belgzca is
capable of anaerobiosis in that the frequency of appropriate
transaminase and oxidase isozymes increases, suggesting a
shift toward anaerobic metabolism. What effects, if any, the
latter two factors have on low temperature tolerance is
unknown. A number of authors have, however, demonstrated

3 F S	 3 F S
46T	 461

Figure 2. Cryoprotectant profiles for Beigica antarctica main-
tained at fixed temperatures and on controlled diets.
(Abscissa key: 3-glycerol, 4-erythritol, F-fructose, 6-glucose,

S-sucrose, T-trehalose.)
that anaerobic conditions facilitate cryoprotectant accumula-
tion (Conradi-Larsen and Somme, 1973a, 1973b).

This project was supported by National Science Founda-
tion grant oPt' 76-24205 to the University of Houston. The
field team comprisedJohn G. Baust, Robert Brown, andJohn
S. Edwards.
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Terrestrial arthropods, Marie Byrd
Land, Antarctica

R. W. STRANDTMANN

Department of Biological Sciences
Texas Tech University
Lubbock, Texas 79409

The project objective was to determine the presence or ab-
sence of terrestrial arthropods in Marie Byrd Land. None
previously had been reported from that region of Antarctica.

The research quadrant was bounded by latitudes 740 to
76°S. and longitudes 132°30' to 140°W. The area is covered
by deep snow, with widely scattered, relatively small, rocky
outcrops (figure 1). I visited 32 exposures, some of them
twice.

I made collections between 20 November and 14 Decem-
ber 1977 as weather permitted (a total of 11 collecting days)
using several research methods. One was to locate a likely
habitat (i.e., a moist substrate of coarse sand and pebbles with
some evidence of plant life such as mosses, algae, fungi,
lichens) and then to look for mites or insects on the indersur-
face of pebbles. Indirect search methods included (1) putting
a spoonful of moist sand and plants in a shallow dish and
covering with water, and (2) putting algae mats, moss, and
loose sand in a plastic jar and subsequently floating the mites
or insects in the lab. All methods were successful in locating
arthropods, but the last was most efficient.

Figure 2. Scanning electron microscope photo of
Nanorchestes sp. found on Cox Point.
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Figure 3. Scanning electron microscope photo shows setae
and cuticular detail of Nanorchestes sp.
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Only one species of arthropod was found, the mite genus
Nanorchestes, a prostigmatic mite, one of the smallest and har-
diest soil mites known. Some 350 specimens were collected
from 19 of the 32 outcrops visited (see the table).

I feel reasonably confident I would have found other
species of arthropods had they been present, but, paradox-
ically, I am not at all confident that Nanorchestes does not oc-
cur on those out-crops where I failed to find it. I simply did
not have enough time on some exposures for a thorough
search.

The mite found, Nanorchestes sp. (figures 2, 3) (family
Nanorchestidae, suborder Prostigmata, order Acarina) is a
small, globular, short-legged, saltatorial mite with dark red
body and pink legs. It probably feeds on one-celled algae and
fungi. It is similar to, and possibly identical with, Nanorchestes
antarcticus Str. found throughout Victoria Land in East Ant-
arctica. In my opinion, it is a relict species.

I express my appreciation to all the members of the Marie
Byrd Land research group for making the work so productive.
Special thanks are due John Wilbanks, professor of geology,

Outcrops visited in search for terrestrial arthropods on Marie Byrd Land

	Elevation	Number of
Collection site	 Date	 Coordinates	 (meters)	mites

Lewis Bluff	 20 November	75054'S. 1400 42'W.	860	3
Lewis Bluff	 12 December	75054'S. 1400 42'W.	860	10

Partridge Nun.	 22 November	75042'S. 1400 20'W.	730	6

Bailey Nun.	 22 November	75042'S. 1400 16'W.	1012	-
Bailey Nun.	 12 December	75042'S. 1400 16'W.	1012	-

Wilkens Nun.	 22 December	75040'S. 1400 12'W.	829	-
Wilkens Nun.	 12 December	75040'S. 1400 12'W.	829	-

Billey Bluff	 22 November	750 32'S. 1400 00'W.	760	-
Billey Bluff	 12 December	750 32'S. 1400 00'W.	760	5

Cape Burks	 24 November	740 45'S. 137 0 09'W.	120	10

Cox Point	 24 November	740 56'S. 1360 45'W.	200	23

Peden Cliffs	 24 November	740 56S. 1360 36'W.	300	6

Oelenschlager Bluff	24 November	750 04'S. 1360 45'W.	200	3

Mt. Sinha	 24 November	750 05'S. 1360 09'W.	991	-

Mt. Steinfeld	 24 November	750 12'S. 135 0 59'W.	684	5

Rose Point	 24 November	740 45'S. 1360 45'W.	-	 7

Mathewson Point	 2 December	740 17'S. 1320 30'W.	-	38

Schloredt Nun.	 3 December	70 03'S. 1340 lO'W.	-	-

Mt. Prince	 3 December	740 59'S. 1340 28'W.	400k	-
Mt. Prince	 14 December	740 59'S. 1340 28'W.	400k	2

Holmes Bluff	 3 December	740 56'S. 1330 45'W.	-	10

Lynch Point	 5 December	750 05'S. 137 0 56'W.	-	15

Kinsey Ridge	 5 December	750 20'S. 1390 25'W.	730	5

Karaali Rocks	 5 December	750 18'S. 137 0 50'W.	-	-

Lambert Nun.	 5 December	750 25'S. 1380 05'W.	1165	-

Krigsvold Nun.	 5 December	750 40'S. 1380 00'W.	1168	-

Reynolds Ridge	 7 December	750 40'S. 1290 19'W.	1993	-

Navarrette Pk.	 7 December	750 55'S. 1280 40'W.	2200	-

Wallace Rock	 7 December	750 56'S. 1280 27'W.	-	-

Mt. Petras	 7 December	750 48'S. 1280 45'W.	2400	-

Langway Mt. (1)	 12 December	750 29'S. 1390 47W.	-	80

Langway Mt. (2)	 12 December	750 28'S. 1390 47'W.	-	30
Langway Mt. (2)	 13 December	750 28'S. 1390 47'W.	-	10

Mt. LeMasurier	 12 December	750 27'S. 1390 39'W.	-	-

Cruzen Island	 13 December	740 47'S. 1400 42'W.	200k	85

Worley Point	 14 December	740 25'S. 1320 48W.	-	-

Moran Bluff	 14 December	740 22'S. 1320 35'W.	-	 8

Peacock Peak	 14 December	750 10'S. 1340 30'W.	-	 7

167October 1978



University of Nevada at Las Vegas, for expediting my field
work; Gisela Dreschoff, University of Kansas, who brought
me some mite-bearing samples of moss from Mt. Rose; and
Bill McIntosh, University of Denver, who also brought me
soil samples from areas I did not get to visit. Helicopter pilots
Mike Brinck and Ken Kraper deserve special mention for
getting me to Cruzen Island, a most interesting locale I would
not have visited without their initiation.

This work was supported by National Science Foundation
grant DPP 76-20056.

Ecosystem comparisons of oasis
lakes and soils

BRUCE C. PARKER and
GEORGE M. SIMMONS,JR.

Department of Biology
Virginia Polytechnic Institute and State University

Blacksburg, Virginia 24061

The objective of our ecosystem comparisons of oasis lakes
and soils is to understand the interaction between dry valley
(oasis) lakes and their associated soil and glacial meltstream
ecosystem and to assess the importance and magnitude of
biotic processes influencing the development and evolution of
these arheic antarctic lakes.

During the 1977-78 austral summer, we surveyed 10 lakes
of southern Victoria Land and collected (1) surface topogra-
phy/geology, (2) properties of associated soils and glaciers,
(3) approximate lake size, depth, ice thickness, (4) lake water
column profile parametry (i.e., temperature, conductivity,
salinity, dissolved oxygen, light penetration), (5) surface
measurements of incident radiation, including short- and
long-term ultraviolet, (6) adenosine triphosphate (ATP) con-
tent at selected depth intervals, (7) fluorometric measurement
of chlorophyll, (8) native microbial biota in water and associ-
ated soils for subsequent identification, culturing, and/or
enumeration, (9) carbon-14 primary productivity studies to
evaluate photosynthetic rates, (10) particulate and dissolved
organic matter in water, (11) phosphorus-33 uptake studies,
under various conditions, to test for phosphorus limitations,
(12) tritium-3 and carbon-14 labeled organic substrate
studies to assess heterotrophic (decomposer) activities, and
(13) acetylene reduction and nitrogen-15 iacorporation
studies to evaluate the extent of nitrogen fixation.

We also conducted a reconnaissance during January
around these 10 lakes to collect moat water, meltwater, and
foam from the lakes and water from associated glacial
meltstreams, including the Onyx River (Wright Valley).

While detailed specific productivity values from all
parameters await calculation for detailed comparisons, it is
clear that a significant range in plankton productivity (carbon
cycling) exists in these 10 lakes. Few places in the world have
such a diverse collection of lakes within such a small region
(approximately 2,500 square kilometers).

Most of the lakes had a benthic (attached) algal mat com-
munity. These mats were well developed in Lakes Hoare and
Fryxell and Canopus Pond (near Vanda) and poorly
developed in House, Vanda, Bonney—west, Chad, and
Brownworth.

Moat water during the 1977-78 field season did not show
higher or drastically different values for phytoplankton prod-
uctivity relative to the water beneath the permanent ice cover.
This finding may relate to the unseasonably cold and snowy
weather during the 1977-78 austral summer. Thus, relatively
little glacial meltwater flowed into these lakes. Three of the
lakes visited twice during the season showed a decline in
productivity on the second visit; this decrease may have been
a response to a nutrient limitation (e.g., PO4=) caused by the
lack of inflowing glacial meltwater as a result of the cold
austral summer.

Wherever foam was collected (i.e., Sollas-Lacroix glacial
metlstream pond just east of Lake Bonney, Brownworth,
House, and Miers-west end), it was very high in chlorophyll,
ATP, and cell numbers. Apparently these natural arenicolous
(foam-inhabiting) communities have not been described or
studied in Antarctica previously.

In the deeper, arheic and nonmixing lakes such as Bon-
ney, Vanda, Fryxell, and Chad, much of the fluorescence
near the saline bottom was phaeophytin (a major decomposi-
tion product of chlorophyll), suggesting a long history of
productivity. In contrast, Miers, Joyce, and Hoare, with
relatively fresh bottom water, had little phaeophytin. These
lakes may be younger or may be aging more slowly because of
the excessive meltwater from glaciers entering annually.

Phosphate in all lakes was scarce relative to N01,
NH 4 -i-, Si02:1 and certain other potential nutrients. This
finding and the phosphorus-33 uptake data (incompletely
analyzed) suggest that phosphorus may be the major nutrient
limiting productivity in these lakes. Lakes, soils, and other
terrestrial ecosystems on the Antarctic Peninsula are limited
by available nitrogen (Parker, 1972; Samsel and Parker,
1971, 1972a, b). The phosphorus-33 uptake data also are
consistent with the various productivity data that suggest the
sequence Fryxell-to-Vanda for maximum-to-minimum prod-
uctivity/volume.

We isolated and established unialgal cultures from
plankton and mats. Thus far, we have.more than 30 unialgal
cultures belonging to four major groups: Bacillariophyceae
(diatoms), Xanthophyceae (yellow-green algae),
Cyanophyceae (blue-green algae), and Chlorophyceae
(green-algae). Diatoms from this region have not been ob-
tained in unialgal culture by previous investigators (Holm-
Hansen, 1964). The only major group of algae present in
these lakes and not yet in culture is the Chrysophyceae, of
which Ochromonas is one genus. The, high diversity of algal
and microfaunal species from these lakes also was unex-
pected.

Results of initial temperature-growth experiments with
selected unialgal cultures have been obtained, and we ap-
parently have been successful in obtaining the first
phychrophilic freshwater algae from Antarctica. Figure 1
shows the growth response of two Chlamydomonas species from
Canopus Pond mat and Lake Chad plankton respectively.
The Lake Chad isolate did not grow above 15°C. The same
results were obtained for the diatom, Hantzschia, isolated from
Lake Miers mat, while Navicula sp. from Canopus Pond mat
grew best at 20°C (figure 2).
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Figure 1. Average growth rates of Chiamydomonas sp. 1 and
Chlamydomonas sp. 2 at 5 temperatures over a period of 9

days.
Figure 2. Average growth rates of Hantzschia sp. and
Navicula sp. grown at 5 temperatures over a 12-day period.

Despite the high concentrations of NO3-and NH 4 + in
glacial ice and lake water, acetylene reduction studies showed
that nitrogen fixation by benthic algal mats takes place. This
is interesting because excess available NO 3 and/or NH 4 + is
known to inhibit nitrogenase. One explanation is that the
algal mats constitute an impervious tissue to diffusion and en-
try of fixed nitrogen. Thus, the bacteria or blue-green algae
within the mat are free of fixed nitrogen and the nitrogenase
system continues nitrogen fixation.

We have begun to test hypotheses of lake aging or develop-
ment. Since the lakes are artheic and meromictic it appears
there would be a relationship between the age of a lake and its
stability (or resistance to mixing if the ice cap were not pre-
sent). We have modified Schmidt's (1928) thermal stability
and applied the modification to the equation in antarctic dry
valley lakes. This modification is based on the method of
determining lake stability by Idso (1973) and Saunders
(1975). We have calculated stability values for three lakes in
Taylor Valley: Joyce, 2609.4 gm cm/cm 2 ; Fryxell, 1141.8 gm
cm/cm 2 ; and Chad, 553.0 gm cm/cm2. Additional correla-
tions are being made.

We are grateful for support of this research through Na-
tional Science Foundation grant DPP 76-23996. Also, we
acknowledge other members of our field research team: T.
Allnutt, D. Brown, D. Cathey, C. Churn, H. Cox, L.
Heiskell, C. Rodgers, K. Seaburg, and R. Stroheker. Finally,

we thank Ellen Spalding for special laboratory experiments
with algae.
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Respiratory virus transmission at
McMurdo Station and Scott Base
(New Zealand) during the winter-

fly-in period, 1977
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Christchurch, New Zealand

The winter-fly-in period (wINFLY) at neighboring
McMurdo and Scott Stations is well suited for an investiga-
tion of virus transmission patterns: during this 5-week period
a substantial number of people are isolated. On approx-
imately 1 September, 137 people from the United States and
New Zealand joined an 85-person winterover party at these
bases. There were no additional flights until 7 October.

At McMurdo, respiratory illnesses were detected by daily
interviews in the mess line, telephone calls, and personal con-
tact; at Scott Base K. Kapitan, as resident medical officer,
maintained continuous surveillance. Early and late WINFLY
blood specimens were obtained from 192 persons, and ill per-
Sons submitted nasal washings for fresh inoculation into three
cell culture systems—a diploid strain, IT (fetal tonsil); pri-
mary monkey kidney; and a heteroploid line, Hep-2.

The 62 nasal washings yielded 24 virus isolates (39 per-
cent isolation rate): 11 isolates were adenovirus type 21, and
the remainder were rhinoviruses (RV), the common cold
viruses. Except for two RV obtained from Scott Base person-
nel (typed as RV 67 and RV 86), the 1977 RV are not yet typed.

WINFL Y 1976 rhinovirus transmission patterns. Last year, all 21
isolates obtained were RV: 20 were of the same serotype,
designated McM88, which apparently is untypable. This RV
was tested against all available 1976 sera (155 persons) for the

presence of neutralizing antibody and for four-fold (or
greater) seroconvers ions. Eighty-six percent of the population
was susceptible. An additional 7 serodiagnoses were made,
yielding a total of 27 McM88 cases, for a 21 percent attack
rate among susceptibles. Two McM88 cases were detected at
the outset of WINFLY, and McM88-associated illness peaked
in mid-September (5 cases). The virus had nearly disap-
peared by the last week in September. McM88 infection was
widely distributed to McMurdo Station, but infection chains
were generally confined to individuals in known social and
work groups. For example, there were 78 susceptibles in the
main housing unit, building 155, and 16 cases of McM88-
associated disease were detected therein (21 percent attack
rate). Only two transmissions occurred between roommates,
who also worked and socialized together.

There was no detectable difference in susceptibility to
McM88 between winter-over personnel and persons arriving
for WINFLY: 88 percent of winter-over personnel were suscep-
tible (16 percent attack rate), and 85 percent of WINFLY per-
sonnel were susceptible (22 percent attack rate).

The 1976 McM88 data have been presented in a
preliminary report (Warshauer, et al., 1978).

Rhinovirus infections at Scott Base, WINFLY, 1977. As noted
earlier, two incoming Scott Base personnel yielded two
different rhinoviruses. They had mild to moderate colds.
Thirteen of the 22-person base complement were susceptible
(serum antibody titer less than 1:8) to RV67, and 17, to RV86.
Despite many hours of contact with these susceptibles, the
two rhinovirus-infected persons did not transmit their viruses
to anyone (as judged by absence of clinical illness and
seroconversion).

Adenovirus 21 outbreak at McMurdo Station, WINFL Y 1977.
Although we were somewhat surprised that the two in-
digenous rhinovirus infections did not spread at Scott Base,
the rather haphazard spread of McM88 was consistent with
previous studies of artificially infected volunteers and in open
populations (D'Alessio et al., 1976; Dick and Chesney, in
press; Minor ci al., 1974). However, our ultimate objective in
these Ross Island studies is to interrupt the chain of infection.
Judging from the foregoing results, interruption seems possi-
ble for the rhinoviruses, but these agents usually cause mild
illnesses. Would the spreading patterns of a virus that causes
relatively severe illness with prominent lower respiratory in-
volvement be more explosive? We were able to answer this
question this year.

As noted earlier, there was an outbreak of adenovirus 21
disease at McMurdo Station. The illness was characterized
by cough which lasted for several days as well as by other
general symptoms, including fever. Although some were
quite ill, none was put in sick bay, and most continued regu-
lar duties. The population was very susceptible in that 88 per-
cent were free (less than 1:8) of serum neutralizing antibody.
The attack rate in susceptibles was only 14.5 percent despite
their high susceptibility, and no one at Scott Base was in-
fected. The disease spread slowly, with three to five new
symptomatic cases per week. Like McM88, transmission ap-
parently require close prolonged contact.
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We are extremely grateful for the indispensable collabora-
tion of the officers and personnel of Task Force Antarctica
who made up the great majority of McMurdo personnel as
well as to the personnel of Scott Base, to the employees of the
civilian contractor (Holmes and Narver), and to our fellow
NSF scientists.

This research was supported by grants DPP 76-83918 from
the National Science Foundation, NSH 2104 from the Na-
tional Aeronautics and Space Administration, Al 10404 from
the U.S. Public Health Service, National Institute of Health,
and a grant from the S.C. Johnson Co, Racine, Wisconsin.
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Long-standing tradition established in the records and
recollections of isolated exploring parties has emphasized
that respiratory illness (common colds) quickly disappears
usually within 6 weeks after the isolation period begins. Since
the inception of this project, each South Pole Station physi-
cian has recorded data pertinent to this tradition. Since the
winter of 1974, each physician has received special training in
respiratory viral symptomatology and epidemiology and has

kept health records on all personnel.
During each of the past four winter (w/o) seasons (1974,

1975, 1976, and 1977) two clusters of respiratory infections
(colds) have been noted, with apparent spread from one in-
dividual to another. Serologic analyses of these midisolation
episodes were delayed for lack of knowledge as to what
virus(es) should be used as the test antigen. Successful virus
recovery through use of tissue culture monolayers at the
South Pole was accomplished in November 1975 and subse-
quently (Parkinson et al., 1976). More than 30 isolates have
been recovered and identified (parainfluenza viruses 1 and 3,
rhinovirus, and herpes virus).

Serologic testing of the frozen serum panels stored from
the winter years of this project using antigens from these
viruses has begun. Initial results of hemagglutination-inhibi-
tion testing of 1976 serums show that antibody titer rises to
parainfluenza viruses 1 and 3 (see table). This rise suggests
that the virus(es), which had been recovered at Pole Station
during the austral summer, reappeared among station winter
personnel long after the isolation period began and long after
the usual short incubation period for these infections. As
shown in the table, respiratory symptoms occurred in two
clusters, each involving three individuals. The first episode
began with subject 11 on 4 May 1976, followed by apparent
spread to subject 14 on 6 May 1976 and to subject 12 on 12
May 1976. The second episode, shown similarly, began 7
August 1976, with symptoms occurring in subject 14,
followed by symptoms in subjects 11 and 3. Antibody titer
rises of fourfold or greater against parainfluenza virus 3 oc-
curred in two of the three symptomatic subjects of each
episode. Several asymptomatic subjects showed fourfold
(two-tube) antibody titer rises following each episode. Only
parainfluenza virus 3 antibody titers are shown in the table.
In addition, two symptomatic and two asymptomatic subjects
showed antibody titer rises to parainfluenza virus 1.

The time sequence of the onset of symptoms in the men
with respiratory illness suggests spread of infection from one
to another. Further, antibody titer rose in several
asymptomatic individuals, an excellent indication that active
viral infection was present. The time sequence of
symptomatic subjects and of asymptomatic titer rises is com-
patible with inapparent infection.

Demonstration of symptomatic illness, accompanied by
specific serum titer rises in symptomatic and asymptomatic
personnel, provides strong evidence for a persisting virus and
its reappearance during the isolation period. This observation
has far-reaching epidemiologic significance. The clinical-
serologic evidence of viral activity cited here needs actual
recovery of an appropriate virus during the winter isolation
period to provide final proof that a virus is persisting in one or
more members of small group during total isolation and reap-
pearing as clinical illness. To attempt to provide this proof by
recovering virus(es) during the isolation period, we have
established winter period tissue culture capability.
Monolayers of several continuous cell lines (HeLa, Vero,
fetal tonsil, etc.) are being maintained and inoculated at
South Pole Station during the 1978 Antarctica winter.

These episodes of respiratory infections (colds) during the
isolation period at South Pole Station have occurred on a
regular basis and are in contrast with the tradition of infec-
tion-free isolation. An episode of respiratory infection was
reported during isolation by Allen, and others (1973) at the
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Parainfluenza virus 3 titer changes and respiratory illness, Winter, 1976.
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British Antarctic Base at Adelaide Island. No serologic evi-
dence as to the viral nature of these colds was found. It ap-
pears that careful observation may lead to a change in long-
standing tradition.

The authors thankJ. E. Humphries, Winter Scientist, and
D. McIntosh, winter scientist and station physician, both of
whom participated in this study. The research was supported
by National Science Foundation Grant DPP 76-23789.
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Solar radiation over the Weddell
and Ross Seas

Guy A. FRANCESCHINI
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Our aim is to determine the amount of solar radiation
made available to the waters surrounding Antarctica.
Measurements were made of total irradiance and photo-
synthetically active radiation (PAR). The former is important
for air-sea-ice energy-budget studies, the latter for marine pri-
mary productivity investigations. Cross-calibrated precision
spectro-pyranometers (Eppley) were used for the basic
measurements, viz, total irradiance and PAR. In addition, a
quantum sensor (LiCor) was used to determine the photon
flux over the PAR waveband, i.e., 400 to 700 nanometers.

During the last year, we evaluated the data taken during
the Weddell Sea expedition, February-March 1977, aboard

the USCGC Burton Island (Franceschini, 1977a) and conducted
a measurement program in the Ross Sea, December 1977-
January 1978, aboard the USCGC Glacier. The latter included a
special experiment to quantify the enhancement of irra-
diance, total and PAR, by reflection from shelf ice and sea ice
(Franceschini, 1968).

Weddell Sea. Results, shown as latitudinal profiles in figure
1, provide a first glimpse of the radiational environment in
this biophysically important region. Excessive cloudiness
near 70'S. was responsible for the small average values of in-
solation, the small interdiurnal ranges, and the large per-
cent-PAR values. In this latter regard, the maximum PAR value
in each latitude zone always occurred when the insolation
minimum was observed (i.e., on cloudy days). Conversely, the
minimum value of PAR in each zone was always associated
with the maximum insolation (i.e., on less cloudy days). For
comparison, calculated values of clear-sky insolation are in-
cluded in figure la. The influence of clouds is very dominant.

Because a knowledge of the photon flux of PAR is impor-
tant for primary productivity study, comparison between
measured values of quanta and energy was made. Results for
a 4-day period are given in figure 2. The envelope for the data
indicates that on cloudy days there is a smaller photon-to-
calorie ratio, i.e., 15.8 Einsteins per megacalorie, and on clear
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Figure 1. Daily solar radiation, average and extrema, for 5-
degree latitude zones in the Weddell Sea, 10 February-110
March 1977: (a) total irradiance (calculated clear-sky values
shown by open circles); (b) photosynthetically active radia-
tion (PAR). (Horizontal bars show ranges. Solid profiles are for
the southbound leg of the expedition and dashed, for the
northbound leg. The southernmost station was at the ice edge

of Vahsei Bay near 78 0 S. and 35 0W., 28 February 1977.)

to partly cloudy days there is a larger ratio, viz, 22.3 (E/M
cal). This agrees with theory, since there are fewer photons at
the high-energy shorter wavelengths.

Ross Sea. This biological expedition aboard the USCGC
Glacier, 19 December 1977-17 January 1978, extended from
New Zealand to the Ross Sea between McMurdo and Bay of
Whales. The effort duplicated cruise 51 of the USNS Eltanin,
January-February 1972 (Franceschini, 1973). Measured
fluxes of energy and photons are being evaluated.

The special experiment to investigate ice-enhancement of
solar radiation was conducted in the Bay of Whales, 78.4°S.
and 164.3°W., 12 January 1978. Under a uniformly overcast
sky (altostratus at 2,500 meters), we approached the ice shelf
to a distance of approximately 0.35 kilometers, then receded
to 1.5 kilometers. The entire run took 40 minutes. Close to the
shelf, the flux of photosynthetically active quanta (FAQ) was
10 percent greater than at 1.5 kilometers. Allowance was
made for the slight diurnal variation. To strengthen this im-
portant result, we examined the FAQ data for periods when
the vessel traversed sea ice. Under a low-overcast sky (stratus
at 300 meters), we found a 30 percent increase in FAQ when
the vessel went from open water to a completely ice-covered
surface (i.e., from a large polynya to 8 oktas of sea ice). Under
a clear sky, the increase during a similar traverse was only 4
percent. The dominant role of clouds in the backscattering of
surface-reflected FAQ is very marked. Both experiments, each
of which took 25 minutes, were conducted on 14 January
1978 near 76°S. and 169°W. Allowance was made for the
slight diurnal variation.

0 
Me 

I
.1.

PAR 006cal/m2t)

Figure 2. Relationship between photon flux, as determined by
quantum sensor, and irradiance, as determined by
pyranometers, Weddell Sea, 1-4 March 1977, USCGC Burton Is-
land. (Both of the measured quantities are of photo-
synthetically active radiation. t-interval: A, a.m.; 0, p.m.; o,

day; 1 E = 1 Einstein = 6.023 x 1023 photons.)

These findings suggest a greater potential for primary pro-
duction near the ice shelf. Such a coastal anomaly may be
common along other coastal zones (Franceschini, 1977b).
Evidence for such enhanced productivity may well be found
in bottom sediments. This may suggest a means for delineat-
ing the ancient ice edge.

This effort was conducted under National Science Foun-
dation grant DPP 76-01121. Thanks are extended to 0. Holm -
Hansen, Scripps Institution of Oceanography, chief scientist
for the Ross Sea expedition, and to cooperative members of
the USCGC Glacier contingent.
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Atmospheric ice crystals at the
South Pole in summer

TAKESHI OHTAKE

Geophysical Institute
University ofAlaska

Fairbanks, Alaska 99701

Atmospheric ice crystals at the South Pole Station have
been studied since December 1974 to understand their
mechanisms of production and their influence on the antarc-
tic climate. Because ice-crystal precipitation is the only way to
remove water vapor from the antarctic atmosphere toward the
ice-covered ground, some knowledge of the formation
mechanisms and rates of precipitation is necessary to under-
stand the budget of atmospheric water vapor that, in turn,
affects the infrared radiation balance during the long polar
night.

The ice-crystal concentration was continuously recorded
by an acoustic sensor (for ice-crystal count) and an ice-crystal
replicator. The concentration varied widely, by as much as 2
orders of magnitude in 10 to 60 minutes. The maximum con-
centration observed was 100 crystals per liter of air. The
changes in concentration were used to correlate ice-crystal
events with cloudiness and cloud forms (using an all-sky,
slow-motion movie camera), wind direction, and upper air
conditions, such as humidity and temperature aloft, including
specially detailed radiosonde readings with dry ice calibra-
tion.

The ice crystals at the South Pole formed in three different
layers:

1. High clouds (cirrus or cirrostratus clouds) formed large
(1 millimeter or larger) assembled-bullet ice crystals (see
figure 1).

2. Middle clouds (altostratus or altocumulus clouds) cre-
ated combined ice crystals in the form of side planes, bullets,
and columns about 1 millimeter in size. (See an example in
figure 2.) Ice crystals from both high and middle clouds form
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Figure 1. Assembled bullet ice crystals collected 10 Decem-
ber 1977 at the South Pole.
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Figure 2. Combined side plane crystals collected 17 Decem-
ber 1974.

and grow in the clouds, then fall out over long distances;
some of them evaporate completely during their fall.

3. The lowest 1,000 meters (mostly a few hundred meters)
without visible cloud layer, but sometimes accompanied by
fractostratus clouds (water clouds), created ice crystals in the
form of thin hexagonal plates and columns smaller than 0.2
millimeters. (An example is shown in figure 3.) These thin
plate crystals formed at temperatures lower than -25'C, and
none of their growth occurred at higher temperatures. We
have also observed growth of such plates at temperatures
below -22°C from a clear sky in the Arctic (Ohtake and
Holmgren, 1974). The generally accepted temperature range
for the formation of thin hexagonal plates is between -10 and
-18°C (Kobayashi, 1958; Magono and Lee, 1966).

This last kind of ice crystal is the most complicated and
has the most interesting formation mechanism. Ice crystals
are usually formed at a relative humidity of 100 percent,
which is also the critical humidity for cloud formation in the
atmosphere. So these ice crystals usually should be formed
within a cloud. However, since very large numbers of these
ice crystals were observed in the antarctic cloudless at-
mosphere, one may advance the possibility of deposition
nucleation, i.e., water vapor deposition directly onto nuclei
under sub-water saturation (or ice saturation) conditions. To
examine this possibility, an experiment was performed at the
South Pole Station during the 1977-1978 austral summer.
When aerosols, which may become ice nuclei, were collected
on membrane filters and exposed to water vapor at -25'C, ice
crystals did not form on the aerosols unless the water vapor
concentration was larger than the water saturation value.
Nevertheless, ice crystals sometimes precipitate from the
cloudless sub-ice saturated sky. The sub-ice saturation was
confirmed by the dry ice seeding and radiosonde soundings.

During the 1976-77 and 1977-78 austral summer field
seasons, ice-crystal replication revealed that many ice crystals
were in the form of stepped columns (figure 4), which sug-
gésts that the ice crystals formed by the freezing of water
droplets (Magono et al., 1976). Ice-crystal precipitations were
associated occasionally with fractostratus clouds or a high,
humid, cloudless layer. In both cases, such a humid layer ex-
isted approximately 100 meters to 500 meters high, and the
wind in the layer always was directed between 300° and 50°
from the Greenwich Meridian.
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Figure 3. Plate crystals from clear sky at South Pole 8 Decem-
ber 1977. (The warmest temperature aloft was -27.70C).

From the trajectory analyses using 700-, 500-, and 400-
millibar isoheight maps, the moisture and nuclei for the ice
crystals observed at South Pole were transported from the
Weddell Sea after traveling more than 7 days toward the Ant-
arctic Plateau. The nuclei of individual ice crystals replicated
at Pole Station were analyzed by means of an X-ray energy
spectrometer during 1975-1976; about 50 percent of the ice
crystals contained sodium, magnesium, sulfur, and chlorine,
which are major components of sea salt from the ocean
(Ohtake, in press).

Similarly to the mechanism for the arctic ice-crystal for-
mation (Ohtake et at., 1978), the clear-sky ice crystals at
South Pole Station may result from the freezing of low-level
stratus cloud droplets, which form by slightly uprising and
cooling warm air transported from the Weddell Sea along the
slight slope toward the Antarctic Plateau. The patchy stratus
clouds are sometimes beyond sight from Pole Station,
although many times such ice crystals may occur with the
stratus clouds or fog banks upwind from the South Pole Sta-
tion.

This research is supported by National Science Founda-
tion grants DPP 74-04037 and DPP 76-23114.

10.1 mm1

Figure 4. A stepped column crystal collected at South Pole 13
December 1976;
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Early winter storms in the
northwestern Weddell Sea

W. SCHWERDTFEGERandF. KOMRO

Department of Meteorology
University of Wisconsin-Madison

Madison, Wisconsin 53706

In sharp contrast with the extended fall season on the west
flank of the Antarctic Peninsula, winter comes early on the
Weddell Sea side (see table 1). In February 1903 the Antarctic,
the ship of the Swedish South Polar Expedition (Bodman,
1910), had been destroyed by wind-driven ice in the region

south of the Antarctic Sound. Seventy-two years later, in the
same area and same month, a similar catastrophe would have
occurred had the endangered ship not been a sturdy
icebreaker. On 26 February 1975, the Argentine General San
Martin was beset in a cold southerly windstorm of 40 to 50
knots. The pressure exerted by the ice broke some reinforce-
ments in the ship's body and at times lifted the entire vessel.
The USCGC Glacier tried but failed to reach General Van Martin.
It took 4 weeks, a change of weather, and extremely difficult
maneuvering before the Argentine ship could free itself
(Blanchard, 1975; Kirkpatrick, 1975).

Kormo (1978) has used weather reports made every 6
hours, satellite pictures, and twice daily synoptic maps pre-
pared by the Australian Bureau of Meteorology to analyze the
weather development during the last 5 days of February 1975
in the area shown in figure 1. A summary follows.

On 25 February 1975, cold, stable air moved across the

October 1978	 175



Comparison of temperatures and wind between west- and east-coast of the Antarctic Peninsula (10-year averages).

Argentine Islands	 Matienzo
65.30 S.64.30 W.	 65.0°S.60.0°W.

	

Jan.	Feb.	Mar.	April	Jan.	Feb.	Mar.	April
Average daily temp.	 0.6	0.2	-1.0	-4.0	-1.4	-5.3	-10.9	-15.9

(in°C)
Average daily mm. temp.	 -1.2	-1.4	-2.8	-6.0	-3.2	-7.0	-14.3	-20.5

(in°C)
Average daily wind speed, calms ex-

cepted	 6	7	9	11	10	13	16	14
(in knots)

Figure 1. Trajectory of the cyclone, 23-28 February 1975. The
upper numbers indicate the date and Greenwich time, the
lower ones the central pressure In millibar. The dashed lines
delimit the ice cover of the Weddell Sea according to the U.S.
Navy's Fleet Weather Facility Suitland ice map for 27 Febru-
ary 1975. The ice concentrations are given in oktas; n.L-new
Ice. The thin, straight line joins the meteorological stations

Matienzo and Signy Island. (See caption for figure 2.)

southern and central Weddell Sea toward the west-northwest
and thus toward the mountains of the Peninsula, south of
about 65° S. Due to the damming-up effect of the mountain
barrier (Schwerdtfeger, 1975), a strong, northward -directed
flow of cold air developed along the east side of the Penin-
sula. This is clearly indicated by the wind and temperature
data of the stations Matienzo (65.0°S.60.0°W.), Marambio
(180 kilometers to the east-northeast), Petrel (85 kilometers
north-northeast from the latter), and Signy Island (South
Orkneys). At the same time, relatively warm and moist air ad-
vanced southwestward over the eastern Weddell Sea; the tem-
perature at Halley Bay (75.5°S.26.8°W.) rose by 8° from 24
February to 26 February, to reach values 4° higher than those
observed at Matienzo. This advection pattern suggests an in-
tensification of the frontal zone (strong baroclinicity) in the
area into which a moderately developed low pressure system
moved from the west (see figure 1). The result was that be-
tween 25 and 26 February the direction of the flow of air in
mid-troposphere turned from west-northwest to north-north-
west and intensified, while the cyclone deepened. The latter's
trajectory and central pressure values are shown in figure 1,

Figure 2. Pressure difference (left-side scale) and corres-
ponding geostrophic wind component (scale on the right) be-
tween the stations Matienzo and Signy Island. Lower part: 6-
hourly data of temperature, dew-point temperature, at-
mospheric pressure at sea level (985-998.5 millibars), and

wind (1 barb - 10 knots; wedge -50 knots).

and the sea level isobar pattern for 12 Greenwich Mean
Time, 26 February is shown in figure 3.

The consequences of this weather development for the
icebreaker General San Martin, positioned about 30 kilometers
north of Marambio, are obvious. The horizontal pressure
gradient between the northern part of the Antarctic Peninsula
and the center of the cyclone increased rapidly, and so did the
wind stress on the floating ice. The variation with time of the
pressure difference between Matienzo and Signy Island
(along the thin straight line drawn in figure 1) is shown in
figure 2; it must be borne in mind, however, that from these
values it was possible to compute only one component of the
geostrophic wind, perpendicular to the said line. The inter-
polated isobar pattern in figure 3 suggests a magnitude of the
geostrophic wind vector on the order of 50 to 60 knots during
the 36 hours of maximum storminess.

The important question arises: How much in advance
could a storm of this type be forecast? Considering the speed
and intensity of cyclonic developments in the southern subpo-
lar latitudes, it appears obvious that a reliable forecast several
days ahead of such a major event is, and will remain, simply

176	 ANTARCTIC JOURNAL



Figure 3. Synoptic situation
26 February, 12 Greenwich
Mean Time, several hours
before the storm reached
maximum strength. (Solid
lines - sobars In millibars.
Curved dashed line around
low pressure center -
cyclonic vortex cloud pat-
tern as seen from satellite.
Station data as explained

In figure 2.)

impossible. However, two features of the synoptic situation in
the area 50°-80°S. 20°-90°W. can be identified which, if ap-
pearing concurrently, would warrant a 24-hour forecast of an
imminent southerly storm in the northwestern Weddell Sea,
and the corresponding advance of the sea ice:

1. The presence of an eastward-or east-southeastward-
moving cyclone, not necessarily a strong one yet, in the region
east of Tierra del Fuego or in the eastern Drake Passage.
Such cyclones can easily be monitored from satellite informa-
tion, the 3- or 6-hourly observations of the stations in
southernmost South America and on the South Shetland Is-
lands, and the upper air soundings of the station
Bellingshausen (62.2°S.58.9°W.)

2. The presence of relatively high pressure along, say, the
750 S. parallel to create or maintain an easterly flow over the
central Weddell Sea. As of now, only the stations Halley Bay
and Belgrano (77.8°S.38.2°W.) can provide the desired
weather reports. Synoptic data from the essentially unex-
plored southwest corner of the Weddell Sea are badly needed.
An automatic station at about 75°S.60°W. would be of the
greatest value. If installation and annual maintenance in that
area should prove too difficult, its location at the British sta-
tion Fossil Bluff (72.8°S.68.3°W.), in recent years in opera-
tion only during summer, would be a good substitute.

This study was supported by National Science Foundation
grant DDP 77-04506.
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Albedo measurements were taken at McMurdo, South
Pole, and Siple stations and at Canada Glacier, including
different types of snow as well as ice.

Figure 1 shows four typical spectra. Freshwater ice at Lake
Fryxell in the vicinity of Canada Glacier exhibits a dark ap-
pearance since it is almost free of air and snow inclusions.
Albedo values range from 20 percent in the visible range to
approximately 5 percent in the near infrared range.

The sea ice spectrum is representative of ice surfaces, ap-
pearing whitish to white-blue with many inclusions of air
bubbles and snow. The reflection peak at 1,400 nanometers is
caused by back-scattering from these inclusions. The relative
contribution of scattering to total extinction (single scattering
albedo) is also enhanced by the structure of fresh snow
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Figure 2. Change of directional albedo at South Pole station
from 0300 LST (above) to 0900 LST (below), In relative units.
Valid for 450 nanometers, when azimuth 0 degree is directed
toward the sun.

Spectroscopic studies at
McMurdo, South Pole, and Siple

stations during the austral
summer 1977-78

MICHAEL KUHN AND LEONIDAS SI0GAs

Inst it utefur Meteorologie und Geophysik
Universitat Innsbruck

Innsbruck, Austria

Solar energy absorbed and reflected from the snow and ice
surfaces of the antarctic continent plays a decisive role in at-
mospheric transport processes. This project therefore concen-
trated on the radiative properties of different types of surfaces
by measuring spectral albedo, anisotropic reflectance, and
spectral extinction in snow. In addition, the spectral
transmissivity of the atmosphere for diffuse and direct fluxes
was determined for various states of the sky. A 12-year-old
series of atmospheric turbidity measurements was continued
with a Linke Feussner pyrheliometer. Field work was per-
formed from 16 November 1977 to 27 January 1978 at
McMurdo, South Pole, and Siple stations as well as Canada
Glacier (77°37'S. 163°E.), Taylor Valley.

The instrument used an ISCO model SR spectro-
radiometer. It covers the visible and near infrared spectral
range between 390 and 1,550 nanometers.

The modified sensor has fields of view of 180, 10, and 5
degrees and is connected to the spectrometer by optical fibres.
Radiation enters the instrument through a diffusing screen,
and passes a light chopper and monochromator. The measur-
ing photocell is a silicon junction photocell in the visible
range 390 to 750 nanometers and a germanium photocell in
the infrared range 750 to 1,550 nanometers. The half-band-
width is approximately 15 nanometers in the visible range
and 30 nanometers in the infrared range.

100
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Figure 1. Spectral albedo vs. wavelength for different types
of snow and Ice.
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crystals, especially dendritic forms. The fresh snow spectrum
taken during snowfall at McMurdo, therefore, exhibits a
well-developed reflection peak. On the ground, the snow is
subject to mechanical and thermal metamorphism which
reduces the number of scattering centers per unit mass. It was
observed at McMurdo that the 1,400-nanometer peak disap-
peared within a day after snowfall ceased. The aged snow
spectrum was taken at the South Pole station where
metamorphous, prismatic crystals inhibit the development of
a reflection peak at 1,400 nanometers, while low solar eleva-
tion causes higher albedo in the visible range. The aged snow
spectrum compares well with laboratory investigations by
O'Brien and Munis (1975).

The study of directional reflectivity of sastrugi fields
(Kuhn, 1974) was continued with the new spectrometer.
Anisotropic reflection from snow is caused not only by its
radiative transfer characteristics (Barkstrom and Querfeld,
1975), but also to a great extent by macroscopic surface
topography. Figure 2 shows the result of scanning the
azimuth at the South Pole station at angles of 3, 10, 20, and
30 degrees below the horizon. Azimuth 0 degree is directed
toward the sun.

In this particular case, two main directions of sastrugi
ridges caused the brightness of the snow surface with respect
to azimuth to be reversed between 0300 and 0900 local stand-
ard time (LsT).

Measurements of spectral extinction of global radiation in
snow were performed at the South Pole station. Extinction is
nonexponential in the uppermost layer of approximately
1.5-2 centimeters (for an explanation see Barkstrom, 1972).
Below this surface, layer extinction is exponential with depth
and depends strongly on wavelength.

Wavelength	450 500 550 600 650	700	750
(nanometers)

Extinction
coefficient	0.082 0.069 0.097 0.133 0.216 0.315 0.382
per centimeters

As wavelength increased beyond 750 nanometers, nonexpo-
nential extinction was observed over the entire measuring
depth of 20 centimeters.

This work was supported by National Science Foundation
grant DPP 75-23048 to Ohio State University.
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Boundary layer research at South
Pole Station using acoustic remote

sensing

W. D. NEFF

Wave Propagation Laboratory
Environmental Research Laboratories

National Oceanic and Atmospheric Administration
Boulder, Colorado 80302

We report here on our analysis of acoustic sounder data
obtained during 1977 and on a series of tests planned for a
wind-sensing Doppler-acoustic sounder and sonic
anemometer installed during January 1978 at wind-sensing
Doppler-acoustic sounder and sonic anemometer installed
duringJanuary 1978 at South Pole Station.

Our 1977 experiment (Neff and Hall, 1978; Neff et al.,
1977) focused on the profiling of small-scale turbulent
velocity and temperature fluctuations as a means of monitor-
ing the structure and evolution of the atmospheric boundary
layer at the South Pole. Through the efforts of Brad Halter
and the late Gary Rosenberger of the National Oceanic and
Atmospheric Administration's Global Monitoring for
Climatic Change Program, we obtained high quality data for
the entire year.

Our earlier analysis of 1975 data (Neff and Hall, 1976a,b)
documented the ability of acoustic sounding techniques to
provide a detailed and continuous picture of the inversion
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Figure 1. Spectral and cospectral analyses of hourly surface
observations obtained during May 1975 at South Pole Station.
The negative cospectral peaks at 3.3 days reflect the regular
occurrence of cold, gently downslope flows. The nearly diur-
nal peak in the wind-speed spectrum is related to increases
In temperature as shown by its cospectrum with temperature.
The temperature spectrum, however, shows that this ac-
counts for only a small part of the variance in temperature.
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Figure 2. infrared satellite photograph taken about 2300Z, 7
July 1977, showing cyclonic vortex some 500 kilometers in
diameter and located grid northeast of South Pole Station

(solid dot).

and revealed a variety of meteorological phenomena unex-
pected from surface observations alone. On time scales of
minutes, "breaking" waves produced short-term increases in
the surface heat flux. Longer period oscillations (1/2 to 1
hour) of the inversion depth produced large changes in the
surface wind speed 1iu none in the temperature. On synoptic
time scales, we found a systematic variation in the surface
wind direction and temperature that correlated strongly with
distinct changes in our acoustic sounder data. The spectral
and cospectral analyses of a month's surface data shown in
figure 1 reveal quite clearly the synoptic character of these
changes; cold, gentle downslope flows off the dome alternate
with strong, warm advection from the Weddell and Atlantic
sectors. During such downslope cases, the acoustic sounder
data revealed a deepening of the inversion with features simi-
lar to those of a surface cold front. In such cases, the bound-
ary layer depth was about 25 percent of the inversion depth,
with isolated turbulent patches and layers occupying the re-
mainder of the inversion. Such events occurred typically in
conjunction with strong baroclinic upper level winds from the
quadrant between 100°E. and 1800. In such cases the
geostrophic pressure gradient counters the Archimedian force
within the inversion accounting for the light winds and thin
boundary layers.

The regular occurrence of such events led us to examine
both radiosonde and satellite data in more detail. We found
that the direction of the upper level winds had a bimodal dis-

Figure 3. Acoustic sounder backscatter signal (monostatic)
compared with scattering at 150 0 (bistatic). The latter in-
cludes a contribution from small-scale velocity fluctuations in
addition to one from the temperature fluctuations. The dark
band at 30 meters results from the direct pulse between the
two antennas. The main beam intersection begins at about 60
meters. The dark band near the bottom of the monostatic
trace arises from the ringing of the antenna. The lower record
reflects the enhancement of the temperature gradient at the
top of the boundary layer, while the upper record shows the

uniformity of turbulence within the boundary layer.

tribution with centers at 45°W. and 160°E. The winds from
the southeast quadrant were highly baroclinic and in most of
the cases associated with the presence of frontal and
multilayered echos in the acoustic data. Examination of in-
frared satellite photographs from July 1977 revealed the case
shown in figure 2. The distinctly cyclonic vortex located grid-
northeast of the South Pole formed and decayed over a period
of 2 days. The acoustic sounder revealed that a surface
"front" arrival some 18 hours prior to this photograph.
Although moisture is available only rarely as a tracer for such
infrared imagery over the antarctic interior, our acoustic-
sounder data and spectral analysis of surface data suggest that
the propagation and horizontal structure of such systems
could be studied easily with an array of remote weather sta-
tions.

Under higher wind conditions the boundary layer
typically would grow to heights of as much as 300 meters over
periods of 6 to 36 hours. In such cases the increased tur-
bulence often caused a weakening of the temperature gra-
dient within the boundary layer and a corresponding enhan-
cement at the top. These observations confirm the recent
model predictions of Brost and Wyngaard (1978), who in-
cluded both bottom slope and a surface energy budget in a
higher order closure model of the statically stable boundary
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layer. Their model also showed that such boundary layers
often require times comparable with the duirnal period to
come to equilibrium. Because the South Pole site lacks a
diurnal cycle of insulation, data acquired there provide a uni-
que opportunity to test the predictions of these models.

The primary data available from the acoustic backscatter
signal are profiles of the temperature spectrum a  (K), at the
acoustic wave number K (as in the lower portion of figure 3).
A connection with typical model parameters can be made as
follows: Wyngaard and Cote (1971) express dT(K)as

	

T( K ) = f3Q3K-%	(1)
aT

where $0.79 ±0.10; Q the flux of sensible heat; az the
background temperature gradient; and €, the rate of destruc-
tion of the turbulent kinetic energy. Writing Q in an eddy-
diffusivity form as Q--K 4 T we then have

ø T('<) 0.79 KH(€ t 3K3	(2)

The bistatic-sounder echo in figure 3 (see Neff and Hall,
1978, for more discussion of the application of scattering
theory to the interpretation of such records) shows a nearly
uniform distribution of through the boundary layer. Model
predictions of K  suggest a nearly linear decrease near the
top of the inversion. The quadratic behavior of thus will
dominate the behavior of Ø T( K ) . Changes in the back-
ground temperature gradient due to the evolution of the
boundary layer or shorter term variations due to internal gra-
vity waves thus should be clearly evident from acoustic data
as, indeed, we have found. The strong backscatter echo at the
top of the boundary layer shown in figure 3 would correspond
to a sharpening of the temperature gradient there as predicted
by Brost and Wyngaard and is consistent with (2). The
availability of such model results thus provides a basis for the
systematic analysis of our digitally recorded sounder data ob-
tained during 1977.

Our 1978 field program has been designed to test a Dop-
pler-acoustic sounder as a means of studying the detailed
structure of the boundary-layer wind field. A number of
problems with cold sensitivity and power line transients had
been solved by midwinter with routine data acquisition begun
on lJuly.

Because of the problems of inferring surface stress and
heat flux from profile methods at large static stability, we
modified, for cold-weather operation, a three-axis sonic
anemometer for direct measurement of these fluxes. The
sonic electronics were modified so that adjustments could be
made in the Clean-Air Facility. This has, however, required
additional line drivers and receivers to eliminate crosstalk
and noise. These modifications should be completed later in
the winter.

Lt. Hans Ramm is the winter scientist during 1978 and
participated with me in the 1977 and 1978 summer programs.
This research was supported in part by the National Science
Foundation under grant DPP 77-04865.
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Possible mechanism of meridional
atmospheric circulation over

Antarctica

E. P. LYSAKOV

Arctic and Antarctic Research Institute
Leningrad, USSR

The general understanding of air circulation and theoreti-
cal models available today are insufficient for those who are
concerned with long-range weather prediction. There is
urgent need for detailed studies, based on direct observations,
of air circulation mechanisms. These are important for the
assessment of various theoretical models, for the choice of
permissible limits of simplification (i.e., marginal conditions
and equations of thermodynamics and hydrodynamics), and
for the verification of theoretical hypotheses.

With these goals in view, I developed a project to be im-
plemented during my assignment with the United States Ant-
arctic Research Program (USARP) as a Soviet exchange scien-
tist at McMurdo during the 1976 winter. This area of the
south polar region is extremely interesting from the
metorological point of view, since it is here that the main
pressure systems interact and the meridional exchange of the
momentum becomes very strong because of specific
geographic conditions. Dynamic factors are of major impor-
tance here. The quantitative estimation of this mechanism
would facilitate better understanding of the structure of a
polar circulation cell, which makes the property exchange in
the atmosphere between middle and high latitudes possible.
The program included studies of:

1. vertical motions in the atmosphere and related air mass
distribution over Antarctica;

2. mechanism of meridional air transport over the antarc-
tic coastal zone;

3. interpretation of certain atmospheric circulation
features by means of an air mass distribution model for the
antarctic continent;
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second) air mass transport over Antarctica in July 1976.
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Figure 2. Vertical velocities (centimeters per second) over
McMurdo (780S.1670E.) in 1976.

4. relationship of a mechanism of meridional circulation
over Antarctica with the model of air mass transport over the
Southern Hemisphere; and

5. long-term climatic evidence and current observational
data.

To implement this program, the collection and processing
of daily surface and upper air data were made for all the sta-

and Campbell Islands and Australia. In addition, a large
amount of synoptic evidence, such as surface and upper air
charts of pressure topography, as well as satellite pictures,
were used.

The calculation of interlatitudinal air exchange was made
using the meridional component of the resultant wind. The
values of meridional air mass transport were obtained for all
the stations. The rates of vertical motions were determined by
means of a heat influx equation, which was solved assuming
that local day-to-day temperature changes in the atmosphere
were caused by advective adiabatic and diabatic processes.
The local daily changes in air temperature were calculated
directly from the radiosonde data. Advective temperature
variations were determined by means of the thermal wind
equation. To estimate the diabatic processes which were
assumed to be caused by a radiational factor, calculated data
were used. The equation term determining adiabatic tem-
perature changes and including the value of vertical motion
velocity was calculated as a residual one.

The emphasis was placed on the analysis of the cross sec-
tion comprising Novo lazarevskaya - South Pole - McMurdo -
Dumont d'Urville - Macquarie - Hobart - Charville. In addi-
tion, the McMurdo data were used for the estimation of the
contribution of different factors to the air temperature
changes during one year in the whole atmospheric column.
The same information, together with the Dumont D'Urville
data, was used for the study of the dynamics of spring circula-
tion break-up at stratospheric levels. Longterm data were
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used and analyzed to obtain some climatic characteristics, in
particular that of meridional air mass motion across the ant-
arctic boundary, and also of vertical air mass transport over
the continent on the average, air mass balance, and so on.
These data were also needed for comparison with the results
obtained in the present study.

Figure 1 is an illustration of the meridional and vertical air
mass transport over Antarctica in July. Over most of East
Antarctica the pattern of the meridional transport appears to
be ideal and is in accordance with the theoretical circulation
model. The pattern is characterized by low tropospheric air
discharge from the continent, and in the upper layers there is
an air flow from the ocean onto the continent. Nevertheless,
we do not find here an air convergence typical of the tro-
poshere and stratosphere of this area. On the contrary, the
Novolazarevskaya station area appears to be the only site
along the coast where the air is discharged throughout the
whole of the atmospheric column, with the maximum speed
at the surface reaching 1168 x 10 3 grams per square cen-
timeter per second. This air mass pattern is observed during
the whole year, and it is also revealed in long-term data.

Vertical air mass transports (figure lb) suggest the pre-
dominance of downward fluxes over the antarctic mainland
with maximum values of about 300-400 x 10 -6 grams per
square centimeter per second. In the upper atmosphere over
the studied area, however, the flux sign changes. This occurs

almost year round, excluding spring, when downdrafts con-
tribute to the dynamic heating of the stratosphere.

Despite the predominance of downdrafts in some periods
of the year because of cyclonic activity, intensely strong up-
ward motions can develop which merge with the stratospheric
zone of mass upward flow. This situation is illustrated by the
July McMurdo data. Upward air mass flows were 500 x 106
grams per square centimeter per second, although this flow
structure over the McMurdo area is not typical. This is
demonstrated by figure 2, showing annual speeds of vertical
motions. It is readily seen that air mass descent, with max-
imum speeds in May being 0.5 and -0.7 centimeter per sec-
ond, prevails over most of the atmosphere during the year.
Anomalous development of atmospheric processes in July
1976 manifested by air mass ascents can be attributed to the
activation of cyclonicity which determined temperature
deviations. Air temperature in July in midtroposphere over
McMurdo was 3 degrees higher than estimated by long-term
averages, the calculations indicate that this rise in tem-
perature results from heat advection that on an average was
4.0 to 4.5 degrees per day, the radiational cooling caused by
air mass ascents being smaller

I thank the National Science Foundation for making my
stay and work at McMurdo possible and all those who helped
me obtain necessary scientific information.

Operational meteorology, Deep
Freeze 78

MANUEL G. SALINAS

U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043

The Naval Support Force Antarctica (NSFA) meteorology
officer serves as the principal investigator and manager of the
U.S. meteorological observation program in the Antarctic. In
addition, he provides environmental support for all U.S. air,
surface, and ship operations and some support to other non-
U.S. users by request, on a not-to-interfere basis. This en-
vironmental support consists of: recording, encoding, and
transmitting all weather observations in compliance with
U.S. commitments to the World Meteorological Organiza-
tion (wMo) and the Antarctic Treaty agreement; encoding

nd transmitting inflight air reports (AIREPS) from U.S. Navy,
U.S. Air Force, and Royal New Zealand Air Force flight
crews; performing ice and weather reconnaissance flights by
personnel from the meteorology office; and providing
weather instrumentation kits to U.S. Antarctic Research
Program and international field parties in support of the
meteorological observation program.

Forecast services provided by the NSFA meteorology office
include aviation forecasts for all Deep Freeze (DF) and Ice
Cube aircraft; terminal and area forecasts for U.S. field
camps and stations; local area forecasts for McMurdo, the Ice
Runway/Williams Field complex, and Scott Base (New Zea-
land); ship-route forecasts for all DF supporting ships; and
severe weather warnings (such as high wind, high wind chill,
and low visibility conditions) for the McMurdo and Williams
Field/Ice Runway areas.

McMurdo Station is the U.S. antarctic meteorology
program's main center of operation. All forecast and environ-
mental services for the Antarctic continent and surrounding
ocean areas originate from McMurdo and are disseminated
to users as required. The United States maintains four per-
manent meteorological reporting stations in Antarctica:
McMurdo (77°51'S.166°39'E.), South Pole, Siple
(75°55'S.83°55'W.), and Palmer (64°46'S.64°05'W.). Two
of these stations (McMurdo and South Pole) support year-
round surface synoptic and upper air sounding programs,
while the other two maintain only year-round surface synop-
tic programs. Siple Station was officially included in the WMO
network this season and given the identification number of
the old Eights Station-89083. Siple assumed this number
because it is near the old Eights Station, which has not been
in operation for several years.

Other minor stations and field camps are a part of the sur-
face synoptic observation network in Antarctica during the
austral summer of each year. These camps are established
temporarily during this period for specific scientific research
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programs. Byrd Surface Camp (80°00'S.120°00'W.), used as
a major refueling camp by DF aircraft, maintains an upper-air
and surface synoptic program during the summer to fulfill its
mission requirements. The table summarizes the U.S. obser-
vation program during DF 78.

The U.S. South Pole Station has been manned by four
New Zealand Meteorological Service personnel under con-
tract to the National Science Foundation during DF 76
through DF 78; this arrangement reflects the cooperative
nature of the international meteorological program on the
continent of Antarctica. On 20 January the New Zealand
meteorological team established a new upper-air balloon
launch height at South Pole of 37,120 meters (121,785 feet).
A low-temperature record of -57.2°C (-7 1.0°F) was observed
on 28 February. In the future the station will be manned by
personnel from Holmes and Narver, Inc., under contract to
NSF because of the anticipated expansion of the observation
network and the importance of consolidating the supervision
and management of all personnel, training, supply, equip-
ment archiving, and communications aspects of the
meteorological program.

Weather conditions during DF 78 in general were slightly
different from the climatological mean, but they did ap-
proach the mean more closely than the 2 previous years. For
example, a negative temperature anomaly of 2.1°C was ob-
served throughout the entire season, although 4 days ex-
ceeded 0°C. Significantly, the weather at the McMurdo Sta-
tion/Ice Runway complex, Byrd Surface Camp, and Siple
Station was more unfavorable for air operations than normal.
Of interest is the fact that approximately 40 percent of the
visual flight rule (vFR) conditions at Byrd Surface Camp and
Siple occurred when McMurdo was unfavorable or closed
due to inclement weather.

The first storm of the season occurred at McMurdo from
24 to 27 October, when a dissipating oceanic storm curved
into the Ross Sea and caused intensification of an existing cir-
culation. The new storm stalled near the east end of Ross Is-
land, dropping an estimated 10 inches (254 millimeters) of
snow and establishing a new snowfall record for the month of

October. Maximum sustained winds of 48 knots were
recorded, with a peak observed gust of 85 knots occurring on
26 October before damage to the anemometer prevented
further measurements. Two other major storms approached
McMurdo during November, with the leading edge of the
snow areas coming within sight of the station; however, the
upper level steering flow kept the worst part of the storms
away. Another significant storm occurred at McMurdo 3-6
December when a strong oceanic storm went ashore in Marie
Byrd Land on 1 December, inducing a weak circulation at
the base of the Ross Ice Shelf. The circulation intensified as it
moved northwest over the McMurdo area, dropping an esti-
mated 11 inches (279.4 millimeters) of snow and producing a
maximum sustained wind of 41 knots over the station. Early
January brought several days of strong southeasterly flow
which made it easier for the U.S. Coast Guard icebreakers to
clear the ice from Winter Quarters Bay and the ice channel.

U.S. antarctic station observation program

Observation taken

Station	Surface Aviation Upper SatelliteAir

'McMurdo	 Cb	Sc	c	C
'South Pole	 C	S	C
'Byrd	 S	S	S
aSiple	 C	S
"Palmer	 C
'USCG Icebreakers	C	S
'Resupply Ships	C
RISP Camps	 S
Orville Coast	 S
Dome "C"	 S
Marie Byrd Land	 S

'Observations transmitted; all others available from McMur-
do Weather Center.

bC , Continuous program.
C5, summer only.
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Atmospheric constituents

Trace gas and aerosol
measurements

to 30 kilometers in Antarctica

D.J. HOFMANN.J. M. ROSEN, A. L. FULLER,
D. W. MARTELL, and G. L. OLSEN

Department of Physics and Astronomy
University of Wyoming

Laramie, Wyoming 82071

A. L. SCHMELTEKOPF and P. D. GOLDAN

Aeronomy Laboratory
National Oceanic and Atmospheric Administration

Boulder, Colorado 80302
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For the seventh consecutive austral summer, successful
balloon measurements of stratospheric constituents were
made in Antarctica. As in 1977, (Hofmann et al., 1977),
nitrous oxide (N 20), chlorofluorocarbons (CF 2Cl2 and
CFCI 3 ), aerosol particles (radius 0.15 micrometer or larger),
and condensation nuclei (radius 0.01 micrometer or larger)
were measured. The trace gases measured are important in
determining the stratospheric ozone profile, and we now have
an opportunity to begin studying long term time variations of
these gases. The aerosol measurements are indicative of the
level of major volcanic activity and are important in radiation
balance studies. Condensation nuclei measurements are
useful both in the troposphere and stratosphere, possibly
affecting precipitation in the former and serving as seed parti
cles for growth of the sulfate layer in the latter.

The gas measurements are made by recovering air sam-
ples (five per flight at different altitudes) obtained during
parachute descent from about 30 kilometers; these samples
are analyzed by gas chromatography by the Aeronomy
Laboratory of the National Oceanic and Atmospheric Ad-
ministration in Boulder, Colorado (Schmeltekopf et al.,
1977). The aerosol and condensation nuclei are measured in
situ by light scattering particle counters which detect in-
dividual particles (Hofmann et al., 1975; Rosen and
Hofmann, 1977).

The N 20 profile was measured for the third consecutive
year; these data are shown in figure 1. The tropopause oc-
curred between 8 and 10 kilometers for these soundings.
There is little time variation in the data below 20 kilometers;
however, above this altitude there is considerable variation.
The time scale of this variation is probably greater than 1 or 2
days as the 10 points in 1976 and 1977 were actually obtained
from 2 balloon flights of 5 samples each taken 2 days apart in

0	 100	200	300	400

N 2 0 MIXING RATIO (ppbv)

Figure 1. Altitude profiles of nitrous oxide mixing ratio over
McMurdo. (The mixing ratio is given in parts per billion by

volume, ppbv)

1976 and 1 day apart in 1977. Variability in the N 20 profile
was noted by Schmeltekopf and others (1977) in measure-
ments at Laramie, Wyoming, and Fairbanks, Alaska. It ap-
pears that the time scale of such variations is of the order of
several days to a week and probably is associated wth
stratospheric transport processes.

Figure 2 shows the results for the chlorofluorocarbons.
Similar to the N 20 data, there is some variability at the high-
est altitudes. It is in the same sense as for the N 20 data, i.e.,
the air at 30 kilometers in 1977 contained a higher mixing
ratio of trace gas than in 1978. This air could have been
transported from lower latitudes where mixing ratios (at least
for N 20) are observed to be higher (Schmeltekopf et al.,
1977). Below about 25 kilometers there is little evidence for
any time variation in the chlorofluorocarbons.

Figure 3 shows a comparison of aerosol (r 0.15
micrometer) profiles taken in 1977 and 1978. Although the
profiles in general are quite similar, there was less layering in
the lower stratosphere in 1978 than in 1977. This probably
indicates a lack of recent volcanic activity in 1978.
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AEROSOL CONCENTRATION (No /ccJ)

Figure 3. Aerosol particle (r0.15 micrometer) concentration
profiles obtained at McMurdo. (The smooth lines are lines of
constant mixing ratio in units of particles per milligram of air.
The arrows mark the observed position of the tropopause.)

Figure 4 shows a comparison of condensation nuclei (cN)
profiles for 1977 and 1978. The profiles are nearly identical
except for the tropopause region (near 10 kilometers). It is
characteristic of CN profiles to decrease drastically at the tro-
popause. We again saw the high tropospheric concentrations
of CN we thought were unusual in 1977. In addition to the
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Figure 4. Condensation nuclei (R0.01 micrometer) con-
centration profiles obtained at the South Pole. (The arrows

mark the observed position of the tropopause.)

1978 sounding shown in figure 4, we also conducted three
short soundings (to about 5 kilometers) which confirmed
these high troposopheric concentrations. At present, we find
it difficult to bring our results into agreement with ground-
based measurements of CN at the South Pole, which generally
show much lower concentrations.

This work was supported in part by National Science
Foundation grants DPP 76-17777 and DPP 77-21202 and by
Department of Commerce grant 04-6-002-44019. Messrs.
Fuller, Martell, and Olson performed the field work at
McMurdo and South Pole between 2 January and 6 February
1978.
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Trace elements in the antarctic
atmosphere

WILLIAM H. ZOLLER, WILLIAM C. CUNNINGHAM; and GARY
McG REGOR

Department of Chemistry
University of Maryland

College Park, Maryland 20742

ROBERT A. DUCE

Graduate School of Oceanography
University of Rhode Island

Kingston, Rhode Island 02881

This project is designed to ascertain the composition of
antarctic aerosols and to determine their source. The results
of these studies will be used to evaluate the relationship of at-
mospheric aerosol burdens and the composition of snow. In
line with these goals, several atmospheric particulate samples
were collected by Eugene Mroz using the LC-130 aircraft in
Antarctica during October 1977. Filter samples were col-
lected for chemical analysis, over the open ocean and over the
antarctic ice sheet between McMurdo Sound and the South
Pole.

The primary mission during the 1977-78 austral summer
was the installation of equipment for the collection of at-
mospheric aerosols in the new clean air facility at Pole Sta-
tion. William Cunningham and Cary McGregor arrived at
Pole in early November to begin assembling equipment for
aerosol sampling at the remote 5-kilometer Maryland-Rhode
Island site. Sampling was initiated in early January when all
equipment was operational and there was a reduced chance
of contamination by other groups working in the area. It was
initially planned to collect some samples at the remote site to
be compared with those from the new clean air facility. This
was impossible because of delays in obtaining electrical
power in the new facility. During the first week of February
most of the equipment was moved from the remote site into
the new facility to be operated during the winter by Cary
McGregor. Shortly thereafter electrical power was installed,
and sampling was initiated on a limited basis. The operation
of the new facility is being continued at a reduced level of
sampling throughout the 1978 over-winter. We can operate.
only a few of our particle collectors because of power limita-
tions. We are concentrating our efforts on the collection of
high-volume particle samples for trace metal analysis and on
both particulate and gaseous halogen samples. Radon-222
measurements also are being made daily.

Samples of snow from the surface and from a shallow 5-
meter pit were collected, and the results of the chemical
analyses will be compared with the atmospheric concentra-
tions of elements we have measured. Since some data on the
chemical composition of snow have become available, we
have compared our 1974-75 atmospheric data (Maenhaut
and Zoller, 1977; Maenhaut et al., in preparation) with that
from the snow analyses for the 1973-74 period (Boutron et al.,
1977; Delmas and Boutron, 1977). A plot of the absolute con-
centration of the atmospheric and snow constituents is shown

in the figure. The concentrations, which range over five or-
ders of magnitude of both snow and atmospheric aerosols, ac-
tually appear to correlate within narrow limits. Even though
the samples were collected at different times the agreement
between snow and atmospheric concentrations is within a
factor of 3 or 4 for the 13 elements determined. These results
may indicate that the concentrations of these elements in
snow are closely related to atmospheric burdens. There is
much more work to be done on snow and aerosol chemical
analyses before the correlation can be accurately determined.

ID	 100	 100	 I00	 00	KX*)00
Atmospheric Aeroed Concentraton (ng /scm)

Plot of the chemical composition of atmospheric aerosols
from the South Pole vs. snow samples.

The results of both Kumi (1976) and Ohtake (1976) indi-
cated that crustal and sea salt aerosol are the most frequent
nuclei of ice crystals sampled at the South Pole. Since sulfate
dominates the atmospheric aerosol burden, it also must be
effectively deposited in the snow, because its concentrations,
according to available data, closely reflect the atmospheric
levels. Although the correlations shown here are remarkably
good, it must be pointed out that precipitation efficiency
generally is dependent on particle size (Junge, 1963) and that
particles at the South Pole are very uniform in size and,
therefore, apparently are all removed with the same overall
efficiency.

Samples of ice were also collected from the summit of
Mount Erebus, where water vapor, possibly containing
volatile compounds, is frozen into ice cones. These samples
are being analyzed for halogens and other trace species to
evaluate the usefulness of these ice cones for recording
Erebus emissions. W. Zoller and C. McGregor took addi-
tional samples in January 1978 from sulfur deposits in the
vicinity of the rim for detailed chemical analysis by W. Zoller.

The work on this project was supported by National
Science Foundation grant DPP 76-23423.
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Antarctic tritium measurements

ALLEN S. MASON and H. GOTE OSTLUND

Rosenstiel School of Marine and Atmospheric Science
University of Miami

Miami, Florida 33149

about 14 minutes, and the vertical error bars, which are the
one-sigma estimate. The dew point curve is dashed for the
first 3 degrees of latitude, because the sensor appears to have
become saturated while at surface level at the Pole and the
data are questionable. The correlations among potential tem-
perature, humidity, and HTO mixing ratio are quite striking.
The warming trend proceeding away from the Pole is
generally correlated with higher dewpoint and is not evidence
Qf stratospheric air intrusion. The appearance of
stratospheric air is marked by a sudden lowering of dew point
and a dramatic increase of HTO mixing ratio.
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Figure 1. Flow diagram of atmospheric HT/HTO/CH3T
sampler.
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The 1977-78 austral summer marked the commencement
of the University of Miami Tritium Laboratory's atmospheric
work in the Antarctic. The objectives of the program are to
determine the global atmospheric baseline mixing ratios of
tritium gas (Hi') and tritiated hydrocarbons by analysis o:
biweekly samples from Amundsen-Scott South Pole Station
to study the transport of H 20 and tritiated water vapor (HT()
in the polar region by sampling UTO and surface snow at th
Pole, and to study further the transport processes by quasi
synoptic atmospheric sampling of HT and HTO from aircraft.

During the field season, a sampler of the type described b
Ostlund and Mason (1974), with an additional catalytic corn
bustion stage for hydrocarbon sampling, was installed in tb
clean-air facility at the Pole. The flow diagram of this devic
is shown as figure 1. At the time this report was prepared, n
samples had been analyzed.

An LC-130 aircraft was equipped with a sampler for HI
and HTO, and 47 samples of each species were obtained in i t

series of flights in and around Antarctica. The sampler is
shown in figure 2. Its design is similar to that shown in fIgur
1, except that the hydrocarbon sampling feature and th
pump are omitted. In this case, the aircraft bleed air manifold
is used as the air source. These samples have been analyzed:
preliminary interpretation of the data follows.

Figure 3 shows the results of a sampling flight on 10
November 1977 from the South Pole to McMurdo Sound.
The tritium data are represented by the horizontal bars,
which denote the latitudes spanned by the sampling times of

•	0

a-e
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Figure 2. Atmospheric IIT/HTO sampler for aircraft use.

•
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Figure 3. HTO mixing ratio, dew point, and potential tem-
perature from South Pole to McMurdo on 10 November 1977 at

370 millibars.
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Figure 4 shows the results at a quasi-vertical profile, begun
at 77'S. latitude, climbing steadily until reaching 800 S., then
circling at that location until the operational ceiling of the
aircraft was reached. Here the vertical bars show the pressure
levels spanned by each sample; the error bars are plotted
horizontally. The uppermost sample was taken at a constant
altitude. Maritime tropospheric [ITO mixing ratios were pres-
ent until (approximately) the 370-millibar level was reached,
at which point stratospheric air was beginning to become evi-
dent.

Following the vertical profile, the flight proceeded along
the 80°S. parallel toward west Antarctica, entering a low-
pressure trough at the 340-millibar level. The I-ITO mixing
ratios found are shown in figure 5, plotted in the same man-
ner as in figure 3. Toward the end of the flight, a descent was
made, with level-offs at 500 millibars and 700 millibars. The
results show the increasing stratospheric content as the
aircraft entered the trough, and its presence as low as 500
millibars in the center of the trough.

Additional flights were made between McMurdo Sound
and South Pole Station, and between McMurdo Sound and
Christchurch. Interpretation of all flight data will be made in
greater detail for a later publication. The UT data show a
generally well-mixed condition, as would be expected from
earlier sampling in the Southern Hemisphere (Mason, 1977).
Comparable results in the Northern Hemisphere mid-
latitudes have been reported by Mason and Ostlund (1976).

+

+
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All the airborne field work was performed by A. Mason
during November 1977. Steven Barnard of the State Univer-
sity of New York at Albany is operating the sampler at Pole
during the 1978 austral winter. This research is sponsored by
the Division of Polar Programs, National Science Founda-
tion, under grant DPP 76-23433 AO I.

References

Mason, A. S. 1977. Atmospheric HT and HTO 4. Estimation of at-
mospheric hydrogen residence time from interhemispheric tritium
gas transport. Journal of Geophysical Research, 82(37): 5913-5916.

Mason, A. S., and H. G. Ostlund. 1976. Atmospheric HT and HTO 3.
Vertical transport of water in the stratosphere.Journal of Geophysical
Research 81(30): 5349-5352.

Ostlund, H. G., and A. S. Mason. 1974. Atmospheric HT and UTO I.
Experimental procedures and tropspheric data 1968-72. Tellus,
16(1-2): 91-102.

Geophysical monitoring for
climatic change at the South Pole,

1977

GARY A. HERBERT and BRADLEY C. HALTER

Air Resources Laboratories
National Oceanic and Atmospheric Administration

Boulder, Colorado 80303

The National Oceanic and Atmospheric Administration's
(NOAA) Air Resources Laboratories operate four stations with
the objective of measuring climatologically important at-
mospheric constituents at locations far removed from signifi-
cant anthropogenic activity. This program is called Geophysi-
cal Monitoring for Climatic Change (GMcc). One station,
operated with support from the National Science Foundation,
is Amundsen-Scott, at the South Pole (90°S.). From Novem-
ber 1976 to November 1977 the NOAA program was operated
by Bradley Halter (Unit Chief) and the late Gary Rosen-
berger (Electronic Engineer). They were relieved by Lt. John
Osborn, NOAA CORPS (Unit Chief) and Larry Smith
(Electronics Engineer). The new clean air facility (see
figure), described by Peterson and Szwarc (1977), was used
throughout the year.

In January 1977, a normal incidence pyranometer (Ep-
pley, NIP) with a rotating filter wheel (Quartz, oc-1, RG-2,
RG-8) was added to the complement of instruments in the
GMCC program. Measurements were made three times each
day during the austral summer on days when the sun was
unobscured by clouds. With the cooperation of A. Hogan of
the University of Albany, the staff interfaced the GMCC data
logging system to an absolute humidity monitor (DuPont,
303). Dew point temperatures were derived from these

The clean air facility as viewed from the main station. (Photo-
graph shows the rooftop projects installed as of January

1978.)

measurements. Platinum resistance thermometers (Stow,
954-PL-C) accurate to -85°C (±0.1°C) replaced the thermis-
tors that became nonlinear at -50°C.

The following parameters were monitored continuously in
1977:

1. Carbon Dioxide: An infrared analyzer (uRAS-2T 101)
was used to measure the concentration of carbon dioxide in
the air. Air for the analyzer was drawn through a sampling
stack from a height of 13 meters above the snow surface. Also,
every 2 weeks, flask air samples for CO 2 analysis were col-
lected via the sampling stack.

2. Surface Ozone: Measurements of ozone were made
with an ultraviolet absorption ozone photometer (Dasibi,
1003-AH). An oxidant meter, using an electro-chemical con-
centration cell (ECC meter 005), was also operated to provide
comparison data.

3. Aerosols: The concentration of small particles was
measured continuously with an Aitken nuclei counter
(General Electric, CNC) and intermittently with a long-tube
Gardner counter. A Pollak counter was used twice daily as a
calibration check on the other two counters.

4. Solar Radiation: During the austral summer, con-
tinuous measurements were made of the direct solar irra-
diance using a pyrheliometer on a solar-tracking equatorial
mount (Eppley, NIP). The horizontal incident global (direct
plus diffuse) irradiance was also measured with four
pyranometers (Eppley, 2), with quartz, cc-22, oG-1, and
RG-8 hemispheric filters, and with an ultraviolet
pyranometer.

5. Meteorology: Continuous observations of the wind
direction and speed (Bendix Friez, Aerovane 120) and air
and snow temperature (Stow Labs., 954-PL-c) were made
from a tower 30 meters grid north of the clean air facility. Sta-
tion pressure (Rosemount, 1201C) and dew-point temper-
ature (DuPont, 303) are measured at the clean air facility.

A central data-acquisition system was used to record the
signals from the continuous sensors on magnetic tape in
digital form. A minicomputer (Data General Co., NOVA
1220) was used to control certain sensor calibrations and to
structure the data before it was recorded.

6. Total Ozone: The Dobson spectrophotometer was
moved in January from its own building to a room in the
clean air facility, from which all subsequent measurements
were taken. Quasi-simultaneous comparisons of zenith and
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direct sun observations were made during the austral sum-
mer.

7. Halocarbons: A stainless steel bellow pump was at-
tached to the sampling stack in the clean air facility to draw
air samples for halocarbon analysis. One pair of samples was
obtained each month throughout the year.

8. Turbidity: A hand-held sunphotometer (Eppley Labs)
was used to observe atmospheric turbidity on occasions when
clouds did not obscure the sun.

In the past NOAA personnel have operated and maintained
several cooperative programs, many of which were continued
through 1977. Air samples were taken twice a month for car-
bon dioxide analysis for Scripps Institute of Oceanography
(taken by C. D. Keeling). Flask samples were also taken for
atmospheric carbon-14 analysis (by L. Machta, NOAA). A
high-volume filter sampling program was maintained for the
Department of Energy (DoE), Environmental Measurement
Laboratory (H. Volchok, DOE). In addition, acoustic sound-
ing of the planetary boundary layer (F. Hall, NOAA),
ionospheric absorption measurements (E. Schiffmaker,
NOAA), atmospheric electricity measurements (W. Cobb,
NOAA), and net infrared radiation measurements (P. Kuhn,
NOAA) were made throughout the year. Also, special aerosol
observations were made with the Pollak counter (A. Hogan,
University of Albany).

A portion of the data from 1977 has been checked for
quality and submitted to the World Data Center-A in
Asheville, North Carolina, for archiving. Those data include

the aerosol, solar radiation, and weather observations. Recent
publications containing GMCC data from Amundsen-Scott
station include Global Monitoring of the Environment for Selected
Atmospheric Constitutents 1975 (GMESAC, 1977) with CO 2 data
and Proceedings of the 9th International Conference on At-
mospheric Aerosols, Condensation and Ice Nuclei
(Bodhaine, 1977). For a more complete review of GMCC ac-
tivities see Hanson (1978).
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Halocarbon and N 20 analyses in
Antarctica

R. A. RASMUSSEN

Department of Environmental Technology
Oregon Graduate Centerfor Study and Research

Beaverton, Oregon 97005

The 1977-78 austral summer was the fourth field season
during which I studied the atmospheric distribution of the
fluorocarbons and related chlorocarbons in Antarctica. The
immediate accomplishment has been preparation of data on
the concentrations and annual changes observed in the
halocarbons by measuring F- 11, F-12, CH 3CCI 3, CCI4, and
N20 in the antarctic atmosphere and its snow and ice. My
objective is to relate these data to the global and polar at-
mospheric processes that transport trace gases and remove
them from the atmosphere.

The research is organized to measure systematically the
year to year change in the concentration of F-li, F-12,
CH 3CCI 3, CCI4, and N20 in the atmosphere of Antarctica
and compare the values with representative Northern
Hemisphere midlatitude values. The internal consistency in
the absolute concentrations reported for each season's data
has been maintained since 1976 by calibration standards.

The interhemispheric difference determinations have a
greater precision than the annual change measurements
because of the comparative analyses that have been made
both at the South Pole Station and at the home laboratory.
However, both forms of the data are important to a better un-
derstanding of how materials essentially released in the
Northern Hemisphere affect the atmosphere of the high
southern latitudes.

The antarctic data have been augmented by air samples
collected during flights of the LC-130 science airplane from
Pt. Mugu, California, to Antarctica. These samples have
aided in a more accurate determination of latitudinal gra-
dients, hemispheric ratios, and interhemispheric transport
time of the halogens and N 20. All of these data relate to the
concentration distributions expected to be observed in the
antarctic atmosphere. In January 1978, a study was begun in
which the fluorocarbon (F-1 i) levels in samples of antarctic
air were compared with F-1 1 measurements made at Cape
Grim in Tasmania (43'S.) by P. Fraser of CSIRO. The last ob-
jective of the project is to determine whether or not enrich-
ment of the halocarbon trace gases on or in the surface snows
of the interior of Antarctica originally observed in January
1975 is a real occurrence. In situ analyses at the South Pole
are necessary for this.

Results from 1975 to 1978 fieldwork have shown a steady
increase in the atmospheric concentrations of the halocar-
bons in Antarctica (table 1). The F- li data show a definite
increase at the South Pole (90° S.) of 18.3 ± 4.5 pptv per year
averaged over 3 years. The F- li fluorocarbon (CFCI 3 ) is the
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Table 1. Annual interhemispheric differences in atmospheric
concentration of the halocarbons.

Pacific Northwest	 Antarctica	Ratio
concentration	 concentration	N/sb

(pptv)a	 (pptv)

1975
F-li	 125	 90	 1.39
Cd 4	 130	 120	 1.08
CH 3CCI 3	 90	 54	 1.67

1976
F-12	 228	 195	 1.17
F-il	 138	 113	 1.22
CCL4	133	 121	 1.10
CH 3CCI3	98	 57	 1.72

1977
F-12	 251	 216	 1.16
F-li	 154	 127	 1.21
Cd 4	 144	 128	 1.13
CH 3CCI 3	 107	 70	 1.53
N20	 330ppbvc	330	ppbv	1.00

1978
F-12	 280	 244	 1.15
F-li	 166	 145	 1.14
Cd 4	 154	 123	 1.25
CH 3CCI 3	 117	 85	 1.38
N20	 332ppbv	331 ppbv	1.00

aParts per trillion by volume.
bNorthern/Southern Hemisphere.
cParts per billion by volume.

species that can be most readily and accurately measured. Ac-
cordingly, the measurements have been carefully intercali-
brated with Fraser's. The annual increase determined by
Fraser at Cape Grim is identical (18 pptv per year) to the
average for data collected from the fall of 1976 to present.
This similarity is not surprising: the many air samples col-
lected in January 1977 over Antarctica and between McMur-
do and Christchurch, New Zealand, strongly suggested that
the concentration distributions of the halocarbons in the
lower quarter of the globe were very well mixed. This was
further strengthened by analyses of antarctic air samples
made at Cape Grim in January 1978 using OGC standards for
comparison with the ambient levels measured at Cape Grim.
The F-i 1 value determined for the antarctic samples studied
at Cape Grim was 142 ± 6.2 vs. 145 ± 5 parts per trillion by
volume (pptv) determined later on the same samples at OGC.
Similarily the differences in the ambient levels of F-li at
Cape Grim of 149 to 150 pptv and the South Pole values of
142 to 145 pptv are within the accuracy of the study method.
Calculation of the interhemispheric north/south (NIS) ratio
suggests that the difference between the concentrations of
F-i i over Antarctica and those measured in well-mixed tro-
pospheric air masses at the southern midlatitudes (40 to
450 S.) is very small, (a few percent). This is shown in part by
the decrease in the F-i i interhemispheric ratio of 1.2 ob-
served in 1976 and 1977 for Antarctica to 1.14 in January
1978. This latter value is very similar to the 1.10 to 1.12 ratio
determined in 1976 from integrated global N/S ratios ob-
tained from several extensive latitudinal survey studies made
over the Pacific Ocean between 40 and 45°S. The present in-
terhemispheric ratio of F- li between northern and southern
midlatitudes is also about an ii to 12 percent difference.

The data obtained so far for F-12, CH 3CCI 3, and CCI4

show less definite trends because of the shorter period of

measurement and some problems related to calibration. The
annual changes in the halocarbon concentrations are sum-
marized in table 2. Only the data from 1976 to 1978 are
shown because the accuracy in the 1975 calibration standards
is uncertain.

The F- 12 data for Antarctica suggest an annual rate of in-
crease of ii to 13 percent, which is similar to that of 10 to 12
percent measured for the Northern Hemisphere. The rates of
increase for F-12 and F-i 1 are plotted in the figure. While the
rate of increase of F- 12 is essentially the same in the Northern
and Southern Hemispheres, the F-i 1 data suggest a measura-
ble fall off (from 12 to 8 percent) for F-i i in the Northern
Hemisphere and a small increase (12 to 14 percent) in the
Southern Hemisphere. These observations may be consistent
with the decrease in production and release of the fluorocar-
bons, especially F- 11, over the past couple of years. The data
plotted in the figure also show graphically the very close
agreement between the independent measurements made for
F-i 1 by OGC (solid circles) and CSIRO (open circles) of air
samples from Antarctica and at Cape Grim.

Table 2. Annual halocarbon changes.

	

% increase	concentration

	

1976-77 1977-78	increase (ppt yr.l)a
1977-78

PACIFIC

NORTHWEST

F-lI	 12	8	 12
F-12	 10	12	 29
CH 3CCI3	9	9	 10
Cd 4	 8	7	 10

ANTARCTICA

F-il	 12	14	 18
F-12	 11	13	 28
CH 3CCI 3	23	21	 15
Cd 4	6	(4)b	 (5)
aParts per trillion per year.
bNumbers in parentheses are negative.
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The F-I 1 1977-78 increase of only 8 percent in the North-
ern Hemisphere vs. a 14 percent increase in the Southern
Hemisphere may be significant. Previous results from related
work in this and other laboratories (Pack et at., 1977; Singh et
at., 1977) have suggested the annual increase in F-i ito be 12
to 14 percent per year in the Northern Hemisphere. Accor-
dingly, the smaller rate of increase of only 8 percent may be
meaningful. Measurements of F-i 1 in the Southern
Hemisphere are less available, however. Wilkniss and others
(1975) reported a growth rate for F-i 1 of 22 percent per year
calculated for 1971-1974. A similar higher rate of annual
change of 20 percent per year is calculated for the antarctic
data between 1975 to 1978. Using only the 1976 to 1978 data
the rate is reduced to 14 percent per year. At the end of 1976
the F- il concentration at Cape Grim was calculated to have
been increasing at 19 percent per year (Fraser and Pearman,
1977). Pack and others (1977) deduced a 14 percent per year
growth rate for F-i 1 in the Southern Hemisphere from 1970
to 1975 data.

Similar trends and changes in the growth rate and in-
terhemispheric ratio of methyl chloroform and carbon
tetrachloride can be seen in the data in tables 1 and 2.
However, calibration and analysis problems are associated
with the earlier results. The 1978 N 20 data again support the

lack of any interhemispheric difference. They suggest that if
the atmospheric concentration is changing, it is doing so at an
annual rate that cannot be detected by the precision or ac-
curacy in the data used in these studies.

This research was supported by National Science Founda-
tion grant DPP 76-00437.
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Gamma ray activity from
radioactive fallout at the South

Pole

GJSELA DRESCHHOFF

Space Technology Center
University of Kansas

Lawrence, Kansas 66044

EDWARD ZELLER

Geology Department
University of Kansas

Lawrence, Kansas 66044

During the 1976-77 and the 1977-78 antarctic field
seasons, an attempt was made to detect fallout products at the
South Pole by direct field measurements. The method was
first tested by lowering a detector crystal down the wall of a 4-
meter-deep pit on the Ross Ice Shelf at Williams Field
(77-52'S. 167-E.) (Zeller et at., 1977). Subsequently, a second
test was performed in Marie Byrd Land where a gamma ray
detector having a crystal volume of 256 cubic inches (4,195
cubic centimeters) was lowered into a 5-meter-deep pit. The
pit was located near the remote field camp designated Mabel
1. In both these experiments significant variations in the gam-
ma ray activity at specific levels below the surface were

detected. At Williams Field, the fallout appears to be concen-
trated in a zone about 2 meters below the surface. The in-
creased gamma ray flux is roughly 2.5 percent above back-
ground and must be considered significant because the stand-
ard deviation attributable to counting statistics is only about
1.5 percent. A similar result was obtained in Marie Byrd
Land with a peak superimposed on the cosmic ray back-
ground at approximately 3.3 meters depth. In both areas, the
precipitation rate is sufficiently high that only the uppermost
level of fallout products can be identified in shallow pits.

A much more successful test was conducted in December
1977 at a glaciological pit near South Pole Station. The pit
had been dug under the direction of Claude Lorius to a depth
of 10 meters and was made available to us for these measure-
ments. As the detector crystal was lowered, we made
measurements in 20-centimeter increments down the wall of
the pit to a depth of nearly 5 meters. At each increment, the
total counting time of 1.5 minutes resulted in a counting error
of approximately 1 percent. The results are shown in the
figure.

Three individual zones of fallout concentration are found
at depths of 1.4 meters, 3.1 meters, and 4.4 meters. The in-
creased gamma ray activity at these levels is very distinct and
amounts to a 5 to 10 percent increase over the level of the
background radiation. It should be noted that the back-
ground decreases as the detector is lowered into the pit
because it becomes progressively more shielded from cosmic
radiation by the snow in the walls of the pit. The figure shows
the correlation between the depth in centimeters and the year
of deposition as determined by snow stratigraphy. Beta ac-
tivity peaks have been found at the same three locations by
laboratory measurements (Pourchet and Valentin, 1977). It is

October 1978	 193



mt
W
Pit

0

1975 —a-

1970—. -
a)
a)

1965--
a)

1960--

1955

60	70	80	90	100 110
Counts/ sec

Radiation profile of the gamma-activity between 0.4
megavolts and 3.0 megavolts from a glaciological pit at the
South Pole. The three distinct peaks at 1.4 meters, 3.1 meters,
and 4.4 meters are thought to represent fallout from different

nuclear weapons test series.

apparent that each fallout zone represents a nuclear weapons
test series. The peak we found at 4.4 meters apparently came
from the nuclear test series that was terminated in 1958 (Pic-
ciotto and Wilgain, 1963), whereas the peak at 3.1 meters
resulted from the new series of thermonuclear detonations
fired in September 1961. Finally, the peak at 1.4 meters can
be correlated with the French nuclear tests on Muraroa Is-
land during 1970 and 1971 which were in the megaton range
(Anonymous, 1971).

Thanks are extended to the French glaciological team
under the direction of Claude Lorius for their aid in prepar-
ing the pit at South Pole Station and the information they
provided relating to the beta ray radioactivity measurements.
Research for this program was supported by National Science
Foundation grants DPP 7508075 and DPP 7623441.
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Particles in the air at the South
Pole

GLENN E. SHAW

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

The sources and physical properties of particles sus-
pended in the air at South Pole Station were studied by per-
forming inversions on measured optical extinction and scat-
tering data (Twomey, 1965). Submicron-sized particles, or
aerosols, are found in concentrations ranging from 10 to 1500
particles per cubic centimeter throughout the antarctic tro-
posphere and above the surface boundary layer. The total
mass of particles in a vertical column is about 5 x 10 grams
per square centimeter, which represents an average mass
mixing ratio of particles-to-air of only 2 x 10; the antarctic
aerosols are truly trace constituents.

The aerosol size spectrum tended to be bimodal, with par-
ticle concentrations enhanced at radii of 5 x 10 centimeters
and at 5 x 10-7 centimeters. This bimodal structure can be in-
terpreted to mean that the natural aerosol over the antarctic
plateau consists of two fundamentally different modes: an
Aitken mode (average radius 5 x 10- centimeter; concentra-
tion 1500 per cubic centimeter), which dominates the num-
ber concentration, and a large-particle mode (average radius
5 x 10- centimeter; concentration 0.5 per cubic centimeter),
which dominates the mass concentration.

Calculations have been made on the dynamical behavior
of particulates that coagulate together under the action of
Brownian motion. The results indicate that the smaller
Aitken particles cannot be more than 2 days old; they must
have been produced in the vicinity of the antarctic plateau it-
self, probably by nucleation from trace atmospheric gaseous
constituents. The equivalent saturation vapor pressure of the
Aitken particles is only 3 x 10- 10 Torr, or smaller than typical
partial pressures found for many trace gases, such as SO 2, in
clean atmospheres. The conversion rate of gas-to-particles is
calculated to be 4 x 10 .21 grams per cubic centimeter per sec-
ond (equivalent to a particle production rate of 0.01 Aitken
particles per cubic centimeter per second).

Although the Aitken particles predominate in the
measured aerosol number concentration at South Pole, they
constitute at most only a few percent of the total particulate
mass. Likewise, most of the particulate mass and hence the
largest portion of material deposited in snows or caught on
filters must come from the relatively few in number, but large
in size, atmospheric particles in the particle mode centered
near 5 x 10- centimeter radius. Possible sources for these
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large particles are salts from oceans or minerals from conti-
nents that are advected into interior Antarctica, and also
perhaps particulates that rain in from outer space. Kumai
(1976) reports finding a large proportion of sea salt material
in snow crystal nuclei, and Murozumi et at. (1969) report
finding 75 times more soluble (salt) material in antarctic
snows than insoluble (mineral) material.

These observations are consistent with the hypothesis that
the source of the large aerosol particles over the plateau is pri-
marily oceanic. In agreement with this, calculations indicate
that only an infinitesimal amount of mineral aerosol compo-
nent could be transported into interior Antarctica from conti-
nental sources outside Antarctica, such as the Kalahari desert
in Botswana or the Atacama desert in Chile. The major im-
pediment (besides the meridional distances of more than
5000 kilometers) to such long-range transport of continental
aerosol material is the great difficulty which the particles
would have in penetrating the strong cyclonic storm systems
that surround the continent.

Nevertheless, there are also problems in ,inderstanding
exactly how salts from the oceans manage to penetrate inland
for 2,000 kilometers and how they are carried upwards more
than 2,000 meters to reach the South Pole. Backward wind
trajectories indicate that the source of the oceanic aerosol is
usually in the vicinity of the Weddell or the Bellinghausen
Sea. At times, however, when the weather systems shift from
their usual positions, one might expect to find wind-blown
dust from the dry valleys of Southern Victoria Land at the
South Pole. This source of mineral aerosol is expected to be
insignificant, however, not for lack of high winds or exposed
ground, but because the dry valleys are at low elevation (900
meters mean altitude) in comparison to South Pole, and they
comprise only a small area of exposed land (about 4,000
square kilometers).

The optical properties of antarctic aerosols can be
described as follows: they scatter and absorb approximately 2
percent of the total direct solar radiation in summer when the
solar elevation is 20°. Optical extinction caused by the parti-
cles is larger at blue wavelengths than at red wavelengths and
follows approximately a A-3.5 relationship. The time
behavior of the aerosol optical thickness is shown in the
figure for austral summer 1978. The particles return almost
half of the total scattered energy back to space, which would
be expected to cause a slight reduction in the radiative heat
balance. In the case of radiative equilibrium, and in the ab-
sence of absorption, the particles over the Plateau would
lower the temperature, but only by about 0.01'C. A more im-
portant climatic effect of the aerosols may be associated with
their role in nucleating ice crystals or snowflakes; precipita-
tion on the Plateau may depend critically on the numbers of
particles and their size.

Continued studies on the evolution and transport of at-
mospheric particulates to the antarctic plateau is underway to
understand the cause of deposited dust bands that are
preserved in the polar ice.

The author is indebted to Ronald Peck who made the
measurements at South Pole during austral summer 1977-78.
This work was sponsored by National Science Foundation
grant DPP 76-20629.
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Some considerations in deriving
poleward water vapor transport

values for coastal East Antarctica

is true whether or not the weather station is prone to katabatic
winds. The reason is that strong surface winds, frequently ac-
companied by poor visibility caused by blowing or falling
snow, make balloon release an unpleasant and sometimes
dangerous task. Even, if the balloon starts its ascent through
the very turbulent surface layer, the suspended radiosonde is
often destroyed by collision with the surface.

Table 1. Surface wind conditions prevailing when radiosonde
balloons were released and when soundings were not obtained.
Mawson (67.6°S.62.9°E.) is frequently under the influence of
katabatic winds, whereas Syowa (69.0°S.39.6°E.) rarely is.

Surface wind speed
	

Frequency	Failure frequency
at time of	of occurrence	in a given speed

launch	 (%)	range xloo(%)a
(ms)	M b	5C	M	S

DAVID H. BROMWICH

Department of Meteorology
University of Wisconsin

Madison, Wisconsin 53706

0- 4
5- 9

10-14
15 - 19
20-24

25 or more

11	52	lod	0
24	22	1	0
39	13	4	2
14	7	4	12
6	4	10	13
6	1.4	61	60

Seasonal and annual snowfall amounts are poorly known
for many parts of the coastal slopes of East Antarctica. In a
study designed to provide this information, precipitation is
derived as a residual from the water vapor conservation equa-
tion for the atmospheric volume overlying the region con-
cerned. The other dominant component in the budget
calculation is the convergence of integrated water vapor
transport, with net evaporation from the underlying surface
and changes in water vapor storage making only a small con-
tribution. Rasmusson (1977) discusses the general approach.
Meridional (that is, in the north-south direction) transport
convergence is nearly proportional to the net amount of water
substance carried across the continental periphery. Con-
vergence in the east-west or zonal direction is presumed to be
negligible.

The time average of the total integrated meridional
transport of water vapor (T) at a fixed location is defined as
follows:

P

T=!J 
S 

qVdP=J qVdP+ 1 f q'V' dPg p0	p0	gJ p0

where q is specific humidity, V the meridional wind compo-
nent (positive toward the north), P 0 the pressure at a level
above which the moisture content of the air is insignificant
(taken to be 300 millibars), P s the surface pressure, and g the
acceleration due to gravity. The overbar indicates a time
average, in this case for one month, and a prime denotes a
departure from the mean. The last two terms in the equation
will be called, respectively, the integrated mean and eddy
water vapor transports. These integrals are computed from a
time series of rawinsonde observations which yield q and V as
a function of P one or more times per day. However, there are
gaps in the data that do not occur at random. Equipment
problems aside, successful balloon soundings are biased
toward lighter surface-wind conditions; as table 1 shows, this

aFailure frequency = No of missing soundings
bM = Mawson, 1968.
CS = Syowa, 1971.	No. of possible soundings
dcaused by one extended period of equipment breakdown.

However, it is these occasions that are often associated
with large poleward transports of sensible and latent heat.
Their importance is illustrated in table 2, which was obtained
from the exceptionally good data record for Mirny
(66.6 S.93.0°E.). It is clear that serious error may result if no
allowance is made for missing soundings. This consideration
is also applicable to calculations of the poleward transport of
sensible heat, as, for example, in the study by Rubin and
Weyant (1963). It also should be noted from table 2 that the
eddy term makes a large contribution to net poleward transfer
of water vapor. Lettau (1969) demonstrated this for the sum-
mer half-year at Byrd station (80.0°S. 120.0°W.) in West Ant-
arctica. Therefore, T cannot be estimated from monthly
means of q and V.

Even the mean transport cannot be derived from monthly
averages of radiosonde data published in climatic summaries
(for example, Monthly Climatic Data for the World). First, the
vertical spacing of levels is too great to resolve adequately the

'Fable 2. Integrated meridional transports of water vapor
(kilograms per meter per second) recorded at Mirny in 1972.
(Instances of high surface winds preventing a balloon sounding
are rare in summer.)

	

Total	Mean	Eddy	Number of
soundings

August"	-6.8	1.0	-7.8	- 62
Augustb	-2.8	3.4	-6.2	59
AugustC	3.4	4.5	-1.1	62
December	-3.0	-1.9	-1.1	62

aAll data.
binstances in which surface-wind speed exceeded 24 meters per sec-
ond excluded. (No such occasions in December.)
Conly levels usually given in climatic publications used.
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strong shallow, equator-ward flow at coastal stations that
often experience katabatic winds. The figure illustrates the
point for both the mean and total water vapor transports and
shows that a major error would be incurred (see table 2 also).
Lettau's (1969) paper suffers from this shortcoming. Second,
the mean moisture parameter, if it is either dew point tem-
perature or relative humidity, is not a true measure of the
average water vapor content of the air, which is given by j

MIRNY, August 1972
oo qV/9

POLEWARD I EQUATORWARO

a---a	 All Levels
300-

Table 3 lists values of the specific humidity derived in three
ways, and it shows that significant differences arise, par-
ticularly near the ground.

Table 3. Errors that arise when mean moisture content of air is
estimated from variables commonly available in climatic tables.'

Pressure	 % departure
level	q	qlq2C	(q2 -q)

(millibars)	(g kg-	 x 102
q

983	1.04	0.79	0.79	-24
850	0.85	0.73	0.71	-16
700	0.61	0.56	0.53	-13

I' Prof ile
Ii	 obtained from

levels usually
/	 given in
/	 Climatic
/ I	 summaries

An

'I
900 —

-4	-2	0	2	4	6	8	10
qV/g in seconds x 10

Profiles of the transport of water vapor in the north-south
direction.

Lettau, B. 1969. The transport of moisture into the antarctic interior.
Tellus, 21(3): 331-340.

Monthly Climatic Data for the World. National Oceanic and Atmospheric
Administration, National Climatic Center, Asheville, North
Carolina.

Rasmusson, E. M. 1977. Hydrological application of atmospheric
vaporfiux analyses. Operational Hydrology Report No. 11, World
Meteorological Organization, Geneva, Switzerland.

Rubin, M. J., and W. S. Weyant. 1963. The mass and heat budget of
the Antarctic atmosphere. Monthly Weather Review, 91: 10-12,
487-493.

aData for Mirny Station,JuIy 1972.
bDerived the mean relative humidity.
'Derived from the mean dew point temperature.

This research was supported by National Science Founda-
tion grant DPP 77-04506 and was carried out under the guid-
ance of Professor W. Schwerdtfeger.
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Magnetosphere, ionosphere
High time resolution riometer

studies of magnetospheric
electron precipitation
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Murray Hill, NewJersey 07971

Cosmic radio noise reaching the Earth's surface is attenu-
ated in passing through the ionosphere. The intensity of the
radio noise at frequencies between 20 and 50 megahertz as
measured with riometers is sensitive to ionization changes oc-
curring at altitudes from approximately 60 to 100 kilometers.
Enhanced ionization levels, which caused increased absorp-
tion, can be produced in this height range by the precipitation
of magnetospheric energetic electrons. With the exception of
the work of Reid (1976) and Reid and Phillips (1971),
riometers have not been exploited effectively for studies at
high time resolution. Their major use in magnetospheric
studies has been in characterizing the temporal and spatial
features of relatively intense precipitation events on a broad
scale (Rosenberg and Barcus, 1978).
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A principal objective of the research at Siple Station, Ant-,
arctica, and Roberval, Canada, is the study of interactions be-
tween very-low-frequency (v1') electromagnetic waves and
the trapped electrons of the Van Allen radiation belts. Wave-
particle interactions on the Siple-Roberval field line, whether
naturally occurring or induced by VLF transmissions or power
line harmonics, involve discrete phenomena on time scales of
a fraction of a second to several seconds. Thus, it is very im-
portant to this research to have available continuous
measurements of electron precipitation (or a related effect) at
high time resolution.

As a continuous monitor, largely impervious to weather
conditions, the riometer offers some advantages not enjoyed
by other methods. But can absorption measurements resolve
precipitation time structures that approach. the time scales of
interest? To answer this question we have begun to examine
data acquired at Siple Station with a fast-response riometer
(0.25-second time constant) operating at 30 megahertz
(Chivers, 1976). The riometer data, along with the output of a
three-axis fluxgate magnetometer, are digitized at 2-second
intervals and written in computer-compatible format on mag-
netic tape as described by Lanzerotti and others (1972; 1977).
The initial examination of the riometer data included the
period 1-31 July 1975 when balloon measurements of
bremsstrahlung x-rays were being carried out from the con-
jugate region at Roberval (Rosenberg, 1976). The X-ray data,
when available, provide verification of the occurrence of
electron precipitation at the times of observed riometer ab-
sorption events.

Our search has shown that significant absorption changes
can be discerned on several different time scales with mag-
nitudes approaching the statistical noise limit of the instru-
ment (approximately 0.02 decibel). Here we describe briefly
one example.

The figure presents a 1-minute segment of x-ray,
riometer, and magnetometer data obtained during an
electron precipitation event composed of a large number of
microbursts. (See Rosenberg et at., 1977, for a description of
microburst characteristics.) Panel (a) illustrates the x-ray
counting rate of one differential energy channel at a resolu
tion of 0.1 second. At this time, individual microbursts (the
0.2-second-long spikes spaced from 0.5 to 1 second apart)
were occurring in groups separated by 5 to 10 seconds. The
same x-ray data are plotted in panel (b) as 2-second averages,
a reduction by a factor of 20 in time resolution. The riometer
and D-component (east-west) magnetometer data, both
limited in this event to the 2-second sampling rate, are shown
in panels (c) and (d), respectively. The total absorption at this
time was about 2 decibels above the normal quiet-day level.

It is evident when panels (b) and (c) are compared that
each increase in x-ray counting rate at Roberval is followed
by an increase in cosmic noise absorption at Siple. Absorp-
tion increases as small as 0.02 decibel are significant. Similar
magnetic variations also occur at this time. Their relationship
to the x-ray and absorption variations is a topic for further
study.

A cross-correlation analysis of the x-ray and riometer data
sets shows that the absorption pulsations follow the X-ray
pulsations by 4 seconds. Part of this delay can be accounted
for by the response time of the Siple ionosphere (for example,
see Reid and Phillips, 1971). However, non-simultaneity in
the electron precipitation at conjugate points may contribute
significantly to this delay. More complete x-ray and riometer

(a) ROSERVAL. 45-65 K.V X-RAYS, 0.1 SEC AVERAGE

1 7500 COUNTS/SEC

(b) ROBERVAL 45-65KeV X-RAYS, 2 SEC AVERAGE

SIPLE 30 MHz

11L 
1 0.05 DECIBELS

	

(d)	 SIPLE MAGNETOMETER, D COMPONENT

Jt7JJSF1JF11/11L

	

1017:00	1017:15	1017:30	1017:45	1018:00
UNIVERSAL TIME, 9 JULY, 1975

X-ray, riometer, and magnetometer data for a 1-minute Inter-
val on 9 July 1975. (Local time equals universal time minus

5 hours).

coverage in both hemispheres is needed to investigate this
point further.

Because of the sluggishness of the ionosphere, a close-
spaced sequence of precipitation spikes, such as in panel (a)
of the figure, will produce smoother absorption pulses.
Because of the sampling rate employed in this event, the full
response capability of the Siple riometer was not available.
Thus we cannot give an unequivocal answer to the question
posed earlier. However, it would appear that under certain
conditions, absorption fluctuations approaching the time
scale of microbursts may be resolvable with riometers.

As a step in broadening our study of conjugate electron
precipitation and associated phenomena we will install a
meridional chain of fast-response riometers in the Northern
Hemisphere at the locations of the Bell Laboratories U.S.-
Canadian magnetometers sites (Lanzerotti et at., 1975). In
future measurements, data sampling rates will be optimized
to the instrumental time constants.

The research at the University of Maryland was supported
by National Science Foundation grants DPP 74-01704, DPP
76-82041, and ATM 77-22937. Additional support for balloon
operations in Canada was provided by the Office of Naval
Research under contract N00014-67-A-0239-0033. Bell
Laboratories acknowledges the National Science Foundation
for logistics support for the Siple measurements and H.
Chivers for cooperation in the acquisition of riometer data.
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Precipitating electrons observed
from balloons launched near the
conjugate point of Siple Station,

Antarctica

J . C. SIREN, T.J. ROSENBERG, and D. DETRICK

Inst it utefor Physical Science and Technology
University of Maryland

College Park, Maryland 20742

Balloons equipped with x-ray detectors were launched
from Roberval, Canada, which is the northern terminus of
the geomagnetic field line through to Siple Station, Antarc-
tica (76°S.84°W.), on 18 and 24 September 1977. These
flights preceded and followed the great magnetic storm of
20-21 September 1977. Because the scientific purpose of the
balloon campaign was to investigate the wave-particle in-
teractions that tend to occur during quieting intervals follow-
ing magnetic activity, no launches were made during the in-
tense part of the storm. This report summarizes the x-ray
data obtained from the two flights. Ground-based VLF,
riometer, and magnetometer data are mentioned as they per-
tain to the actual intervals of the flights. The X-ray instru-
ments are similar to those described by Rosenberg (1976),
which should be consulted for more detailed information.
The figure shows time plots of the 25- to 500-kilo electron volt
(keV) X-ray count rates for the two flights.

In general the 18 September flight detected little other
than steady cosmic ray background count rates in all differen-
tial channels and the integral channel. Limited, short-period
positive excursions were observed briefly. No magnetometer
or riometer activity occurred. However, VLF transmissions
from Siple Station and artificially stimulated emissions were
received at Roberval for about 2 hours beginning at 1353 UT
(universal time). During this time the balloon was southwest
of Roberval, in the sector from which Siple signals most often
arrive (Carpenter et al., 1976; Leavitt et al., 1978). However,
there was no evident indication of any association of precipi-
tation with the VLF emissions, possibly indicating the wave
particle resonance involved electrons of energy less than the
25-key instrumental threshold.

By contrast, the 24 September flight ascended into an
event already in progress, as can be seen by comparison of the
two flights' ascent curves (figure). Count rates several times
the background rate occurred in the differential channels, as
well as in the integral channel, prior to about 1100 UT.
Briefer count-rate increases occurred thereafter at 2- to 3-
hour intervals. Riometers and magnetometer variations ac-
companied the initial count rate maximum. Much natural VLF
activity (chorus and risers) was recorded at both Roberval
and Siple, but VLF transmissions from Siple were not received
at Roberval.

This research was supported by National Science Founda-
tion grant DPP 76-82041 and by the Office of Naval Research
under contract N00014-77-C-0423.

Several processes occurring in the magnetosphere act to
cause electron precipitation. These include large magnetic-
field-aimed electric fields that cause both quiet auroral arcs
and intense dynamic substorm breakup effects; naturally oc-
curring wave-particle interactions (involving very-low-fre-
quency "chorus"); and, theoretically, artificially stimulated
waves like those generated by the Siple Station very-low-fre-
quency (VLF) transmitter, as well. Siple Station at geomag-
netic latitude 60'S. and its conjugate point are ideally situated
for observations of all these effects. Bremsstrahlung X-ray
measurements from high-altitude balloons provide an effi-
cient means of monitoring electron precipitation at a location
of interest for extended intervals of time.
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Correlative Pc 1 micropulsations
and particle precipitation

R. L. ARNOLDY and P. B. LEWIS,JR.

Space Science Center
University of New Hampshire

Durham, New Hampshire 03824

L.J. CAHILL,JR.

Space Science Center
University of Minnesota
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An earlier statistical study of the occurrence of pulsations
in the Pc 1 (continuous pulsations) band as a function of
local time and magnetic activity gave strong evidence that the
signals measured at Siple, Antarctica, (76°S.84°W.) origi-
nated in the equatorial plane within 1.5 earth radii of the
plasmapause (Lewis ci al., 1977). Subsequent analysis in-
vestigating the polarization of the Pc 1 signals and correlating
the events with particle precipitation measured at Siple has
attempted to identify the source magnetic field lines in the
antarctic ionosphere.

In theory, Pc 1 structured micropulsations are generated
by a resonant interaction between the anisotropic mode mag-

netohydrodynamic (MHD) waves and energetic protons. The
protons must have sufficient energy parallel to the magnetic
field to shift the wave frequency (by the Doppler/effect) up to
the local proton gyrofrequency. The polarization of the waves
is in the same sense as the proton gyration, which is normally
identified as left-handed. The anisotropic wave is more
severely attenuated in propagating through the ionosphere
than the right-hand or isotropic mode (Campbell, 1967);
hence Pc 1 signals measured on the ground far removed from
the ionospheric entry point of the magnetospheric waves
should be isotropic MHD waves that have mode-coupled to the
incident left-handed wave and propagated horizontally in
ionosphere-maximum Alfven velocity wave duct (Man-
chester, 1968). Therefore, beneath the source field line the
polarization should be left, far removed right-handed, and at
intermediate distances a superposition of both, resulting in
plane polarization (Heacock, 1970).

Polarization of Pc 1 events is usually very complicated,
displaying all types with no obvious dependence on frequency
or time of occurrence. Therefore, particle precipitation has
been used in our study to provide an independent measure-
ment when Siple was under the source. The assumption in
this technique is that the wave-particle interaction in the mag-
netosphere generating Pc 1 lowers the mirror point of the
resonating particles, precipitating them into the atmosphere
and thereby identifying the source field line. Riometer ab-
sorption events (courtesy of Hugh Chivers, UCSD) corre-
lated with IPDP (intervals of pulsation of diminishing period)
micropulsations primarily have been studied.

IPDP micropulsations are irregularly structured events that
display a steady rise in midfrequency. They seem to occur
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Figure 1. Plane (P), right (R) and left (L) polarization
spectrograms for 18 June 1973 micropulsation event at Siple

Station.

Siple Station

Lockheed Photometer ds
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Figure 2. Segment of Siple Station chart for 1 August 1977,
showing 4,278-angstrom photometer light bursts delayed ap-
proximately 45 seconds from wave packets of Pc 1 pearls.
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Figure 3. Polarization spectrograms for the entire day, 1
August 1977. The period of Intense left-polarized signals coin-

cided with the photometer bursts.

most frequently in the evening suggesting that they are gener-
ated by newly-injected ring current protons that have under-
gone wave-particle interactions at the evening bulge in the
plasmasphere. The increase in IPDP frequency has been at-
tributed to: (a) the dispersion in arrival of protons at the
bulge high energies arriving first and resonating with lower

frequencies, lower energies arriving later and generating
higher frequency Pc 1; or (b) a source region drifting with
time toward the earth (lower latitudes) into regions of
stronger magnetic field and higher resonate gyrofrequencies.
Recent data (Lukkari et al., 1977) from the Finnish latitudinal
line of riometers and micropulsation sensors have suggested
the later mechanism of a source moving to lower latitudes.
These data also have shown a close correlation of riometer
absorption and micropulsation activity.

If these current theories about the generation of IPDP and
the propagation of the signals through the ionosphere are cor-
rect, then one would expect to see riometer absorption in an
IPDP event only when the source field line intercepts Siple; at
this time the micropulsations should be left-hand polarized.
Broadband Pc 1 data for 18June 1973 show that riometer ab-
sorption occurs during the interval between 2130 and 2150
universal time (UT.). Polarization spectrograms for that time
(figure 1) have predominant left polarization; furthermore,
the polarization progresses from left —plane—right,
presumably as the source field line is further removed from
overhead at Siple. However, the mechanism of precipitating
electrons to produce the observed riometer absorption as a
result of protons resonating with MHD waves near the
equatorial plane remains unknown.	-

Two events, in which aurora! light (4,278 angstroms)
measured by the Lockheed photometer at Siple were closely
correlated with Pc 1, have been studied. Figure 2 shows how
the Pc 1 wave packets in the 1 August 1977 event are one-to-
one related to bursts of light. (The very interesting wave-par-
ticle dynamics of this event are reported further elsewhere in
this journal.) As the frequency spectrogram presented as
figure 3 indicates, 1 August 1977 was a very active Pc 1 day.
Photometer observations were made from about 1000 to 1200
UT., but light bursts were detected only from 1120 to 1155
U.T. It is just during this time of light bursts that the
micropulsation signals were left polarized, again identifying
the source region with left-polarization.

In conclusion, Pc 1 signals are left-polarized only when
the station is within approximately 100 kilometers of the
source magnetic field line. This information will prove valua-
ble in further studies of the propagation of Pc 1 signals to
ground-level sensors.

This work was supported by National Science Foundation
grant DPP 76-23749.
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Siple/Roberval magnetospheric
wave-wave interaction

experiments

R. A. HELLIwEI.L and D. C. D. CHANC;
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Controlled experimentation on the magnetosphere is car-
ried out using very-low-frequency (VLF) signals transmitted
from Siple Station. The primary objective is to explore the
properties of the cyclotron resonance interaction between VLF
waves and the ambient energetic particles of the mag-
netosphere. An understanding of these processes is critical to
a full understanding of the physics of the radiation belts and
the ionosphere, as well as to the development of nonlinear
theory in plasma physics. Areas of possible applications of
these experiments include very low frequency (VLF), ex-
tremely low frequency (ELF), and ultralow frequency (uLF)
communications, depletion of the radiation belts, modifica-
tion of the ionosphere, and remote sensing of the radiation
belts. Here we report briefly on new wave-wave interaction
experiments performed between Siple Station and its conjug-
ate point located at Roberval, Canada.

The first experiment resulted in the accidental discovery
of a type of triggered emission termed the band-limited im-
pulse (Bu). In the hammerhead form shown in the spectra of
figure 1, the BLI appears at the end of an amplified Siple
pulse as a burst of noise about 150 hertz wide. To explain the
BLI shape, we postulate that the interacting electrons behave
like a set of resonant circuits, each having a different natural
frequency. As the tail end of the Siple pulse crosses the in-
teraction region (near the magnetic equator), these electrons
switch from their common forced mode at the carrier fre-
quencyf0 to their natural modes whose frequencies are deter-
mined by the spatial gradients of the medium parameters
(plasma and gyrofrequencies) and by the wave-induced
spread in electron parallel velocities. Although each interact-
ing electron switches at a different time in the laboratory
frame, all the corresponding natural radiation components
start at the tail end of the exciting wave and hence reach the
receiver at very nearly the same time, thus accounting for
their impulse-like behavior. As shown in the two lower
panels, the BLI is enhanced at the 55th harmonic of the
Roberval power system. (Interaction between power line har-
monic radiations and other magnetospheric signals has been
reported by Helliwell et al., 1975.) Other enhancements ap-
pear at modulation sidebands spaced about ±30 hertz from
the carrier and at the 52nd harmonic of the power system.

In a related type of BLI (not shown), occurring before
pulse termination, the frequencies are symmetrically dis-
tributed about the carrier, typically over a ±100 hertz range.
We suggested that such pretermination BLI's may be excited
by amplitude perturbations arising from instabilities in the
magnetospheric amplifier. Because these instabilities reduce
the coherence of the generated signal, there should be a cor-
responding reduction in amplifier gain. Such a process con-

RIM 28 FEB 77 1327 : 00.2 UT
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Figure 1. aLl observed at the end of 1-second pulse transmit-
ted from Siple to Roberval at 1327:00 universal time on 28
February 1977 on a frequency of 3.2 kilohertz. (Upper panel
shows amplitude in a 300-hertz bandwidth centered on 3.2
kilohertz. Lower panels show dynamic spectra with frequency

resolutions of 50, 10, and 4 hertz, respectively.)

RO 30 MAY 74

0	 Isec

Figure 2. A typical example of gap-Induced emissions. Rising
emission is triggered during a 10-millisecond gap at t = 400
milliseconds (marked by vertical bar on time scale, In a 1-
second Sipie pulse at 5 kilohertz. The frequency and time
resolutions of this record are about 20 hertz and 60 millisec-

onds respectively.)

ceivably could play a role in determining the saturation level
Of VLF emissions.

Related to the BLI is the so-called gap-induced emission,
illustrated in figure 2 (Chang, 1978). A 1-second signal at 5
kilohertz transmitted from Siple reaches Roberval at t = 0. I.
grows with time until it is interrupted by a 10-millisecond gap
after 400 milliseconds, as indicated by the vertical bar on the
time scale. Near the gap a rising emission is triggered. At the
same time the Siple signal at 5 kilohertz suddenly decreases

3.5—

kHz	-
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in magnitude and then begins to grow again at about the
same rate as before.

The gap-induced emission is explained in the same way as
the BLI. The radiation components from the wave-organized
electrons switch from the forced mode to their natural modes
at the end of the triggering wave. Unlike the BLI, the natural
components triggered at the gap become self-sustaining, giv-
ing rise to the observed narrowband emission.

In general terms, energy for the initial radiation in a trig-
gered emission is stored in the forced-mode response excited
by a growing input pulse. At signal termination, or at a gap,
or at any comparable departure from steady-state excitation,
this stored energy is rapidly (in less than 10 milliseconds)
transferred to the natural modes.

The next step in the study of gap triggering is to reduce the
gap length. Because dispersion is expected to lengthen a gap
by more than 5 milliseconds, it will be necessary to correct for
dispersion when exploring gaps of less than about 10
milliseconds. A correction network has been designed and
will be used with the new Jupiter transmitter planned for in-
stallation at Siple II in 1978-79. With this device and the
more flexible modulation capability of thejupiter transmitter,
we expect to find the minimum gap length required for trig-
gering. The results will be used to develop our model of the
interaction process further.

This work was supported by National Science Foundation
grants DPP 74-04093 and ATM 75-07707.
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paths and may emerge from the ionosphere at the conjugate
point and be observed at ground stations (Helliwell, 1965).
Non-ducted waves follow more complicated paths; they tend
to remain above the lower boundary of the ionosphere and
usually are not observed on the ground.

The properties of ducted signals are by far the best under-
stood; most of our knowledge concerning whistlers, very-low-
frequency (VLF) emissions, and wave-particle interactions in
the magnetosphere is based on the study of those signals.
Nevertheless, the non-ducted mode is important because ap-
proximately 90 percent of the energy radiated by a VLF
ground transmitter will propagate in the magnetosphere in
this mode.

In general, it can be expected that the non-ducted waves
from the Siple transmitter will interact with energetic parti-
cles in the magnetosphere and may produce VLF emissions
and particle scattering as do the ducted waves. Thus, the non-
ducted component will be valuable in the study of wave-parti-
cle interactions phenomena in the magnetosphere. However,
because the non-ducted modes are not detectable from
ground-based stations, it is necessary to use satellites to make
in situ measurements of the transmitted wave amplitude and
frequency spectrum. The use of satellites also is necessary for
the study of ducted signals because the measurement of
amplitude of these signals must be done in situ or close to the
region where they strongly interact with the energetic parti-
cles.

One of the main goals of the Stanford University VLF
wave-injection experiment on the International Sun Earth
Explorer (IsEE-1) spacecraft is to make such in situ studies of
the interactions between coherent VLF waves and energetic
particles in the magnetosphere.

The (IsEE) satellites ISEE 1 and 2, were launched on 22
October 1977. These two spacecraft form a mother and
daughter satellite pair. The orbits of both spacecraft are high-
ly elliptical, with an apogee of approximately 23 earth radii
and perigee of less than 1,000 kilometers. As the mother
spacecraft orbits the earth, the daughter moves near the
mother at an adjustable distance ranging from 100 to 5,000
kilometers.

HEM EXPERIMENT
SEE 1
L3.3, XmI°S

ISEE-1 satellite observations of
signals from the Siple transmitter

kHz	 29 OCT 1977	 'E9 UT

4 - -.:- tiU!
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Stanford University	
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A substantial portion of the energy radiated by the Siple
transmitter enters the ionosphere and propagates into the
magnetosphere in the whistler mode. The mode of propaga-
tion in the magnetosphere could be either ducted or non-
ducted. The ducted signals follow geomagnetic field-alined

VLF spectrogram showing Siple transmitter pulses as ob-
served on the ISEE-1 satellite. The two panels show receptions
on two different days but at the same location In space (L =
3.3 field line and geomagnetic latitude A m = 1 °S.).

October 1978	 203



Both satellites are equipped with broadband VLF receivers.
One of the VLF receivers on ISEE-1 is provided by Stanford
University. This receiver provides signal filtering, amplifica-
tion, gain control, switching calibration, and other functions
necessary to transfer VLF signals in the 1- to 32-kilohertz
range from the preamplifier to the analog telemetry system.

The receiver is capable of processing the incoming 1- to
32-kilohertz signal from the preamplifier through any com-
bination of five broadband octave-width channels and one
narrowband channel at 6 kilohertz. The gain of each channel
is adjustable in 10-decibel steps over a 0- to 70-decibel range
by ground command or by automatic signal-level sensing.
The VLF receiver on the ISEE-2 satellite is provided by the
University of Iowa and consists of a broadband (1-10
kilohertz) receiver with automatic gain control.

Early results from the IsEE-1 wave-injection experiment
indicate that non-ducted waves injected by ground transmit-
ters are more widespread than suggested by previous
measurements (man et al., 1977). For instance, signals from
the Siple transmitter have been observed inside the
plasmasphere near the geomagnetic equator on magnetic
field lines between L = 2 and L = 5 (where L is the Mc Ilwain
parameters [Mcllwain, 1961] over the geographic longitude
range 25°W. to 100°W). The amplitude of these signals
ranges from 5 to 50 microvolts per meter. Using raytracing
calculations and diffusive equilibrium models of the cold
plasma, the wave-normal direction and the refractive index of
these non-ducted signals are computed and the magnetic
field strengths of these waves are derived. The derived
amplitudes range from 1 to 20 milligamma. Coherent waves
of this magnitude cart be expected to produce strong pitch-
angle scattering of energetic electrons in the magnetosphere
(man a al., in press).

An example of the reception of Siple signals on the
satellite is shown in the figure. The transmissions to the
satellite are made with a specially designed format involving,
at the times shown, frequency shift keying with 1-second-long
pulses at 5 and 6 kilohertz and variable length pulses at fre-
quencies 5.2 and 5.8 kilohertz. The format is designed to
probe different aspects of the wave propagation and the wave-
particle interaction processes. The upper and lower panels
show receptions on two different days at approximately the
same location in space and also at about the same local time.
In the upper panel the Siple pulses are distinctly visible, with
pulse lengths equal to the transmitted ones, indicating that
the signals arrive at the satellite through a single mag-
netospheric path. The lower panel shows a case in which the
pulses are smeared out in time, probably caused by echoing
between hemispheres and/or the presence of more than one
path from the ground to the satellite.

The lsEE-1 satellite measurements of signals from the Si-
pie transmitter and other ground transmitters will continue
through 1980. We plan to use these measurements to map out
regions in the magnetosphere where VLF emissions are pro-
duced and to measure the correlation between the input wave
characteristics and the energetic particle characteristics.
These measurements should provide important insights into
the physics of wave-particle interactions in the mag-
netosphere and give us a better understanding of the mag-
netospheric plasma surrounding the earth.

Construction of the Stanford University VLF receiver for
the LSEE-1 spacecraft was supported by the National Aero-
nautics and Space Administration under grant NAS 5 20871.
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Wave-induced particle
precipitation effects at Siple

Station

J . H. DOOLITTLE, W. C. ARMSTRONG,J. P. KATSUFRAKIS,
and D. L. CARPENTER

Radioscience Laboratory
Stanford University

Stanford, California 94305

In 1977 several innovations in Siple Station field opera-
tions were made, particularly in studies of wave-induced par-
ticle precipitation. This phenomenon involves very-low-fre-
quency (VLF) waves that are injected into the earth's
ionosphere and overlying magnetosphere from lightning
sources or ground transmitters. The waves propagate along
the earth's magnetic field lines to geocentric distances of
several earth radii, growing in amplitude near the magnetic
equator through a resonant interaction with energetic
charged particles. At high amplitude, the waves may then in-
teract strongly with particles encountered at points farther
along the path, scattering some of these into trajectories that
carry them down into the ionosphere. Here they may collide
with ions or neutral particles, creating fresh ionization, X-
rays, and optical emissions.

The study of such effects, which are of fundamental in-
terest both in radiocommunications and in solar-terrestrial
physics, has been a continuing pursuit at Siple Station and its
conjugate, Roberval, Quebec. Prior to 1977, important
progress had been made in two areas: the detection of precipi-
tation-induced amplitude perturbations in subionospherically
propagating VLF signals (Helliweli et al., 1973), and the detec-
tion of one-to-one correlations between bursts of VLF noise
and bursts of x-rays recorded at balloon altitudes (Rosenberg
etal., 1971). Because such effects are difficult to observe, a
new approach to the problem was needed.
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Figure 1. Siple Station chart record showing photometric
bursts (a) which are correlated with bursts of VLF emmisions
(b.) Character of VLF is seen in a spectrogram (C) to be dis-

crete rising emissions.
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Figure 2. Field chart record showing photometric variations
(a) which are correlated with ULF magnetic pulsation pearls
(b). (Photometric response lags the ULF by about 45 seconds.
The lower panel has been shifted to the right by that amount

to accentuate the one-to-one correspondence.)

The basic strategy for the 1977 search for wave-induced
particle precipitation effects was set out in a written opera-
tions plan. An emphasis in the field operation was placed on
real-time identification of correlative activity by the observers
U. H. Doolittle and W. C. Armstrong). A slow speed (2.5
millimeters per minute) Sanborn 8-channel chart recorder
had been used in previous years as a monitor and had proven
particularly valuable for retrospective searches of the data.
During observing periods in 1977 the chart speed was in-
creased (up to 100 millimeters per minute) to allow real-time
recognition of correlated events. A video display of the VLF
spectrum was also used to determine the presence of burst-
like VLF noises that might be correlated with other geophysi-
cal phenomena. Parameters that were monitored included
VLF signal strength in integrated frequency bands of 1-2
kilohertz and 2-4 kilohertz, signal strengths of several fixed-
frequency VLF transmitters, u Itralow frequency geomagnetic
pulsations, fast fluctuations in the relative ionospheric
opacity, and photometric sky brightness.

A specific objective of the 1977 program was the observa-
tion of correlations between discrete VLF wave events and op-
tical emissions at 4,278 angstroms generated by precipitating

electrons. One-to-one correlations of such effects previously
had not been observed. (A photometer had been operated at
Siple in 1974, but did not function in a mode suitable for the
detection of this type of event.) If such optical correlations
could be established, it would then be possible to include the
photometer among the several probing tools being applied to
the problem of detecting wave-induced precipitation. A
photometer offers the advantages of directional sensitivity and
low-cost, ground-based continuous operations. As part of a
continuing Antarctic research program, S. Mende of the
Lockheed Palo Alto Research Laboratories provided a 2-
channel photometer with 30 angstroms bandwidth filters
which allowed a comparison of optical emissions of the N
line at 4,278 angstroms with the background at 4,300
angstroms.

The special experiments conducted in the dark months of
May-August 1977 were successful; obvious one-to-one cor-
relations between VLF noise burst activity and optical emis-
sions were identified for the first time. In addition to six inter-
vals of obvious correlations, a number of probable cases, in
which the correlations were less obvious, were identified for
later statistical treatment. During the investigations, an unan-
ticipated new result was obtained: a direct correlation was ob-
served between magnetic pulsations at approximately 0.8
hertz and 4,278 angstrom emissions. Theory predicts that
such a correlation might occur. As in the VLF case, however,
it had not been observed.

Figures La and lb show how one of the outstanding corre-
lated events appeared on the 8-channel Sanborn charts when
the chart speed was advanced by a factor of 20 over the usual
survey speed. Figure La shows the photometer output, figure
lb integrated VLF in the range 2-4 kilohertz, and figure ic the
broadband VLF spectrum from 1.0 to 3.5 kilohertz. The corre-
lated bursts are identified in figure lc as clusters of rising ele-
ments repeated at intervals of roughly 10 seconds. The peaks
of the photometric events appear to lag the VLF emission
peaks by about 1.2 seconds.

Thirty-one observing intervals were recorded, represent-
ing a variety of VLF activity. When distinct correlations be-
tween the VLF and optical bursts were obvious, the spectrum
of the VLF always showed discrete rising emissions similar to
those seen in figure ic. The duration of the correlated bursts
of risers varied from less than a second to about 15 seconds.
In several cases the emissions were triggered by whistlers.
One 90-minute interval showed correlative events occurring
against a background of diffuse VLF noise. In that case, the
VLF and optical emission bursts were followed by a suppres-
sion of the background VLF noise and of the background
photometric intensity, both of which recovered in about 10
seconds. This suggests that the background of diffuse noise
was causing particle precipitation background or drizzle.
Through analysis of the 1977 correlative data it will be possi-
ble to model aspects of the wave growth, particle scattering,
and resulting ionospheric perturbation process.

The unanticipated correlation between ULF magnetic
pulses and optical emissions is illustrated in figure 2. In this
case the occurrence of each photometric intensity peak was
preceded about 45 seconds by a magnetic pulsation pearl.
(The time scales have been shifted by 45 seconds to under-
score the relationship.) A particularly striking feature of the
record is that the photometric response is directly dependent
on the amplitude, shape, and duration of the preceding ULF
pearl. The long time delays suggest that the particles involved
are protons. The connection between photometric events and
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a magnetic pulsation of this kind is of particular interest in
pulsation theory. In the past, it has not been possible to locate
the field lines along which these events propagate; now,
through the correlation event, the photometer has served to
locate that field-line region.

Detailed interpretive reports on these new effects are in
preparation under the direction of R. Helliwell (VLF), S.
Mende (photometer), and R. Arnoldy and L. Cahill (uLF).

This work was supported by National Science Foundation
grants DPP 74-04093 and ATM 75-07707.
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Power line radiation in the
magnetosphere

C. G. PARK

Radioscience Laboratory
Stanford University

Stanford, California 94305

Harmonic radiation from electrical power transmission
lines in a few kilohertz range recently was discovered to leak
into the magnetosphere with sufficient intensity to initiate
strong wave-particle interactions (Helliwell et at., 1975).
These interactions result in large amplifications of the waves
(typically around 30 decibels), generation of new waves, and
precipitation of energetic electrons into the upper at-
mosphere. This phenomenon has received a great deal of at-
tention lately because of the obvious implications regarding
man's impact on the earth's space environment.

Ground very-low-frequency (VLF) stations in Antarctica
and several satellites (the Orbiting Geophysical Observatory
(oGo) and the Aerial series) have provided most of the data
for studies of powerline radiation (PLR) effects. Antarctic data
have been used in studies of the spectral characteristics of
PLR-induced emissions as well as the statistics of these emis-
sions, including their dependence on local time and magnetic
activity. (Helliwell et at., 1975; Park, 1977; Park and
Helliwell, 1978). Satellite data have provided information
about the spatial distribution of PLR-induced emissions
(Bullough ci at., 1976; Luette et at., 1977). This paper sum-
marizes the results of a recent study based on VLF data from
Siple Station (76°S.84°W.).

The main objective of this study was to find out how
weekly variations of power consumption in eastern Canada
affect the magnetospheric VLF wave activity as observed at Si-
plc. In the first part of the study, broadband spectrograms of
synoptic recordings made at Siple between 1973 and 1975
were examined to identify PLR-induced emissions, examples
of which are illustrated in figure 1. The horizontal lines going
across the records are separated by multiples of 60 hertz, the
fundamental frequency of the Canadian power system. The
wave amplitude shows strong modulation with the two-hop
echo period.

PLR-induced emissions such as those illustrated in figure 1
were identified on 44 days out of a total of 255 days surveyed.
Figure 2a shows a normalized distribution of these PLR days
according to the day of the week. The ordinate is the number
of PLR days divided by the number of days surveyed. Figure
2b shows weekly variations of peak load on Hydro-Quebec, a
major supplier of electricity in the province of Quebec. It ap-
pears that reduced power consumption on Sundays has a
marked effect on PLR-induced emissions in the mag-
netosphere.

In the second part of the study, the amplitude of mag-
netospheric waves in the 2-4 kilohertz range was measured at
hourly intervals using continuous data from Siple in 1974 and
1975. Figure 3 shows diurnal variations of the measured wave
amplitude for Sundays (squares) and for the other six days of
the week. The error bars indicate ±1 standard error of the
mean. The Sunday values are approximately 20-40 percent
less than the corresponding values for the rest of the week
from 12 to 19 universal time, (07 to 14 magnetic local time).
The statistical significance of these Sunday decreases can be
judged from the standard variable, or the z score, plotted at
the top of the figure. The scale on the right indicates confi-
dence levels with which one can say that the Sunday
decreases are not due to random statistical fluctuations.

PR,	 SIPLE	 APR 22975 *05 UT_111111d ft''

2 
OiO2O3:

Figure 1. Frequency-time
spectrograms of broad-
band VLF recordings made
at Sipie Station showing
strong magnetospheric
emissions stimulated by
electrical power transmis-
sion lines in the conjugate
region in eastern Canada.
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Figure 2. (a) Normalized occurrence of power-line-induced
emissions as a function of the day of the week. (b) Peak load

on Hydro-Quebec as a function of the day of the week.

Figure 4 shows diurnal variations of power consumption
in Quebec. The similarities between figures 3 and 4 suggest
that the Sunday decreases in magnetospheric wave activity
may be attributable to reduced power consumption. A further
implication of this result is that PLR-triggered emissions may
represent a significant fraction of the total VLF wave intensity
in the magnetosphere.

In conclusion, PLR appears to have important effects on
the overall VLF wave environment in the inner mag-
netosphere. Because VLF waves are known to be effective in
precipitating energetic (approximately 100 electronvolts to
approximately 100 kiloelectronvolts) electrons trapped in the
earth's radiation belts, important questions are raised regard-
ing the role of PLR in radiation belt dynamics. Correlative
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Figure 3. Diurnal variations of magnetospheric VLF wave
amplitude measured at Siple. (The horizontal scale shows
both Universal Time and Magnetic Local Time. See text for

details.)
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Figure 4. Diurnal variations of the load on Hydro-Quebec dur-
ing a typical week in August 1974. (The horizontal scale
shows Civil Local Time, Universal Local Time, and Magnetic

Local Time.)

studies of wave and particle data are needed to answer these
questions.

This work was supported by National Science Foundation
grants DPP 76-82646 and ATM 74-20084.
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Jupiter: a new tool for
magnetospheric research

WILLIAMJ. TRABUCCO and EVANS W. PASCHAL

Radioscience Laboratory
Stanford University

Stanford, California 94305

Since 1973 VLF (very-low-frequency) radio wave injection
studies have been performed at Siple Station using a 100-
kilowatt transmitter, Zeus, driving a 21.4-kilometer dipole an-
tenna. The principal receiving station for the transmitter sig-
nals is at Roberval, Quebec, in the Northern Hemisphere
region magnetically conjugate to Siple. The transmitter
studies have been aimed at understanding radio wave prop-
agation in the magnetosphere, the region of plasma above the
ionosphere that is contained by the earth's magnetic field. In
particular, Zeus has helped define and elucidate the mechan-
ism of wave-particle and wave-wave interactions in this
region. However, it became apparent that there were many
wave-injection experiments that could not be performed
because of the limitations of Zeus, and it was decided to
replace Zeus with a new transmitter (to be named Jupiter)
when it came time to build the replacement facility for the
original Siple Station.

The Zeus transmitter uses banks of silicon-controlled rec-
tifiers to switch a direct-current power supply into alternate
ends of a tank (tuned) circuit coupled to the antenna. Zeus is
essentially a high-powered oscillator and thus can generate a
signal at only one frequency at a time. Because of the nature
of the tank circuit, the output frequency range is limited to a
band width of about 1 kilohertz for a given transmitter tun-
ing. The output power is adjusted by changing the line
voltage to the power supply with a 100-kilowatt
autotransformer, a relatively slow mechanical process.
Further, the switching nature of the transmitter results in high

Front view of the Jupiter transmitter. (Left to right: cubicles 1
and 2, power amplifier; cubicle 3, power conditioning and

control equipment.)

harmonic content in the output wave and confusion about the
actual power delivered to the antenna at the desired frequen-
cy. Also, the silicon-controlled rectifiers are liquid cooled,
and ionization of the coolant with resulting corrosion has
been a continuing problem.

The new transmitter, Jupiter, was acquired as surplus
equipment on loan from the U.S. Navy. It has been tested at
Stanford with a dummy load and will be installed at Siple
during the 1978-79 austral summer in time for the occupation
of the new station (see figure).

Jupiter is a broadband (1- to 20-kilohertz) audio
amplifier. It uses four triode output tubes which together are
capable of over 100 kilowatts of power output into the anten-
na. The output tubes are driven by solid-state amplifiers and
can be used either two or four at a time, and at three different
plate voltages (8, 9.5, and 11 kilovolts) to optimize transmitter
efficiency for a given range of output power. The output has
low harmonic content, and since the unit is broadband, com-
plex signals ranging from single frequencies to complex
multiple-frequency formats with rapid frequency and
amplitude (power) variations can be transmitted.

The Navy transmitter was modified to enable operation
over the frequency range of interest, reduce size and weight,
enable quick assembly in the Antarctic, and incorporate ad-
vances in electronic technology since the unit was designed in
1955. Jupiter is modular in construction and can be
assembled easily in the new station during the austral sum-
mer. It has protection and interlock circuits to protect the
transmitter from damage caused by component failure or
operator error and to protect station personnel from inadver-
tent contact with the high-voltage circuits in the transmitter.

Jupiter will be coupled to the Siple 21-kilometer dipole an-
tenna through a new network of antenna-tuning capacitors
and inductors. The tuning network is necessary to match the
transmitter to the antenna to get maximum power transfer.
The new network provides a wider frequency range and high-
er power capabilities than the present system. The tuning net-
work may have voltages as high as 50 kilovolts in some places,
but it will be housed in an area of the transmitter room pro-
tected from access during transmitter operation.

The transmitter system normally will be controlled and
programed by a Data General Nova 3 computer with paper
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tape reader, floppy disk storage, and Teletype and video ter-
minals. The computer uses a Stanford-built real time operat-
ing system that will enable output frequency and power
changes to be made every millisecond (ten times faster than
the present system). Transmitter signals are generated by two
frequency synthesizers under computer control, whose out-
puts are combined in an exciter, also controlled by the com-
puter. The synthesizer signals can be added or multiplied
together; their amplitudes can be controlled individually or in
combination. The phase of the signals can be reset
automatically, resulting in a wide range of possible transmit-
ted signals. Once the transmitter has been set up, it can be
turned on or off automatically.

Many wave-injection experiments are now done in real
time; that is, operators monitor the results of their transmis-
sions via reports over the ATS (Applications Technology
Satellite) link from the receiving station at Roberval, Quebec,
and adjust the transmitter frequency or power according to
reported changes in magnetospheric propagation conditions.
The new transmitter allows the operator in this type of experi-
ment much greater flexibility. With the new transmitter, Siple
will be the only facility in the world capable of transmitting
significant radio power at frequencies as low as 1 kilohertz.

This work was supported by National Science Foundation
grant DPP 76-82646.

Energy flux in the solar wind and
magnetospheric substorms

S-I. AKASOFU

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

The auroral oval delineates approximately the boundary
of the polar cap, that area from which the open magnetic flux
originates. Thus, the area bounded by the oval (the size of the
oval) provides a measure of the open flux, and because this
open flux constitutes the main part of the tail of the mag-
netosphere, the size of the oval is also a measure of the effi-
ciency of the solar wind-magnetosphere dynamo. When the
dynamo efficiency is high, the size of the auroral oval tends to
be large. For these reasons, it is of great importance to find
parameters that control the size of the oval and the dynamo
efficiency (Akasofu, 1977).

One of the most important subjects in the field of mag-
netospheric physics during recent years has been a search for
the accurate form of solar wind quantity which controls the
efficiency of the dynamo and the size of the oval. Already, a
number of workers have demonstrated that the B (north-
south) component of the interplanetary magnetic field (IMF)
is an important parameter in this regard; however, P. Per-
reault and I have found that it is not the best quantitative
parameter. The antarctic region is better suited to the study of

this problem than is the arctic region because a much greater
part of the oval can be seen over the antarctic region
(Akasofu, 1978). Thus, we have been concentrating on trying
to find an interplanetary parameter that can predict the size
of the auroral oval on the basis of antarctic auroral data.
Figure 1 shows the afternoon-evening half of the auroral oval
over the antarctic region at about 1700 universal time for 22
successive days, from 18 June to 9 July 1973.

During this search we have found an interesting quantity
which correlates well with the auroral electrojet index. This
quantity, €(t), can be expressed by

€(t) = VI BI 2 (f0sin2)2,
where V = solar wind speed,

I B = magnitude of the IMF,
6 = angle between the IMF vector and the mag-

netospheric field vector at the front of the
magnetosphere, and

A = 7 earth radii.
Thus, €(t) is the product of the electromagnetic energy flux of
the solar wind and the area of the magnetosphere through
which the electromagnetic energy flux enters; the size of the
area is controlled by the orientation of the IMF vector with
respect to that of the magnetospheric magnetic field at the
front of the magnetosphere.

Figures 2 and 3 show examples of the correlation between
€(t) and the auroral electrojet index. We believe the correla-
tion is good enough to be used in predicting substorm activity
by measuring the quantity €(t) at the libration point (approx-
imately 240 earth radii upstream of the solar wind). We are
studying details of the relationship among e(t), the auroral
electrojet index, and the size of the auroral oval.

This research was sponsored by National Science Founda-
tion contract o pp 71-04051.
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Figure 1. Rapid onset ("spike") absorption recorded at South
Pole Station 2 June 1975. Spike begins at 0430 universal time.
Scale: 15 minutes per vertical grid line. Recorder imprints a

data point every 2 seconds.

SPIKE EVENT SOUTH POLE 215OZ II MARCH 1975
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High-latitude ionospheric
absorption

H.J. A. CHIVERS

Department of Applied Physics and Information Science
University of California, San Diego

Lajolla, California 92093

Observations of the ionospheric absorption of galactic
radio waves using the riometer technique continued during
1977 at South Pole, Siple, McMurdo, and Vostok Stations,
together with the Northern Hemisphere conjugate stations at
Roberval, Canada, and at Frobisher Bay, Northwest Territo-
ries. The recordings have been cataloged and scanned and
are at the National Geophysical and Solar-Terrestrial Data
Center, National Oceanic and Atmospheric Administration,
Boulder, Colorado 80302. They are available to other
research groups to complement studies of solar-terrestrial in-
teractions made by both satellite and ground-based sensors.

Investigation of fast onset absorption events ("spikes") ob-
served at South Pole Station during 1975 and 1976 was com-
pleted during the year. A sample recording of a spike event is
reproduced in figure 1. (Although a chart speed of 1 inch per
hour was used, the rapidity of the onset of absorption is
clearly indicated. The pen recorder imprints a data point cv-

TIME

Figure 2. Ratio plot and absorption profiles for typical spike
event.

ery 2 seconds rather than continuously; by simply counting
dots, we can see that the rapid increase in absorption takes
place in about 2 minutes.) Some of the spike events have been
analyzed in detail by reading the chart records at half-
millimeter intervals, which corresponds to a time resolution
of 0.61 minute. The ratio of the absorption at 30 megahertz
(MHz) to that at 51.4 MHz has been calculated for each pair of
data points; these ratios are plotted in figure 2 along with the
individual absorption profiles. If the absorption had occurred
high in the atmosphere over a region that filled each beam,
the ratio of absorption throughout the event would remain at
a fixed value of 2.94, indicating that the absorption depends
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on the inverse square of the observing frequency. Figure 2 in-
dicates that this was not the case; in fact, the absorption
varied from about 1 to about 3 during the course of the first
part of the event. This indicates that either the spectrum of
the precipitated electrons is initially very hard or the absorp-
tion occupies only a fraction of each antenna beam. The fact
that the spikey appearance of the absorption does not result in
• perturbation of the ratio indicates that the spike is caused by
• rapid change in the flux of the precipitation rather than by a
rapid change in spectral characteristics or spatial extent.

If the low value of the ratio at the beginning of a spike
event is caused by spectral hardening, then the values indicate
that particles with an energy in excess of 10 million electron
volts would predominate at the beginning of the event. This is
unlikely (see, e.g., Axford and Nielsen, 1977) . The change in
absorption ratio during spike events is most likely due to the
absorbing region's initially being narrower than the beam
width of wide-beam antennas. This was tested using South
Pole data. For each of the 200 pike events recorded there dur-
ing 1975 and 1976 the value of absorption at the peak was
calculated and a ratio derived. The values were then com-
bined so that for a particular value of absorption observed at
51.4 MHz, a median value of the ratio was derived. Although
the raw data show a large scatter, as might be expected from a
group of unrelated events, the median clearly shows that the
ratio decreases as the absorption increases. To obtain a
description of a typical event, the median values were com-
pared with theoretical curves derived for a model in which
the absorption is distributed as a Gaussian strip across the an-
tenna beam. Curves were drawn for various characteristic
widths expressed as a fraction of antenna-beam width. The
results are shown in figure 3, which also indicates values of
absorption occurring at the center of the Gaussian strip. The
trend in the median values is similar to the trend indicated by
the model; 0.2 is a typical characteristic width. Since the
beam width was 60° between half power points, the half-
width of the absorption strip is 36 kilometers, assuming the
altitude of the absorbing region is 90 kilometers.

These results indicate that the spike events are caused by a
rapid onset of precipitation over a narrowly confined region
that gradually spreads to cover the whole beam in a period of
10 minutes or more. The peak in the absorption appears to be
caused by a rapid increase in the precipitated flux rather than
by a dynamic change in the spectrum of precipitation. This
has been verified by a compar.on between observations of
precipitated electrons made with the geostationary satellite
ATS-6 (Mcllwain, C. E., personal communication), and
spike events observed at a station of approximately the same
field line (Hargreaves, J . K., personal communication).

Now that close association between riometer and satellite
measurements has been established, it is proposed to extend
the observing system at South Pole Station to include narrow-
beam antenna and digital recordings of the data. Cooperative
programs will be maintained at the other stations.

This work was supported by National Science Foundation
grant DPP 76-80556. The assistance of personnel from Stan-
ford University, the Department of Scientific and Industrial
Research, New Zealand, the National Oceanic and At-
mospheric Administration, Boulder, and the U.S./U.S.S.R.
exchange scientist (Dr. Zaitzev) is gratefully acknowledged.
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Polar cap geomagnetic variations
studies

A. N. ZAITZEV

Institute of Terrestrial Magnetism
Ionosphere and Radio Wave Propagation
Troitsk, Moscow region, 142092, USSR

Ground-based observations of magnetospheric substorms
are still an important tool for research in space physics. Data
from stations located in the auroral zones and the polar caps
have led to investigations and discoveries of events that were
not known earlier. Among these recent findings are several
important discoveries, most notable being the connection be-
tween the interplanetary magnetic field and geomagnetic
variations seen from the polar cap (Mansurov, 1969), the pre-
cipitation of particles directly through the cleft of the mag-
netosphere into the ionosphere (Heikkila and Winningham,
1971), and the realization of the continuity of the auroral oval
(Akasofu, 1976).
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The ground-based instruments at Amundsen-Scott South
Pole Station such as magnetometer, riometer, photometer,
and all-sky camera with continuous, simultaneous satellite
measurements provide a unique possibility for research. The
geomagnetic field variations serve as basic data for specula-
tions about magnetospheric substorm patterns.

During February 1977 a Soviet-made field-type mag-
netometer was installed at South Pole, and regular observa-
tions were begun 1 March 1977. The sensitivity of the instru-
ment is as follows: horizontal component is 7.8 gammas per
millimeter, declination is 7.8 gammas per millimeter, vertical
is 9.8 gammas per millimeter. Registration of the three
orthogonal components enables estimates of ionospheric cur-
rent systems flowing during substorms at approximately 100
kilometers above earth in the vicinity of the South Pole. A pri-
mary task is research into auroral oval dynamics. A first ap-
proach, taking into account the close temporal connection be-
tween the structures of the magnetosphere and the auroral
oval, is to estimate night-side electrojets and day-side cleft
positions.

Figure 1 shows a sample of a magnetospheric substorm on
the night-side of the auroral oval. The dotted lines represent
the magnetic field level in the absence of currents. The
substorm begins at 0020 universal time (UT) with an increase
in the H-component. This means currents are flowing along
the latitudes in an easterly direction. At 0050 UT currents ap-
pear from the opposite direction, leading to a sharp depres-
sion of the magnetic field; these currents exist until 0150 UT.
The dashed lines present hypothetical geomagnetic field
variations caused by eastward currents. The figure thus is an
example of a magnetospheric substorm in which electrojets
exist simultaneously in opposite directions. The
electrodynamics of the ionosphere is unknown during such
events.

Recordings from the magnetometer were compared with
corresponding data from the riometer and the photometer. A
riometer was installed in 1975 and has been running ever
since (Chivers, 1976). The photometer was made using spare
parts from the scanning photometer (Harris, 1977).

Figure 2 shows what happens when South Pole Station is
on the day-side of the auroral oval, i.e., close to the cleft of the
magnetosphere. In the magnetic field we see typical varia-
tions—a fast, smooth decrease between 0800 and 1000 UT
which reaches 200 gammas during the main phase of 1 to 2
hours and a recovery phase that lasts 2 to 3 hours. The most
common feature here is the appearance of pulsations during
the main phase and their growth during the recovery phase.

The character of variations from the photometer is quite
similar to the magnetometer recordings, but it reaches a max-
imum during recovery phase. The morphology of bursts in
the photometer data indicates the small scale and irregular
structure of aperiodic oscillations in the auroral light inten-
sity.

Riometer variations during this event look similar to the
photometer ones. Major disturbances on the riometer record-
ing likewise appear only during the main phase. The
amplitude of variation is very small and does not exceed 0.5
decibels. Aperiodic fluctuations also are present and develop
during the time of event. The initial rapid decrease, or fall
phase, in the magnetic field apparently corresponds to the
moment when changes in the magnetic field line configura-
tion occur. The appearance of pulsations and the develop-
ment of the main phase and the recovery phase correspond to

1140

H
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F........

1132

SOUTH POLE, MAY 2,1977
Figure 1. Magnetospheric substorm as recorded at South
Pole Station. The positive change of components is upward;

the scales are on the left side.
the moment when we have the precipitated flux of particles
coming from cleft region in the magnetosphere. If we con-
sider that the projection of the cleft region on the ionosphere
coincides with the day-side of the auroral oval, we can deter-
mine for this event that the position of the neutral point, or
cleft center, lies between 1130 and 1230 UT. This interval ex-
hibits a maximum of storminess in the riometer and the
photometer data and likewise sees the most active pulsations
in the magnetic field. It seems to us that such samples can ap-
pear every day, if the global state of magnetic activity is simi-
lar to that in this sample. So during moderate magnetic ac-
tivity on the day-side of the auroral oval we observed specific
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Figure 2. Correlative graphs of magnetometer, photometer
and riometer data as recorded at South Pole Station 24 July
1977. Note the cleft-type variations of the geomagnetic field in

the H-component.

geomagnetic variations that correspond to the cleft of the
magnetosphere. The appearance of the cleft at geomagnetic
latitudes around 74° can be detected easily with the photo-
meter.

This research was supported by the National Science
Foundation in the Soviet-U.S.A. antarctic exchange scientist
program. I thank all members of the Foundation and the U.S.
Navy for their excellent help in making this joint experiment
possible. My thanks extend to the crew who spent the winter
at the South Pole in 1977 for providing moral support and a
congenial atmosphere.
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High time resolution studies of
sudden impulses

R. R. HEACOCK

Geophysical Institute
University of Alaska

Fairbanks, Alaska 99701

Operation of the three-component induction mag-
netometer and associated data recording systems at the Soviet
Union's Vostok Station (78°28'S. 106°48'E.) continued in
cooperation with Soviet scientists of the Arctic and Antarctic
Scientific Research Institute, Leningrad. This year, the data
amplifiers were replaced by a 3-channel amplifier having
response to 30 hertz, and a data logger with integral digital
cassette tape recorder was added to the system.

One aspect of the data analysis is concerned with high
time resolution comparisons of onset times for sudden im-
pulses SI in the earth's magnetic field, using data from Vostok
and from other induction magnetometer sites operated by the
Geophysical Institute. The figure shows an example of a
magnetic storm sudden commencement ssc with data from
Vostok; College, Alaska (64,6°N. Invariant Latitude); and
Sachs Harbour (76.2° N. IL). The ssc occurred in early after-
noon, local time, at College and Sachs Harbour. The onset of
oscillations at periods T 5 to 10 seconds was nearly
simultaneous at these three widely separated sites, 0027:13 at
Vostok, 0027:14 at College, and 0027:12 at Sachs Harbour.
There was an exceptionally clear onset of cosmic noise ab-
sorption at College as detected by the 30 megahertz riometer,
with onset time 0026:52. Thus precipitation of energetic
electrons at College preceded the magnetic field ssc by about
22 seconds. It is likely that energetic trapped electrons were
released in the equatorial sector of the College field lines and
the 22 seconds represents the time difference in arrival of the
energetic electrons and the hydromagnetic waves.

Though oscillations began at Sachs Harbour near
0027:12, there is a clear onset at lower frequencies near
0027:00 in the H component and perhaps earlier in D
(figure). Sachs Harbour was probably on or near dayside
cusp field lines at the time, hence the effect near 0027:00 may
be interpreted as the signal from ionospheric currents associ-
ated with particle precipitation down the cusp field lines.

The onset time of an ssc or SI is often clearcut as in the 29
July 1977 case, and the event time can be measured to within
several seconds. The activity which follows the impulse is
usually very complex and may represent the arrival of the im-
pulse via other propagation paths where the time delay is
greater, e.g., through the plasmasphere, together with signals
locally generated from ionospheric and field-alined currents.

SSC's and Si's are useful tools for studying hydromagnetic
wave characteristics and associated particle precipitation
characteristics because the event signatures are clear and can
be recognized on recordings from widely separated sites and
satellites. In the case of more general pulsation activity, e.g.,
Pc 3-4 activity, for a specific time, we cannot be sure that a
meaningful relation exists between the pulsations as observed
at widely separated sites. However, some Pc 1-2 pulsation
events have clear frequency vs. time signatures and can be
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MAGNETIC STORM SUDDEN COMMENCEMENT

JULY 29, 1977, 0027 UT

0027 0028

VOsà	gJ'

yos,:t

0027 0028

Example of high time
resolution recordings of a
storm sudden commence-
ment as observed by induc-
tion magnetometers at
Vostok, College, and Sachs
Harbour. The oscillations
atT= 5tolo seconds had
approximately the same
onset time at each site:
0027:14 at College, 0027:12
at Sachs Harbour, and
0027:13 at Vostok.
However, there is a lower
frequency excursion in
Sachs H beginning at
0027:00 and perhaps a few
seconds earlier in Sachs D.
Particle precipitation into
the ionosphere at College,
as detected by the riometer
technique, had a clear

onset near 0026:52.

recognized as the same event seen at separated stations.
Time-delay measurements are thus possible for this type of
event and in fact we are currently engaged in this type of

measurement using Pc 1-2 data from Vostok and other sites.
This research was supported by National Science Founda-

tion grant DPP 76-82083.

Cosmic ray intensity variations

MARTIN A. POMERANTZ and SHAKTL P. DUGGAL

Bartol Research Foundation of The Franklin Institute
University of Delaware

Newark, Delaware 19711

Studies of the sun and its control over the "weather" in in-
terplanetary space, as well as in the earth's upper atmosphere,
via observations of the changing flow patterns of relativistic
cosmic rays (i.e., energies exceeding roughly 1 gigaelectron
volt) have continued to yield fruitful results. Several discrete
events that have either rarely or never before been observed

are described briefly in this report, although discussion of
their physical implications must await detailed analysis.

A solar flare is the most spectacular manifestation of a
sudden release of energy by the sun. On rare occasions (long-
term average about once per year) relativistic particles are
emitted during this violent explosion. When these solar cos-
mic rays reach the earth, they give rise to a ground level
enhancement (GLE) that appears as a sudden rapid increase
in the counting rate of nucleonic intensity detectors. After a
long hiatus, four GLE's occurred during the year covered by
this report (19 and 24 September, 22 November 1977; 7 May
1978). All of these GLE's displayed unusual features.

The GLE's on 19 September and 24 September 1977 were
the first to be observed with the new high-sensitivity detector
at the South Pole. They were unusual in that they were pro-
duced by a vestigial active region belonging to the previous
solar cycle, long after the start of the present cycle. These may
well have been the death gasps of solar cycle 20.
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The second of these two events is attributable to a flare on
the invisible disk of the sun, far beyond the west limb. This
type of GLE, which has been observed infrequently, provides
important information concerning the mechanism whereby
the most energetic particles emitted by the sun are propagated
in the solar atmosphere.

The event of 22 November 1977, shown in figure 1, was
the greatest observed during the current solar cycle. As is
demonstrated by the curve labeled BC, an experiment con-
ducted with an atmospheric neutron detector (bare counter)
supplementing the standard detector (pile) yielded striking
results. In each of the GLE's that has occurred thus far, the in-
tensity increase registered by the bare counter was approx-
imately 40 percent larger than that observed with the conven,
tional pile. This provides meaningful information, the full
scope of which will emerge from future analytical studies.

The GLE on 7 May 1978 may turn out to be the most in-
teresting detected thus far. The observations plotted in figure
2 differ drastically from the normal pattern represented by
figure 1 in that the solar particle flux in the polar region is
smaller than that at a lower latitude. The threshold energy at
McMurdo is roughly half that at Newark, Delaware. The

UNIVERSAL TIME

Figure 1. Plot of the nucleonic intensity observed at two ant-
arctic stations and at a midaltitude location where the
geomagnetic threshold is significantly higher showing the ar-
rival of relativistic solar cosmic rays on 22 November 1977.
(The points represent hourly averages expressed as percents
of the pro-flare intensIty, so denotes the standard detector,
and BC, bare counter, an atmospheric neutron detector that
has been operating on an experimental basis at South Pole

Station.)
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Figure 2. Comparison of the hourly average counting rates of
the detectors on 7 May 1978 at two sea level stations, McMur-
do (threshold rigidity	1 Gigaelectron Volt) and Newark
(threshold rigidity 2 Gigaelectron Volts). (The observation
of a higher flux of solar particles at the station with higher

threshold is unprecedented.)

steepness of the energy spectrum (i.e., the intensity varies in-
versely as the fifth power of the energy) ordinarily results in a
larger flux at McMurdo and South Pole, even during
anisotropic events. Thus, the 7 May GLE was characterized by
an unusual anisotrophy. Understanding the full implications
of these observations will require detailed analytical study of
all relevant data.

Another heretofore unobserved type of event in which the
effect at polar stations was less than at lower latitudes is
shown in figure 3. Here, however, the relevant phenomenon
is a cosmic ray storm, i.e., a rapid decrease in the galactic cos-
mic ray intensity, arising from a solar-produced disturbance
in the plasma that pervades interplanetary space. Since the
initial discovery of north-south asymmetry during rapid tran-
sient intensity reductions, so-called Forbush decreases
(Nagashima et at., 1968), considerable progress has been
made in understanding this effect (Duggal and Pomerantz,
1976). However, although it has been established that
anisotropy, both in the ecliptic plane and perpendicular to it,
can occur in a Forbush decrease (Pomerantz, 1975),
heretofore there has been no observation of a symmetrical
pole-to-equator assymetry. The experimental result plotted in
figure 4 will undoubtedly be germane to the ultimate develop-
ment of a theoretical model that will account for the observa-
tions quantitatively.
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Figure 3. First observation of symmetrical equator-pole
anisotropy during a cosmic ray storm. (The maximum reduc-
tion in intensity at north and south polar stations (Alert and
McMurdo) and at equitorial-viewing stations (Kiel and
Swarthmore) is expressed as a percentage of the level im-

mediately prior to the event onset.)

This research was supported by National Science Founda-
tion grant DPP 76-23429.
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Figure 4. Magnitude of the peak intensity reduction at various
stations, plotted as a function of the cosine of the effective

direction of viewing.
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Polar Research Board,
1977-1978

W. TIMOTHY HUSHEN

Polar Research Board
National Academy of Sciences

National Research Council
Washington, D.C. 20418

The Polar Research Board (PRB) advises the U.S. govern-
ment on research in the polar regions, and it adheres to the
International Council of Scientific Unions (icsu) Scientific
Committee on Antarctic Research (SCAR) on behalf of the
National Academy of Sciences.

Specific antarctic projects undertaken by committees,
panels, and study groups of the board over the last year are
described in the sections that follow.

The Committee on Glaciology met and held a workshop on
current problems and future directions in glaciology; over 40
people from the United States and Canada participated. The

217October 1978



committee concluded that glacier ice probably will have to be
drawn upon as a freshwater source at some time in the future,
but recommended additional research on iceberg distribu-
tion, harvest, and deterioration before large-scale field tests
are made on towing techniques and protection schemes. The
committee prepared a draft outline of glaciology's contribu-
tion to paleoclimatology.

An ad hoc study group on snow research and control, established
by the Committee on Glaciology, concluded that snow has a
major effect on the national economy, snow research is highly
fragmented, and greater coordination of snow research at the
national level is needed. The group proposed to publish its
finding in scientific journals.

US. organizing committeefor the third SCAR/I UGs/ICG symposium
on antarctic geology and geophysics. On behalf of the Academy,
the PRB served as host to the SCAR/IUGS/!CG symposium on
antarctic geology and geophysics and related field trips and
SCAR working group meetings held in Madison, Wisconsin,
16-30 August 1977. Geologists and geophysicists reviewed
and discussed recent research related to Gondwanaland, East
Antarctic Shields, Scotia Arc, stratigraphy, paleontology, ig-
neous rocks, mineral deposits, structural geology and tec-
tonics, crustal structure, subglacial topography, marine
geology, and Cenozoic history. A trend towards more
problem-oriented studies, as opposed to the strictly reconnais-
sance work of the past, was apparent at this meeting. Over
130 papers were presented, and 185 scientists from 15 coun-
tries participated. The University of Wisconsin Press will
publish a symposium volume.

The Committee on International Polar Relations represents the
U.S. scientific community in polar affairs and promotes, on
behalf of the National Research Council, international
cooperation with SCAR, coordinates between SCAR activities
and those of concerned U.S. government agencies and others,
and promotes international cooperation and coordination in
arctic sciences. The committee held its second meeting in
Washington, March 1977, in preparation for the May 1978
XVth meeting and plenary session of SCAR. At that meeting,
it considered reports on the recently held Antarctic Treaty
special consultative meeting on a conservation regime for the
southern ocean, discussed the Antarctic Treaty nations'
response to SCAR reports, and prepared a U.S. posture for
SCAR XV. The committee endorsed the scientific objectives of
the SCAR document Biological Investigations of Marine Antarctic
Systems and Stocks (BIOMASS).

SCA R/SC0R group of specialists on the living resources of the
southern ocean. Acting on requests from the International
Oceanographic Commission and the Antarctic Treaty con-
sultative meeting representatives, the Polar Research Board
served as host to the SCARJSC0R conference on living
resources of the southern ocean, and to a meeting of this
group of specialists, both of which took place at Woods Hole,
Massachusetts, in August 1976. The group prepared the
scientific document entitled Biological Investigations of Marine
Antarctic System and Stocks (BIOMASS)—Volume I, which was
published in August 1977. BIOMASS represents the first major
international effort to coordinate present and future research
for the development and wise management of the living
resources of the southern ocean. This document has been en-
dorsed by both SCAR and SCOR and more recently was
welcomed by the !OC International Coordination Group for
the Southern Ocean and endorsed by the ninth Antarctic
Treaty consultative meeting. S. Z. El-Sayed, of the Board's

Committee on International Polar Relations, serves as Con-
venor of the group of specialists, and D. B. Siniff is the other
U.S. member.

SCAR group of specialists on environmental impact assessment of
mineral resources exploration and exploitation in the Antarctica. In
response to a request from the Antarctic Treaty nations, the
group prepared a preliminary assessment of the environmen-
tal impact of mineral exploration exploitation in Antarctica,
which considers the present knowledge of mineral occur-
rences and resources, discusses the most likely areas for
onshore and offshore exploration and exploitation, and
evaluates the sensitivity of the ecosystems to different forms of
environmental disturbances.

The group concluded that there is at present no known
economically exploitable on-land mineral or fossil fuel
resources. If exploration or exploitation does occur, environ-
mental protection measures significantly different from those
generally adopted elsewhere will be required. The group
noted that antarctic living resources are an important source
of additional food for mankind which must be conserved, and
expressed concern that no activity should be undertaken that
might unduly impact on this resource. The group report was
considered at the ninth Antarctic Treaty consultative meeting
held in London, September 1977. SCAR is publishing the
report for public distribution. J . H. Zumberge, chairman of
the Board's Committee on International Relations and the
U.S. Delegate to SCAR, convened the group; George A.
Llano is a U.S. member.

Polar Experiment (P0LEx) panel [Joint with US. Committee for
the Global Atmospheric Research Program (CARP)]. The panel pro-
vides advice on the CARP Polar Subprogram. Over the last
year the panel did not meet, but through correspondence it
pointed out to the government the need for increased
meteorological observations in West Antarctica during the
first CARP Global Experiment (FGGE) to be conducted in
1978-79. The National Science Foundation agreed to in-
crease meteorological observations in West Antarctica during
FGCE. The administrative support for this panel is provided
by the U.S. Committee for GARP.

This work was supported by National Science Foundation
contract C-310, tasks orders 36, 338, and 348.

Searching on-line data bases for
the Antarctic Bibliography

MARY C. SMITH

Science and Technology Division
Library of Congress

Washington, D.C. 20540

The Cold Regions Bibliography Project at the Library of
Congress, which compiles the Antarctic Bibliography, uses three
primary methods to acquire its material: routing of journals
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directly to the project; gifts and exchanges from authors and
publishers; and loans from the project sponsor. Because the
antarctic literature is so scattered, these primary methods do
not quite provide full coverage, however. The project has al-
ways made it a practice, therefore, to supplement its main ap-
proaches with the more diffuse one of scanning lists of
references and the various discipline-oriented abstracting and
indexing journals. More recently, with the advent of such
data-base brokers as Lockheed and System Development
Corporation, the project staff has been able to search the ma-
jor bibliographies on-line from a terminal rather than by
screening the printed product, thereby saving much time.

At present, the project staff uses this method to search the
following data bases: NTIS (National Technical Information
Service), National Agricultural Library's AGRICOLA, Psy-
chological Abstracts, INSPEC (physics literature), Oceanic
Abstracts, Meteorological and Geoastrophysical Abstracts,
MEDLINE (primarily Index Medicus), SciSearch (Current Con-
tents and Science Citation Index), Comprehensive Dissertation
Abstracts (Dissertation Abstracts International and American Dis-
sertation Abstracts), and Aquatic Sciences Abstracts. A search
of printed products would require 15-18 hours a month,
whereas a search of data bases on-line takes 20 minutes per
month at the terminal and frees the analyst for more prod-
uctive work, such as visiting other area libraries in search of
material. Greater recall and precision are obtained, as well.
More than 100,000 new citations are reviewed monthly (the
number of unique articles being somewhat less because of
overlapping coverage).

Naturally, on-line searching is only as effective as the
search strategy employed, and the Antarctic Bibliography staff
has devoted considerable effort to evolving a satisfactory
strategy. Fortunate in that geography is a sufficient condition
for relevance, it has devised an approach combining
geographic terms such as "Weddell" and concepts such as
"penguin." In fact, because Lockheed's DIALOG has a trunca-
tion capability, the term "antarctic" is entered in such a way
that all character strings containing "antarct" are selected, an
arrangement that has resulted in finding many biological
names such as "antarcticus" in references that otherwise
would have been missed. Experience has led to strategy
refinement. For example, the term "Scotia" was producing
much unwanted data until "not Nova" was entered.

One other consideration in strategy development is the
SearchSave feature of DIALOG. Obviously, different data
bases will normally call for different sets of search terms,
strategies, and so forth. With SearchSave, it has proved more
efficient to apply the total set of terms from all the strategies to
all the data bases. This more generalized approach does not
increase significantly the length of the search and has the ad-
vantage that the broader set of terms can be stored in the com-
puter from month to month and called up to be run against
all 10 files.

The relevance of the drops consistently has been very
high, averaging around 75 percent on target. Of the articles
found, an average of 36 percent turn out not to be duplicates
(i.e., they had not yet been identified through the primary
methods). The value of this last figure can be fully appreci-
ated only when one realizes that it comprises citations not
from the high-incidence journals routed to the project but
from medical or law journals, perhaps, that may publish a
relevant paper only once in a decade. Having identified such
elusive finds, the analyst usually (about 75 percent of the

time) can pick up the journal from the Library of Congress
shelves. The rest must be located and borrowed from other
area libraries or even from distant university collections and
foreign sources. (The cost of identifying these otherwise easily
missed materials on DIALOG is around $65 per article, a good
bargain for rapid access to diffuse bibliographic informa-
tion.) The Antarctic Bibliography staff then begins the time-con-
suming procedures of locating, abstracting, indexing,
keyboarding, and proofreading the materials found.

The project plans to continue to use on-line data bases
whenever practical. Conference proceedings have been
elusive in the past, but help may be on the way: Data
Courier's Conference Papers Index is a new data base due to
become available in July 1978. Experience with on-line
searching leads us to expect even better, faster coverage of
antarctic-related literature when new sources can be fully ex-
ploited.

Processing and distributing
antarctic meteorites collected

during 1977-78

JOHN Q. ANNEXSTAD

NASA/Johnson Space Center
Houston, Texas 77058

Meteorites collected during 1977-78 by W. A. Cassidy,
leader ofajoint American-Japanese field team, in the vicinity
of Allan Hills in the Transantarctic Mountains, totaled over
300 specimens. Prior to these discoveries, about 1,000
meteorite fragments had been found in Antarctica (Cassidy,
1977); 991 of these were collected in the vicinity of the Queen
Fabiola (Yamato) Mountains by the Japanese Antarctic
Research Expeditions.

The specimens collected in the Antarctic in "blue ice"
areas have been reported by Yoshida and others (1971),
Shiraishi and others (1976), Yanai (1976, 1978), Matsumoto
(1978), and Cassidy and others (1977). The signficance of
these finds in an area that appears to collect, concentrate, and
preserve them enhances the chance for researchers to obtain
some of the rarer (less durable) types such as carbonaceous
chondrites (Annexstad, 1978). The specimens have been
somewhat protected from terrestrial contamination by the
cold and low-dust environment of the Antarctic, and that in-
creases their scientific importance.

The discovery of large numbers of meteorites in the Ant-
arctic has resulted in the initiation of an interagency program
for collection, processing, and distribution. The agencies and
respective internal units involved are: Division of Polar
Programs, National Science Foundation; Curator's Branch,
Johnson Space Center, National Aeronautics and Space Ad-
ministration; and Division of Meteorites, National Museum
of Natural History, Smithsonian Institution. Representatives
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of these agencies, institutional scientists, and selected mem-
bers of the university community met in November 1977 to
discuss the processing of antarctic meteorites. The outgrowth
of that meeting and other sessions has been a basic plan for
the curation of the specimens collected during the 1977-78
field season.

The Curator's Branch, Johnson Space Center, supplied
Cassidy's field party with collection materials consisting of
Teflon bags, stainless steel cans, Teflon tape, and Teflon
overgioves for handling specimens. These items were
precleaned, packed in secure steel boxes, and shipped to
McMurdo so the field party could handle, store, and ship the
finds with minimum contamination.

The more than 300 specimens found by Cassidy's party
were packed in the field and sent frozen, to retard chemical
weathering, to Port Hueneme, California, by surface
transport. There technicians from NASA repacked the
meteorites with dry ice and airfreighted them to Houston,
where they were stored in a freezer (-40°C).

Initial processing of the specimens began shortly after
their arrival in Houston in two rooms near the Lunar Proc-
essing Facility designated for meteorite processing. K. Yanai,
an investigator with Cassidy, assisted technicians from NASA
in the first task of matching specimens with field notes and
photographs and in the assignment of Smithsonian identifica-
tion numbers. (Each individual specimen has been assigned a
number in the 30,000 series to conform to the Smithsonian
system of meteorite identification.) The continuation of initial
processing consists of weighing, photography (color,
orthogonal photos), macroscopic description of surface
features, chipping for thin sections, and chipping for a small,
cold-storage piece. The specimens are kept frozen during
these activities by placing them on a cold plate in a dry, clean,
N2 -filled cabinet, which keeps environmental contamination
low and arrests sample surface degradation.

The thin-section chip is sent to the Curator of Meteorites,
Smithsonian Institution, where it is made into reference
polished thin sections. The Curator examines the sections
and prepares a report giving the meteorite classification and a
brief petrographic description.

The small, cold-storage chip is retained at the Johnson
Space Center for special scientific studies such as ther-
moluminescence. This sample is taken while the specimen
remains frozen and the room lights have been dimmed to
protect the fresh surface from ultraviolet radiation. The
meteorites are then either freeze-dried or warmed naturally in
an N2 environment in preparation for sawing, chipping, and
distribution to scientists for further study.

Specimen information, including classification, weight,
and macroscopic and microscopic description of the thin sec-
tion, is reported in a newsletter. The newsletter is compiled at
the Johnson Space Center with the approval of the National
Science Foundation and is mailed to the scientific community
about every 2 months. The information on each meteorite is
contained on a single sheet and is intended primarily to be
used by investigators requesting samples for analysis. Sample
requests for specimens already reported in the newsletter are
considered every 3-4 months by a Meteorite Working Group
composed of 10-12 scientists who advise the National Science
Foundation of specimen allocation, processing, and curatin.
Requests for samples and/or information should be sent to:

Secretary, Meteorite Working Group
Curator's Branch, 5N2
NASA/Johnson Space Center
Houston, Texas 77058.

Additional information on samples available for scientific
research can be gained by examining thin sections at two li-
brary locations:

National Museum of Natural History
Smithsonian Institution
Washington, D.C.
(contact Brian Mason, Curator); and
Johnson Space Center/NASA
Houston, Texas 77058
(contact Secretary, MWG, Code SN2).

These section are available for examination only, during
working hours, and cannot be loaned or probed.

Although it is expected to take until April 1979 to process
all the specimens, interested scientists may request samples of
those meteorites reported in the newsletter. Sample prepara-
tion and distribution for scientific analysis will proceed
simultaneously with the characterization of the remainder of
the collection.

The antarctic meteorites, found in abundance in certain
regions of that continent, represent a unique collection of
specimens. Such questions as their residence time in Antarc-
tica, the mechanics of transport by ice, and the incidence of
rare types might be answered as the collection grows in suc-
ceeding field seasons. It is even conceivable that meteorite
types yet undiscovered will be found somewhere on the ant-
arctic continent.
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Antarctic Marine Geology
Research Facility, 1977-1978

DENNIS S. CASSIDY and SHERWOOD W. WISE,JR.

Department of Geology
Florida State University

Tallahassee, Florida 32306

Curatorial activities at the Antarctic Marine Geology
Research Facility for the year 1 June 1977 to 31 May 1978
were dominated by the distribution of marine and other ant-
arctic sedimentary samples, the receipt of new materials, and
preparation and dissemination of core descriptions for ARA
Is/as Orcadas piston and trigger cores.

Sample distribution was as follows:
Eltanin: 2,506 samples were distributed from 150 different

piston cores representing 34 of the 47 coring cruises; 29 sam-
ples were removed from 33 trigger cores, and I sample from 1
Phieger core. Also distributed were 29 samples from rock
dredge, Peterson grab, and Campbell grab recovery stations
aboard 13 cruises.

Islas Orcadas: 10,603 samples were taken from 123 in-
dividual piston cores representing four cruises (Islas Orcadas
7, 11, 12, and 15), and 34 samples were taken from 31 trigger
cores of 2 cruises (Islas Orcadas 0775 and 1176).

Dry Valley Drilling Project (DVDP): 641 samples were dis-
tributed from frozen drill core of 6 holes (DVDP 8, 9, 10, 11,
12, and 15).

Ross Ice Shelf Project (RISP): 13 samples were removed from
2 gravity cores taken through the J-9 hole.

International Weddell Sea Oceanographic Expedition (IWSOE):

276 samples were removed from 6 Phleger and 16 piston
cores retrieved aboard the 1968, 1969, and 1970 IWSOE
cruises of USCGC Glacier.

Miscellaneous: 22 samples were distributed from 2 Phleger
cores taken aboard USCGC Northwind in the Kara Sea (Arctic
Ocean).

The 14,154 samples distributed were received by 43 in-
vestigators representing 18 institutions of 4 nations. This total
does not include a great number of minute core sediment
samples used in the preparation of smear-slides for reconnai-
sance work, nor does it include sampling of rock specimens
stored at the facility in conjunction with the endolithic
microbiological investigations of Imre Friedmann (Florida
State University Department of Biology) in the dry valleys
region of Antarctica.

New materials acquired include approximately 335
meters of piston and trigger cores (shipped by airfreight from
Buenos Aires under refrigeration) retrieved aboard Islas Or-
cadas cruise 1578, approximately 71 meters of piston and trig-
ger cores collected aboard USCGC Glacier in the Ross Sea
(Kellogg, 1978), and 10 gravity cores (5.92 meters) from the
RISPJ-9 drill site (Ronan et al., 1978). Principal investigators
Peter Webb (Northern Illinois University) and John Clough
(University of Nebraska-Lincoln) have coordinated efforts to
ensure equitable distribution of the limited RISP material.
Also received were approximately 150 kilograms of dry
valleys rocks collected by Friedmann (1978). Thee latter
specimens were collected and shipped under sterile condi-
tions, and are stored frozen at -23°C.

The staff of the curatorial project compiled a second
volume of core descriptions (Kaharoeddin, 1978) for sedi-
ments recovered aboard cruise 1176 of Is/as Orcadas. Similar
in format to the initial volume (Cassidy et al., 1977), these
descriptions are designed to meet the demands of investiga-
tors whose work requires a knowledgeable evaluation of core
lithologies prior to sampling. Descriptive procedures are in
progress for Is/as Orcadas cruises 1277 and 1578 cores. Thus
far, more than 10,000 meters of Eltanin/Islas Orcadas marine
cores have been described at the facility (Cassidy and
Shepley, 1977).

Research personnel of the facility continued to be exten-
sively involved in support of the Is/as Orcadas core retrieval
program. For the first time, a U.S. geologist (Steve Jones,
Florida State University) participated on an Argentine-
sponsored research cruise (cruise 1477). Aboard this cruise,
9 cores were recovered from the Malvinas (Falkland)
Plateau before engine problems forced an early termination
of coring operations. Cores taken during the Argentine-
sponsored cruises are deposited at the Naval Hydrographic
Office, Buenos Aires, Republic of Argentina. To facilitate
joint efforts of description of these cores, a manually oper-
ated core-splitting device was constructed at the FSU Facility
and shipped to Argentina for use by the Hydrographic
Office (Wise et al., 1978).

John G. Hattner, serving on the core crew, was the Florida
State University representative aboard Is/as Orcadas cruise
1578; cruise 1678 of that vessel was staffed by Sherwood W.
Wise, Jr., Paul F. Ciesielski, Steve Jones, and Jan Smolko.

Research objectives by members of the facility have been
concentrated largely on the geologic history of the Malvinas
(Falkland) Plateau (Ciesielski, 1978, in press; Ciesielski et al.,
1978; Ciesielski and Wise, 1977; Glasby and Cassidy, 1978;
Wise, 1978; Wise et al., in press). This area has served as a
departure point for other investigations of broader scope, par-
ticularly the high-latitude calcareous nannofossil studies of
Wind (1978), Wind and Wise (1978), and MacKenzie
(1977).

Curatorial work is supported by National Science Foun-
dation contract C-1059. Research is supported by National
Science Foundation grant DPP 74-20109.
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Core splitter for an Argentine-U.S.
coring program

SHERWOOD W. WISE,JR. and HAROLDJ. SIEGEL

Antarctic Marine Geology Research Facility
Department of Geology

Florida State University
Tallahassee, Florida 32306

FELIX H. Mouzo, MIGUEL A. MARMORATO, and ALFREDO
YUNG

Departamento Oceanografia
Servicio de Hidrografia Naval-Armada Argentina

Buenos Aires, Republica Argentina

A core splitter incorporating several novel design features
has been constructed for use in a joint coring program con-
ducted aboard the ARA Islas Orcadas by scientists from the
Argentine Naval Hydrographic Office and the FSU Artarctic
Marine Geology Research Facility. The core splitter is
housed at the Hydrographic Office in Buenos Aires which
will serve as the repository for all cores raised during the proj-
ect.

Cores are taken aboard Islas Orcadas by a Ewing piston
corer modified to accept a 2.5-inch diameter plastic liner.
This liner must be cut along two sides before the core can be
opened for examination and sampling. In many core
laboratories, the plastic liners are cut by a circular saw (ex-
ample, see Cassidy and DeVore, 1973, figure 2). This
method contaminates the sediment with plastic shavings and
may disturb the sediment.

The core splitter described here (figure 1) is silent and
hand operated. It is based on a model used aboard the RJv
Glomar Challenger which uses sharp blades to cut the plastic
liner. The knife blades are mounted in pairs on either side of
a carriage bolted to a nut that travels the length of the splitter
along a worm gear turned by a hand crank. The worm gear
provides a mechanical advantage of 20 to 30 depending on
the crank handle radius used, sufficient to exert the 300
pounds of pressure necessary to cut the plastic. The blades on
each side face opposite directions, thus allowing the device to
cut in either direction depending on which way the crank is
turned. The hand crank is mounted to a flywheel which
allows an even pressure to be applied.

Cores may be any length up to 5 1/2 feet. They are held in
place by adjustable chucks at either end and by a rotating
wheel mounted under spring pressure at the top of the car-
riage. These devices keep the core from rotating or buckling

Figure 1. Core splitter being tested at the FSU antarctic
facility by Wise (left), Siegel (center), and Jones (right).
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while being cut. Cores of smaller diameters (such as trigger
cores) may be mounted by special blocking and cut along one
side at a time.

The splitter was designed as simply as possible for ease of
operation and maintenance. It can be automated, however,
by the attachment of a gear and motor at one end of the shaft.
It weighs approximately 150 pounds, is 84 inches long, and is
portable for use in a shore based lab or aboard ship.

Cores for the project are taken on Islas Orcadas cruises
sponsored by the Hydrographic Office. Nine cores were
taken during cruise 13/14 along the Malvinas Plateau under
the direction of Lt. Roberto Parodi (chief scientist) and
Steven C. Jones (Fsu). Five of those cores were taken after the
loss of one of the ship's two main propulsion engines. Jones
and the U.S. principal investigator for the project (S. Wise)
delivered the splitter to Buenos Aires in April 1978 and par-
ticipated with their Argentine counterparts in opening, sam-
pling, and describing the cruise 13/14 cores (figure 2). The
descriptions are patterned after those by Cassidy et al. (1977)
except that they will be published with English and Spanish
notes.

U.S. participation in this project was supported by Na-
tional Science Foundation grant DPP 77-19360.
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Figure 2. Freshly split Islas Orcadas cruise 13/14 core being
examined by geologists at the Argentine Naval Hydrographic
Office. From left: Alfredo Chiyah, Lt. Miguel Marmorato (chief

of the marine geology department), and Steve Jones.
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Polar biological specimens

B.J. LANDRUM

Smithsonian Oceanographic Sorting Center
Smithsonian Institution

Washington, D. C. 20560

The Smithsonian Oceanographic Sorting Center (sosc)
continues to serve the National Science Foundation as a
center for the processing, recording, curation, and distribu-
tion of polar biological specimens. Antarctic specimens proc-
essed here include most of the collections of marine inver-
tebrates, algae, and some ichthyoplankton made on the USNS
Eltanin, it/v Hero, Islas • Orcadas, and some from various
icebreakers. Some nearshore and intertidal collections were
also processed. Arctic specimens were obtained largely from
ice island platforms in the Arctic Ocean. The latter collec-
tions consist primarily of zooplankton collected under a
program conducted by the University of Southern California.

In the last year, technicians have sorted 201 zooplankton
samples containing 108,368 specimens. Sorting of bulk col-
lections of benthic invertebrates from previous cruises of Islas
Orcadas was completed. Over 1,600 marine algae specimens
were processed and mounted on herbarium sheets for dis-
tribution to specialists. Over 60,000 specimens of invertebr-
ates and algae were shipped to investigators this year.

Major efforts were focused on receiving, curating, and
documenting specimens of polychaet worms and sponges col-
lected under the U.S. Antarctic Research Program (USARP).
The polychaet collection, consisting of over 5,000 containers,
was packed at the Allan Hancock Foundation, University of
Southern California, and shipped to the Sorting Center. Here
specimens are being correlated with the remainder of the
USARP polychaets. Over 500 samples of polychaets were
reassembled, and 17,493 specimens were classified to
families for distribution to new investigators.

The antarctic sponges were collected in 460 samples on 34
USARP cruises. Technicians assisted a visiting Soviet scientist
in preparing specimens for identification. The collection,
consisting of 6,400 lots, is partially identified and docu-
mented. This research is still underway and fragments and
slides are being prepared for shipment.
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After specimen processing, available biological data are
stored on magnetic tape. Investigators seeking to evaluate the
research potential of available specimens are provided with
such things as systematic listings, compilations or geographic
plots by taxa, and information about capturing gear and
depths. The computer data base has become a very useful
tool for encouraging and aiding investigators concerned with
polar fauna and flora.

Although no large, general collections of marine organ-
isms have been received in recent months, we are curating
some extensive collections of unstudied taxa, extensive in
both quantity and geographic coverage. A continuing search
for interested and qualified specialists is a prominent part of
our operations.

To facilitate systematic analyses of large and species-rich
taxa, we are now classifying certain selected groups to lower
taxonomic levels. The antarctic and subantarctic polychaet
worms is one such group. Classification of the benthic speci-
mens to families is well underway. The copepod crustaceans
collected in plankton nets from two small Eltanin cruises have
been sorted to genera. Larger specimens caught in midwater
trawls are being reexamined and classified. As time permits,
other groups may be sorted to more readily useful levels.
Some specialists studying either the polychaets or copepods
have been contacted already, but others are encouraged to ap-
prise our staff of their interests. This applies also to specialists
in other taxa. We will make all possible effort to supply re-
quested specimens for research.

Potential investigators also may be interested in SOSC's
program called "Cooperative systematic studies and analyses
of polar biological materials." sosc subcontracts with scien-
tists who may require relatively small sums to complete
research projects and prepare timely reports on the speci-
mens.

The processing of polar collections and maintenance of a
centralized data base is supported by National Science Foun-
dation contract DPP 74-13988. The cooperative systematic
studies are supported under National Science Foundation
grant DPP 76-23979.

LC-130R research flights, 1977-78

SAMUEL R. SCHOENHALS

Naval Weapons Center
China Lake, California 93555

Kosar (1977) described the National Science Founda-
tion's research-configured LC-130R aircraft, which is oper-
ated by Navy Antarctic Development Squadron Six (vxE-6).
During the summer of 1977, modifications to the aircraft
allowed the addition of three types of research projects. An air
sampling manifold and exhaust ports were added to accom-
modate air chemistry research, and coaxial cables were in-
stalled in the wings to accommodate a radio echo ice sound-
ing system. An airborne magnetometer system was also in-
stalled at the Naval Air Station, Patuxent River, Maryland,

for the Applied Physics Laboratory, Laurel, Maryland.
The aircraft was configured for air chemistry and mag-

netometry measurements in October 1977 in the United
States. The research equipment was operated during transit
to New Zealand as a final checkout before deployment to
Antarctica. Instrumentation consisted of the airborne
research data system (ARDS), air sampling equipment for A.
Hogan (State University of New York at Albany), A. Mason
(University of Miami), E. Robinson (Washington State
University), and W. Zollar (University of Maryland), and the
magnetometer system.

Adverse weather at McMurdo Station prevented deploy-
ment to Antarctica until the first of November, SO two air
sampling/magnetometry flights were made from
Christchurch. The first went to the vicinity of MacQuarie Is-
land and the second to the vicinity of Lord Howe Island.
Total flight time including transit from California was ap-
proximately 40 hours. The magnetometer system was
removed from the airplane prior to deployment to Antarctica.

Air chemistry research flights conducted during early
November included three round trip flights from McMurdo
Station to Amundsen-Scott South Pole Station, and a flight to
the drill camp site at J-9, with passes through the Mount
Erebus plume on the return leg. The airplane returned to
Christchurch, where the research equipment was removed
and stored, on 13 November 1977. Total flight time including
transit was about 52 hours.

In early January 1978, the aircraft was configured for a
series of ice sounding/magnetometry flights. Instrumentation
consisted of the ARDS, the radio echo ice sounding system
(Scott Polar Research Institute, Cambridge, England), and
the magnetometer system.

The airplane left Christchurch on 13 January 1978. Dur-
ing the next 9 days, 13 flights were made from McMurdo Sta-
tion. The airplane returned to Christchurch, where the
research equipment was again removed, on 24 January 1978.
Total flight time including transit was about 159 hours.

The ARDS was used to supply and record data to support
both series of research flights. Data shown in the table were
recorded on a nine-track computer-compatible magnetic tape
recorder. The sample rate for each channel was about eight
samples per second.

I thank the personnel operating the ARDS, Gary Ahr and
Jack Klever. I extend sincere appreciation to Commander
Jaeger for the outstanding performance of the flight and
ground crews of VXE-6 and to the science crews. Each is com-
mended for the cooperative spirit, excellent support, active
participation, and valued camaraderie.

The ARDS program and aircraft modification is supported
by the National Science Foundation.
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ARDS channel assignments and data characteristics

Channel	 Signal	Resolution
No.	Parameter	source	and units	Range

00	Frame sync	Master control

01	Identification	Master control

02	Month! day!	Master control
	 0-123199

year (date)

03	Hour! minute! Master control
	 0-235959

second (time)

04	Quadrant	LTN-51 INS	0.1
	 0-90

(most signifi-
cant digit)!
latitude

05	Longitude	LTN-51 INS	0.1
	 0-180

06	Absolute	APN-l94 radar 1 ft. (30.48
	

0-5000
altitude	 cm)

07	Spare	Manual data
(manual)	unit

08	Pressure	Garrett	1 ft. (30.48
altitude	pressure	cm)

transducer

09	Spare	Manual data
(manual)	unit

10	Angle of at-	Rosemont	0.01 mb.
tack pressure	pressure
force	transducer

11	Angle of side-	Rosemont	0.01 rnb.
slip pressure	pressure
force	transducer

12	Drift angle!	LTN-51 INS	1 degree! 1
true heading	 degree

13	Heading! true C 1 Compass 1 degree! 1
airspeed	#1! TAS Com- knot

puter A!A
24G-9

14	Heading! true C12 Compass	1 degree! I
airspeed	#2! TAS Com- knot

puter AlA
24G-9

15	Track angle!	LTN-51 INS	1 degree! 1
ground speed	 knot

16	Drift angle!	APN-147 Dop-	1 degree! 1
ground speed	pIer radar	knot

17	Spare	Manual data
(manual)	unit

Channel	 Signal
	

Resolution
No.	Parameter	source	and units	Range

18	Static pressure Garrett	0.001 in. mer-	3-31.000
pressure	cury(Hg)
transducer

19	Wind direc-	LTN-51 INS	1 degree! 1	0-359!
tion/ wind
	

knot	0-379
speed

20	Static pressure Garrett	0.01 rnb.	100-
pressure	 1050.00
transducer

21	Differential	Rosemont	0.01 mb.	0-204.00
pressure	pressure

transducer

22	Total tern-	Rosemont	0.01°C	—99.00
perature	pressure	 +64.00

transducer

23	Dew point	General
	

0.1°C	—75.Oto
temperature	Eastern hy-	 +50.0

grometer 1011

24	Free-air tern-	Hewlett-	0.01°C	—80.00
perature	Packard	 to

quartz ther-	 +99.99
mometer 2801

Spare

Spare
Spare

Ozone con-	Dasibi ozone	100 parts per	0-5000
centration	monitor	billion

Water vapor	303 moisture	0.01% full	0-100.00
monitor	scale

Cabin	Rosemont	1 ft. (30.48	0-20000
pressure	pressure	cm)
altitude	transducer

Ice sounding	Ice sounding	1.second	0-235959
clock	system

Ice sounding	Ice sounding	Units	0-999999
frame number system
Ice sounding	Camera con-	Units	0-999999
side picture	trol unit
number

Scalor mag-	Proton mag-	1 gamma	0-99999
netometer	netometer

X vector	Vector mag-	100 gammas	±999
netometer

Y vector	Vector mag-	100 gammas	±999
netometer

Z vector	Vector mag-	100 gammas	±999
netometer

0-80000	25

26

27
28

±92.00	29

±92.00	30

±39!	31

0-359

0-359!	32

70-450
33

0-359
70-450	34

35
0-359
0-999	36
0-359
0-999
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Elect romagnetics Institute

J . TEJLGAARD

Department of Fluid Mechanics
Technical University of Denmark

DK-2800 Lyngby, Denmark

P. GUDMANDSEN, M. PALLISGAARD, and N. SKOU

New 60-megahertz antenna array
for radio echo sounding

One of the five new aeroplanes (LC-130, Hercules no.
159131) purchased by the National Science Foundation for
antarctic research has been equipped as a remote sensing
aircraft. The main remote sensing application has been the
radio echo sounding of the inland ice, carried out
cooperatively by the NSF, the Scott Polar Research Institute
(sPRI), and the Technical University of Denmark (TuD).
Soundings previously had been made using an older aero-
plane; most of its radar equipment could be transferred to the
new one, but a new antenna system for the 60-megahertz
radar had to be constructed to fit the new wing configuration.

The antenna system is in principle an array of dipoles sus-
pended one quarter of a wavelength (i.e., 1.25 meters) below
the wing of the aeroplane using the lower surface as a refle-
tor. Thus, the radiation beam is directed toward the ice sur-
face. Since each wing of the aeroplane has 16 hard points
(from the outer engine nacelle and outward) and each dipole
needs only 4 hard points, several configurations are possible.
The following configurations were selected:

1. Four dipoles ina linear array mounted on the right
wing transverse to the flight direction.

2. Four dipoles in a linear array with two dipoles mounted
on each of the wings in the outer positions (i.e., with a large
distance between the two parts).

3. Two dipoles in a linear array mounted on the right wing
at the inner position transverse to those above so that cross-
polarized reflected signals may be received.
The figure shows configurations 2 and 3 mounted on the
aircraft.

The antenna arrays are used in connection with a pulse
radar system with pulse lengths as small as 60 nanoseconds
(Gudmandsen et al., 1975). Therefore, a wide frequency
bandwidth of the array is a major design criterion; the present
arrays have a bandwidth of 50-70 megahertz (voltage stand-
ing wave ratio less than 1.6). As previous experience
(Christensen etal., 1970) indicated that this could be achieved
by forming the dipole arms as wide plates parallel to the wing
surface and by proper foreshortening of their length. Also, the
balance-to-unbalance transformers are made very wide-band
and are adjusted so that a full match is obtained at the center
frequency of 60 megahertz, thereby minimizing ringing on
the long antenna cable between the electronic equipment in
the aircraft and the antenna. A special four-way power split-
ter was constructed. The system was designed to carry 10-
kilowatt peak power pulses and a mean power of 250 watts.

60-megahertz dipole antenna system mounted on NSF'S C-130
Hercules aircraft (photographed at Sonderstrom Air Base,
Greenland during the 1978 campaign of the Greenland Ice
Sheet Program). (One system consists of four dipoles
transverse to the flight direction, two dipoles on each wing.
This system is used for transmission as well as reception.
Another system consists of two dipoles mounted In the flight
direction and used for simultaneous reception of cross-
polarized reflected signals. The aircraft also is equipped with
a 300-megahertz sounder with an antenna array mounted on
the left wing next to the outer engine nacelle, but not visible

on this photograph.)

The dipoles and the supporting struts were given a sym-
metrical airfoil shape to reduce drag and to give well-defined
lift characteristics. A balsawood/glassfiber reinforced epoxy
resin technique normal in glider design was used, the dipole
plates being imbedded in the balsawood. Being slender, the
struts are structural and vibrational critical and were
designed from a stiffness criterion in order to get a high reso-
nance frequency. The structure of the struts was based on a
balsawood/Keviar fiber rovinges/epoxy resin layout with a
thin outer layer and diagonally woven glassfiber cloth. This
layout almost doubles the resonance frequency of a normal
glassfiber layout.

All metal brackets joining the antenna component and fix-
ing them to the wing were designed for a very low stress level
to give them a high fatigue life. Furthermore, ball joints were
used in all junctions to get well-defined load paths.

The antenna system was mounted on the wing in con-
figuration 1 and used during the 1977-78 antarctic season. It
operated during about 150 hours of sounding with only
minor difficulties. One bracket failed because of material
defects and a bolt in the strut behind the outer propeller was
replaced frequently. In a later flight over Greenland this strut
broke under heavy turbulence. Although no conclusive ex-
planation of this problem has been established, the cause pro-
bably is that this particular strut, being placed in the propeller
slipstream, has a resonance frequency too close to the pro-
peller beat frequency, thus experiencing forced vibrations
through all or most of its flight time. Observation of this from
the aircraft is difficult because the strut is hidden by the pylon
tank. The strut is now being redesigned.

The installation of the antenna system and the necessary
cables in the wings was done in cooperation with Maurice
Hamm and Sam Schoenhals of the Naval Weapons Center,
China Lake, California. This work was funded by National

226	 ANTARCTIC JOURNAL



Science Foundation grant DPP 76-82431 and by the Ministry
for Greenland.
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Public Works Department, Deep
Freeze 78

LT. ROBERT L. BELLAFRONTO

US. Naval Support Force, Antarctica
Port Hueneme, California 93043

Fifty-two Public Works Department personnel were
deployed on the winter fly-in (wINFLY) to McMurdo in late
August 1977. Reaching the ice on 2 September, their primary
project was construction of the annual ice runway and con-
necting road system. Location and siting of the annual ice
runway was complicated by the first occurrence of 3-year ice
since inception of Air Force C-141 airplane operations in
Antarctica.

After investigation of six sites, the runway was finally lo-
cated 2 miles southwest of McMurdo. Although construction
was severely delayed by the search for an adequate location,
the runway and roads were completed in time for the
scheduled station opening on 8 October.

A second significant project accomplished on the WINFLY
was the construction of facilities to support the television
studio in building 155. Early completion of this project
enabled the contractor to install equipment and the system to
be operational early in the season. The opening of McMurdo
Station proper proceeded on schedule. There were fewer
water distribution problems than in previous years; during
the previous winter, major distribution lines had been left
charged with the heat tape on, so there were fewer broken
lines to repair on WINFLY. Some areas of chronic problems at
the end of the long distribution line runs did prove
troublesome again, however, and complete water distribution
service to all buildings was not accomplished until several
weeks into the operating season.

The first attempt since Deep Freeze 75 to occupy Williams
Field early in the season was less successful. Although
facilities were made ready for occupancy during WINFLY,
storms continually delayed the actual occupancy of the
berthing buildings. Even after the camp had been occupied
completely, a particularly severe storm forced the nearly total
evacuation of Williams Field for 3 weeks. One of the most
serious problems was the repeated failure of the electrical
power production generators. However, changes were made
to generator housing to improve ventilation and decrease
snow accumulation during bad weather, and it is expected

that these problems will be alleviated during subsequent
seasons.

In addition to the routine functions that consume most of
the productive effort at McMurdo (i.e., electrical and water
production and distribution, building maintenance, boiler
and heater maintenance and operation, and surveying and
engineering services), the Public Works Department worked
on several significant projects during the season.

A 90,000-gallon (340,000 liters) fuel farm was constructed
in the vicinity of Scott Base. In addition to providing an
emergency cache for Scott Base, the fuel farm greatly
simplified the operation of supplying fuel to Williams Field.
The Transportation Division constructed an elevated snow
"super highway" from Scott Base to Williams Field. The
road was not put into service during this season but has been
allowed to age-harden over the winter. With proper mainte-
nance, the road should provide superb accessibility to
Williams Field for at least 3 years. The Public Works areas in
and around McMurdo Station were cleaned up, and more
than 50 pieces of construction equipment were surveyed and
retrograded from the McMurdo Station "bone yard," greatly
improving the appearance of the station.

Since the deactivation of the nuclear power generating
unit at McMurdo, the stand-by power plant has provided all
electrical power in McMurdo. Age and use have taken their
toll of these six generators. To allow an extensive mainte-
nance program during the winter, and to provide reliable
back-up electrical power, a 750-kilowatt mobile utilities sup-
port equipment packaged generator was obtained from Navy
assets and delivered on the annual resupply ship. The unit
was sited, installed, and operational before the end of the
season.

Additionally, a 500-kilowatt Caterpillar generator ob-
tained from the Navy excess list during the preceding sum-
mer was delivered and installed at building 155 to provide
emergency power for that facility.

The Public Works Department also provided personnel
and equipment support for the French party at Dome
CHARLIE and personnel to operate and maintain the refueling
camp at Byrd Station.

Ship offload proceeded normally. The ice wharf suffered
less damage from the ship's overboard discharge than in pre-
vious years and is expected to last several more seasons. This
operating season was one of the safest and most productive in
the history of the Navy's participation in antarctic research.

Ship operations, Deep Freeze 78

JAMES F. ECKMANI

U.S. Naval Support Force, Antarctica
Port Hueneme, California 93043

Three icebreakers operated in the Antarctic this season in
support of the U.S. Antarctic Research Program. Two,

[Commander Eckman, U.S. Coast Guard, is the Coast Guard
Liaison Officer to Deep Freeze and the Support Force's Ship Opera-
tions Officer.
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United States Coast Guard Cutter Glacier in Arthur Harbor (64 046'S.64003W.). Anvers Island, adjacent to Palmer Station, 31
January 1978. Beyond is Marr Ice Piedmont.

USCGC Glacier from Long Beach and USCGC Burton Island from
Oakland, were assigned to support Deep Freeze 78. USCGC
Polar Star, from Seattle, was sent to perform Coast Guard ice
certification tests. The channel break into Winter Quarters
Bay, Antarctica, was part of her tests. No science activities
were staged on Polar Star, but plans were for her to relieve
Burton Island if the Coast Guard released her to Commander,
Task Force 199 for Deep Freeze operations. The dry cargo
ship USNS Schulyer Otis Bland and the tankship USNS Maumee
provided the resupply support. Ship ice damage was again
confined to the Bland; her hull and propeller required repair.
There were no surface search and rescue incidents. Ship
schedules were made based on Polar Star breaking the chan-
nel, with Burton Island standing by to assist as necessary and to
support science activities in the McMurdo Sound area. Glacier
was supporting science projects in the Ross Sea during this
period and thus was close enough to be called upon to sup-
port channel-breaking operations if necessary. The plan was
to maximize icebreaker time for science support without
jeopardizing preparations to receive the supply ships at
McMurdo Station safely. This plan worked even though
Glacier had to be called in to assist after Polar Star broke into
Winter Quarters Bay. Polar Star departed because of
mechanical problems. Glacier and Burton Island straightened

the channel, completed the turn basin, and prepared Winter
Quarters Bay to receive Bland. After Bland was moored, Glacier
resumed Ross Sea science operations. No Glacier science time
was lost due to this diversion. Burton Island remained to run
channel and continue local science support from the ship,
using her helicopters.

Bland completed cargo operations and was escorted out on
17 January 1978. She had suffered hull damage: number 1
deep tank, starboard, extending up to number 3 lower hold.
Temporary repairs were completed while cargo operations
were in progress. Permanent repairs were made in
Wellington, New Zealand, and she proceeded to Lyttleton,
New Zealand, for cargo operations. Maumee was escorted in
through the brash-filled channel after Bland departed. Glacier
returned to fuel from Maumee while she was pumping
petroleum products ashore. She changed science parties and
departed on 18January for science operations in the Weddell
Sea via Palmer Station.

Burton Island fueled from Maumee and embarked science
parties. She escorted Maumee out on 21 January and departed
on science operations after blasting and cutting the garbage
dump with minimal results. She continued on science opera-
tions until 9 February, having visited McMurdo on 1 Febru-
ary to run channel and exchange some science personnel.
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She performed engineering repairs until 14 February, at
which time Bland was escorted into Winter Quarters Bay the
second time. Bland completed cargo operations and was
escorted out on 21 February. Bland proceeded to Port
Hueneme, California, and Burton Island to Wellington via
Campbell Island.

Ice conditions. Polar Star commenced the 24-kilometer chan-
nel break-in to McMurdo Station at approximately 1200, 30
December 1977. Winter Quarters Bay was reached at 0635
on 1 January 1978. Ice thickness varied from 1.4 to 2.2 meters
with a snow cover ranging from 30 to 50 centimeters. Ice con-
ditions were less severe than last season although the brash
remained in the channel throughout the ship operations.
Winter Quarters Bay and the turn basin remained mostly
clear after the initial cargo-ship entrance. The "annual" Ice
Runway did not go out and no attempt was made to break it
out.

Icebreaker science support. Glacier supported two science
events en route to Wellington. Scientists and equipment for
five Ross Sea science projects boarded in Wellington. When
these events were completed the personnel debarked in
McMurdo. The party for a science event in the Weddell Sea
boarded at McMurdo. Glacier continued to support science
and provided some logistics support to Palmer Station.

Burton Island embarked science personnel for three proj-
ects in Wellington; supporting these events, she made a
logistics call at Campbell Island en route to McMurdo. Par-
ties for three other science projects boarded at McMurdo.
Burton Island's helicopters were used to support science and
photographic missions near McMurdo. This was Burton Is-
land's farewell to Deep Freeze. This veteran of many seasons
in both polar regions was decommissioned after her return to
Oakland, California.

Icebreaker helicopters flew 169 flights for a total of 241.3
flight hours in support of science and ship operations.

Cargo ships. Bland's itinerary was ususual this season
because of the number of building modules shipped to
rebuild Williams Field facilities. Some modules were preposi-
tioned at Lyttleton; the others were loaded on Bland at Port
Hueneme with other Deep Freeze cargo.

She departed Port Hueneme on 17 December 1977 for
McMurdo Station, Antarctica, via Lyttleton, for a brief refuel-
ing stop. Bland was escorted in through the brash-filled chan-
nel on 9 January 1978. Cargo operations started promptly,
and Bland was back-loaded for Lyttleton in time for a 16
January departure. Permanent hull repairs were completed in
Wellington. The ship arrived in Lyttleton on 1 February and
completed cargo offload/onload in time for a 9 February
departure for McMurdo Station. She arrived at McMurdo on
14 February for her second cargo operations of the season at
the ice wharf in Winter Quarters Bay. She departed on 21
February and arrived at Port Hueneme on 11 March. Cargo
offloading was uneventful, permitting a 25 March departure
for Oakland.

Maumee loaded her cargo of petroleum products for
McMurdo Station, Antarctica, in the Aruba, Netherlands
West Indies, area. She transitted the Panama Canal and
departed the Canal Zone on 20 December 1977 en route to
McMurdo Station, via Lyttleton for ship's bunker fuel. She
was escorted into Winter Quarters Bay on 17 January 1978.
Pumping cargo ashore and refueling the icebreakers was
completed with no unusual incidents. Maumee took on ballast
prior to departing on 21 January. She outchopped on 24
January at 60'S.

The cargo-ship operations were supported by National
Science Foundation interagency agreement CA-165.
Icebreaker operations were supported by a National Science
Foundation agreement with the U.S. Coast Guard.

Contractor support

A. C. EssER and R.J. WoI.AK

Antarctic Support Division
Holmes and Narver, Inc.
Orange, California 92668

Holmes and Narver's (H&N) 10th season in Antarctica
was a record year in many ways: largest H&N work force on
the continent (148); largest H&N construction crew in Ant-
arctica (57); most female employees in Antarctica (7); and
most cargo processed through the NSF contractor representa-
tive, Port Hueneme, for a season (1.9 million pounds). The
support personnel included 21 winterers-9 at South Pole, 3
at Siple, 6 at Palmer, and 3 at McMurdo. In addition,
General Oceanographics, Inc., under subcontract, provided
12 employees to operate the Hero.

McMurdo Station. Contractor support personnel were
challenged by an ambitious field program during U.S. Ant-
arctic Research Program (usARr) 78. Assistance was ren-
dered for establishment of field camps at Orville Coast, dome
C, Cumulus Hills, and Leverette Glacier. The Ross Ice Shelf
Project (RIsP)J-9 camp was reestablished, and a camp crew
was provided to operate this camp and a smaller one at loca-
tion C-16. Another field camp was constructed and operated
in Marie Byrd Land to support a population of 35, including
scientists and helicopter crews in a geologic reconnaissance of

Power plant module for Siple II before roof and end panels
were placed (300-kilowatt generator has been removed

because of damage received in transit).
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exposed rock surfaces. "Mabel," as the camp was known,
was operational until scientific work was completed in late
December 1977.

Emphasis in staging cargo initially was on camps and con-
struction material for Siple Station II. About the time that
airlift of construction materials for Siple neared completion,
the annual cargo ship docked at McMurdo with station
resupply materials and construction materials for Williams
Field II. The building modules destined for Williams Field
were pulled up the hill to the construction yard for winter
storage.

Construction at McMurdo included: dismantling and
salvaging the old transmitter and ham shack buildings,
reroofing several buildings, rehabilitating and painting the
interior of others, erecting a T-5 panel building for tire
storage, cleaning the Arrival Heights area, and disassembling
and retrograding the Lake Bonney hut except for the work
shed (which was moved to higher ground and stocked as a
refuge). Material was salvaged from the construction yard,
and space was cleared for Williams Field II material. Re-
maining "fold-a-way" panels were erected to expand the
H&N construction shop and provide inside storage.

Williams Field. H&N's role at Williams Field was one of
preparation for next year. A Jamesway camp was erected to
house and feed the construction crew of 30 that will be
billeted onsite. Three large snow pads were compacted by
NSFA public works in preparation for the erection of building
modules in USARP 79.

Siple Station. Approximately 1.4 million pounds of person-
nel, materials, and fuel required to operate the existing sta-
tion and construct the new one were airlifted to Siple. The
season's first flight to Siple was on 23 October 1977, the
earliest ever. Erection of arch began on 1 December 1977
following construction of aJamesway camp to house 50 peo-
ple. Construction of Siple II was fraught with distractions
that included the firing of Arcus rockets, the raising of the 21-
kilometer-long horizontal dipole antenna, and emergency
measures to forestall subsidence of the Siple I arch. The latter
necessitated revamping the exhaust system and installing
shoring to keep the arch from crushing the station vans.
Nonetheless, the construction crew was able to erect 280 feet
of steel Wonder Arch ., and to place all the building modules.
The end of Siple's summer season found construction of Si-
pie II ahead of schedule in every respect except for replace-
ment of a 300-kilowatt generator that was damaged in ship-
ment and had to be returned to the United States for repairs.

South Pole Station. This summer was the smoothest in years
for operation of Amundsen-Scott South Pole Station. Science
parties included a French glaciological team bound for dome
C, whose period of acclimatization exceeded 2 weeks. Not
only did the LC-130's refuel the station, but they also made
South Pole a refueling stop for flights returning to McMurdo
Station from Siple Station and the Orville Coast. Two CAT
955 tractors were retrograded to McMurdo in return for two
new CAT 941 tractors.

Long-range development planning. A team was deployed to
McMurdo to conduct a complete review of facilities and
functions. As the framework for a plan to upgrade McMurdo
began to take shape, briefings were presented to interested
parties to solicit comments. Completion of the long range
development plan for McMurdo Station was targeted for 1
June 1978.

In addition to improving McMurdo in place, the long-
range task included analysis of airplane landing fields. Four
alternatives were identified for possible further evaluations:

Arch over old station at Siple doesn't want to wait for Siple ii.
View shows start of shoring support to keep arch from crush-

ing the building modules.

(a) the existing arrangement of an annual-ice runway and the
skiway, (b) a surfaced runway on Arrival Heights, (c) a sur-
faced runway and a new support base at Marble Point, and
(d) an ice runway at Williams Field to be achieved by flood-
ing and freezing the skiway.

Palmer Station. Annual resupply and refueling got under-
way with the arrival of the British ship RRS Bransfield on 6
December 1977, just 2 days after RJV Hero's first arrival of the
season. Concurrently, the newly installed fiberglass "krill
huts" with aquaria were placed in full operation for the first
time, housing live krill gathered during Hero's initial cruise of
the season to Palmer. Projects completed this season at
Palmer included painting of the bio-lab building; installation
of new polyvinyl chloride freshwater piping from the melt
pond and a new roll-up garage door; movement of the two
seawater desalination units to the power plant to operate them
using generator waste heat; and top-end rebuilds of the Cater-
pillar D-342 diesel-electric sets. Strides were made toward
rehabilitation of a formerly abandoned CAT 955. Further
reduction of the dump was accomplished with the removal of
approximately 40 tons of scrap by the Chilean Navy ship
Yelcho. Small boating in support of science this year totaled
865 hours, with another 115 hours devoted to station projects.
Midseason retrograde was accomplished by USCGC Glacier
during its short call at Palmer on 31 January 1978. Further
retrograde material was sent to Montevideo or Southampton
aboard RRS Bransfield during that vessel's second call of the
season, 27 to 28 March 1978.

Research Vessel Hero. Unusually heavy ice made Hero's
tenth season in the Antarctic an arduous one. Hero's work
began in October with seal studies in the antarctic pack ice
and set-up of a penguin-study party on King George Island.
Hero next visited Palmer Station in early December 1977, the
first of four trips this season from Ushuaia, Argentina. Be-
tween transits of the Drake Passage, the vessel conducted
three scientific cruises from Palmer. The krill program initi-
ated in the Hero/Palmer research system this year required
regular trawling for samples. Hero underwent approximately
2 weeks of repair work at Ushauia in early March 1978 for a
leak in its bow. Completion of this repair enabled continua-
tion of the ship's summer schedule, with final departure of
the season from Palmer on 28 March 1978. Ahead lay a
record-length crossing of the Drake Passage. Extremely foul
weather and mechanical problems necessitated over 9 days at
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sea en route to Ushuaia; the crossing often is made in 3 days.
During the austral winter 1978, Hero cruised for research in
the Chilean channels and along the east coast of Argentina
before commencing her annual overhaul.

Gathering materials for a second
book about Antarctica

CHARLES NEIDER

Cent erfor Advanced Study in the Behavioral Sciences
Stanford, Calfornia 94305

I had published a large book, Edge of the World: Ross Island,
Antarctica, (Doubleday and Co., New York, April 1974). Now
my goal was to gather materials for a new book about Antarc-
tica, this one to emphasize the Southern Ocean and the Ant-
arctic Peninsula. The latter is particularly interesting and im-
portant because it is the most international sector of the conti-
nent and the one that contains conflicting sovereignty claims:
Chile, Argentina, and the United Kingdom all have claimed
roughly the same territory.

I arrived at McMurdo Station 11 January 1977. During
my stay at the station, I visited Upper Wright Valley, Erebus
Glacier Tongue, Scott Base, the mouth of the Koettlitz
Glacier near Brown Peninsula, the north fork of Wright
Valley, and Victoria Valley. I had many conversations with
scientists about their work in Antarctica.

I departed the station on the USCGC Burton Island 22Janu-
ary and arrived at Palmer Station on Anvers Island 2 Febru-
ary. On this voyage, most of which was made at a latitude of
about 68°30'S., I had an opportunity to study and photograph
many moods of the southern ocean and to observe antarctic
petrels, snow petrels, Wilson's storm petrels, fulmars, and
other birds. I saw many kinds of ice and weather and was
able to observe the operation of the ship and life aboard it. I
was based at Palmer Station from 2 to 7 February. While
there I visited Janus, Torgersen, and Shortcut Islands in
Arthur Harbor and the original Palmer Station.

I joined the British Antarctic Survey 7 February by board-
ing the RRS Bransfield, which was my base until 23 February,
when I moved to the John Biscoe for transportation to Argen-
tine Islands Station. I arrived at the station 24 February and
left it on R.Jv Hero 27 February to return to Palmer Station.

While with the British Antarctic Survey, I visited Damoy
Point on Wiencke Island, Almirante Brown (the Argentine
station), and Adelaide Island Station, which was being closed
down; I observed the construction of Rothera Point Station
on Adelaide Island; and I visited Horseshoe and Lagotellerie
Islands in Lystad Bay. I became well acquainted with the per-
sonnel of the Bransfzeld and of Rothera Point Station, as well
as with the Bransfzeld itself and with the personnel and opera-
tion of Argentine Islands Station. My visit with the British
Antarctic Survey permitted me to see parts of the Antarctic
Peninsula I would not otherwise have seen and to observe to
some extent the differences between the British and the U.S.
antarctic programs.

I returned to Palmer Station 27 February. On 1 March I
boarded the Hero for a voyage to the South Shetland Islands.
On 2 March I visited Deception Island. On 4 March 1 visited
Bellingshausen (Russian) and Presidente Frei (Chilean) Sta-
tions on Fildes Peninsula, King George Island. During the
evening of 4 March the Hero tied up alongside the Dolmar, a
Polish ship, in Ezcurra Inlet, Admiralty Bay, King George Is-
land. I had conversations with the ship's captain and with the
station leader of the new Arctowski Station (Polish) aboard
the Dolmar that night. On 5 March I visited Arctowski Sta-
tion, King George Island, which is still under construction.
On 6 March I returned to Palmer Station.

On 7 March I climbed Marr Ice Piedmont behind Palmer
Station in order to take photographs of the environs from
there. On 8 March I photographed icebergs in Arthur Har-
bor from a Zodiac (rubber boat). On 9 March I departed
Palmer Station aboard the Hero, visiting Almirante Brown
Station en route. I arrived in Ushuaia, Tierra del Fuego, 13
March.

On returning to the United States I learned that I had
been awarded a Guggenheim Fellowship for my studies (in
progress) titled "Science, Technology and Human Values in
Antarctica." I was also appointed a Fellow of the Center for
Advanced Study in the Behavioral Sciences in Stanford,
California, for 1977-78 for the purposes of expanding my ant-
arctic studies and beginning the writing of the new book,
Beyond Cape Horn. In addition, I was designated a Fellow of
the National Endowment for the Humanities.

I am in the midst of writing the book, which will be
published by the Sierra Club and which will contain three
chapters based on personal and extended interviews with Sir
Charles S. Wright, Sir Vivian E. Fuchs, and Laurence
McKinley Gould. Beyond Cape Horn will be illustrated with
maps and my photographs. A portfolio of some of my antarc-
tic color photographs will be published in the Septem-
ber/October 1978 issue of Quest Magazine.

This work was done under National Science Foundation
grant DPP 76-24096.

East Base, Stonington Island,
Antarctic Peninsula

JERE H. Lips

Department of Geology
University of California,
Davis, Calfornia 95616

I have had several responses to my articles (Lipps, 1976,
1977, 1978) describing the history and condition of the
United States's East Base, located in Marguerite Bay near the
base of the Antarctic Penninsula. These comments add infor-
mation that should prove of value in deciphering the history
of the base and may serve in preserving it for future genera-
tions. East Base was established in 1940 by the United States
Antarctic Service Expedition (USASE) and later was occupied
by Commander Finn Ronne's private United States expedi-
tion, RARE. The detailed history of these expeditions may be
found in Bertrand (1971), Ronne (1949), and Lipps (1976).
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My articles were based on published accounts cited in
Lipps (1976) and records from the U.S. National Archives of
the expeditions that utilized or visited East Base and on my
personal observations in 1975. I made no attempt in the
course of that work to contact people who actually hadbeen
on the site at Stonington Island. I decided to minimize un-
published personal impressions because the main effort of my
article was to point out that East Base should be considered
for possible inclusion in the list of antarctic historical monu-
ments and to note items of importance in the context of to-
day's environmental and femininist concerns.

Apparently there is confusion about early U.S. postal ac-
tivities in the Antarctic. Hal Vogel wrote to point out that
although Ronne established the first U.S. post office on the
continent (but not the first post office, as that honor went in
February 1904 to Argentina), there were in fact official U.S.
postal activities in Antarctica prior to that. In 1933 at the start
of the Second Byrd Antarctic Expedition, John Oliver
LaGorce was commissioned as postmaster for the Little
America facility. LaGorce never intended to go to the ice so it
was announced simultaneously that LeRoy Clark would han-
dle the cancellation of the expedition covers. The official
nature of this Byrd operation was recognized later when the
U.S. Post Office Department wrote to LaGorce about can-
celling practices at Little America and when Postal Inspector
Charles Anderson inspected the Little America postal facility
during the expedition's relief in 1935. Documents supporting
these events were located in 1975 by Dr. Vogel, with the assis-
tance ofJack Williams and F. R. Bruns, in File No. 210.7-44,
STAMPS, POSTAGE, LITTLE AMERICA COMMEMORATIVE, 1933,
U.S. Postal Service Archives, Division of Postal History,
Smithsonian Institution, Washington, D.C. Capt. Ronne was,
however, the first U.S. Postmaster actually in Antarctica, and
he has a certificate from the Postmaster General to that effect.

Theodore R. Merrell, Jr., inL med me of his 1967 visit to
East Base. At that time, the machine shop had fallen in and
the main building was 3/4 full of ice, but Ronne's hut and the
science building were in good shape and used by the British
Antarctic Survey (BAs).

J . Fergus Anckorn, formerly of the BAS, kindly wrote to
describe activities at East Base while he was at Stonington Is-
land from 1972 to 1975, when BAS closed its base there. All of
the East Base buildings were used and maintained to some
degree by BAS in recent years. The science building was
equipped as a sledge workshop and rope storage facility,
while Finn Ronne's old hut was used as an emergency
generator shed. About 4 feet of ice had accumulated on the
floor of the main building and the building had lost weather
tightness, so it was used to store seals and tents. The machine
shop eventually collapsed, and BAS removed the roof and
three walls for safety's sake. The huts used by BAS were
painted with preservative and the windward sides covered
with tarred felt. In 1974 the grounds around East Base, except
for materials iced in, were cleaned by BAS personnel. By the
time of my visit in 1975, these things had thawed out, too. In
addition, the old BAS Base E, which was burned in 1971 was
completely removed and the debris dumped at sea. The
newer Base E was stripped of its valuables and now serves as
a refuge.

Recently, Rear Admiral Richard E. Black (1978), leader
of East Base during the USASE, vividly described the depar-
ture and feelings of the men when that base suddently was
evacuated in 1941. Naturally, there was considerably mess
left and the expedition's dogs had to be destroyed; of course

the men were reluctant and saddened by it all, but there was
little they could do in 1941 under the circumstances.

Two editorial changes made in Lipps (1976) may have in-
troduced minor errors: (a) the titles of the various people in-
volved were omitted and "Mr." substituted in nearly all cases;
and (b) all measurements at East Base originally were given
in feet and were so reported, but editorial policy changed
these to meters at a conversion of 3 feet equals one meter.

Lastly, W. S. Benninghoff informed me that the Polar
Research Board, National Academy of Sciences, considered a
resolution proposing that East Base be designated an Antarc-
tic Historical Monument with proper measures taken to
preserve it. This is an encouraging move and a procedure that
should be continued in future years so that all significant U.S.
as well as other historical sites receive proper attention.

I thank all those who contacted me, but especially Capt.
Finn Ronne, who spent a day with me at his home showing
me his records, and Hal Vogel, who kindly conveyed to me
results of his extensive research on antarctic postal history.
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Editor's note: Captain Finn Ronne communicated directly with the
National Science Foundation to clarify a number of statements made in
Lipps (1976) regarding the Ronne Antarctic Research Expedition.

First (p. 216), regarding the death by distemper of huskies aboard
ship between Panama and Valparai 'so: "I have a receipt from a
veterinarian in New Hampshire in the amount of $230 as payment for
inoculation against distemper prior to the dogs 'shipment to Beaumont,
Texas—our port of departure. The dogs at all times had the best of
care under the supervision of my two geologists."

Second (p. 217): "As suggested by the British base leader, Major
Pierce-Butler, I restricted my men c visits to the British base because it
interfered with their work and delayed the completion of my own base.
At the time, some of us were still living aboard my ship anchored in the
Back Bay because my base buildings were not yet ready for occupancy.
Later, as a result of our friendly relationship, Pierce-Butler and I
agreed to a joint sledge party south along the Weddell Sea coast."

Third (p. 216): 'My twin-engine Beechcraft C-45 airplane was
wrecked in Beaumont, Texas, while being hoisted onto the ship because
its fuel tanks were erroneously, and without my knowledge, loaded by
my man in charge of the aviation unit with about 550 gallons of avia-
tion gasoline. The added weight caused one of the lifting lugs to break.
The yardmaster informed me that the added weight of the gasoline was
the main cause of the accident."
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Do you want to know more about Antarctica?

As of 31 December 1977, the world had produced at least 29,521 articles, papers, and books concerning Antarctica. These
references are cited in various bibliographies devoted to that region. For the period 1962 through 1977, consult the Antarctic
Bibliography (nine volumes plus a cumulative index to volumes 1 through 7), prepared by the Library of Congress. The cumula-
tive index and volumes 5 through 9 may be purchased from the Superintendent of Documents, Government Printing Office,
Washington, D. C. 20402. Volumes 1 through 4 are officially out of print, but a few copies may still be obtainable from the Cold
Regions Bibliography Project, Science and Technology Division, Washington, D. C. 20540. For the period 1951 through 1961,
the Antarctic Bibliography 1951-1961 may be purchased from the Superintendent of Documents, address as above. For literature
published from the earliest times to 1951, an Antarctic Bibliography first published by the U.S. Naval Photographic Interpretation
Center has been reprinted and is available from the Greenwood Press.

Topographic maps of the entire continent are printed by the National Geographic Society, Washington, D. C. 20036 (scale
1:8,841,000) and the American Geographical Society, Broadway at 156th Street, New York, N. Y. 10032 (scale 1:5,000,000).
Topographic maps of portions of Antarctica at scales from 1:1,000,000 to 1:50,000 may be obtained from the U.S. Geological
Survey. For a free "Index to Topographic Maps Antarctica" write the Survey at 1200 South Eads Street, Arlington, Virginia
22202.

The Antarctic Map Folio Series synthesizes knowledge of Antarctica in atlas format—maps and charts supplemented by texts
and reference lists. The 19 folios treat aeronomical maps, the ice sheet, maps and surveys 1900-1964, climatology of the tro-
posphere and lower stratosphere, terrestrial life, waters between 20° and 170°W., glaciers, climatology of the surface, magnetic
and gravity maps, primary productivity and benthic marine algae, marine invertebrates, geologic maps, circumpolar charac-
teristics of waters, birds, fishes, morphology of the earth, marine sediments, mammals, and history of exploration and scientific
investigation. Purchase from American Geographical Society, Broadway at 156th Street, New York, N. Y. 10032.

The Antarctic Research Series is a collection of more than 30 volumes containing original reports of results of recent scientific
research in Antarctica. Contact the American Geophysical Union, 1909 K Street, N. W., Washington, D. C. 20006.

Except for the National Geographic Society map and the earliest Antarctic Bibliography, preparation of these materials was
supported partially or wholly by the National Science Foundation.
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