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Figure 1. Locations of four profiles
(E-9, -10, -13, and -17). The
numbers refer to hydrographic sta-

tions (Jacobs, 1965 and 1966).

A Review of Year-Round and Stateside Activities in the
U.S. Antarctic Research Program, 1967-1968

The second part of a collection of articles on the
activities of the U.S. Antarctic Research Program
(USARP), 1967-1968, is presented in this issue of the
Antarctic Journal. Whereas the last issue dealt with
the field programs carried out during the 1967-1968
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 pro-

grams that support USARP scientists in all disci-
plines. This presentation completes the description of
most of the projects conducted during the past year.

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 of the program
is provided by the U.S. Navy.

BIOLOGY

The Distribution of
Thecosomatous Pteropods in Relation to

The Antarctic Convergence

CHIN CHEN
Lamont Geological Observatory

Columbia University

The Antarctic Convergence is not necessarily a
sharp boundary with respect to the distribution of the
majority of species that occur in its vicinity. However,
the areas to the north and south of the Convergence
show many contrasts in both plankton (Mackintosh,
1960) and thecosomatous pteropods. Two antarctic
species of thecosomatous pteropods (Limacina heli-
cina and Clio sulcata) extend 8°-10° of latitude

north of the Convergence, but their main concentra-
tions are to the south. The southern limit of subant-
arctic species is that of Limacina retroversa, which is
about 5°-8° of latitude south of the Convergence.
The only species not found south of the Convergence
is Clio antarctica.

The mixing of the antarctic and subantarctic the-
cosomatous species takes place in a zone about 16°
latitude in width that is centered on the Conver-
gence. This may be due to mixing ocean currents.
Deacon (1937) pointed out that the Antarctic Con-
vergence is an unstable boundary with extensive and
unpredictable loops and twists. According to Mackin-
tosh (1964), the Convergence is sometimes located
60 miles or more to the north or south of its mean
position, and there may be mixing of antarctic and
subantarctic waters to a comparable distance on either
side.

Four Eltanin profiles (Fig. 1), along 35° W.
(Cruise 9), 75° W. (Cruise 10), 90° W. (Cruise 13),
and 135° W. (Cruise 17), have been selected to show
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Figure 3. Along 90°W. (Cruise 13).	 50001

Figure 5. Along 135 0 W. (Cruise 17).

Vertical distribution of thecosomatous pteropods and temperature during Eltanin cruises. The
numbers refer to the percentage of antarctic species of the total pteropod population. The
solid lines are percent isolines of the antarctic species. The dotted lines are isotherms (°C.).

The temperature data are after Jacobs (1965 and 1966).

the vertical distribution of thecosomatous pteropods	ever, several juvenile specimens of Limacina helicina
in relation to the Antarctic Convergence. The water	are found in the subantarctic surface water near the
masses on both sides of the Convergence, as depicted	Convergence. In the Cruise 9 and 17 profiles, the 50-
in Fig. 2 (Cruise 10) and Fig. 3 (Cruise 13), are dis-	and 75-percent isolines of the antarctic species extend
tinctly separated in the upper 1,000 m by the vertical	from the upper layer of water south of the Conver-
slope of the 2° C., 3° C., and 4° C. isotherms. Con-	gence northward to the middle layer. Consequently,
versely, the 2° C. isotherm measured on Cruise 9	the dominant antarctic species in the subantarctic
(Fig. 4) and Cruise 17 (Fig. 5) appears in the surface	intermediate water underlies subantarctic species in
water south of the Convergence, and it extends north	the subantarctic surface water in these two profiles.
to the intermediate water. It is inferred from the	In the Cruise 10 and Cruise 13 profiles, subantarctic
Cruise 10 and Cruise 13 profiles that less mixture of	species are homogeneously distributed in the upper
water currents occurs along the sides of the Conver-	1,000 m of the water column north of the Conver-
gence as compared to that in the Cruise 9 and 17	gence. The data may indicate that more antarctic
profiles.	 surface water sinks to the subantarctic intermediate

The vertical distribution of pteropod species is	layer in the areas of the Cruise 9 and Cruise 17 pro-
very similar to that of temperatures. In the Cruise 10	files than in those of the Cruise 10 and Cruise 13
and Cruise 13 profiles, the vertical slopes of the 25-,	profiles.
50- and 75-percent isolines of antarctic thecosomatous	The general scheme of the vertical distribution of
species clearly separate two groups of these species,	major thecosomatous species in the antarctic seas is
one occurring on each side of the Convergence. How-	shown in Fig. 6. The optimum depth range of the
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species is based on their maximum concentration. The
variation of depth range of each species depends upon
location.
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Distribution of Antarctic Marine Fungi
JACK W. FELL

Institute of Marine Sciences
University of Miami

The immediate purpose of our mycological pro-
grain is to determine the distribution of fungi in
antarctic water masses from the Continent to the
Subtropical Convergence. During 1966 and 1967, we
participated in four cruises of USNS Eltanin and one
of USCGC Eastwind. During the past year, the large
number of fungi collected during these cruises has
been examined at the Institute of Marine Sciences.

Preliminary results indicate that fungi having a
unicellular growth phase predominate in the open
ocean and that the filamentous forms appear to be
restricted to the inshore regions. The most significant
result was the observation that primitive Basidio-
mycetes are widely distributed in the antarctic seas.
Previously, Basidiomycetes were considered to be rare
or nonexistent in marine environments.

Morphologically, these antarctic Basidiomycetes
have the typical characteristics of yeasts. They have
soft, cream- to white-colored colonies, unicellular
budding cells, and form a pseudomycelium. This
morphology suggests classification among the yeast
genera, specifically the genus Candida, rather than
the Basidiomycetes. The life cycles are, however,
quite distinct from the yeasts. Haploid cells will mate
to produce a binucleate mycelium with clamp con-
nections. Karyogamy takes place in a heavy-walled
teliospore, and meiosis occurs as the spore germinates
via a promycelium. Haploid sporidia develop on the
promycelium to complete the life cycle.

This life history is analogous to that of the smut
fungi. Terrestrially, smuts are obligate parasites that
are extremely destructive to cereals and other com-
mercially important plants. This fact suggests that the
marine smut-like fungi may have an important sapro-
phytic or parasitic role in the antarctic seas.

This elucidation of the basidiomycetous life cycle
considerably alters the phylogenetic concept of yeasts.
Most yeasts, particularly the candidas, are considered
to be imperfect forms of Ascomycetes (e.g., of the
genus Saccharomyces). Details of this research will
be published in the new edition of "The Yeasts, A
Taxonomic Study" (Lodder, in press). For the same
review, we have also prepared chapters on the genera
Cryptococcus, Sterigmatomyces, and Rh odosporidium
that include descriptions and discussions of yeasts
from the Antarctic.

Studies of Antarctic Pelagic Ostracoda

NORMAN S. HILLMAN

Lamont Geological Observatory
Columbia University

Pelagic Ostracoda of the genus Conchoecia are
represented -by about 23 species in antarctic waters
between 500 S. and 70 0 S. Ostracoda collected from
plankton hauls made on Eltanin cruises 9-24 have
been examined.

The quantitative seasonal distribution of Conch oecia
species in the Pacific sector of the Antarctic is being
studied. Many species have been collected further
south than previously recorded, as summarized in
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1909), negating any simplified differentiation for all
species.

Southern extension of the distribution of pelagic Ostracoda

Author and	Lati- Cruise
Species	Ocean Latitude	year	tude	no.

C. chuni	Atlantic 63 1 01 1 S. Skogsberg, 1920 64'04'S. 28
C. elegane	Atlantic 550 S.	Miller, 1906	67069'S. 17
C. lophura	Atlantic 40 0 27 1 S. Skogsberg, 1920 64 0 531 S. 10
C. obtusata	Atlantic 63 0 01 1 S. Skogsberg. 1920 67 1 56 1 S. 17
C. rotund ata Indian	65 0 S.	Muller, 1906	70007' S. 11
C. 8errulata	Indian	59 0 S.	Brady, 1907	670561S. 17
C. symmetrica Indian	540 S.	Muller, 1906	680201 S. 11

the table. However, many of the earlier records were
made in the Atlantic, where the Antarctic Conver-
gence is located approximately 10 0 further north
than in the Pacific (Mackintosh, 1946). The present
author has shown that the Antarctic Convergence
inhibits the southern distribution of many pelagic
Ostracoda. Because of the systematic coverage of the
South Pacific by Eltanin cruises, the distribution of
many species that have been incompletely reported
by occasional expeditions can now be more precisely
determined. C. borealis antipoda, C. serrulata, and
C. chuni, for example, have not been found as far
north in the South Pacific as in other oceans. The
current pattern for the other oceans suggests localized
transport of specimens to lower latitudes (e.g., by the
Benguela and West Australian Currents) —a move-
ment which does not appear to occur in the Pacific.

The antarctic Ostracoda are also represented by
both a cosmopolitan species (C. elegans, which is
found in the world oceans between 79° N. and
68 0 S.) and a bipolar species (C. borealis, which is
represented by a variety in each hemisphere). C.
borealis antipoda, the antarctic variety, shares com-
mon environmental characteristics with its arctic
counterpart, C. borealis maxima. Both are usually
found at depths greater than 250 m, at temperatures
higher than 0° C., but not normally higher than
7° C. (Jespersen, 1923; Eltanin data) and in salini-
ties greater than 34.00 o/oo.

The ontogeny of C. serrulata is also being studied.
Over 1,300 specimens from 15 stations across the
South Pacific have been measured, including all avail-
able instars. Conchoecia develops by molting through
seven instars, the last being the adult stage (Claus,
1894). Six instars (two through seven), ranging in
size from approximately 300 to 1,700, have been
found. The first juvenile instar has not been found,
probably because it passes through the 200e-
mesh plankton net. Measurement of the length of the
carapace has proved to be a simple technique for
designating any particular instar. There is no over-
lap in length of the progressive instars. This technique
may be applicable in differentiating instars of other
pelagic Ostracoda if species identification is certain;
however, the carapace lengths of different instars
within a few Conchoecia species overlap (Fowler,
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Texas AM's Biological Productivity
Programs Aboard USNS Eltanin and

USCGC Glacier

SAYED Z. EL-SAYED

Department of Oceanography
Texas A&M University

During the past year, Texas A&M's biological-
productivity program aboard USNS Eltanin has
extended the areas covered in the Pacific Ocean to
include the Tasman Sea (Cruise 26), the Ross Sea
(Cruise 27), and two crossings of the Pacific—one at
latitude 43° S., between Australia and Chile (Cruise
28), and another between Australia and California
(Cruise 30). Also, during this period, a biological-
productivity investigation was conducted aboard
USCGC Glacier as part of the International Weddell
Sea Oceanographic Expedition (IWSOE).

In these investigations, we were interested pri-
marily in assessing the standing crop of phytoplankton
and the primary productivity at different depths. We
were also interested in studying the species composi-
tion and relative abundance of the phytoplankton
and in correlating their distribution and abundance
with the hydrographic features. Another objective
was to assess the role played by the dissolved and
particulate organic carbon in the economy of ant-
arctic and subantarctic waters.
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Until very recently, knowledge of the productivity
of the,South Pacific Ocean (particularly south of
35° S.) was almost nonexistent. Our studies, which
were based on Eltanin Cruises 18-28, have contri-
buted significantly to knowledge of the chemistry and
productivity of that enormous expanse of water (Figs.
1 and 2). In these figures, the data collected by the
author south of 35° S. are compared with those
gathered by other investigators in the eastern, tropi-
cal, and western regions of the South Pacific Ocean.
Similar investigations were made with regard to the
distribution and concentration of nutrient salts (e.g.,
phosphates, silicates, nitrates, and nitrites) and dis-
solved and particulate organic carbon. These and
other data pertinent to the productivity of antarctic

Figure 1. Distribution of Chlorophyll a in surface water of
the South Pacific Ocean and the Pacific sector of antarctic

waters.

Figure 2. Distribution of C14 uptake in surface water of the
South Pacific Ocean and the Pacific sector of antarctic

waters.

and subantarctic waters will be published soon in
Folio 10 of the American Geographical Society's
Antarctic Map Folio Series.

Our biological investigations during the past three
years were directed also to seasonal and annual varia-
tions in the standing crop of phytoplankton and pri-
mary production in the South Pacific (El-Saved,
1968a). In Fig. 3, reproduced from the aforemen-
tioned publication, the standing crop and photo-
synthetic activity of the primary producers during
the austral spring and summer are noted. A marked
decline in this activity was observed during austral
fall and winter cruises.

Also during the period covered by this investiga-
tion, Dr. Ryuzo Marumo, Professor of Planktology,
University of Tokyo, through special arrangement
with the Smithsonian Institution, spent a year at
Texas A&M studying the phytoplankton samples
collected during Eltanin Cruises 23, 25, 27, and 28.
Besides making a taxonomic study of the samples
collected, Dr. Marumo correlated the distribution

20 E
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1966	 1966	
1967

Figure 3. Seasonal variations in Chloro-
phyll a and C" uptake (surface and
integrated values) determined on the
basis of Eltanin cruises 19-21 and 23-28.

and abundance of the phytoplankton with the hydro-
graphic conditions observed during the four cruises.
For example, he was able to use to advantage the
distribution of the blue-green alga Trichodesmium
thiebauti and the diatom Chaetoceros atlanticus to
delineate subtropical and subantarctic water masses
during Cruise 28 (Marumo, 1968).

Preliminary results of the biological-productivity
investigation made during the IWSOE were reported
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by the author in another issue of this publication (El-
Sayed, 1968b).

References

El-Sayed, Sayed Z. 1968a. Phytoplankton Production in the
South Pacific and the Pacific Sector of the Antarctic.
Paper presented at the 9th General Meeting of SCOR,
Scripps Institution of Oceanography, La Jolla, California,
June 18-20.

El-Sayed, Sayed Z. 1968b. Productivity of the Weddell Sea.
Antarctic Journal of the U.S., 111(4): 87-88.

Marumo, Ryuzo. 1968. The Study of Phytoplankton in a
Section Along 43° S. between Australia and South
America (unpublished report).

Harvard University's Brachiopod
Studies on Eltanin Cruise 32

MERRILL W. FOSTER

Museum of Comparative Zoology
Harvard University

Brachiopod samples taken on Eltanin Cruise 32
strikingly illustrate the erroneousness of the myth that
brachiopods are a rare group in present-day seas. In
the Ross Sea, at least 4,400 individuals were taken in
56 successful Blake trawls and 23 successful camera-
grabs. Brachiopods occurred in 80 percent of the
bottom trawls and 70 percent of the grabs. In fact,
the number of live brachiopods taken exceeded the
number of bivalve molluscs taken in the same opera-
tions. In the vicinity of Antipodes Island, at least
2,800 brachiopods were taken.

At least seven genera and eight species have been
found in the cruise samples. The dominant genera
taken in the Ross Sea are Aerothyris and Liothyrella.
A large population sample was taken for one species
in each of these genera. These samples are particu-
larly valuable since they may provide the key to
taxonomic evaluation of all the other populations
assignable to the same genera.

The data from this cruise provide the first good
opportunity to study the distribution of various
brachiopod taxa over a large geographic area. There
appear to be definite areas of prominence for the
different major brachiopod taxa within the Ross Sea.
Aerothyris fragilLs has well-developed populations
along the Ross Ice Shelf. A species of Liothyrella
flourishes on the continental slope of the Ross Sea
shelf. A Crania species is essentially limited to the
seaward edge of the Ross Sea shelf.

The data from this cruise will expand the known
geographic ranges of all Ross Sea brachiopod species.
The finding of Liothyrella on the edge of the New

Zealand Plateau marks the first time that this genus
has been found living away from the immediate
vicinity of New Zealand. An incomplete specimen
which appears assignable to Dyscolia was found off
Antarctica on this cruise. This is the first time that
this genus has been reported south of the Equator.

Detailed notes were made on the total fauna in
each bottom sample, and color photographs were
taken of each sample. Mr. Pedro Bruchhausen of
the Lamont Geological Observatory took a large
number of black-and-white bottom photographs on
this cruise. In the photos from at least two stations,
I was able to clearly discern living brachiopods. This
marks the first occasion, to my knowledge, that
brachiopods have been unquestionably observed in
bottom photographs.

Live specimens of Aerothyris fragilis were kept in
a shipboard aquarium for about a week before they
died. Unlike the specimens studied from Macquarie
Island on Cruise 28, these specimens exhibited no
movement on their pedicles. They were similar, how-
ever, to the Macquarie Island species in that they
exhibited a wide gape of the valves when placed in
quiet water.

Patterns of Vertical and Horizontal
Distribution of Pelagic and Benthic Fauna

in Antarctic Seas

JAY M. SAVAGE

Allan Hancock Foundation and
Department of Biological Sciences
University of Southern California

The following abstracts of studies conducted in
1967 and 1968 cover some of the work done under
the University of Southern California's antarctic
program.

John F. Tibbs' doctoral research was on the phae-
odarian radiolarians (Protozoa, Sarcodina) which
typically inhabit bathypelagic waters. His Eltanin
collections contained 93 species, of which less than
40 are common, and they comprise about 95 percent
of the volume of antarctic Phaeodaria. Probably
about seven species make up 75 percent of the phaeo-
darian biomass. Generally, plankton samples contain
1-5 percent Phaeodaria by volume. In exceptional
instances, up to 30 percent of the volume of a plank-
ton sample may be Phaeodaria. Coelodendrum
ramosissimum is often exceedingly abundant in sur-
face samples, and its numbers may be equal to the
total number of all other Phaeodaria. Cannos-
phaera antarctica is locally abundant in surface
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water. A juvenile stage of Cannosphaera antarctica
that is identical to an "unknown egg" (Ovum
hispidum variabile) described by Schroder in 1908
has been found. Species which comprise the bulk of
the Phaeodaria in deeper water are Aulacantha scoly-
mantha f. bath ybia, Aulospathis variabilis triodon,
two subspecies of Castanidium variabile, Plankton-
etta atlantica, and Coelechinus wapiticornis. Some
Phaeodaria are endemic to the antarctic seas, but of
these, only two, Coelechinus wapiticornis and Cast-
anopsis fragilis are common.

More than 1,000 specimens of elasipodid holo-
thurians collected in antarctic and subantarctic seas
between August 1962 and October 1964 were dis-
cussed by Candido P. Agatep (1968). This system-
atic account included one or more genera of each of
the four families of the order Elasipodida. Four new
species were described. One other paper on this
group appeared in 1967, and an additional one is
in press.

Dr. Olga Hartman has continued her studies of
Polychaeta from antarctic seas on the basis of the
systematic-zoogeographical procedures followed since
1964. Her most recent report (Hartman, 1967) was
based on collections made chiefly in the American and
Atlantic sectors, both at the shallowest and greatest
depths. It includes descriptions of 367 species from
234 samples: 177 Errantia and 189 Sedentaria are
named and 57 species, 2 subspecies, 21 genera, and
8 combinations are new. This brings to 647 the total
number of polvchaetes coming from antarctic regions
south of 50° S.

Additional collections have since been received
from Eltanin and the Smithsonian Oceanographic
Sorting Center. The benthic species have been proc-
essed and identified to family, generic, or specific
levels. A more complete analysis of all of the material
is in process. These new samples come chiefly from
the Indian Ocean and Pacific quadrants, with the
Ross Sea particularly well represented. The samples
from the Pacific Basin south of Australia and New
Zealand—mostly from deep water—are interesting
in that they disclose a fauna which differs in many
respects from that in other quadrants; its significance
may become more obvious when its parts are better
known. Studies are continuing toward formulating
zoogeographic conclusions regarding the affinities of
populations with area, depth, and extent of distri-
bution in other abyssal seas. The generally gigantic
sizes of many species are noteworthy but not yet
explained.

Dr. Orville Bandy and his coworkers have outlined
their studies of antarctic and subantarctic foramini-
ferans and radiolarians. Due to the extensive publica-
tion record of this group we shall be unable to ab-
stract all of their papers, but instead give a general

summary and note the pertinent publications. Critical
studies were conducted on the population gradients
of several antarctic and subantarctic planktonic For-
aminifera species. It was discovered that the form
ratio of Globorotalia truncatulinoides is a significant
temperature index. Further, the races of Globigerina
pachyderma were found to represent different water
masses. Subantarctic and temperate waters were
shown to have definitive populations of Neoglobo-
quadrina duteitrei with no umbilical toothlike pro-
jections as opposed to populations in tropical waters.
The subspecies subcretacea was proposed for these
cold-water forms as opposed to the tropical N. duter-
trei subspecies dutertrei, in which essentially 100 per-
cent of the population has umbilical toothlike projec-
tions. The name "Neogloboquadrina" was proposed as
a new taxon based upon the type N. dutertrei
(d'Orbigny).

Relationships between planktonic foraminiferans
and water masses that are being defined in the ant-
arctic program were employed to establish variations
in distribution of water masses of the past. This was
done by analyzing the foraminiferal indices in deep-
sea cores. Similar analyses of radiolarian faunas are
under way. A paleoclimatic model developed earlier
is being evaluated critically by the quantitative study
of additional planktonic species.

The foraminiferal and radiolarian ecology of the
Scotia Sea has been defined more precisely through
analysis of Eltanin cores and grab samples from that
area. A study of the benthic foraminiferans of Drake
Passage is now complete and has been submitted for
publication.

Studies were continued by Dr. Hugh H. DeWitt on
benthic fishes and by Dr. Thomas L. Hopkins on the
zooplanktonic biomass. Four doctoral and one master's
research projects utilizing Eltanin collections were
completed by R. Echols, S. R. Johnson, R. Kolpack,
J. R. Paxton, and R. McGinnis, respectively. Several
papers based on these projects have been accepted for
publication and others are being revised for that pur-
pose.
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Participation in USARP Expeditions

I. E. WALLEN

Office of Oceanography and Limnology
Smithsonian Institution

Six Smithsonian scientists worked in the Antarctic
during the past fiscal year. Dr. Robert Gibbs led a
party of four biologists on Eltanin Cruise 31, and Dr.
Porter Kier and an assistant made special collections
off New Zealand.

Having played a major role in the designation of a
marine preserve in the Tonga-Kermadec Trench, the
Smithsonian was quite pleased at the opportunity
afforded by Cruise 31 to work in that area. Twenty-
six collections were made at 21 Eltanin stations by
means of the 3-rn Isaacs-Kidd midwater trawl. Each
sample was checked first for living specimens, which
were transferred to aquaria. Fishes and cephalopods
were sorted immediately and placed in trays contain-
ing 10 percent formalin to allow fixing with a mini-
mum of distortion. Otoliths and gonads of selected
specimens were removed and preserved separately.
The wet displacement volume of the remaining in-
vertebrates was measured and then the invertebrates
were fixed in the 10 percent formalin.

Eighteen surface (neuston) tows were made with
a 0.5-rn Discovery Net while the ship was under way
at 3 or 4 knots. Twenty-three vertical tows were made
with a 0.5-in plankton net at depths between 220 in
and the surface. The displacement volume was meas-
ured for each sample before it was preserved in for-
maim. Flying fishes found on deck were preserved.
Four tows were made with the Jet Net before the
net was lost.

About 250 species of fishes belonging to about 60
families were taken. Several zoogeographic zones were
apparent from combinations of the data. Distribu-
tional boundaries were noted between water masses,
by depth, and by correlations with the level of atmos-
pheric carbon monoxide at dusk (which is perhaps
related to vertically migrating organisms).

Dr. Kier and Thomas Phelan rushed to New Zea-
land in response to information that cassiduloid
echinoids had been dredged from a depth of about 14
m off Wellington. Not known to occur before at
depths less than about 60 m, these specimens were of
great interest in postulating the living habits of the
many fossil species. The echinoids had buried them-
selves in the sand beneath relatively shallow, wave-
swept waters, leaving no surface indication of their
presence. This occurrence offered new insights into
the food requirements of the species.

Cruise specimens that are not being studied directly
are being sorted for distribution to investigators on
the Sorting Center's specialist lists.

Plankton Investigations in
McMurdo Sound

JACK L. LITTLEPAGE

Department of Biology
University of Victoria

Analyses of micropiankton samples from McMurdo
Sound indicate a phytoplankton-bloom period extend-
ing from mid-December to March, with diatom counts
of over 200,000 cells/M 3 in December and January
and a dinoflagellate bloom of over 27,000 cells/M3
in February. (These counts do not include the chry-
somonad Phaeocystis, which is extremely abundant
in December and January but which has not been
quantitatively sampled during this study.) Maximum
standing crop of both diatoms and dinoflagellates was
usually in the 50-100 in range. During bloom
periods, standing crops as high as 100,000 ce1is/m
were measured in the 200-230 in 	range (the
bottom being at 230 m).

The autotrophic standing crop decreased rapidly
with seasonally decreasing light intensities. The popu-
lation density did not exceed 5,000 Ce]IS/M3 and was
generally below 1,000 cells/M 3 at all depths for the
entire winter period, with highest values being re-
corded for the deeper levels.

Heterotrophic microplankton consists primarily of
tintinids (Protozoa, Tintinnida) of the genera Godo-
nellopsis, Goxliella, Gym atocylis, Laackmanniella, and
Salpingella. Tintinids generally occurred in maximum
abundance shortly after the occurrence of phytoplank-
ton blooms, and their bloom lasted longer than that
of the phytoplankton. Gymatocylis flava (see figure),
the most common species, occurred in concentrations
of up to 20,000 individuals/M3 in the upper 50 m of
the water column and gradually decreased in number
with depth. Most other species were most common
in the 50-100 in increment. G. flava popula-
tions decreased rapidly after the final phytoplankton
bloom and disappeared entirely during winter.

A definite seasonal succession of morphological
types (species?) occurs in McMurdo Sound tintinids;
however, due to the absence of any in vitro studies on
variation in the Tintinnida, this apparent succession
of species could also be attributed to a morphological
change in the lorica in response to environmental con-
ditions.

Crustacea naupli and copepodites were present in
microplankton samples collected throughout the year,
but they occurred in maximum numbers during Janu-
ary and February.

A downward shift of the population center of all
microplankton seems to occur in response to lowering
water temperatures and decreasing light. This shift
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Cyrnatocylis flava, the
most common member
of the heterotrophic mi-
crozooplankton in Mc-
Murdo Sound. Length,

400 micra.

(Photo by K. Knoké)

could be either an active vertical migration or a physi-
cal removal of microplankton from upper water
layers as those organisms become nuclei for ice-crystal
formation.

The analysis of macroplankton data is in progress,
and ecological and distributional data will be pub-
lished as they become available. A total of 77 species
of macro- and micro-plankton have been recorded
from 547 plankton samples. The table summarizes
the number of species from various taxa.

Number of species from various taxa recorded from
McMurdo Sound zooplankton samples

Taxa
Flagellata .....
Diatoms ..........
Foraminifera

.Tintinnida ...
Other ciliata
Siphonophora
Scyphozoa ......
Polychaeta ......
Gastropoda
Ostracoda ......
Copepoda ......
Mysidacea ......
Isopoda .........
Amphipoda
Euphausiacea
Chaetognatha
Larvacea ........

Total .........

The Parasitology Section of the Virginia Institute
of Marine Science is deeply involved in a worldwide
study of the taxonomy, phylogeny, zoogeography, and
host-specificity of monogenetic trematodes. Since
1959, we have collected fishes from antarctic waters
off McMurdo and Wilkes Stations, as well as from
other austral waters, thereby increasing our knowl-
edge of these interesting ectoparasites. This past
February marked the return of Messrs. James K.
Lowry and E. Lynn Suydam from Palmer Station
after they had spent a year collecting fish and marine
invertebrate hosts off the Antarctic Peninsula.

In spite of the rapid and unpredictable movement
of pack ice in Arthur Harbor and the instability of
the fast ice, collections were made on more than 200
days out of the year, either from a boat or through the
ice. When the harbor was free of ice, fishes were col-
lected from small boats utilizing handmade 4x1 '/2-ft
cylindrical traps and occasionally a 16-ft otter trawl.
The traps were baited with seal meat. Marine inverte-
brates were captured with a small, modified Carib-
bean dredge and an altered Peterson grab. A snapper
grab was used to obtain sediment samples to provide
complementary habitat data on the benthic inverte-
brates. During the winter and when the ice was fast,
specimens were collected through holes chopped in
the ice. When USCGCs Westwind and Southwind
were in the area, during the first and second summer
periods respectively, the collecting range was greatly
extended through the use of shipboard helicopters
and small boats. The services rendered by the Coast
Guard in augmenting our collections are greatly
appreciated.

Arthur Harbor was found to be very productive
biologically, and a very interesting and valuable col-
lection has resulted. During the year, 441 fishes repre-
senting three families, four genera, and eight species
were collected. The species have been tentatively
identified as Notothenia coriiceps, N. gibberifrons,
N. nudifrons, Trematomus bernacchii, T. borchgre-
vinki, T. hansoni, Chaenocephalus aceratus, and
Harpagifer bispinnis. Five of the species are new to
our collections. Fish specimens were processed in the
field utilizing the mass-collecting technique developed
in these laboratories, which employs Chioretone
(Parke-Davis) to relax the parasites. This technique
enabled the field scientists to collect many individual

Parasites of Antarctic
Vertebrates and Invertebrates

WILLIAM J. HARGIS, Jr.
and

DAVID E. ZWERNER

Virginia Institute of Marine Science

Number of
species

recorded
6

Not identified
2

16
2
3
6
3
3
2

18
3

2

77
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of 1967-1968 have been examined at the Jet Propul-
sion Laboratory to determine their toxicity.

During a traverse made with Prof. Robert E. Benoit
of the Virginia Polytechnic Institute, 18 soil samples
were collected at depths up to four inches near the
head of the Matterhorn Glacier in the Asgard Range
(Fig. 2), on a ridge east of Rhone Glacier at 1,867
m, and in an intersecting east-west valley that extends
from the Matterhorn to Lake Bonney in Taylor
Valley at an elevation of 107 m. Two additional
samples, nos. 632 and 639, were obtained on the
northern side of the Asgard Range, above Wright
Valley.

Field collectors E. L. Suydam and J . K. Lowry removing
specimens of Notothenia coriiceps from a cylindrical fish

trap (August 24, 1967). R A	
°

hhosts and yielded relatively well relaxed and preserved
parasites. The examination of the fishes is now near-
ing completion, and the parasites are being stained
and mounted for detailed study. The large collection
of invertebrates is in the process of being identified
prior to its examination for parasites.

From a cursory examination of the ectoparasitic
fauna collected from the fishes, it appears that there
are six species of monogenetic trematodes (two cap-
salids, two tetraonchids, and two gyrodactylids),
three species of isopods, one species of parasitic cope-
pod, and one species of leech.

In addition to these efforts, several papers on mono-
geneids and copepods, based upon earlier collections
from the McMurdo and Wilkes Station areas, were
submitted and accepted for publication.

Soil Toxicity in Antarctic Dry Valleys'

ROY E. CAMERON, CHARLES N. DAVID,
and JONATHAN KING

Bioscience Section
Jet Propulsion Laboratory

California Institute of Technology

Soils collected in various dry valleys (Fig. 1) of
southern Victoria Land during the antarctic summer

'This paper presents the results of one phase of research
carried out at the Jet Propulsion Laboratory, California
Institute of Technology, under contract no. NAS 7-100,
sponsored by the National Aeronautics and Space Adminis-
tration. Logistic support and facilities for the portion of
the study performed in Antarctica were arranged by the
Office of Antarctic Programs, National Science Foundation.

1620 00

Figure 1. Location of antarctic soil-sample sites.

The soils were collected aseptically by techniques
developed for sampling and handling desert soils
(Cameron et al., 1966). Microbiological analyses
were performed by methods previously reported for
samples from this region (Boyd et al., 1966;
Cameron, 1967).

Soil Toxicity Test
All samples were kept frozen until analyzed. Micro-

biological analyses were performed on the 18 samples
while they contained the in situ moisture. All other
analyses were performed on air-dried and sieved or
powdered aliquots. The results of some of the an-
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Figure 2. Soil sample site 661- 662, beside Matterhorn Gla-
cier, Asgard Range.

alyses of cultures of various groups of microflora
have been presented previously (Cameron et al.,
1968).

For this study, five grams of three soils believed to
be toxic (nos. 664, 668, and 678) were mixed with
five grams of viable sample no. 662 in 40 cm 3 of dis-
tilled water. Aliquots of appropriate serial dilutions
were then pipetted onto the surface of Petri dishes
containing either trypticase soy agar or simulated
Taylor Valley soil extract enrichment agar to give
final dilutions of 1:10, 1:50, and 1:500. Spread
plates were then prepared in triplicate and the organ-
isms incubated at 20° C. for three weeks, following
which the plates were examined with an illuminated
Quebec counter. Ten grams of each soil was cultured
separately for comparison.

The numbers of bacteria found on the agar plates
upon conclusion of the test are given in the table.
Values for the mixed samples were adjusted to 10 g of
soil. As indicated in the table, the mixing of viable
sample no. 662 with each of the three soils believed
to be toxic resulted in significant reductions in the
expected count of the viable sample ( about 30-70
percent on trypticase soy agar and about 80-90 per-
cent on the simulated Taylor Valley soil extract en-
richment agar).

Chemical analyses of the four soils showed that nos.
6645 668, and 678 contained higher concentrations of
water-soluble cations and anions than no. 662. In
order of abundance, these ions included chloride,
sulfate, sodium, calcium, magnesium, potassium, and
nitrate. The microelement boron was present at levels
of 7-16 ppm, which could definitely present a toxicity
problem (Stout and Johnson, 1957). Of nearly all the
soils tested chemically, no. 664 had the least favorable
chemical properties, although in terms of physical
properties (i.e., texture, moisture, and porosity) it
was one of the most favorable collected in the antarc-
tic dry valleys.

Unfavorable Environments

A fourth soil, no. 632 (Fig. 1), collected in King
Valley* in the Asgard Range, was also tested for soil
toxicity because it yielded no microorganisms by cul-
ture techniques. This soil was combined with viable
sample no. 639, collected below the junction of King
and David Valleys*. It was not toxic, since the bac-
teria count per gram of soil was essentially the same
for no. 639 as for nos. 639 + 632. This test indicates
that in some cases factors other than chemistry are
important in limiting the numbers of microorganisms
in these soils. Unfavorable environmental factors in-
clude primarily poor exposure and slope, low level
and duration of solar-radiation influx, desiccating
winds, and very low moisture supply. Favorable and
unfavorable ecological factors in antarctic dry valleys
have been discussed previously (Cameron et al.,
1968).

This study suggests that toxicity is responsible for
the absence or near absence of microorganisms in
three antarctic soil samples. Unfavorable environ-
ments have also been shown to be responsible for the
absence of microorganisms even when the soils had
favorable physical and chemical properties. Both eda-
phic and environmental (microclimatic and topo-
graphic) factors must be considered in attempts to
explain the presence or absence of life in antarctic
soils. For the purposes of detecting life on Mars and

* Unofficial names.

Abundance of bacteria in Asgard Range soils

Colony count (per gram of 80i1)

Soil no.	 simulated Taylor
Trypticase 80y agar	Valley soil extract

enrichment agar I

Actual I Expected I Actual I Expected

662	52,500	 85,000
604	 0	 0
608	 15	 10
678	 5	 20
639	72,500	 74,000
032	 0	 0

Test Soils
662+064	18,5002	52,500	7,8002	85,000
662+668	35,0002	52,500	16,5002	85.000
062+678	17,0002	52,500	15,1002	85,000
639+632	77,0002	72,500	68,0002	74,000

1 An analysis was made of Taylor Valley soil extract prepared
by Prof. Robert E. Benoit. On the basis of this analysis, and the
Taylor Valley soil extract enrichment used successfully by Prof.
Benoit, the following medium was prepared:

CaSO4	0.2 g	 Neopeptone	 5 g
K2HPO4	0.1 g	 Yeast extract	 1 g
NaCl	0.03 g	 Agar	 15 g
NaNO,	0.03 g	 Dist. H20	 1 1
MgC12	0.03 g
2 Compensated to approximate original 10-g sample; i.e., results

are based on 5-g sample x 2 for viable test soil.
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avoiding contamination of the planet's surface by ter-
restial microorganisms, similar soil and environmental
factors should be considered.
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lichen crust. Similarly, rock layers were cut below the
abiotic surface. Among the different elements studied,
ferric iron appears to be the most sensitive to mobiliza-
tion. It tends to increase in quantity at the abiotic sur-
face of the rock, whereas its quantity remains almost
constant under the lichen crust. In vitro experiments
performed to ascertain the ability of the lichens to
complex the iron gave positive results. With respect
to silica, only one specimen appears to have been
depleted; the depletion of silica occurred under the
lichen crust. An increase of alumina occurred under
the lichen cover and under abiotic conditions.
With one exception, calcium and magnesium showed
no definite signs of enrichment at the surface in either
type of sample. The potassium content also remained
constant throughout the core and at the surfaces of
all specimens. The phosphorous content apparently
increased at the surfaces covered by lichens. The
titanium content remained virtually constant.

Biological Weathering in Antarctica

F. C. UGOLINI and M. J. PERDUE

College of Forest Resources
University of Washington

Weathering in Antarctica is limited by the con-
tinuous low temperatures, paucity of liquid water,
and scarcity of ice-free areas. These conditions also
limit the establishment of an extensive flora. Soil for-
mation and chemical weathering in continental Ant-
arctica are occurring under almost abiotic conditions,
except where microorganisms, mosses, lichens, and
algae are found. In a few coastal areas, guano from
the penguin rookeries tends to accumulate.

The objective of our study is to determine the ex-
tent to which biological material affects the chemical
weathering of the mineral substratum. Our investiga-
tion started with the consideration of the effect of
lichens on rock alteration. The specimens were kind-
ly supplied by Dr. E. Rudolph of the Institute of
Polar Studies, Ohio State University. The approach
to this study was to analyze, chemically and mineral-
ogically, portions of rocks covered by a crust of lichens
and portions of the same rocks that were not so
covered, and then to compare the findings. As of this
writing, only the chemical analyses are available.
About 30 fusion analyses were made in duplicate,
some of which were rechecked by X-ray fluorescence
analysis.

Eleven elements were identified in rock layers
cut parallel to and below the surface containing the

Cooperative Systematic Studies in
Antarctic Biology

I. E. WALLEN

Office of Oceanography and Limnology
Smithsonian Institution

Studies are continuing on diverse units of the U.S.
antarctic collections. Specialists with known com-
petence in the heretofore unstudied groups are being
identified and their eligibility cleared by a committee
of five peers. When small sums of money will assure
the attention of such specialists, personal-services con-
tracts are drawn up, whereby each specialist agrees to
produce a manuscript on a single group within a
limited time. It is expected that these manuscripts
will be published in the Antarctic Research Series.

During the past year, manuscripts have been com-
pleted by Dr. F. M. Bayer (octocorals, gorgonaceans),
Dr. William A. Newman (barnacles), Dr. Plinio
Moreira (benthic isopods), Dr. Ryuzo Marumo (dia-
toms), and Miss Gayle Heron (copepods). The high-
lights of the first two manuscripts were described
earlier in the Antarctic Journal (vol. II, no. 5, p.
203).

Dr. Moreira has described 35 species from 1,500
collections of antarctic Serolidae. Of these species, 14
were known and 21 new ones were identified and il-
lustrated. The isopods are conspicuous members of
the benthic collections of Eltanin.

The identification and distribution of diatoms in
the phytoplankton collections made by Texas A&M
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were studied by Dr. Marumo. He examined collec-
tions made on three cruises—one from the Antarctic
Convergence, one from the Subtropical Convergence,
and one from a section between the Ross Sea and
Tasmania. Thirty-four species of diatoms were re-
ported, most of them cosmopolitan.

The work of Miss Heron, carried out under the
direction of Dr. Thomas E. Bowman, was aimed at
describing each of the six copepodid stages of five
species of calanoid copepods. Juveniles are ordinarily
fragile and thus are not found in perfect condition in
preserved samples. Consequently, an attempt was
made to find several distinguishing characteristics
for each stage—so that identifications might be ascer-
tained regardless of broken antennules or other ap-
pendages.

Work is continuing on a different group of ascidians
(Mrs. Patricia Knott Mather), asteroids (Miss Helen
E. S. Clark), holothurians (Dr. David L. Pawson),
amphipods (Dr. John S. Pearse), and pelagic isopods
(Dr. George A. Schultz). Negotiations are under way
with several possible contractors. Specialists are being
sought to work on aplacophorans, bryozoans, hy-
droids, actinarians, trematodes, nemerteans, nema-
todes, sipunculid larvae, euphausiids, shrimp larvae,
and special groups of lichens or diatoms.

Current Status of Sleep Research
at U.S. Antarctic Stations

CHESTER M. PIERCE
and

JAY T. SHURLEY

University of Oklahoma School of Medicine,
Veterans Administration Hospital, and

Oklahoma Medical Research Foundation

For the past two years, University of Oklahoma
investigators have studied the psychophysiology of
men while asleep and awake—both before, during,
and after sojourns at South Pole Station. The 10 vol-
unteers tested included both civilians and military
men, for each of whom recordings were made during
their sleep on 3 nights at Davisville, Rhode Island, 12
nights at the South Pole, and 3 nights in Oklahoma
City, Oklahoma (after their return from Antarctica).
Records of extremely good quality were obtained on
magnetic tape of a number of physiological events
such as brain-wave formation, galvanic skin re-
sponses, eye movements, heart rates, and muscle ten-
sion. On specified nights, the subjects were awakened
during periods of rapid eye movements, and tape re-

cordings were made of their reports on coincidental
dreams. These data are now being reduced.

During the second winter (1968), sleep recordings
were continued on the same basis as before. In addi-
tion to the sophisticated electrophysical recordings,
the individuals were subjected to a battery of pul-
monary tests involving the analysis of exhaled air
and the collection of blood gases by means of arterial
puncture. Other blood samples as well as urine sam-
ples were also obtained.

To interpret the medical data properly, it was
necessary to obtain information on what the men did
while awake. For this purpose, sleep-activity report
cards, requesting information on what a man did in
each '/2 hour of the 24-hour cycle, were distributed
to various stations in Antarctica. These cards were de-
signed so as to be easily completed in a few minutes
and to be subjectable to computer analysis. Four
times during the first year of the study, most of the
personnel at McMurdo, South Pole, B yrd, and Pla-
teau, and at New Zealand's Scott Base filled out cards
for a period of one week. Computer data that de-
scribed mathematically how the men say they used
their time are now available. The "composite South
Pole man," as described by the computer on the basis
of data obtained by November 1966, is one who
sleeps 7.6 hours per day, works 8.1 hours per day (1.4
hours being outdoors), and divides 5.3 hours per day
nearly equally between eating, playing games, read-
ing, and watching movies. From such data, compari-
sons can be made of many aspects of antarctic life,
including cross-cultural, cross-station, cross-occupa-
tional, cross-time-zone, cross-seasonal, and cross-yearly
fluctuations.

Other important basic medical studies are being
conducted by the research team at Pole Station, in-
cluding observations of body temperature, pulse, res-
piration, and blood pressure; recordings of environ-
mental changes (indoor and outdoor temperature,
barometric pressure, etc.); projective tests of per-
sonality; review of medical histories; and psychia-
tric interviews (individual and group).

To digest and collate the abundance of funda-
mental information collected will require considerable
time. However, once it is completed, it should be of
considerable interest to the medical researcher of the
future, who increasingly will need to know how men
can best adapt to environments now considered exotic
and stressful.

Our data raise many questions relating to medical
philosophy. Researchers now wonder if some of the
critical issues concerning adjustment to life in Ant-
arctica have to do not only with when, how long,
and how deeply a man sleeps, but perhaps more im-
portantly, "how long is he obliged to stay awake?"
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Physical Oceanography
in the South Pacific, 1967

JOSEPH L. REID
Scripps Institution of Oceanography

HENRY M. STOMMEL
Massachusetts Institute of Technology

E. DIXON STROUP
Department of Oceanography

University of Hawaii

and

BRUCE A. WARREN
Woods Hole Oceanographic Institution

Eltanin Cruises 28 and 29 were made along 43'15'
S. from Australia to Chile (March 10 to May 18,
1967) and along 28°15' S. from Chile to Australia
(June 1 to August 2, 1967). Since they were part of
one program, they have been designated the "Scorpio"
expedition by the participants. The principal work
was Nansen-bottle casts from the surface to the bot-
tom for temperature, salinity, dissolved oxygen, phos-

phate, silicate, nitrate, and nitrite. The work was
planned and carried out jointly by the four authors.
The general features of the expedition were described
in the November-December 1967 issue of this journal.
The purpose of this article is to describe the prelimin-
ary results of the data analysis.

One of the principal functions of Eltanin's pre-
vious work around Antarctica has been to take meas-
urements of temperature, salinity, and various chemi-
cal properties in order to study the circulation of the
antarctic water. The purpose of the "Scorpio" expedi-
tion was to observe the exchange of water between the
antarctic and Pacific oceans, not only in the fairly
well defined surface currents, but at intermediate and
abyssal depths as well.

It has been known for almost a hundred years that
the bottom waters of the Pacific Ocean are not de-
rived locally from surface waters but enter from the
south via the antarctic circumpolar current. Various
aspects of the flow have been discussed by Deacon
(1937), Wooster and Volkmann (1960), Knauss
(1962), Reid (1965), and Gordon (1966). In par-
ticular, Stommel (1958) had postulated that the
entering bottom water should be confined to a nar-
row path along the western boundary. All of these
discussions were limited by the scarcity of data in the
central South Pacific, and the "Scorpio" expedition
was planned to help fill in this relatively blank area.

Eltanin tracks, Cruises 28 and 29.
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The most remarkable feature of the findings to date
is the confirmation that the deep current carrying
water equatorward from the antarctic region is indeed
confined to a narrow path close along the west-
ern boundary. This has already been discussed
(Reid et al., 1968; Warren et al., 1968) and is briefly
repeated here. The evidence for this flow is based on
interpretation of the salinity distribution. A deep
(3,000-4,000 m) maximum in salinity is found at the
western boundary (the eastern side of the Tonga-
Kermadec ridge). This maximum can be followed
back to the Antarctic (where it lies at a shallower
depth), then westward through the Indian Ocean,
and finally northward to its origin in the North At-
lantic. The argument for the narrowness of the flow
in the Pacific and its confinement to the western
boundary is also based upon calculations of the rela-
tive geostrophic flow. In the 28'15' S. section, the.
surface of maximum salinity slopes abruptly near the
western boundary, and the associated horizontal pres-
sure gradients indicate that the maximum speed is
confined to a narrow band (about 70 km wide).

At the eastern boundary, the equatorward-flowing
Chile Current was observed to have a well-developed
poleward countercurrent inshore, somewhat broader
at 200 m than at the surface, and to carry highly
saline, warm water of low oxygen content toward the
south. The flow is not simple, however, but is marked
by some large-scale eddy-like features.

The double oxygen minimum pointed out earlier
in the sparser data (Reid, 1965) is amply confirmed,
though the details are altered somewhat by the
"Scorpio" data. The phosphate data confirm the
earlier conclusion (which was based upon very sketchy
information) that the double oxygen minimum does
not imply a double phosphate maximum; there is
only one phosphate maximum and it is near the
deeper oxygen minimum.
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MARINE GEOLOGY AND GEOPHYSICS

Paleomagnetic Studies of Eltanin

Sedimentary Cores and Dredged Rocks

N. D. WATKINS

Department of Geology
Florida State University

A regional survey of Eltanin marine-core paleo-
magnetism (Goodell and Watkins, 1968) was ex-
tended westward during the past year through studies
of the cores collected during Cruises 24-27. Inconsis-
tencies and possible hiatuses (Fig. 1) inhibit any re-
liable correlation between the many cores. For such
to be made, therefore, appropriate micropaleonto-
logical examination is required.

Watkins (1968a) has argued that inconsistencies
in the details of paleomagnetic data from sedimentary
cores are to be expected because of biological rede-
position of surface sediments as thick as 50 cm which
certainly would modify and conceivably completely
remove evidence of geomagnetic events of up to
50,000 years' duration. There exists, nevertheless,
limited evidence consistent with the discovery of
hitherto undetected short-duration normal-polarity
events at t = 0.82 and 1.07 million years in several of
the Eltanin cores (Watkins, 1968a). The latter event
may also have been detected by Abdel-Monem et al.
(1967) as normal-polarity lavas of similar age on
Hierro (Canary Islands), but further work is re-
quired to confirm this suggestion.

Antarctic glaciation is recorded in the sediments of
the southern ocean. Goodell et al. (1968) have shown
that glaciation has persisted for at least the last 5.0
m.y. Core 13-4 of the Eltanin collection has recently
provided evidence of glaciation during the Eocene
period (Geitzenauer et al., 1968).

The great relevance of the magnetic properties of
oceanic igneous materials to the analyses of magnetic
anomalies in terms of crustal spreading (Watkins,
1968b,c) provides one of the motives in examining
the Eltanin dredged materials, the sources of which
are shown in Fig. 2(a). From these hauls, 6,000
specimens have been classified on very simple bases.
Considerable problems exist in determining the geo-
logical meaning (if any) of the collection, particularly
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Figure 1. Paleomagnetic polarity variation in three Eltanin deep-sea sedimentary cores recovered on Cruise 27. Core num-
bers are at head of logs. Inset shows core locations. The presently known geomagnetic-polarity history for the past 4 million
years is given on the right. One possible correlation line is shown. As discussed in the text, detection of hiatuses and
final correlation between these and other cores from the same region await appropriate micropaleontological investigations.
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Figure 2. (A) Map showing locations of dredge-haul stations
on Eltanin cruises 1-27. (B) Map showing second-order
trend surface fit of granite fraction of the total material
received at Florida State University from the Eltanin

dredge stations shown above. The surface is based on a
normalized data point at every station, each of which has
resulted from a count of six different rock types (including
manganese nodules) of all specimens with at least one di-
mension of 3 cm or greater. For some of the factors limit-
ing any geological interpretation, see text. The 2,000-fathom

bathymetric contour appears on both maps.

since various dredge types and shipboard methods
were used, but the number of specimens and ship-
board personnel involved is so large that regional an-
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Figure 3. Diagram showing the water depths at all Eltanin
dredge stations. These are plotted as a function of latitude
(degrees south) for presentation purposes only. The mini-
mum depth of those hauls which include objects definitely
identified as manganese nodules is sharply defined at 1,500

fathoms.

alyses are justified. The second-order trend surface of
the granite fraction of the total recovered samples is
shown in Fig. 2(b). The strong latitude-depend-
ence of the granite distribution is clearly consistent
with an ice-rafted origin, but the equatorward in-
crease of the manganese-nodule content of the re-
covered material also contributes to the character of
the trend surface. This result is one of several which
have been presented (Watkins et al., 1968) and which
will be published in detail at a later date following
further analyses. The purpose of the study is to
delineate objectively areas of probable in situ ma-
terial. If these are associated with physiographic fea-
tures, consistent local departures of the distribution
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of rock types from regional patterns is more likely to
reflect the occurrence of in-situ than of ice-rafted
materials, which are most unlikely to be selectively
associated with physiographic features. Preliminary
results suggest that the materials dredged from the
Macquarie Arc contain much in situ material. These
materials are being subjected to examinations of mag-
netic and opaque mineralogical properties (Watkins
and Haggerty, 1967, 1968) and are being integrated
into continuing comparisons of cooling histories and
chemical and magnetic properties (Watkins et al.,
1967; Gunn and Watkins, 1968). The same samples
are also being examined in order to determine their
suitability for potassium-argon isotope dating, the
results of which are highly relevant to the crustal-
spreading hypothesis, as shown by Dymond et al.
(1968).

An incidental result of the above examination of
the Eltanin dredged materials is shown in Fig. 3. For
reasons which are not at present clearly understood,
the recovered manganese nodules are systematically
restricted to those hauls from water depths greater
than 1,500 fathoms, although slight manganese stain-
ing occurs at all depths. This observation is being
analyzed in terms of other, possibly related, variables,
such as the dependence of oxygen solubility on pres-
sure.
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Marine Geophysical Observations
Aboard Elf anin, 1967-1968

DENNIS E. HAYES

Lamont Geological Observatory
Columbia University

In the early part of 1967, a Graf sea-gravimeter
and an Anschutz gyrotable were installed on Eltanin
for operation beginning with Cruise 28. With this
addition, the geophysical equipment enabled continu-
ous and simultaneous acquisition of gravity, mag-
netic, and seismic-profiler data. Nearly continuous
data have been collected along approximately 50,000
track miles during Eltanin Cruises 28-33. With the
aid of analog error correction devices and the Navy
satellite navigation system, the gravity measurements
made on these cruises are believed to be among the
most accurate ever obtained in remote, deep-water
areas; a grid survey made in the Tasman Sea indicates
that the measurements were accurate to about 3 mgal
in moderate to rough seas. Measurements made on
Eltanin now provide a major portion of our knowl-
edge of surface gravity in the oceans south of 40° S.

The magnetic data taken on Eltanin continue to be
vital in evaluating the patterns of global tectonics and
sea-floor spreading. In addition, they are most im-
portant in the regional analysis of the Earth's main
field and its secular variations. A report on sediment
distribution and an accompanying isopach map of
sediment thickness for the South Pacific based largely
on Eltanin seismic-profile data south of 40° S. are in
the final stages of preparation. On Cruise 32, Eltanin
made her first crossing of the western continental mar-
gin of Antarctica and the adjacent Pacific-Antarctic
Ridge, along which gravity, magnetic, and seismic
information was simultaneously recorded.

Bathymetric, gravimetric, and magnetic data ob-
tained on these cruises are being systematically re-
duced and analyzed according to a standard format
by using digital computers and x-y plotters. These
parameters are plotted as profiles (e.g., depth vs. track
distance), and pertinent navigational and time infor-
mation is annotated on the plots. In the figure, an ex-
ample is given of such a plot for the first part of El-
tanin Cruise 29. The ship's three crossings of the
Peru-Chile trench are clearly shown in the depth pro-

September-October 1968	 171



M G 

-29
-74	-75	-76

tL L!O	----H-*:
N
	

20 1flP12Th M AN W M -
S	

i	 l 

S	 U) mI9oxnSo .q K
(0	 oo	o

S	w	01

01	.n 0 tp(UcDm	.l	e''	';
01	0	0	0

I	.

Plot of depth (D), free-air gravity anomaly (G), and total intensity magnetic anomaly (M) versus distance in nautical
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changes) are annotated near the bottom. Ship time is annotated near the top.

Our tentative conclusion is that both fractions yield
file (D), as well as in the large negative free-air
gravity anomalies (G). These plots, accompanied
by chartlets and a short scientific description of the
cruises, will eventually be distributed as Eltanin geo-
physical-data reports.

Geochronological Studies of
Antarctic Deep-Sea Cores

J. K. OSMOND and H. G. GOODELL

Department of Geology
Florida State University

The geochronological study of deep-sea cores (NSF
grant GA-602) obtained on Eltanin cruises has been

concerned with the determination of sedimentation
rates by means of ionium (Th-230) /uranium dis-
equilibrium dating. We have shown that (1) for-
aminiferal and other biologic oozes are more reliable
indices for ionium dating than expected; (2) sedi-
mentation rates in the southern oceans have varied
in the last 300,000 years (there is some evidence
that sedimentation rates have actually decreased
over this period); and (3) the basic immobility
assumptions for thorium and uranium are valid
for many types of sediments, although the diffusion
of radium may be more pronounced in southern-
ocean sediments than elsewhere.

In analyzing these questions, we have taken some
relatively new approaches to ionium dating. First,
we have found it necessary to separate, by physical
processes, the clay and the organic fractions of several
cores and to analyze each by alpha isotopic methods.
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the same sedimentation rates for a given interval,
at least in the upper, younger portion of the core.
Second, we have developed a nondestructive in-liner
gamma-ray analysis system which can serve as a means
of sedimentation-rate determination for several sedi-
ment types. Although this technique is based on more
than the usual number of assumptions, early results
have been better than expected. Estimates of sedi-
mentation rates have been obtained for nearly all of
the 24 cores analyzed thus far by this method.

TERRESTRIAL GEOLOGY AND
GEOPHYSICS

Mirabilite and Associated Seal Bones,
Southern Victoria Land, Antarctica

FREDERIC R. SIEGEL

Department of Geology
George Washington University

and
WAKEFIELD DORT, JR.

Department of Geology
University of Kansas

The presence of mirabilite (Na 2SO4 i01120) has
been noted for many areas of Antarctica (e.g., south-
ern Victoria Land, Vestfold Hills, Queen Maud
Land, Skarvsnes Foreland, Prince Olav Coast) from
sea level to an altitude of more than 1,200 m. In
many cases, a thin crust or "skin" of thenardite, the
anhydrous form of sodium sulfate, was found to be
associated with the mirabilite crystals. The metastable
phase (Na2SO4 71120) has not yet been reported as
present in a natural environment.

Mirabilite studied in this investigation was obtained
from the terminal ice scarp, areas of the ice-cored
moraine, horizontally bedded deposits of considerable
lateral extent, and piercement-like deposits in front
of Hobbs Glacier. The mirabilite was identified by
placing the unknown and a calcite standard on a
frosted-glass slide under Mylar and subjecting them
to X-ray diffraction analysis. In addition to the
major elements revealed by the analyses to comprise
the mirabilite, semiquantitative emission spectro-
graphic analyses showed the presence of Al, B, Ba,
Ca, Cu, Fe,, Mg, Mn, Si, Ag, and Ti; undetected ele-
ments were Sb, As, Be, Bi, Cd, Cr, Co, Pb, Hg,
MO) Ni, P, Pt, Sr, Sn, W, V, Zn, and Zr. Meltwater
from the Hobbs Glacier snout was flowing over an ex-
posure of coarsely crystalline mirabilite without ap-
parently effecting any change in the mineral, thus

indicating the temperature-dependence stability of
the sodium sulfate decahydrate.

One of the horizontally bedded deposits of mirabi-
lite yielded a specimen from a seal of the antarctic
tribe Lobodontini (C. Ray, personal communica-
tion). It consisted of the centrum of the penultimate
thoracic vertebra, with the proximal end of the last
right rib attached by ligaments, along with the an-
terior central epiphysis of the last thoracic vertabra. A
C14 date of 3,740±210 years BP was obtained from
the specimen; this date is based on the Libby half
life (5,770 years) for C 14, and the error stated is ± lo-,
as judged by the analytical data alone; the modern
standard used is 95 percent activity of N.B.S. oxalic
acid. Considering that there is a potential error of
about 615±100 years in such ages because antarctic
seals may subsist on carbon with a lower C' 4 content
than that of the temperate trees used as radiocarbon
standards (Marini, Orr, and Coe, 1967), the adjusted
date on the seal bones (3,125±210 years BP) is the
oldest such date reported from Antarctica. The mira-
bilite of the horizontally bedded deposit from which
the seal remains were recovered is less than 3,125--L
210 years BP in age.
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Age Determination of
Rocks and Minerals from the

Transantarctic Mountains

G. FAURE, R. L. HILL, RENE EASTIN,
and R. J. E. MONTIGNY

Department of Geology and
Institute of Polar Studies

Ohio State University

The objective of this continuing research program
is to provide factual information with respect to the
occurrence and time of geologic events in the Trans-
antarctic Mountains. To this end, suites of rock sam-
ples as well as separated minerals are being analyzed
for age determinations by the Rb-Sr method. This
method is especially well suited to the study of the
polymetamorphic rock complexes which occur in the
Transantarctic Mountains.

The exploration of the geologic history of the
Transantarctic Mountains is a formidable task, re-
quiring the efforts of many scientists working in col-
laboration. It is our hope that we will be able to con-
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Description of
rocks or minerals

No. of	 Area
specimens

Age*	 (Sr871Sr88)0
(m.y.)

Summary of age determinations of rocks and minerals from the Transantarctic Mountains.

4

4

8

7

6

2

Basalt;
Ferrar Basalt

Porphyritic rhyolite;
Gallipoli Porphyries

Basalt;
Kirkpatrick Basalt

Acid Volcanics;
Leverett Fm.

Metavolcanics;
Wyatt Fm.

Metagreywake, slate
phyllite; La Gorce Fm.

Foliated rapakivi
granitic rocks

Biotite (no. 13) from
foliated rapakivi granite

Muscovite (no. 13) from
foliated rapakivi granite

Biotite (no. 11) from
foliated rapakivi granite

Biotite (no. 227) from
porphyritic quartz monzonite

Postkinematic granitic
rocks and aplites;
Wisconsin Range batholith

Acid volcanics

Porphyritic rhyolite;
Gambacorta Fm.

Rhyolite;
Littlewood volcanics

Scarab Peak,
N. Victoria Land

S. Freyberg Mts.,
N. Victoria Land

Storm Peak,
Marshall Mts.,
Queen Alexandra Range

Mt. Webster,
Byrd Mts.

Metavolcanic Mt.,
Wisconsin Range,
Horlick Mts.

Wisconsin Range,
Horlick Mts.

Wisconsin Range,
Horlick Mts.

Wisconsin Range,
Horlick Mts.

Wisconsin Range,
Horlick Mts.

Wisconsin Range,
Horlick Mts.

Long Hills,
Horlick Mts.
Wisconsin Range,
Horlick Mts.

Todd Ridge,
Long Hills,
Horlick Mts.

S. Neptune Range,
Pensacola Mts.

Littlewood Nunataks,
Coates Land

0.7 12 1

0.7057

0.7137

0.7157

0.7034

0.7168

0.7090

0.7040
(assumed)

0.7040
(assumed)

0.7040
(assumed)

0.7040
(assumed)

0.7062

0.7116

0.7160

0.7040
(assumed)

5

2

5

1

7

155
(assumed)

375

155

(assumed)

483 ±13

630± 14

462-1-17
(lower limit)

629-t22

396

1255

401

513

490±12

532 ± 38

250
(lower limit)

1,044

* All age determinations were made by the Rb-Sr method on suites of total samples or separated minerals. ARb 87 = 1.39 X
10-11 yr.

tribute an absolute time scale for the geologic evolu-
tion of this important part of Antarctica.

In this report, we summarize our conclusions very
briefly in tabular form to make them available to our
colleagues who may be working on different aspects
of this challenging problem. More extensive discus-
sions of our data can be found in the current litera-
ture (Faure et al., 1968a and b).

The data in the table are arranged generally in
geographic order, starting in northern Victoria Land
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and continuing along the strike of the Transantarctic
Mountains to Littlewood Nunataks in Coates Land.
In the following discussion, we comment briefly on the
significance and interpretation of the dates.

The Ferrar basalt (from Scarab Peak in northern
Victoria Land) and the Kirkpatrick basalt (from
Storm Peak in the Marshall Mountains of the Queen
Alexandra Range) have unusually high initial Sr 17/
Sr811 ratios. These measurements confirm and extend
earlier determinations of this ratio by Compston et al.
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(1968), who analyzed specimens of Ferrar dolerite
from the Transantarctic Mountains. It is becoming
clear that the Mesozoic dolerite sills of the Transant-
arctic Mountains and of Tasmania (Heier et al.,
1965) are characterized by unusually high initial
Sr 17 ratios of about 0.712. The significance of
this observation to the petrogenesis of these rocks and
to the tectonic history of the Transantarctic Moun-
tains is not yet fully understood.

A considerable portion of our effort has centered
on the Wisconsin Range of the Horlick Mountains,
where the basement complex is exceptionally well ex-
posed. We have very good evidence that the metavol-
canic rocks of the Wyatt formation have been closed
systems with respect to Rb and Sr for 630 ± 14 m.y.
and may, in fact, be older. We also have evidence
that small bodies of granitic rocks and aplites were
crystallized 490 ± 12 m.y. ago and thus are Ordovi-
cian in age. The age of the foliated rapakivi granitic
rocks which are believed to make up the bulk of the
Wisconsin Range batholith (Murtaugh, in press) is
less certain. We have a preliminary age of 629 ± 22
m.y. for this rock, but the true age may be greater.

The mineral dates for the rapakivi granitic rocks
reveal an interesting anomaly. Two biotites from these
rocks give consistent dates of 396 and 401 m.y. One
muscovite, separated from specimen 13, gives a highly
discordant date of 1,255 m.y. This type of discordance
of biotite and muscovite dates has been observed re-
peatedly by other investigators working on metamor-
phosed rocks from other continents (Lanphere et al.,
1964; Wetherill et al., 1960; Wasserburg et al., 1962;
Aldrich et al., 1965; and Bassett and Giletti, 1963).
In many cases, Rb-Sr dates of muscovites have been
found to be compatible with the Pb207 /Pb206 date
of coexisting zircons. Under these conditions, the
muscovite date can be taken as a close approximation
of the true age of the rock. On the other hand, All-
sopp (1961) demonstrated that muscovite in the Old
Granite of central Transvaal had become enriched
in radiogenic Sr 117 during a metamorphic episode
and therefore gave an age which exceeded that of the
rock in which it was found. Further work is in pro-
gress on the minerals from the rapakivi granitic rocks
of the Wisconsin Range with respect to the rocks'
age and history.

Finally, we draw attention to the date of 1,044 m.y.
which we have obtained for a single specimen of rhyo-
lite from Littlewood Nunataks in Coates Land. Aug-
henbaugh et al. (1965) first described the geology of
these nunataks and reported a K-Ar date of 840 m.y.
for a total-rock specimen of rhyolite. Our analysis of
the same specimen confirms a Precambrian age for
this rock. Further work is in progress to date rhyolites
of the Patuxent formation in the Neptune Range,
Pensacola Mountains. These rhyolites may turn out

to be the oldest dated rocks in the Transantarctic
Mountains.
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Studies in Antarctic Paleobotany*

J . M. SCHOPF

U.S. Geological Survey
(Columbus, Ohio)

Devonian floras. Devonian plant fossils are known
from three widely separated localities along the
Transantarctic Mountains: (1) at West Beacon, Vic-
toria Land, where an erratic specimen was collected
by Speden and identified as the axis of Haplostigma
by Plumstead (1962); (2) on Discovery Ridge, Ohio
Range, in central Antarctica, where plant material
has been found intercalated with fossiliferous marine
beach sands (Long, 1964), and where the plant
fossils include numerous spores and small axis frag-
ments of psilophytes; and (3) at "Okanogan" nuna-
tak (Loc. "C," Schmidt et al., 1964) in the south-
western part of the Patuxent Mountains, where
Dwight Schmidt found an erratic axis fragment of
Haplostigma preserved as a mold in quartzitic sand-
stone, and where shaly carbonaceous pods in situ in
the sandstone include numerous spores and compres-
sions of "Cyclostigma"-type stems.

Locality 3 is apparently Middle Devonian; locality
2 is Early Devonian, as proved by association with
Emsian-age marine fossils (Doumani et al., 1965),
the age being further confirmed by the plant assembl-
age. The age and source horizon of locality 1 is
uncertain. Additional searching should provide more
material. Bony fish plates that David Matz has found
in place near the top of the Victoria Land Devonian
section (presumably above the plants) suggest that
the age is perhaps Frasnian or older, according to a
preliminary estimate by Dr. R. H. Denison, who is
now studying this material.

The Devonian plant fossils are significant. They
indicate the presence of a cosmopolitan flora that can
be compared with assemblages in both Northern and
Southern Hemispheres. Occurrences of land plants
also define the extent of the antarctic landmass dur-
ing the Devonian. They are in near-shore marine
deposits, which in the Ohio Range were closest to
the strand. They are also found in quartzitic sand-
stones that probably represent offshore bars.

Permian and Triassic floras. Most of the fossil
plant collections from the Antarctic are Permian.
The Permian floras, characterized by Glossopteris,
Gangamopteris, Noeggerath iopsis, and Paracalamites,
apparently represent mostly Late Permian floras
(Rigby and Schopf, 1968). One occurrence of Bun-
adia at the bottom of the Mount Gran section in

* Publication authorized by the Director, U.S. Geological
Survey.

Victoria Land apparently is an indication that Early
Permian floras also may be present. "Northern" plant
types are lacking, and there are few novelties. Most
species represent familiar forms widely reported from
other parts of Gondwanaland.

A comparable Late Permian plant assemblage has
been collected in the Ellsworth and Pensacola Moun-
tains. Similar material is present in the Theron
Mountains and the Whichaway Nunataks (Plum-
stead, 1962), the Horlick Mountains, the Queen
Maud Mountains, the Queen Alexandra and Queen
Elizabeth Ranges, and central and northern Victoria
Land. All told, about 300 horizon localities are re-
presented, according to a count by J. F. Rigby, who
has been associated with these studies. The antarctic
Permian flora is most similar to that of the Lower
Beaufort of South Africa, the Damuda of India, the
Newcastle of Australia, and possibly to the Passa
Dois series in Brazil. Most of the antarctic glossopterid
floras probably are of Guadalupian and Ochoan age
in terms of the American section and of Kazanian
and Tatarian in terms of the Ural sequence.

The Triassic is sharply distinguished from the Per-
mian in the Antarctic by the occurrence of Dicroi-
dium and megaspores of Nathorstisporites. At Allan
Nunatak, Lower Triassic may be present, as indicated
by sparse admixture of Glossoptenis and Taenioptenis.
Czekanowskia occurs with Dicroidium in collections
obtained by David Matz at Robison Peak. Elsewhere,
Dicroidium and the form that Townrow (1967) has
compared with Diplasiophyllum may represent a
somewhat younger Triassic assemblage. According to
Barrett et al. (1968), this plant assemblage is associ-
ated most closely with the one known antarctic ex-
ample of an ancient terrestrial vertebrate.

Permian and Triassic fossil wood, some of it almost
certainly glossopterid and none of it wholly character-
istic of Rhexoxylon, provides the surest index to rate
of plant growth in a seasonal temperate climate. Some
of the wood is rotted by fungi, which provides an in-
dication of degradation processes. Clamp connections
of the fungus suggest the Triassic occurrence of Basi-
diomycetes of a type that can be matched in temper-
ate humid forests of the present day.
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Aerial Color Photography for
Antarctic Photogeology

H. T. U. SMITH

Geology Department
University of Massachusetts

This paper is intended as a progress report on the
evaluation of successive trial color-photography runs
that began in 1962. It is part of a more general study
of the applicability of photo interpretation to antarc-
tic terrain (Smith, 1967). The earlier trials with
color, although showing promise, were beset by vari-
ous mechanical and optical problems, and were less
than satisfactory. The photography considered here
was taken in January 1967 by means of a T-1 1 cam -
era with a 6-inch Metrogon wide-angle lens set at f/
6.3; the shutter speed was 1/300 second. The film was
Ektachrome Aero. The photos were overlapping verti-
cals taken at heights of 1,800 to 3,000 m above
the terrain. Flights were made by the U.S. Navy in
cooperation with the U.S. Geological Survey. Photo-
graphs were taken along eight short flight lines, three
over Ross Island and five over the dry-valley area.

Of the Ross Island flights, one was over Cape
Crozier and two were over the coast on the west side
of Mount Bird. Resolution of detail was very good,
and color contrasts within the volcanic rocks were
conspicuous. Particularly noteworthy was the con-
trast of areas of reddish-brown coloration with
the generally prevalent blue-black coloration, suggest-
ing lithologic differences, which, however, have
not as yet been correlated with field observations.
Comparisons made with black-and-white photogra-
phy of volcanic terrain of other parts of Ross Island
appear to indicate that color photography is defin-
itely advantageous for the study of volcanic rocks.

Flights over the dry-valley area were spread out
over a distance of some 35 miles, from the Finger
Mountain-Maya Mountain locality to Lake Vida. All

except four exposures were over sedimentary rocks of
the Beacon group and intercalated dolerite sills.
Despite the general monotony of coloration, details
of bedding and of variations in tone and hue
from one bed to another were well displayed. In par-
ticular, minor differences between Devonian and Per-
mian beds, which are separated by a major uncon-
formity (Mats and Hayes, 1966), were much more
easily recognized on color than on black-and-white
photography. However, comparisons between dicon-
tinuous exposures were handicapped by vignetting.
An outcrop near the border of one frame appears
much darker than the same outcrop positioned more
centrally in the overlapping frame; in other words,
there was increasing underexposure from center to
edge. Only within a circular central area roughly four
inches in diameter was color rendition more or less
uniform. This restriction, which applied also to pre-
vious experiments with color photography, reflects a
deficiency of the optical system used. It probably
constitutes the main technical barrier to effective and
more widespread use of color. Undoubtedly, further
experimentation with different lenses and/or filters
will provide a solution. When this difficulty is re-
moved, color photography should become a much
more important tool for the antarctic geologist.

What is said above applies also to the study of the
basement rocks. Although only four photographs
taken along the flight lines considered here covered
exposures of those rocks, some of the photography
from an earlier date gave better coverage, but was
similarly plagued by vignetting. It did suggest, how-
ever, that if this difficulty were overcome, the use of
color could be particularly valuable in distinguishing
the various igneous and metamorphic rocks.
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Origin of the Salts in Taylor Valley

L. M. JONES and G. FAURE

Department of Geology and
Institute of Polar Studies

Ohio State University

The isotopic composition of strontium is being used
as a natural tracer to identify the source of strontium
in the salts of lakes and soils in southern Victoria
Land. If the source of the strontium can be deter-

September-October 1968	 177



mined, it may serve as a guide to the sources of the
other elements in the salts. Earlier work (Jones et al.,
1967; Jones and Faure, 1967) established that the
strontium in Lake Vanda is primarily a product of
chemical weathering of the bedrock of Wright Valley
and that it is transported to the lake by the Onyx
River. No evidence was found to indicate that the
strontium was of volcanic or marine origin.

The source of the salts in Taylor Valley (see figure)
presents a more complicated problem. This east-west
trending valley opens onto McMurdo Sound. The
western part is a basin containing Lake Bonney, a
permanently stratified saline lake. The isotopic com-
position of strontium was determined in water from
Lake Bonney, Lake Fryxell, and McMurdo Sound;
in water-soluble salts present in the soil of Taylor
Valley; and in basalts from the McMurdo volcanics.
These data are summarized in the table.

The strontium in Lake Bonney, like that in Lake
Vanda, exhibits a relatively high radiogenic content
(Sr 87 /5r86 =O.7130) compared with marine stron-

IJmTfl

Sound

Locations of sites from which water and soil samples were
taken in Taylor Valley.

Summary of strontium isotopic analyses
of samples from Taylor Valley

Material and Source	I (5r87 /Sr86 ) * I Remarks

Basalt, McMurdo volcanics	0.7040	Average of 19
samples

Water, McMurdo Sound
	0.7094	Average of 2

samples
Water, Lake Bonney	 0.7130	Average of 10

samples along
depth profile

Water, Taylor "Red Melt"
	0.7136

Soil, basin of Lake Bonney	0.7136	Water leach
Soil, near LaCroix Glacier	0.7125

	Water leach
Soil, near Canada Glacier	0.7101

	Water leach
Soil, near Lake Fryxell
	0.7089	Water leach

Water, Lake Fryxell
	 0.7090

Eimer and Amend SrCO3
isotope standard
	 0.7084	Average of 15

	

± 0.0003	measurements

*Corrected for isotopic fractionation, assuming Sr87/
Sr86 = 0. 1194.

tium (Sr 117 and volcanic strontium
(Sr 8 /Sr85 =O.7O4O). This suggests that much of the
strontium in Lake Bonney has been derived by chemi-
cal weathering of the bedrock and does not have
either a volcanic or a purely marine source.

A few years ago, a large red-colored, salt-charged
ice cone appeared at the lower end of Taylor Glacier.
It discharged saline meltwater into Lake Bonney. The
cone no longer exists, but the cause of this phenome-
non is still unexplained. The isotopic composition of
strontium in the salt core was found to be identical,
within experimental limits, to the strontium in Lake
Bonney and in the soil of the western part of Taylor
Valley.

Strontium leached from soil near the LaCroix Gla-
cier (see figure) has about the same isotopic composi-
tion as that of Lake Bonney. However, farther to the
east, in the vicinity of the Canada Glacier, the stron-
tium in leached salts is less radiogenic and reflects a
derivation from both marine and bedrock sources.
Strontium in the soil near Lake Fryxell appears to be
predominantly of marine origin, as does the water of
the lake.

Although the bedrock geology of Taylor Valley is
not conspicuously different from that of Wright
Valley, the salts in Taylor Valley do not contain
proportionally as much radiogenic strontium. Wright
Valley apparently is a closed valley, whereas Taylor
Valley opens onto McMurdo Sound. At one time, the
sea extended into Taylor Valley, as evidenced by the
raised strand lines. As the floor of Taylor Valley was
exposed, some seawater remained, depositing salts as
it evaporated. These salts, containing marine stron-
tium, have had a moderating influence on the stron-
tium isotopic composition of the salts present in the
soil today. Volcanism, which was more prevalent in
Taylor Valley than in Wright Valley, also had an
effect on the salt composition, but the magnitude of
that effect cannot be estimated at this time.
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Analysis of Ellsworth Mountains and
Ruppert Coast Geologic Data

BERNHARD SPORLI

and

CAMPBELL CRADDOCK

Department of Geology and Geophysics
University of Wisconsin (Madison)

During the past year, laboratory study of rocks
obtained in the Ellsworth Mountains has continued,
and work was initiated on material collected on the
Ruppert Coast of Marie Byrd Land in the 1966-1967
season (Sporli and Craddock, 1967). In June 1967,
these activities were transferred from the University
of Minnesota to the University of Wisconsin.

Information gathered during four seasons in the
Ellsworth Mountains has been extracted from field
notes and is being plotted on maps. Structural and
sedimentological measurements were registered on
data cards and are being plotted on hemispheric dia-
grams with the help of a computer program. The re-
suits of this study are incomplete, but they suggest a
complex geometry for the large anticlinorium of the
Ellsworth Mountains and the presence of interference
folds in parts of the chain.

Petrographic study has centered on the mafic in-
trusive and extrusive rocks exposed in the Heritage
Range and the southern tip of the Sentinel Range.
Modal analysis is nearly complete, but the exact classi-
fication of the rocks is difficult because of their ex-
treme alteration. Continued petrographic study of the
sedimentary rocks has shown that subgraywackes and
quartzose sandstones are as abundant in the Crash-
site Quartzite as true graywackes.

Dr. Adolf Seilacher (University of Tubingen)
kindly appraised several specimens containing trace
fossils from beds equivalent to the lower part of the
Crashsite Quartzite in the northwestern Heritage
Range. An Ordovician age is indicated by traces
closely related to Cruziana furcifera d'Orb.

The geologic map of the Heritage Range is under
compilation. With the availability of the new topo-
graphic bases (1:250,000 Reconnaissance Series,
sheets "Union Glacier" and "Liberty Hills") the con-
struction of reliable cross sections has become feasible.

A major part of the year has been devoted to the
study of the Ruppert Coast materials. Chemical an-
alyses and age determinations are still in progress,
but petrographic work, including about 80 modal
analyses, has been completed. The rock collection has
been divided into four groups—metagabbros, meta-
volcanics, granitic intrusives, and dikes.

The gabbroic rocks are exposed in the northeastern
part of the Ruppert Coast (including Mount Giles,
Cape Burks, and parts of the Mount Gray area).
Some of the outcrops display a distinct layering trend-
ing from ENE to NNE. Andesite flows predominate
in the metavolcanic suite; a few rhyolites and agglo-
merates are also present. Structural trends in the de-
formed flows average northwest.

Both of the mafic groups are intruded by a com-
plex suite of granitic rocks. In the western part of the
area, quartz monzonites are most common, and in the
eastern part (in the vicinity of Mount Gray), quartz
syenites predominate. The rocks contain much par-
tially assimilated material. Peculiar spherical mafic
inclusions, probably similar to the proto-orbicules de-
scribed by Leveson (1966), are present at Landry
Peak. Various felsic and mafic dikes cut the intrusive
granitic rocks. Some of these dikes are offset by small
faults.

The compilation of a general geologic map of the
Ruppert Coast and of several detailed sketch maps
constructed from trimetrogon and hand-held-camera
photographs has been completed.
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Quantitative Paleolimnology and
Fossil Conchostracans

PAUL TASCH

Department of Geology
Wichita State University

Some aspects of the paleolimnology of the fossil-
conchostracan Leaia zone (Ohio Range) have been
deciphered. Others are still being studied. Fifteen
leaiid (ribbed) and two lioestheriid (unribbed)
generations intermittently inhabited Permian ponds
or pools on a coastal floodplain during intervals of
137± years (Tasch, 1967).

Conchostracan occupancy during less than 1/2
centuries corresponded to a slightly fluctuating phos-
phate paleosalinity of 30-31 parts per mille (ppt).
Where they disappear from the section, paleosalinity
attained 33 ppt. Cessation of clam shrimp occupancy
is attributed to this initial increase of salinity (Tasch
and Gafford, 1968).

Lower in the formation, beds of equivalent lithology
had paleosalinities of 29-31 ppt. These findings per-
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mit a new kind of index for a sedimentary formation
—the paleosalinity signature. Thus, for the Mount
Glossopteris Formation, it was found to be 29 to 33
ppt. (With a built-in correction factor, in this inst-
ance, negative, i.e.,-4.0 ppt, the salinity would be re-
duced to 25-29 ppt, as compared with 35 ppt for
normal seawater.)

Partitions of samples into freshwater or marine,
based on trace elements, tend to confirm phosphate
paleosalinity determinations. The latter determina-
tions, as this study suggests, may help to resolve
anomalous results for the same sample between dif-

ferent geochemical partitions (i.e., boron alone or
boron vs. vanadium or gallium). Accordingly, a
sample that plots as both marine and fresh may be
shown to be brackish by parts-per-mule determina-
tions.

These paleontological/geochemical studies mark
the advent of a new field of investigation: quantita-
tive paleolimnology. (In geochemical studies of trace
elements, the brackish-water component among sam-
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correlations between specific fossil conchostracan
zones in Antarctica and similar zones on other South-
ern Hemisphere continents have been indicated for
both the Permian and the Jurassic. These correlations
must now be further documented by additional col-
lections and studies.

Among incidental findings for which results have
been finalized are the detection of a mineral not
previously reported from Antarctica and a new trace
fossil. X-ray diffraction analysis of the mineral which
occurred in salt efflorescences of the Ohio Range
showed it to be magnesium sulphate hexahydrite
(Tasch and Angino, 1968). Other salt efflorescences
included pure gypsum and gypsum admixed with hex-
ahydrite in the Ohio Range and with calcite in the
Sentinel Range. A new trace fossil (Cochlichnus
antarcticus) in the Mount Glossopteris Formation of
the Ohio Range was represented by a vermiform
excavation in an in situ floodplain siltstone that was
about 30 m above the base of Mercer Ridge. It has
been described and figured (Tasch, 1968).

Geochemical analysis of trace elements in selected argil-
lites (Mount Glossopteris Formation, Mercer Ridge,
Ohio Ridge). Details are in Tasch and Gafford (1968).
Fossil Leaia zone (station 0) includes beds 0-21.13
(oldest) through 0-21.2 (youngest). Stations I and II
are time equivalents of station 0 (bed 21.8, lower 0.3
feet) and are 20 and 65 feet north of station 0 respec-
tively. Beds 0-18 (oldest) and 0-20 (youngest) are
closer to the base of the ridge and far below the Leaia
zone. Sample 0-17, morainal debris far to the south-
west, is of same lithology as the other samples. Above
bed 0-21.2, fossils disappear from the section where
paleosalinity changes from 31 parts per mile (ppt) to
33 ppt. Accompanying trace-element changes are most
marked for V and K. (Ni-Nickel, Ga-Gallium, Pb-Lead,
B-Boron, Cu-Copper, and Cr-Chromium are shown in
parts per million (ppm), and K-Potassium, in percent).
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Equivalents of the fossil clam shrimps (lioestheriids)
from the interbeds of the Kirkpatrick Basalts (Queen
Alexandra Range) occur in the presumed Jurassic
volcanic sequence of Victoria Land and in association
with the Lebombo volcanics of Mozambique (Elliot
and Tasch, 1967b). They occur in the Jurassic of
India as well.

An additional locality on the Mauger Nunatak,
found by David Elliot this past season, demonstrates
that such clam-shrimp beds are more widely distrib-
uted than had been thought. In terms of drift theory,
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Pensacola Mountains Project*

P. L. WILLIAMS and A. B. FORD

U.S. Geological Survey
(Denver and Menlo Park, California)

The U.S. Geological Survey has continued labora-
tory study and compilation of data on the geology
of the Pensacola Mountains since the field season of
1965-1966 (Huffman and Schmidt, 1966).

The sedimentary succession within the Pensacola
Mountains is at least 10,000 m thick and contains
rocks ranging in age from Late Precambrian through
Permian (Schmidt et al., 1965). Marine sandstones
predominate throughout this column. Petrographic
study by P. L. Williams discloses such an abundance
of detrital quartz that the sandstones are either
quartzites or subgraywackes (Pettijohn) ; detrital feld-
spar is notably a subordinate mineral. Lithic frag-
ments indicate that the provenance of the rocks is
varied. Sediment in the eugeosynclinal turbidite
subgraywackes of the upper Precambrian Patuxent
Formation was derived largely from granitic and
high-grade metamorphic terrane of the East Antarc-
tic craton, but some sediment was derived from in-
traformational volcanics and from limestone and
sandstone of the penecontemporaneous miogeosynclin-
al or shelf facies. The Wiens Formation and Elliot
Sandstone of early Paleozoic age are lithic subgray-
wackes made up largely of volcanic quartz, feldspar,
and volcanic-rock fragments locally derived from
flows and tuffs of the Gambacorta Formation of pro-
bable Cambrian age. Sandstones of the Neptune
Group and the Dover Sandstone of Middle(?) Pale-
ozoic age are mature quartzites and quartzose sub-
graywackes. They contain fewer volcanic fragments
stratigraphically upward, and the sediment was pro-
bably derived largely from reworked older sedimentary
rocks and from craton rocks directly. Gneiss and
granite clasts in the Gale Mudstone, a lithic subgray-
wacke of Permian age, were derived directly during
glaciation of the craton areas, but abundant rounded
quartz grains suggest that much of the sediment was
incorporated from sedimentary rocks, probably the
underlying Dover Sandstone and Neptune Group.
The feldspar-rich graywackes of Permian age at the
Pecora Escarpment and the Forrestal Range were
probably derived in large part directly from the
craton.

Diabase and basalt in sills and dikes intrude the
entire sedimentary succession in the Pensacola Moun-
tains. Diabase of Late Precambrian age is intensely
deformed and metamorphosed to chlorite grade. Rel-

* Publication authorized by the Director, U.S. Geological
Survey.

atively unaltered diabase, probably of Jurassic age,
mapped and sampled by D. L. Schmidt, A. B. Ford,
W. H. Nelson, and R. D. Brown at the Pecora Es-
carpment in the southernmost Pensacola Mountains,
occurs as sills in glossopterid-bearing sedimentary
rocks of Permian age. This diabase appears to be
similar chemically to postorogenic basalt and diabase
in dikes in folded sedimentary rocks as young as Per-
mian in the northern Pensacola Mountains. The dikes
thus are considered by A. B. Ford to place a probable
minimum age of Jurassic on the post-Permian de-
formation iii the Pensacola Mountains. Post-Permian
deformation is unrecorded elsewhere in the Trans-
antarctic Mountains, except possibly in northern
Victoria Land, but was extensive in the Ellsworth
Mountains of West Antarctica. The postorogenic
basalt and diabase have a tholeiitic character, which
is demonstrated by major oxide analyses which show
low total alkalies (average about 2.5 weight percent)
in relation to silica (average about 52 percent). Anal-
yses of the little-differentiated chill zones plot be-
tween the hypersthene tholeiite magma types of Gunn
(1962) for Jurassic sheets of southern Victoria Land.
The low total-alkalies: silica ratio of the Jurassic(?)
basalt and diabase applies also to the gabbros of the
nearby Dufek Massif in the northern Pensacola Moun-
tains which form the lower part of a post-Permian
stratiform mafic complex estimated by A. B. Ford and
W. W. Boyd, Jr., to be about 7 km in total thickness
and at least 9,000 km 2 in area.

Paleornagnetic studies by M. E. Beck, Jr., Nancy
C. Lindsley, and A. B. Ford were continued on about
250 oriented samples from the Dufek stratiform intru-
sion (Beck, Ford, and Boyd, 1968). The gabbros from
the Dufek Massif are magnetically stable and yield a
paleomagnetic pole position of 47.5°S. 164.0°W.,
which, when corrected for a gentle southwestward
dip of the igneous layering, is 56°S. 175.5°W. This
position is close to that for Jurassic diabase sheets
elsewhere in Antarctica. The intensity of rernanent
magnetism decreases stratigraphically downward from
a high in the gabbros of the Forrestal Range to a low
in the lower gabbro of the Dufek Massif. Two zones
of reversed polarity occur: (1) a lower zone between
two normal zones that comprises about 20 percent of
the 2,000-rn Dufek section, and (2) an upper zone
that comprises about 65 percent of the 2,000-rn For-
restal section. Present evidence points toward field
reversal rather than self-reversal, although mineral-
ogical studies are still incomplete.
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Observations of Earth Tides and

Free Vibrations at South Pole

LOUIS B. SLICHTER, CLARENCE L. HAGER,
and RICHARD V. O'CONNELL

Institute of Geophysics and Planetary Physics
University of California (Los Angeles)

During the 1966-1967 season, C. L. Hager installed
at South Pole two LaCoste Romberg earth-tide
meters, which were operated throughout that season
by Richard V. O'Connell; in 1967-1968, Hager in-
stalled a replacement meter, which is now being
operated by Fred Walton. Although the program is
too new for the reporting of significant results, it is
perhaps desirable to explain its objectives and the
reasons the difficult polar location was chosen.

The first objective is to observe the fortnightly
earth-tide produced by the changing distance to the
moon. This tide attains its maximum amplitude at
the Pole—about 40 gals. peak to trough, which is
twice the value of the secondary maximum at the
Equator. (Incidentally, the large diurnal tides are
absent at Pole.) In general, gravity-tide observations
aim at obtaining two numbers at each prominent
tidal-excitation period: (1) the amplitude of the
gravity fluctuations, which relates to the rigidity of
the Earth, and (2) the phase lag, which relates to the
imperfections of elasticity, or the Q of the Earth, at
the period of the tidal force. Because of the long
period and only moderate amplitude of the fort-
nightly tide, the determination of its Q is far beyond
the capabilities of present instruments. But its ampli-
tude, which has not yet been adequately observed,
should be capable of satisfactory measurement at
Pole.

The second objective relates to observations of the
Earth's free vibrations produced by great earthquakes.
Except at Pole, the Earth's free modes show a fine
structure representing line splitting caused by the
Earth's rotation. The number of lines in these multi-
plets is large, being 2n + 1 where n is the degree of
the mode. At Pole, the central line attains its maxi-

mum amplitude, and all the others vanish. Because
the multiplets cannot be resolved (except for the
mode of degree 2, 3, and possibly 4), the lines merge
into a single broad peak, whose center may be dis-
placed because of asymmetrical excitation of the mul-
tiplet. This leads to the possibility of a type of error
in determining the frequencies of the free modes
which can be avoided at Pole Station.

2.308 2 375	2.327 2.3365 2.346

CYCLES PER HOUR

Idealized representation of the merging of five
spectral peaks. See text.

The impossibility of resolving the fine structure,
and the degree of the resultant uncertainty, may be
appreciated by reference to the figure. In this figure,
the resonance-response energy (amplitude squared)
of a simple vibrator with a Q of 400 (approximately
that for the Earth's fourth-degree spheroidal mode)
is plotted against the exciting frequency. The fourth-
degree spheroidal mode has a central frequency of
2.327 cycles/hour, and the multiplet consists of nine
lines spaced at 0.00425 cph intervals. The composite
curve representing the sum of the five equal spectral
peaks exhibits fluctuations of only 10 percent of the
total spectral energy. The noise may be expected to
completely obscure such small fluctuations. The as-
sumed case of uniform excitation of the five higher
frequency components, with zero excitation of the
four lower frequency lines, obviously is an unrealistic
example; but an even worse case can be imagined—
strong excitation of one or two of the outermost lines,
with little excitation of the others. This case would
lead to a maximum error of 0.8 percent in the esti-
mate of the frequency. The case shown in the figure
involves a mistake of 0.4 percent. The point is that
uncertainties of significant magnitude may exist
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which should be avoided in estimates of the Earth's
free-mode spectrum, where a precision of one part in
10,000 or better is obtained in the most favorable
cases. At Pole, all of the spheroidal modes may be ob-
served under the conditions most favorable theoret-
ically.

Analysis of Antarctic
Geophysical Data, 1967-1968

C. R. BENTLEY

Department of Geology and Geophysics
University of Wisconsin

The emphasis of the author's analysis of antarctic
geophysical data during the past year has been on
the properties of the ice sheet. Analysis of the intra-
glacial reflector lying a few hundred meters above
the base of the ice in many places throughout West
Antarctica has led to the conclusion that in the great
preponderance of examples the reflector is a layer
of ice contaminated by morainal debris. In most
cases, the debris probably occurs in one or several
bands, 10 in more in thickness, that are separated
by relatively clean ice. The material is probably in-
troduced into the ice from prominences in the sub-
glacial topography. There is a good possibility, how-
ever, that at one station the reflection arises from a
temperature-controlled velocity boundary rather than
from morainal debris.

Seismic refraction and reflection profiles have
proved that in many places the ice at depths greater
than 1,000 in so is highly anisotropic. The analy-
sis is continuing in order to find a best-fitting model
of the anisotropy, but it appears likely that at one
location, at least, there is a strong preferred orienta-
tion of crystal c-axes along the direction of ice flow
and at an inclination of about 45° from the vertical.

Analysis of the topography and gravity around
South Pole Station indicates that the observed secular
increase in gravity is due primarily to sinking of the
station rather than to horizontal movement of the
station, as has been suggested. There is a tentative
indication that local topographic variations of the
ice sheet's surface are stationary relative to the base
of the ice.

Theoretical analysis of the effect of the wave veloc-
ity gradient in the ice sheet on the propagation of
surface and body waves has been nearly completed.
It is hoped that this study will provide a satisfactory
explanation of surface-wave dispersion and phase
changes in multiple surface-reflected body waves. An
extensive comparison of short refraction profile wave
velocities with densities in the upper 50 in the firn
has also been carried out.

GLACIOLOGY

Testing for Antarctic Ice Surges

SHELDON JUDSON and JOHN T. HOLLIN

Department of Geological and Geophysical Sciences
Princeton University

"Surges" and "catastrophic advances" continue to
be reported from the valley glaciers of North America
and the Vatnajökull ice cap of Iceland. Professor
A. T. Wilson, of Victoria University, Wellington,
New Zealand, after studies in dry valleys bordering
McMurdo Sound, has suggested that periodic surges
of the antarctic ice sheet, injecting vast quantities of
ice into the antarctic seas, may be the cause of the
Pleistocene ice ages (Wilson, 1964).

It is diffiult at this stage to suggest tests for
Wilson's theory in Antarctica itself. However, J . T.
Hollin has pointed out that Wilson's surges would
have caused rapid rises of sea level of about 10-30
in during the change of climate late in each
interglacial period; these temporary rises would have
been followed by the slower falls of sea level to the
—100 in so of the ice ages (Hollin, 1965). The
best place to look for evidence for or against such
rises seems to be southern England, where each of the
last three interglacial periods has been divided into
several distinct pollen zones, and where sea-level
changes are recorded chiefly by molluscs. Evidence
has existed for some time for considerable aggrada-
tion in the Thames estuary late in the last, Ipswichi-
an, interglacial period, and for a sea-level rise of per-
haps 20 in in the Hoxnian interglacial period;
following recent work by R.G. West (1966), evidence
also exists for a rise late in the Cromerian interglacial
period.

Research under NSF grant GA-1038 aims to see
if these rises show the rapidity, amplitude, and tim-
ing implied by Wilson's theory, or whether they mere-
ly reflect, for example, some long-term or recurrent
down-warping of the land. Hollin has concentrated
his studies in the Thames estuary, where three rele-
vant interglacial sites exist and where, following a
systematic search, three additional sites have been
found. These sites, which lie beneath periglacial de-
posits, contain the bivalve Corbicula fluminalis,
which is distinctive of the English interglacial peri-
ods; the pollen in them is chiefly arboreal. They cover
elevations between 5 and 10 m above the present
sea level. Pollen counting is proceeding, and full
results will be reported next year. Having a total of
six sites in a small area will help, when the results
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are finally evaluated, to remove the difficulties that
arise when downwarping is taken into account.

Preliminary work has been done on two sites, one
near Bordeaux, France, and the other near Neptune
City, New Jersey. Samples from the French site were
collected by Judson, and a preliminary examination
of them by J. Donner, University of Helsinki, has re-
vealed the presence of a pollen representative of a
temperate climate of an as yet unidentified inter-
glacial period. The site near Neptune City, New
Jersey (in the Cape May Formation), is thought to
represent the last interglacial (Sangamon) period
(MacClintock, 1943). Collections made by Judson,
Grace Brush, and Paul MacClintock of Princeton
University at the Neptune City site are now being
processed by Brush.
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Deep Ice Core Study Program: Greenland

C. C. LANGWAY, JR.

U.S. Army Terrestrial Sciences Center *

In the spring of 1967, a short field trip was made
to Greenland to arrange for the transfer of all of
the "Site 2" and Camp Century ice cores to Hanover,
New Hampshire. This shipment amounted to ap-
proximately 2,000 m of core. The transfer was neces-
sary because of the Terrestrial Sciences Center's
termination of its major glaciological research activi-
ties in northern Greenland and the difficulties ex-
pected in transferring cores once the logistic facilities
at Camp Tuto were closed down. Also during the
1967 field trip, firn samples were collected at Camp
Century for oxygen-isotope and dissolved-solids
studies.

The geochemical investigations of all three com-
ponents of the material making up the ice cores (air,
ice, and foreign matter) have provided significant
data. A full program of core analysis is in progress
at the Center, and a variety of core studies are car-
ried out in collaboration with other institutions and
agencies.

* Formerly U. S. Army Cold Regions Research and Engi-
neering Laboratory.

The program has the following principal objec-
tives:

1. To continue ionic studies on cores obtained
from depths greater than 200 m to determine their
stratigraphy, total chemical budget, and ancient
precipitation chemistry. This approach involves
studying in detail, by means of atomic-absorption and
ultraviolet spectrophotometry, the dissolved solids
contained in small vertical increments of the cores.

2. To measure, in conjunction with the ionic
studies, the 018/016 isotope ratios in several thou-
sand sample increments from the deep ice core ob-
tained at Camp Century. A comparison of the ox-
ygen-isotope and dissolved-solids data will provide
the necessary measure to establish the value of using
chemistry as a stratigraphic tool. The oxygen-isotope
data will also allow climatological and historical
interpretations to be made over the entire profile.
This study is being carried out by Dr. W. Dansgaard
and associates at the University of Copenhagen.

3. To continue the investigation of the 1912
(Katmai) and 1883 (Krakotau) stratigraphic lay-
ers, as revealed in the ice core, for their microscopic
volcanic-dust content. Associated with this study,
Dr. E. E. Picciotto of the Free University of Brussels
is measuring the nickel concentration in the strati-
graphic layers of about 1908 (Tunguska event) from
the Camp Century inclined drift.

4. To continue the detailed stratigraphic and
physical-property laboratory measurements on the
core taken from depths below 200 m. Particular
emphasis will be given to investigating the bottom 15-
20 m of "dirty ice" by a silt-index technique; this
investigation will include a chemical and mineral-
ogical study of the suspended debris.

5. To continue, in cooperation with Dr. E. L.
Fireman of the Smithsonian Astrophysical Observa-
tory, the mineralogic and isotopic investigations of
fractions of the bulk dust collections (filtered from
nearly 107 liters of glacier meltwater at Camp Cen-
tury).

6. To investigate the physical, chemical, and
biological properties of the sub-ice material recovered
at Camp Century. Small samples of the 3.55-rn sub-
ice core have been provided to researchers interested
in viable organisms and total organic concentrations.
Physical studies planned for the sub-ice material in-
clude bulk density (void ratio), thermal conductivity
of the frozen material, and moisture content. In ad-
dition, a complete petrological analysis is planned.
Chemical and mineralogical analyses will be made
of the composition of interstitial water, mineral com-
position of the various-size fractions, trace element
relationships, and K/A dating of component pebbles.

7. To prepare for the 1968-1969 field work at
Byrd Station, related to the down bore-hole carbon-
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dating project (to be carried out in cooperation with
Dr. H. Oeschger of the University of Bern).

In addition to the above work, the following per-
sons have recently investigated, or are currently in-
vestigating, the subjects indicated:'

Y. Horibe, University of Tokyo: O content of gas
bubbles.

H. Windom, University of California: Pb 21° and
terrestrial dust.

L. Friedman, Brookhaven National Laboratory:
CO2 and C13/C12.

F. Rosenberg, AVCO Space Systems Division:
bacteriological studies.

W. Hamilton, Ohio State University: microparticle
concentrations.

J. Paren, Scott Polar Research Institute, England:
dielectrics.

M. Kelly, University of Lancaster, England: pollen
content.

N. Wogman, Battelle Northwest: trace elements.
J . Warburton, Desert Research Institute: silver

concentrations.
E. L. Fireman, Smithsonian Astrophysical Observa-

tory: rare gases in solids.
G. Linkletter, Dartmouth College: soluble par-

ticles.
E. E. Picciotto and G. Crozaz, Free University of

Brussels, Belgium: Pb 21° and fission products.
W. Dansgaard, University of Copenhagen, Den-

mark: Si32.

C. Lorius, Glaciological Study Center, France:
total gas composition.

meteorological observations, concurrent with but in-
dependent of the satellite-viewed cloudiness.

Although relatively little attention has been given
to atmospheric energy exchange between the Antarc-
tic and surrounding areas, the periphery of the Con-
tinent has been well covered by conventional rawin-
sonde stations. During the summer months, the
oceans around the Continent and the ice pack pro-
vide an excellent background for satellite photographs
of cloudiness. Furthermore, a vigorous summertime
circulation is maintained at high latitudes in the
Southern Hemisphere. On January 25, 1965, Tiros IX
began providing the first satellite photographs of the
summertime cloud cover. Emphasis in this initial study
was restricted to two brief periods during early 1965.

The illustration shows a sample photomosaic con-
structed for January 31, 1965, on which the locations
of rawinsonde stations employed in the transport com-
putations are shown. Since Tiros IX was placed in
orbit before advanced read-out and data-processing
procedures had been developed, mosaics were hand-
constructed with only minor data gaps. Examination
of the original photographs has indicated that digiti-
zed mosaics, now available from several ESSA sat-
ellites, should prove to be adequate for studies of this
type.

The distribution of principal cloud bands and
convective areas is closely related to the tracks and
frequencies of the major cloud vortices. Only the ma-
jor vortices appear to be important to the large-scale
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ATMOSPHERIC PHYSICS

Satellite-Viewed Cloud Cover and
Computed Atmospheric Transports

for the Antarctic

P. A. DAVIS and S. M. SEREBRENY

Aerophysics Laboratory
Stanford Research Institute

The general objective of this research project
was to ascertain the extent to which satellite photo-
graphs of cloud cover over and around Antarctica
could be used to infer characteristics of the atmos-
pheric transports of momentum, heat, and kinetic
energy to or from the Antarctic. In order to meet
this objective, it was necessary to compute the atmos-
pheric transports on the basis of available upper-air
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Photomosaic of a portion of the Southern Hemisphere con-
structed from Tiros IX photographs for January 31, 1965.
Circles indicate antarctic stations from which data were

obtained for transport calculations.
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transports. The striations observed in coastal cloudi-
ness usually are descriptive only of flow in the lower
troposphere. Along with the vortex statistics, a grid-
block analysis of the distribution of total cloud
amount appears to render the most useful cloud in-
formation.

Atmospheric transports, computed directly from a
triple integration of station data, were divided into
the transient eddy, standing eddy, and mean meridio-
nal and mass-shift components. Pressure integrations
from the surface to an arbitrary boundary at or below
the 200-mb level were performed at each station prior
to the time integrations. For the spatial integrations,
three different boundaries (average latitude, circle of
best fit, and polygon) were used. Transient eddies
dominated the momentum transport. Changes in the
frequencies of the major cloud vortices around the
Antarctic were related to changes in the transient-
eddy transport of momentum. Transient eddies also
contributed significantly to kinetic-energy transports,
but other transport terms were important also.
Whereas the momentum transport was usually equa-
torward, leading to a buildup of the westerlies, the
kinetic energy was more often transported toward
the Pole—to a degree dependent upon the selected
boundary. Heat transports were dominated by the
computed mass shift, regardless of the peripheral
boundary, and were especially sensitive to the number
of stations used. Since the computed mass shift often
is unreliable, the possibility remained that the heat
transport itself was minimal. Currently, efforts are
being made to find techniques for identifying signifi-
cant nontransient components of the atmospheric
transports from cloud statistics.

ESSA Weather Bureau
Programs in Antarctica

VAUGHN D. ROCKNEY

Weather Bureau
Environmental Science Services Administration

The ESSA Weather Bureau's programs conducted
in and around Antarctica under NSF auspices are
part of the U.S. meteorological contribution to the
international scientific program carried out since the
IGY. They are carried out at Byrd and Pole Stations
and aboard Eltanin and have both research and oper-
ational significance. In the operational sense, the
synoptic data obtained are used in real time for
weather analysis and forecasting for many activities
in and around Antarctica. For research, the synoptic
recording of surface and upper-air weather condi-

tions is augmented by special measurements of the
various components of solar and terrestrial radiation
and of atmospheric constituents.

At all three locations, synoptic upper-air weather
measurements are made by means of radiosondes car-
ried on sounding balloons once daily at 0000. During
the period of flying operations in the austral summer,
this work is augmented at Pole and Byrd Stations by
a second daily synoptic upper-air sounding at 1200.
These flights reach an average altitude between
21,000 and 27,000 m (the extremely low temperatures
during the polar night cause the balloons to burst at
lower altitudes than they do in daylight). Parameters
measured include pressure, temperature, relative hu-
midity, and wind speed and direction at various
levels.

At Byrd and Pole Stations, radiometersondes were
flown once weekly during darkness, until September
1967, in lieu of radiosondes. The former permit meas-
urement of the net radiation flux at various altitudes,
in addition to the usual parameters measured by radi-
osondes. In February 1968 a twice-weekly schedule
was inaugurated using the recently developed "day-
light" radiometer. This instrument makes possible
radiometersonde measurements year-round. Similar
soundings were made periodically from Eltanin until
she reached the United States for overhaul and dry
docking. At Byrd and Pole Stations, energy-balance
measurements were made of direct solar and diffused
shortwave radiation, net longwave radiation, and re-
flected shortwave radiation. The surface and upper-
air radiation measurements are required for specific
studies of radiation and heat budgets of the air-snow
boundary layer.

The total ozone in a column from the Earth to
outer space is measured with the Dobson spectropho-
tometer at Byrd and Pole. However, during the win-
ter months these observations are taken only during
the periods when the moon is clearly visible and well
above the horizon. Studies of the total ozone meas-
urements taken in Antarctica since 1962 reveal that
the distribution of ozone about the Earth is not sym-
metrical, i.e., more of tt exists in the arctic atmos-
phere than in that of the Antarctic. Also, ten-
tative confirmation has been made of a 26-month
oscillation in total ozone at Pole. The records also
note an apparent 11-year periodicity which may be
related to solar activity over a similar period.

The vertical distribution of ozone was also meas-
ured at both stations by means of the carbon-iodine
ozonesonde, which accurately determines ozone con-
tent on an absolute scale. This sonde was developed
recently by Mr. Walter Komhyr of ESSA's Atmo-
spheric Physics and Chemistry Laboratory. It has
proved to be an extremely reliable ozone sensor for use
in the antarctic atmosphere. This instrument was also
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installed to measure the ozone content of the atmo-
sphere at the surface, replacing older, less-accurate in-
struments. Vertical, total, and surface ozone distribu-
tion measurements in Antarctica aid in the study of
the properties of the general circulation of the upper
troposhere and the lower stratosphere, in the study
of the atmospheric energy budget, and in the study
of the onset and development of rapid warming per-
iods in the "spring" of each year.

Our personnel were also involved in a number of
other research activities such as studies of wind-chill
and the electric potential of the atmosphere at Pole
Station, features of the ionosphere at Byrd, and car-
bon dioxide at Pole. Also, installation was started of
equipment for projects that envisage Pole Station as
a long-term reference site for investigation of many of
the meteorological problems of today (such as atmo-
spheric pollution) that are basic to studies of weather
modification and the heat budget of the Earth.

A problem that has been troublesome since the
IGY is the real-time collection of meteorological data
for analysis and forecasting. During fiscal year 1968,
in cooperation with NASA, a coding device was de-
signed to permit the collection of weather data from
Eltanin by satellite. The device encodes the digital
weather data into corresponding voltages appropriate
for entry into the Interrogation, Recording, and Lo-
cating Subsystem (IRLS) of a ground transponding
platform installed on Eltanin, and for subsequent col-
lection from the platform by the Nimbus B satellite
in its orbit over the ship. It was planned that the data
would be relayed from the satellite to the Goddard
Space Flight Center near Washington, where it would
be reconstituted for real-time use by the National
Meteorological Center. All was in readiness for the
test, but the launch effort on May 17, 1968, was a
failure, and the satellite was destroyed two minutes
after launching. The test has been rescheduled for the
spring of 1969.

The goal of our meteorological investigations in
Antarctica is to improve our understanding of the
total effect of the Continent on the weather regimes
of the Southern Hemisphere and the world. To this
end, we are concerned with investigating the meteoro-
logical processes that are in operation in Antarctica,
in developing the climatology of Antarctica, and in
providing raw data for operational weather analysis
and forecasting by the various national and inter-
national forecast centers involved. It is expected that
during fiscal year 1969 and subsequent years, these
programs will be part of the international World
Weather Watch and will make significant contribu-
tions to the Global Atmospheric Research Program,
both of which are sponsored by the World Meteoro-
logical Organization.

Interdisciplinary Program in
Antarctic Meteorology

HERBERT J. VIEBROCK

Polar Meteorology Group
Environmental Science Services Administration

During the past year, the accomplishments of the
Polar Meteorology Group included completion, con-
tinuation, and initiation of research in the following
areas:

Radiation. In 1968, Mount Agung in Indonesia
erupted and spewed large quantities of volcanic ma-
terial into the stratosphere. A study of the effect of
the volcanic material on the incoming solar radiation
was completed. An example of the effect is shown in
Fig. 1, which illustrates the variation of the attenua-
tion of the direct solar beam. Prior to 1963, the major
attenuators were molecular scattering, ozone, and
water vapor. Following the eruption, aerosol attenua-
tion became predominant.
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Figure 1. Attenuation (A) of di-
rect solar radiation for the 1961-

1965 period at South Pole.

Stratosphere. An examination of the energy distri-
bution and transfer in the Southern Hemisphere stra-
tosphere over a three-year period continued, with the
completion of 50- and 100-mb mean monthly charts
for 1962-1964 and estimation of the northern bound-
ary fluxes. Emphasis will be on the formation and
breakdown of the polar vortex and the effect, if any,
of the volcanic material from Mount Agung. Fig. 2
presents the stratospheric cross sections of tempera-
ture and meridional wind along 1750 E. for January
and April 1963. The readings for January show the
typical summer pole-to-equator temperature gradient,
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Figure 2. Stratospheric cross-sections along 175°E. for January and April 1963.
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values denoting the temperature (°G.).

Figure 4. Cloud and ice cover over the antarctic seas south
of 50°S. as determined from ESSA 3 photographs taken in
early October 1966. The dashed line denotes the pack-ice
limit and the solid line, the percent of cloud and ice cover.
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which reflects practically no meridional wind com-
ponent, while those for April indicate the initiation
of the polar vortex at the time of cooling in the polar
region and an increase in the meridional-wind com-
ponent from the north.

Fig. 3 indicates the changes in the vertical tempera-
ture structure of the atmosphere over Byrd Station
during the late fall and early winter of 1962. The 10-
day mean soundings illustrated here are being used to
study the role of various dynamic factors involved in
the observed local temperature change.

Satellite Data. Satellite photographs of the south-
ern polar regions from ESSA III and ESSA V were
used to determine the mean cloud cover and pack-ice
boundaries by 10-day and monthly periods during
the period October 1966 through March 1967. The
determination was limited to the oceanic and sea-ice
regions. Fig. 4 is a sample chart for a period in Octo-
ber 1966.

Synoptic Meteorology. A study is under way of
"blocking" situations in the southeast Pacific. Fig. 5
shows an example of such a situation in August 1964.

The data illustrated are from Cruise 14 of USNS
Eltanin. Both the ship and the high-pressure system
moved, but generally the system remained southeast
of the ship from 1800 on August 19, 1964, to 1800 on
August 27, 1964. Data obtained early in this century
suggest that such an event is not rare, though its fre-
quency is unknown.

Air-Sea-Ice Interaction. Data collected as part of
the scientist-exchange program aboard the Japanese
icebreaker Fuji are being studied to estimate the ex-
change of latent and sensible heat between the sea
ice and the atmosphere. The data were obtained by
means of a Kytoon-borne system that measured tem-
perature, humidity, and wind speed.

Other Contributions: Folio 8 of the Antarctic Map
Folio Series (American Geographical Society), which
contains data on the climatology of the surface en-
vironment, was published. Papers on the tropopause
region over Wilkes Station and cloud and ice cover in
the sea-ice region were presented at the American
Geophysical Union meetings in Washington, D.C.
Papers presented at the Polar Meteorology Sympos-
ium in Geneva in 1966 have been published.

Meteorological Studies on the
Antarctic Plateau

MARTIN P. SPONHOLZ

Polar Meteorology Group
Environmental Science Services Administration

The second year of a detailed study of the first 3
km of the atmosphere above the high antarctic
plateau was completed during the winter of 1967.
Interests were again concentrated on the great ant-
arctic inversion. Very slow rising balloons were used
to carry aloft radiometersondes, which transmitted to
the station measurements of temperature, pressure,
and upward and downward radiative fluxes. Through
the outstanding work of Robert Dingle of the Uni-
versity of Melbourne and Michael Kuhn of the Uni-
versity of Innsbruck, 89 ascents were made. Of most
importance were the 30 ascents made during April
and May, the early months of winter at Plateau Sta-
tion, which was a period of great surface cooling and
of the development of the great inversion, which
could not be observed the first year. The wind profile
was measured by tracking the balloons with two
theodolites. A computer program has been successful-
ly used for the reduction of the first year's data and
is being employed for the rapid deduction of the
second year's.

Analyses of the inversion data obtained during the

first winter have shown that the great antarctic in-
version is shallow, very persistent, and extremely
strong. Since all balloon soundings were made in
serial groupings on selected days when it was believed
the inversion was in a state of change or on days that
were exceptionally cold, averages are not meaningful;
but the typical inversion might still be described as
400 in from the surface to the maximum tem-
perature level (when the surface temperature was
—70°C. and the temperature at the top was —40°
C.). The inversion remained seemingly undisturbed
during the winter, regardless of the synoptic condi-
tions. Only during a very few brief periods did the
surface temperature rise to —40°C., indicating the
possible destruction of the inversion. In all cases, over
75 percent of the temperature increase with height
occurs in the lowest 200 m. The maximum tempera-
ture was always below 500 m. An isothermal layer
existed above the maximum temperature level, some-
times as high as 1,200 m. During periods of increased
cloudiness and high winds, this isothermal layer was
almost nonexistent. It appeared to be thickest during
clear conditions. The inversion below 400 in
remained unaffected. Directional wind shear that
varied as much as 150 degrees from the snow surface
to the top of the isothermal layer was observed, with
the greatest shear occurring beneath the inversion.
However, even more extreme shears have been ob-
served in the lower 30 m on the micrometeorological
tower maintained at Plateau Station by the U.S.
Army Natick Laboratories.
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Supporting synoptic observations have now been
made for two years at Plateau Station. The second
year's values are as follows:

Mean temperature	 —55.9°C.
Prevailing wind direction	North
Mean wind speed	 11.5 knots
Mean cloud cover	 4.2 (0-10 scale)
Annual snow accumulation	+ 9.1 cm

(measured on a grid of
49 snowstakes)

The Relation Between Terrain Features,
Thermal Wind, and Surface Wind

Over Antarctica

Terrain contour lines of the antarctic continent (elevation
in hundreds of meters) and the thermal wind due to the
sloped inversion between the "surface" (10 rn) and ap-
proximately 1,000 rn above ground. The values for Sovet-
skaya (S) and Vostok I (V,) are estimates based upon ob-
servations of one IGY winter only. B=Byrd Station; V'=

Vostok, present location.

W. SCHWERDTFEGER and L. J . MAURT

Department of Meteorology
University of Wisconsin (Madison)

Over the gentle slopes of the antarctic plateau,
the great temperature inversion in the lowest few
hundred meters of the atmosphere changes very
little over large areas, as far as its structure and
vertical extension are concerned. This implies the
existence of a strong horizontal temperature gradient.
Dalrymple, Lettau, and Wollaston (1963, 1966)
were the first to point out the importance of this
temperature gradient and the ensuing thermal wind
for the explanation of the surface-wind regime over
the Continent. A further discussion of the dynamics
of the phenomenon and its implications for the
maintenance of a polar ice cap was given by Lettau
and Schwerdtfeger (1967) in this journal.

Since that time, a computer program for the evalu-
ation of the thermal wind from large samples of di-
rectionally grouped wind observations at the top and
bottom of the inversion layer has been developed.
Preliminary results for various continental stations
are sketched in the figure. The main point is that the
thermal wind tends to be directed parallel to the
contour lines of the terrain, with the higher ground
to the right-hand side. The magnitude of the thermal
wind must be proportional to the strength of the
inversion and to the slope of the terrain. The vector
difference (wind at the top of the inversion minus
thermal wind) gives the fictitious geostrophic surface
wind—the wind which would be observed if there
were no friction. The difference between this wind
and the observed surface wind, and the ratio of the
speeds of these two winds, give the two parameters

Preliminary inversion-wind data for the six winter months,
April-September

(Wind speeds [] in rn/sec.)

Data	 IStation

South
Byrd	Pole I Vostok

Number of years obtained	9	5	4

Inversion class	 >15°C. >20°C. >20°C.

Number of cases	 323	593	504

Inversion strength	 19°C.	23°C.	26°C.

Resultant upper wind*	3400[7} 325°[5] 220°[5]

Constancy of upper wind
(percent)	 60	53	45

Resultant surface wind	0250[8] 050 0 [6] 250°[4]

Constancy of surface wind
(percent)	 86	76	78

Height of sensor above
surface (m)	 10	9	?

Thermal wind due to inversion 170°[13] 200°[8] 010°[8]

Frictional deviation angle	410	510	52°

Frictional speed ratio (r0 )	0.37	0.55	0.36

Computed slope of the
inversion layer (m/100 km) 260	110	90

Above the inversion, approximately 400-800 m above the ground.

a0 and r0 listed in the table, which characterize the
friction effect.

In comparison to values derived from observa-
tions in other parts of the world, the deviation angles
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a0 at the continental antarctic stations are remarkably
large and the r0 values small, particularly in con-
sideration of the relative smoothness of the polar ice
cap. Such values show, of course, the effect of the
extreme stability of the antarctic air in the winter-
time. Not so obvious, however, is the reason why the
r0 value it the South Pole differs so much from those
at the other two stations; it might he due to different
surface-roughness characteristics, but further investi-
gation of this question is needed. It is hoped that the
analysis of the detailed micrometeorological measure-
ments made at Plateau Station will give a clue.

Taking into account these friction parameters, as
well as the mean thermal wind shown in the figure,
one immediately understands that the prevailing sur-
face winds are as follows: at South Pole and Byrd
Stations they are from the NNE; at Vostok, from
the WSW; at Sovetskaya, from the ESE; and so on
(see Dalrymple, 1966, Fig. 8). When one considers
that the directional constancy of the winds in the
mid-troposphere over central Antarctica is rather
small, one sees that the constancy of the surface
winds must be much greater, a state of affairs that
is quite unusual in middle latitudes and over level
terrain, but one that is typical of the Antarctic Con-
tinent.

From a practical point of view, it: is interesting and
of potential value for the planning of antarctic field
programs to make the following statement: The
prevailing surface-wind direction and strength are
so closely related to the direction and steepness of the
slope of the terrain that the former two values can
well be estimated if the topography is known, and
vice versa. This relationship is supported by the com-
prehensive, descriptive surface-wind analysis of Math-
er and Miller (1967).
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Cyclones over the Southern Oceans

D. W. MARTIN

Department of Meteorology
University of Wisconsin (Madison)

Cyclones over the southern oceans have been in-
vestigated by means of conventional and Nimbus If
satellite data. The analysis is divided into two sec-
tions: a map series from July 29 to August 4, 1966,
showing the movement of a long wave trough across
the Australian sector of the southern oceans, and a
detailed examination of four cyclones which devel-
oped in the trough. Particular attention is given to
the problems of cyclone development, vortex evolu-
tion, vertical velocity, relation to fronts, and con-
formity to models.

Briefly, it was found that among southern ocean
cyclones there is great variety in genesis, movement,
size, and intensity; hence, there are frequent depar-
tures from the classical wave cyclone model. Cyclones
developed in three general patterns: as waves on a
front, as crescent clouds triggering waves on a front,
and as crescent clouds developing behind a front.
While these patterns are probably typical for the
Southern Hemisphere, they certainly do not cover all
development possibilities. Frontogenesis seems to
occur with cyclogenesis, and the fronts associated
with a cyclone can usually be uniquely related to dis-
tinctive cloud patterns.

The behavior of four individual cyclones studied in
detail suggests that as a cyclone intensifies, its vortex
cloud grows at a rate that produces an approximate
doubling in size each day (Fig. 1). Growth slows or
ceases as the cyclone begins to weaken. Decay of the

Figure 1. Composite nephanalysis for a southern ocean cy-
clone, August 2-3, 1966, showing successive positions of the
vortex cloud. High Resolution Infrared Radiometer (HRIR)
views are stippled. Dashed lines indicate a diffuse or other-

wise indistinct cloud boundary.
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Figure 2. Vortex evolution by
the horizontal 700-mb wind
field for the cyclone in Fig. 1.
The initial cloud configuration
is given in part (a). Numbers
identify the individual points
which are advected. The box
around each configuration is
fixed geographically; its location
is specified in part (h). Parts
(h) and (i) give trajectories of

odd-numbered points.

cyclone is indicated by increasing distortion of the
vortex pattern and a general lowering of cloud tops.
In advanced stages of decay over the open sea, the
dying vortex may appear as a cyclonic swirl in a re-
gion of pronounced low-level convection; over the
pack ice it is last seen as a severely distorted hook.

Since vertical motion and horizontal advection are
the most important processes acting to change a given
cloud field in the free atmosphere, the difference be-
tween the actual change (known from satellite photo-

graphs) and the advective change (obtainable from
the horizontal wind field) can be attributed to verti-
cal velocity. This procedure was applied at 700 mb to
two cyclones (Fig. 2). In both cyclones, horizontal
winds quickly produced a spiral vortex, yet infrared
satellite photographs showed a vortex hook rather
than a complete spiral at the 700-mb level. This oc-
currence suggests that pronounced middle-tropo-
spheric descent was occurring between the arms of
the vortex hook, an inference which agrees with the
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results of Northern Hemisphere investigations. There
is, in fact, no evidence that southern-ocean cyclones
differ in any fundamental sense from their counter-
parts over the northern Pacific or Atlantic Oceans.

As a serendipitous result of this investigation, a
technique is proposed for inferring vertical profiles of
temperature, moisture, and wind from cloud patterns
in satellite photographs of the southern-ocean region.
The technique is based on a cloud-classification
scheme which describes the most frequent and synop-
tically important large- and small-scale cloud patterns
according to their geometry, texture, brightness, and
position relative to other patterns. Winter-season
(1966) soundings made over Macquarie and Camp-
bell Islands were used to construct mean profiles of
temperature, moisture, and wind for as many pat-
terns as possible. These mean profiles show substan-
tial systematic differences, yet scatter among indi-
vidual soundings for the same pattern is generally
small.

This study was begun when the author worked at
the International Antarctic Meteorological Research
Centre, Melbourne, Australia, from August 1966 to
July 1967, under NSF grant GA-267. It was com-

pleted under the advice of Professor Werner
Schwerdtfeger at the Department of Meteorology,
University of Wisconsin, through grants GA 565 and
1251.

New Data on the Winter
Radiation Balance at the South Pole

W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin (Madison)

Hourly values of the radiation balance obtained at
the South Pole by a surface-based CSIRO net-
radiometer and results of Suomi-Kuhn radiometer
soundings have been analyzed for the six winter
months of 1965, with special attention to conditions
which lead to changes of the strength of the pro-
nounced surface inversion.

The following monthly averages of the 1965 net
radiation (R0 ) may be of general interest because
they differ significantly from the results of measure-
ments made during the IGY with a Beckman &
Whitley net radiometer.
April May June July August September (1965)

—1.19 —1.25 —1.17 —1.23 —1.20 --1.25 (ly/hour)
These data agree quite well with the results of

measurements made at three Soviet IGY stations,
quoted by Dalrymple (1966) and published in some

detail by Rusin (1961). The following averages were
obtained at the stations indicated for the four months
May through August:

South Pole Vostok Sovetskaya Pionerskaya
(1965)	(1958)	(1958)	(1958)

Latitude (°S.)	90	78.5	78.4	69.7
Elevation (m) 2,800	3,490	3,660	2,740
R0	 —1.21	—1.10	—1.05	—1.58

The new R0 values for South Pole Station are only
about half as large as those published in volume 1 of
the U.S. Weather Bureau's series Climatological Data
for Antarctic Stations. The latter values have been
summarized by Dalrymple (1966) and used by
Dalrymple, Lettau, and Wollaston (1966, p. 47-55)
for a heat-budget analysis. It now appears most likely
that the vertical eddy heat flux (downward thro'igh
the inversion layer) is smaller than had been esti-
mated in the aforementioned study. Consequently, the
energy amount to be accounted for by moisture de-
position at the surface in the South Pole area can well
be smaller than in the coastal regions. This had been
expected from the beginning, but the R 0 measure-
ments for 1958 had left an unanswered question. It is
readily apparent that the entire surface-energy budg-
et for the South Pole area needs a new, critical ap-
praisal.

Figure 1 shows R0 as a function of time for seven
typical cases of change from overcast to clear sky
conditions. The mean values of R 0, of the surface
(screen-) temperature (t0 ), and of the Angstrom
ratio ( A0 =R0/ffT0

) at the three-hour time intervals
are indicated at the bottom of the graph. In the
winter of 1965, cloud observations were taken at the
South Pole only four times per day. Under such
circumstances, a more exact time of clearing can be
found from the hourly net-radiation data than from
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the six-hourly synoptic observations, though this crite-
rion was not employed in Fig. 1.

When examining the figure, it must be borne in
mind that cloud observations during the polar winter
night strongly depend on the presence of moonlight
and cannot be as reliable as daylight observations.
Notwithstanding, it appears that experienced ob-
servers can well distinguish a relatively dense over-
cast, such as 10/10 altostratus, from the less dense
clouds generally classified as cirrostratus. Consider-
ing only observations made under the extreme condi-
tions of 10/10 cloud cover or no cloud cover, the fol-
lowing values have been derived at South Pole:

	

10/10	10/10
Sky condition:	 altostratus cirrostratus Clear
Number of observations:	82	55	412
K,:	 +0.62	—0.45	—1.67
Percentage of +values:	77	33	2

In the majority of cases of overcast reported as
"altostratus," estimates (occasionally supported by
radiosonde measurements) of the height of the base
of the clouds were between 300 and 600 m above
the surface—that is, in the layer immediately above
the inversion.

One can define the "strength" of the surface inver-
sion by the difference t 1 —t0, i.e. the temperature at
the top of the inversion minus that at the surface. In
five of the seven cases displayed in the figure, the
once-daily radiosoundings happened to be made at
appropriate times. On these days, the difference
(t1 —t0 ) changes, on the average, from 14°C. under
cloudy skies to 26°C. under clear skies about 12
hours after clearing. Later on, it tends to diminish
slightly; the temperature at the top of the inversion
decreases with time more than the surface tempera-
ture does. This occurrence of the maximum inver-
sion strength on the first day after clearing appears to
be typical; it was found also in several other cases
with a less abrupt change of cloudiness.

The conditions in the lowest 2,500 m of the atmos-
phere over the South Pole are represented in fig. 2.
The ordinate is scaled as distance from the surface
in pressure units (mb) because the seasonal and the
irregular pressure variations at the surface are rela-
tively large, and because pressure values are im-
mediately related to the atmospheric mass above a
reference area. In each of the three parts of the
graph, the two curves show the average of a rela-
tively large sample of Suomi-Kuhn radiometer sound-
ings made under clear skies and of a smaller sample
of 10/10 altostratus soundings. In the vertical sense,
no smoothing procedure has been applied. The sound-
ings have been evaluated* for half-minute intervals,
corresponding approximately to 15-mb steps. In the

* Through the courtesy of Mrs. L. Stearns and Dr. P. Kuhn
of the Atmospheric Physics Laboratory, ESSA.
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Figure 2. Net radiation and temperature in the lower tro-
posphere at the South Pole; averages for 10 cases of over-

cast and for 56 cases of clear skies, winter 1965.

larger sample, the average of the R0 values computed
from the initial, instantaneous data of the radiometer
soundings made on 56 cloudless days comes close to
the average determined from 412 hourly mean values
of the CSIRO net-radiometer. The same cannot be
said for the average of only 10 soundings made when
the sky was overcast. In contrast to Fig. 1, the most
striking aspect of each pair of curves in Fig. 2 is
similarity. Only gradual trends of differences appear;
the vertical structure as a whole is nearly the same
when the sky is overcast as when it is clear.
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Evaluation of CO Data Obtained on
Eltanin Cruises 27, 29, and 31

ELMER ROBINSON
and

ROBERT C. ROBBINS

Environmental Research Department
Stanford Research Institute

In the past year, Stanford Research Institute has
obtained CO data during three cruises of USNS
Eltanin. These have included flask samples for labora-
tory analysis during Cruise 27, approximately along
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Figure 1. Carbon monoxide concentrations measured be-
tween 168°E. and 177 0E. on Eltanin Cruise 27.
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Figure 2. Carbon monoxide concentrations measured
along 28 0S. on Eltanin Cruise 29.
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Figure 3. Carbon monoxide concentrations at local
noon in the Pacific Ocean during Eltanin Cruise
31 (November-December 1967, United States to

New Zealand).

1700 E. between 65° and 77° S.; flask samples on
Cruise 29, along 28° S. between 75° W. and 155° E.;
and recorder data aboard ship during Cruise 31, be-
tween San Francisco and New Zealand. Figures 1, 2,
and 3 show the results of analyses of these samples.
Some of the main conclusions concerning the pattern
of CO concentrations in the ambient atmosphere, as
derived from these cruise data, are presented in the
following paragraphs.

Cruise 27, January 1967. CO concentrations (usu-
ally obtained at about 0600 local time) seem to in-
crease gradually southward, from about 0.03 ppm at
65° S. to 0.08 ppm at 77° S. On January 13-14, a
series of four samples at 1154, 1830, 0100, and 0530
local time showed a diurnal cycle with a high evening
concentration of 0.12 ppm, compared with 0.06 ppm
at 1154 and 0530. This finding would perhaps be

discounted as indicating possible extreme error, ex-
cept for the fact that similar diurnal fluctuations were
noted on a number of occasions during Cruise 31,
when continuous records were available.

Cruise 29, June-July 1967. CO concentrations
(usually obtained at about 1800 local time) show a
wider range and generally higher concentration in
this area, compared with the results of Cruise 27. It
would appear that in the eastern Pacific, near Chile,
the CO concentration is around 0.05 ppm. Concen-
trations generally rise along the track westward as one
approaches 130° W., although those of two samples,
taken at 111° and 121° W., are considerably below
such an average. The CO concentration seems to drop
from 0.12 ppm at 130° W. to about 0.07 at 180 0 W.
Westward of 180° W., concentrations return to levels
between 0.08 and 0.10 ppm.

Cruise 31, November-December 1967. The CO
concentration at approximately local noon is shown
in Fig. 3 on a scale that is approximately proportional
to the distance on a great-circle course from San
Francisco to New Zealand. The only major deviation
from this straight course was in early December
around Pago Pago, when an irregular pattern
was followed. The general pattern shows increased
CO concentrations from about 0.09 ppm near Cali-
fornia to as high as 0.14 ppm east of Hawaii at 23° N.
140° W. on November 20. From this point, the de-
crease is relatively rapid to 0.06 ppm, recorded on
November 23 at 12° N. 149° W. Concentrations re-
mained at about 0.06 to 0.07 ppm until about Decem-
ber 1 at 13° S. 172° W. Between December 1 and 10,
the concentration varied between 0.04 and 0.06 ppm.
After December 10, at 19 0 S. 176 0 W., the average
concentration was 0.04 ppm. On December 14. El-
tanin crossed the track of Cruise 29 at 28 0 S. 176 0 E.
The recorded noon CO concentration of 0.048 ppm is
higher than the 0.020 ppm concentration recorded in
this general area on the earlier cruise, but both con-
centrations are relatively low.

During Cruise 31, a strong diurnal pattern, with
CO concentrations being highest around sunset, was
noted on a number of days. Some of the most marked
of these are listed in the table. Possible reasons for
this pattern will be given in the discussion section.

Before indulging in speculative discussion, we can
point out some general conclusions about the geo-
graphic distribution of CO as shown by our sampling
studies. Within the subtropical anticyclonic regions of
both the North and South Pacific, CO concentrations
are relatively high-0.10 to 0.14 ppm. This fact was
shown by Cruise 29 in the Southern Hemisphere and
Cruise 31 in the Northern Hemisphere. The north-
easterly and southeasterly trade-wind zones north and
south of the Equator have concentrations of about
0.06 ppm. The lowest concentrations encountered
were in areas outside the subtropical high in the
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Carbon monoxide concentration at sunset, Eltanin Cruise 31.

SIGNIFICANT INCREASES AT SUNSET

	

Time	COfl II Time	I CO con- II	Co

	

Date	(local, pm) centration (local, pm) I centration increase
(PP-) (ppm) II (percent)

	

Dec 7	5:00	0.050	7:30	0.075	50

	

8	5:00	0.050	7:30	0.110	120

	

10	5:30	0.035	7:20	0.070	100

	

13	5:30	0.035	7 :40	0.070	100

	

16	5:15	0.065	7:40	0.145	120

No SIGNIFICANT CHANGE AT SUNSET

ITime span

	

Date	(local, pm)	concentration
(ppm)

	

Dec. 2	4:00-7:12 	0,035 ± 0.005

	

9	4:00-7:15	0.040±0.0051

	

11	4:30-7:40 	0.040 ± 0.005 1

	

15	4:00-7:00	0.040±0.0052

1 Possible 25 percent increase.
a Possible 25 percent decrease.

Southern Hemisphere, probably between 40° and
65 0 5., where concentrations of 0.02 to 0.03 ppm seem
likely. South of 65° 5., CO increases gradually, ap-
parently to around 0.08 ppm at about 770 S.

Discussion

In the past, analyses of CO in the atmosphere have
led to two general conclusions: (1) the only signifi-
cant source of CO in the atmosphere is urban pollu-
tion (Junge, 1963; Altshuller, 1958; Robbins et al.,
1968); and (2) the sink mechanism by which CO is
removed from the atmosphere is unknown. Our El-
tanin CO observations seem to provide a basis for
reexamination of these points, especially the first.

The data from Cruises 29 and 31 showed that the
highest concentrations of CO were in the central
part of the subtropical anticyclonic regions in both
the North and South Pacific. In addition, there is
evidence that on some occasions a diurnal pattern is
present in the CO concentration, significant increases
being noted on a number of days during Cruise 31
when semicontinuous data were taken. These two
observations seem to indicate that the surface of the
sea, at least in certain areas, may be a significant
source of CO.

The presence of CO in sea water has recently been
reported by Swinnerton (1968) of the U.S. Naval
Research Laboratory. His data indicate a surface
layer having CO concentrations that could be in
equilibrium with the atmosphere, and another layer
between depths of about 10 and 50 m in which CO
concentrations are 5-10 times higher than they are in
the surface layer. The transition between the surface
layer and the high-concentration layer is very sharp.
CO concentrations gradually decrease with increasing

depth, until at 100-300 m a generally stable concen-
tration is reached which is similar to that of the
surface water. The reasons for this pattern are still a
matter of speculation, but it certainly seems that some
mechanism produces CO in the ocean and that it
is most active at depths of 20-50 m. The production
mechanism is most likely biological; it is known, for
example, that CO is present in high concentrations in
various marine plants, such as kelp bladders, and in
animals, such as siphonophores.

The atmospheric CO data from Eltanin cruises
may indicate the results of atmospheric effects inter-
acting with an oceanic CO source. In the anticyclonic
areas, increased vertical stability could prevent the
vertical mixing of surface-released materials, thus
producing the high concentrations observed in the
North and South Pacific. Diurnal changes in con-
vective activity with increasing stability around sunset
could be responsible for the diurnal CO patterns ob-
served. It will be necessary to determine how exten-
sive these diurnal CO patterns are and to what extent
the changes observed are related to conditions within
the ocean, e.g., biological activity.

If subsequent sampling shows that the ocean either
generally or in local areas is a significant source of
CO, it will bring about a considerable reexamina-
tion of many aspects of atmospheric chemistry and
air pollution.

The second point we mentioned about CO was that
no sink mechanism has been identified. Now, if there
is a major natural source of CO, an even greater sink
mechanism is required to provide a balance, or at
least a near balance, within the atmosphere. We still
can only speculate about the nature of this sink;
however, if a major source exists in the biosphere, the
sink may also exist in the biosphere. Whether a bio-
logical sink would have to be present both in the
ocean and on land can only be guessed at, since there
are no known data to put into such an analysis. One
estimate has been made in which CO was related to
CO2, and it was shown that if CO were absorbed in
the biosphere in the same proportion as CO2, then this
CO sink would have the proper magnitude for present
pollution emissions (Robinson and Robbins, 1968).

It seems likely that much more data on conditions
in the atmosphere and in the ocean will have to be
obtained before we can assemble a more satisfactory
explanation of the role of CO in atmospheric chem-
istry.

Acknowledgments: Analysis of the Cruises 27 and
29 samples was supported by NSF grant GA-533,
and of the Cruise 31 samples by U.S. Public Health
Service grant no. 5 RO1 AP00558-02.
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Evaluation of a Satellite
Microwave Refraction Technique for
Remote Probing of the Atmosphere

D. H. SARGEANT

Departments of Meteorology and
Electrical Engineering

University of Wisconsin (Madison) *

The rapidly growing international interest and ef -
fort in applying advanced theory and technology to
the problem of observing, understanding, and predict-
ing the global atmospheric system have recently been
focused by the formation of a Global Atmospheric
Research Program (GARP). In a 1967 report of the
GARP Committee, many outstanding problems were
identified and possible solutions were proposed.

One of the most pressing observational require-
ments is for a truly global, three-dimensional specifi-
cation of the mass field. One possible approach to
this problem is the so-called "microwave occultation"
technique. This technique envisions the precise meas-
urement of the phase (or path length) of radio signals
propagated between satellites whose precisely known
positions are such that the waves "graze" through the
atmosphere. By means of ray theory, a formula has
been developed which provides general mathematical
relations between atmospheric variables and ray vari-
ables. It has been possible to obtain explicit solutions
for the case of a reasonably realistic exponential
model atmosphere and, thereby, to investigate the ex-
pected magnitudes and characteristics of the meas-
urements. The measurement sensitivity and accuracy
required to determine the atmospheric parameters
for a given specification can thus be assessed, as can
the effects of various errors. On the basis of these
considerations, the desirable measurement variables
can be selected. Also, the relative contributions of
different portions of the atmosphere traversed by a

* This study was carried out while the author was as-
sociated with the International Antarctic Meteorological Re-
search Center, Melbourne, Australia, in 1967-1968.

ray have been calculated, thus providing specifica-
tions for characteristic "scale" or "smoothing" of the
measurement.

A second stage of the analysis is the simulation of
observed radio data. Analytical techniques equiva-
lent to "ray tracing" have been devised which synthe-
size ray variables for specific atmospheric profiles,
both analytical models and "real" profiles obtained
from conventional observations. For the reasons ex-
plained below, antarctic data have been selected for
the initial simulations.

A third stage is the so-called "inversion," or "un-
scrambling-the-egg," problem: how can the required
atmospheric variable be deduced from radio obser-
vations? In order to minimize the amount of radio
information required, it is desirable to develop an
efficient representation of profiles whose specifica-
tion requires relatively few parameters. For example,
it is possible to determine accurately the two par-
ameters of an exponential profile with two meas-
urements, but an accurate point-wise specification
would require many measurements. Furthermore,
some representations are more amenable to analyti-
cal "inversion" procedures than others. This problem
is under continuing study.

Another aspect of the inversion problem is the re-
quirement to deduce mass density from measurements
which depend on refractivity, or "radio" density. Be-
cause the contribution from polar water vapor is dis-
proportionate, recovery of meteorological variables is
complicated. This is one reason why the "dry" ant-
arctic atmosphere was chosen for the initial study.
Also, simulations and recovery are complicated by
small-scale features in the circulation, which is an-
other reason for conducting the study in the Southern
Hemisphere. If the proposed technique works at all,
it should be most easily applied to the hard-to-observe
southern atmosphere.

UPPER ATMOSPHERE PHYSICS

Transient Ionospheric Phenomena
in Antarctica

K. DAVIES and J. E. JONES

Space Disturbances Laboratory
Environmental Science Services Administration

The purpose of this program is twofold: (1) to
study the frequency stability of high-frequency (HF)
waves reflected from the antarctic ionosphere and to
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compare this stability with that of ionospheric echoes
over similar propagation distances in middle lati-
tudes; and (2) to study the horizontal motions of
large-scale traveling ionospheric disturbances (TIDs)
in the polar and auroral regions.

Measurements of the frequency fluctuations of HF
signals reflected from the ionosphere have been made
in middle latitudes (mostly at Boulder, Colorado) for
a number of years. Some measurements have also
been made in low latitudes, but very little work of
this nature has been carried out in high latitudes.
The middle-latitude observations have shown that
the frequency "widths" of the reflected signals are
often less than about 0.1 Hz, but that the mean fre-
quency fluctuates with time, the periods varying from
less than half a minute to more than one hour.

Evidence from vertical soundings indicates that
the ionosphere in high latitudes is much more dis-
turbed than in middle latitudes. Thus we might
expect greater frequency spreading of ionospheric
echoes in Antarctica than in the United States. Such
data are of importance in the design of HF com-
munication systems as well as for their diagnostic
value in studying the ionosphere.

Some of the TIDs seen in middle latitudes during
magnetic disturbances are believed to originate in or
near the auroral zones. If this is so, observations in
Antarctica may help to locate and identify the
sources of these TIDs.

The basic technique consists of the accurate
measurement of the frequency of ionospheric echoes
from stable transmitted signals. The method, which
has been described by Davies and Baker (1966),
involves the recording, on magnetic tape moving at
a speed of 1 in. per mm., of the beat frequency signal
produced by mixing the ionospheric echo with a local
reference signal. The frequency of the reference sig-
nal is set at about 3 Hz below that of the transmitted
signal. The magnetic tape is played back into an
audio-frequency analyzer at a speed of about 30 in.
per sec. The order of magnitude of observed fre-
quency perturbations measured at the receiver is
usually about 1 Hz.

Ionospheric irregularities are thought to be pro-
duced by atmospheric (compression) waves which
perturb the electron-density distribution. As the
disturbance passes through the apex of the radio
path, it introduces a Doppler shift in the echo signal.
Measurements of the time displacements of similar
frequency perturbations at three spaced receivers
give information on the horizontal motion. For this
purpose, a 6 MHz transmitter was installed at South
Pole Station in November 1967, with receivers at
Plateau (1,165 km distant), McMurdo (1,350 km),
and Byrd (1,110 km). The choice of 6 MHz for the
transmitter frequency is a compromise: a frequency

as high as possible is desirable during the summer
months in order that the radio waves penetrate to
the F-region; however, too high a frequency will
cause the waves to penetrate the entire ionosphere
in the winter months, when foF2 is low. Unfortunate-
ly, as with most compromises, the frequency of 6
MHz is rarely ideal.

At the time that physical contact with the antarctic
static ns ceased for the winter in February, the 6
MHz signal was just beginning to break through the
E-layer, so few data are available. Shown in the fig-
ure are a sample record from Antarctica and, for
comparison, a record for a middle-latitude path of
about the same length for the corresponding season
and local time. In general appearance, the two parts

One
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900	200(
Universal Time	Feb 5, 1968

6.000 MHz , South Pole to Byrd Station, 1110 km
(a)

One
Hz

1400	1500	1600	1700	1800	1900	2000	2100
Universal Time	Aug. 5, 1967

11.100 MHz, Havana , Ill. to Boulder,Colo., 1290 km
(b)

Sample records for Antarctica and the middle latitudes.
See text.

of the figure are remarkably similar, with the spread
of the spectrum of the antarctic signal being some-
what greater than that of the middle-latitude signal.
This difference is in keeping with the tendency of the
ionosphere to be more disturbed in high latitudes
than in low latitudes. Of course, this preliminary
picture could be drastically altered when the winter
data become available.
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Energetic-Particle Precipitation
over Antarctica

G. C. REID, J . K. HARGREAVES,
W. L. ECKLUND, H. LEINBACH,

and H. H. SAUER

Space Disturbances Laboratory
Environmental Science Services Administration

This report describes some recent results of analysis
of the data obtained from riometers operated in
Antarctica by the Space Disturbances Laboratory.
During 1966-1967, essentially continuous data were
obtained from 30—MHz riometers with vertically
directed antennas at Byrd, South Pole, and Vostok
Stations (the latter operation being carried out in co-
operation with the Soviet Antarctic Expedition), and
from an array of four 30—MHz riometers with anten-
nas aimed obliquely in the north, south, east, and
west directions at Byrd. During the 1967-1968 sum-
mer season, the oblique riometer observations at Byrd
were discontinued, and additional vertical riometers
operating at 50 MHz were installed at Byrd and
South Pole; the existing 20—MHz riometer at Vostok
was also converted to operation at 50 MHz.

Polar Cap Absorption (PCA)

The principal reason for adding the higher-fre-
quency installations was the approach of the solar-
activity maximum and the expectation of a relatively
large number of intense PCA events. Experience dur-
ing the preceding solar-activity maximum period had
shown that several of these events effectively satu-
rated 30—MHz riometers but could still be recorded in
their entirety at 50 MHz. The expectation has not
been fulfilled as yet, and the last major PCA events
that occurred (as of the time of writing) were those
of May 1967. Detailed analysis of these is presently
under way, using riometer data from the north polar
cap as well as from Antarctica, and a number of
interesting features have been revealed. They will not
be discussed here, but Fig. 1 shows a profile of some
of the reduced data being employed in the study. The
lower portion shows the absorption recorded at South
Pole by the vertical 30—MHz riometer, and the upper
portion, the absorption recorded by the oblique north-
and south-pointing riometers at Byrd. The general
similarity of the profiles is obvious, but there are
marked differences in detail, both between the Byrd
and South Pole records and between the two record-
ings at Byrd, in the latter case especially during the
period of intense auroral absorption near the end of
the period illustrated.

8	
BYRD

4	 SOUTH POLE

04 06 0 I0I2/8202206::042
MAY 24	 MAY 25

UNIVERSAL TIME

Figure 1. Polar-cap absorption (PCA) recorded by 30-MHz
riometers at Byrd and South Pole during the period May

24-25, 1967.

Analysis of the earlier major PCA events of
August-September 1966 has also been continued, and
comparison with satellite measurements of proton
spectra has revealed significant diurnal differences in
the correlation between riometer absorption and
proton flux. This finding has an important bearing
on our understanding of photochemical effects in the
lower ionosphere.

Auroral Absorption in Conjugate Regions

The principal objective of the multiple-antenna
installation at Byrd was to study the conjugate be-
havior of auroral-absorption events in conjunction
with a similar riometer system at Great Whale River,
Canada, which is close to the computed magnetic
conjugate point of Byrd. Appreciable differences in
absorption events had been recorded on single verti-
cal antennas at the two stations, but it was not clear
to what extent these should be interpreted as ap-
parent differences caused by displacements of the real
conjugate points.

One approach to this analysis is illustrated in Fig.
2, which shows plots of absorption versus time for
the five channels recorded at Byrd on December 28,
1966. For peaks 1-4 and 7-8, the absorption in-
creases towards the north (i.e., the equatorward
side), but for peaks 5-6 it increases towards the south
(the poleward side) ; there are no significant dif-
ferences between east and west. The center of the
absorption region thus underwent a diurnal change
in latitude on this day. Many of the same peaks can
be identified in the records made simultaneously at
Great Whale River; for instance, peaks 5-8 are
prominent there, but they are larger than at Byrd,
and for each of them the absorption increases to-
wards the south (the equatorward side). This par-
ticular example thus suggests a displacement in con-
jugacy, but the behavior does differ to some extent
from day to day. Taking the months of November
and December (northern winter and southern sum-
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mer), it is found that, on the average, Byrd and
Great Whale River are conjugate during the day-
time sector (centered on 1700 UT), and the events
at Great Whale River are larger (the average inter-
hemispheric absorption ratio at noon is 2:1). In
this case, therefore, the difference in event magnitude
must be due to a true hemispheric difference in the
intensity of the absorption events rather than to a dis-
placement of conjugate points. At other times of day
and in other seasons there may well be considerable
displacement of the conjugate points. Analysis is
proceeding to complete the picture of conjugate
movement and event intensity for the entire year.

References

Ecklund, W. L. and J . K. Hargreaves. 1968. Some measure-
ments of auroral absorption structure over distances of
about 300 km. and of absorption correlation between con-
jugate regions. Journal of Atmospheric and Terrestrial
Physics, 30: 265.

Hargreaves, J. K. 1967. Auroral motions observed with
riometers: Movements between stations widely separated
in longitude. Journal of Atmospheric and Terrestrial
Physics, 29: 1159.

Hargreaves, J . K. Auroral motions observed with riometers:
Latitudinal movements and a median global pattern.
Journal of Atmospheric and Terrestrial Physics. In press.

Hargreaves, J . K. and F. C. Cowley. 1967. Studies of auroral
radio absorption events at three magnetic latitudes, I:
Occurrence and statistical properties of the events. Plan-
etary and Space Science, 15: 1571.

Hargreaves, J . K. and F. C. Cowley. 1967. Studies of
auroral radio absorption events at three magnetic lati-
tudes, 2: Differences between conjugate regions. Plane-
tary and Space Science, 15: 1585.

Hargreaves, J . K. and W. L. Ecklund. 1968. Correlation of
auroral radio absorption between conjugate points. Radio
Science, 3(7): 698.

Hargreaves, J . K., E. W. Hones, Jr., and S. Singer. 1968.
Relations between bursts of energetic electrons at 17
earth-radii in the magnetotail and radio absorption events
in the ionospheric D region. Planetary and Space Science,
16: 567.

Leinbach, H. 1967. Midday recoveries of polar cap absorp-
tion. Journal of Geophysical Research, 72: 5473.

Reid, G. C. and H. H. Sauer. 1967. Evidence for non-
uniformity of solar-proton precipitation over the polar
caps. Journal of Geophysical Research, 72: 4383.

Spectrometi'y of the
Twilight and Night Skies

M. GADSDEN

Aeronomy Laboratory
Environmental Science Services Administration

This program is concerned with detailed studies,
made at a quite high resolution in wavelength, of
the spectra of the twilight and night skies over Ant-
arctica. In 1966, a photoelectric scanning spectrom-
eter was operated at South Pole Station, taking ad-
vantage of the very long twilights at this location to
search for emissions from traces of metallic atoms in
the upper atmosphere. Of the dozen species looked
for, only a trace of ionized calcium was detected.
The variation of atomic sodium with height and time
was also studied. The overall results have been a
little puzzling from the point of view of the theory
of the dynamical movements of the polar atmosphere.

In 1967, the spectrometer was operated at Byrd
Station to study the sodium emissions in more detail
and over a greater length of time than is possible at
South Pole Station. Also, watch was kept for a polar
cap absorption event during clear night hours. The
data from Byrd Station have not been analyzed yet.

During 1968, the final year of observations, the
spectrometer is set up in a hut about one mile from
the lights of McMurdo Station. During the austral
fall twilight, when the skies were unexpectedly clear,
a good polar cap absorption event occurred. Richard
Przywitowski—who returned to the Antarctic for a
second winter season after spending 1966 at the South
Pole—reports that the equipment has run well and
that good data were obtained on the polar cap ab-
sorption event.

The spectrometer will be returned to the United
States at the conclusion of the present winter season,
and most of next year will be spent completing the
analysis of the large amount of data assembled. Hope-
fully, a good idea will be obtained of the behavior of
winds at about 90 km altitude and about the rela-
tionship of winds at 80 0-90 0 latitude to those at mid-
latitudes. In addition, it is hoped that some good
measurements will be obtained of the response of the
atmosphere to the influx of high-energy particles
during a polar cap absorption event.
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Geomagnetic Pulsations
During a Magnetic Storm in the

Southern Auroral Zone

YUJI INOUE and NUNZIO A. TARTAGLIA

Department of Earth and Planetary Sciences
University of Pittsburgh

Geomagnetic pulsations observed at Byrd Station
(geomag. lat. 70.6'S., long. 336.3° geographic lat.
80.0°S., long. 119.5°W; L '-.. 7.25) during a moder-
ately disturbed condition have been studied. The
analyzed period was from 1000 UT on April 1 to
1000 UT on April 2, 1964. The data of three mag-
netic components (H, D, Z) were digitized from the
microfilm copies of rapid-run magnetograms by
means of a semiautomatic digitizer. The sampling
period was 15 seconds. In Fig. 1, the readout traces
reproduced by a computer-plotter are shown, each of
which has been reconstructed with 5,824 data points.
Magnetogran-is recorded at a number of observatories
in the world indicate that a quite calm condition
prevailed for more than half a day before 1000 UT
on April 1, 1964. The magnetic disturbance pro-
gressed gradually after approximately 1200 UT,
April 1. Sliding averaged values were generated for
H, D, and Z data, with an average interval of 16
minutes being required to derive the slowly varying
changes which mostly represent geomagnetic bays.
Subtraction of the sliding averages from the readout
data yielded the traces shown in Fig. 2. Thus, oscil-
latory variations were extracted.

A comparison of Figs. 1 and 2 indicates that it
may be safely inferred that central reversals of nega-
tive bays are caused by geomagnetic pulsations which
start at or before the onset of bays and increase in
amplitude with the bay development. The time-
derivatives of the 16-minute sliding averages provide
useful information on the electric fields set up in the
magnetosphere. In Fig. 3, the derivatives are shown.
Because the electric field lies across the magnetic
field, magnetospheric plasmas are subjected to an
ExB-drift. For example, whenH/8t>0, the plasmas
move from higher L-shells to lower L-shells. Usually,
this inward motion of plasmas precedes the initial
decrease of a negative bay. From the oscillatory
fluctuations shown in Fig. 2, the power spectra of
geomagnetic pulsations have been computed by the
fast Fourier transformation.

The dynamic spectra are shown in Fig. 4. Initial-
ly, the pulsation activity progressed in H-componenf
and then in D- and Z-components. Great enhance-
ments are accompanied by negative bays. Assuming
an overhead current in the E-region and a reasonable

Figure 1. Geomagnetic variations at Byrd Station on April 1
and 2, 1964. The abscissa represents the time in UT hours.
The data were read out from the rapid-run magnetogram

with a sampling period of 15 seconds.

4A	 o

Figure 2. Geomagnetic pulsations at Byrd Station on April
1 and 2, 1964. The abscissa represents the time in UT
hours. The traces were generated after the removal of 16-
minute sliding averages of the read-out data shown in

Fig. 1.
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Figure 3. Time derivatives of the 16-minute sliding averages
of geomagnetic variations at Byrd Station on April 1 and

2, 1964. The abscissa represents the time in UT hours.
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Figure 5. Power spectrum peaks of geomagnetic pulsations
at Byrd Station on April 1, 1964. The abscissa represents
the local time. The left ordinate is the peak frequency in
the unit of 1132 (minutes).- 1 The right ordinate is the
period in minutes. The black circles show clear peaks; the
open circles represent ambiguous peaks; the vertical lines

indicate the 3-db width.

25	passing through Byrd Station). Also, for different
'4	

2s	isolated peaks in the dynamic spectra, similar phase
15 velocities were obtained. Therefore, the oscillatory

variations seem to be waves appearing in the entire
magnetic tube passing through Byrd Station Gen
era! similarity can be seen in the power spectra of dif-
ferent magnetic components. However, significant
discrepancies can be observed among the H-, D-, and
Z-spectra. The shape of the power spectrum changes
with time and is characterized by multipeak struc-

2

20	

ture. For example, the peak frequencies appearing
in the H-spectrum are shown in Fig. 5. The shape

is	changes seem to be associated with the plasma's in-
ward motions discussed before. Discrete bands are-	
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—

S	
. 0	to be noted in Fig. 5. When - <0, the multipeak
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Figure 4. Dynamic power spectra of geomagnetic pulsations
observed at Byrd Station on April 1, 1964. The abscissas
represent the local times. The ordinates are oscillation

frequencies in 1132 (minutes).-1

magnitude of the electrical conductivity (ff_.12 X
10 14 emu), one can estimate the wave electric fields,
phase velocities, and wavelengths for the activity cen-
ters seen in the dynamic spectra. For instance, for
the pulsation that occurred around 1600 UT on April
1, whose period was 16 minutes, we obtain E,2-
mV/m, AB-.30y, m/k-'100km/sec, and A-20 Earth
radii (the length of the magnetic line of force

structure enhances. This means that hot plasma fills
the magnetic tube. The magnetic tube is expanded by
the diamagnetic effect of the hot plasma, causing
the plasma particles to undergo mirroring motions
along the line of force; these are accompanied by
oscillations of the electric and magnetic fields.

VLF Studies in Antarctica

J . H. CRARY

Institute for Telecommunication Sciences
Environmental Science Services Administration

Continuous recordings are made at Byrd and Pla-
teau Stations of the relative phase and amplitude of
signals from VLF transmitters GBR (16.0 kHz),
Rugby, U.K.; NAA (17.8 kHz), Cutler, Maine; NSS
(21.4 kHz), Annapolis, Maryland; NPM (23.4 kHz),
Oahu, Hawaii; and NWC (15.5, 18.0, 19.8, and 22.3
kHz), North West Cape, Australia.
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Last year's VLF records from Byrd and Plateau
Stations have been surveyed to evaluate their quality
and to provide suggestions for next season's opera-
tions. At Plateau, considerable trouble was encoun-
tered with some of the equipment, such as a standby
power supply and storage batteries, partly because of
inexperience with its operation under antarctic con-
ditions. Although the VLF equipment itself operated
well when the power supplies were sufficiently stabil-
ized, only a small amount of usable data was ob-
tained at Plateau.

The records from Byrd were of fairly good quality,
although the disadvantages of the mechanical servo-
type equipment in use there, particularly its limited
dynamic range, are quite obvious. Information about
polar cap events that occurred during this period
should be of considerable interest, since both tem-
poral and spatial variations are becoming evident in
VLF measurements made in the Northern Hemi-
sphere. The measurements in both hemispheres will
supplement each other and increase the value of the
data considerably.

During the past austral summer, both Byrd and
Plateau Stations were furnished with a newly devel-
oped receiver for station NWC, the new VLF trans-
mitter at North West Cape, Australia. Recordings
of this signal will be of special interest since the sta-
tion changes frequency at weekly intervals, providing
data over the same path for different frequencies.
Also, this path passes over a large part of the south
polar cap, making it especially interesting for both
monitoring and studying high-latitude disturbances,
such as polar cap events.

Both Byrd and Plateau have been supplied with
digital data-acquisition systems. These systems will
provide data at more frequent intervals than was
practical by hand scaling. Thus the more rapid varia-
tions in the amplitude and phase of the signals, which
seem especially prevalent at high latitudes, may be
studied. The system at Byrd has been in operation
since last spring. The exact status of the operation at
Plateau is uncertain because of a serious problem with
the station's generators.

Preparations are being made for moving the equip-
ment from Plateau Station, which will be shut down
in early 1969, to McMurdo Station, where, according
to present plans, it will be operated for at least two
years. McMurdo has two advantages for this work.
First, it is more readily accessible than the inland
stations and thus presents a simpler supply and main-
tenance problem. Second, it is of interest to make ob-
servations at the edge of the ice cap. When a VLF
transmitter is located a long distance from Antarctica,
as is GBR at Rugby, U.K., all but a negligible
amount of the received signal comes around the
long great circle path when that path is dark. When
the receiver is at the edge of the ice, essentially all

of the propagation over the ice is on the long great
circle path; only a negligible amount is on the short
path. The long-path information is useful for evalu-
ating the effect of the ice cap on VLF propagation.
The presence of this effect and its magnitude are the
subject of considerable controversy at present.

Solar-Cosmic Radiation and
Magnetospheric Studies

During 1967-1968

A. J. MASLEY, J . W. McDONOUGH,
and P. R. SATTERBLOM

Space Sciences Department
McDonnell Douglas Astronautics Company

Santa Monica, California

Solar Cosmic Ray Studies

Although approaching the time of predicted maxi-
mum in the solar cycle, the June 1967 through June
1968 period was relatively quiet. Of the 12 events
registered as greater than 0.3 db at 30 MHz,
only 1 event had greater than 2-db absorption. The
largest event, which reached nearly 6 db, occurred
on June 9, 1968 (see Fig. 1). By normal criteria,
several of the 1967 events could not be ascribed to
an accelerating flare. Furthermore, only a small num-

Figure 1. Shepherd Bay 30-MHz riometer absorption dur-
ing the June 9, 1968, solar cosmic ray event. The sun was
up continuously at Shepherd Bay during this period. The
absorption is proportional to the square root of the inten-

sity of charged particles bombarding the atmosphere.
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ber of the 1967 events could be associated with flares
located in the northwest quardrant of the sun, typi-
cally the best flare location for events observed in
previous years.

November and December 1967 represent a period
of increased activity. Five events occurred during a
six-week interval. The events were relatively small,
ranging from 0.4 to 1.8 db. The December 3 event
was the largest (1.8 db). On November 12, a 10-day
period of absorption began which did not exceed 0.5
db. During November and December, absorption
above background was observed about 70 percent of
the time.

The June 9, 1968, event (Fig. 1) was the largest
observed since May 23, 1967. Based on preliminary
data, absorption at the 0.5-db level was in progress
at about 1100 UT on June 9. The earlier onset
of the event was masked by solar radio noise. Accord-
ing to preliminary solar data, the event may have
been associated with a Class 2B flare located at
S13W05 and beginning before 0831 UT on June 9.
A maximum absorption of nearly 6 db was reached
at 0900 UT on June 10. The event decayed gradu-
ally until 0000 UT on June 11, when it decreased
abruptly from 4.5 to 0.5 db in 6 hours.

Magnetospheric Studies
A high-latitude magnetospheric study has been

initiated based on the Douglas conjugate stations lo-
cated at 80° geomagnetic latitude. This location, be-
tween the auroral zones and the geomagnetic poles
and near the neutral point, presents a unique op-
portunity for high-latitude magnetospheric investiga-
tion. The use of five years of continuous data from
the stations will allow investigation of seasonal effects.
Hopefully, the coupling of these data with simultane-
ous satellite data will provide information on the
source and the acceleration process.

The events selected for this study were not associ-
ated with solar flares, were generally small (on the
order of 0.5 db), were usually of short duration (aver-
aging about one hour), and occurred at a rate of ap-
proximately 14 per month. The events have been
measured by 30- and 50-MHz riometers. The study
has been concerned with the diurnal distributions of
these events throughout the year and their correla-
tion with three other types of data: those obtained
by other ground stations, electron-island fluxes ob-
served by particle detectors on Imps I, II, and III,
and direct measurements by polar-orbiting satellites.
Fig. 2 shows the diurnal distribution of events at
McMurdo between March 1962 and January 1967
for peak absorption thresholds of 0.1 and 0.5 db. One
sees that most of the largest events occurred near local
magnetic midnight, which is 0700 UT. When one in-
cludes the much larger number of events above 0.1

70	 McMURDO
60	 >0.1dB

50	 >0.5

o 40
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Figure 2. The diurnal variation of the total number of
events observed at McMurdo between March 1962 and
January 1967, plotted in one-hour intervals. Events were
counted if the peak absorption exceeded one of the two

thresholds shown.

db, the peak occurs near 1900 UT, which is local
magnetic noon. It is also found that the large events,
which occur near midnight, tend to be of short dura-
tion, whereas the noon group includes those often
lasting longer than two hours.

Acknowledgments. The authors acknowledge the
contributions of A. F. Salvador and C. M. Brandt,
the station operators during the period under discus-
sion, and G. C. Nelson and R. E. Santina, who aided
in the processing and analysis of data.

Antarctic Geophysical Research
and Data Analysis

SAMUEL C. CORONITI
and

RUDOLF B. PENNDORF

Space Systems Division
Avco Corporation

A general program of research and data analysis
in geomagnetism, aeronomy, and radio propagation
has been conducted since 1962 by Avco's Space Sys-
tems Division. During the past year, one phase con-
cerned a general survey of the antarctic ionosphere,
and a second phase concerned the electron-density
variation in the upper F-layer during magnetic
storms.

The first two parts of the survey have been com-
pleted and issued (Penndorf, 1968). They are based
on Avco investigations as well as those published in
the literature by other workers.

The first part contains a general description of
the upper atmosphere, geomagnetic field, and auroral
zone; an outline of the methods of exploring the iono-
sphere; maps and tables giving station parameters
(i.e., various coordinate systems and time elements,
such as magnetic time); and samples of ionograms.
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The second part may be broken down as follows:
A review of pertinent knowledge about the D-region
over Antarctica is given, with emphasis on experi-
mental data. The large amount of data and results
obtained through relevant investigations are pre-
sented in logical order and interpreted. Since pre-
cipitating electrons and energetic solar protons are
the most important sources of ionization, their
spectra, pitch-angle distribution, and fluxes as meas-
ured by rockets and satellites are extensively reported.
The importance of these sources of D-region phe-
nomena over polar regions is indicated by computa-
tions of the production, as a function of altitude, of
ion-electron pairs for the fluxes. Absorption of RF
energy is extensively described, especially the so-called
auroral absorption. This absorption is of two main
types (discrete and diffuse) which exhibit different
time and latitude dependence, are associated with
different atmospheric phenomena, and are caused
by either "splash" or "drizzle" types of precipitating
electron fluxes. Conjugate events, polar cap absorp-
tion events, and blackouts are also discussed.

A few samples from the unfinished reports will be
given. In the E-region, the production of ions by
nonsolar precipitating electrons and protons (in the
key range) is an important source of ionization in the
auroral zone during the dark hours. This "enhance-
ment" of the E-region has been determined from
data obtained at several antarctic stations. Its occur-
rence between 0600 and 1200 local magnetic time
shows that it is related to "drizzle"-type electron
precipitation.

Synoptic maps of foF2 have been prepared for an
18-month period. In Fig. 1, an example is shown of
a deep trough on the night side at 60° S. It is inter-
esting to look closely at the position and path of the
main trough. We have stated that a trough appears
at all times on the night side at high latitudes. From
our 18-month collection of maps, we determined the
mean position of the trough center for every third
hour of the day (0000, 0300 . . . 2100 UT) and the
three seasons—summer, winter, and equinoxes. These
positions have been connected on a map by straight
lines that represent the path of the trough center
during any given day. Although this path reflects the
trough's average position during a season and al-
though changes will occur from day to day, it repre-
sents the position fairly accurately. During the equi-
noxes and winter, the resulting path is fairly simple;
Fig. 2 shows it for the winter in the Southern Hemi-
sphere (the dashed line and numbers indicate it
mean position at a specific hour in UT). It follows
more or less the geographic latitude 60°S. The
trough forms over the Indian Ocean at 1500 UT and
follows a regular path until it reaches the area north
of the Ross Sea at 1500 UT, when it splits in two,

Figure 1. Quasi-synoptic maps of median foF2: Southern
Hemisphere winter (June 1958), 0900 UT.

Figure 2. Path of main trough center of foF2, deduced
from the median maps, for Northern and Southern Hemi-
spheres. The numbers indicate center positions in UT. The
path for the Northern Hemisphere has been transposed
onto a Southern Hemisphere map (geographic coordinates
are the same for both paths). The positions agree well
between 0300 and 1500 UT. The path is disturbed when
the center reaches the dip pole area in each hemisphere.

with one trough on either side of dip pole longitude
144°E.

Conducting the same analysis for the Northern
Hemisphere and plotting the hourly positions at the
same longitude, we obtain a very similar path (Fig.
2). It also follows roughly the geographic latitude of
60 0N. At 0300 UT, the trough reaches Iceland; and
at 0600 UT, it is over western Canada. Here, the
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"disturbance" occurs at about 0300 UT (12 hours
apart from its occurrence in the Southern Hemi-
sphere), after which the trough moves towards north-
ern dip pole longitude 260°E. The occurrence of this
"disturbance" corresponds roughly to the time the
path reaches the position of local magnetic midnight
in both hemispheres. Thus, during the winter (and
the equinoxes), the path of the trough is determined
mainly by the sun because it follows a geographic
latitude, but the magnetic field influences the path
for a short while around local magnetic midnight,
which occurs when the path comes closest to the dip
poles.

During the summer, however, the situation is dif -
ferent because the polar caps are continuously sunlit,
which leads to the existence of two troughs—one re-
maining mostly on the sunlit side (the "summer"
trough) and the other on the night side (the "pre-
dawn" trough). The "predawn" trough appears only
between 1800 and 0900 UT in the Southern Hemi-
sphere (Fig. 3), during which time it moves from 55°
to 35 0 S., where it disintegrates. The "summer"
trough moves around the antarctic dip pole in a
closed loop with a radius of approximately 1,500 km.
At 2100 and 0000 UT, the trough systems interfere
with one another, and, due to the lack of stations,
cannot be distinguished individually. In the Northern
Hemisphere, only the "summer" trough occurs; it
moves around the dip pole in a closed loop at a some-
what larger radius (approximately 2,000 km).

Thus we see that during the summer, the main
trough moves around the dip pole, indicating a pre-
dominant influence of electromagnetic drifts at the

Figure 3. Southern Hemisphere paths of main trough center
of foF2 deduced from median maps. The numbers indicate
center positions in UT. The "predawn" trough moves to-
ward low latitudes from 1800 to 0900 UT. The "summer"
trough moves around the dip pole. At 2100 and 0000 UT,
the "summer" trough is indistinguishable from the "pre-

dawn" trough.
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Figure 4. Percentage deviation of disturbed electron-den-
sity profile (December 18, 1962) from quiet-day electron
density profile (December 17, 1962) for night observations.

P2 peak; in winter, on the other hand, the "pre-
dawn" trough is controlled by the sun and moves
along geographic latitudinal circles, with a minor
disturbance occurring at the time it reaches the dip
pole meridian.

The second phase of our present investigations
concerns the topside ionosphere. Three magnetic dis-
turbances for which Alouette satellite data are avail-
able (one each on December 17, 1962; February 9,
1963; and February 20, 1964) have been selected for
analysis. The percentage increase in electron density
over the density on quiet days has been computed for
the night pass of December 18, 1962 (Fig. 4). The
increase reaches a maximum at 600 km and a lati-
tudinal peak of 300 percent. Such effects decrease
within a few days.

Presently we are investigating those latitudinal var-
iations that are thought to be due to vertical move-
ments of ions and electrons created by upward mo-
tions of the neutral atmosphere. These upward mo-
tions, (i.e., of the neutral wind) are thought to be the
result of auroral heating (Joule heating) between
altitudes of 100 and 200 km. In order to test this
hypothesis, a set of equations describing atmospheric
motions will be solved; the equations are based on
model atmospheres and several perturbed tempera-
ture profiles.
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Conjugate Point Studies

A. LAWRENCE SPITZ

Arctic Institute of North America

Observations carried out 9,500 miles apart by
the National Research Council of Canada in the Arc-
tic and jointly by the Arctic Institute of North Ameri-
ca and the Environmental Science Services Admin-
istration in the Antarctic continued during 1967-1968
with scanning of the visible aurora for hints on how
the solar wind—plasma ejected from the sun—af-
fects the Earth's magnetic field.

The Earth acts much like a huge bar, or dipole,
magnet, radiating concentric lines of force between
its northern and southern magnetic poles. But this
familiar model accounts only for the field ideally
generated by magnetic sources within the Earth it-
self. The actual magnetic field that envelops the
Earth is the product not only of these Earth-bound
sources but also of external sources that exert a major
influence on the field's ultimate character.

The solar wind is one of the principal external
forces that affect the Earth's magnetic field. The di-
pole model adequately represents the lines of force
at low geomagnetic latitudes, but the lines extending
farther into space from points on the Earth's surface
may be swept off by the solar wind into a magnetic
"tail," instead of returning to their conjugate points
on the surface. Accurately plotting the field, there-
fore, involves more than simple calculations based
upon the Earth's own magnetic sources.

Fortunately, the solar wind produces a visible
record of its effects in the form of auroras. Auroras
occur when molecules and atoms in the upper atmos-

phere are excited by sun-produced free electrons that
spiral towards the polar regions along the Earth's
lines of force. Since 1965, photoelectric photometers
and all-sky cameras using black-and-white and color
film have been recording auroral activity at Great
Whale River on the eastern shore of Hudson Bay
and at Byrd Station in Antarctica—geomagnetic con-
jugates in the Northern and Southern Hemispheres.

The observations taken at these conjugate points
are synchronized by highly accurate clocks and
matched according to auroral displays occurring si-
multaneously, or nearly so, in both hemispheres. The
sites of the stations are near the boundary between
the lines of force that return to their conjugates and
those that sweep out into space.

In the first two years of this program, observations
of fluctuations in the geomagnetic field in both hemi-
spheres suggested that, considering Byrd Station as a
fixed point, the northern conjugate was wandering.
In July 1967, observations were taken by a photom-
eter on an island in Hudson Bay 80 miles from Great
Whale River to supply confirming evidence of this
conjugate wandering. During the summer of 1968,
a self-contained photometer unit recorded auroral
data automatically at a more remote mainland loca-
tion. If this unmanned system proves feasible, more
units will be used in coming years. These remote
instruments are being installed in the Northern Hemi-
sphere because of the logistic difficulty of supporting
remote apparatus in the Antarctic. Additionally, more
precise measurement of conjugate wandering should
contribute significantly to a better understanding of
the Earth's magnetic field.

Geomagnetic Observations in Antarctica

JAMES V. HASTINGS

Coast and Geodetic Survey
Environmental Science Services Administration

The Coast and Geodetic Survey continued during
1967 its antarctic geomagnetism program through the
operation of magnetic observatories at Byrd, South
Pole, and Plateau Stations. While this was only the
second year of operation at Plateau, programs at
Byrd and South Pole have been in continuous opera-
tion for about 10 years. Variations in declination and
horizontal and vertical intensity were recorded
throughout the year on continuously operating mag-
netographs. Absolute observations of the magnetic
elements were made at frequent intervals to provide
the needed calibration data for accurately describing
the vector field. The magnetic measurements at all
stations were made to the highest degree of accuracy
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SECULAR CHANGE IN MAGNETIC TOTAL INTLN';ITY

attainable under the existing conditions, and all ab-
solute instrument calibrations are traceable to inter-
national magnetic standards.

Updating of the world magnetic charts at periodic
intervals, through an independent recompilation
based on all the data available at the time, is a
primary responsibility of the Coast and Geodetic
Survey as part of its geomagnetism program. The
secular-change patterns and isolines for Antarctica,
as portrayed on the latest issue of the charts, are of
considerably greater accuracy than the patterns shown
on charts issued several years ago. The next updat-
ing of the world isogonic chart, now scheduled for
1970, will reflect even greater accuracy in the ant-
arctic portion of the globe as a result of magnetic
data obtained in recent years from Byrd, South Pole,
and Plateau Stations.

Having been in continuous operation for several
years, Byrd and South Pole Stations now have the
required longevity for providing highly accurate secu-
lar-change rates. As shown on the accompanying
graph, the present rates of change for total intensity
at Byrd and South Pole are essentially the same (a
decrease of approximately 100 gammas annually).
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This isis more than four times the annual rate shown
for the Coast and Geodetic Survey's Fredericksburg
Geomagnetic Center, Virginia. Although some emi-
nent theorists suggest that the Earth's magnetic field
will in the next few thousand years disappear entirely,
then reverse in polarity, one could not by any means
conclude that the trend depicted for the stations in
Antarctica provides conclusive supporting evidence
for that hypothesis. At the same time, one cannot
predict when the trend at any of the stations will
change markedly in rate or reverse in sign.

In combination with the magnetic observatories at
Byrd and South Pole, the Coast and Geodetic Survey
operated seismological observatories at these stations.

Radiation from Atomic Hydrogen
in Aurorae

M. H. REES

Laboratory for Atmospheric and Space Physics
University of Colorado

Study of the hydrogen emissions Balmer alpha and
beta, which was begun during the 1966 austral win-
ter, has been continued with essentially the same
instrumentation descirbed in the Antarctic Journal,
vol. II, no. 5, p. 166. Observations were again carried
out at Byrd Station, which is in a region of maximum
auroral occurrence.

During several 24-hour periods in midwinter, spec-
tra were recorded constantly. Several hundred useful
spectra were obtained during the observing season,
and photometric records were obtained for calibra-
tion and high-time resolution studies. The spectra
were recorded on 35-mm spectroscopic film; the
figure shows a sample sequence obtained during the
late morning hours on May 30, 1967. The first ex-
posure (on the left) was made for two minutes, and
each succeeding exposure was made for twice the
time of the one that preceded it, until (on the right)
a 16-minute exposure was made. Twilight effects can
be seen by the enhancement of the continuum in the
blue region of the spectrum and the appearance of
sodium emission on the northern horizon. Excellent
records were obtained during the big geomagnetic
storm of May 25, 1967. The spectra show a large
enhancement of the atomic-oxygen red lines over
their usual intensity in aurorae.

Two sample sequences of spectra recordings made on May
30 at Byrd Station. See text.
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SUPPORT SERVICES

Smithsonian Oceanographic Sorting
Center Expands Its USARP Activities*

The majority of collections processed by the Smith-
sonian Oceanographic Sorting Center (SOSC) con-
tinues to be biological materials. However, this past
year, SOSC has greatly expanded its geology section,
and has initiated a program for the National Science
Foundation that will emphasize the processing of
oceanic rock samples from the U.S. Antarctic Re-
search Program (USARP). Acting as a clearinghouse
for geological material, SOSC concentrates on the two
main jobs of inventory and distribution. In keeping
with general SOSC goals, the inventory maintains
the unity of the original collection, while the distribu-
tion of materials to many specialists increases the
scientific use of the samples.

A petrographic laboratory has been set up for the
cutting and sectioning of oceanic rocks. Samples from
the antarctic seas (collected by Eltanin scientists) are
being processed at SOSC, and record-keeping sys-
tems are being developed. The program aims at
prompt retrieval of data by specific lithologies, rock
features and associations, as well as by localities, phys-
iographic features, and depths. These services will as-
sist both the geologists interested in the specimens
themselves and those wishing to know the distribu-
tion of rocks on the sea floor. The full suite of rock
samples collected by Eltanin will soon be transferred
to SOSC; processing to fill specific requests for ma-
terial is already under way. Associated geological ac-
tivities, which overlap SOSC's Antarctic Records
Program, are the inventory and distribution of ocean-
bottom photographs and the recording of data on
continental rocks from Antarctica.

Over 1,000 new USARP biological samples were
sent to SOSC last year. Most of them represent col-
lections of benthic invertebrates or plankton. Process-
ing and distribution of specimens from net-plankton
samples have kept up with the inflow of materials. In
the coming year, more emphasis will be given to the
processing of the large samples collected with the
midwater trawl. To date, SOSC has distributed more
than 3.5 million USARP specimens from collections
of benthic and planktonic animals. These specimens
have been sent in 300 shipments to specialists around
the world.

* Prepared by the staff of the Smithsonian Oceanographic
Sorting Center.
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Marine collections at SOSC. The stack area
covers approximately 8,000 square feet.

Mounting fresh marine algae.

SOSC has received about 500 USARP plant sam-
ples, comprised of marine and freshwater algae and
bryophytes and lichens. Most USARP botanists have
made their own collections and have not required
general processing services. Recently, however, techni-
cal assistance was given by SOSC to a USARP botan-
ist curating his large collection of lichens at the
Center.

All of the collections at SOSC, including the
USARP collections, are being moved into a newly
remodeled, controlled-environment storage area. The
concern of SOSC for improving its curatorial methods
and increasing its research on specimen preservation
and handling will have considerable significance for
the success of all USARP specimen-oriented projects.
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Innovations in the

Antarctic Records Program

B. J . LANDRUM

Smithsonian Oceanographic Sorting Center
Smithsonian Institution

An electronic processing system for the rapid stor-
age and retrieval of data on natural history collections
has been initiated at the Smithsonian Oceanographic
Sorting Center (SOSC) during the past year. The
development and operation of the records system
was implemented by the Smithsonian Institution's
acquisition, late in 1967, of a computer having a
large storage capacity. Systems analysts, programmers,
and computer operators, as well as individual consul-
tants in the Institution's Information Systems Division
provide advice, devise complex programs, and man-
age the storage and retrieval of computer records. In
the basic inventory of plant and animal specimens,
we can enter records on any of approximately 3,200
biological taxa, ranging in level from kingdom to
genera, depending on the degree of identification.
Records on these taxa can be sorted and stored in the
hierarchical structure of the taxonomic groups. Essen-
tial data on sampling locations and dates, identifying
data, and the present location of specimens are in-
cluded. Programs are being developed to permit entry
of any bionomial into a separate, compatible inventory
file. Collation of the two inventories will enable re-
constitution of samples for which the original con-
stituents have been identified to various taxonomic
levels and distributed to many institutions throughout
the world. Records can be retrieved to obtain infor-

(Smithsonian In,9titution Photo)

High-speed automatic typewriters, used for label prepara-
tion, simultaneously produce a punched paper tape con-

taining data for computer entry.

mation on specific types of specimens having common
parameters or to provide bulk listings of all data on
given collections.

Presently, records on USNS Eltanin samples which
were sorted at SOSC before this year are being en-
tered concurrently with recent sorting records. This
backlog includes records of plankton and benthic
collections of invertebrates, vertebrates, and algae.
Data on benthic invertebrate collections made in
antarctic waters by investigators aboard R/V Vema
will be entered in the near future. The Vema col-
lections are being sorted and distributed from the
American Museum of Natural History to approxi-
mately 50 specialists. As the centralized records at
SOSC grow in volume in the months to come, they
will become increasingly valuable to biologists en-
gaged in research in the Antarctic.

Considerable advancement in the acquisition and
compilation of records on geological collections has
occurred since the expansion of SOSC's geology
section, which is under the direction of Dr. Thomas
Simkin. The major emphasis has been placed on
locating and ascertaining the nature and extent of
previously collected materials. Geologists at 20 uni-
versities and government agencies were contacted for
information on antarctic geologic collections. Sum-
maries of about 25 collections and leads to other
sources were obtained. These records will be in-
cluded in a catalog, being prepared this summer,
which will list the kinds, quantities, and locations of
known petrographic collections.

The requirements for processing data on geologic
specimens are very similar to those for biological
specimens; therefore, the records system for electronic
data processing as developed is adaptable to the proc-
essing of geologic data with a minimum of modifica-
tion of existing programs. With the existing programs,
the geologic records can be included in the near fu-
ture; if modifications are found to be necessary later,
the data can be readily manipulated, reducing tran-
scription errors and expenditures of human effort.

The reduced number of bottom photographs re-
ceived from Eltanin, which was in dry dock part of
the year, allowed the staff to concentrate on comple-
tion of descriptions of material on hand and to plot
all of the camera stations onto a single bathymetric
chart. Also, revision of the data-recording system for
the bottom photographs was begun, both to permit
more rapid retrieval and to include information on
previously undescribed ocean-bottom characteristics,
eliminating items proven to have little retrieval value.
In addition, a brochure is being prepared for users of
the photographs; it will describe shipboard and SOSC
processing procedures and photographic-scale inter-
pretation and present a selected bibliography on
ocean-bottom photography.
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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. These books present collections of
original contributions 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. The publication of volumes in
the series is moving forward at a rapid pace, and
during the past year volumes 10 and 11 have been
released. It is expected that volume 12 will be pub-
lished by the time this issue of the Antarctic Journal
is distributed.

Volume 10, Entomology of Antarctica, edited by
J. Linsley Gressitt, was released in December 1967.
This book, which covers taxonomically species of
land arthropods and marine mites, contains 19 papers
totaling 395 pages. Price: $17.00.

Volume 11, Biology of the Antarctic Seas III,
edited by Waldo L. Schmitt and George A. Llano,
was released in May 1968. This volume contains
research reports of taxonomic interest along with
notes on habitats, ecology, and distribution. The 261-
page publication consists of 12 papers. Price: $13.50.

Volume 12, Antarctic Bird Studies, edited by
Oliver L. Austin, is now being printed. It totals
272 pages and contains 8 papers. Price $16.50.

Several other volumes are in the early planning
stages or under consideration; they will be devoted
to Ascidiacea, glaciology, geology, human adapta-
bility, seals, marine biology, oceanography, micro-
pulsation studies, and the antarctic inversion.

The first nine volumes of the series, listed below,
are still available through the American Geophysical
Union, Suite 435, 2100 Pennsylvania Avenue, N.W.,
Washington, D.C. 20037.

Volume 1, Biology of the Antarctic Seas, 1964.
187 p., $10.

Volume 2, Antarctic Snow and Ice Studies, 1964,
277 p., $12.

Volume 3, Polychaeta Errantia of Antarctica, 1964,
131 p., $9.

Volume 4, Geomagnetism and Aeronomy, 1965,
236 p., $10.

Volume 5, Biology of the Antarctic Seas II, 1965,
280 p., $12.

Volume 6, Geology and Paleontology of the Ant-
arctic, 1965, 281 p. plus plates and maps, $14.

Volume 7, Polychaeta Myzostomidae and Seden-
taria of Antarctica, 1966, 158 p., $10.

Volume 8, Antarctic Soils and Soil Forming Pro-
cesses, 1966, 177 p., $10.

Volume 9, Studies in Antarctic Meteorology, 1966,
231 p., $14.

Translation of the
Soviet Antarctic Expedition

Information Bulletin

WALDO E. SMITH

American Geophysical Union

At the time of our last report,* we had completed
the publication of volume 5 (bulletins 43-54 in-
clusive) of this translated series, and had started work
on volume 6 (bulletins 55-66), for which the receipt
of issues has been slow. As of this writing (June
1968), number 66 has just been received and is in
the process of translation. Also as of this date, the
numbers through 65 had been translated and those
through 62 had been published. It is expected that
this volume will be completed by mid- or late sum-
mer 1968.

The number of pages per bulletin has remained
comparatively high, reaching a maximum in number
65, which contained 168 printed pages, two foldouts,
and two color figures. The total number of pages
for volume 6 is 1,130, a substantial increase above
the 852 for volume 5. As was reported last year, some
of the papers tend to be somewhat longer than in
previous issues and they are more scientific in char-
acter—on the order of preliminary reports rather
than mere outlines of activities and character of
data.

The income from sales of the Bulletin has increased
substantially in the last year, indicating its wider
acceptance as a source of early information. At-
tempts have been made to publish the translations
promptly, a considerable improvement over the
earlier situation when the translation and production
of editions were several years behind the time of their
receipt. The number of subscribers is now 152; an-
other 20 copies are supplied to the National Science
Foundation under the grant provisions. The sub-
scription rate for volume 6 is $40; the journal may
be ordered from the American Geophysical Union,
Suite 435, 2100 Pennsylvania Avenue, N.W., Wash-
ington, D.C. 20037.

* Cf. Antarctic Journal, vol. II, no. 5, p. 207-208.

September-October 1968	 211



Abstracting and Indexing Service
for Current Antarctic Literature

GEZA T. THURONYI

Science and Technology Division
Library of Congress

Since 1963, the Library of Congress, with the aid
of the National Science Foundation, has been pro-
viding a service for the control of current world
literature pertaining to the Antarctic. All forms of
published literature, such as monographs, handbooks,
atlases, journal articles, conference papers, etc., are
described and indexed on 3x5 inch cards, which are
distributed free of charge to about 150 organizations
or individuals participating in antarctic research.
Another 25 sets of cards are used to service the master
file of the bibliography maintained at the Office of
Antarctic Programs of the National Science Founda-
tion. To date, over 6,000 items have been distributed.

The cards are reproduced periodically in book
form under the title Antarctic Bibliography, each
volume containing 2,000 entries with author, subject,
geographic and grantee indexes. Volumes 1 (1965)
and 2 (1966) are for sale for $4.25 each by the
Superintendent of Documents, U.S. Government
Printing Office, Washington, D.C. 20402, and volume
3 will be available at approximately the time this
issue of the Antarctic Journal is distributed.

The following statistical data have been compiled
on the contents of volume 3 of the bibliography. The
2,000 publications cited were issued in 17 languages
as follows (by percentage) : English, 59.3; Russian,
30.15; French, 3.7; Spanish, 2.9; German, 1.8; and
Afrikaans, Bulgarian, Croatian, Danish, Dutch, Fle-
mish, Icelandic, Italian, Japanese, Norwegian, Pol-
ish, and Ukrainian, each less than 1. The publications
originated in 28 countries with the following distribu-
tion (by percentage) : United States, 34.35; U.S.S.R.,
30.15; Great Britain, 10.95; Japan, 4.1; France,
3.4; New Zealand, 3.2; Australia, 2.8; Argentina,
2.15; West Germany, 1.95; Netherlands, 1.35; Nor-
way, 1.05; and Austria, Belgium, Bulgaria, Canada,
Chile, Czechoslovakia, Denmark, East Germany,
India, Italy, Peru, Poland, South Africa, Spain,
Sweden, Switzerland and Yugoslavia, each less than 1.

The acquisition of materials is based not only on
the vast collections of the Library of Congress, but
also on exchanges with other institutions, on the files
of the Office of Antarctic Programs of the National
Science Foundation, and finally on review copies and
reprints received directly from publishers and authors.
Those wishing to contribute are invited to send copies
of their publications to the Cold Regions Bibliography

Section, Science and Technology Division, Library of
Congress, Washington, D.C. 20540, U.S.A.

Antarctic Bibliography, 1951-1961

GEZA T. THURONYI

Science and Technology Division
Library of Congress

Compilation of this retrospective bibliography,
based on the collections of the Library of Congress
and other institutions, began in 1966 and is sched-
uled for completion by mid-1969. Several approaches
are used to identify pertinent literature. Some 180
journals and serial publications were selected for
cover-to-cover review of all issues of the 1951-1961
period; 60 of these have been scanned completely,
and 80 partially. Additional material is located
by consulting bibliographies, including lists of ref-
erences contained in books and articles. More-
over, the Scott Polar Research Institute of Cam-
bridge, England, has made available copies of its
library cards representing several thousand useful
references.

It is estimated that the bibliography will contain
some 9,000 citations, about 2,500 of which have been
listed and indexed in final form. To be issued in one
or two volumes, the bibliography will include author,
subject, and geographic indexes.

Antarctic Geographic Nomenclature

FRED G. ALBERTS

Geographic Names Division
Army Map Service

In March 1968, the functions and personnel of the
former Office of Geography, Department of the In-
terior, were transferred to the Geographic Names Di-
vision, Army Map Service. The personnel, as reloca-
ted, continued to perform the research and other staff
functions for the Advisory Committee on Antarctic
Names (ACAN), which makes recommendations on
antarctic names and naming policy to the Board on
Geographic Names and the Secretary of the Interior.
During the year, ACAN met five times and approved
613 new names. Seventeen names were amended or
their descriptions changed, and three decisions were
vacated. This increment brings the total number of
approved names to nearly 10,000. The members of
ACAN are Kenneth J . Bertrand (chairman), Albert
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P. Crary, Henry M. Dater, and Herman R. Friis.
Meredith F. Burrill is a member ex officio.

Approved names were made available at an early
stage in the preparation of new maps and technical
and scientific reports, e.g., original names were pro-
vided to the U.S. Geological Survey for nine
1:250,000-scale reconnaissance series maps of the
Pensacola Mountains, four maps of the Prince Albert
Mountains, and three 1:500,000-scale sketch maps
of Ellsworth Land and southern Palmer Land. As-
sistance was given to the Naval Oceanographic Of-
fice in identifying names to appear on nautical and
air charts, and to the American Geographical Society
for its map folios and in updating its four-sheet map
of the Continent. Cooperation was extended to
USARP researchers in university centers in their
requests for information or new names for reference
purposes. Galley proof for volumes 11 and 12 of the
American Geophysical Union's Antarctic Research
Series was reviewed, and hundreds of inquiries from
Government agencies and the public were received
and answered.

Cooperation with other countries was instrumental
in resolving questions of name duplication and fea-
ture identification. The chairman of the New Zealand
Antarctic Place Names Committee attended one
ACAN meeting, and correspondence with other com-
mittees in the interest of international standardiza-
tion was continued.

The persistent examination of aerial photographs,
extremely useful to comprehending vast antarctic
areas, was an invaluable key in correlating land-
marks with earlier discoveries. Ellsworth's "isolated
nunatak" has been identified as the feature photo-
graphed by Ronne in 1947 and named Mount Rex.
Ellsworth's accurate position for the mountain is in
keeping with the overall reliability of his cartographic
results as developed by Joerg. "Zumberge Nunatak,"
observed from a distance by Neuburg and others, is
probably the cape now named Cape Zumberge by
ACAN. Although not of the magnitude indicated by
Gould, the Leverett Glacier is 3 to 4 miles wide and
50 miles long and should not be termed a "plateau"
as suggested by Swithinbank. Other interesting cor-
relations were made.

Work has gone forward in drafting the texts of
decisions for an expanded gazetteer to include a
description of the features and historical notes on
their discovery and naming. This phase of the work
is 60 percent completed. It is expected that the
present program will be continued in the next year
without significant change.
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Antarctic Map Folio Series

VIVIAN C. BUSHNELL

American Geographical Society

The following folios either have been, or will be,
published in 1968:

Folio 9: Magnetic and Gravity Maps of the Ant-
arctic, by J. C. Behrendt and C. R. Bentley.

The nine plates of the folio include maps of free-
air and Bouguer gravity anomalies for the Antarc-
tic Continent and maps of residual total magnetic
intensity and short-wavelength magnetic anomalies
for the entire region south of 55°S. Other maps show
magnetic inclination, magnetic variation, and the
three components (horizontal, vertical, and total) of
magnetic intensity. In a brief text, the computational
methods are explained and the anomaly maps are dis-
cussed.

Folio 10: Primary Productivity and Benthic Ma-
rine Algae of the Antarctic and Subantarctic, by
E. Balech, S. Z. El-Sayed, G. Hasle, M. Neushul, and
J . S. Zaneveld.

The maps of this folio show the distribution and
abundance of the phytoplankton standing crop and
primary organic productivity along the paths of the
research vessel USNS Eltanin and nine cruises of Ar-
gentine research vessels in the waters east of Argen-
tina. Also included are maps of the distribution of
nutrient chemicals along these tracks. Two plates are
devoted to the distribution of selected species of dia-
toms and dinofiagellates, based on published and un-
published data. Benthic marine algae are also the
subject of maps in the folio. In all, there are 15 plates
and 12 text pages. In all phases of planning and
editing, Dr. El-Sayed acted as scientific advisor.

Folio 11: Distribution of Selected Groups of Ma-
rine Invertebrates in Waters South of 35°S. Latitude;
maps and text by A. W. H. Be; H. Boschma and T. P.
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Lowe; J . S. Bullivant; E. W. Dawson; J . H. Dear-
born and J . A. Rommel; R. K. Dell; S. J . Edmonds;
H. B. Fell and S. Dawsey; H. B. Fell, T. Holzinger
and M. Sherraden; M. W. Foster; S. R. Geiger and
C. Brahm; J . W. Hedgpeth; N. Hillman; D. R. Hur-
ley; V. M. Koltun; P. Kott; D. L. Pawson; A. Ross
and W. A. Newman; and D. F. Squires.

The rich waters surrounding Antarctica contain
such a vast number of tiny marine animals that it
is impossible within the scope of the Antarctic Map
Folio Series to discuss even all of the major groups.
In Folio 11, specialists have compiled distribution
maps of many of those genera and species about
which the most informative amount of data has
been collected. These maps give a representative
picture of the antarctic marine invertebrate popula-
tion. The text includes comments by each contributor.
In all phases of planning and editing, Dr. Hedgpeth
acted as scientific advisor.

Antarctic and Southern Ocean Mapping
by the American Geographical Society

DOUGLAS WAUGH

American Geographical Society

Under contract with the National Science Founda-
tion, the American Geographical Society continues
to keep up to date the 1:3,000,000-scale four-sheet
base map of Antarctica. Much new material has been
received and incorporated into the map during the
past year, and copies of the revised sheets are now
available upon request.

Large areas in West Antarctica which had pre-
viously been unsurveyed or only sketchily mapped
have recently been covered by aerial photography.
New sheets published by the U.S. Geological Survey
now include all regions of Ellsworth Land as well as
new portions of the Heritage Range, Queen Maud
Mountains, and northern Victoria Land.

Newly published British and Norwegian sheets
have added further detail to areas of Queen Maud
Land. Recent traverses of U.S., U.S.S.R., Argentine,
Australian, and Japanese parties have been plotted
and new data on ice thickness have been recorded.
Additional bathymetric soundings from new editions
of U.S. Navy Oceanographic Office charts have made
possible considerable improvement in the interpreta-
tion of undersea configurations.

Many names recently approved by the U.S. Board
on Geographic Names for features appearing in these
and other areas have also been included.

Major corrections and additions to the antarctic map
during the past year.

Late in 1967,  at the request of the Office of Antarc-
tic Programs of NSF, the Society constructed three
charts on the scale of 1:7,500,000 covering the South
Atlantic and Indian Oceans for use in plotting data
obtained on the cruises of the research vessel USNS
Eltanin. They are companion charts to the two pre-
viously published ones of the South Pacific on the
same scale and map projection. These five sheets
complete the coverage of the southern oceans.

Recent Activities of the
Committee on Polar Research

LOUIS DE GOES

Committee on Polar Research
National Academy of Sciences

The Committee on Polar Research (CPR) of the
National Academy of Sciences (NAS) advises on
U.S. research programs in polar regions and repre-
sents the United States on 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 also serves as
president of SCAR. The Committee is composed of
16 members, seven of whom serve as chairmen of the
following panels: Biological and Medical Sciences,
Geodesy and Cartography, Geology and Geophysics,
Glaciology, Meteorology and Climatology, Oceanog-
raphy, and Upper Atmosphere Physics. The compos-
ite membership of the Committee and its panels totals
more than 80 scientists actively concerned with polar
research in universities, government agencies, research
institutes, and industry.
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Periodically, the Committee reviews significant re-
suits of past polar research, assesses needs and oppor-
tunities for future research, and makes recommenda-
tions relating to national research goals. Several years
ago (1961-1963), the CPR issued three volumes on
science in the polar regions that have been used by
agencies, especially the National Science Foundation
(NSF), in planning and supporting research in the
polar regions. In response to a survey made in early
1967 of government agencies, universities, research
institutes, and individuals engaged in polar research,
the Committee decided to reexamine the status of re-
search in the polar regions. To this end, the CPR
augmented its panel structure to provide the dis-
ciplinary coverage necessary to undertake the study.
Whereas the previous CPR reports were divided into
arctic and antarctic research, the current review treats
high-latitude research in a comprehensive manner,
emphasizing interrelationships while recognizing dis-
tinctions between research problems in the two polar
regions. The report will be concerned primarily with
problems of scientific research, but it will also con-
tain suggestions on subjects relevant to the implemen-
tation of research programs, such as facilities, vehicles,
automation, coordination, and international coopera-
tion. Final drafts of the panel reports on the biologi-
cal and medical sciences, glaciology, geology and geo-
physics, meteorology and climatology, oceanography,
upper atmosphere physics, and geodesy and cartog-
raphy are being reviewed before this information is
integrated into an overall Committee report planned
for issuance sometime in late 1968 or early 1969.

During the past year, the Committee and its panels
held more than 15 meetings, mostly concerned with
the above-mentioned study on polar research. In ad-
dition, plans and preparations were made for the
Tenth SCAR Meeting, held in Tokyo, Japan, June
10-15, 1968; the SCAR/IUBS/SCIPB Second Sym-
posium on Antarctic Ecology, held in Cambridge,
England, July 28—August 4, 1968; and the SCAR/
lASH First International Symposium on Antarctic
Glaciological Exploration (ISAGE), held at Dart-
mouth College, Hanover, New Hampshire, September
3-7, 1968.

At the SCAR Meeting in Tokyo, working groups
presented their reports and recommendations. Dis-
cussions were held on broad aspects of antarctic re-
search including such subjects as the International
Antarctic Meteorological Research Centre in Mel-
bourne, Australia, SCAR relationships with ICSU
and with intergovernmental groups, and SCAR sym-
posia. Along with the SCAR Plenary Session, meet-
ings were held by SCAR Working Groups on Geology,
Solid Earth Geophysics, and Logistics. Dr. Campbell
Craddock represented the United States in meetings
of the Working Groups on Geology and Solid Earth
Geophysics, and Rear Admiral J. Lloyd Abbot, Jr.,

served as U.S. representative on the Working Group
on Logistics. Professor G. A. Avsiuk (U.S.S.R.) was
elected vice-president of SCAR, and Dr. G. de Q.
Robin (U.K.) was reelected secretary. SCAR ac-
cepted the Norwegian invitation to hold its next
meeting in Norway in August 1970. Dr. Charles R.
Bentley attended a symposium of the SCAR Working
Group on Glaciology in Berne, Switzerland, on Sep-
tember 28, 1967, during which plans were made for
ISAGE. Dr. A. P. Crary of NSF served as president
of the symposium, which included sessions on glacio-
logical techniques, ice-shelf dynamics, ice-sheet heat
and mass balance, ice shelves, sea ice, Quaternary
studies, and glaciological meteorology. Dr. Uwe
Radok, chairman of the SCAR Working Group on
Glaciology, Dr. John Lyons, head of the local or-
ganizing committee, Dr. Charles R. Bentley, U.S.
representative on the SCAR Working Group on
Glaciology, and members of the NSF and NAS staffs
cooperated closely in planning and arranging for the
symposium.

Dr. William S. Benninghoff (chairman) and Dr.
Herbert G. Shepler (secretary) of the CPR Panel on
Biological and Medical Sciences; Dr. W. J . L. Sladen,
U.S. member of the SCAR Working Group on Biol-
ogy; and Dr. George A. Llano, NSF, planned and
arranged for U.S. participation in the biology sym-
posium in Cambridge, England. Emphasis was placed
on polar ecosystems, with sessions held on past en-
vironments, floras, and faunas; soils and microbiol-
ogy; terrestrial vegetation and animals; freshwater
ecosystems; marine ecosystems; ecology, population
dynamics, and utilization of polar seals and ceta-
ceans; ecology and population dynamics of polar
birds; adaptations in marine polar animals; adapta-
tions in terrestrial polar organisms; conservation poli-
cies for the polar regions; and new techniques and
future needs of polar research. During the past year,
the Panel on Biological and Medical Sciences was
concerned largely with planning for the symposium.
Panel members assisted in preparing the symposium
agenda and in screening and selecting papers to be
presented. Other activities occupying the panel's at-
tention were the establishment of a tundra and taiga
research center at the University of Alaska under the
IBP Ecosystems Analysis Program, the use of Federal
lands for nuclear testing, problems of tourism and
waste disposal in Antarctica, and providing advice to
the Circumpolar Peoples Project of the IBP Human
Adaptability Section. The panel drew upon its mem-
bers and other specialists for its contribution to the
CPR study on polar research.

The CPR and the Office of Antarctic Programs
(OAP) of NSF cosponsored the Conference on Ant-
arctic Geology, held at the Institute for Polar Studies,
Ohio State University, May 16-18, 1968. The confer-
ence was aimed at reviewing recent geological work
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in Antarctica, planning future research, and prepar-
ing for the 1968 Tokyo meetings of the SCAR Work-
ing Group on Geology. Dr. Campbell Craddock is
chairman of the CPR Panel on Geology and Geo-
physics and also serves as U.S. member of the SCAR
Working Group on Geology.

The Panels on Geology and Geophysics, Upper
Atmosphere Physics, Meteorology and Climatology,

Oceanography, Glaciology, and Geodesy and Cartog-
raphy were largely concerned with planning, organiz-
ing, and writing and reviewing their reports for the
CPR study on polar research. The annual report to
SCAR covering current and planned U.S. research
activities in Antarctica was prepared with the help
of the NSF staff and distributed to other national
committees of SCAR.

USARP Winter Party, 1968

Byrd Station
Buennagel, Lawrence A., Geomagnetism/Seismology,

C&GS
Cady, Frederick M., Ionospheric Physics, ESSA Res. Labs.
Hannah, J . P., Ionospheric Physics, Univ. of Washington
Isherwood, William F., Seismology, Stanford Res. Inst.
Kelly, John David, Ionospheric Physics, Stanford Univ.
Kramer, Michael S., Meteorology, Weather Bureau, ESSA
Olson, Michael L., Ionospheric Physics, Stanford Univ.

*Richter, Gregory S., Meteorology, Weather Bureau, ESSA
Mathis, Terry R., Station Engineer, Univ. of Wisconsin
Thode, George C., Meteorology, Weather Bureau, ESSA

McMurdo Station
Chan, Lian, Laboratory Management, North Star R&D

Inst.
Koons, Robert W., Logistics Coordination, AINA
Lopatin, Boris, Geology, Inst. of Arctic Geology, U.S.S.R.
Nims, David J . , Ionospheric Physics, Bartol Res. Founda-

tion
*pIrywitowski, Richard, Ionospheric Physics, ESSA Res.

Labs.
Roe, Derrell M., Station Engineer, Univ. of Wisconsin
Salvador, Anthony J . , Ionospheric Physics, McDonnell

Douglas Astronautics Co.
Spatz, Richard, Station Engineer, Univ. of Wisconsin

* Station Scientific Leader

A McMurdo street at night.

Palmer Station
Abendroth, Ernst Karl, Biology, Clark Univ.

*Gannutz, Theodore P., Biology, Clark Univ.
Moore, Donald E., Laboratory Management, North Star

R&D Inst.

Plateau Station
Frostman, Thomas 0., Meteorology, U.S. Army Natick

Labs.
Karaali, Atok, Ionospheric Physics, Stanford Univ.

*Rubin de la Borbolla, George S., Meteorology, U.S. Army
Natick Labs.

Soond, Robert T., Geomagnetism/Seismology, C&GS

South Pole Station
Bower, John R., Ionospheric Physics, Bartol Res. Founda-

tion
*Coleman, Harold L., Meteorology, Weather Bureau,

ESSA
Chadwick, Dan M., Meteorology, Weather Bureau,

ESSA
Joern, Albert T., Physiopsychology, Univ. of Oklahoma
Massey, C. Stanton, Meteorology, Weather Bureau, ESSA
Oona, Ham, Ionospheric Physics, ESSA Res. Labs.
Walton, Fred Wallace, Geomagnetism/Seismology, C&GS

Molodezhnaya
Scharon, H. LeRoy, Geophysics, Washington Univ., St.

Louis

* Station Scientific Leader

Abbreviations:
AINA = Arctic Institute of North America
C&GS=Coast and Geodetic Survey, ESSA
ESSA Environmental Science Services Administration

*
(U .S. Navy Photo)
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Antarctic Treaty
Logistics Meeting

Held in Tokyo
FRED J . BERNSTEIN

Captain, USN
U.S. Naval Support Force, Antarctica

The Antarctic Treaty Meeting on Logistics was
held in Tokyo, Japan, from June 3 to 8, 1968. The
desirability and impetus for this meeting was out-
lined in Recommendation IV-24 of the Fourth Ant-
arctic Treaty Consultative Meeting, which had met
in Santiago, Chile, in November 1966.* In Recom-
mendation IV-25 of that meeting, the Treaty na-
tions' representatives had called upon their govern-
ments to accept the invitation extended by the gov-
ernment of Japan to host a meeting of logistics ex-
perts in Tokyo during June of 1968.

The topics initially suggested for discussion and
later accepted for the agenda by the participating na-
tions were building design and services, including
waste disposal and water supply; oversnow trans-
portation and new vehicles, including air-cushion
types; air transportation and airfields; sea transporta-
tion; safety measures; personal equipment; special
and future support projects; and new and urgent
problems which the governments might agree re-
quired discussion.

All nations signatory to the Antarctic Treaty par-
ticipated, though their delegations varied in size. The
United States delegation was headed by Rear Admi-
ral J . Lloyd Abbot, Jr., USN, Commander of the
U.S. Naval Support Force, Antarctica. Mr. Philip
M. Smith, Program Director for Field Requirements
in the National Science Foundation's Office of Ant-
arctic Programs, was alternate delegate. The delega-
tion also included Dr. Louis 0. Quam, Chief Scien-
tist of the National Science Foundation's Office of
Antarctic Programs; Mr. William H. Littlewood, As-
sistant Science Attaché, U.S. Embassy, Tokyo; Capt.
Fred J. Bernstein, USN, Assistant Chief of Staff for
Operations and Plans, U.S. Naval Support Force,
Antarctica; and Comdr. James Keith, USN, the Sup-
port Force's plans officer.

The meeting was opened and tile participants
warmly greeted by His Excellency Hirokichi Nadao,
Minister of Education and Director-General of the

*Antarctic Journal, vol. II, no. 1, p. 13-15.

Headquarters of the Japanese Antarctic Research
Expedition. The business phase of the meeting—
consisting of adopting an agenda and rules of pro-
cedure, and electing officers—was completed easily as
delegates prepared to exchange ideas and informa-
tion on the difficult task of providing antarctic re-
search scientists with their needs.

The method adopted to cover so broad a field of
topics was the presentation of formal papers. Each
of the 53 presentations was followed by group dis-
cussion led by the chairman. It was apparent from
the discussions that there are still significant and
serious problems in such seemingly mundane areas
as field clothing, oversnow transportation, waste dis-
posal, and facility construction. There also was evi-
dence of great progress in the form of success with
improved traverse vehicles, new construction mate-
rials, high-altitude rocketry, and air transportation.

The meeting was heartening in several ways. The
interest and concern expressed in matters of con-
servation and the many bilateral and multilateral pro-
grams of mutual logistic assistance demonstrated
that the spirit of the Antarctic Treaty is indeed
viable. Of particular interest, and certainly indica-
tive of the long-term view taken by the participa-
ting nations, was the final group of papers, which
looked to the near and distant future and examined
some very complex and sophisticated equipment and
concepts. When one considers tents, pemmican, and
dog teams in juxtaposition to air-cushion vehicles,
automated stations, and artificial satellites, the prog-
ress being made by the twelve cooperating nations in
Antarctica and the long-term planning on the part
of all become clearly manifest.

The Government of Japan, and particularly Dr.
Takesi Nagata, Director of the University of Tokyo's
Geophysical Institute, and his able colleagues, are
deserving of great praise for their efficiency and
ability in planning for and successfully overseeing so
large and productive a meeting. The splendid hos-
pitality of the host government also gave the delegates
opportunities to meet each other informally, to view
Japanese industry, and to visit the countryside.

The value of this meeting to exchange logistics
information was summed up in the unanimous draft
report, which is quoted in part:

The Representatives feel that some means should
be found to continue this exchange. It was agreed
that the Representatives should draw the attention
of their Governments to the advantages of such
continuity. They feel that it would be appropriate
to include discussion of this topic at the Fifth Ant-
arctic Treaty Consultative Meeting in Paris in
November 1968.
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Tenth Meeting of the
Scientific Committee on

Antarctic Research
LOUIS DE GOES

Committee on Polar Research
National Academy of Sciences

The tenth business meeting and plenary session of
the Scientific Committee on Antarctic Research
(SCAR) of the International Council of Scientific
Unions (ICSU) was held in Tokyo, Japan, June
10-15, 1968. Delegates from the Antarctic Treaty na-
tions of Argentina, Australia, Belgium, France,
Japan, New Zealand, Norway, South Africa, the
United Kingdom, the U.S.A., and the U.S.S.R. took
part in the meeting along with delegates from the
IUGG, JUGS, IGU, URSI, IUCSTP, and SCOR
(55 participants altogether). Of the 12 Antarctic
Treaty nations, only Chile was not represented. Dr.
Laurence M. Gould, Chairman of the Committee on
Polar Research of the U.S. National Academy of
Sciences, presided over the SCAR meetings and
served as the U.S. delegate. Dr. Campbell Craddock,
Mr. Louis De Goes, Rear Admiral J . L. Abbot, Jr.,
USN, Dr. Louis 0. Quam, Mr. Philip M. Smith,
and Mr. William H. Littlewood composed the U.S.
Delegation to the meetings, which were held at the
Japanese National Education Center in Tokyo. Along
with the SCAR plenary sessions, the SCAR Working
Groups on Geology and Solid Earth Geophysics met
jointly, with Dr. Craddock representing the United
States; Admiral Abbot served as U.S. Representative
on the Working Group on Logistics.

The agenda for the meeting included (1) con-
firmation of reports of the Ninth Meeting of SCAR,
held in Santiago, Chile, in September 1966, and of
the SCAR Executive Meeting, held in Cambridge,
England, July 1967; (2) a review of the SCAR
Constitution; (3) reports from the 9 SCAR Working
Groups and 12 Groups of Specialists; (4) a report
from the International Antarctic Meteorological Re-
search Centre (IAMRC) in Melbourne, Australia;
(5) discussions of relations between SCAR and other
bodies of the ICSU and between SCAR and inter-
governmental bodies, such as the Antarctic Treaty
nations, World Meteorologcial Organization, Inter-
national Oceanographic Commission, International
Hydrological Decade, U.N. Conference on Standard-
ization of Geographical Names, and Commission on
the Geological Map of the World; (6) the SCAR
symposia; (7) a report on finances; (8) election of
officers; and (9) future SCAR meetings.

Professor G. A. Avsiuk, Chairman of the Soviet
Committee on Antarctic Research and U.S.S.R.
Delegate to SCAR, was elected Vice-President of
SCAR for the period 1968-1972, replacing Admiral
R.N.M. Panzarini of Argentina, whose term had ex-
pired. Dr. Gordon de Q. Robin of the U.K. was re-
elected Secretary of SCAR for the same period.
SCAR accepted the invitation of the Norwegian Na-
tional Committee to hold its next meeting (in August
1970) in Norway.

Discussions were held on preparations for the
SCAR/IUBS/SCIBP Symposium on Antarctic Ecolo-
gy, Cambridge, England, July 20-August 3, 1968, and
the SCAR/lASH International Symposium on Ant-
arctic Glaciological Exploration (ISAGE), Dart-
mouth College, Hanover, New Hampshire, Septem-
ber 3-7, 1968. SCAR is considering holding a
symposium on antarctic oceanography in Tokyo in
September 1970 along with the meeting of the Inter-
national Association of Physical Sciences of the
Oceans (IAPSO). The Working Groups on Geology
and Solid Earth Geophysics jointly recommended that
a symposium on antarctic geology be held im-
mediately prior to the Eleventh SCAR Meeting in
Norway in 1970. The Working Groups on Meteorol-
ogy, Geodesy and Cartography, and Logistics also
propose to meet at the place and time of the Eleventh
SCAR Meeting. Gen. G. Laclavère (France) was
designated Convenor of a new Group of Specialists
on the Use of Space Vehicles in Antarctic Research,
which hopes to meet for the first time during the
COSPAR Meeting and Conference to be held in
Prague, Czechoslovakia, in 1969. Mr. Richard C.
Kirby (U.S.) of ESSA Research Laboratories was
designated Convenor of the new Specialist Group on
Technical Problems Affecting Communications. This
Group will consider problems of a scientific nature
relating to radio communications, including radio
propagation, interference, drift static, etc.

SCAR, a Scientific Committee of the ICSU, is
charged with furthering the coordination of scien-
tific activity in Antarctica, with a view to framing a
scientific program of circumpolar scope and signifi-
cance. Each of the 12 countries actively engaged in
antarctic research is represented by a scientific dele-
gate, as is each of 8 scientific unions or other bodies
expressing an interest in antarctic research, making
a total of 20 delegates. Plenary sessions are conducted
in an informal manner, with most of the actual busi-
ness done by small working groups composed of dele-
gates, their advisors, and observers. SCAR meets
in alternate years in one of its member nations, and
its scientific work is carried on largely through its 9
Working Groups and 12 Groups of Specialists. Its
resolutions are transmitted by members to their re-
spective national antarctic committees and scientific
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unions for study. Those referred to national com-
mittees are then forwarded to appropriate scientific
bodies or government agencies and are used to de-
velop national antarctic programs. SCAR resolutions

are advisory and are not binding on their scientific
organizations or governments. The Committee on
Polar Research of the U.S. National Academy of
Sciences is the adhering body to SCAR.

Antarctic Simulator for
Soil Storage and Processing'

ROY E. CAMERON
and

HOWARD P. CONROW

Bioscience Section
Jet Propulsion Laboratory

California Institute of Technology

During the antarctic summers of 1966-1967 and
1967-1968, more than 2/2 tons of soils and rocks
(146 samples) were collected from 55 sites in the dry
valleys of southern Victoria Land and on Ross Island.
The samples were stored at McMurdo Station at
temperatures as low as —30°C. and later shipped
in the frozen state to the Jet Propulsion Laboratory
(JPL), California Institute of Technology, where
they are now being kept in a freezer maintained at
temperatures near the average for the collection
sites.

The freezer (Fig. 1), a portable U.S. Navy unit
that was modified to conform to the California build-
ing code, was erected at JPL in September 1967. Its
outside dimensions are 7 ft. 6 in. high by 13 ft. wide
by 21 ft. long, and its inside dimensions are 6 ft. 6 in.
high by 12 ft. wide by 20 ft. long. The floor, walls,
and ceiling are constructed of 78- by 43- by 6-in.
Panels consisting of wooden frames filled with glass
wool and covered with sheet aluminum. Adjoining
panels have been bolted together against an insulat-
ing lining of thin felt. Entrance to the facility is af-
forded by two conventional latch-type freezer doors,
73 in. high by 43 in. wide, one at the front and the
other near the rear. Both doors are fitted with pad-
locked latches, which, for safety reasons, can be
opened from the inside.

The freezer is maintained at temperatures between
—30°C. and —26°C. by a 3-ton York model-50 HW

1 This paper presents the results of one phase of research
carried out at the Jet Propulsion Laboratory, California
Institute of Technology, under contract no. NAS 7-100,
sponsored by the National Aeronautics and Space Adminis-
tration. Logistic support for the antarctic portion of this
study was arranged by the Office of Antarctic Programs,
National Science Foundation.

(Phu to by Jim Rayle)

Figure 1. The antarctic simulator.

refrigeration system using F-12 coolant. Just below
the ceiling at the rear of the freezer, six General Elec-
tric fans draw the warmer interior air through evapor-
ator coils at a speed of 20 mph. Evaporator defrosting
is accomplished by a 4,160-w, 208-v single-phase elec-
tric strip heater mounted in the evaporator. Defrost-
ing, which is activated by a Tork electric timer, oc-
curs for one hour every 24 hours. It produces 1/2-2
gal. of water per day, which flows outside through a
1/2..in, pipe wrapped with electric heating tape.

The freezer and its mechanical unit are protected
from both rain and sun by an open "carport" struc-
ture that extends 4 ft. beyond the freezer at the front
and rear and 2 1/2 ft. at the sides (Fig. 1). This roof
is 2'/2 ft. above the top of the freezer at the front and
1 ft. at the rear, which provides for circulation of air
and runoff of rain. In the summer, slatted bamboo
screens are attached to the sides of the freezer for
additional protection from the sun.

The entire building is mounted on concrete piers,
which, owing to the contour of the terrain, provide
a ground clearance of 3 ft. at the front and 2 ft. at
the rear. A 4- by 9-ft. loading platform with remov-
able wooden beams provides easy access to the front
door.

The freezer has been in continuous operation at
—30°C. to —26°C. since September 15, 1967, except
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(Photo by Jim Rayle)

Figure 2. Processed soils and recording ther-
mometer in freezer.

(Photo by Jim Rayle)

Figure 3. Plastic-lined canvas bags of unprocessed antarctic
soils.

during the defrosting cycles, when the maximum
temperature is about —20°C. Temperatures are re-
corded by a maximum-minimum outdoor-indoor
thermometer, which can be read outside the front
door, and by three 7-day Tempscribe recording ther-
mometers inside (Fig. 2).

Bags of unprocessed antarctic soils are stored on
wooden shelves along approximately three sides of the
freezer (Fig. 3). Except for the low temperatures to
which they are subjected, the soils are stored, cata-

hoto by Jim Rayle)

V	 In aii iwlalz- imom, the at/IOrS apply aseptic
techniques to sieve antarctic soil for analysis.

nul. and processed in about the same manner as
other soils collected for the JPL desert microflora
program (Cameron et al., 1966).

The other main exception is that for processing
they require the use of an isolation booth, which is
located in one corner of the freezer (Fig. 4). The
bulk samples are processed by means of heat-sterilized
sieves, spoons, and scoopulas. Sterilization is accom-
plished in an oven or by flaming. For hard-frozen
samples, a sterilized hammer, chisel, and mortar and
pestle are used. All samples are passed through a
2-mm (no. 10 mesh) sieve unless their particles or
aggregates are less than 2 mm in diameter, in which
case they possess the physical and chemical properties
to qualify as "soil"; these properties include particle-
size distribution, moisture-holding ability, porosity,
bulk density, ion-exchange capacity, and buffer ca-
pacity.

All processed material is retained in the freezer
(Fig. 2) except for aliquots that must be air-dried at
room temperature (approximately 23°C.) for analy-
sis. To minimize contamination of aliquots taken for
microbiological analysis, surgical face masks are worn
(Fig. 4) and sterilized tools, containers, and aseptic
techniques are used.

Personnel who work in the freezer wear special
cold-weather clothing (Fig. 4). It consists of a fleece-
lined leather cap with earflaps and chin strap; a
quilted, down-filled parka with fur-lined hood; down-
filled trousers; quilted, down-filled "Mt. Everest
Booties"; and "30° Below Zero" gloves. Pocket hand
warmers are held at intervals.

For maximum efficiency and comfort, an indi-
vidual's stay in the freezer is limited to 1-2 hours at
a time.2 Because of the closed environment, small

2 The CO, concentration in the freezer, measured after
two hours of activity by two people, was found to be lower
than outside. The anomaly may possibly be ascribed to smog
on the outside.
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space, and lack of solar radiation, the work is more
tedious and the cold more penetrating than at com-
parable temperatures in the field in Antarctica.

In addition to being needed for storing and proc-
essing antarctic soils, the freezer is useful for training
personnel and testing equipment and instruments for
service in Antarctica or other cold environments.

Reference
Cameron, R. E., C. B. Blank and D. R. Gensel. 1966. Desert

Soil Collection at the JPL Soil Science Laboratory. Cali-
fornia Institute of Technology. Jet Propulsion Laboratory.
Technical Report No. 32-977. 153 p.

Adélie Penguin With
Three Chicks

occurring three-egg clutches in Adélie nests, but in-
duced females to lay a third egg by removing the
first within 24 hours of laying. The additional egg
was significantly smaller than the other two.

The accompanying photograph, taken at Litch-
field Island (64°46'S. 64 0 06'W.) off the southern
end of Anvers Island in January 1966, demonstrates
that it is possible for a pair of Adélies to rear three
chicks at least to half growth. We arrived at Anvers
Island too late in the season to observe the egg stage
in the Adélies and cannot state whether the three
chicks had the same Parents. Nor were we able to
follow the brood through the creche stage to suc-
cessful fledging.

Our trip to the Antarctic aboard the Coast Guard
icebreaker Eastwind was sponsored by grant GA-169
of the National Science Foundation's U.S. Antarctic
Research Program.

References
GEORGE E. WATSON and J . PHILLIP ANGLE

Museum of Natural History
Smithsonian Institution

Sladen (1958) gives the usual clutch in the Adélie
penguin (Pygoscelis adeliae) as two, with one-egg
clutches the rule for inexperienced breeders. He at-
tributes previous records of three eggs in one nest to
displacement of the supplemental egg from another
nest through fighting. Experimental pairs which ac-
cepted a third egg were never seen to retain the
additional one for long. Sladen (personal communi-
cation, 1968), in the 10 years since his report was
published, has not seen one instance of a three-egg
Adélie clutch in six seasons in Antarctica.

Stonehouse (1963) likewise found no naturally

Adult Adélie penguin with three chicks.

Sladen, W. G. L. 1958. The pygoscelid penguins: I, Meth-
ods of study; II, The Adélie penguin. Falkland Islands
Dependencies Survey. Scientific Reports, 17: 50-51.

Stonehouse, Bernard. 1963. Observations on Adélie penguins
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Notes

Naval Support Force Issues
New Guide to Equipment and Stations

A new edition of Support for Science, Antarctica
has recently been issued by the U.S. Naval Support
Force, Antarctica. The 50-page publication, which
contains over 100 illustrations, presents basic informa-
tion about the stations currently maintained in Ant-
arctica by the United States, and about the aircraft,
ships, vehicles, and special equipment used in U.S.
antarctic support operations.

Equipment is described in brief narratives accom-
panied by photographs and general performance data.
Plot plans and photographs of currently active U.S.
stations are also included. Tables provide average and
extreme weather data for active stations, a 12-year
summary (Deep Freeze I through Deep Freeze 67)
of the winter population at present and former U.S.
stations, and a review of ship participation through
Deep Freeze 68.

Added since the last (September 1965) edition is
information on the PM-3A nuclear reactor and the
desalination plant at McMurdo Station, on automatic
weather stations, and on the use of meteorological
satellites. The publication also has a new format and
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perforated pages to facilitate the removal of indi-
vidual pages for use in displays or as reference sheets.

Support for Science, Antarctica is available at 45
cents per copy from the Superintendent of Docu-
ments, U.S. Government Printing Office, Washing-
ton, D.C. 20402.

mercial Fisheries. In Miami, Hero will be thoroughly
inspected and various equipment problems that de-
veloped during the North Atlantic cruise will be
corrected.

The ship is expected to resume her voyage to the
Antarctic Peninsula in mid October.

Hero En Route to Antarctica
After completing a three-week shakedown cruise

in the North Atlantic in late August, the National
Science Foundation's new antarctic research ship
Hero* returned to New England, then commenced
her long journey to waters embracing the Antarctic
Peninsula, where she will operate indefinitely in sup-
port of the U.S. Antarctic Research Program.

The North Atlantic cruise took Hero into Davis
Strait and Baffin Bay, where she supported biologic
investigations by scientists from the University of
Maine. Off Baffin Island, she operated in pack ice.

Ii

INC

(Photo by U.C. Maritime Admini8tration for NSF)

Hero off the New England coast.

Hero spent four clays in Boston, then steamed to
Washington, D.C., via the Woods Hole Oceano-
graphic Institution, where a new work boat was
taken aboard. During her week-long stay in Wash-
ington (September 4-10), Hero was inspected by
members of the National Science Board, Marine
Technology Society, Government officials, and the
general public. On one of those days, as many as 5,000
persons toured the ship.

From Washington, Hero steamed to Miami, Flor-
ida, arriving on September 15. During this leg of
her journey southward, biological trawling was car-
ried out for a representative of the Bureau of Corn-

* See Antarctic Journal of the U.S., vol. III, no. 3, p.
53-60.

New Publication

Volume 12 of the Antarctic Research Series, which
is sponsored by the National Science Foundation, has
just been issued:

Antarctic Bird Studies. Edited by Oliver L. Austin,
Jr. Available at $16.50 from American Geophysical
Union, Suite 435, 2100 Pennsylvania Avenue, N.W.,
Washington, D.C. 20037.

(Air J'urcc A it Collection)

The Antarctic Scene: MIDNIGHT SUN. (An acrylic
painting by A. Muenchen.) An Air Force G-130E, en
route to New Zealand, flies over Tucker Glacier during

Deep Freeze 64.

Errata in vol. III, no. 3, p. 62: In the caption to Fig.
3, change "of the class Ascomycetes" to "of the genus
Gladonia"; in the caption to Fig. 4, change "Des-
champsia elegantula" to "Deschampsia." Similar
changes should be made where these terms appear in
the text.
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