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Radiolaria, Foraminifera, and volcanic
glass shards from antarctic deep-sea
cores. Clockwise, from upper left cor-
ner, the microfossils are: Triceraspyris
antarctica (Haecker), Globigerina
pachyderma (Ehrenberg), Globigerina
bulloides d'Orbigny, Globigerina quin-
queloba Natland, Prunopyle titan
Campbell & Clark, Lithelius nautiliodes
Popofsky, Desmospyris spongiosa Hays,
Chromiechinus antarctica (Dreyer). Cen-
ter: Spongotrochus glasialis Popofsky.
The Scanning Electron Micrographs
were taken by R. Parker in the Biology
Department, Florida State University.
Dennis Cassidy assisted with the pho-
tography. See Watkins and Kennett,
p. 183 and Kennett and Fillon, p. 181.
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A Review of Year-Round and Stateside Activities in the
U.S. Antarctic Research Program, 1969-1970

The second part of a collection of articles on the
activities of the U.S. Antarctic Research Program
(USARP), 1969-1970, is presented in this issue of the
Antarctic Journal. Whereas the last issue dealt with
the field programs carried out during the 1969-1970
summer in Antarctica, this issue is devoted to the year-
round programs conducted on the Continent and
aboard Eltanin, studies made in the United States on
the basis of data and specimens collected in the field
during prior years, and the service programs that sup-
port USARP scientists in all disciplines.

The coverage of active projects is not as complete
for the year-round and stateside activities as it was for
the field projects reported in the July—August issue.
Of 101 summaries invited, 65 have been received and
are included in this issue. It must be realized, however,
that many of the data-reduction and -analysis projects
are long-term endeavors that may advance little from

year to year. Also, many projects have just been
funded, or studies have just begun; sections of rocks
and cores (ice and sediment), as well as pre-sorted
biological samples, are continuously being made avail-
able to specialists for study. The ability to provide
such samples , from centralized depositories, and to
seek out scientists who are capable of and interested
in undertaking specialized studies of such specimens,
is one of the strengths of this national research pro-
gram. Gratifyingly, many foreign scientists have also
been involved in these specialized studies.

The projects described were proposed and carried
out by scientists of universities, private or commercial
institutions, and government agencies. The funding
and overall administration of the U.S. Antarctic Re-
search Program are the responsibility of the National
Science Foundation. Field support for the program is
provided by the U.S. Navy.

Ross Ice Shelf Studies, 1970

JAMES H. ZUMBERGE

School of Earth Sciences
University of Arizona

Radio-echo sounding techniques used in the Ant-
arctic provide continuous ice-thickness profiles along
preselected routes traversed by aircraft. These profiles
can be reduced to isopachous maps that are useful in
planning further studies of the glaciated segments of
the Antarctic.

Airborne radio-echo soundings of the Ross Ice Shelf
between 77°S. and 82°S. were made by Scott Polar
Research Institute personnel in December 1967. The
plotting of the ice-thickness information along com-
puter-corrected flight lines (Zumberge et al., 1969)
provided a base for isopachous contouring of the
northern part of the Ross Ice Shelf. Figure 1 is the
completed map showing isopachous lines based on a
50-m ice-thickness interval.

A previous isopachous map of the Ross Ice Shelf
produced by Crary and others (1962, Fig. 16) was
based on seismic soundings spaced at 50-km intervals
along surface traverse routes. Only about 30 percent
of the seismically derived thicknesses are in close

agreement with those determined by radio-echo
soundings, and there is no apparent correlation be-
tween seismic measurements rated good (G), fair (F),
or poor (P) with those that agree with radio-echo
data (Fig. 1). The reason for these discrepancies is
not known, but from a theoretical point of view, ice
thicknesses based on radio-echo soundings are more
accurate than those based on seismic techniques be-
cause of the greater number of variables involved in
the latter. An analysis of the differences in ice-thick-
nesses obtained by the two methods is beyond the
scope of this brief report, but with the data now at
hand, a study of this kind may be appropriate. If the
greater reliability of the radio-echo soundings can be
established, then it should be possible to apply a cor-
rection factor to the seismic data used in the deter-
mination of water depths below the Ice Shelf, thereby
providing a more accurate basis for constructing 'a
hydrographic chart of the sea floor than was possible
with seismic data alone (Crary et al., 1962, Fig. 17).

Figure 1 also shows velocity vectors of absolute ice
movement as determined by Dorrer and others
(1969). With these and other data, it will now be
possible to make further inquiries into the mass bal-
ance of the Ross Ice Shelf drainage system with special
attention to the determination of net gain or loss by
bottom melting and freezing (Giovinetto and Zum-
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Figure 1. Isopachous map showing
Ice thickness for part of the Ross

Ice Shelf.

berge, 1968). The isopachous map of Fig. 1 will also
provide a better basis for planning any future research
projects, such as drilling through the shelf ice.
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Volcanic Evidence for Early Tertiary
Glaciation in Marie Byrd Land

WESLEY E. LEMASURIER

Department of Geological Sciences
University of Colorado

Evidence for the existence of an ice cap in West
Antarctica as early as Eocene time has been found
in the Cenozoic volcanic suite in Marie Byrd Land.

The data suggest that Antarctica has supported an ice
cap for as long as the continent has occupied a polar
position.

The volcanic evidence for glaciation consists of
vitric tuff-breccia deposits (hyaloclastites) that are
composed of lenses and pillow-like masses of crystal-
line basalt enclosed in a matrix of sideromelane tuff.
Deposits like these have been described from sea-floor
localities (Bonatti, 1967; Moore and Fiske, 1969),
and from volcanoes in Iceland that evidently erupted
beneath the Quaternary ice cap (Kjartansson, 1966;
Saemundsson, 1967). The volcanic record of glacia-
tion provides somewhat different information from
that which is usually recorded by tills. Tills record
ablation, and they often mark the position of the gla-
cial terminus at the time of deposition. Terrestrial hy-
aloclastites, on the other hand, by their textures and
structures, simply record the presence of ice. They
may also record past thicknesses of ice if, at the time
of eruption, the volcano builds itself above water level
and begins to erupt subaerial flows.

The Marie Byrd Land basaltic hyaloclastites are
found in the basal part of the volcanic succession,
which is exposed principally in ranges near the coast.
The oldest section found in this study occurs at Turtle
Peak, a nunatak located 3 km west of Mount Murphy,
and has been dated as 42 (±9) million years. Other
hyaloclastite sections provide a scattered record of
glaciation since the Eocene. Two sections along the
USAS Escarpment have yielded dates of 31.3 (±2.0)
m.y. and 19.4 (± 1.5) m.y., and sections at Mount
Petras, the Crary Mountains, and Shibuya Peak
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Figure 1. Basaltic hyaloclastites at Mt. Murphy, Marie Byrd Land,
showing the lenticular, sub-horizontal stratification that is com-
mon to these deposits. Thickness of the section shown is approxi-
mately 800 m. Dark lenses are crystalline basalt; light layers are
palagonitized sideromelane tuff. A sample from the top of this

section yielded a potassium-argon date of 800,000 years.

(Hobbs Coast) were found to be 22.2 (±1.6), 7.0
(±1.1), and 6.6 (±0.7) m.y. old, respectively. At
Mount Murphy proper, which consists entirely of
basaltic hyaloclastite, a date of 800,000 years was ob-
tamed (Fig. 1).

The Marie Byrd Land coast hyaloclastite sections
vary in thickness from less than 100 m for old ero-
sional remnants, to roughly 2,000 m for the very young
Mount Murphy section. The Pliocene section in the
Crary Mountains, which is protected by a capping of
resistant subaerial flows, has a thickness of 1,200 m,
and the Eocene Turtle Peak section is roughly 300-
400 m thick. These thicknesses suggest that the ice was
at least 300-400 m thick in the Eocene, 1,200 m in
the Pliocene, and 2,000 m in the Pleistocene. No sec-
tion was found that clearly records an absence of ice
for any time since the Eocene. A complete report on
the glacial history of the coast of Marie Byrd Land, as
recorded in the volcanic deposits, is to be published in
the proceedings of the 1970 SCAR/JUGS Symposium
on Antarctic Geology and Solid Earth Geophysics.

Perhaps the most interesting prospect raised by the
new data is the possibility that the inception of ant-
arctic glaciation coincided with the drift of the con-
tinent into a polar position during early Tertiary time.
It has been difficult to link Northern Hemisphere gla-
ciations with the polar shifts determined from paleo-
magnetic data (Cox, 1968), and it may be that a
combination of polar position and elevation produced
conditions favorable for continental glaciation in Ant-
arctica long before such conditions existed in the
Northern Hemisphere.
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Antarctic Ice Surges
JOHN T. HOLLIN

Department of Geological and Geophysical Sciences
Princeton University

Wilson's (1964) theory of ice ages suggests that
these were caused by "surges" of the antarctic ice
sheet, injecting vast quantities of ice into the world's
oceans (every 100,000 years or so). Hollin (1965)
pointed out that such surges would also have caused
rapid rises of sea level, of about 10-30 m, precisely at
the break of climate in each interglacial. Recently,
several papers have contained hints of such a rise in
the last interglacial. For example, in Washington,
D. C., Knox (1966) claims that a cypress swamp at
7-12 m was covered by a rapid rise of sea level to over
18 m late in the last interglacial. In Virginia, Oaks
and Coch (1963) suggest that a "Great Bridge" sea
level at about —3 m was followed by a rapid rise to a
"Norfolk" level at about 13 m; the latter "may be no
older than Sangamon." In Lebanon, Sanlaville (1969)
has in the last interglacial a principal sea level, with a
rock platform and cliff, at 9 m, followed by a faint
(brief, before the regression into the last glacial?)
level at 21 m. The slight difference in the first levels
at these places may be due to tectonic or other factors;
what is interesting is the similar rise at each place.
The worldwide review of sea levels by Zeuner (1959)
assigned to the last interglacial a 17 m "Main Monas-
tirian" level and a 7 m "Late Monastirian." The more
recent data above suggest that Zeuner's levels may be
real, but reversed, with the 7 m early and the 17 m
late. Pehaps the 7 m level is represented in the eastern
U.S.A. by the Suffolk scarp (Oaks and Coch, 1963)
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and the Florida reefs, dated radiometrically to about
130,000 BP (Osmond et al., 1965). (More recent
papers suggest that 120,000 BP may be a better value
for this level.)

Hollin (1965) suggested that the best place to look
for these rises of sea level might be southern England,
where the well-developed pollen stratigraphy (West,
1968) might be used to see if any rise really occurred
at the break of climate. In England, during the first
half of the last interglacial, in the mixed-oak zone,
brackish indications in the flora at Ilford (West et al.,
1964), in the Thames estuary, suggest that the sea
reached a maximum then of roughly 5 m (Fig. 1).
This maximum may be represented by some of the
rock platforms and cliffs of the "British and French
infraglacial beach" (Charlesworth, 1957, p. 1251).

By the middle of the interglacial, freshwater de-
posits at -1 m at Trafalgar Square (Franks, 1960)
suggest that the sea had fallen away from its early
maximum. Several other sections in England and else-
where support such a mid-interglacial fall which, in
the surge theory, would have been due to the buildup
of ice in Antarctica. But then, in the second half of
the interglacial, late in the hornbeam zone, indeed at
about the break of climate, a widespread aggradation
occurred in the Thames estuary: at 5 m at West Thur-
rock (Hollin, in preparation), at 8 m at Aveley (West,
1969), and possibly up to 13 m at Ilford (Hollin,
1965). Unfortunately, any fossils in the upper part
(silts and sands) of this aggradation have been
leached away, so that it cannot be attributed un-
equivocally to a sea-level rise, though this seems likely
in view of the estuarine situation. Also, the uppermost
parts of the aggradation have been eroded away by
solifluction in the last glaciation, so that we cannot
tell if they continued right up to Zeuner's 17 m level.
English marine beds which do approach and reach
that level (and in which the molluscs do suggest a
last interglacial age) include the March gravels
(Sparks and West, 1970, p. 27) and the Portland
raised beach (Baden-Powell, 1956), but these coarse-
grained deposits have not yet yielded any polleniferous
clays that could relate them to a particular intergla-
cial zone.

The search continues in England and elsewhere for
pollen and molluscs for or against this possible rise of
sea level at the break of climate in the last interglacial
(Hollin, 1965). Recent radiometric and isotopic re-
sults suggest that this break was at roughly 80,000 BP.
Therefore, it would be particularly useful now if
radiometric dates could be obtained (Bird, in Hollin,
1969), showing the last time the sea stood at 17 m.
Meanwhile, however, the data collected under NSF
grant GA-1038 do seem, so far, to fit the very distinc-
tive pattern of sea level change implied by Wilson's
theory.

17

MIXED OAK	HORNBEAM	PINE

Figure 1. Sea-level changes sug-
gested for England in the last in-
terglacial. Elevations in meters.
The mixed-oak zone is the tradi-
tional zone 'f', now lib; the horn-
beam 'g', now Ill; and the pine

now IV (West, 1968).
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The Age of the Trollkjellrygg Volcanics
of Western Queen Maud Land

R. EASTIN and G. FAURE
Institute of Polar Studies

and Department of Geology
The Ohio State University

and

D. C. NEETHLING

Geological Survey
Pretoria, South Africa

The Trollkjellrygg Group consists of mafic to in-
termediate lava flows with minor agglomerate and
tuff. These rocks are exposed on Trollkjell Ridge,
located west of Jutuistraumen Glacier in western
Queen Maud Land. The geology of this area has
been described by Neethling (1970) and Roots
(1970), both of whom make reference to the earlier
literature.

We are reporting an age determination by the
whole-rock Rb-Sr method of volcanic rocks belong-
ing to the Trollkjellrygg Group. Rb/Sr ratios were
determined by X-ray fluorescence (Eastin, 1970),
while the isotope composition of strontium was meas-
ured by standard methods (Chaudhuri and Faure,
1967) using a solid-source mass spectrometer. The
reproducibility of the Rb7/Srse ratio is ± 1.0% or
better, and that of the Sr 87 /Sr86 ratio is ±0.001 or
better. The data are presented in Table 1 and Figure
1.

Eight of the nine rock specimens fit a straight line
within experimental errors. The slope and intercept

Figure 1. Whole-rock Rb-Sr isochron for mafic to intermediate lava
flows of the Trollkiellrygg Group.

Table 1. Analytical data for the Trollkjellrygg Volcanic
Formation of western Queen Maud Land.

OSU	Field	 Rb87	Sr87
No.	No.	Locality	Sr86	Sr86 N

atomic

Upper Member (860 m)
489	B8	Bolten	2.496	0.7374
491	SN39	Sn$kallen1	0.756	0.7210
486	SN20	Snttkallen	2.756	0.7446

(main nunatak)
492	SN6	"	0.852	0.7205
490	SN5	"	1.623	0.7285
488	SJ22	Snp'kjerringa	1.502	0.7281
487	SJ11	 5.241	0.7725

Transitional or Middle Member (460 m)
485	SL1	Nunatak 8202	1.560	0.7284

Lower Member (260m)
484	U3	Utkikken	0.761	0.7282

I Small satellite nunatak farthest to SE.
'Exact location of this outcrop in the sequence is uncertain: it is

either transitional or middle member.
All measured Sr87/Sr8" ratios have been normalized to Sr81/Sr88

=0.1194. Average Sr 7/Sr85 ratio of Eimer and Amend Isotope
Standard: 0.7082+0.0005 ((,). Rb/Sr ratios were determined b y XRF
analysis.

of this line were calculated by the least-squares cubic
regression of York (1966). The best estimate of the
age of these rocks is 856±30 million years and their
initial Sr87/Sr86 ratio is 0.7097±0.0009 (A
Rb87 = 1.39 x 10"yr1).

Specimen #484 (from the lower member of the
Trollkjellrygg Volcanics) does not fit the isochron
and was therefore excluded from the statistical treat-
ment of the data. Assuming an initial ratio of 0.710,
a model age of 1.72 billion years can be calculated
for this rock. This date is similar to that of the Borg
Metamafics which intrude the Ahlmannrygg Group
and for which Allsopp and Neethling (1970) have
reported an age of 1,700±130 million years.

We conclude that the Trollkjellrygg Volcanics are
late Precambrian in age and appear to be signifi-
cantly younger than the Ahlmannrygg Group, which
is intruded by the Borg Metamafics.
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of Gondwanaland are in preparation. A paper sum-
marizing the significance of antarctic geology to the
Gondwanaland hypothesis appeared recently in this
journal.
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Analysis of Geologic Collections
CAMPBELL CRADDOCK

Department of Geology and Geophysics
University of Wisconsin, Madison

Since 1959, the writer and his associates have
carried out eight antarctic geologic field programs,
mainly in Ellsworth Land and Marie Byrd Land.
This report summarizes progress during the past year
toward completion and publication of the results of
this work.

All fossil collections are now under study by spe-
cialists. Professor Gerald Webers of Macalester Col-
lege is working on the Paleozoic faunas from the
Ellsworth Mountains, and Dr. James Schopf of the
U.S. Geological Survey is studying the Permian floras
from these mountains. Precambrian stromatolites,
collected in the Thiel Mountains in 1959, are in the
hands of Mr. William Breed of the Museum of
Northern Arizona. Fossils collected last year in the
Jones Mountains—probably plants of Mesozoic age—
are under study at the University of Michigan.

Several manuscripts are presently in first draft.
Dr. Bernhard Sporli of the University of Auckland
has completed a preliminary report on the geology of
the Ruppert Coast. Professor Robert Rutford of the
University of South Dakota and the writer have
nearly finished a report on Tertiary glaciation in the
Jones Mountains. Mr. Craig White has completed
the petrographic study of rocks from the Eights
Coast and has prepared a preliminary report on the
geology of that area.

The writer has invested most of his time in prepa-
rations for the 1970 antarctic geology symposium in
Oslo and in the geology folio of the American Geo-
graphical Society's Antarctic Map Folio Series. A
review paper on antarctic tectonics is in preparation
for the Oslo symposium. Compilation maps of the
entire continent showing 1) fossil localities, 2) radio-
metric age determination localities, and 3) bedrock
geology have been completed for the AGS folio, and
a tectonic map of Antarctica and a reconstruction

Rocks of Coastal Enderby Land
Near Molodezhnaya Station, Antarctica

P. B. MYERS, JR. and E. E. MACNAMARA

Department of Geological Sciences
Lehigh University

Under the auspices of the USARP exchange-
scientist program, the junior author conducted pedo-
logical, ecological, and geological surveys in coastal
Enderby Land from March 1967 to March 1968 as
a member of the XII Soviet Antarctic Expedition.
Major studies and collections were made in the
vicinity of the U.S.S.R. research station Molodezh -
naya (67°40'S. 45°51'E.). This note describes rock
types of the station environs.

All the rock exposures of the area are part of the
Precambrian crystalline basement of the antarctic
platform. The rocks are exposed in a series of ridges
which strike in a WNW direction. The principal
rock types are finely to coarsely banded amphibolized
pyroxene-plagioclase gneisses and biotite leucogranite
gneisses. Foliation in the gneisses strikes roughly
parallel to the exposed ridges and dips predominantly
southward at steep angles to 700. Mineral assemblages
suggest that the basement gneisses were originally
elevated to granulite facies assemblages, but subse
quent retrogressive metamorphism has produced
assemblages characteristic of almandine-amphibolite
facies metamorphism throughout much of the area.
Along the coast, in the vicinity of "Granat Point,"
for example, there is little evidence remaining of
original granulite facies metamorphism.

In the granitized and amphibolized pyroxene-
plagioclase gneisses of the basement rocks, the lighter-
colored bands are composed of plagioclase, commonly
andesine averaging approximately An 3 , quartz, and
one or all of the following colored minerals: biotite,
hornblende, and pyroxene. The most common py-
roxene exhibits a light pink to light green pleochroism
and has all of the properties of ferrohypersthene
with the exception of an inclined extinction. Small,
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xenoblastic grains of clinopyroxene, saute, were also
observed in a few sections. Hornblende, when present,
occurs as irregularly shaped grains possessing a char-
acteristic poikioblastic texture. Biotite is present in all
samples. Plagioclase in the form of xenoblastic grains
makes up between 50 and 70% of the lighter bands.
It is commonly antiperthitic, and in many sections
has been slightly sericitized. K-feldspar, other than
that included in antiperthites, is either totally absent
or present only in small quantities. Ubiquitous ac-
cessory minerals are zircon, apatite, and ore minerals,
commonly titaniferous magnetite. Other common
accessory minerals include spene, rutile, and allanite.
Muscovite was observed in only one sample and was
definitely of secondary origin. Chlorite after biotite
is another secondary mineral that was observed. Two
specimens revealed minute patches of secondary cal-
cite. Minute grains of sillimanite were observed in
one section. The light-banded rocks possess grano-
blastic textures. Minor cataclasis along grain bound-
aries was observed in many samples, and undulatory
extinction of both quartz and feldspar is common.

The darker-colored bands contain essentially the
same mineral constituents as the light bands, but
the percentage of colored minerals is greater. Biotite
with pyroxene and/or hornblende compose between
40 and 70% of the total rock. The remainder of
the dark bands is made up of plagioclase (An 5

-An40 ) with minor quartz and accessory apatite, zir-
con, and ore minerals. Sphene is an abundant acces-
sory in those bands that are rich in hornblende.
The dark bands have a more schistose texture than
the light bands.

Dark lenses and pods of ultramafic materials are
common in the basement gneisses. These contain no
feldspar or quartz and are made up essentially of
hornblende and pyroxene. Olivine and spinel are
common accessory minerals. A vermiform intergrowth
of spine1 and hornblende observed in one specimen
has been ascribed to retrogressive metamorphism.
Accessory ore minerals, predominantly magnetite, are
abundant in these rock types.

Light colored bands of biotite leucogranite are also
common in the gneisses of the area. These rocks are
composed essentially of microcline, quartz, and plagi-
oclase, with minor amounts of biotite oriented in
thin bands. Microcline and antiperthitic plagioclase
(Oligoclase-Andesine) make UI) over 70% of the rock.
The plagioclase is highly embayed by myrmekite.
Zircon and apatite are common accessories in these
bands.

Late-stage dikes of pegmatite and aplite cut the
foliation of the basement gneisses at essentially right
angles. These are tabular bodies that range in thick-
ness from a few centimeters up to several meters and
have sharp, planar contacts with the country rock.
A thin (0.5-15 cm) bleached contact zone is com-

mon. Emplacement appears to have been controlled
by incipient joint sets in the basement gneisses. The
pegmatites and aplites have essentially the same
mineral composition as the leucogranite bands in the
gneisses and are interpreted as the products of ana-
tectic processes accompanying migmatization of the
country rock. Aplites tend to have more plagioclase
and less microcline than pegmatites. The pegmatites
are simple and contain few minerals that are foreign
to the country rock. Both rock types have granoblastic
textures. Myrmekite is a common constituent of the
aplites, but is relatively rare in the pegmatites. The
microcline of the pegmatites is highly fractured and
slightly sericitized along fracture planes.

Along the coast in the vicinity of "Granat Point,"
the bedrock consists of a garnetiferous, amphibolitic
biotite gneiss. Rocks at this locality contain the only
garnet observed in the vicinity of the station and
exhibit evidence of more intense deformation than
the rocks in the surrounding area. Cataclasis has
produced thin wavey planes of ground-up material,
1-2 mm thick and separated by zones of relatively
less cataclastized material that are approximately
5 mm thick. Undulatory extinction is extreme in both
the feldspars and the quartz. Twin lamellae in the
plagioclase are bent. Zones of what appears to be
mylonite suggest that the more intense deformation
may be related to faulting.

Erratics from the Campbell and Hays Glaciers
indicate that similar rock types persist for some dis-
tance inland. In addition to local rock types, erratics
of charnockite, amphibolite, tremolite marble, quartz-
ites, and pyroxenites and basalts were collected.

Rubidium-Strontium Dates and
Sr87 /Sr86 Initial Ratios of Rocks

from Antarctica and South America:
A Progress Report

MARTIN HALPERN

Division of Geosciences
University of Texas at Dallas

The objective of this report is to list the results
of a continuing University of Texas at Dallas rubid-
ium-strontium dating program related to the crustal
evolution of Antarctica in a Gondwanaland frame-
work.

The calculated ages are consistent with the con-
cept of the past existence of a Gondwanaland (Ant-
arctic Journal of the U.S., 1970) which fragmented
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Sr"/Sr'
	

Reference
(initial)

Halpern, 1970a

0.7031

0.7032

10.705

2 0.705
2 0.706

2 0.706

2 0.706

10.705

'0.724

10.716
10.715
10.710
1 0. 725
10.714
10.707
'0.706
2 0.704
'0.7035

0.7029
0.7029
0. 70 17
0.7025

0.7024
0.7032

0.7039
0.7034
0.7030

Halpern, 1969

Halpern, 1969

Halpern, 1970b

Halpern, 1970b
Halpern, 1970b

Halpern, 1970b

Halpern, 1970b

Halpern, 1970b

Halpern, 1970b

Halpern, 1970b
Halpern, 1970b
Halpern, 1970b
Halpern, 1970b
Halpern, 1970b
Halpern, 1970b
Halpern, 1970b
Halpern, 1970c

Halpern and
Linares, 1970

Halpern, Linares,
and Latorre,
1970

Halpern, Linares,
and Latorre,
1970

Halpern, Linares,
and Latorre,
1970

Halpern, Linares,
and Latorre,
1970

10.7063

1 0.7 10

10.708

'0.706

'0.705

Location	 Material
(approx. lat. and long.)

West Antarctica	 Total rocks and minerals

Mt. Perkins, Ford Ranges,	Ultramafic nodule
76 0 S. 144 0 W.

McMurdo, Ross I., 77° S.	Ultramafic nodule and basalt
165° E.

Roman Four Promontory	Total rock granitic gneiss
68 0 S. 67 0 W.

Stonington I., 68° S. 67 0 W.	Biotite from diorite gneiss
Barbara I., 68° S. 67° W.	Total rock "Coarse Pink

Granite"
Stonington I., 68° S. 67° W.	Total rock granodiorite dike

rock
Roman Four Promontory,	Total rock adamellite dike

68 0 S. 67 0 W.	 rock
Mt. Strange, Kohler Range,	Biotite, muscovite, total rock

74° S. 113 0 W.	 from quartz diorite
Fosdick Mts., Ford Ranges,	Biotite-total rock gneiss

76° S. 145° W.
76° S. 145 0 W.	 Muscovite-total rock granite
76 0 S. 146 0 W.	 Biotite-total rock gneiss
76 0 S. 146 0 W.	 Biotite-total rock gneiss
76 0 S. 144 0 W.	 Biotite-total rock gneiss
76 0 S. 144 0 W.	 Biotite-total rock gneiss
76 0 S. 147 0 W.	 Biotite-total rock schist
76 0 S. 147 0 W.	 Biotite-total rock schist
Jule Peaks, 72 0 S. 5 0 W.	Total rock biotite granite
Mt. Andrus, 76 0 S. 132 0 W.	Total rock trachyte and

obsidian
Mt. Bursey, 76 0 S. 132 0 W.	Total rock olivine basalt
Mt. Berlin, 76° S. 136° W.	Total rock olivine basalt
Mt. Hampton, 76 0 S. 126 0 W. Total rock basalt

Total rock anorthoclase
trachyte

Mt. Murphy, 75° S. 111 ° W.	Total rock olivine basalt
Deception I., 63° S. 61° W.	Total rock olivine basaltic-

andesite
Total rock basaltic-andesite

Penguin I., 62° S. 58° W.	Total rock olivine basalt
Bridgeman I., 62° S. 57 0 W.	Total rock olivine augite

andesite
South America (Argentina)

Olavarria, Buenos Aires Prov-	Total rock "granitic" ma-
ince, 37 0 S. 60° W.	 terial

San Luis Province, 32° S.	Total rock granitic gneiss
66° W.

Total rock granite

Total rock pink granite

Total rock gray granite

Age
(A$Rb=1.47X 10-'yr.-')

Age belts of approxi-
mately 100, 200, and
250-350 m.y.

200±10 m.y.

108±5 m.y.
110±15 m.y.

110± 10 M.Y.

117± lOm.y.

265±20m.y.

92±5 m.y.

96±5 my.
100±5 m.y.
98±5 m.y.
96±5 my.
93±5 m.y.
95±5 m.y.
102 ±5 m.y.
3.06±0.08 b.y
10.8±0.5 my.

1.88 ± 0.08 b.y

540±15 m.y.

500 ± 20 my.

415 ±25 my.

338±15 my.

1 Calculated Sr87/Sr 6 initial ratio.
2 Assumed Sr°7 /Sr86 initial ratio.
Normalized to Sr86/Sr88 ratio of 0.1194.

Analytical data for Mt. Andrus total rock specimens.

	

Sr87/Sr*	Rb(ppm)	Sr(ppm)
Sample	present day	(by isotope dilution)

A. 0.7117

	

0.7122	 88.8	 4.94
B. 0.7146	204	 7.95
C. 0.7390

	

0.7392	207	 2.67
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during middle Mesozoic time, i.e., about 150 to 200
million years ago. The Sr87 /Sr86 initial ratios for
the volcanic rocks from Marie Byrd Land (Gonzalez-
Ferran and González-Bonarino, 1970) and the South
Shetland Islands (González-Ferran and Katsui, 1970)
are indicative of upper mantle source areas for the
magmas.
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Isolation and Characterization of Coal
in Antarctic Dry-Valley Soils

A. J . BAUMAN, EDGAR M. BOLLIN,

CARSON P. SHULMAN, and Roy E. CAMERON

Jet Propulsion Laboratory
California Institute of Technology

The Allison wet combustion method (Allison,
1960) applied to soils from two dry-valley sites
showed that they contained 0.1-0.7 percent "organic

NTARcrIcA

VtCTORA	VALLE

Figure L Soil pit for JPL-542, excavated January 2,
1967, in Victoria Valley.

carbon." However, solvent extraction and com-
bined pyrolysis/gas chromatography/mass spectrom-
etry (Py-GC-MS) unexpectedly showed no indication
of the free or kerogen-bound carbon compounds
usually present in these soils. Heavy-liquid density
flotation (Coin and Kirk, 1947) and oxidative differ-
ential thermal analysis (OX-DTA) (Grimshaw and
Roberts, 1957) were then applied to the samples,
both before and after digestion with HF, in an effort
to elucidate the nature of the anomalous "Allison car-
bon." One-inch sub-surface samples were collected at
the junction of McKelvey and Victoria Valleys, 1.5
km west of Lake Vida (JPL No. 542; Fig. 1) and in
Wheeler Valley above Miller Glacier, opposite Killer
Ridge (JPL No. 615).

Black angular particles in the HF soil-digestion
residues were then isolated by means of density-
gradient flotation in bromobenzene/bromoform mix-
tures. The particles' average diameter was 80 mi-
crons; they exhibited conchoidal fracture and had a
density of 1.2-1.8 g/cm'. Py-GC-MS of the particles

t,
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again yielded no clear evidence of their nature. They
were then subjected to OX-DTA in a pure-oxygen
atmosphere at a heating rate of 80°C./min in order
to emphasize DTA sensitivity and sample response
to oxygen combustion. Exotherm peaks for the 20-70
microgram samples resembled those of various coals
and lay within the lignite-bituminous range-465°C.
for the Wheeler Valley sample and 540°C. for the
McKelvey Valley sample. On this basis, and on the
basis of their physical properties and behavior toward
solvents, we concluded that the minute particles were
coal. Samples of this size are too small to be ranked
by the reflectance technique.

The particles were probably derived by wind ero-
sion acting against the cleat of the complex Mount
Bastion measures at the head of Victoria Valley
(Gunn and Warren, 1962; Allen, 1962). In view of
the frequent occurrence of coal in the Antarctic, we
may expect to find low levels of mixed-rank coals in
other dry-valley soils.

The flotation-DTA micro-method should be ap-
plied to extraterrestrial returned samples as a means
of detecting any coalified fossil life present. Such
material would probably be missed by remote life-
detection systems such as the Py-GC-MS experiment
suggested for the Mars lander (Simmonds et al.,
1969; Horowitz et al., 1969).

This paper presents the results of one phase of
research carried out at the Jet Propulsion Laboratory,
California Institute of Technology, under NASA con-
tract No. NAS 7-100 and NSF contract No. CO-
585-000-00.
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Early and Middle Cambrian
Trilobites from Antarctica

ALLISON R. PALMER

State University of New York at Stony Brook

Eight trilobite faunules ranging in age from Early
to Late-Middle Cambrian have been recovered from
fossiliferous boulders collected by J . M. Schopf in
1966 from moraines on Mount Spann in the north-
eastern Argentina Range. One of the Late-Middle
Cambrian faunules and one additional Middle Cam-
brian faunule were collected by D. L. Schmidt in
1964 and 1966 in place in the lowermost part of the
Nelson Limestone in the Neptune Range. A tenth
faunule, also of Middle Cambrian age, is represented
in the Queen Maud Range by badly deformed and
slightly metamorphosed trilobites collected by V. H.
Minshew in 1964. The faunules include a total of 28
species representing 21 genera.

Almost all trilobites in these faunules are close
relatives of Australian, Chinese, or Siberian forms.
There are no significant relations between any of
the faunules and the Cambrian trilobites of South
or North America. This observation creates prob-
lems for an Early Paleozoic Gondwanaland because
the contrasting antarctic and South American Cam-
brian faunas would share a common coastline. More
work will be needed in South America and Antarc-
tica to explain this anomalous relationship.

Within Antarctica, the Cambrian data indicate
that the Neptune and possibly also the Queen Maud
Ranges were the last areas inundated by transgressing
Cambrian seas. Limestones in the Argentina Range
at the Atlantic end of the Transantarctic Mountains
and the Shackleton Limestone at the Pacific end of
the mountains are considerably older than the oldest
beds in the Neptune Range.

Paleontological Investigations in the
Ellsworth Mountains, West Antarctica

GERALD F. WEBERS

Department of Geology
Macalester College

Reconnaissance geologic mapping of the Ellsworth
Mountains (centered at 79°S. 85°W.) by three
expeditions of the University of Minnesota has re-
sulted in the discovery of 11 fossiliferous localities
(Table 1). The fauna and flora range in age from
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Figure 1: from Boucot, Doumani, and Webers,
1967. Proceedings of the International Sympo-
sium on the Devonian System, v. 1, p. 642.

Cambrian to Permian (Fig. 1). All invertebrate
faunas are presently under study and several are
nearing completion. Among the latter is an unusual
Upper Cambrian fauna from the north central Heri-
tage Range (Table 1, Locality #3).

This well-preserved fauna is unusual in its diversity
of trilobites and unique in its abundance of primitive
mollusks and archaeocyathids. Trilobites show an

Australian-Asiatic affinity and include at least a
dozen species referable to Pseudagnostus, Homag-
nostus, Eugonocare?, Aphelaspis?, and to new genera.
The trilobite fauna is dominated by forms very close
to those described by Ivshin (1956) from the Upper
Cambrian of Kazakstan, U.S.S.R., and referred to
Aphelaspis. However, Ivshin's use of Aphelaspis is a
broad interpretation of the genus, and the assignment
of Heritage forms to Aphelaspis? indicates a close
relationship to Asiatic rather than North American
trilobite faunas.

Monoplacophorans are abundant and are repre-
sented by six species referable to Hypseloconus,
Pro plina, Ozarkoconus and to new genera. Two of
the monoplacophorans are septate and one has as
many as four septa. This latter form is a high-coned,
multiseptate, non-siphuncular hypseloconid which is
representative of the ancestral group from which the
cephalopods evolved.

Gastropods are common and include four species
referable to Macluritella, Scaevogyra, and to new
genera. Brachiopods are represented by Billingsella,
acrotretids, and an unidentified linguloid. Pelmato-
zoans are represented by scattered columnals. Archa-
eocyathids survived in Antarctica until at least late
Cambrian and are represented by a single species
close to Archaeocyathus.
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Table 1. Presently known fossil localities in the Ellsworth Mountains

Locality	Location	 Age	 Fauna or flora and formation

1	Northern Sentinel
Mountains

2	Southern Sentinel
Mountains

3	Webers Peaks Area,
Heritage Range

4.	North-central
Heritage Range

5
	

Pipe Peak,
Heritage Range

6 Windy Peak,
Heritage Range

7
	

Springer Peak,
Heritage Range

8
	

Soholt Peaks,
Heritage Range

9
	

Inferno Ridge,
Heritage Range

10
	

Meyer Hills,
Heritage Range

11
	

Anderson Massif,
Heritage Range

Permian	 Glossopteris and Gangamopteris flora: Polarstar Formation

Paleozoic ?
	

Possible straight-shelled cephalopod: Crashsite Quartzite

Upper	 Well preserved fauna of trilobites, primitive mollusks, archaeocyathids,
Cambrian	articulate and inarticulate brachiopods, pelmatozoan echinoderms:

Upper Heritage Group
Lower	 Inarticulate brachiopods and a single specimen of articulate brachiopod:

Devonian	Crashsite Quartzite
Cambrian ?	Inarticulate brachiopods: Crashsite Quartzite

Cambrian ?
	

Inarticulate brachiopods: Crashsite Quartzite

Cambrian ?
	

Inarticulate brachiopods: Crashsite Quartzite

Middle	 Trilobites: Upper Heritage Group
Cambrian ?

Middle	 Trilobites: Upper Heritage Group
Cambrian ?

(Reworked)
	

Fossiliferous carbonate boulders: Whiteout Conglomerate

Cambrian (?)
	

Highly deformed articulate brachiopods: Upper Heritage Group

September—October 1970	 163



Paleomagnetic Investigations
in Antarctica
LEROY SCHARON

Department of Earth Sciences
Washington University (St. Louis)

A paleomagnetic program begun in 1966-1967 as
part of the three-year concentrated geological inves-
tigation of Marie Byrd Land has been augmented by
additional work in East Antarctica (1967-1969) and
the Antarctic Peninsula (1970). The program still
maintains the original objective of determining large-
scale tectonic movements in Antarctica as related to
the Gondwanaland breakup and movement of the
present continental masses.

From November 1967 to February 1969, as part
of the exchange-scientist program with the 13th Sov-
iet Antarctic Expedition, oriented rock specimens
were drilled for paleomagnetic work on Fildes Penin-
sula of King George Island during the construction
of the Soviet Union's Bellingauzen Station, and at its
stations Moiodezhnaya and Mirnyy in East Antarc-
tica. In 1970, under the auspices of the exchange sci-
entist program with Great Britain, similar drilling
of oriented cores was made in many localities in the
Antarctic Peninsula.

Charnockite masses, making up the Haswell group
of islands off the coast of Mirnyy, have yielded satis-
factory paleomagnetic data, but final results depend
on Rb/Sr dating. Analysis of Precambrian meta-
morphics and selected small areas of fine-grained
granite(?) at Molodezhnaya is now in progress.

Core drilling of igneous intrusives and extrusives

Figure 1. A Lower Cretaceous reconstruction which
places the pole for West Antarctica in a position con-

sistent with those for other continents.

was concentrated at Stonington (UK station), Horse-
shoe, and Porquoi Pas Islands; Adelaide Station
(UK); Cone Island off Adelaide Island; Argentine
Islands Station (UK); Palmer Station (U.S.) on
Anvers Island; Almirante Brown (Argentina); De-
ception, Livingston, Half Moon, Bellingauzen Station
(U.S.S.R.), and Signy Island.

Analysis of the data accumulated from the core
drilled in Marie Byrd Land is confirming the concept
that Antarctica consists of three separate geological
units: (1) East Antarctica—probably moved from
the Indian Ocean; (2) Antarctic Peninsula—a con-
tinuation of the Andes Mountains orogeny; and
(3) West Antarctica. Charles Scharnberger of the
Washington University rock magnetic laboratory will
present data at the SCAR/JUGS Symposium on
Antarctic Geology and Solid Earth Geophysics in
Oslo indicating that a block consisting of West Ant-
arctica and Nev; Zealand separated from Gondwana-
land during a pre-Cretaceous episode of sea-floor
spreading (Fig. 1). Later, by the initiation of spread-
ing on the Albatross Cordillera, this block was broken,
causing West Antarctica and New Zealand to drift
to their present positions.

Paleomagnetism and . Geochemistry
of igneous Rocks From lies Amsterdam,

Kerguelen, and Crozet
N. D. WATKINS*

Department of Geology
Florida State University

The 1969 paleomagnetic survey of lies Crozet,
Kerguelen, and Ile Amsterdam (Fig. 1) was ex-
tended during January and February of 1970 by
Mr. A. Hajash, at the generous invitation of Ad-
ministrator Pierre Rolland of the Territoire des
Terres Australes et Antarctiques Françaises, who

V
rovided transport aboard the vessel Gallieni from
Ie de la Reunion, helicopter transport on the islands,

and all other logistic support.
Laboratory examination of the samples taken has

provided the following results:
1. All lavas so far collected on Ile de l'Est (Cro-

zet) and lie Amsterdam are of normal polarity, with
the mean virtual geomagnetic pole close to the pres-
ent geographic pole. This result is consistent with re-

* Now at Graduate School of Oceanography, Narragan-
sett Marine Laboratory, University of Rhode Island.
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Figure 1. Map of southern Indian Ocean, showing lo-
cations of Crozet, Kerguelen, and lie Amsterdam, and

major tectonic elements.

striction of the outcrops to the Brunhes geomagnetic
epoch (t = 0 to 0.69 my.).

2. Potassium-argon age determinations confirm
that a reversed to normal polarity lava sequence on
Ile Possession (Crozet) is the Brunhes/Matuyama
polarity boundary at t = 0.69 m.y.

3. A lava sequence from Ile Foch (on the north-
central side of Kerguelen) contains a polarity change
and is Lower Oligocene or Eocene, according to pre-
liminary potassium-argon age determinations. All
lavas collected from sequences close to the perma-
nent base of Port-aux-Français on Kerguelen are of
normal polarity.

4. Geochemical analyses of lava sequences from
Ile de l'Est (Crozet) reveal oceanites, ankaramites,
olivine basalts, and feldsparphyric basalts. All ob-
served geochemical trends may be reproduced by
subtraction of varying amounts of chromite, olivine,
and low-titanium clinopyroxene from an alkali
basalt parent, as the result of fractionation of these
three phases under low-pressure conditions, or as the
result of different degrees of partial melting of
mantle material (Gunn et al., in press).

Further field collections are planned, and labora-
tory studies of petrology, geochemistry, and paieo-
magnetism are continuing.
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Gunn, B. M., R. Coy-Yll, N. D. Watkins, C. E. Abranson,
and J . Nougier. In press. Geochemistry of an oceanite-
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Gravity Tides at South Pole

L. B. SLICHTER, C. L. HAGER,

R. HOLBROOK* and B. V. JACKSON

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

During the period January 1970 to the present,
two gravity-tide meters have been in almost contin-
uous operation at South Pole, under the supervision
of Mr. Erik Syrstad. His monthly reports indicate
that the systems have been operating normally and
that satisfactory tape recordings are being obtained.
Meter #4, which accompanied Syrstad to Pole
Station, provides a duplicate system for Meter #6,
which continues its recordings from the 1969 season.
The drift rate of Meter #4 has proved to be unusually
low—only 1 1/2 microgals per day over periods of
several months.

An unexpected and interesting observation in the
1969 records at Pole is seen in Fig. 1. This figure
shows the observed long-period tide in comparison
with the smooth tidal curve representing the theo-
retical tide on a symmetrical rigid earth. Riding on
this observed long-period tide is a small ripple with
a period of 24 hours and amplitude about 1 microgal
(1 microgal= 10_c cm/sec). This ripple is seen
more clearly in the lower trace, from which the long-
period fortnightly and monthly tides have been re-
moved. No tides of diurnal or semi-diurnal period
should exist at Pole on a truly symmetrical earth.

A diurnal gravity tide having an approximate
amplitude of 1 jugal at Pole, if produced by an asym-
metrical distribution of the water tide in the southern
oceans, implies that this asymmetry is of the order
of 1 foot—a significant tidal amplitude. This esti-
mate is obtained as follows: Let the excess tidal
amplitude be of equilibrium type, thus varying as
sin 9 cos 0 where 0 is the co-latitude. Let the fraction
of the total 360° sector subject to the daily anomalous
tide be a. If the Pacific Ocean sector is the pertinent
one, a might be as large as '/. The direct water
attraction at Pole due to such a tide within the
co-latitude band 01, 02 is

02
g

D 
=: 2Y2KAJ

*01 
sin20 cosO (1—cos9) —/2dO

= —KA [1/3 cos 3/20+ 1/5 cos 5/201 02 (1)

Here Kc/2 irpGa=1.O74aX 10 and A is the anom-
alous tidal amplitude in cm. An appropriate co-latitude
band for the southern (water) hemisphere is 01 = 20',

*Bartol Research Foundation, Swarthmore, Pennsylvania.
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Figure 1. Observed long-period tide at South Pole with unexpected
small tide of 24-hour period.

02 =90°. With a= 1/3, and g= 10-6, the solution
for AD is 35.1 cm. This is certainly a large, significant
amplitude, which is being reported now as a matter
of interest, prior to harmonic analysis of the records.

The semi-diurnal tide, if present at all, evidently
has a much smaller amplitude. Its small size may be
due to better smoothing at the Pole station of the
anomalous amplitudes in these tides, which circle
the globe with two wave lengths instead of one.
Otherwise, in accordance with the estimate below,
one would expect the equilibrium semi-diurnal am-
plitude to be 40% greater than the diurnal. The
formula for the semi-diurnal tide corresponding to
Equation (1) is:

02
gS.D. =2'KBJ ',/2 sin3O (1—cos0)1/od0

01

=2%KB[1/15(1_cos0) 3 / 2 (7+3coso10,02 (2)

For the same values of g, a, and 02, 91 used in
Equation (1), the associated value of B is 43.3
cm; namely, 23% greater than that for the diurnal
tide. However, the equilibrium amplitudes of M 2 and
K1 are in ratio 1.71. Hence, were it not for the sug-
gested smoothing effect and other influences, one
might suggest that the semi-diurnal earth-tide at
Pole would be about 40% larger than the diurnal.

Geodetic Satellite Observations
at McMurdo Station

ARNOLD J . TUCKER

Applied Research Laboratories
The University of Texas at Austin

The geodetic satellite observatory at McMurdo

has been in continuous operation during the past
year, operated by a team of three men. Data from
an average of 1,000 satellite passes per month are
recorded on paper tape, with selected sets being
transmitted by TWX to the U.S.A. and the remainder
forwarded by mail. The data received by TWX
provide a daily check on the performance of the
station equipment and control of precise timing using
satellites.

The station receives two harmonically related,
phase-coherent radio signals transmitted from satel-
lites, and determines the frequency difference be-
tween the received signals and the station reference.
The frequencies of the received signals differ from
those of the transmitted signals owing to the Doppler
effect. The actual Doppler shift consists of the vac-
uum Doppler and a first-order ionospheric contribu-
tion. The vacuum Doppler is proportional to the
relative velocity between the satellite and the station,
and the first-order ionospheric contribution is pro-
portional to the integrated electron content between
the satellite and the station. The actual Doppler shift
is determined by mixing the two phase-coherent sig-
nals in an analog device. The vacuum Doppler shift
is sampled at a preselected rate during each satellite
pass, and the frequency of this signal is recorded on
paper tape. Also, certain satellites transmit timing
pulses every two minutes. The station equipment de-
tects these pulses and records the difference in time
between the received satellite timing pulse and the
station timing pulse. This timing information allows
the station to maintain a timing accuracy of ±50 psec
relative to Naval Observatory Time.

These Doppler data are being used in three sepa-
rate studies. The vacuum Doppler data, together with
data from a worldwide network of tracking stations,
are used to study the earth's gravitational field. This
geodetic study is being conducted at the Applied
Physics Laboratory of the Johns Hopkins University.

The second use of the data is to study the motion
of the earth's spin axis. The variations of the satellite
orbits relative to the earth provide information about
the location of the axis. This geodetic study is being
conducted at the U.S. Navy Laboratory, Dahlgren,
Va.

The third use of the data is in the study of scin-
tillations in the ionosphere above McMurdo. The
scintillation regions affect the signals transmitted from
satellites. These effects are not removed with the
analog ionospheric correction, but remain in the
vacuum Doppler. When the vacuum Doppler data
are processed and compared to a theoretical vacuum
Doppler, the scintillation effects are observed in the
residual data. This ionospheric study is being con-
ducted at the Applied Research Laboratories, The
University of Texas at Austin.
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Investigations of Cosmic Ray Intensity
Variations in Antarctica

MARTIN A. POMERANTZ and SHAKTI P. DUGGAL

Bartol Research Foundation
of the Franklin Institute

It is well known that, except for the diurnal ani-
sotropy, the solar modulation of cosmic rays of galac-
tic origin is essentially isotropic in the equatorial
plane (Pomerantz and Duggal, 1970). In contrast,
solar energetic particle events have, in some cases,
manifested large anisotropies during the early phase,
i.e., before the intensity attains its maximum value,
after which isotropy sets in.

The ground-level event of November 18, 1968)
was abnormal in that none of the more energetic
solar cosmic rays were observed at some high latitude
stations at any stage, and the anisotropy persisted at
least until the cessation of the influx of particles hav-
ing energies sufficiently high to be observed with
ground-level cosmic ray detectors (Pomerantz and
Duggal, 1969). The fact that 100% anisotropy con-
tinued for the total duration of this event indicates
that little diffusive scattering occurred in the vicinity
of the earth. This behavior was unprecedented and
unexpected, especially since the event coincided with
the maximum of the ongoing 11-year solar activity
cycle, when the density of disordered magnetic fields
in the interplanetary medium is high.

In view of the high degree of anisotropy, as ob-
served with high counting rate detectors in the polar
regions, this event is ideal for studies of the diurnal

Figure 1. Local time variation of the windows in the
celestial sphere through which solar cosmic rays
must flow to reach McMurdo Station (asterisk). The
arrowheads represent the asymptotic directions for
1 GV particles at different times of the day. The
arrival directions converge at very high energies.

1.0

0.5

Figure 2. Plot, in	R
normalized units, of
the intensity of solar
cosmic rays at vari-
ous stations as a
function of time on	o.
November 12, 1960.
The theoretical curves
(solid	lines)	corre-
spond to n-dimen- 0.05

sional diffusion.

0.01

Figure 3. A plot sim- 0.5
ilar to Fig. 2 for the
solar particle event	R
of November 18,
1968, indicating ex-

treme anisotropy.

OIL

Figure 4. The nor-
malized solar cosmic
ray intensity at vari-
ous stations vs. the
angle 0 between the
asymptotic cone and
the source. The
squares correspond
to the undeformed
magnetosphere and
the circles represent
asymptotic cones de-
rived for the appro-
priate local time from
a more accurate mag-
netospheric model.
For South Pole Sta-
tion, the symbols are

superimposed.

X n = X\3—
5	10
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shift of arrival directions of solar particles arising
from the deformed magnetosphere.

Fig. 1 shows that the local time variation of the
asymptotic cones is greatest for low-rigidity particles.
If the incident particle flux is highly anisotropic, the
time variation of the "look directions" should, in
principle, produce measurable effects.

Fig. 2 shows an earlier comparison of the obser-
vations with the predictions of theoretical calcula-
tions based upon a diffusion model (Pomerantz et al.,
1961). Although this model has been successful in
accounting for the isotropy during all previous events,
Fig. 3 reveals that no ordering of the data was
achieved at any time throughout the entire duration
of the event of November 18, 1968. This indicates
the complete absence of effective scattering in the
vicinity of the earth.

In view of the large anisotropy, the energy spec-
trum of the solar particles can not be determined
with good precision from the latitudinal distribution
of the enhancement, hence only stations above the
"knee" of the latitude effect were selected for an
analysis leading to Fig. 4. Here, the normalized nu-
cleonic flux at six stations is plotted as a function of
the finally determined angle between the asymptotic
cone and the axis of symmetry (25°S. 35 0 W.). It is
noteworthy that the dispersion of the data from the
line representing 100% anisotropy is minimal.
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Investigations of Energetic Particles and
Radiation in the Polar Cap with

Balloon-Borne Instruments
MARTIN A. POMERANTZ and GEORGE A. BAIRD *

Bartol Research Foundation
of The Franklin Institute

The first program designed to observe short-term
primary cosmic ray intensity variations inside the

* On leave from Physics Department, University College,
Dublin, Ireland.

polar cap, where the field lines at all times extend
into space (the magnetospheric tail), was conducted
at McMurdo Station last year (Pomerantz and Baird,
1969). This initial stage of a more ambitious exploi-
tation of the special attributes of McMurdo Station
as a balloon-launching center was successully com-
pleted during the 1969-1970 austral summer.

All charged particles that reach McMurdo have
access through the magnetospheric tail. Thus, the
study of the propagation toward the earth of the
lower-energy cosmic rays that can just penetrate the
residual atmosphere above the ceiling altitude of bal-
loons (i.e., about 100 MeV for protons) can provide
useful information concerning the electromagnetic
conditions in the earth's environment. In particular,
the dynamical properties of the magnetosphere
should manifest themselves as time variations. These
effects are ideally studied with balloon-borne in-
struments that, unlike polar-orbiting spacecraft, re-
main essentially at a fixed position with respect to
the earth.

This advantage is enhanced by the extraordinarily
long duration of the flights, which remain aloft within
line of sight for several days. Moreover, it has now
been established that ideal launching conditions gen-
erally prevail at McMurdo, at least during January.

The new techniques developed on the basis of ex-
perience gained during the 1969 campaign made the
1970 series of flights exceedingly successful in attain-
ing the desired goal of continuous coverage at a
constant altitude over long periods of time.

A new ballasting device, coupled with a much im-
proved pressure sensor with roughly a tenfold in-
crease in resolution, made it possible to obtain out-
standing data for studying both the diurnal varia-
tion and longer term transient and steady-state in-
tensity fluctuations, and for relating these to the
simultaneous observations with the ground-based
detectors at McMurdo. In addition, the previously
restricted radio horizon was completely opened by
utilizing two alternative receiving sites.

Five successful flights were launched during the
five-week period commencing January 7, 1970. The
shortest duration was 39 hours, whereas the record
of 102 hours was set by the flight launched at 0732
on January 29. During the four days that this flight
remained aloft, two rare and distinct solar particle
events occurred, as shown in Fig. 1.

The first commenced at 1312 on January 29,
reached peak intensity shortly thereafter at 1425
and lasted until about 1800 on January 30. The
records obtained with the various balloon-borne de-
tectors (Pomerantz and Baird, 1969) differed
markedly from those of several spacecraft, as is il-
lustrated in Fig. 1, which compares data from the
21-70 MeV channel of the ATS-1 satellite with those
from our G.M. telescope.
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Cooperative Micropulsation Research
at High Latitudes

V. P. HESSLER * and R. R. HEACOCK
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Figure 1. Intensity as observed with the G.M. telescope
aboard Flight 5-70 (balloon) and corresponding data
from the 21-70 MeV channel of the ATS-1 satellite
(Solar Geophysical Data, 1970). The first solar cosmic
ray event observed with balloon-borne detectors in the
polar cap displayed very unusual features, in contrast

to the more classical second event.

It is noteworthy that the starting times at the
satellites were consistently later, e.g., 1330 at Vela
and 1340 at ATS-1. Heretofore, it has been assumed
that, at synchronous altitude, the solar proton flux
measured at ATS-1 is representative of the flux in
interplanetary space and over the polar caps. This
theory is upset by our observations, which reveal that
this event was highly anisotropic, and that the axis
of symmetry, i.e., the position of the source, was
quite close to the direction of viewing at McMurdo,
at least near the intensity peak as observed with the
G.M. telescope. On the other hand, the satellite ap-
parently was looking in an unfavorable direction at
that time.

It is noteworthy that this highly unusual event,
the first solar cosmic ray influx observed with balloon-
borne instruments in either polar cap, occurred dur-
ing a remarkable Forbush decrease that, at Mc-
Murdo, set in rather slowly at about 2300 on Janu-
ary 28.

In contrast to the extraordinary first event, the
solar particle increase on January 31, 1970, was
classical, and the time relationships among solar
phenomena and the observations with balloons and
satellites were essentially normal.

Acknowledgements. Many USARP and U.S. Navy
personnel contributed to the success of this program,
and we are grateful to all for their unselfish help in
implementing this undertaking. We are also thankful
to J . Virginia Lincoln, Director of World Data Cen-
ter A, for supplying the solar and geophysical data
that are so essential in our work.
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Geophysical Institute
University of Alaska

The writers have conducted cooperative micropul-
sation research projects since early 1965 with Soviet
scientists at Vostok, Antarctica, with Danish scien-
tists at Qanaq, Greenland, and with Finnish scien-
tists at the Sodankylä and Nurmijaarvi geophysical
observatories. The natural electromagnetic activity
is sensed in the magnetic mode with induction mag-
netometers and in the electric mode with the tel-
luric-current technique. The signals are recorded on
slow-speed direct-record magnetic tape primarily for
spectral analysis by the speed-up technique and by
strip chart for long-period and amplitude informa-
tion. Duplicate tape decks and recorders provide
original tapes and charts for all cooperating agencies.
The cooperation extends through the full range of
program planning, field operations, and analysis of
data in collaboration with senior scientists in Mos-
cow, Helsinki, and Copenhagen. The Boeing Scien-
tific Research Laboratories have cooperated in this
project since its inception.

General descriptions of the instrumentation and
objectives of the program have been presented in
previous review issues of the Antarctic Journal. In
1969, the 6 in/hr magnetic tape transports were sup-
plemented with 180 in/hr, 4-channel transports at
Vostok and Qanaq. The very slow speed magnetic
tape records provide a continuous rayspan frequency-
time readout of spectral content of the activity for
synoptic studies, and more detailed Sona-Graph fre-
quency-time displays for the analysis of individual
events. The 180 in/hr tapes are used to study polar-
ization and direction of arrival of narrow-band
electromagnetic waves down to periods of the order
of 1 sec (Heacock, 1970). Since eccentricity of the
polarization ellipses in the horizontal plane as shown
by H—D diagrams is characteristically of the order
of 1 to 1.5, and the vertical component, Z, of the order
of 1/10 of the horizontal components, the Z—D and
Z—H polarization diagrams give a good indication
of direction, at least, of the quadrant of arrival of
the wave. A full year of Vostok tape and a half year
of Qanaq tape are now available for such analysis.
Since a certain class of 1 to 5 sec period micropulsa-
tions, structured Pc 1, are known to be generated on
the very long closed field lines and propagated in a

*Also guest worker at the Geomagnetism Laboratory,
Environmental Science Services Administration, Boulder,
Colorado.
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horizontal waveguide to the geomagnetic pole, the
technique will be used to study the hour angle of the
source of the activity.

In addition to the polarization studies, the 180 in/
hr tapes make it possible to time the arrival of an
event to the order of 0.1 sec. This accuracy, an order
of magnitude better than that obtainable with the 6
in/hr tape, is essential to the study of the propagation
of micropulsation activity. In addition to the installa-
tion at Qanaq, the writers operate similar equipment
at Anchorage, College, and Kotzebue, Alaska, and
have furnished equipment for installations at
Sodankylä and Nurmijaarvi, Finland. Thus, we and
our Danish and Finnish collaborators have the fa-
cility to study micropulsation propagation completely
across the northern polar cap.

The Vostok telluric-current recording experiment
was continued through 1969. Experience with the tel-
luric-current system during the past two years shows
that the special problem of installing satisfactory tel-
luric-current electrodes in the high-resistivity snow
and ice of the antarctic ice cap can be solved. A set
of electrodes using H,SO 4 for electrolyte was instal-
led in December 1967. The average resistance of
these electrodes was 390,000 ohms in June 1969 and
320,000 ohms in December 1969, essentially the same
as during the first year after installation. The resist-
ance of electrodes with NaCl electrolyte was of the
same order as the H,SO 4 electrodes during the sum-
mer, but they became useless during winter with re-
sistance values of the order of 20 to 40 megohms.

An extensive analysis project involving all of the
programs and data collected since the beginning in
1964 is being conducted by the writer, Boeing sci-
entists, and U.S.S.R., Finnish, and Danish scientists.
The studies coordinated by Drs. Troitskaya of the
U.S.S.R. Academy of Sciences and Hessler will be
published in a projected volume of the Antarctic
Research Series.
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VLF Studies of the Magnetosphere

R. A. HELLIWELL

Radioscience Laboratory
Stanford University

Ionosphere-magnetosphere coupling. A major re-
search accomplishment in 1969 was the successful

measurement of the net interchange of ionization be-
tween the F region and the protonosphere above. The
measurement provided the first detailed experimental
verification of the role of the protonosphere in sup-
plying ionization to the nighttime ionosphere. This
research was part of a PhD dissertation by Chung
Park, who was a Stanford field engineer in 1966 at
Byrd Station.

The role of the protonosphere as a source of ioniza-
tion for the nighttime ionosphere has been debated
for many years. In an equilibrium situation, what
comes down from the cooling protonosphere at night
must go up in the daytime, and early theoretical
studies predicted relatively small upward daytime
fluxes.

Park employed a complex variety of antarctic
whistler data and, through careful refinements of
the whistler technique, was able to make a variety
of measurements of temporal changes in the total
number of electrons in protonospheric tubes of ioni-
zation. The inferred quiet-day upward flux near 60°
latitude on the dayside was found to be about 3 x 108
el/cm2 sec at the 1,000-km level. This flux is con-
siderably larger than the maximum of about 2 x 10
el/cm2 sec predicted earlier, and is larger than the
downward flux that earlier theoretical studies had
found necessary to maintain the nocturnal iono-
sphere. The downward flux at night under quiet
conditions was found by Park to be about 1.5 x 108
el/cm2-sec.

During his measurements of the interchange of
ionization, Park found that the protonosphere is
not generally in equilibrium with the ionosphere.
The protonosphere is depleted in less than a day
during a magnetic storm or series of intense polar
substorms. Subsequent recovery of the ionization con-
tent is slow compared to similar recovery in the
ionosphere. A geomagnetic tube of ionization with
equatorial radius of 4 earth radii (L '—'4) requires
about 5 days to reach monthly median values of
electron density, and even after 8 days of quiet condi-
tions is observed to continue 'filling.' The average
spacing for geomagnetic disturbances is such that the
filling process is frequently interrupted. Park's meas-
urements have been particularly useful in showing
how the region between the storm-time l)lasmapause
and the quiet-time plasmapause is filled, primarily
through fluxes from the ionosphere below. Fig. 1
shows in idealized fashion the day-to-day recovery
of the associated equatorial profile.

Correlative campaigns. In August 1969, there was
an intensive program of broadband recording at
Byrd Station in support of multi-station electric-
field measurements from balloons in Canada by For-
rest Mozer and his colleagues. The August campaign
also involved a U.S. -French -Russian multi-longitude
whistler experiment, including continuous recordings
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Figure 1. Idealized post-storm recovery of electron density between
the storm-time plasmapause (L,-2.5) and a quiet-time plasma-
pause (L-5.5). Dashed curves show the recovering equatorial
profile on successive days as the reduced-density region is 'filled'
from below. (From the PhD Dissertation of C. Park, Stanford

University, 1970.)

at Kerguelen Island (French) and in the conjugate
region in the U.S.S.R. This is one of the first attempts
to develop a technique of worldwide plasmapause
monitoring.

The 'walking trace' mode of whistler propagation
between hemispheres. OGO-4 telemetry records from
Byrd Station provided the first evidence of the 'walk-
ing trace' whistler, an example of which is shown in
Fig. 2. This whistler, recorded on a satellite near
1,000 km, involves nonducted propagation that is
extremely sensitive to the distribution of ionization
in the magnetosphere. Ray tracing in a model
magnetosphere was successful in predicting a re-
markable variety of effects shown by this mode of
propagation, including a concentration of path end-
points and focusing near 510 invariant latitude, rapid
changes in travel time with latitude, and large Dop-
pler shifts associated with the large wave normal
angles of the waves with respect to the earth's
magnetic field. Following its discovery in the Byrd
records, the walking trace phenomenon was found
in other telemetry records and became the major sub-
ject of a PhD dissertation at Stanford by F. Walter.

Antarctic Geomagnetic Observatories
Figure 2. Frequency-time spectrum of broadband data from OGO-
4 showing two independent, closely spaced examples of the
'walking trace' (WT) whistler. The component 1_ is produced by
nearly longitudinal propagation (either along a duct located near
54 0 invariant latitude, or in the pro-longitudinal mode). The com-
ponent WT, with completely different dispersion characteristics, is
produced by nonducted propagation at large wave normal angles,

of energy from the same lightning flash (shown as 0+).

OGO 4 (ROS)
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J. H. NELSON

Coast and Geodetic Survey
Environmental Science Services Administration

The operation of the geomagnetic observatories
at Byrd and Pole Stations continued during 1969-
1970 under the supervision of the U.S. Coast and
Geodetic Survey. The routine was fairly normal at
both stations.

The equipment at Pole Station required mainte-
nance, repair, and reconstruction of a large number
of electrical circuits (power, signal, and electronic)
that had developed over the years from various tem-
porary and improvised installations.

At Byrd Station, the normal and rapid-run magne-
tographs recorded magnetic fluctuations ranging in
jjeriod from about 10 sec to one year. Sensitivity
calibrations were made regularly, and absolute meas-
urements were made at suitable intervals of the in-
tensity and direction of the magnetic field.

A standard magnetic observatory, such as the one
at Pole Station, generally is equipped to measure
magnetic fluctuations in the frequency range from
zero to perhaps 20 cycles per hour. When equipped
with rapid-run magnetographs, as is Byrd Station,
the recorded frequency can be extended to perhaps 6
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1969 SOLAR COSMIC RAY EVENTS
PRELIMINARY FLARE CANDIDATES	SOLAR RADIO

EMISSION
RT TIME (UT)	IMP. I POSITION TYPE - INTENSITY

0706E	28	N20 W09
0900	28	N13 W37	IV-3
0418	28	N13 W46	 11-3
1348	28	N13 W65	IV-3

1735	28	N12 W80	IV-3, 11-3
0125	251	N19 E16	 11-2

ACTIVITY BEYOND WEST LIMB
NORTHEAST LIMB ACTIVITY

0749	254	516 E42	IV-?

0630	3N	N13 W15

0943	?	BEHIND WEST LIMB
1804	38	N29 E31
0914	28	N15 W32
0950	2F	N13 E08
1202	2F	N13 W12

M7 1573A

MAXIMUM
ABSORPTION

(dB AT 30 MHz)
1.4
1.7
1.3
1.3
1.0
0.7

'.4
laD
1.2
1.4
0.4
0.7
3.4
0.4

14.5
1.4
0.7
0.6
1.3
0.4

DATE
24 JAN
25 FEB
26 FEB
27 FEB
28 FEB
12 MAR
21 MAR
30 MAR
11 APR
13 MAY
7 JUN

13 JUL
25 SEP
27 SEP
14 OCT
2 NOV
7 NOV

24 NOV
18 DEC
19 DEC
31 DEC

Table 1.
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cycles per minute. The frequency range of magnetic
fluctuations extends into the audio and even into the
radio-frequency ranges, but the highest frequencies
normally dealt with by geomagnetic observatories are
in the micropulsation range-up to a few cycles per
second.

The diagram suggests some of the types of study
that utilize various portions of the spectrum of geo-
magnetic pulsations. Because of the very wide range
of frequencies, the time scale is logarithmic, expressed
as a function of the period rather than frequency of
fluctuation.

IQ,	 NORTH

loo	 TONS

00	12	Co	12	no	12	00	12	Do	12	00	12	Do

I-.1-.---6-8 -I-..--- 0.0-)-- I.-6 10 ---- 	61 I-..I-6---0 12-I
UNIVERSAL TIME

Figure 1.

Solar Cosmic Ray Observations
During 1969

A. 
J

. MASLEY, 
J . 

W. MCDONOUGH,
and P. R. SATTERBLOM

Space Sciences Department
McDonnell Douglas Astronautics Company-West

During 1969, 21 solar cosmic ray events were ob-
served with riometer absorption greater than 0.4 db
at 30 MHz (Table 1). This number compares to 20
events during 1968 and 16 during 1967. The events
ranged in intensity from 0.4 db to 14.5 db, which is
equivalent to 1 proton/cm2secster to 2 x 10/cm 2

-sec-ster for greater than 10 MeV. The two largest
events, on April 11 and November 2, were apparently
due to solar activity behind the east and west limbs,
respectively.

Fig. 1 shows the June 7 event as observed by 30-
MHz riometers at Shepherd Bay and McMurdo
Sound and by the McDonnell-Douglas experiment
aboard the polar-orbiting OGO-6 satellite. For about
five hours after the onset near 2000 on June 7,

012	-.--.-II.3----.--f-.----II.4----..-f----- 115 -.-----1
UNIVERSAL TIME

Figure 2.
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significant anisotropies were observed as the satel-
lite crossed a given polar cap. Variations in count
rate up to a factor of ten were observed. From onset
to the second maximum at 1600 on June 8, no
significant asymmetry was observed between the
ncrth and south polar regions. From this point on,
a larger intensity was observed over the north polar
cap. The northern excess was about 50% for several
hours, after which it was reduced to 20% for the
next two days. The decrease in the Southern Hemi-
sphere is not a low-energy cutoff effect but a depres-
sion of the entire spectrum. A regression plot of the
riometer and OGO-6 data indicates good agreement
with A(db) =KI % for both the increasing and de-
creasing phases.

Fig. 2 shows riometer observations during the
November 2, 1969 event. This event reached a peak
absorption greater than any other during this solar
cycle. Although a maximum of 14.5 db was observed
at 30 MHz, the integrated intensity for greater than
10 MeV protons was about equal to that for the No-
vember 18, 1968 event. The sharp increase and unique
spike at the beginning of the event is very similar to
the profile of the November 18, 1968 event. This
feature may be a characteristic of extreme west limb
events and their propagation path to earth. The 1968
event was due to a N21W87 flare and the 1969 event
to a flare one day behind the northwest limb.

Acknowledgements: Most of the solar data used
were taken from the Solar-Geophysical Data report,
ESSA Research Laboratories. The contributions of
the station operators, D. C. Shepherd and J . K.
Wagner, are acknowledged. This work was supported
in part by the National Science Foundation and the
McDonnell-Douglas Independent Research and De-
velopment Program. The OGO-6 program is spon-
sored by NASA.

Riometer Observations of Radio-Wave
Absorption in the Antarctic Ionosphere

F. C. COWLEY, W. L. ECKLUND,
G. C. REID, and H. H. SAUER

Space Disturbances Laboratory
ESSA Research Laboratories

Riometers were operated continuously at frequen-
cies of 30 and 50 MHz at Byrd, South Pole, and
Vostok during the austral winter of 1969, and analy-
sis of the data is currently under way. One of the
principal objectives of the operation was to study
polar-cap absorption events, which are fairly fre-
quent at this time, close to the peak of the solar
activity cycle.

The most outstanding PCA event of the year oc-
curred April 12-16. The absorption profiles of this
event as recorded at the two frequencies at Byrd
and Vostok are shown in Fig. 1 (no data were ob-
tained at South Pole). The event was relatively in-
tense, reaching a maximum at 30 MHz of about 11
db at Vostok, in spite of the small maximum solar
elevation angle of about 5° at local noon (about
0500 UT). The peak absorption recorded at Byrd
was only about 8 db, partly because the maximum
proton flux occurred at a time when Byrd was in
darkness, and partly because the maximum solar
elevation angle there was only about 1°.

This event is of particular interest because it ap-
parently originated in a flare just beyond the east
limb of the sun, which was invisible from the earth,
although its effects were observed by one of the
Pioneer spacecraft in solar orbit well to the east of
the earth. The spiral pattern of the interplanetary
magnetic field, caused by the sun's rotation, tends to
deflect protons to the east as they travel out from
the sun, and hence protons originating in west-limb
flares reach the earth rather easily, whereas east-limb
protons have to diffuse across the interplanetary field,
resulting in a slow buildup in intensity at the earth.
In the April 1969 event, the initiating flare ap-
parently occurred at about 0115 on April 10, but the
peak of the PCA event was not reached until about
0600 on April 13, some 40 hours later, reflecting
this typical slow rise. Nevertheless, the event assumed
major proportions, suggesting that it would have
been one of the largest on record if the earth had
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BY11 (10 H11
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--	 (B
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been more favorably situated to observe the early
stages.

Study of this event is continuing, and a comparison
with the characteristics of other known east-limb
proton events is likely to yield interesting results.
In particular, an event that occurred in March
1958 also originated in a flare at the east limb
and subsequently developed into one of the major
PCA events of the IGY period. The time-history of
the buildup phase was quite different from that
of the April 1969 event, however, especially in its
relationship to the sudden commencement of the
geomagnetic storm that followed the flare. The rea-
sons for the differences are not yet clear.

Other PCA events that occurred during 1969 and
in earlier years are also under active study. During
the coming year, the Solar Proton Monitor carried
by the ESSA ITOS Weather Satellites will be a
valuable source of additional data for these studies.
The first satellite in the series was launched in late
January 1970 and is presently recording solar-proton
fluxes in a wide energy range over both polar caps
at an altitude of about 1,500 km. Studies of PCA
events that occur during 1970 and succeeding years
will be aimed towards the use of simultaneous satel-
lite and ground-based information.

ESSA's Meteorological Programs
in Antarctica

VAUGHN D. ROCKNEY

Environmental Science Services Administration

The meteorological programs conducted by ESSA
in Antarctica serve three purposes: (1) to gather
environmental data for research, (2) to provide real-
time environmental data for the World Weather
Watch of the World Meteorological Organization,
and (3) to measure various atmospheric constituents
for "benchmark" (long-term reference) purposes.
These latter data are essential for research on funda-
mental problems of air quality and climatic change.
Data from areas relatively unaffected by industrial
contamination, e.g., the geographic South Pole, are
especially valuable for these basic research studies.

During 1968-1969, meteorological programs at
Byrd and South Pole Stations were continued, but
on a somewhat reduced basis as compared to previ-
ous years. At Byrd Station in the austral summer,
hourly aviation observations, three-hourly surface-
weather measurements, climatological measurements,

and twice-daily upper-air soundings of pressure,
temperature, humidity, and wind were made. At the
close of the summer resupply period, the weather-
measurement programs were substantially reduced,
and only one meteorological technician remained at
the station during the winter months. His activities
included (a) making six-hourly surface-weather meas-
urements and maintaining the climatological record,
(b) making occasional upper-air soundings, (c) con-
tinuing the year-round program of total-ozone meas-
urements, (d) monitoring the ionospheric sounder
and processing the photographic records, and (e)
conducting the auroral program during the dark
period.

At South Pole during the austral summer, the
weather-observation program consisted of three-
hourly surface measurements, twice-daily upper-air
soundings, and hourly observations for aircraft op-
erations. With the coming of winter, the staff was
reduced to three men and the surface and upper-air
weather-measurement programs were reduced to four
and one daily, respectively. Once a week throughout
the year, the upper-air sounding program included
measurements of ozone and radiation.

A substantial additional program of measurements
for the purpose of meteorological research was main .-
tamed at South Pole throughout the year. Twice
monthly our staff collected atmospheric samples (for
analysis of carbon dioxide content at Scripps Institu-
tion of Oceanography). Thrice-daily measurements
of total ozone were made using the Dobson spectro-
photometer, and a continuous record of surface ozone
was obtained using the Electrochemical Concentra-
tion cell. Total, diffuse, net, reflected, and normal-
incidence radiation was measured on a continuous
basis. Snow conductivity and pH, air-earth conduc-
tivity, and potential-gradient measurements were also
made. Earth-tide measurements were made for the
University of California, Los Angeles, and ventilated
filters were exposed for Ohio State University to
gather samples for analysis of atmospheric particulate
matter. Observations of noctilucent clouds were made
for the University of Alaska.

An atmospheric sounding taken at South Pole in
December of 1968 was the first upper-air balloon
sounding in the Antarctic to obtain ozone and radia-
tion data simultaneously during a regular radiosonde
measurement of pressure, temperature, humidity, and
winds aloft. In all, 54 flights were made with these
instruments in 1969 using the Suomi-Kuhn radi-
ometer and the Electrochemical Concentration cell
as sensors added to the standard radiosonde. The
program was very successful, not only in terms of
the quality and quantity of data received, but also
from the standpoints of reduced cost and simultaneity
of data.
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Analysis of Direct Solar Radiation
at Plateau Station, 1966-1968

M. KUHN *

Arctic Institute of North America

The intensity of direct solar radiation in four broad
spectral bands was measured at Plateau Station in
the three summers from 1966-1967 to 1968-1969
with a Linke-Feussner actinometer. Two Eppley ac-
tinometers were added to the project in 1968—one
equipped with standard filters and one with inter-
ference filters transmitting in the near-infrared. Ap-
proximately 500 spot measurements were made, and
continuous records were obtained for selected periods
under clear as well as cloudy conditions.

Intercomparison of the three actinometers showed
considerable disagreement even though all were con-
nected to the same standard Angstrom pyrheliometer
before and after the expedition. Tests performed in
the cold rooms of the U.S. Army Natick Laboratories
revealed that the temperature coefficient of sensi-
tivity of one instrument deviated from the specified
value. After this correction, the remaining differences
could be explained in terms of circumsolar radiation
due to different angular aperture of the instruments
—5° in the Eppleys and 11° in the Linke-Feussner.
Circumsolar radiation, a function of solar elevation
and turbidity, caused the actinometer with the larger
aperture to receive 0.5% more energy per unit air-
mass than the ones with smaller aperture, under
clean-air conditions. In the presence of even slight
ice fog or ice-crystal precipitation, circumsolar radia-
tion varied randomly from 0.5 to 2.0% per unit of
airmass; turbidity parameters computed for those
cases are correspondingly misleading.

The application of standard filter-factors and the
use of various generalized tables and diagrams for
the evaluation of turbidity parameters proved un-
satisfactory in that it was physically impossible to
derive size spectra of aerosol particles. Spectral ex-
tinction coefficients were then computed by numer-
ical integration over 100 wavelength steps, using
Labs' and Neckel's extraterrestrial solar spectrum,
individual filter spectrograms, Howard's data for
H20 and CO 2 absorption, theoretical Rayleigh-scat-
tering coefficients, and temperature coefficients of
filter transmission extrapolated from values of Hickey
and Drummond. Assuming Junge's aerosol size dis-
tribution to be valid in all cases, total ozone content
was determined from absorption in the Chappuis
band, in fair agreement (±20%) with South Pole
ozone values.

* Now at the University of Innsbruck, Austria.

Springtime rises of atmospheric ozone content were
accompanied by predominance of smaller aerosol
particles and low turbidity, reflecting the influx and
sinking of clean, stratospheric air during the break-
down of the circumpolar vortex. Angstrom's turbidi-
ty coefficient ranged from 0.004 to 0.030 and aver-
aged close to 0.010. Xngstrom's wavelength exponent
of aerosol scattering was higher in spring than in
summer, averaging 1.8 and 1.5, respectively. The
amount of precipitable water varied from 50 microns
in October to 350 microns in January (on clear
days). An analysis of spectral extinction during ice
crystal precipitation from cloudless skies is in progress.

As a result of this high atmospheric transparency
and of continuous sunshine, Plateau Station ranges
among the earth's sunniest places, with a maximum
daily global insolation measured in excess of 1.000
ly. Maximum values of direct solar radiation at nor-
mal incidence were over 1.6 ly per minute.

Theory and Observations of the Wind
in the Friction Layer over the

Antarctic Plateau
W. SCHWERDTFEGER and M. SPONHOLZ

Department of Meteorology
University of Wisconsin

The evaluation of a large number of wind- and
temperature-soundings at antarctic inland stations
has shown the strong effect of an inversion layer on
the surface wind regime over the slightly inclined
snow fields of the antarctic plateau. The theory of
this phenomenon leads to equations for a family of
wind spirals, that is, lines defined by the endpoints of
the wind vectors at various heights above the surface.
An appropriate assumption is that the vertical profile
of the temperature can be approximated by an ex-
ponential function. In the case of a sloped inversion,
this implies that the horizontal temperature gradient
in the friction layer decreases upwards exponentially.
The resulting wind spirals differ strikingly from the
well-known, simple Ekman spiral. The factors which
essentially determine the configuration of the new
spirals are the magnitude of the temperature gradient
and its orientation with regard to the wind above the
friction layer, and the eddy diffusivity. With realistic
values for these factors, it is possible that the wind
spiral describes a complete loop in the lowest 200 m,
that the wind turns with height in a sense opposite
to the change found ordinarily and requested by the
original Ekman theory, or that the angle between
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Wind in the friction-layer over Plateau Station, August 7, 1966;
temperature inversion between 1.5 and 400 rn: 32°C.

Black circles: Vector averages of the wind measured by five sound-
ings, between 0052 and 0842 GMT, during a stable weather

situation ("steady state").
Heavy dashed arrow: Upper wind	(at 400 and 500 rn), from
55 0 , 5.4 rn/sec. The three curves show individual theoretical wind

spirals.
Dashed: Angle between thermal wind -+v 1 (from 160 0 , along the
contourlines of the terrain) and the upper wind v u being a
=1050; vT 3 V u . K=3 • 103 cm° sec-1.
Solid at left:	=90 v-j-=3 v u; K3 • 10' cm° seC'.
Solid at right: cq-120 0 ; v T=2.5 v u; K2.5 • 10' cm° sec-1.

Unit of height values of black circles and of marks along spirals:
100 m.

upper wind and surface wind reaches extremely large
values (>600). In a recent paper (Mahrt and
Schwerdtfeger, 1970), several of these solutions are
shown and their significance for the low-layer mass
outflow from the interior of Antarctica is discussed.

Questions may arise whether such configurations
of the wind spirals can really be observed, and if
so, what conclusions can be drawn regarding the
eddy diffusivity in a friction layer with extreme
stability but considerable vertical windshear. A first,
preliminary result looks promising. At Plateau Sta-
tion during the dark months of 1966, Sponholz ac-
complished several series of slow-rise radiosoundings

with double theodolite wind measurements, obtain -
ing the vertical structure of the inversion with more
detail than can be done by conventional rawinsonde-
ing. Fig. 1 shows the results of one of these series,
compared with theoretical solutions. At least in this
case, the theory can explain the observed wind pat-
tern; the dashed curve closely approximates the
black circles. The only major deviation is between
the observed and theoretical winds at 10 m. This is
understandable, because the theory assumes a constant
value of the eddy diffusivity, K, which is unrealistic;
in the lowest layer, where the inversion is most pro-
nounced, K should be smaller than in the rest of the
friction layer, and hence the 10-rn wind stronger.
The two solid curves are included to show the sensi-
tivity of the theoretical solutions to changes of the
angle between upper and thermal wind. Different
values for K affect the character of the curves little,
but lead to different heights along the spirals. For
the three solutions shown, the K-values have been
arbitrarily chosen so that the height of the most pro-
nounced turning of the curves agrees with the ob-
servations. Forthcoming verification of theoretical
spirals and derivation of eddy diffusivity values will
also make use of the detailed wind data obtained
along the 32-rn high micrometeorological tower
erected in 1967.

Reference

Mahrt, L. J. and W. Schwerdtfeger. 1970. Ekman spirals
for exponential thermal wind. Boundary-Layer Meteoro-
logy, 1. In press.

Late Cenozoic Paleoclimatic Cycles,
Antarctica to the Tropics, 1970

ORVILLE L. BANDY
Department of Geological Sciences
University of Southern California

and
RICHARD E. CASEY

Department of Geology
San Fernando Valley State College

A major emphasis has been given to refining the
cyclic paleoceanographic (paleoclimatic) variations
in the late Cenozoic as recorded by planktonic micro-
fossils in deep-sea cores of antarctic oceans. A cor-
relation has been suggested between these and varia-
tions recorded in temperate and tropical regions,
requiring essential contemporaneity of major paleo-
ceanographic cycles but not absolute contemporane-
ity of the initiation or termination of any specific
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PALEOTEMPERATURE VARIATIONS
IN CORE EI3-3

Figure 1. Paleotemperature variations, Eltanin core E13-3. (1)
Ratio of antarctic radiolarians, Spongotrochus glaciafis and Lithe-
Iius naufiloides, to the subantarctic radiolarians Lithamphora
furcaspkulata and Theocalyptra bicornis. A ratio greater than 9
represents temperatures less than 0°C.; a ratio of about 1 repre-
sents temperatures of about 5°C. (2) Added to (1) above are
fluctuations in abundances of temperate radiolarians that are
mostly absent in the 0 to 250 cm interval of the core. These
temperate radiolarians include Eucyrtidium acuminatum, Lampro-
cyclas maritalis, and Sat urnulus planefes; where these attain maxi-
mum abundances, the temperatures approach 15 0 C., and where
they are very rare, the temperatures approximate the lower limit

of about 5°C.
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Figure 2. Late Cenozoic paleoclimatic cycles correlated with the
Neogene Zones of Banner and Blow (1965) and major planktonic
datum planes (Bandy, Casey, and Wright, in press). The Globoro-
talia truncatulinoides datum plane (truncat. datum) is the base of
the Pleistocene Epoch and is correlative with the extinction datum
of Eucyrtidium calvertense in the Antarctic. The "Sphaeroidinella
dehiscens" datum (dehiscens datum) of low altitudes is approxi-
mately equivalent to the extinction datum of Prunopyle titan in
the Antarctic (Bandy and Casey, 1969). Polar areas are charac-
terized by sinistrally coiled populations of Globorotalia (Turboro-
talia) pachyderma; temperate areas are dominated by dextrally
coiled populations of this species together with Globigerina but-
bides and others; tropical areas are identified by an abundance
of Globorotalia menardii, "Sphaeroidinella dehiscens", and others.
A complete discussion of this model is given by Bandy, Casey,

and Wright (in press).
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cycle (Bandy, 1967, 1968, in press; Bandy, Casey, and
Wright, in press; Bandy and Casey, in press). Doubt
as to the synchroneity of paleoceanographic or paleo-
climatic events in the Atlantic and Pacific (Ericson
and Wollin, 1970) has been removed by the reexam-
ination of this problem (Morin, Theyer, and Vincent,
1970; Bandy, in press).

The upper sections of antarctic deep-sea cores,
labeled Glacial Pleistocene and Holocene (Fig. 1),
coincide generally with the Brunhes Normal Mag-
netic Epoch, representing approximately the last
700,000 years. Ratios of antarctic radiolarians to
subantarctic radiolarians define four major cold cycles
within the Brunhes and uppermost Matuyama, with
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a suggested temperature range of from less than 00
to about 5°C. In temperate regions, major cyclic
invasions occurred of sinistrally coiled populations of
Globorotalia (Turborotalia) pachyderma, an index
of polar waters today (Fig. 2). In tropical waters, a
marked decline is recorded in the abundance of
"Sph aeroidinella deh iscens", an important tropical
index, and a corresponding influx of some temperate-
water indices in the Brunhes.

In lower sections of antarctic cores, labeled Plio-
cene-Preglacial Pleistocene (Fig. 1), temperate radio-
larian species define warmer cycles, with a suggested
temperature range of between about 5° and 15°C.
In temperate areas there is a much-reduced presence
of polar pachyderma faunas (Fig. 2); in tropical
areas there is an abundance of "Sphaeroidinella
dehiscens".

Additional information and evidences of paleo-
ceanographic cycles, which are considered to be
paleoclimatic cycles, are documented in other reports
(Bandy, Casey, and Wright, in press; Bandy and
Casey, in press).
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Antarctic Tertiary Marine Climate
Based on Silicoflagellates

YORK T. MANDRA1

Department of Geology
San Francisco State College

and

HIGHOOHI MANDRA

Prior studies of "Paleocene or Eocene" fossil pol-
len, hystrichospheres and dinoflagellates found in a
small Minna Bluff glacial erratic have been sum-
marized by Harrington (1969). One important paleo-
climatic aspect of his summary is that Antarctica
was warm enough to support a Nothofagus forest.
Additional paleoclimatological information was ob-
tained from a study (Hertlein, 1969) of fossil gastro-
pods found in another recently discovered antarctic
glacial erratic boulder from the vicinity of Cape
Crozier, Ross Island. The antarctic marine paleocli-
matic conclusion based upon these early Tertiary
(probably Eocene) snails is stated in terms of the
distribution of the family Struthiolariidae. Recent
members of this family now live in the cold waters
of New Zealand, but some of its extinct members
appear to have lived in a more temperate environ-
ment.

From these studies, it can be seen that data of
prior early Tertiary antarctic marine paleoclimatic
studies based on fossils do not as yet yield precise
conclusions. Nevertheless, it seems clear that at some
time during the Paleocene-Eocene interval, the coast-
line of Antarctica probably was at least as warm as
the present-day coastline of South Island, New Zea-
land, if not warmer. However, a recent paper (Geitz-
enauer et al., 1968) using surface features of sand
grains from deep-sea cores as its criteria has con-
cluded that there was glaciation in Antarctica during
the Eocene.

In an attempt to obtain greater precision about
the Upper Eocene marine climate of Antarctica,
fossil silicoflagellates from a deep-sea core in the
South Atlantic were studied (California Academy of
Sciences Loc. 39575). The ratio of Dictyocha (Fig. 3)
to Distephanus (Fig. 2) was the basis for the paleo-
climatic conclusion; Naviculopsis (Fig. 1) is the
genus which indicated that the age is Upper Eocene.
The study of these microorganisms indicated that in
the region which is now the Antarctic Peninsula, the
Upper Eocene climate probably was at least warm
temperate or warmer (Mandra, 1969). This con-

1 Also Research Associate, California Academy of Sci-
ences. Mailing address: 8 Bucareli Drive, San Francisco,
California 94132.
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Figure 1. Navicufopsis. X 800. Upper Eocene silicoflagellate
marker. Central widened apical bridge is raised (arched) above
the axis of the long spines. California Academy of Sciences Lo-

cality 39575.

clusion is supported indirectly by the fossil calcareous
nannoplankton studies of Edwards (1968), the oxygen
isotope studies of Devereux (1968), the report of
Harrington (1969), the Scieractinian coral studies
of Keyes (1968), and the paleobotanical studies of
McQueen and others (1968). Each of these last
workers studied Tertiary materials at roughly the
same southern latitude as the original silicoflagellate-
bearing deep-sea core, but approximately 140° farther
to the west.

Current antarctic research on these microorganisms
is concerned primarily with a detailed taxonomic
study of the large number of silicoflagellates which
were the basis for the paleoclimatological conclusion
reported above.

Acknowledgements. The help of Dr. G Dallas
Hanna of the California Academy of Sciences is
gratefully acknowledged. All the scanning electron
photographs were made by Jeolco, Burlingame, Cali-
fornia. Support for this study is being provided in
part by the National Science Foundation under
grant GA-4317.

Figure 2. Disfephanus. X 1000. One of the two silicoflagellate
genera used in paleotemperature determinations. Central, smaller	Figure 3. Dicfyocha. X 1400. One of the two silicoflagellate genera
apical ring is supported above the plane of the larger basal ring	used in paleotemperature determinations. Surface of central, raised
by four almost vertical supporting bars. Specimen is covered with	apical bridge (broken cross-like structure) has Line reticulated mark-
bosses and nodes resulting in a rough, almost granular surface	ings, and is raised above the plane of the larger square-shaped

texture. California Academy of Sciences Locality 39575.	 basal ring. California Academy of Sciences Locality 39575.
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Benthic Foraminiferal Studies
in the Pacific-Antarctic Basin

FRITZ THEYER

Department of Geological Sciences
University of Southern California

A study of benthic Foraminifera from Pacific-
Antarctic Basin samples (Eltanin Cruises 5-17) was
recently completed (Theyer, 1970) as part of a con-
tinuing investigation of antarctic microfossils under
the direction of Dr. Orville L. Bandy.

The area is an abyssal plain with typical depths
of 4,000 to 5,000 m. Bottom oceanographic conditions
show only minor variations; sediments are usually
siliceous oozes. The Antarctic Convergence has no
effect on the benthic Foraminifera.

The fauna consists of mostly large, cosmopolitan
bathyal and abyssal species. Most assemblages are
over 85% arenaceous in composition, but between
3,000 and 4,000 m, some are predominantly calcare-
ous, with Uvigerina peregrina dirupta Todd the
dominant form.

Species diversity, diversity factors, and species equi-
tability fail to reveal trends, but maxima for all
three are found at about 4,200 m. Diversity values
are generally lower than those recorded in the North

Figure 1. Bathymetric arrangement of number of species per
station, western part of the southern oceans. Data from Echols

(1970), Herb (1970), Kennett (1968), and Theyer (1970).

Figure 2. Depth ranges of selected species, Pacific-Antarctic Basin,
indicating relative abundance.

Atlantic (Buzas and Gibson, 1969); species equita-
bility, however, is lower in the North Atlantic. Num-
bers of species per sample are similar to those in the
Ross Sea (Kennett, 1968), the Drake Passage (Herb,
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1970) and the Scotia Sea (Echols, 1970). Four to six
species are added to the assemblages at 100–rn depth
increments. This rate is remarkably constant, and is
twice the rate reported in the Scotia Sea (Echols,
1970). Bathymetric plots of all numbers of species
per station in the western part of the southern
oceans (Fig. 1) demonstrate that numbers are al-
most constant in the upper 3,000 m, with more than
80 species at two stations. Below 3,000 m, however,
maximum numbers of species are less than 50 be-
tween 3,000 and 4,000 m, less than 40 between 4,000
and 5,000 m, and 25 or less below 5,000 m.

The fauna can be grouped considering upper depth
limits of occurrence and bathymetric ranges of index
species. The deepest group has its upper depth limit
above 4,000 m, but assumes importance only at about
5,000 m, where it increases to 20% of the total
assemblage. Predominant species are Hyperammina
subnodosa Brady and Glomospira gordialis (Jones
and Parker). The second deepest group appears at
3,600 rn and remains constant during most of its
range after a maximum at 4,200 m. Reophax
pauciloculatus Rhumbler characterizes it. Group 3
reaches its peak at 4,800 m. Hormosina robusta
(Pearcy) predominates in this group and in the area
as a whole. Group 4 comprises 95% of the assem-
blage at 3,000 m and less than 20% at 5,100 m. It
contains well-known species such as Cyclammina
pusilla Brady, C. orbicularis Brady, Cribrostomoides
subglobosus (G. 0. Sars), and Recurvoides contortus
Earland.

A depth-distribution chart for significant species
of the Pacific-Antarctic Basin (Fig. 2) shows that
Cyclainmina orbicularis is an excellent index in the
range shallower than 3,500 m, while C. pusilla marks
the 3,500 to 4,500 m zone. This distribution contrasts
with that of lower abyssal species; typical forms
among these are Hyperammina subnodosa and
Aschemonella scabra Brady.

Acknowledgement. Support was provided by the
National Science Foundation under grant GA-10204.
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Micropaleontological and Associated
Studies of Southern Ocean

Deep-Sea Cores

J . P. KENNETT and R. H. FILLON*

Department of Geology
Florida State University

In a previous report (Kennett, 1970), a subant-
arctic climatic curve was established for the Brunhes
and Upper Matuyama Paleomagnetic Epochs based
on planktonic foraminiferal trends. This curve has
now been substantiated by changes in radiolarian as-
semblages (Huddlestun, in press). Preliminary work
based on foraminiferal and radiolarian trends in
southern subantarctic—northern antarctic cores indi-
cates that some large climatic fluctuations took place
during the Matuyama in addition to those in the
Brunhes Paleomagnetic Epoch.

Study of Cenozoic subantarctic—southern sub-
tropical cores (Fig. 1) indicates associations of gla-
cially derived ice-rafted sands with periodic major
cooling of the southern ocean during the Lower
Eocene, Upper Middle Eocene, and Oligocene (Mar-
golis and Kennett, in press). The extent of glaciation
is still unknown, but it caused considerable ice-raft-
ing of continental sediment to present-day subant-
arctic regions. Increased species diversity and reduc-
tion or absence of ice-rafted sands in Lower and
Middle Miocene cores indicate a warming trend
that ended in the Upper Miocene. A cooling trend
commenced near the end of the Miocene that led
to Antarctica's Pleistocene glaciation. The search for
additional Lower and Middle Cenozoic cores is con-
tinuing to further delineate Antarctica's paleoglacial
history.

The age distribution of the first known subantarctic
—southern subtropical cores from the southeast Pa-
cific supports sea-floor spreading. Ages of cores in no
cases conflict with the maximum age of the oceanic
crust determined from magnetic anomalies and a
proposed geomagnetic time scale (Heirtzler et al.,
1968; Hayes and Pitman, 1970).

In cores immediately north of the Ross Sea, vari-
ous sedimentary trends are consistently related to
paleo-oceanographic oscillations. Warmest intervals
are represented by an increase in radiolarian and
diatom numbers, increase in frequency of Globiger-
inita uvula, increase in glacial marine sediments,
and decrease in planktonic foraminiferal numbers
(Globigerina pachyderma). Colder intervals are

* Now at Graduate School of Oceanography, Narragan-
sett Marine Laboratory, University of Rhode Island.
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Figure 1. Distribution of Cenozoic cores used to investigate the paleo-oceanographic history of the southern ocean and
the glacial history of Antarctica. Maximum ages are shown for each core.

represented by reduction in diatom numbers and
glacial-marine sediments related to year-round sea
ice near the continent. It is possible that zones devoid
of fauna are due to conditions cold enough to di-
minish radiolarian productivity and to increase the
rate of dissolution of calcium carbonate but not
cold enough to increase foraminiferal productivity to
produce a biogenic component in the sediment.
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Numerical Abundance of
Benthic Taxa in Antarctic Seas

EGBERT G. DRISCOLL and RUTH ANN SWANSON

Department of Geology
Wayne State University

Analysis and statistical treatment of multiple 0.6 m2
grab samples taken on Eltanin Cruise 38 are nearly
complete. Three stations have been examined. Sta-
tion 7, represented by 12 grabs, is generally typical
of fine-grained clastic sediments adjacent to the
continental slope of Antarctica. Diatom-radiolarian-
sponge spicule ooze, typical of non-clastic sediments
south of the Antarctic Convergence, is represented by
the 10 grab samples from station 8. Foraminiferan
ooze is present at station 11, north of the Conver-
gence; 20 grab samples were taken at this station.

The abundance per square meter of specimens
larger than 1 mm among the major taxonomic groups
at each station is listed in the table. Hydroida is an
exception, the abundance being presented in centi-
meters of axial skeleton.
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4.58
44.16

2.63
1.80
0.83
0.83

0.41
0.83
2.36
0.28
0.13
0.13

1.95
5.96
4.86
0.96

0.96
0.13
1.38

15.96
5.83

3.61
2.36

0.70
0.96
0.70
1.11
2.21
2.21
1.25
0.28
0.41
0.28
1.95
0.13
1.80
1.53
1.25

47.86

10.33
30.83

1.83
1.83

0.16
0.16
0.33
1.33
0.33

0.33
1.00
2.50
1.50
0.83
0.16
0.66
0.16
0.83

11.00
5.83
0.16

4.00
3.33
0.16
1.66
1.00
0.50
0.66
1.66
3.00
1.50
1.00
0.50

0.33
0.16
0.16
3.00
2.66

41.96

5.91
43.16

2.50
2.33
0.16
0.08
0.08

0.08
1.66
3.66
2.83
2.75
0.83
7.00
8.75
5.16
3.00
0.91
2.16
0.58
1.16

12.75
5.50
0.08
0.16
3.66
3.66
0.08
1.83
0.33
1.41

1.58
4.33
1.50
1.16
1.50
0.16
0.91
0.08
0.83
4.83
4.66

59.04

Taxon	 Station Station Station
7	8	11

Porifera	..............................
Hydroida	............................
Anthozoa	............................

Gorgonacea ................
Zoantharia ......................

	

Actinaria	....................
Madreporaria ............

Turbellaria...........................
Nemertina	..........................
Nematoda	..........................
Bryozoa..............................
Brachiopoda	......................

	

Inarticulata	....................

	

Discinidae	..................
Articulata ........................

Sipunculida	........................
Mollusca	............................

Pelecypoda ......................

	

Gastropoda	....................

	

Pteropoda	.................
Other Gastropoda ......

Cephalopoda* 
Echiuroidea	........................
Polychaeta	..........................
Crustacea ............................

Copepoda*
O ...........stracoda* 
Malacostraca .................

	

Peracarida	..................
Cumacea	...............
Tanaidacea ............

	

Isopoda	..................
Amphipoda ............

Euphausiacea*	..
Unknown Crustacea ......

Echinodermata ..................
Ophiuroidea ...................
Echinoidea ......................
Holothuroidea ...............
Crinoidea	........................

Hemichordata	....................
Enteropneusta ................
Pterobranchia	................

Chordata	............................
Ascidiacea	......................

Total Number of Animals
(exclusive of Hydroida)

*Not included in calculation of the total number of benthic or-
ganisms.

Estimates of the abundance of individual specimens
per unit area at any given station commonly have
little meaning because of the limited number of sam-
ples available. It is believed that the figures listed
above represent the best available estimates of the
numerical abundance of various benthic taxa in the
three sediment types examined.

A secondary goal of the present research project
was to estimate the quantitative abundance of inver-

tebrate skeletal elements which might contribute to
a macrofossil community in deep-sea sediments. Re-
sults of this project were negative. Approximately
6.3 X 106 cm3 of sediment was taken in 42 grab sam-
ples from the three stations discussed above. Nine
chitinous cephalopod beaks and two fragile, empty
pelecypod valves were separated from this sediment
in the course of animal sorting. These skeletal re-
mains constitute the only potential macrofossils other
than the large benthic Foraminifera which are abun-
dantly present at station 7. It is concluded that
macrofossils may be expected to be essentially absent
from lithifled deep-sea sediments.

Paleomagnetic and Associated Studies
of Eltanin Deep-Sea Sedimentary Cores

N. D. WATKINS* and J . P. KENNETT*

Department of Geology
Florida State University

Measurement of the paleomagnetism of the El-
tanin deep-sea sedimentary cores has been completed
through Cruise 39. Determination of regional sedi-
mentation rates south of Australia to the Antarctic
Continent is now complete.

Separation of the sand-sized fraction for exami-
nation of Radiolaria and Foraminifera also yields any
volcanic glass shards present (see cover). Micropa-
leontological confirmation of the ages of magnetic
polarity changes in the cores, and qualitative de-
termination of the abundance of the volcanic glass-
which is wind-blown--provides data pertinent to di-
verse geological and geophysical hypotheses.

Fig. 1 shows that in three selected Eltanin cores
from the western Pacific, the relative abundance of
volcanic glass in the sand-sized fraction correlates
with two independently defined parameters.

During the Brunhes geomagnetic polarity epoch
(t = 0 to 0.69 m.y.), more rapid temperature fluc-
tuations relative to earlier periods, as determined by
foraminiferal studies for at least one area (Fig. 1,
left), correlate with a much greater volcanic ash
fraction. The implication is that the rapid climatic
oscillations may be due, in part, to a decrease in
solar radiation at the earth's surface resulting from
volcanic maxima which Lamb (1968) has shown to
be related to Historical climatic fluctuations. The

* Now at Graduate School of Oceanography, Narragan-
sett Marine Laboratory, University of Rhode Island.
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Figure 1. Diagram showing relationship between relative abun-
dance of sand-size volcanic ash in three selected Eltanin sedi-
mentary cores, and independently derived climatic fluctuations
during the same time interval (after Beard, 1969). Histograms
representing the volcanic glass shard abundance are from abun-
dant volcanic glass (widest) to absent or rare (thin line). Climatic
changes were based on foraminiferal data. Note the rapid fluc-
tuation of temperature during the past 0.3 m.y., and the abun-
dance of wind-blown volcanic ash during the some period in the
sedimentary cores. Correlation lines between the cores are from
paleomagnetic data (Kennett and Watkins, in press). Geomag-
netic polarity scale (black—normal polarity, clear—reversed

polarity) after Cox (1969).

less rapid climatic fluctuations between t = 0.69 and
3.32 m.y. (Fig. 1, left) are marked by less volcanic
ash deposition in the three selected cores.

The times of the geomagnetic polarity changes
were also marked by volcanic maxima in the three
cores (Fig. 1). This observation is consistent with
Heirtzler's (1968) speculation of an indirect con-
nection between geomagnetic polarity change and
upper mantle stress release (or volcanism), through
a possible mutual dependence of both phenomena on
large wobbles of the Earth's spin axis. Other data
consistent with this possibility are summarized by
Kennett and Watkins (1970). High-latitude cores
are particularly suited to studies of the earth's vol-
canic dust veil, since dust from eruptions at any lati-
tude tends to migrate poleward at high altitudes
(Lamb, 1968). The climatic effect of a dust veil
would be maximum at high latitudes, since it is here
that the solar radiation traverses a maximum atmos-
pheric thickness.

Studies of volcanic ash distribution, magnetic po-
larity changes, and micropaleontological changes are
being continued.
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Paleomagnetic and Geochemical
Studies of Elf anin Dredged

Igneous Rocks
N. D. WATKINS*

Department of Geology
Florida State University

Examination of Eltanin-dredged rocks shows that
the vast majority of the recovered material is ice-
rafted. When regional trends are determined, they
may indicate the direction of the major sources of
local icebergs. For example, trend surfaces indicate
that the rocks recovered from the Scotia Sea were de-
rived in large part from the Antarctic Continent south
of the Weddell Sea, and from the east side of the Ant-
arctic Peninsula (Watkins and Self, in press).

Analysis of linear magnetic anomalies in oceanic
regions is basic to crustal-spreading studies. Deter-
mination of the magnetic properties of dredged
basalts is, therefore, conceivably relevant to the
models used in such analyses. Some of the Eltanin
dredged basalts are pillow fragments of sufficient size
to enable determination of the within-sample varia-
tion of magnetic properties. Watkins et al. (1970)
have shown the existence of large systematic varia-
tions in intensity of magnetization, magnetic stability,
titanomagnetite content, and sulfide content, in a
pillow collected on Cruise 5. The variations are
caused by the inherently large differential cooling

* Now at Graduate School of Oceanography, Narragan-
sett Marine Laboratory, University of Rhode Island.
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rate across the pillow fragment, and suggest that the
magnetic properties of rapidly quenched, small sur-
face basalt samples may not be readily relevant to
analyses of crustal blocks several kilometers thick, as
usually invoked in crustal-spreading analyses. Discus-
sion of the magnetic properties of several other El-
tanin dredged pillow fragments is included in Wat-
kins and Paster (in press).

Magnetic and geochemical analyses have been
made on Eltanin dredged rocks from the Macquarie
Ridge, some of which are in-situ, rather than ice-
rafted (Watkins and Gunn, in press). Rocks from
north of Macquarie Island approach harzburgite in
normative composition, and possess a sufficiently
high stable intensity of magnetization to be the
cause of a strong linear magnetic anomaly over the
axis of the Ridge, as already detected over the
northern 500 km of the Ridge by Hatherton (1967).
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Lamont-Doherty Geophysical Activities
Aboard Eltanin Cruises 39-43

DENNIS E. HAYES and ROBERT HOUTZ

Lamont-Doherty Geological Observatory
of Columbia University

The Lamont-Doherty geophysical program aboard
Eltanin has included the successful collection of
40,000 miles of almost continuous seismic profiling,
gravity, and magnetic data. Investigators from the
University of New South Wales have collaborated
in this program.

The installation of an IBM 1130 computing sys-
tem (Hayes and Griffiths, 1969) allows final, detailed
adjustments to the navigation to be made on board,
and hence routine reduction of geophysical data
(utilizing the computer) in nearly real time. This
capability is particularly important on cruises involv-
ing detailed studies on a small geographic scale.

A new seismic profiler (recorder) from the EPC
Laboratories was recently acquired following success-
ful testing during Cruises 42 and 43. The recorder
is highly versatile (e. g., sweep times ranging from
0.25-8.0 sec and continuously variable chart ad-
vance), and promises to be a significant asset to the
shipboard program.

Wide-angle reflection and refraction measurements
utilizing expendable radio sonobuoys have become
a regular and important phase of the geophysical pro-
gram. About 90 sonobuoys were launched during the
period under review, 50 of them during Cruise 42.
The buoys yielded approximately 250 seismic-velocity
determinations divided about evenly between 1) sedi-
ment layer interval velocities and 2) refraction ve-
locities from consolidated sediments and the upper-
most oceanic igneous rocks. A few records indicate
possible reflections from the mantle. Normally, sono-
buoy operations call for a maximum ship's speed of
5-6 knots to insure resolution of the wide-angle re-
flection data, but the new EPC recorder may enable
recording at normal cruising speed (10 knots) with
only minor resolution losses.

The air-gun operation has been greatly improved
by the development of a system for automatically
injecting glycol into the high-pressure supply hose.
This system has effectively eliminated air-line freez-
ing in sub-zero water temperature and thus minimized
downtime for the profiling system.

Principal investigators on Eltanin from the Scripps
Institution of Oceanography and Woods Hole Ocean-
ographic Institution on Cruises 40-41 provided ex-
cellent cooperation in accommodating the geophysi-
cal program on these special cruises.

Alteration of the proposed track to launch and
retrieve deep instrument packages during Cruise 41
allowed us to obtain three closely spaced geophysical
traverses over the Southeast Indian Rise near 132°E.

Cruises 42 and 43 were geophysical cruises planned
to reexamine areas of special interest in the South
Pacific, in particular the Southeast Pacific Basin and
the western continental margin of the Antarctic
Peninsula. The profiler data have revealed thick
(2.5 km) sediments seaward of the shelf over a large
area of the Bellingshausen Sea. By contrast, the
sediments seaward of the Ross Sea shelf are only
about 300 in The Bellingshausen sediments
contain numerous submarine canyons that are now
inactive and covered with glacial marine sediment,
whereas no canyons occur in the Ross Sea. These
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and other pronounced differences raise fundamental
problems of sediment provenance in the antarctic seas.

Preliminary analysis of magnetic anomalies along
the southeast portion of the Southeast Pacific Basin
suggests that an old pattern of spreading (perhaps
Mesozoic) may be defined all the way to the con-
tinental slope.

A special, multi-discipline volume examining the
area south of Australia and New Zealand between
120°E. and 180°E. is in the preliminary planning
stages; inquiries may be addressed to D. Hayes.
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Seismicity of the Circurn-Antarctic Belt
JAMES F. LANDER

Coast and Geodetic Survey
Environmental Science Services Administration

Seismic activity continued at normal levels in the
sections of the mid-oceanic ridge seismic zones which
constitute a circum-Antarctic seismic belt. A total
of 132 epicenters were determined south of 450S.
latitude in 1969, compared with 130 in 1968 and
149 in 1967. This raises the total number of epi-
centers determined in this region to 1,190 since 1958,

when southern control from antarctic observations
began to make possible high-quality locations. Six
large earthquakes (magnitude 6 or larger) occurred
in 1969 (Table 1). All of these quakes were located
at shallow focal depths. One event had three located
aftershocks and the rest had only one or, in one
case, none. While the aftershocks would be expected
to have magnitudes near the lower limit of the
ability to obtain a location, it appears that there
was no tendency for heavy aftershock sequences.

Twelve earthquakes were located at intermediate
focal depths, between 70 km and a maximum of 175
km. All of these were in the South Sandwich Islands
region, the only area with a history of intermediate-
depth earthquakes south of 45°S. It is noteworthy
that none of the large-magnitude earthquakes oc-
curred in this region even though it had 48 of the
132 epicenters located south of 45°S. in 1969. The
next most active area was the Albatross Cordillera,
which had only 10 events.

The seismic profile of the South Sandwich Islands
is similar to that of the Caribbean, both in total ac-
tivity and in frequency-of-occurrence-at-depth dis-
tribution of intermediate-focus epicenters. Table 2
shows the analogy between these regions. It would
become more marked if allowance were made for the
higher-magnitude threshold for location in the South
Sandwich Islands and the lower capability of deter-
mining the depths of focus accurately, particularly
in the 50-75 km depth range. The remoteness of the
area from all seismic stations is the reason for this.

The seismograms for February 21 were examined
for data relative to the earthquake at 06:32:23.5,
62.9 0 S. 60.2 0 W., associated with the volcanic erup-

Table 1.

	

Region	 Date	h	m	 Lat.	Long.	M

Macquarie Island ............................................ June 17	23	58	10.1	52.570S.	159.720E.	6.6
Balleny Islands ............................................... June 29	17	09	13.9	62.780S.	166.270E.	6.0
South Atlantic Ridge ......................................Aug.	8	11	08	14.8	47.730S.	15.780W.	6.0
Albatross Cordillera......................................... Aug. 18	01	04	04.7	56.020S.	123.370W.	6.4
Southwest Atlantic Ocean .............................. Oct.	1	19	53	15.7	60.850S.	19.720W.	6.0
South of Africa ................................................ Oct. 26	21	39	20.8	53.390S.	23.51°E.	6.1

Table 2. Seismic activity 1961-1969, Caribbean and South Sandwich Islands region. Number of earthquakes
located within 25-km depth interval.

	

Focal Depth
	

50 km	50-75 kin 76-100km 101-125km 126-150km 151-175km 176-200km Total

Caribbean	 266	49	29	19	22	15
	

404
S. Sandwich Islands	284	16	18	22	18	11

	
371
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tion and destruction of the British and Chilean
bases on Deception Island. The record appeared
similar to a. normal teleseismic signal, with periods of
about 1 sec at South Pole and no sign of short-
period waves. A larger-magnitude event will be re-
quired to excite surface waves of sufficient strength
to be recorded by the low-gain, long-period systems.
Vault conditions do not permit operation of the
long-period system at higher gain.

pr

Figure 1. Recording of February 21, 1969, magnitude 5.2, De-
ception Island earthquake on South Pole's short-period vertical

seismograph.

Fig. 1 is a copy of the short-period vertical World-
wide Standardized Seismograph Station record from
South Pole. The rather long P-wave train is usually
indicative of shallow focus. No aftershocks were
identified.

Hydrographic and Current-Meter
Programs on Eltanin Cruise 41

JEFFREY E. CALLAHAN

Chesapeake Bay Institute
The Johns Hopkins University

Cruise 41 was divided into two legs, each consisting
of a southward and a northward run along approxi-
mately 132°E. from the Great Australian Bight to
the antarctic shelf. Both legs began and ended in
Adelaide, Australia. The accompanying chart shows
the track of the first leg.

The primary purpose of Cruise 41 was to launch
three Munk-Snodgrass internally recording tide cap-
sules at 400, 50°, and 60°S. along 132°E. (during
the first leg) and to retrieve the capsules after they
had spent approximately one month on the bottom
(during the second leg). This phase of the research
program was directed by Frank Snodgrass of the
Institute of Geophysics and Planetary Physics, Uni-
versity of California, chief scientist on Cruise 41.

All the hydrographic work and the major part of
the current-meter work were carried out during the
first leg, which lasted from December 20, 1969, until
January 27, 1970. These segments of the research
program were fitted in around the tide-capsule
launches on a time-available basis. In general, the

Track of leg 1, Elfanin Cruise 41. Open circles mark successful
deep current-meter stations. The hydrographic. section extended
from H 1 in the north to H 9 in the south. Maximum interval be-
tween stations was 2 1/2 degrees of latitude. The dashed line

represents the 1—km isobath.

capsule launches went smoothly, and there was ample
time for other work.

The hydrographic stations were done jointly by a
group from the Horace Lamb Centre of Flinders
University, South Australia, led by John Bye, and a
group from Scripps Institution of Oceanography
and The Johns Hopkins University, headed by the
author. Twenty-eight stations, all to the bottom, were
taken using Nansen Bottles. Temperature, salinity (by
conductivity), and dissolved oxygen (by the Winkler
method) were measured at all stations. Silicate, phos-
phate, nitrate, and nitrite concentrations (by Strick-
land-Parsons techniques) were measured at nineteen
stations. At most stations, an independent set of
silicate and phosphate samples was run on Eltanin's
AutoAnalyzer, and an independent set of nitrate sam-
ples was run using cadmium columns developed at
the Horace Lamb Centre. A nearly complete set of
alkalinity and pH measurements was obtained. The
IBM 1130 computer recently installed aboard El-
tanin, together with programs written at the Horace
Lamb. Centre, made it possible to reduce most of the
hydrographic data by the end of the first leg.

Two types of current meters, excluding those built
into the tide capsules, were used on the cruise. Isaacs-
type instruments were moored a few hundred meters
off the bottom at seven positions along the track. Ten
meters were deployed; nine were recovered, and five
good records resulted. The positions of the meters
are shown on the chart. The records are from one to
two days long.
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The other current meter used was an Alexeev-type,
which was suspended from the hydrographic wire at
a depth of about 500 m. Five records of several hours'
duration were obtained with this instrument.

In an effort to gain information about the surface
drift south of Australia, nine packets of 500 plastic
drift cards were released. Two cards released at 50°S.
132°E. have already been recovered at Macquarie
Island (55°S. 159°E.), indicating a drift of at least
21 cm/sec. Other cards released further to the north
have been found along the coasts of Tasmania and
Australia.

Besides extending Eltanin's general hydrographic
survey into a rather sparsely covered area, the hy-
drographic and current-meter programs served several
specific purposes. One was to obtain a more accurate
estimate of the zonal flux of water between Australia
and Antarctica. By using the deep current-meter re-
suits as reference values for the geostrophic calcula-
tions (Reid and Nowlin, in press), one should obtain
a more meaningful estimate of the transport than
one does from simply assuming a depth of no motion.
Preliminary calculations made on board ship indicate
that the net eastward transport may be as great as
320 x 106 m3/sec. The baroclinic transport relative
to the bottom represents slightly more than half
(170x 106 M3 /sec) of the total.

The second objective of the physical oceanographic
programs was to provide observations for comparison
with models being developed at the Horace Lamb
Centre of the circulation in the region south of
Australia.

Finally, the data gathered on this cruise are being
incorporated by the author into a study of the struc-
ture of the Antarctic Circumpolar Current.
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Tectonic Control of
Antarctic Deep-Sea Bathymetry

BRUCE C. HEEZEN

Lamont-Doherty Geological Observatory

A bathymetric study of the antarctic sea floor con-
ducted in preparation for the construction of a new
antarctic bathymetric chart has led to refined deline-
ation of the tectonic fabric of the deep-sea floor.
Through its control of bathymetry, this tectonic
pattern also exercises important controls on water

circulation, sediment type and thickness, and the sea-
scape as observed in deep-sea bottom photographs.
A series of maps now in preparation will demonstrate
the relation of these diverse, tectonically controlled
distributions. The construction of a new bathymetric
map of the antarctic seas employing all available data
is nearing completion.

Studies in Antarctic
Physical Oceanography

S. S. JACOBS, A. L. GORDON, and F. L. ROSSELOT

Lamont-Doherty Geological Observatory
of Columbia University

Physical oceanographic observations were made by
Lamont-Doherty Geological Observatory personnel
aboard USNS Eltanin on Cruises 39, 42 and 43.
Cruise 39 was primarily devoted to sediment coring,
and Cruises 42 and 43 to geophysical programs. Hy-
drographic stations were planned to fill existing gaps
in the data base of antarctic physical oceanography.
Serial temperature, salinity, and dissolved oxygen
determinations were made at selected levels between
surface and bottom on 38 stations. Twenty STD
stations were taken on Cruise 39. Continuous surface-
temperature records and 70 sea-water samples to be
processed for total CO2 were obtained on Cruises 42
and 43. Seven hundred eighty-three bathythermo-
graphic casts, including expendable BTs, were made
at regular intervals along the ship's track, including
12 crossings of the Polar Front (Antarctic Conver-
gence). Hydrographic data from Cruises 42 and 43
were reduced aboard ship with the aid of the IBM
1130 computer. Hydrographic data, ship tracks, and
other station information appear in Eltanin data
reports (e.g., Jacobs, Bruchhausen, and Bauer, 1970).
A bottom camera (Thorndike, 1959), bottom cur-
rent meter (Thorndike and Ewing, 1969), and neph-
elometer (Thorndike and Ewing, 1967) were utilized
on 41 stations. Bottom-photograph negatives for these
cruises will be on file at the Smithsonian Oceano-
graphic Sorting Center.

Analyses of Eltanin data from these and earlier
cruises include a study of the Ross Sea and its inter-
action with the southern oceans (Jacobs, Amos, and
Bruchhausen, in press). Two types of Antarctic Bot-
tom Water (AABW) were found in the northern
Ross Sea, one characterized by low salinity similar
to that produced in the Weddell Sea, and the other
by high salinity (-34.75°/oo). Sharp changes in
temperature, oxygen, and salinity were observed near
bottom on the Ross Sea continental slope. Tempera-
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Temperature /time profile of part of a 24-hour STD study near the AdIie Coast. STD travel through the water column is indicated by
dashed lines.

ture minima (-2.13°C.) measured near the base
of the Ross Barrier were ascribed to depression of the
sea-water freezing point with increasing pressure,
and to possible shelf ice/sea water interactions.

Types of AABW were investigated further by Gor-
don (in press) in a study of the Antarctic Bottom
Water circulation between 130°W. and 110°E. More
than two-thirds of the deep hydrographic data taken
to date in this region are from Eltanin stations.
Current patterns deduced from bottom potential
temperature, salinity, and oxygen distributions reveal
a clockwise flow in the basins between the mid-ocean
ridge and Antarctica and a general eastward flow
north of the ridge. Deep and bottom water in the
South Indian Basin enters the southern Tasman Basin
between 145° and 155°E. Eltanin data between
120°W. and 120°E. reveal a nepheloid layer in the
lowest kilometer of antarctic water south of the mid-
ocean ridge (Eittreim et al., in press). Current pat-
terns derived from hydrographic parameters agree,
in general, with the distribution of nepheloid layers
and regional averages of short-term Eltanin current
measurements.

Hydrographic studies of portions of the Wilkes
Land coast are under way and include an analysis
of bottom soundings extending into apparent depres-
sions on the continental shelf. STD observations over
a period of 24 hours (see figure) on the antarctic
continental shelf near the Adélie Coast are being
studied for relationships between vertical and hori-

zontal diffusion and mixing of heat and salt (Kaplan
and Amos, in preparation).

Five thousand eight hundred and ten hydrographic
stations taken below 40°S. from many ships over the
past 50 years are analyzed and presented in various
horizontal and vertical sections in a new volume of
the Antarctic Map Folio Series (Gordon and Gold-
berg, 1970).
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The CO2—CaCO3 System in the Antarctic
as Related to the Atlantic

and Pacific Oceans
Y. H. Li

Department of Geological Sciences
Harvard University

T.L.Ku
Department of Geological Sciences
University of Southern California

and

G. G. MATHIEU
Lamont-Doherty Geological Observatory

of Columbia University

CO2 (the total dissolved inorganic carbon) and
alkalinity data in regions to the south of Australia
show that the waters of the antarctic seas are mainly
of North Atlantic Deep Water origin. The dissolution
of CaCO3 accounts for 35 ± 5% of the CO2 incre-
ment in the Deep Atlantic and 45-k 5% in the Deep
Pacific. Bacterial oxidation of organic carbon ac-
counts for the rest of the YICO2 increment and is
reflected by an equivalent amount of 0 2 decrement
in the Deep Atlantic and the Deep Pacific, assuming
a respiration quotient of 138/106. Material balance
calculations show that the relatively high oxidation
process of organic carbon in the Antarctic requires
about 1.5 cm3 of 02 uptake from the atmosphere
for each liter of antarctic water. The crossover from
supersaturation to saturation or undersaturation oc-
curs at a water depth of 2,000 m to 3,000 m for
calcite and 200 m for aragonite south of the Antarctic
Convergence. The extent of CaCO 3 dissolution is
controlled by the net production of H+ ions in the
saturated water and by the degree of saturation in
the undersaturated water.

Radiocarbon in the Southern Oceans
A. W. FAIRHALL, ALAN T. OSTENSON,

I. C. YANG, and A. W. YOUNG

Department of Chemistry
University of Washington

program aboard USNS Eltanin. Several hundred
60-liter samples of water have been collected from
various depths to 4,000 m on Eltanin Cruises 36, 38,
39, and 43. CO2 is stripped from the water on board
ship and absorbed on molecular sieve for later return
to our laboratory for '4C assay.

USNS Eltanin is used quite frequently by marine
biologists for productivity studies using 14C tracer,
and since we are measuring minute amounts of 14C,

our program is vulnerable to contamination from
the tracer programs. We discovered that a number of
samples from Cruise 36, including the first few which
were reported last year (Fairhall et al., 1969), were
contaminated. We took the precaution on Cruise 38,
when no less than three different productivity studies
were on board, of doing our work in the balloon-
inflation shed at the stern of the ship. By remaining
aloof from the biology program and taking extra
precautions to avoid contact with the tracer 14C

studies while our collections are being made, we
believe we have circumvented the contamination
problem.

As evidence of this, some 14C profiles are shown
in Fig. 1. All the deep samples show the same levels
of 14C within the experimental errors of ± lOo/oo.
Since the samples from Eltanin Cruise 39 were col-
lected when no 14C tracer studies were on board,
these can scarcely have been contaminated. (The
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Atmospheric testing of nuclear weapons has pro-
duced a large increase in 14 C levels of atmospheric
CO,,: tropospheric CO 2 is currently about 1.5 times
the natural level. The sea is becoming enriched in
14C also as a result of air-sea exchange of CO 2 . We
are studying this transfer by a total CO2 sampling
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Figure 1. Some '4C profiles from water samples collected on EUanin
Cruises 36, 38, and 39, and on Scripps' Piquero Expedition. The
dashed line is representative of ' 4 C levels in the Northeast Pacific

Ocean.
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tracer 14C is extremely labile and is expected to dis-
appear very quickly after the productivity programs
are discontinued.) The good agreement between the
deep samples from Cruises 38 and 39 lends confidence
that the contamination problem was successfully
avoided. The samples from Cruise 36, which are
shown in Fig. 1, were all processed at a time when
no productivity studies were in progress, and there
is no evidence of 14C contamination in this partic-
ular suite of samples either.

In the upper few hundred meters there is evidence
of bomb 14 C in the water, the variability from place
to place presumably reflecting differences in rate of
uptake of 14C, owing to differences in wind speed
over the sea surface as well as complexities of mixing
and advective processes at the different stations. The
few data at intermediate depths, 500-1,000 m, near
40°S. are associated with Subantarctic Intermediate
Water and are presumably unaffected as yet by bomb
14C. As the surface layers of the sea become increas-
ingly enriched in bomb 14C, it is expected that it will
provide a useful tracer for oceanographic studies.
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Biogeography and Systematics
of Southern Ocean Benthic Ostracoda

ROGER L. KAESLER and H. MEADE CADOT

Department of Geology
The University of Kansas

Our study of systematics and biogeography of
southern ocean benthic Ostracoda was initiated this
year with Eltanin Cruise 39 (Boström, 1970) (Fig. 1)
and Hero Cruise 69-5 (Kaesler, 1970). Forty-five
grab and dredge samples were collected on the Hero
cruise, and 15 samples from 13 stations were collected
on the Eltanin cruise.

Samples from the Strait of Magellan yielded several
species of Ostracoda that are restricted to the abyssal
environment in many parts of the world. Initial
phases of the research are directed toward the species
Krithe producta and Bradleya dictyon, both of which
are abundant in the Strait of Magellan and occur
in the abyssal environment in the area of Eltanin
Cruise 39. K. producta is a poorly understood species
or species complex that Brady (1880) described as
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Figure 1. Locations of 13 localities sampled on Elfanin Cruise 39.

• . either a cosmopolitan one, and very variable in
shape • . ." or belonging to more than one species.
He attributed the variability to differences in age,
sex, and race. We have noted apparent trimorphism
in populations of K. producta in all samples in which
it occurs at depths from 25 m to 5,590 m. Study of
the ratios of the various morphs and of their inter-
gradation is now under way in an attempt to deter-
mine if they represent three different species, two
species with one sex of each highly similar, or intra-
specific variation such as phenotypic expression of
multiple alleles or differences due to one of the causes
suggested by Brady (1880).

Furthermore, specimens of Krithe producta col-
lected off Punta Arenas, Chile, from depths of 25 to
250 m at intervals of 25 in shown positive re-
gression of size with depth for a number of characters.
If this trend continues into very deep water, the size
of K. producta could be a useful means of estimating
depths at which ancient sediments were deposited.

The view has often been expressed that assemblages
of Ostracoda from deep water are ". . . mainly thin
shelled, translucent, mostly unornamented species. .
(Van Morkhoven, 1962, p. 149). In the area south
of Australia where samples were collected, smooth
or pitted forms showed a somewhat greater species
diversity than either spinose or ribbed forms, but the
ratios of diversities of the three types remained nearly
constant at all depths from 1,500 to 5,590 m. More-
over, populations of Bradleya dictyon from the area
comprise larger, much more robust individuals than
do populations from the Strait of Magellan. These
tentative results suggest not only that abyssal faunas
are not by any means limited to smooth forms, but
also that heavily ornamented species may actually
become more robust with depth.
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Invertebrates from the Davis Strait
and Labrador Sea*

JOHN H. DEARBORN and DAVID DEAN

Department of Zoology and Ira C. Darling Center
University of Maine

Investigations of the phytoplankton, zooplankton,
and selected invertebrates collected during Hero
Cruise 3 (shakedown) to the David Strait and Lab-
rador Sea in August, 1968, are nearly completed. A
brief account of the cruise and our biological studies
was reported earlier (Dearborn and Dean, 1969).

Qualitative phytoplankton data from 8 stations
and quantitative data from 2 stations are being
studied, by Bernard J . McAlice of the Darling Center
staff. To date, 45 species of phytoplankton have been
identified. Eleven species of zooplankton have been
identified from 8 stations, and the remaining ma-
terial has been sorted to major group, such as os-
tracods, various invertebrate larvae, and fish eggs.
Some quantitative data on the morphometrics and
population structure of two species of copepods,
Oithona similis and Microsetella norvegica, are being
analyzed.

Three groups of invertebrates—the polychaetes,
mollusks, and echinoderms—are being studied by in-
dividuals who took part in the cruise. The other in-
vertebrate groups were not retained.

Systematic analysis of the polychaete collections
has been completed by James A. Blake, University of
the Pacific. The 70 species identified are distributed
in 27 families. The Sabellidae and Polynoidae are
best represented with 8 and 7 species, respectively.
Included in the collections are two new species in
the families Scalibregmidae and Sabellidae.

*Research supported by NSF grant GA-1405. Contribu-
tion No. 26 of the Ira C. Darling Center, University of
Maine.

The polychaete fauna off Baffin Island is poorly
known as compared to that off west Greenland. The
present collection, though sparse, suggests that poly-
chaetes in shallow waters off Baffin Island have re-
markable affinities to similar areas in the western
Pacific. No less than 89 17c of the species taken off
Baffin Island occur also in the western Pacific. This
is a greater percentage of shared species than occurs
off west Greenland (70 17c shared with the Baffin
Island region).

Tentative identifications have been made by Rob-
ert C. Bullock, Harvard University, for nearly all
Mollusca collected. Included are 1 species of aplaco-
phoran, 1 polyplacophoran, 29 gastropods, 34 bi-
valves, and 2 scaphopods, for a total of 67 species.
The collection of a single specimen of the turrid gas-
tropod Pleurotomella packardi Verrill extends the
range of this species to the Davis Strait region. It
was previously known only from Massachusetts. His-
tological preparations are being made for an ana-
tomical report on a bivalve, Bath yarca petunculoides
Scacchi.

A total of 18 species of echinoderms have been
identified to date, none of them new. They include 1
species of crinoid, 8 asteroids, 5 ophiuroids, 2 echin-
oids, and 2 holothurians. The most abundant asteroid
in the collections is Stephanasterias albula (Stimp-
son). Ophiacantha bidentata (Retzius) and the
genus Ophiura account for over 85 17c of the ophiu-
roid specimens obtained. The collection of large
numbers of individuals of three species of ophiuroids
has made possible an analysis of intraspecific mor-
phological variation in these forms.

Reference

Dearborn, John H. and D. Dean. 1969. Arctic invertebrate
studies. Antarctic Journal of the U.S., IV(5): 194-195.

Echinoderm Studies in Southern Chile
DAVID L. PAWSON

Department of Invertebrate Zoology
Smithsonian Institution

During the southern Chile Cruise 69-5 of R/V
Hero in October-November 1969 (see Kaesler, 1970),
the opportunity was taken to investigate some aspects
of the morphology and breeding biology of the com-
mon small sea-urchin Pseudechinus magellanicus
(Philippi), to sample the fauna, particularly echino-
derms, associated with the fronds and holdfasts of the
ubiquitous brown seaweed Macrocystis pyrifera, and
to make general collections of echinoderms.

192	 ANTARCTIC JOURNAL



More than 500 specimens of Pseudechinus magel-
lanicus were examined in a search for further exam-
ples of individuals with situs inversus viscerum. One
such specimen has been recorded previously (Pawson,
1966, p. 209), but no abnormal specimens were found
during Hero Cruise 69-5. Such negative results indi-
cate that the incidence of the abnormality in this
species is extremely low, at least in the year-groups
studied.

The breeding studies were conducted to determine
whether Pseudechinus magellanicus has a typical
temnopleuroid-type pelagic larval stage, in order to
settle the question of the systematic relationships of
the genus. Artificial induction of spawning was only
moderately successful, and it was evident that during
the period of the cruise, the species was not in prime
breeding condition. However, spawning and fertiliza-
tion occurred in a few cases. Development did not
continue past the gastrula stage. Early divisions of
the fertilized eggs were remarkably slow, and gas-
trulation did not begin until the third day after
fertilization. By contrast, it has been demonstrated
(e.g., Mortensen, 1921) that in tropical species, larval
development is rapid, and in most of the species
studied by Mortensen, gastrulation was accomplished
within 24 hours or less. Pearse (1969) has shown that
a direct relationship exists between latitude and rate
of development in asteroids, and the same is probably
true for echinoids. Although the results presented here
are scarcely definitive, it would appear that the larva
of Pseudechinus would take many weeks to develop
to an advanced stage. It is hoped that further studies
on the embryology of P. magellanicus will be made
over the next two years.

In several localities north of the western entrance
to the Magellan Straits (Bahia Isthmus, Puerto
Bueno, Estero Henderson, Isla Campbell; water tem-
perature 8-10°C.) the fronds and holdfasts of Macro-
cystis were collected, and associated animals removed.
The echinoderms recovered include: Arbacia dufres-
nei (Blainville), Pseudechinus magellanicus (Phi-
lippi), Anasterias—two species; Ophiactis asperula
(Philippi), other ophiuroids—two species; Pseudo-
cnus dubiosus (Semper), Pseudocnus perrieri (Ek-
man), and Trochodota sp. Other conspicuous faunal
elements included four species of crabs, amphipods
and isopods, polychaetes, juvenile and adult limpets
and nudibranchs, bryozoans, and one species of sucker
fish. Final determinations of some echinoderms and
representatives of other phyla have yet to be made.

Macrocystis obviously forms an extremely impor-
tant source of food and shelter for a wide variety of
sublittoral animals. Plans are being developed to study
the changes which may occur in the Macrocystis-
associated faunas as a result of changes in tempera-
ture and degree of exposure.
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Physiological Studies of Antarctic
Mosses: Continuing Studies

JAMES R. RASTORFER

Institute of Polar Studies
and Academic Faculty of Botany

The Ohio State University

Following the antarctic field season (1968-1969)
at Palmer Station, stateside work on the program has
involved data reduction and various experimental
studies. Mosses that were used at Palmer Station
for assays and tests were kindly identified by Dr.
Harold Robinson of the Smithsonian Institution.
According to these identifications, the names of those
taxa reported earlier (Rastorfer and Gnau, 1969)
are Polytrichum strictum Menz. ex Brid., Calliergid-
iurn austrostrarnineum (C. Mull.) Bartr., Drepano-
cladus uncinatus (Hedw.) Warnst., Pohlia nutans
(Hedw.) Lindb., and Choristodontiurn nordenskjoel-
dii (Card.) Roiv.

A comprehensive report using four of the above
species concerning element, chlorophyll, lipid, and
carbohydrate assays, as well as the effects of light
intensity and temperature on photosynthesis and
respiration, will be published elsewhere. One interest-
ing result of this investigation was the physiological
differences found between morphologically different
forms. That is, the pleurocarpous forms C. austro-
stramineurn and D. uncinatus, were physiologically
quite different from the acrocarpous forms P. stric-
turn and P. nutans.

Air-dried samples of C. austrostramineurn and D.
uncinatus returned from Palmer Station have pro-
duced new shoots which are growing profusely in
controlled environments (Figs. 1-2). In addition,
Bryum antarcticum, originally collected from Miers
Valley, Victoria Land, has produced new shoots under
the same controlled conditions. This species has also
developed sporophytes of which some are near ma-
turity. This was an unexpected event, since B. antarc-
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of antarctic to northern temperate-zone mosses. Fur-
ther investigations relating to metabolic pathways in
mosses have been initiated. By employing radio-
active tracers, Dr. Pei-Hsing Wu and I hope to de-
termine the effects of low temperatures on the syn-
thesis of fats, amino acids, and other organic com-
pounds. Our preliminary results are encouraging, and
we plan to extend this type of study to various
mosses occurring in diverse habitats, including mosses
of both polar regions. It seems clear that studies at
the metabolic and molecular level, supplementing
physiological-ecological studies, will be useful in elu-
cidating the biology of these organisms in relation to
their endurance of harsh environments.
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Figures 1 (above) and 2 (below). New gometophytic shoots of
Drepanocladus uncinatus after about one year's growth in a
temperature and light-controlled growth cabinet. The substratum
is vermiculite, which appears as the flaky white material around

the edge of the moss colony in Figure 1.
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ticum sporophytes rarely occur under antarctic field
conditions. To my knowledge, sporophyte production
of an antarctic moss cultivated under artificial con-
ditions has not been reported before (Rastorfer, in
press). In relation to this, a temperate moss, Atrichum
undulatum, exposed to both high (ca. 12°C. night
and 21°C. day) and low (ca. 2.3°C. night and
12.2°C. day) temperature regimes, produced sporo-
phytes which reached maturity. However, the sporo-
phytes of the low-temperature regime plants had
shorter stalks and produced fewer spores.

Photosynthetic and respiratory tests, paralleling
those conducted at McMurdo and Palmer Stations,
have been completed on several Ohio mosses. These
experiments provide data for a comparative analysis

Rastorfer, James R. Vegetative regeneration and sporophyte
development of Bryum antarcticum in an artificial envir-
onment. Journal of the Hattori Botanical Laboratory, No.
34 (in press).

Rastorfer, James R. and John M. Gnau. 1969. Physiological
studies of antarctic mosses, 1968-1969. Antarctic Journal
of the U.S., IV(4) 103.

Biomedical and Biobehavioral Studies
of Human Adaptation to

Antarctic Wintering
JAY T. SHURLEY

Behavioral Sciences Laboratories
Oklahoma City Veterans Administration Hospital

and Oklahoma Medical Research Foundation
and University of Oklahoma School of Medicine
The April, 1970 issue of Archives of Internal Med-

icine featured a "Symposium on Man on the South
Polar Plateau," under the author's guest editorship.
The five detailed articles and the editorial represent
the initial group of publications emanating from the
Oklahoma sleep project, which began with field work
in 1966. They constitute original contributions at a
new and more sophisticated level than previously
achieved in antarctic biomedical research, so that the
logistics, methods, and procedures, as well as the re-
sults of the findings, are of interest. In addition to
reporting short and long-term effects on sleep pat-
terns in some depth, cardiorespiratory, hematologic,
metabolic, and immunologic survey data from two
years (1967 and 1968) at South Pole Station are
discussed.

A new departure in the method of collecting and
reporting gross sleep and activity patterns was re-
ported in the May, 1970 issue of Archives of General
Psychiatry. This article discusses the initial trial of
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Electrodes being attached to scalp of sub-
ject at Pole Station in preparation for

sleep recording.

Ii

Subject at Pole Station wired for sleep
recording.

the method at South Pole in the summer of 1966,
and will be followed by much more extensive reports
of data from Pole, Plateau, Byrd, McMurdo, Scott,
and Vostok Stations for the 1967, 1968, and 1969
seasons.

The collection of psychophysiological data during
sleep for the United States baseline (South Pole win-
ters 1967 and 1968 and follow-up upon return to the
U.S.A.) is now essentially complete, and the enor-
mous task of analyzing and interpreting approxi-
mately 360 nights of sleep from 20 subjects is well
under way. This material forms an extremely valu-
able documentation, in fine detail, of human responses
to a particular antarctic environment (the geographic
South Pole) at the physiological level. It is richly
augmented by both the extensions along physiological
lines into related systems, as referred to in the sym -
posium mentioned above, and by a large amount
of individual psychological and social interaction data
which have been subjected to extremely superficial
review and analysis up to now, and remain to be
reported later.

The following publications and manuscripts have
so far resulted from this project:

Brooks, R. E., K. Natani, J. T. Shurley, C. M. Pierce, and
A. T. Joern. 1970. A south polar sleep and dream labora-
tory (Abstract). Psychophysiology, September, 1970.

Guenter, C. A., A. T. Joern, J . T. Shurley, and C. M. Pierce.
1970. Cardiorespiratory and metabolic effects in men on
the south polar plateau. Archives of Internal Medicine,
125: 630-637.

Joern, A. T., C. A. Guenter, J . T. Shurley, and C. M. Pierce.
1969. Respiratory mechanisms of stress at the South Pole
(Abstract). Clinical Research, 17: 552.

Joern, A. T., C. A. Guenter, J . T. Shurley, and C. M. Pierce.
1970. Respiratory Responses to Intense Cold and Altitude
at the South Pole. Presented at the V.A. Armed Forces
Pulmonary Diseases Research Conference, Cincinnati,
Ohio, January, 1970 (In press).

Joern, A. T., J . T. Shurley, C. A. Guenter, R. E. Brooks, and
C. M. Pierce. 1970. Nocturnal sleep patterns during acute
exposure to high altitude hypoxia (Abstract). Psycho-
physiology, September 1970.

Joern, Albert T., J . T. Shurley, R. E. Brooks, C. A. Guenter,
and C. M. Pierce. 1970. Short-term changes in sleep pat-
terns on arrival at the south polar plateau. Archives of
Internal Medicine, 125: 649-654.

Muchmore, H. G., A. B. Blackburn, J . T. Shurley, C. M.
Pierce, and B. A. McKown. 1970. Neutropenia in healthy
men at the south polar plateau. Archives of Internal Medi-
cine, 125: 646-648.

Natani, K., J. T. Shurley, C. M. Pierce, and R. E. Brooks.
1970. Long-term changes in sleep patterns in men on the
south polar plateau. Archives of Internal Medicine, 125:
655-659.

Natani, Kirmach. 1970. Observations of Mood and Perform-
ance in a Small Group of Men During Nine Months Iso-
lated Duty in Antarctica. Masters Thesis (unpublished),
submitted to University of Oklahoma, Department of
Psychology.

Shurley, Jay T. 1968. Psychophysiology of Polar Sleep. Pre-
sented at Skyland, Virginia, September 18, 1968 (Manu-
script).

Shurley, Jay T., K. Natani, and C. M. Pierce. 1969. Sleep
stage patterns at South Pole (Abstract). Psychophysiology,
6: 270.

Shurley, Jay T. 1970. Man on the south polar plateau: Guest
editorial to Symposium on Man on the South Polar
Plateau. Archives of Internal Medicine, 125: 625-629.

Shurley, J . T., C. M. Pierce, K. Natani, and R. E. Brooks.
1970. Sleep and activity patterns at South Pole Station.
Archives of General Psychiatry, 22: 385-389.

Shurley, Jay T. 1970. Dreams good and bad. Nutrition To-
day, 5: 30-31.

Shurley, Jay T. 1970. New directions in antarctic biomedical
research. AAAS Symposium: Antarctic Research, July,
1970 (In press).

Shurley, J . T., C. M. Pierce, K. Natani, and R. E. Brooks.
Sleep and activity patterns at South Pole Station (Ab-
stract). Psychiatry Digest (In press).

Taylor, A. J . W. and J. T. Shurley. Some antarctic troglo-
dytes. Psychological Journal (N.Z.) (In press).

Whitcomb, W. H., A. T. Joern, C. A. Guenter, M. Moore,
J . T. Shurley, and C. M. Pierce. 1970. Effect of the south
polar plateau on plasma and urine erythropoietin levels.
Archives of Internal Medicine, 125: 638-645.
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Cartographic Activities of the
U.S. Geological Survey, 1969-1970

R. B. SOUTHARD

Topographic Division
U.S. Geological Survey

Topographic mapping operations in the Lassiter
Coast area were described in the July-August 1970
Antarctic Journal. Data reduction and cartographic
activities related to this project will be performed in
the Washington, D.C., area in the near future.

Antarctic cartographic activities of the Topo-
graphic Division are based on aerial photography
obtained by the U.S. Navy Antarctic Development
Squadron Six, flown to Geological Survey specifica-
tions, and on geodetic field operations. Based on
earlier fieldwork and photography, 14 topographic
maps covering about 58,300 km2 in Victoria Land
were completed recently and published at 1:250,000
scale. These maps complete the topographic cover-
age of the Transantarctic Mountains between the
Pensacola Mountains and Cape Adare. Compilation
is continuing on 19 maps at the same scale covering
the coastal areas of Marie Byrd Land from Cape
Colbeck on Edward VII Peninsula to the Jones
Mountains in western Ellsworth Land. Compilation
is also in progress on a 1:500,000-scale sketch map
of Palmer Land south of 68°S. To date, the Topo-
graphic Division has compiled and published 72
quadrangle maps in the shaded-relief topographic
edition at 1:250,000-scale covering 769,200 km 2 and
7 sketch maps at 1:500,000-scale covering 859,000
km2 . This coverage, less the recent Victoria Land
maps, is shown on the Geological Survey Index to
Topographic Maps Antarctica, scale 1:10,000,000,
April 1969. The index is scheduled for revision soon;
however, the present edition will be available on re-
quest to the Map Information Office, U.S. Geological
Survey, Washington, D.C. 20242, until the revised
edition is announced in the Geological Survey
monthly list of new publications.

The Geological Survey recently published Ant-
arctic Map No. 1. Reconnaissance Geologic Map of
the Mount Rabot Quadrangle, Transantarctic
Mountains, by Peter F. Barrett, John F. Lindsay,
and John Gunner, geologists with the Institute of
Polar Studies, The Ohio State University. This map,
the first in a new series, is multicolored and printed
on the standard Geological Survey 1:250,000-scale
reconnaissance topographic series map base. The
map is available folded or unfolded.

Maps in the geologic series (at $1 a copy) and
the topographic series (at 75 cents a copy) may be
ordered from the Washington Distribution Section,
1200 South Eads Street, Arlington, Virginia 22202.

During the past year, all available data on astro-
nomic observations obtained at South Pole Station
were analyzed to determine the direction and the
rate of ice movement. The results showed that the
flow was in a direction parallel to the 36.8° west
meridian at a rate of 18.9 m/year.

The observations obtained during the 1963-1964
and 1967-1968 surveys of the Byrd Station Strain
Net were also analyzed as part of a study of the
dynamics of a flowing ice sheet. The data, furnished
to The Ohio State University Institute of Polar
Studies indicated the azimuth and distance changes
for each line in the net.

Antarctic Maps of the
American Geographical Society

DOUGLAS WAUGH

American Geographical Society

Under the National Science Foundation grant for
the continued updating of the 1:3,000,000 map of
Antarctica, copies of which are available at cost,
some changes have been made on the four-sheet
original. Major coastal improvements from new data
have been effected in the areas of the Caird and
Princess Martha Coasts, the southern Ronne Ice
Shelf in the vicinity of the Ellsworth Mountains, and
in the Siple and Shirase Coasts along the eastern
edge of the Ross Ice Shelf (see accompanying map).

A new one-sheet edition of this map in three
colors at a scale of 1:5,000,000 has just been printed
incorporating all data up to May 1, 1970. The new
map may be purchased from the American Geo-
graphical Society.
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Antarctic Map Folio Series

VIVIAN C. BUSHNELL

American Geographical Society

Two folios were published in August. Folio 12,
Geologic Maps of Antarctica, which had been in
preparation since 1965, includes the work of 25
geologists from 8 countries. Seventeen plates in the
folio are devoted to regional maps, mostly at 1: 1,000,-
000 scale; five plates are of the continent as a whole;
and a final plate presents a map of Gondwanaland,
a hypothetical continent that is presumed to have
included present-day South America, Africa, Arabia,
Madagascar, Ceylon, peninsular India, Antarctica,
Australia, and perhaps New Zealand. The geologic
similarities between Antarctica and other southern
landmasses strengthen the case for Gondwanaland.

Folio 13 includes two sections. The major one is
Circumpolar Characteristics of Antarctic Waters, by
A. L. Gordon and R. D. Goldberg. This section in-
cludes 18 plates, 15 of which are devoted to the
horizontal distribution of temperature, salinity, and
oxygen at standard levels. Another plate is a station
map, and the two remaining plates present merid-
ional profiles of temperature, salinity, and oxygen.
The second section of the folio is Sound Channels in
Antarctic Waters, by K. Hunkins. This section has
a single plate which presents summer and winter
maps of sound velocity in the axis of the sound chan-
nel and a series of velocity-depth graphs to show the
seasonal and latitudinal variations in the depth at
which the sound channel is found.

Two folios which are scheduled for publication in
the next few months are devoted to birds and to fishes.
The bird maps include locations of breeding sites,
and specimen and sighting records. There will be an
extensive bibliography of data sources to document
breeding localities and northernmost records. For
some species, the southernmost records will also be
documented. The maps for this folio have been com-
piled under the supervision of George Watson, who
will also author an explanatory text.

The folio on antarctic fishes presents maps of the
locations where coastal and deep-water varieties have
been found. The maps have been compiled by Hugh
DeWitt; data from other workers will be added.

A folio in preparation will include bathymetric
maps by Bruce Heezen, and a map of the subglacial
topography of Antarctica by C. R. Bentley. Another
folio will have maps of marine sediments by Grant
Goodell. These maps will be supplemented by maps
compiled by J. P. Kennett and R. J . Echols of
localities where various fossil Foraminifera have been
found in the sediments.

A folio summarizing the history of antarctic ex-
ploration and scientific investigation is in preparation
by staff members of the American Geographical So-
ciety. The final folio in preparation will include maps
and graphs on antarctic mammals.

Participation in Antarctic Expeditions

I. EUGENE WALLEN

Environmental Sciences
Smithsonian Institution

Under this program, nine scientific visits were
made to the Antarctic during Fiscal Year 1970. A
Smithsonian party led by Richard H. Benson and
including J . Merida, Oliver Flint, and J . Winslow,
participated in Hero Cruise 69-5. Eight of the sta-
tions visited by the Swedish Antarctic Expedition
of 1895 and the Challenger Deep Sea Expedition of
1873-1876 were revisited for comparable collections
of ostracodes. Using a Sanders epibenthic sled and a
Peterson grab, bottom samples were taken and sieved
for ostracodes. An additional ten stations provided
samples from various depths up to 960 m with the
epibenthic sled. The samples are currently under
study.

Gary F. Hevel of the Smithsonian participated in
an expedition to Campbell Island led by Henry Tm-
shaug of Michigan State University. This expedition
resulted in significant collections for study at the
Smithsonian.

Two Smithsonian staff members, H. Adair FehI-
mann and H. A. Symmonds, went to Punta Arenas
from February to May, 1970, to participate in Hero
Cruise 70-2. The primary purpose of this trip was
to accompany Bureau of Commercial Fisheries scien-
tists and collect, preserve, package, and ship natural
history specimens collected as a part of their explora-
tory fish-netting operations. Additional collections
were taken whenever possible. Nine drums of samples
were returned on the USCGC Glacier, and ten addi-
tional drums were shipped from Punta Arenas. Fifty-
three benthic and nine shore stations were taken.
Rich and varied benthic collections were taken off
Deception Island in the South Shetlands, in Neu-
mayer Channel, off Port Famine in the Strait of
Magellan, and off Dawson Island (adjacent to Tierra
del Fuego).

Also, the Smithsonian sent two scientists, William
Cummings and Paul Thompson, to Punta Arenas to
study whales off the Chilean coast. This trip was
interesting and fruitful, but full reports have not yet
been completed.
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Status Report on USARP Activities
at the Smithsonian Oceanographic

Sorting Center
The Smithsonian Oceanographic Sorting Center

(SOSC) began its processing of bulk collections of
natural-history specimens in 1963. Also during that
year, SOSC undertook the sorting of its first antarc-
tic collections. The record of USARP biological col-
lections received, sorted, and shipped by SOSC from
1963 to May 15, 1970, is given in the table.

sorted and the bulk sent to systematists in 6 ship-
ments. In addition, all of the TJSARP backlog of
fishes was sorted into about 11,000 specimens (621
species) preparatory to shipment. This is double the
number of USARP fishes handled by SOSC prior to
Fiscal Year 1970.

Included in this year's activities was participation
in R/V Hero Cruise 70-2 by H. A. Fehlmann and
USARP technician Harold A. Symmonds. Nineteen
drums of antarctic and subantarctic biological ma-
terial, comprising about 250 gallons of samples, were
shipped back to SOSC from the South Shetlands,

Total IJSARP biological collections, 1963-1970

Samples	Samples	Specimens	Specimens	Specimen
Received	Sorted	Sorted	 Shipped	Shipments

Macroalgae	..................................................2,050
Phytoplankton ...............................................242
Zooplankton ..................................................3,524
Benthic:

Invertebrates	............................................2,433
Fishes.........................................................187

Total..................................................8,446

SOSC has dispatched USARP material in 536
shipments to 96 specialists in 11 countries. The table
indicates a large backlog of unsorted samples and
the shipment of approximately one-fourth of the
sorted specimens. The considerable backlog of un-
sorted benthic invertebrates exists in part because of
the large amount of time it takes to unpack and sort
each sample of benthos. This backlog includes some
sediment samples containing meiobenthos, the sorting
of which is too time-consuming at the current tech-
nician and funding levels. Most of the unshipped
sorted material consists of plankton copepods, for
which there are very few specialists. The major prob-
lem facing SOSC in keeping abreast of current
USARP collections and processing those samples ac-
cumulated in the past has been reduction in sorting
personnel supported on contract funding.

During Fiscal Year 1970, 41 of the 48 macroalgae
samples received were sorted into 675 specimens and
shipped to six specialists--twice the production for
last year. The Center sorted all of the 105 plankton
samples received, and was able to reduce by one-
eighth the backlog of midwater-trawl samples. SOSC
sorted approximately half a million benthic inverte-
brates, which were dispatched in 92 shipments. This
amount was about double the benthos sorted and
shipped during the previous year; however, SOSC was
still unable to process all the incoming benthic sam-
ples for the year or reduce the substantial backlog.
All 16 fish samples received from R/V Hero were

	

1,618	 3,268	 2,860	27

	

2,893	15,281,513	3,934,831	229

	

437	1,679,740	658,918	267

	

187	 16,608	 6,086	13

	

5,135	16,981,129	4,602,695	536

the Palmer Archipelago, and the Strait of Magellan.
On its Federal side, SOSC added a chemist and a

photographer to its technical staff. The primary
duties of the chemist are testing of fixatives, post-
fixatives, buffers, and inhibitors against evaporation
and fungus in preserving-solutions for biological
specimens. The photographer will document collect-
ing techniques and equipment and photograph living
and preserved organisms. These two staff members
are expected to increase and complement the services
performed by the Center.

Rock Samples From the Antarctic Seas
TOM SIMKIN

Smithsonian Oceanographic Sorting Center
Smithsonian Institution

The Smithsonian Oceanographic Sorting Center
(SOSC) acts as a middleman between collectors of
specimens and scientific specialists. Rock samples ob-
tained by trawling and dredging from Eltanin are
identified, inventoried, and then distributed to in-
terested specialists for detailed study. On the basis of
megascopic techniques and compilation of records,
each dredge sample is inventoried by lithology,
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geography, physiography, and physical features. These
data, along with supplementary information from
deep-sea photography, bathymetry, etc., are displayed
in tabular format. The program is automated to pro-
vide current catalogs of samples.

Individual rock specimens are sectioned and ex-
amined petrographically to enable adequate identi-
fication. These identifications are also compiled by
the computer into a more detailed specimen catalog
for lithologic and mineralogic requests. As individual
microscopic identifications proceed, revisions to the
earlier megascopic sample designations are made as
necessary.

As a result of the Eltanin program, the antarctic
seas are among the best sampled of all ocean areas
for rocks. Although most samples contain ice-rafted
continental rocks, we have identified many specimens
believed to be local oceanic material. We have been
able to fill quite specific requests for specimens—
such as phosphorite concretions, or plagioclase crys-
tals in basaltic glass—and have subdivided large
specimens of basalt to enable as many as six indi-
viduals to make different investigations of the same
material. As our identifications continue, we expect
to distribute specimens for maximum use of the col-
lection and to publicize the availability of the sam-
ples to the scientific community.

Antarctic Records Program
B. J . LANDRUM

Smithsonian Oceanographic Sorting Center
Smithsonian Institution

The Antarctic Records Program was established
at the Smithsonian Oceanographic Sorting Center
(SOSC) to maintain centralized records on the
U.S. national collections of antarctic natural-history
specimens. It serves as a clearinghouse for data on
these collections—the kinds of specimens collected,
their approximate numbers, and their present loca-
tion. These activities support the National Science
Foundation's efforts to optimize the scientific utiliza-
tion of antarctic collections.

One of the first tasks for the Records Program—
to design an automatic data processing system to cope
with the voluminous and complex body of data—
has been accomplished for biological collections
(Landrum and Sandved, 1969). This year, as an as-
pect of the work done by the SOSC Geology Section,
programming for oceanic rock collections is under

way .* While data from materials sorted at the
SOSC are being added continuously, relevant infor-
mation from older collections and published sources
is also being incorporated into the computerized in-
ventories as rapidly as possible.

The antarctic data base will be an increasingly
valuable resource for biogeographic studies, and it
presents interesting possibilities for more complex
ecological analyses in correlation with pertinent physi-
cal and chemical data acquired through other
USARP activities. In anticipation of some immedi-
ate uses for the natural-history data, computer pro-
grams have been developed to supply frequency dis-
tributions on the basis of selected parameters. Also,
using automatic plotting equipment, charts showing
the occurrence of a specified taxon in Eltanin zoo-
plankton samples, for instance, can be provided as
needed. A useful chart, perhaps, could reflect the
distribution of a taxonomic group or groups in rela-
tion to depth of capture. Presently, the bulk of the
data bank comprises data on specimens identified only
to taxonomic levels above species. As accumulated
species data are incorporated, the bank will yield
information suitable for more complex plotting, such
as analyses of community structures related to en-
vironmental factors. Activities such as these are en-
visaged as service functions that could be performed
by the Records Program at the request of qualified
scientists engaged in antarctic studies.

Sampling data from the biological programs aboard
Eltanin and Hero continue to be compiled at SOSC
for distribution to specialists who study the specimens.
These data are vital to the usefulness of the collec-
tions on a long-term basis; a complete documentation
of Eltanin collection activities should be completed
this year. Plans have been formulated to publish
Eltanin station information, including tables, for ap-
proximately 5,000 benthic, zooplankton, and phyto-
plankton samples.

The storage, processing, and distribution of
USARP ocean-bottom photographs are important
functions of the Records Program. Over 11,000
photographs are available. Each one is examined to
identify the biological and geological features. This
procedure enables specialists to select for study the
photographs that are most likely to be relevant to his
study-

* See p. 198, this issue.
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Bibliographic Coverage
of Antarctic Literature

GEZA T. THTJRONYI

Science and Technology Division
Library of Congress

The Cold Regions Bibliography Section in the
Science and Technology Division of the Library of
Congress has continued its coverage of antarctic
literature, under arrangements with the National
Science Foundation.

Retrospective Coverage
After some three years of compilation, the retro-

spective bibliography of world literature, Antarctic
Bibliography 1951-1961, was completed. The cloth-
bound 349-page volume, priced at $4.75, is now
available from the Superintendent of Documents,
U.S. Government Printing Office, Washington, D.C.
20402.

The bibliography was compiled from a variety of
sources, such as the Library of Congress collections,
other libraries, files of the Office of Polar Programs,
National Science Foundation, and direct acquisitions
of the Cold Regions Bibliography Section. Several
thousand catalog cards made available by the Scott
Polar Research Institute of Cambridge, England,
were particularly useful.

Abstracts are included with approximately 15% of
the citations and brief annotations with another 25%,
the remainder being listed without amplification.

The volume contains 4,773 numbered items, but
the total number of references is much larger, be-
cause many items contain two or more related ref-
erences combined into one item.

The material is presented in 13 subject categories.
If a given item fits more than one category, a main
entry appears under the most appropriate category,
with cross-references in the other applicable ones.
Distribution by categories is as follows: General, 716
items; Biological Sciences, 984 items (plus 43 refer-
ences to items listed under other subject categories)
Cartography, 94 (plus 23); Expeditions, 533 (plus
90); Geological Sciences, 314 (plus 100); Ice and
Snow, 403 (plus 105); Logistics, Equipment and
Supplies, 254 (plus 77); Medical Sciences, 95 (plus
15) ; Meteorology, 535 (plus 75); Oceanography, 250
(plus 89); Atmospheric Physics, 323 (plus 18); Ter-
restrial Physics, 169 (plus 32) ; and Political Geog-
raphy, 103 (plus 14).

The distribution of items by date of publication is
shown in Fig. 1. As might be expected, publication of
antarctic literature shows a significant increase fol-
lowing the International Geophysical Year.

1951 52 53 54 55 56 57 58 59 60	61

YEAR OF PUBLICATION

Figure 1. Distribution by year of publication, based on a
sample of 800 items representing a typical cross section of

the bibliography.

Current Coverage
Work has continued on current literature review

in the form described earlier (Splettstoesser, 1967;
Thuronyi, 1968, 1969). The number of items ab-
stracted under this program now exceeds 8,000. Vol-
ume 4 of the Antarctic Bibliography is being
assembled.

World literature through 1950 has been extensively
documented, especially in the Antarctic Bibliography
published in 1951 (U.S. Naval Photographic Inter-
pretation Center, 1951). With Antarctic Bibliography
1951-1961 and coverage since 1962 in the continuing
Antarctic Bibliography, this documentation has been
brought up to date and is being kept current.

References
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for current antarctic literature. Antarctic Journal of the
U.S., 11(5): 209.

Thuronyi, G. T. 1968. Abstracting and indexing service for
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Journal of the U.S., IV(5): 237.

U.S. Naval Photographic Interpretation Center. 1951. Ant-
arctic Bibliography. U.S. Department of the Navy,
NAVAER 10-35-591. Washington, D.C., U.S. Govern-
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Translation of the
Soviet Antarctic Expedition

Information Bulletin

WALDO E. SMITH

American Geophysical Union

The production of the English edition of the Soviet
Antarctic Expedition Information Bulletin has con-
tinued very slowly during the past year. At the time
of our last report (Antarctic Journal, Vol. IV, No. 5,
p. 236-237), we had completed the numbers through
66, comprising the 12 issues that we designated as
Volume 6. Numbers 67-71—the first five numbers
of Volume 7—were in hand and in progress. Since
that time, the first four (67-70) of these have been
issued in English edition. No. 71 of the Russian series
was held in abeyance to combine with Number 72 to
comprise the third two-number issue. Nos. 72-75 have
arrived only recently and are now in the translation
process. The English edition of two additional issues
(Nos. 71 through 74) will be available soon. No. 75
is also being translated, but will await the arrival of
No. 76 for issuance.

The issues of Volume 7 have been somewhat
smaller than previously, comprising in each case 100
pages or less excepting No. 74, which contains 136
pages in the Russian original. Nos. 67 to 75 comprise
a total of only 850 pages. However, they are a valu-
able source of information on the work undertaken
in the Antarctic by the U.S.S.R.

The English editions of the bulletins are available
from the American Geophysical Union starting with
No. 31. Nos. 31-42 comprise what we have called
Volume 4; 43-54, Volume 5; 55-66, Volume 6; and
67-78, Volume 7. The first three volumes were pub-
lished by Elsevier in book form. The current sub-
scription rate to cover the 12 numbers is $40. Pro-
spective subscribers are invited to write to the Ameri-
can Geophysical Union, 2100 Pennsylvania Avenue,
N.W., Washington, D.C. 20037, for details.

Antarctic Research Series

JUDITH S. MCCOMBS

American Geophysical Union

The Antarctic Research Series, initiated in 1963
by the American Geophysical Union with the aid of
a grant from the National Science Foundation, pro-
vides a focal point for research papers in all fields

of antarctic science. The series presents original con-
tributions that are of value not only to scientists and
students involved in antarctic studies, but also to those
whose major scientific interests lie outside that region.
Volume 13 was released in May 1969.

Volume 14, Antarctic Cirripedia, edited by William
A. Newman and Arnold Ross, will be released in
September 1970. This comprehensive treatise reviews
all barnacle species ever taken from antarctic waters:
85 species, 29 genera, and 9 families. Of these, 20 spe-
cies, 9 genera, and 1 family are described as new. All
antarctic cirripeds are illustrated and described with
keys to each; charts are used to show their present
geographical distribution. This volume will total ap-
proximately 260 pages, contain 48, plates and 90 text
figures, and will be priced at $25.

It is expected that Antarctic Oceanology I, Biology
of the Antarctic Seas IV, A Field Guide to Antarctic
Birds, and Antarctic Pinnipedia will be released
within the next year. Volumes are also being com-
piled on glaciology, geology, and conjugate-point
studies, in addition to several biological monographs.

The first 13 volumes of the series (see Antarctic
Journal, Vol. III, No. 5, p. 211 and Vol. IV, No. 5,
p. 236) are still available through the American
Geophysical Union, Suite 435, 2100 Pennsylvania
Avenue, N.W., Washington, D.C. 20037. A special
offer is in effect for those desiring the full series.

Antarctic Geographic Nomenclature
FRED G. ALBERTS

Geographic Names Division
Department of Technical Services
U.S. Army Topographic Command

The primary objective of this continuing work is
to build an orderly, comprehensive geographic no-
menclature for the antarctic region. In 1947, the
Board on Geographic Names (BGN) issued Special
Publication No. 86 which listed some 800 approved
antarctic names. In 1969, BGN issued Gazetteer
No. 14, 3rd edition, listing 10,000 approved names.

During the year ending June 30, 1970, the Geo-
graphic Names Division continued to perform the
research and other staff functions for the Advisory
Committee on Antarctic Names (ACAN), which
makes recommendations on antarctic names and pol-
icy to the BGN and the Secretary of the Interior.
ACAN met five times in this period, taking action
to approve 364 new names, amend three names, re-
define three features, and rescind one former decision.
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Requests that newly mapped features be assigned
original names were received and processed. Names
were approved for five new Geological Survey maps
of Marie Byrd Land at the scale of 1:250,000. The
names of two ships, USCGC Southwind and R/V
Hero, were approved as proposed by ships' personnel
for a passage navigated by the former and an inlet
frequented by the latter. On the request of the
American Geographical Society, ACAN applied
names for salient features along Caird Coast and
Princess Martha Coast as depicted on an original
map compiled from U.S. Navy aerial photography.
Other names were approved as requested by authors
of USARP reports whose accounts of field activities
required reference to new geographic entities.

ACAN continued its cooperation with antarctic
place-name committees in other countries, and dur-
ing the year approved names applied by Australian,
German, Japanese, Norwegian, Swedish, Soviet, and
British expeditions. One ACAN member, Herman R.
Friis, spent the 1969-1970 austral summer with the
11th Japanese Antarctic Research Expedition as U.S.
Exchange Scientist.

The Geographic Names Division supplied names
information to the Naval Oceanographic Office, the
Aeronautical Chart and Information Center, several
agencies and universities taking part in USARP
programs, the American Geophysical Union, the
American Geographical Society, publishers of atlases
and encyclopedias, news media, and the public at
large. Hundreds of inquiries were received and an-
swered, a few entailing considerable research but
most answerable from information already in Geo-
graphic Names Division files.

Work has gone forward in drafting the texts of
decisions for an expanded gazetteer to include a de-
scription of the features and historical notes on their
discovery and naming. During the year, 2,067 descrip-
tions were completed. Adding these to cases finished
earlier gives a total of 7,898. This phase of the work
is 75 percent completed.

Recent Activities of the
Committee on Polar Research

Louis DEGOES

Committee on Polar Research
National Academy of Sciences

The Committee on Polar Research (CPR) of the
National Academy of Sciences advises on U.S. re-
search programs in polar regions and represents the
Academy in the Scientific Committee on Antarctic

Research (SCAR) of the International Council of
Scientific Unions (ICSU). Dr. Laurence M. Gould
is chairman of the CPR and recently completed a
second term as president of SCAR. The Committee
is composed of 15 members, 7 of whom serve as
chairmen of individual panels. The CPR held its
25th and 26th meetings at the Academy on September
12-13 5 1969, and April 18, 1970, respectively; in
addition, 6 CPR panels and 2 ad hoc groups met
during the period covered by this report.

International Activities. Dr. Gould presided over
a meeting of the SCAR Executive Committee held at
the Scott Polar Research Institute, Cambridge, Eng-
land, July 14-16, 1969. Plans were evolved for the
Eleventh Meeting of SCAR in Oslo, August 17-22,
1970, at which time a detailed review was made of
SCAR structure, organization and procedures. Sev-
eral SCAR working groups met at the time of the
SCAR plenary session: Geology, Solid Earth Geo-
physics, Meteorology, Geodesy and Cartography, and
Logistics. The Executive Committee noted the need
for closer integration and/or cooperation of scientific
research in the Antarctic with that in the Arctic and
invited the advice of ICSU on how best to achieve
that objective, either within or outside of the SCAR
organization. On the suggestion of the ICSU, bipolar
discussions were included in the agenda for the XI
SCAR meeting.

The Committee sent out a call for abstracts and
planned for U.S. participation in the Second SCAR/
JUGS Symposium on Antarctic Geology and Solid
Earth Geophysics, held in Oslo, August 6-15. SCAR
also held a one-day Symposium on Antarctic Ocean-
ography during the SCOR/IAPSO/CMG/IAPO
Joint Oceanographic Assemblies in Tokyo, Septem-
ber 14-17, 1970. At a meeting of the WMO Execu-
tive Committee's Working Group on Antarctic Me-
teorology held in Buenos Aires, April 17-25, 1969,
plans were made for the Second SCAR/ICPM/
WMO Symposium on Polar Meteorology to be held
in Moscow, August 1971, at the time of the XV
IUGG General Assembly.

In July, the annual report on U.S. antarctic re-
search activities was forwarded to SCAR. A sum-
mary of antarctic geological research programs for
fiscal year 1969 was prepared and sent forward to
the SCAR Working Group on Geology. A SCAR
working group was formed to look into technical and
scientific problems affecting communications in Ant-
arctica, with emphasis on radiowave propagation,
interference, and drift static. The Group held its first
meeting at the time of the XI SCAR meeting in Oslo.

Domestic Activities. The CPR report Polar Re-
search—A Survey was issued in March 1970. The
report reviews significant results of past polar re-
search, assesses needs and opportunities for future
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research, and makes recommendations relating to
national research goals.

At its meeting on September 12-13, 1969, the
Committee reviewed recent activities of SCAR, re-
ceived reports on polar activities of government agen-
cies, and reviewed the Committee's functions, com-
position, and structure with a view toward becoming
more active in the months ahead. The Committee
agreed that a steering group should look into the
need for undertaking a "second phase" to the recent
CPR report, considering elements essential to the
successful accomplishment of polar research programs
such as logistics, facilities, automation, organization,
and international cooperation.

The Committee expressed concern about potential
ecological and environmental problems generated by
the oil discovery at Prudhoe Bay, Alaska, and on the
likely irreversible consequences of decisions now being
made by industry and at all levels of government. It
called on the Chairman to bring this matter to the
attention of Dr. Philip Handler and to volunteer the
Committee's assistance should an independent assess-
ment of the problem be undertaken by the Academy.

At its April 18, 1970 meeting, the Committee laid
final plans for U.S. participation in the SCAR meet-
ing in Oslo. In addition, it endorsed several resolu-
tions by its Panels and reaffirmed its concern for
environmental, ecological, and other problems emerg-
ing in Alaska and elsewhere in the Arctic. The
Committee endorsed a memorandum from Dr. Gould
calling for a resumption of the plan for rotation of
CPR membership that was deferred during the
preparation of the recently issued CPR report.

Russian Monographs
Submitted for Translation

NSF's Polar Information Service has submitted the
following monographs for translation into English
under the PL-480 foreign-currency program:

Arctic and Antarctic Scientific-Research Institute.
Seventh, Eighth, and Ninth Continental Expeditions.
(Its Transactions of the Soviet Antarctic Expedition,
vol. 52.) Leningrad, 1968. 267 p.

Arctic and Antarctic Scientific-Research Institute.
Meteorological Conditions in the Arctic During the
Years of the Quiet Sun. (Its Transactions, vol. 274.)
Leningrad, 1968. 143 p.

Erratum: The mountain on the cover of the July-
August issue (vol. V, no. 4) was erroneously identified
as the Dufek Massif. The photo is of Mount Tyree in
the Sentinel Mountains.

Deep Freeze 70
Air Operations

DAVID B. ELDRIDGE

Commander, U. S. Navy
Commanding Officer

Antarctic Development Squadron Six

The first ski-equipped LC-130 Hercules departed
Christchurch, New Zealand, for Williams Field, Ant-
arctica, at 0816 hours on August 31, 1969, beginning
antarctic air operations for Deep Freeze 70. This
was the fifteenth consecutive season in which Ant-
arctic Development Squadron Six (VXE-6) has
contributed to the exploration and scientific investi-
gation of the Antarctic.

Air Operations Begin
During the past season, air operations on the con-

tinent began with a pre-season fly-in to Williams
Field by two LC-130Fs. As in past years, the main
purpose of the fly-in was to transport scientists and
helicopter crewmen to McMurdo Station, so that
late-winter field studies could begin. A medical evac-
uation flight was made to Byrd Station, and the
planes then departed for Christchurch with the
patient aboard.

Plans called for a gradual reactivation of facilities
on the continent leading toward full-scale operations
in mid-October. The commanding officers of various
units which would be spending the next five to six
months on the ice, arrived on October 15, officially
opening the Deep Freeze 70 season. Rear Admiral
David F. Welch, Commander, U.S. Naval Support
Force, Antarctica, was aboard the first aircraft.
Later that day, the first C-121 Super Constellation
from Christchurch landed on the annual ice run-
way.

Throughout the following week, a series of turn-
around flights by LC-130 and C-121 aircraft de-
livered a steady flow of personnel, equipment, and
supplies to the continent. These flights also returned
the majority of McMurdo Station's winter-over
party to New Zealand. The squadron's remaining
aircraft arrived at Williams Field on October 26. All
personnel were then in position either at McMurdo
Station or with the squadron's heavy-maintenance
detachment at Christchurch.

Flights to the Outlying Stations
With four "Hercs" at McMurdo, operations be-

gan in earnest. The season's first extended Hercules
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Field parties were ferried to the Lassiter Coast
camp on November 8. Eight days later, a construc-
tion crew was flown to open Beardmore camp #1.
On the 18th, planes delivered scientific teams to
the Scott Glacier and the Carapace Nunatak. The
Shackleton Range party arrived at its destination
on November 20 with six men, 27 dogs, and cargo
being transported from Halley Bay to Shackleton
during this operation. On November 24, the Terra
Nova Bay party was taken to its destination, and
nine days later, the team from Stanford University
was flown to Siple Station.

U.S. Navy Photo

UH-1D Huey helicopters are the newest Navy addition to VXE-6.
They were previously flown by Army pilots.

flight over the continent was made to reopen Hallett
Station on October 16. A few hours later, another
LC-130 touched down at Brockton to reactivate the
weather station. Byrd Station received its station-
opening flight on October 20 and the initial flight to
Amundsen-Scott South Pole Station was made on
November 1. With all permanent outlying stations
activated, the resupplying of these distant outposts
became an almost daily operation for the remainder
of the season, although flights to Hallett Station
ended December 2 due to the deterioration of the
annual sea ice in Moubray Bay.

Field-Party Support
The placement of parties in the field and their

constant resupplying were once again the major mis-
sions of VXE-6. A number of distant investigative
groups were delivered, supported, and returned by
the LC-130F. Various field parties were placed and
supported by helicopter in the vicinity of McMurdo
Station.

U.S. Navy Photo

An LC-1 30 of VXE-.6 passes Mount Erebus on the final approach
to Williams Field.

Remote Sensing Activities
A major accomplishment for Deep Freeze 70 was

the airborne radio ice-thickness sounding program
headed by Dr. Gordon Robin of the Scott Polar
Research Institute and conducted in an LC-130F.
More than 250 hours were devoted to these flights,
with a variety of tracks emanating from McMurdo,
Byrd, and Pole Stations. Due to the introduction of
the ice sensing program, the aerial mapping pro-
grams received less attention than in past years. The
scientific data obtained during these flights are ex-
pected to enable scientists to determine the physical
characteristics of the continent more quickly in com-
parison to the time-consuming ground traverse
methods previously used.

Aerial mapping missions and the airborne radio
thickness sounding missions were flown concurrently
using an LC-130F aircraft. With the exception of
five flights which originated from Halley Bay Sta-
tion, the 32 flights associated with these programs
were supported from Byrd and Pole Stations, and
from the Williams Field runway at McMurdo
Station.

Seventy percent of the planned special photographic
missions for the U.S. Antarctic Research Program
were flown. In addition to the vertical photography
taken at Bartley, Meserve, and Hart Glaciers, black
and white photographic missions were flown at Bea-
con Valley, the ice barrier, Coalsack Bluff, Lake
Vanda, Clark Bluff, Mount Odin and Cape Barrie.

Helicopter Support Around McMurdo
Helicopter support was heavy during Deep Freeze

70, assisting numerous scientific projects with more
than 973 flight hours. The requirements for photo-
graphic support, ice reconnaissance, search and res-
cue, and other purposes were fulfilled. The LH-
34D Seahorse aircraft, the workhorse of the Mc-
Murdo area, accumulated 683 flight hours.

A new camp set up in the Beardmore Glacier area
was locally supported by the squadron's UH-11)
"Huey" helicopters and maintenance personnel. It
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was in this area that animal fossils were discovered.
A record of accident-free flight operations con-

ducted by VXE-6 since February 1966 ended on
November 19, 1969, when an LH-34D helicopter
experienced engine failure over mountainous terrain
and crashed during an attempted emergency landing.
The crash resulted in the death of two civilian pas-

^embers
ngers, while the six remaining passengers and crew

 received burns.
On November 12, 1969, an LC-130F Herculestransported the first women in history to visit theA mundsen- Scott South Pole Station.
A Fortieth Anniversary Commemoration of RearAdmiral Richard E. Byrd's flight from Little Amer-

ca to the Amundsen-Scott South Pole Station was
nade November 29. The aircraft duplicated the
1ight pattern used by Admiral Byrd in 1929.

^_onclusion
It is a tribute to the dedication and skill of the

flight and maintenance crews, and also a reflection
of the cooperation that exists within the antarctic
program, that VXE-6 completed a highly successful
season during which planned objectives were met or
exceeded. As in the past, the successful aviation
effort owes much to the air traffic controllers, me-
teorologists, communicators, airfield maintenance
men, and other specialists of Antarctic Support
Activities.

Nuclear Power Operations,
Deep Freeze 6 9-70

ROBERT F. ALEXANDER

Senior Chief Construction Electrician, USN
Naval Nuclear Power Unit

Fort Belvoir, Virginia

Operation of the PM-3A nuclear power plant at
McMurdo Station during the 1969-1970 season was
highly successful.* Freshwater production also in-
creased significantly. Major summer projects in-
cluded a 10% increase in reactor power, repair of
the containment system, modification of the fuel
transfer dolly, and relocation of electrical switching
station #1 to a place inside the maintenance and
supply building.

*Even though plant availability was less for this period,
the quantity of electrical energy produced was almost equal
to that of the previous year.

PM-3A Operating Data

The nuclear power plant was operating at 78.78
percent of capacity, down 6.97 from the previous
year. Electrical energy for production and export
was 9.68x106 kwh and 7.62x10° kwh respec-
tively. Table 1 gives a historical summary of elec-
trical energy production. Included in this table is
the amount of diesel fuel (DFA) which would be
required to produce an equal amount of electrical
energy.

Water Distillation Plant Data

Water production was more than sufficient to
meet the needs of McMurdo Station and the PM-
3A, and provided an increase of 1,726,780 gallons
over the previous year. This method of producing
fresh water has completely supplanted earlier meth-
ods of melting snow and collecting lake water. A
comparison of water production for 1967, 1968, and
1969, and the methods of operation are shown in
Table 2.

The relatively large amount of water produced by
diesel fuel is attributed to the fact that the McMurdo
Station electrical demand is beginning to approach
the maximum energy capacity of the PM-3A. When
the gross electrical requirements approach 1,800 kw,
it is more economical to power the water distillation
units by a diesel-fueled auxiliary boiler and keep the
full electrical load on the PM-3A, than to split the
electrical distribution system and place part of the
electrical load on the diesel-electric plant.

Winter Operations

With the advent of winter, Crew VIII settled
down to continued power and water production.
Crew VIII experienced twelve unscheduled shut-
downs of the reactor. The turbine proved to be the
greatest problem and caused most shutdowns. The
seats of the steam valves were found to be eroded
and the valves were not seating properly. The old
valve seats were removed and new seats installed.
Training was conducted on a continuing basis
throughout the winter and resulted in the certifica-
tion of 12 men as watch supervisors, 8 as control-
room operators, and 6 as equipment operators.

Crew Relief

Crew TX arrived at McMurdo Station in October
1969 to begin an intensive in-plant training sched-
ule. This training completed their preparation for
assuming the responsibility for safe and efficient op-
eration of the nuclear power plant during the winter
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Table 1. Summary of electrical energy production.

Diesel-fuel

	

Kilowatt-hours produced	equivalent of net
Calendar	 Availability	 production

year	 (percent)	Gross 1	 Net	 (gallons)2

1962
	

29.03
	

2,336,000	1,803,040	133,757
1963
	

42.20
	

4,123,000	3,267,600	242,404
1964
	

35.89
	

3,240,000	2,410,000	178,783
1965
	

60.87
	

6,916,000	5,240,000	388,724
1966
	

77.42
	

8,690,000	6,780,000	502,967
1967
	

86.24
	

9,550,000	7,400,000	548,961
1968
	

85.05
	

10,000,000	7,680,000	569,733
1969
	

78.78
	

9,680,000	7,620,000	565,282

Total
	

54,535,000	42,200,640	3,130,611

'Taken from PM-3A weekly operating reports.
'Computed with a conversion factor (13.48 kwh/gallon of DFA)

derived from actual McMurdo Station diesel plant operation in 1967.
' Estimated.

of 1970. The Crew IX members were subjected to
extensive oral examinations prior to their certifica-
tion for positions as operators or maintenance tech-
nicians. On November 9, 1969 5 Lt. Comdr. Ralph
R. Reynolds, CEC, USN, relieved Lt. Comdr. James
P. Kurtz, CEC, USN, as officer-in-charge, and the
PM-3A became the responsibility of Crew IX.

Summer Maintenance and Modifications
Annual maintenance on the many and varied sys-

tems was accomplished during the summer season
along with preparation for the installation of pre-
viously initiated modifications. Significant modifica-
tions which were accomplished during the Deep
Freeze 70 summer season included the following:

(1) The reactor power plant output of the PM-
3A was increased by 10%. This increase in plant
capacity without modification to any major installed
equipment was made possible through engineering
evaluation of the nuclear characteristics of the re-
actor core (Type II core), primary system transient
response, and plant operating data.

(2) The reactor containment system was tested
for integrity. This procedure required draining of
the shield water in increments to predetermined
levels and pressurizing the system to locate sus-
pected leaks in the containment tanks. The leaks
were located and welded.

(3) The spent fuel tank interface was modified.
This modification was required to enhance the struc-
tural capabilities of the fuel transfer dolly and spent
core storage rack so that they are capable of han-
dling the increased weight of the new low enrich-
ment Type IV core.

(4) Electrical Switching Station #1 was relo-

cated inside the Maintenance and Supply Building
This modification was deemed necessary to provide
better protection for the switch gear and distribution
lines from the antarctic weather.

Winter Maintenance
The first midwinter refueling of the PM-3A was

completed and full station load resumed on July 14,
1970. Crew IX personnel completed this task de-
spite the mechanical problems of a new core. The
new low enriched Type IV core is designed to provide
almost five years of operation without refueling. The
reactor was returned to full power three days ahead
of schedule.

Future Plans
A major turbine overhaul is planned during the

Deep Freeze 71 summer season. The turbine gland
seals and rotor will be replaced and the main bear-
ings will be thoroughly examined and replaced as
needed.

Table 2. Water Production (Gallons)

1967	1968	1969

	

By nuclear energy	1,943,432 2,167,768 2,647,268

	

By diesel fuel ..................516,349	1,343,123	2,590,413
Total	............ ......	2,459,781	3,510,891	5,237,681

DFA equivalent of

	

nuclear power'	56,693	63,237	77,225

'Computed with a conversion factor (34.28 gals water per gal
DFA) derived from auxiliary boiler usage of 17.5 gals/hr of DFA
and the distillation units normal water output of 600 gals/hr per
unit.
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Deep Freeze 70
Antarctic Support Activities

E. W. VAN REETH

Captain, U.S. Navy
Commander

Antarctic Support Activities

The unusually harsh weather experienced during
the summer created a staggering snow-removal task.
Antarctic Support Activities (ASA) maintains some
18,000 feet of ice runways and some 19,000 feet of
skiways at Williams Field and Outer Williams Field,
plus their associated roadways.

Beardmore Camp was established on November 16.
Field camps consisting of a single Jamesway were set
up at Lassiter Coast and Siple Station, with three
Jamesways erected at Byrd Station.

Like many other places, McMurdo Station is ex-
periencing environmental problems. Considerable ef -
fort is being directed toward reducing the area dump
to an acceptable level and toward controlling erosion
caused by melt run-off. A combined program of
refuse management and culvert installation is under
way.

Food service improved markedly at McMurdo
following the opening of the new, modern galley.
Over 95,000 meals were served at McMurdo Station
and Williams Field between October and February.

The tanker Maumee delivered 6,794,000 gallons
of petroleum products to the fuel depot on Febru-
ary 1. The depot dispensed 4,700,000 gallons of bulk
fuel during the 1969-1970 season, and some 108,000
gallons of petroleum products.

As part of the greater McMurdo improvement
plan, ASA moved into its new office spaces. The
goal is to consolidate the scattered offices and task
groups under a few roofs and eliminate unnecessary
buildings.

bring each other up to date on recent results, and at-
tempt to coordinate future research plans for this area.
The following programs were represented: seismic
and radio-echo sounding; surface strain-rate measure-
ments; accumulation, snow-firn densification, and
surface-topography measurements; and deep drilling,
bore-hole logging, and ice-core studies.

John W. Clough, Geophysical and Polar Research
Center, University of Wisconsin, described the pro-
gram of sonic logging in the Byrd Station deep drill
hole and radio-echo sounding in the vicinity of Byrd
Station during the 1969-1970 season. Anthony J. Gow,
U. S. Army Cold Regions Research and Engineering
Laboratory, presented recent results on ice-crystal
orientation, gas-bubble content of ice, oxygen isotopes,
and temperature/depth relations from cores taken
from the Byrd deep drill hole. William H. Chapman,
U. S. Geological Survey, discussed the Byrd Station
Strain Net project. Ian Whillans, Institute of Polar
Studies, described the detailed surface strain measure-
ments and related surface studies undertaken in the
1969-1970 season in the region of the BSSN. Terence
j. Hughes. Institute of Polar Studies, presented a
hypothesis involving convective currents within the ice
sheet, and Proposed methods of testing it.

Antarctic Bibliography 1951-1961

Antarctic Bibliography 1951-1961 is now available
from the Superintendent of Documents, U.S. Gov-
ernment Printing Office, Washington, D.C. 20402, at
$4.25 per copy. This 349-page hard-bound volume,
edited by Geza Thuronyi, contains 4,773 citations
of publications appearing in 1951-1961. Indexes are
included to subjects, authors, and geographic areas.

Glaciology Meeting
at The Ohio State University

GILBERT DEWART

Institute of Polar Studies
The Ohio State University

A meeting devoted to Problems of glaciology in
Marie Byrd Land, sponsored by the Institute of Polar
Studies, was held on May 7, 1970, at The Ohio State
University. The purpose was to bring together investi-
gators working on different aspects of the West Ant-
arctic ice sheet, so that they could exchange ideas,

New Translation of
Soviet Polar Literature

Another monograph on polar research has been
translated from Russian for the Polar Information
Service of the National Science Foundation under
the PL-480 program. Priced at $3.00 per copy, it is
available from the Clearinghouse for Federal Scien-
tific and Technical Information, U.S. Department
of Commerce, Springfield, Virginia 22151.

Academy of Sciences of the U.S.S.R. Soviet Ant-
arctic Research 1956-1966; Proceedings of a Con-
ference. Edited by V. A. Bugaev. 1967. 218 p. (TT
69-55004).
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Commander David B. Eldridge, Jr.

Antarctic Support Activities	 Change of Command in VXE-6
Change of Command

Captain Eugene W. Van Reeth.

Captain Eugene W. Van Reeth replaced Captain
Ervin B. Rubey, Jr., as Commander, Antarctic Sup-
port Activities (ASA), in ceremonies at Davisville,
Rhode Island on July 15.

Capt. Van Reeth has been involved in antarctic
support since 1965, when he was assigned to Antarc-
tic Development Squadron Six and served as main-
tenance officer, operations officer, and executive offi-
cer. He was the squadron commander from June
1968 to July 1969 and has completed four deploy-
ments to the Antarctic since 1965.

Capt. Rubey has been assigned to the staff of the
Commander-in-Chief of the U.S. Atlantic Fleet,
Norfolk, Virginia.

James Simsarian (1907-1970)
James Simsarian, a former State Department

lawyer and expert on international scientific affairs,
died in Washington on July 24, 1970.

Mr. Simsarian was the officer responsible for ant-
arctic affairs in the Department since 1963. In his
more than 25 years with the State Department, Mr.
Simsarian helped formulate American policy on
exploration and exploitation of seabed resources. He
was also active in the World Meteorological Organi-
zation and helped draft and implement American
participation in the World Weather Watch.

Prior to his retirement from State on April 30,
1970, he was chief of the Division of International
Scientific and Technical Affairs.

On June 24, 1970, Commander David B. Eldridge,
Jr., assumed command of Antarctic Development
Squadron Six (VXE-6) during ceremonies at Quon-
set Point Naval Air Station, Rhode Island. He re-
lieved Commander Jerome R. Pilon, who will attend
the Naval War College at Newport, Rhode Island.

Comdr. Eldridge was first assigned to VXE-6 in
February 1966. He was officer-in-charge of the squad-
ron's winter-over detachment at McMurdo Station
during Operation Deep Freeze 68 and has previously
served as operations officer and executive officer.

New Antarctic Geologic Map Series

The U.S. Geological Survey, in cooperation with
the National Science Foundation, has begun a new
series of antarctic geologic maps, the first issue of
which was released in mid-May 1970. This map,
"Reconnaissance Geologic Map of the Mount Rabot
Quadrangle, Transantarctic Mountains, Antarctica,"
by Peter J . Barrett, John F. Lindsay, and John Gun-
ner, is the product of several years of field work by
geologists of the Institute of Polar Studies of Ohio
State University. Geologic units ranging in age from
Precambrian to Quaternary are shown in color pat-
terns on a topographic base at scale 1:250,000. Parts
of the Queen Elizabeth and Miller Ranges, on both
sides of the Marsh Glacier, are covered between 830
and 84°S. and 154° and 165°E. Two structural
cross-sections and a list of references are included
on the map sheet.
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Antarctic geology map No. 1 can be purchased
for $1.00 from:

Distribution Section
U.S. Geological Survey
1200 South Eads Street
Arlington, Virginia 22202

or
Distribution Section
U.S. Geological Survey
Federal Center
Denver, Colorado 80225

Antarctic Ecology

Antarctic Ecology, vols. 1 and 2, published in
1970, is based on papers presented at the Second
Antarctic Biology Symposium, held in Cambridge,
England, in 1968. Edited by M. W. Holdgate and
published for SCAR by Academic Press, London and
New York, the two volumes (Vol. 1: 604 p., $18.50;
Vol. 2: 394 p., $14.00) contain 82 research and
review papers in 14 subject categories.

Hero Cruise 70-2

MILES ALT0N

Bureau of Commercial Fisheries
Department of the Interior

and

H. ADAIR FEHLMANN

Smithsonian Oceanographic Sorting Center
Smithsonian Institution

Cruise 70-2 of R/V Hero began on March 4,
1970, with departure from Punta Arenas, Chile, and
terminated on April 30, 1970, upon her return to
Punta Arenas. On departing for the planned fishing
survey in the Scotia Sea and while still in the Strait
of Magellan, Hero altered plans by proceeding di-
rectly to the Soviet station Bellingauzen, South Shet-
land Islands. Courtesy calls were made at the Chilean
stations Arturo Prat on Greenwich Island and Presi-
dente Frei, King George Island. On March 11, Hero
proceeded to Palmer Station with intermediate anchor-
ages at Deception and Melchior Islands. From March
6 to 20, work was carried out in the vicinity of

Wylie Bay, Port Lockroy, and Deception Island.
After a second visit to the Soviet station Bellingauzen
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on March 31, the vessel visited briefly the Argentine
station Almirante Brown in Paradise Harbor, then
returned to Palmer Station, where she rendezvoused
with USCGC Glacier on April 4. On April 9, Hero
cleared Palmer Station for Drake Passage and Cape
Horn, arriving at Punta Arenas on April 14.

In the Strait of Magellan, five days were spent
collecting in the vicinity of Dawson Island, Port
Famine, and Bahia Inutil. This cruise was designed
primarily for initial sampling in antarctic waters in
the Scotia Sea by the Bureau of Commercial Fish-
eries. The scientific effort was diverted by problems
with the ship, deteriorating weather conditions, and
restrictions in the use of the main trawl. The cruise
was redirected to work along the continental shelf
of the Antarctic Peninsula and islands. The principal
gear used was longline, fish pots, 6-foot Isaacs-Kidd
trawls and several Blake trawls. The Bureau of Com-
mercial Fisheries party led by Miles Alton included
Kenneth Waldron, A. K. Larssen, and Ole Mork.
The collections of biological materials were prepared,
sorted, and packaged by the Smithsonian Oceano-
graphic Sorting Center team of H. Adair Fehlmann
and Harold Symmonds.

Rich and varied collections of benthic organisms
were taken by try-net or four-foot Blake trawl on the
Atlantic shelf of Tierra del Fuego, off Deception
Island in the South Shetland Islands, and near Port
Lockroy on Neumayer Channel in the Palmer Archi-
pelago. Rich samples of benthic invertebrates, fishes
and macroalgae were made at Port Famine in the
Strait of Magellan and off Dawson Island adjacent
to Tierra del Fuego. Longline and pot fishing were
conducted in the vicinity of Port Lockroy and Bra-
bant Island in the Palmer Archipelago, and on the
west bank of Deception Island. Shore and beach col-
lections were made in the area of the Soviet station
Bellingauzen, near Palmer Station, at Port Lockroy
on Goudier Island, and at several sites on Deception
Island.

A total of 86 stations were made, of which 16 were
concerned with exploratory fishing and 70 were
made in support of the Smithsonian Oceanographic
Sorting Center. From this effort, nine drums of
samples were collected in antarctic waters and ten
drums from the Strait of Magellan, or about 250
gallons of biological samples. Slightly less than 50
percent of the sampling took place in Patagonian
waters. The samples represented 53 bottom trawl
stations and nine shore stations. Fifteen six-foot
Isaacs-Kidd mid-water trawls and nine one-meter
plankton tows were also made.

A major and vital part of the cruise preparations
by the Bureau of Commercial Fisheries was the com-
pletion of the hydraulic deck machinery and the
construction of fish pots. Fishing trials were conducted
prior to departure from Punta Arenas.
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Plans and Projects
For the 1970-1971 Season

Introduction

Nearly 200 United States investigators will be en-
gaged in more than 50 projects during the present
austral summer, while about 40 New Zealand and 14
other foreign scientists will receive varying amounts
of direct support.' It is the responsibility of the U.S.
Naval Support Force, Antarctica to carry out these
and other logistic functions. The scientific pro-
gram—the United States Antarctic Research Program
(USARP)—is funded and managed by the National
Science Foundation (NSF). For this season, three
Coast Guard icebreakers, two dry-cargo ships, a
tanker, and 15 aircraft will be used. Some assistance
will be received from HMNZS Endeavour in the
Ross Sea area and from two research vessels—R/\T
Hero, operated for the National Science Foundation,
and R/V Alpha Helix of the Scripps Institution of
Oceanography, both in the Antarctic Peninsula area.
At the height of the deployment effort, Starlifters
(C-141s) and a Cargo Master (C-133) of the USAF
Military Airlift Command (MAC) and three Hercu-
les (C-130Hs) of the Royal New Zealand Air Force
will supplement the naval aircraft of Antarctic De-
velopment Squadron Six (VXE-6) in hauling pas-
sengers and cargo between Christchurch and Mc-
Murdo Station. Special units will be available for
construction, cargo handling, and operation of the
nuclear-power and desalination plants at McMurdo
Station. Naval personnel will also man and maintain
four permanent and two summer stations and assist
in establishing and operating field camps for the
scientific parties.

The Early Season

The early support and research personnel will be-
gin moving from the United States toward New
Zealand and the Antarctic in mid-September. The
first fly-in from Christchurch to McMurdo Station
is scheduled for October 8. Before this event can
take place, personnel who have wintered over at
McMurdo will reactivate Williams Field. This task
includes clearing snow, laying out runways both on
the ice shelf and annual bay ice, opening up buildings,
and putting communications equipment and landing

'Only summer projects and activities are covered in this
article. Year-round and winter station projects will be re-
ported in a later issue of the Antarctic Journal.

aids back into operation. The first successful landing
will start the shuttle service between New Zealand
and Antarctica in which the five ski-equipped Her-
cules (four LC-130Fs and one LC-130R) and two
Super-Constellations (C-121Js) of VXE-6 will par-
ticipate. The first New Zealand Hercules is expected
to join the effort on October 20, and MAC Starlifters
will commence turnaround flights between Christ-
church and Williams Field about October 28. During
the season, aircraft will haul approximately 1,400
passengers and 580 short tons of cargo from New
Zealand to Antarctica.

Simultaneously with the deployment flights, physi-
cal contact will be reestablished with Byrd and South
Pole Stations. The first flight from McMurdo to Byrd
Station will occur about October 15, and to the
South Pole Station about November 1. Palmer
Station on Anvers Island depends upon ships for
its annual relief and resupply and will not be reached
until mid-December. Both Hallett Station and Brock-
ton Station will serve during the austral summer sea-
son as weather-reporting points: the first is on the
air route from Christchurch to McMurdo and the
second on routes leading inland from McMurdo to
Pole and Byrd Stations. For flight safety, it is im-
portant that they be reopened and made operational
as quickly as possible. It is hoped to reach them on
October 9, the day after the initial fly-in. Siple Sta-
tion, first occupied in December of 1969, will also be
opened on November 1, weather permitting. With the
opening of air traffic, the second phase of air opera-
tions—the relief and resupply of the two inland sta-
tions—will get under way and will continue through-
out the season.

Remote Scientific Field Parties

In general, logistic personnel precede the scientists
into Antarctica in order to ready the facilities and
equipment. With a few exceptions that require
observations early in the season, most scientific proj-
ects take to the field in early November. These field
activities may be divided into two categories: those
at remote field locations and those based at estab-
lished stations.

The principal remote field activity is a continua-
tion of the geological and paleontological survey
of the Transantarctic Mountains that was begun
last year near Coalsack Bluff. The principal com-
ponent of this survey will be an Ohio State Univer-
sity party of 12 who will employ conventional field
methods in examining and describing rocks, measur-
ing stratigraphic sections, and collecting rock and
fossil samples for detailed analysis in the university
laboratories. Some work will also be done in geo-
physics and glacial geology. During the first half of
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the season, Dr. David H. Elliot, who led last year's
expedition, will again serve as leader. He will be
succeeded about December 20 by Dr. Donald A.
Coates, also of Ohio State, for the remainder of the
season.

Mr. James Kitching, an exchange scientist from
the University of Witwatersrand in South Africa, will
participate in the survey. An experienced vertebrate
paleontologist, he is thoroughly acquainted with areas
of South Africa where the stratigraphy is quite similar
to that of the central Transantarctic Mountains.

Scientists from other institutions will spend part of
the season with the survey. During November and
early December, the Soviet exchange scientist, Dr.
Sergei Miagkov of Moscow State University, will con-
duct studies in glacial geology to supplement those he
has been making in other areas of the Antarctic. In
January, the survey will be visited briefly by a team
of four scientists from the California Institute of
Technology, led by Dr. Roy E. Cameron, who are
investigating the ecology of microorganisms. Two
New Zealand geological parties will also use the sur-
vey's camp as a base for field research. One group
will arrive about December 20 and study the granitic
complex and Precambrian basement rocks in the area
between Scott and Amundsen Glaciers, the other will
concentrate on the morphology of rock sequences
and on the structural geology in the vicinity of
O'Brien Peak beginning on January 4.

Between 20 and 25 scientists are expected to par-
ticipate in the Transantarctic Mountains Survey.
They plan to occupy two camps: one at the head of
the McGregor Glacier from November 5 to Decem-
bef 20, and the other in the neighborhood of the
Amundsen Glacier from December 21 until the survey
finishes its work in late January. These camps will
1ave Jamesway huts erected by personnel of the
Antarctic Support Activities (ASA). Both construc-
ton crews and scientific parties, with their gear, will
be flown to the camp sites by Hercules of VXE-6.
It is estimated that 150 hours of flight time will be

^elicopters
eeded for these activities. Three Iroquois (UH-1D)

 flown by Navy pilots will stay with the
srvey all season and provide local airlift from base
cmps to research sites. Six hundred hours of flight
time have been allocated to this mission.

Another remote field party of four geologists and
fpur topographic engineers from the U.S. Geological
Survey, under Dr. Paul Williams, will continue the
geologic mapping of the Lassiter Coast begun last
season. Logistic support requirements will be re-
duced by the decision to reoccupy the base camp
established last season on the Wetmore Glacier. An
additional Hercules landing will be made between
the Sweeney and Hauberg Mountains to position
fuel for the eastern extension of the party's work,

and a mid-season flight will be required to resupply
the base camp. The party will enter the field about
October 25 and will continue its activities until Feb-
ruary 15. The work area covers about 13,000 square
miles lying along the slope of a 6,000-ft plateau at
the base of the Antarctic Peninsula. Motor toboggans
will provide local field transportation.

Two foreign parties will also be furnished trans-
portation to the field by VXE-6. Mr. Thore S.
Winsnes of the Norwegian Polar Institute will lead a
six-man party in a biological and geological survey of
the Sverdrup Mountains of Queen Maud Land. They
will be put in just north of Fuglefjellet Mountain
(72 0 17'S. 0 0 46'E.) at an elevation of about 5,000 ft.
Communications will be maintained with SANAE, the
South African station on the Princess Martha Coast,
which will relay messages to McMurdo Station. At the
same time, a party from the British Antarctic Survey
will be landed in the Shackleton Range to carry out a
third year of geological research. Two members of the
British Antarctic Survey will fly from McMurdo to
the Survey's station at Halley Bay, where they will
be joined by two other investigators. Dog teams
and other equipment will be loaded on board for
the actual flight to the Shackleton Range. Twenty-
five tons of jet fuel will be available at Halley
Bay for the support of British and Norwegian pro-
grams. A flight in mid-January to return them to
Halley Bay will also have a BAS geophysicist who
will work two weeks in the field before the summer
party departs by ship.

Siple Station at 75°55'S. 83°55'W. will again be
occupied during the summer season to conduct upper
atmosphere research. About 130,000 pounds of equip-
ment, materials, and supplies will be shipped to the
station. Included are the components for a 13-mile
long dipole antenna to be erected above the snow
surface. John Katsufrakis and three assistants from
Stanford University will continue investigations of
the magnetosphere and ionosphere for which the
station is especially well located and has the further
advantage of being conjugate to a site near Rober-
val, Canada, where similar investigations may be
carried out. Another four-man team from the Uni-
versity of Maryland under Dr. T. J . Rosenberg will
be engaged in complementary research into solar-ter-
restrial relationships, using balloons to carry detectors
aloft to measure Bremsstrahlung X-rays as one part
of the project. Early in the season, Mr. Hans P. Lie
of the Bell Telephone Laboratories will install a
three-axis fluxgate magnetometer. It will be used in
the first plasmapause conjugate experiments employ-
ing geomagnetic field measurements. After setting up
the equipment, Mr. Lie will depart and leave the
actual operation of the magnetometer to Stanford
University personnel.
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Plans for the future of Siple Station call for
making it into a year-round facility during Deep
Freeze 72. The vans, scientific apparatus, and supplies
now at the long-wire facility located 11 miles from
Byrd Station will be returned this season to McMurdo
Station and moved to Siple Station as part of the
1971-1972 program.

Scientific Studies in the McMurdo Sound Area

Because of its location within helicopter range of
a variety of natural phenomena, the presence of
well-equipped laboratories, and the availability of
transportation and other forms of logistical support,
McMurdo Station has become a scientific center un-
equalled elsewhere in the Antarctic. As a result, the
environment has become contaminated with electro-
magnetic waves, light, vibrations, and earth currents.
Experiments which require a low background noise
level or the absence of artificial light—whistler and
VLF emission research, all-sky cameras, and measure-
ments of geomagnetic and seismic activity—have
suffered from increasing interference. This contami-
nation has extended beyond McMurdo Station to
affect New Zealand's Scott Base as well.

This contamination is one of the reasons why Dr.
Michael Sites of the Stanford University School of
Engineering and Dr. George Stuart of New Zealand's
Department of Scientific and Industrial Research
will carry out an electronic noise survey of this area.

Dr. Robert A. Duce and two others from the
University of Rhode Island will study possible pollu-
tion source elements—trace metals and halogens—at
McMurdo, Hallett, and South Pole Stations. Par-
ticulate and gaseous samples obtained in the Antarc-
tic will be compared with others collected simulta-
neously in the north and south Atlantic Ocean and
over Hawaii. Antarctica has a particular interest for
research into halogens (i.e., any of five elements:
florine, chlorine, bromine, iodine, and astatine) be-
cause their only natural source is the oceans sur-
rounding the continent and no significant sources of
pollution exist in the area. For the first time, this
study will afford the opportunity to investigate the
effect of a large land mass on gaseous halogen con-
centrations as well as the halogen content of marine
aerosols.

Within helicopter range of McMurdo Station, there
are many geologic formations and glaciers of scientific
interest. During the early part of the season, the four
topographic engineers from the U.S. Geological
Survey will assist the Soviet exchange scientist, Dr.
Miagkov, resurveying phototheodolite sites in the
McMurdo area. After his visit to the Transantarctic
Mts. camp at McGregor Glacier, Dr. Miagkov will
return to McMurdo and continue his investigation

of the dry valleys. Members of the Ohio State party,
before deploying to the field, and again after their
return, will continue measurements, begun two years
ago, of a glacier in the north fork of Wright Valley.
Another Ohio State team, composed of Mr. Oiav
Orheim and Dr. Terence J . Hughes, after studying
the effects of recent volcanic eruptions on glaciers
at Deception Island, will arrive at McMurdo Station
aboard Wyandot about February 9. While there, they
will remeasure deflections of the bore holes in Meserve
Glacier. Approximately 85 hours of flight time by the
H-34 helicopter will be needed to support these
projects.

A Belgian group of three led by Mr. Tony Van
Autenboer will do a geomorphological study in the
Wright and Taylor Valleys in the period November
25–January 25. They will observe patterned-ground
phenomena and prepare a geomorphic map of a
portion of one of the valleys.

One of the victims of last season's heavy snowfall
was Mr. Robert Flory of the University of Wyoming,
who was thwarted in his attempt to conduct geologi-
cal and geophysical studies in the vicinity of Skelton
Glacier. This year, with one assistant, he plans to
spend about a month in a tent camp, using motor
toboggans for local transport. It is expected that
aerial support for Mr. Flory can be combined with
that for a New Zealand geological party of eight,
including one woman, under the leadership of Dr.
Peter J . Barrett, who made the first discovery of a
vertebrate fossil in Antarctica in 1967.

Today's antarctic vertebrates are also a subject for
study. Dr. Douglas D. Hammond of the University
of California at San Diego with three field assistants
(Dr. Robert Eisner is the Principal Investigator)
will continue his investigation of temperature regula-
tion in the newly born Weddell seal. This seal pup
manages to survive his first critical days lying on se
ice without the ability to curl up as other anima's
do and lacking the insulating layer of fat that h
will develop as an adult. In addition to measurements
of both skin and deep body temperatures and the
presence or absence of shivering, Dr. Hammonl
intends to study the thermoregulation of the body
core through vascular changes in the tail flipper.
Angiographic studies will be carried out at Nev
Zealand's Massey University. For that purpose, the
four investigators and four juvenile seals will be flown
to New Zealand in early December. When the tests
are completed, the animals will be donated to the
Hawke's Bay Aquarium and Planetarium Board at
Napier.

Another continuing project in the same field is the
fourth year of investigations into the status and popu-
lation dynamics of antarctic seals by the University
of Minnesota. Activity is divided into two parts this
season. Dr. Donald B. Siniff, accompanied by six
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other scientists, will arrive at McMurdo Station early
in the season to undertake studies of behavior, activity
patterns, and local movements by the use of radio
telemetry and underwater television. In January,
he will be joined by the other principal investigator,
Dr. Albert W. Erickson, and two additional scientists.
This trio and three of Dr. Siniff's party will board an
icebreaker during the latter part of the season for
seal studies in the Ross Sea. USCGC Burton Island
is scheduled for this mission about February 9. They
will concentrate on the investigation of racial affinities
and heat profiles in the area between 65° and 750 S.
and 170° E. and 170° W. Taking a seal census by
aerial photography is also planned for the coming
season.

The comparative study of the biochemistry of ant-
arctic birds, birds eggs, and the blood and muscle pro-
teins of antarctic fishes by the University of California
at Davis will be under the direction of Dr. Robert E.
Feeney. An early season trip to Cape Crozier will be
necessary to collect frozen emperor penguin eggs. The
biological material will be processed at the McMurdo
Station laboratory for shipment to Davis, where
chemical analyses will be performed. One assistant
will board an icebreaker for trap and line fishing for
additional specimens.

Dr. Roy Cameron's California Institute of Tech-
nology team will continue its studies of microorga-
nisms in the ice-free valleys of Victoria Land, before
joining the Transantarctic Mountains Survey in De-
cember. Part of this year's project will be the inves-
tigation of soils at high altitudes. Collaborative ar-
rangements have been worked out with specialists in
bacteriology, mycology, and algology.

A two-man party from the Virginia Polytechnic
Institute will begin a two-year study of freshwater
and marine fungi and water molds in McMurdo
Sound, Ross Island, and the ice-free valleys. In the
marine phase of the investigation, the leader, Dr. R.
Paterson, expects to plan his work on the availability
of suitable locations for fish houses and boats from
icebreakers during the late season. Helicopters will
be used for transportation to locations on Ross Island
and in the dry valleys.

At Cape Crozier, Dr. Roberto Schlatter, a PhD
candidate from Chile studying at Johns Hopkins
University, will complete his studies of the ecology
and behavior of the south polar skua. For the second
year, Dr. and Mrs. Dietland Müller-Schwarze will
seek to assess the effectiveness of the anti-predator
behavior of the Adélie penguin against his two ene-
mies, the skua on land and the leopard seal in the
water. They will use dummy birds in the study of
crèche grouping, play recordings of leopard seal
noises, and take time-lapse motion pictures and tape
recordings for pictorial and sound analysis.

Hallett Station

As indicated earlier, the U.S. Naval Support Force,
Antarctica, operates Hallett Station for the summer
season as a source of weather observations. Until
early December, the annual ice of adjacent Moubray
Bay is strong enough to permit aircraft landings.
Later, it may serve as an emergency airfield, although
there are no navigational aids. During the IGY and
subsequent years, Hallett was a full-time station with
a complete scientific program. It is now a summer
research site for U.S. and New Zealand programs,
especially in biology.

Preliminary field and laboratory work on the incu-
bation behavior of Adélie penguins has shown the
need for further investigation of the precise behav-
ioral factors that affect brooding, especially since
previous studies have concentrated on territorial and
social aspects of the breeding cycle. Dr. Leigh H.
Fredrickson and two assistants from the Iowa State
University (Dr. John R. Baker is the Principal Inves-
tigator) will pursue this study during the coming
season at Hallett Station. Because breeding and in-
cubation occur soon after the penguins return from
their winter stay in the pack ice, Dr. Fredrickson will
require transportation to Hallett very early in the
season and expects to conclude his work in early
December. Methods of research will include time-
lapse motion pictures, continuous temperature re-
cordings, and intracellular yoke inclusions.

Certain chemicals used in industry and agricul-
ture have become widespread in the global ecosystem.
Some sea birds are accumulating high concentra-
tions of these compounds, especially of the chlorinated
hydrocarbons, of which DDT is the most widely
known. As a result of their action, reproductive
failure, due largely to eggshell thinning, has been
found in such birds as the brown pelicans and double-
crested cormorants of southern California, both of
which depend entirely upon the local marine eco-
system. The distribution of these pollutants and their
effect upon birds of the Antarctic and Subantarctic
will be the subject of investigation by Dr. Robert
Risebrough of the University of California at Berke-
ley. With two assistants, he will spend the early part
of the season at Hallett Station and later will board
USNS Eltanin to collect additional data. They will
concentrate on Wilson's petrel because of its abün-
dance and wide range over the world's oceans, and
because it is known to be accumulating large con-
centrations of hydrocarbons. Eggs of other birds will
also be collected for comparative purposes. It is ex-
pected that Dr. Risebrough's research will shed light
on the fallout patterns of chlorinated hydrocarbons
over several ocean areas. Actual studies will also be
made of the reproductive success of storm petrels at
Cape Hallett and on Kerguelen Island.
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Byrd and South Pole Stations

Over the years, USARP has conducted projects in
upper atmosphere physics, geomagnetism, seismology,
and meteorology at Byrd and South Pole Stations.
Research in these fields will be reported in a later
issue of the Antarctic Journal.

During the summer, Dr. Dennis S. Peacock and
three assistants, representing Dr. James R. Barcus of
the University of Denver, will make cosmic-ray meas-
urements to learn more about the electromagnetic
conditions of inner space and especially about the area
close to the Earth that is dominated by the Earth's
geomagnetic field. Two super-pressure balloons, car-
rying sensitive radio detectors to altitudes between
30 and 100 km, will be released from Byrd Station.
The purpose of these flights is to obtain information
on radiation with insufficient energy to penetrate to
the surface even at high geomagnetic latitudes.

Seismic measurements in Antarctica and Greenland
have revealed that wave velocities are affected by the
crystal anisotropy of the ice and different modes of
densification. Further studies of these effects will be
done by Dr. Heinz Kohnen and two assistants, Uni-
versity of Wisconsin, near Byrd Station, where good
depth-density profiles are available for reference.

Eleven miles distant, at Byrd long-wire substation,
Dr. Irene C. Peden of the University of Washington
and two assistants will investigate the morphology and
evolution of the D-region in the ionosphere and the
dielectric properties of antarctic ice. Multiple-fre-
quency VLF transmissions will be made to Scott
Base, and other transmissions may be attempted with
Siple Station. Dr. Peden also expects to operate three
remote receivers and hopefully a fourth, which would
improve accuracy, to investigate ion density and trav-
eling waves in the polar mesosphere (50 to 80 km
above the Earth's surface).

Air Operations

The operations of aircraft in support of United
States antarctic programs may be considered in three
categories: transpacific flights, largely for the move-
ment of personnel in both directions; transportation
between New Zealand and Antarctica, again princi-
pally for the transfer of personnel, but also carrying
significant amounts of cargo; and intracontinental air
activities.

For the first category, the principal component is
the Military Airlift Command (MAC), which de-
pends, for the most part, on Starlifters (C-141s).
MAC occasionally charters commercial airliners to
make the run. VXE-6 also provides transportation
for cargo and personnel in its five Hercules during

deployment and redeployment flights, and uses its
Super-Constellations for several turn-around flights
during the season. It is expected that during Deep
Freeze 71, MAC Starlifters will fly 528 hours on such
flights with 80 additional hours by chartered aircraft.
VXE-6 Hercules are scheduled to devote 350 hours
to this task, and the Super-Constellations about 560
hours. MAC has also agreed to provide a Cargo
Master (C-133) to transport two UH-1D and one
LH-34 helicopters from the United States to Mc-
Murdo Station, that, including a return general
cargo flight, will require about 90 hours. In all, about
1,420 passengers and 70 short tons of cargo will be
flown from the United States to Christchurch.

During the early part of the season, before ships
can penetrate the ice pack, urgently needed cargo as
well as personnel are carried to Antarctica from New
Zealand. At the same time, those who have wintered
over are brought out and started on their way home.
VXE-6 aircraft are inadequate in number to fulfill
this mission and at the same time carry on other
assigned tasks such as the relief and resupply of in-
land stations and scientific support. Again, assistance
is received from MAC Starlifters, and also from
Hercules of the Royal New Zealand Air Force. At
the end of the season, when large numbers of people
must be redeployed from the continent to Christ-
church, the pressure is not so great, and VXE-6 can
handle the load without additional help. For these
turnarounds, the following flight hours have been
allocated by aircraft type: VXE-6 Hercules-590;
Super-Constellations--550; S ta rh f te rs-1 40; and
RNZAF Hercules-48. A small portion of the time
flown by the MAC Cargo Master will also occur
between New Zealand and Antarctica. It is expected
that about 1,700 passengers (many make more than
one flight) and 582 tons of cargo will be flown to
Williams Field from Christchurch.

Intracontinental air operations for logistical support
are mostly devoted to the hauling of supplies, mate-

Table 1. Station flight support.

	

Flight	Short	Number of

	

Station	Hours	Tons	Passengers

	

Byrd .. ....... ......... ...1,300	1,460	653
South Pole	 750	1,090	694
Brockton	 25	35	40
Hallett	 30	53	81

	

Siple ......................90	67	unknown

	

Total ....	2,195	2,705	1,468
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Table 2. Programmed flight hours by aircraft type.

A/C Type	 Number Available Flight Hours'

LC-130F/R	 5	 670
UH-ID	 3	 600
LH-34	 3	 363
HH-52	 6	 200

Total	 17	 1,833

'Included in the table are 53 flight hours by helicopters for the
support of New Zealand scientific projects and 200 hours by VXE-6
Hercules for aerial mapping photography.

Table 3. Comparison of flight hours by aircraft.

Est. Flight Hrs. Actual Flight Hrs.
Organizational Unit	Deep Freeze 71 Deep Freeze 70

Antarctic Development
Squadron Six:

LC-130F/R	 4,209	 4,168
C-121J	 1,140	 1,228
UH-ID	 670	 478
LH-34	 538	 683

Total	 6,557	 6,557

U.S. Coast Guard:
HH-52	 400	 454

USAF Military Airlift
Command:

C-141	 668	 760
C-133	 90	 -
Commercial charter	 80	 40

Total	 838	 800

Royal New Zealand
Air Force: C-130H	 48	 50

Grand Total	 7,843	 7,861

rials, equipment, and fuel from McMurdo Station to
Byrd and South Pole Stations, and to the two summer
stations, Hallett and Brockton. Passengers are also
accommodated on these flights, and a small portion
of the cargo is in direct support of scientific projects.
Ski-equipped Hercules are used exclusively for these
missions. Aside from passengers, little return cargo
is carried from the various stations to McMurdo.

The turbine-powered helicopters of the Coast
Guard icebreakers will supplement the Hercules and
helicopters of VXE-6 in providing scientific support.
The former will assist shore-based naval aircraft
when the ships are operating in the vicinity of Mc-
Murdo, Hallett, and Palmer Stations. It is estimated

that they will contribute about 200 hours to the sup-
port of various science programs. Some examples of
support given to individual science projects have
been cited in previous sections of this article. Table
2 shows the extent of this activity by aircraft type.

Each season, a number of flights occur that do not
fit into any of the above categories and, therefore,
raise the totals. Table 3 shows the flight hours
planned for each organizational unit by type of
aircraft for Deep Freeze 71 and gives the hours
actually flown during Deep Freeze 70.

A cursory look reveals how closely this season's
plans are modeled on the experience of the past.
More detailed examination, however, shows that
some changes in utilization by type will occur. For
example, the figure for the Iroquois (UH-1D) heli-
copters for Deep Freeze 71 is based on the assump-
tion that all three aircraft will be available through-
out the operating season. This was not the case dur-
ing Deep Freeze 70, when one was damaged on its
first day in the field.

Ship Operations

The six ships (three icebreakers, two dry-cargo
vessels, and one tanker) represent the smallest num-
ber ever assigned to a Deep Freeze operation. For
the first season since 1955, USCGC Glacier
(WAGB-4), the largest and most powerful of
United States icebreakers, will not take part in sup-
port activities.

Of the three icebreakers, one, USCGC Burton
Island (WAGB-283), under the command of Cap-
tain F. E. McLean, will proceed to McMurdo
Sound by way of Punta Arenas, Chile, and Palmer
Station. She will depart Punta Arenas on Decem-
ber 8 and arrive in Arthur Harbor, along with the re-
search vessel Hero, six days later. While there, she
will debark 21 scientific personnel to commence
summer projects. On December 17, she will leave
Palmer Station and expects to join the other two
icebreakers at the edge of the fast ice in McMurdo
Sound by ,January 1.

USCGC Staten Island (WAGB-278), Captain
S. G. Putzke, and USCGC Westwind (WAGB-
281), Captain H. G. Kosky, will go first to New
Zealand, with Staten Island stopping at Auckland
and Westwind at Weilington. Both ships will sail
for Antarctica on December 23 and will join Burton
Island at the entrance to McMurdo Sound on Janu-
ary 1.

The three icebreakers will cooperate in cutting a
channel through the fast ice of McMurdo Sound to
Winter Quarters Bay. It is expected that this task
will be completed in time for the arrival of the first
cargo ship, USNS Pvt. John R. Towle (T-AK-
240), Mr. A. W. Webb, Master, on January 20. It
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is hoped that Westwind may be released from
channel-cutting on January 12. She will then pro-
ceed to Palmer Station with the wintering-over com-
plement for the station. She will arrive on January
23, in order to put ashore 50,000 gallons of marine
diesel fuel and to assist R/V Hero in transferring
28,000 gallons of fuel from the old Palmer Station
to new Palmer Station. Westwind will be in Arthur
Harbor when USNS Wyandot (T—AK--283), Mr.
C. D. Henry, Master, arrives for the annual resupply
of the station, and will furnish the crews for the un-
loading. After the departure of Wyandot, Westwind
will sail from Palmer Station on February 1 for
Punta Arenas, arriving on February 4. On leaving
that port, she will revert to operational control of
the Coast Guard.

On January 20, the day Towle is scheduled to ar-
rive at McMurdo Station, Burton Island will depart
to carry out the annual resupply of Hallett Station.
She will return to McMurdo on January 29, to
await with Staten Island the arrival of the tanker
USNS Maumee (T—AO-149), Mr. L. 0. Hess,
Master.

To reach Antarctica, Towle will sail from Davis-
ville, R. I., and pass through the Panama Canal en
route to Lyttelton, New Zealand, where she will
arrive January 11. After a two-day stay at that
port, Towle will proceed to the Antarctic where she
will be met by Staten Island, her escort ship, on
January 19. If all goes well, she should tie up at
Elliott Quay in Winter Quarters Bay the following
day. After unloading, Towle will leave McMurdo
Station on January 25 for her next port of call, re-
turning to the operational control of the Military
Sealift Command when she crosses 600S.

Both Burton Island and Staten Island will be in
McMurdo Sound on Jaunary 30, when Maumee is
expected to arrive. The largest ship ever to partici-
pate in an antarctic expedition, Maumee will depart
Wellington on January 24. The handling of so large
a vessel in the restricted waters of Winter Quarters
Bay presents some problems, and the two icebreak-
ers will be prepared to help during these maneuvers.
Once moored, Maumee will discharge over 5,000,000
gallons of five varieties of fuel, including 475,000
gallons of marine diesel to the two icebreakers. This
.operation should be completed by February 3, when
the ship will sail from McMurdo Station, passing
from the operational control of CTF-43 when she
crosses 60°S.

It is expected that Staten Island will pay a brief
call at Palmer Station about March 17 to pick up
passengers for transport to Punta Arenas, where the
cruise will terminate in late March.

Burton Island will remain in the Ross Sea during
most of February and will be available to assist
Wyandot when that ship arrives in the area about

February 9. It is possible that the ice will have gone
out by that time and that no escort services will be
needed. Wyandot, as indicated above, will have pro-
ceeded by way of Palmer Station. Plans call for her
to depart Davisville on December 28 and proceed
to Palmer by the west coast of South America with
a brief stop at Valparaiso, Chile. On board will be
10 men from Navy Cargo Handling Battalion One,
who will be primarily responsible for the unloading
at Palmer Station. They will remain on ship and re-
join their parent detachment at McMurdo Station.
Wyandot will pick up the personnel who wintered
over at Palmer Station during Deep Freeze 70. She
expects to remain at McMurdo from February 9 to
17, offloading cargo and picking up material for
return to the United States. On departure from
Winter Quarters Bay, she will stop briefly at Lyttelton
and is expected to arrive back in Davisville on
March 23.

During February, Burton Island will be engaged
in supporting scientific projects, principally seal
studies, in the western Ross Sea. On February 20,
she will visit Hallett Station to deliver 75,000 gal-
lons of diesel fuel and close down the station. Pas-
sengers from Hallett will be taken to McMurdo Sta-
tion for air transportation to New Zealand. Burton
Island expects to leave McMurdo on February 22,
the last ship to clear the Ross Sea. A stop may be
made at subantarctic Campbell Island, where New
Zealand maintains a scientific station. From March
1 to 6, the icebreaker will be in Wellington, after
which she will sail for home.

Station Operation and Construction

The operation of stations is the responsibility of
the Commander, Antarctic Support Activities, Cap-
tain E. W. Van Reeth, USN. His Public Works
Department performs routine maintenance duties.
Construction is done by Naval Construction Bat-
talion Unit 201 (CBU-201), Lieutenant J . E. Perry,
CEC, USN, officer-in-charge. The two organizations
work closely together in a continuing program to
improve facilities for the support of United States
programs.

The growth of McMurdo Station over the years
has produced many problems. The temporary build-
ings from the early days are being replaced by per-
manent structures. This year's increment includes fin-
ishing the building for administrative and opera-
tional headquarters, erecting another for utilities,
ground maintenance, and building trades, and the
construction of a warehouse for flammable stores and
an unheated storage building for Antarctic Support
Activities.

An increasing population has created needs for
public utilities, and, as a related phenomenon, pro-
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duced problems of water supply and waste dis-
posal unprecedented in antarctic history. A third
distillation unit will be installed to supplement those
already in operation. CBU-201 will extend water
and sewage lines to new buildings. As elsewhere,
human habitation brings the threat of pollution. A
beginning will be made toward better methods of
warding off this danger. Construction personnel will
install foundation pads for a sewage treatment plant
and an incinerator, both of which will be completed
in subsequent seasons.

Among other projects, none, perhaps, is more im-
portant than the protective facing for Elliott Quay,
where ships tie up. The quay is composed of dirt-
covered ice which erodes with storm activity and
with use. Unless steps are taken to check this process,
the quay may be rendered useless. One section of
facing has already been installed and a second incre-
ment of 150 feet is scheduled for the coming season.

At Williams Field, Antarctic Support Activities
will put up additional portable buildings and raze
structures that are no longer used. In the main sta-
tion complex, 14 of these facilities are scheduled for
demolition during Deep Freeze 71.

Two future-looking projects for outlying stations
will also be started. CBU-201 will dismantle the ex-
sting Byrd long-wire substation. The wonder arch,
hich is snow-covered, will be left in place. The van-

leeai

ng

pe buildings with their utilities will be shipped to
cMurdo, where they will be rehabilitated before

 moved to Siple Station during Deep Freeze 72.
ns have also been made for a newstation at the

uth Pole. This season, site preparation vill corn-
nce, and materials stored at McMurdo Station

o that construction may begin early the following
pring.

No major construction is planned for Byrd,
Palmer, or South Pole Stations. The rehabilitation
projects will have as their goal the maintenance and
improvement of existing facilities. They will be
undertaken by the Public Works Department of Ant-
arctic Support Activities, with CBU-201 participat-
ing on a project-by-project basis as time and work-
load permit. The same organization also erects and
dismantles field camps used by the scientists, lays
out and maintains runways and roads, and is re-
sponsible for the upkeep of automotive and other
engineering support equipment.

Antarctic Peninsula Activities

The Antarctic Peninsula and adjacent South
Shetland and South Orkney Islands present unique
opportunities for scientific investigations, particularly
in the field of biology. Five nations—Argentina,
Chile, Soviet Union, United Kingdom, and United
States—currently maintain stations in the area.

Operating conditions are quite different from those
elsewhere in Antarctica. Warmer than the polar con-
tinental air mass influencing much of the continent,
the polar maritime environment of the Peninsula
leads to more precipitation, mostly in the form of
rain. A location farther north than other parts of
the continent permits a longer season for ship oper-
ations. Part of this advantage, however, is nullified
by the mountainous terrain and a lack of suitable
landing areas for large aircraft. Some expeditions
have successfully employed light planes, but the
United States uses the ship-based helicopters when
icebreakers happen to be in the area. Palmer Station
is supplied and maintained by ship through South
American ports. The same mode of transportation is
also used extensively by scientists in reaching field
locations, and much investigation is actually ship-
based.

For that reason, the National Science Foundation
has a small, wooden trawler, R/V Hero, outfitted
as a research vessel and operated by a private com-
pany under contract to the Foundation. Hero, al-
though her capacity is small, has also contributed
to the logistical support of Palmer Station and, in
turn, has been furnished fuel and supplies from
station stocks. This season, the Scripps Institution of
Oceanography, a part of the University of California
at San Diego, will also dispatch a vessel, R/V
Alpha Helix, to Peninsula waters. Some of the sci-
entists aboard hold USARP grants, but most are
grantees of other divisions of the National Science
Foundation. Investigators aboard the two ships will
cooperate, and Alpha Helix, although completely
self-supporting, will occasionally call at Palmer
Station.

The first scientific activity of the summer season
will be an overflight by scientists of Ohio State
University and the Smithsonian Institution to study
the effects of a suspected major volcanic eruption
of Deception Island. The eruption, thought to have
taken place during the late winter, resulted in the
deposition of volcanic ash at least 100 km downwind.

On December 14, Burton Island disembarks 18
scientific personnel. In a continuation of a study
conducted two years ago, Dr. E. A. Hemmingsen
and two associates from the Scripps Institution of
Oceanography will further examine certain extra-
ordinary fish lacking hemoglobin. They are espe-
cially interested in the effect of temperature changes
on the respiratory processes. Collection will be done
from Hero, followed by testing and analysis in the
biological laboratory at Palmer Station.

The same facilities will be used by two other
parties. One, led by Dr. G. L. Kooyman of the Uni-
versity of California at San Diego, will study the
biology of deep-diving birds and mammals. At An-
vers Island, they will concentrate on blue-eyed cor-
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morants or shags and the several varieties of pen-
guins that inhabit the area. The other party will
study the ecology of cryophilic (snow) algae. Dr. H.
C. Curl, Jr., and an assistant from Oregon State Uni-
versity will collect samples from sites around the
periphery of Anvers Island and examine their find-
ings in the station laboratory. The first two parties
may also make use of the sophisticated laboratory
equipment aboard Alpha Helix.

Two scientific projects will be based at old Palmer
Station. The British had set up a hut on this site
(Base N of the Falkland Islands Dependencies Sur-
vey), which they occupied from 1955 to 1958. When
the United States decided to extend its research ac-
tivities to the Antarctic Peninsula area, it selected
the same location. By agreement with Britain, the
old hut was taken over and renovated, and temporary
buildings were installed until more permanent fa-
cilities could be erected. Navy personnel and USARP
scientists moved into this station during Deep Freeze
65. Planning had already started for permanent
quarters and the decision made to move the station
from Norsel Point to Bonaparte Point. The new sta-
tion was commissioned on March 20, 1968, with the
old station being retained for emergency purposes.
Primary communication between the two stations is
by boat.

The British Antarctic Survey (successor to FIDS),
which has used the ice cap in back of Palmer Station
as a staging point for light aircraft, may also wish to
use part of the facilities to house a support group.

Two representatives of Dr. F. Strong, University
of California at Davis, will expand earlier research
on Collembola (springtails) into a study of the bio-
energetics of an antarctic ecosystem at a site chosen
for its abundance of plants and insects and its
relative isolation. A second party of four from
the Virginia Polytechnic Institute led by Dr. Bruce
C. Parker will continue its former studies of algal
communities in freshwater pools on Norsel Point
and Humble Island.

Studies in fields other than biology comprise a
ground investigation of the effects of recent volcanic
eruptions on the glaciers of Deception Island, and an
extension of studies on the tectonics of the Scotia
Ridge. The first will be carried out during December
and January by Mr. Olav Orheim and Dr. Terence
J . Hughes of Ohio State University. They will collect
about 150 feet of ice cores for future analysis. Hero
will provide transportation from Deception Island to
Palmer Station so that Dr. Hughes will be able to
board Wyandot for further transfer to McMurdo
Station. The cores will be turned over either to
Wyandot or an icebreaker for shipment to the
United States.

Dr. Ian W. D. Dalziel of Columbia University
will lead a party of four or five in a tectonic study
of the South Orkneys. Plans call for boarding Wyan-
dot at Valparaiso in early January. At Palmer
Station, they will transfer to Hero for further trans-
portation to the South Orkney Islands. They will be
put ashore with camping equipment and a rubber
boat complete with outboard motor. Hero will re-
main in the vicinity to relocate the party as needed.

Staten Island will call at Anvers Island about
March 17. She will remove the last of the summer
people and return them to Punta Arenas. At this
time, if not earlier, the U.S. exchange scientist
at the Soviet station Bellingauzen will end his year
of ecological studies of ciliated protozoans of the
region. Hero will remain in the South Orkneys till
the end of March and then transport Dr. Daiziel
and his associates directly to South America. If
required for any reason, Hero can alter her cruise
to include a stop at Palmer Station about April 1.
With the departure of the ships, the 1970-1971
summer season will be over with the exception of the
year-round projects. A second winter season of the
year-round study of the ecology of the tidal zone in
Arthur Harbor is planned. This study is under
the direction of Dr. Joel Hedgpeth, Oregon State
University.
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