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U.S. Antarctic Research Program, 1971-1972
Review of year-round and Stateside activities

The bulk of this issue of the Antarctic Journal constitutes the second part of the annual review of the
U.S. program in Antarctica. Reported here are year-round observations made at antarctic stations and aboard
the research ships Eltanin and Hero, research and data analysis accomplished at laboratories in the United
States, and Stateside services rendered in support of the United States Antarctic Research Program. The first
part of the annual review, which comprised the July-August 1972 issue, described field activities that took
place over the past austral summer. (Four papers received too late for inclusion in that issue appear below on
pages 154, 182 (two articles), and 215.)

Marie Byrd Land Quaternary
volcanism: Byrd ice core correlations

and possible climatic influences
WESLEY E. LEMASURIER

University of Colorado
Denver Center

Within the past year, Gow (1971) and Gow and
Williamson (1971) have published petrographic de-
scriptions of the volcanic ash bands in the Byrd Station
deep drill core and have suggested some sources for
ash among the volcanoes in Marie Byrd Land. Some
possible climatic implications of this volcanism also
were discussed by these authors. University of Colo-
rado studies of the potassium-argon ages and pheno-
cryst mineralogy of Quaternary lavas and pyroclastic
rocks collected during the 1967-1968 Marie Byrd Land
survey have reached the point where some specific
correlations with the deep drill core can now be
suggested. The potassium-argon method cannot meas-
ure the short-term (thousand-year) fluctuations in
volcanic activity that seem to correlate with climatic
changes recorded in the Byrd core, but some observa-
tions about the eruptive behavior of these volcanoes
may be pertinent to climatic speculations.

The table lists the petrographic characteristics of
volcanoes that are known to have erupted in Quater-
nary time. Each could have contributed to ash bands
in the Byrd core, although, on the basis of age alone,
the very youngest volcanoes (Mount Takahe and

Mount Waesche) seem the most likely sources; events
recorded in the core occurred within the last 75,000
years. The stratovolcanoes in the Crary Mountains
are the only ones within 570 kilometers of Byrd Station
that have not yet been dated. The most distinctive
petrographic characteristics of the Quaternary vol-
canic rocks are the abundance of olivine, plagioclase,
and titanaugite phenocrysts in the basalts, and of al-
kali feldspar and aegerine phenocrysts in the acid
rocks. Ash from the basalt volcanoes should range
from 46 to 51 percent silicon dioxide; trachytic ash,
57 to 61 percent silicon dioxide; and rhyolitic ash, 70
to 73 percent silicon dioxide (LeMasurier, in prepa-
ration). The rhyolites are the only rock types that
carry phenocrysts of amphibole or quartz in more than
trace amounts.

Many of the individual ash bands in the Byrd ice
core are composed predominantly of glass shards,
with refractive indices that range from 1.524 to 1.605.
The major crystal fragments include plagioclase, py-
roxene, and opaque oxides, with lesser amounts of
hornblende, quartz, and cristobalite (Gow and Wil-
liamson, 1971). The most surprising discrepancy in
this suite is the absence of olivine, which is a persistent
though rarely abundant phenocryst in the basalts and
a fairly common phenocryst in some trachytes, par-
ticularly those at Toney Mountain. This could mean
that the Quaternary volcanoes in Marie Byrd Land
were nearly in their present stages of development
75,000 years ago, and that the ash bands record
eruptions that represent a very small and rather atypi-
cal segment of volcanic activity in this region.
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Petrographic characteristics of Marie Byrd Land Quaternary volcanoes.

	

Volcano	Distance to Apparent	Nature	Principal	 Principal

	

(location)	Byrd Station	age	of	 rock
(km)	(million years)	eruption	types	 phenocrysts

Mount Murphy	 500	0.82( ± 0.14) a	subglacial	basalt	 olivine
(75°30'S. 116000'W.)
Toney Mountain	 450	0.50( ± 0.2) a	subaerial	trachyte	alkali feldspar, olivine, aegerine,
(753'S. 11600'W.)

	

	 magnetite.
rhyolite
(giass = 1.500)	alkali feldspar, amphibole.

Mount Takahe	 450	<0.24a	subglacial	basalt	 plagioclase, olivine, titanaugite,
(7600'S. 11200'W.)	 0.2(±0.2)b	 magnetite.

0.3( ±0.3)b
trachyte	alkali feldspar, aegerine,

Mount Waesche	 375	
magnetite, olivine.

(7710'S. 12700'W.)

	

north caldera	 1.6( ± 0.2) b	subaerial	rhyolite	 alkali feldspar, quartz, aegerine,
(ngiass = 1.513)	amphibole, magnetite.

main peak	 1.0 ( ± 0.1) b	subaerial	basalt	 plagioclase, olivine, titanaugite,
0.2( ± 0.2) b	magnetite.

aLeMasurjer (1972a).	 bNew data. Analyst: D.C. Rex, University of Leeds.

Among the abundant crystal fragments, the pyrox-
enes could probably provide the best clues as to the
major source of the ash. If the pyroxene fragments
are mainly aegerine, and if high index glass is rela-
tively uncommon, then Mount Takahe is the most
likely source of the ash. However, if the pyroxene is
titanaugite and high index glass is common, then
Mount Waesche seems the most likely source, in view
of the rarity of olivine. The most recent flows and
parasitic cones at Mount Waesche are extremely
variable in olivine content, ranging from essentially
no olivine phenocrysts in some, to roughly 20 percent
in others. Within the 15,000-year period of sustained
ash fall, the most active source of ash near the Byrd
core site may have been the parasitic cones on Mount
Waesche that are poor in olivine.

The occurrence of hornblende and quartz suggests
a contribution from a rhyolitic volcano. Toney
Mountain seems the most likely source for this com-
ponent of the ash, because the latest eruptions at
Mount Waesche were evidently basaltic. However,
the refractive indices of rhyolitic glasses (table) are
substantially below the range reported for the Byrd
core ash. This suggests the possibility that the horn-
blende and quartz are derived from xenoliths, in which
case, the crystal-rich rhyolitic rocks from the north
(and older) caldera of Mount Waesche appear to be
the most likely sources of these crystal fragments, as
contaminants of the latest eruptions from the south
flank of the mountain.

It seems probable, from the ages listed in the table,
that there were several sources for the Byrd core ash
bands. However, the available petrographic and age
data both suggest that the major sources of ash from

Marie Byrd Land in latest Quaternary time were
Mount Waesche and Mount Takahe. The Crary
Mountains are a little closer to Byrd Station than
these volcanoes, but one suspects that the parasitic
cones on the Crary Mountain volcanoes represent the
latest eruptions, and that ash derived from them
should contain olivine phenocrysts embedded in
sideromelane (LeMasurier, in press a).

Field studies indicate that the only Marie Byrd
Land volcanoes composed of large proportions of
pyroclastic rock are those that were formed by erup-
tions that took place below the surface of the glacier,
in large meltwater lakes (LeMasurier, in press b).
This suggests that the upward velocities of the most
voluminous ash eruptions in Marie Byrd Land were
damped by interaction with water. Mount Murphy
and Mount Takahe were formed in this manner, and
there is no evidence that either volcano ever built
itself above ice (or lake) level. The subaerially
erupted volcanoes, such as Mount Waesche and
Toney Mountain, seem to be composed almost en-
tirely of flow rock, in marked contrast to the intra-
glacial volcanoes and to circum-Pacific volcanoes out-
side of Antarctica. There is no evidence that these
volcanoes were very explosive or that they produced
large volumes of ash. In terms of eruptive behavior,
Marie Byrd Land volcanoes are more closely com-
parable with volcanoes of the ocean basins such as
Surtsey, than with highly explosive, ash-rich, andesitic
volcanoes such as those in Indonesia. This suggests
that we should be cautious about theories of climatic
change that require stratospheric injection of large
volumes of ash by antarctic volcanoes.

This work is supported by National Science Founda-
tion grant GV-25328.
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Geology of the Ross Island area,
Antarctica

SAMUEL B. TREVES

University of Nebraska
Lincoln, Nebraska

During 1971-1972 the data and specimens collected
during previous field seasons in Antarctica (Treves,
1965, 1967, 1968a, 1968b, 1969, 1970, 1971a, and
1971b) were evaluated and additional petrographic
and petrologic work was done. This further analysis
tends to confirm previously published work and will
be the basis of a more comprehensive report on the
geology of the Ross Island area.

In short, the data and petrographic evidence indi-
cate that each major vent of the Ross Island area
produced an older sequence of lavas that range from
olivine basalt to trachyte and a younger sequence that
consists of olivine basalt and basalt. There is some
evidence that the older sequence may have been re-
peated in some areas.

Several petrologic rock units and map types have
been identified and mapped. The following rock
types, which are based on phenocryst content, have
been used as map units: olivine basalt, olivine-pyrox-
ene basalt, hornblende basalt, basalt, pyroxene tra-
chyte, hornblende trachyte, and anorthoclase trachyte.
Tuff, agglomerate, and volcanic breccia are abundant,
and many of the rocks contain cognate and non-
cognate inclusions. Megascopic nepheline is rare;
X-ray analysis, however, indicates that it is present
in many rocks of this area.

Data in hand show clearly that the rocks of Ross
Island are undersaturated and that they are similar
to those of other basalt-trachyte provinces of the
world. In terms of Antarctica, they are very similar
to and probably will prove to be contemporaneous
with the volcanic rocks of the Hallett area (Hamilton,
1972), the younger volcanic rocks of southern Vic-
toria Land, and the basalts of the Mount Weaver
area (Treves, 1967). They may, therefore, constitute

an alkaline olivine basalt-trachyte province that
stretches, at least, from Cape Hallett to Mount Weaver
and stands in marked contrast to the earlier Ferrar
dolerites that also occur in this same broad area and
beyond.

This work is supported by National Science Founda-
tion grant GA-137.
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Antarctic Triassic tetrapods
in the laboratory

EDWIN H. C0LBERT
Museum of Northern Arizona

Two seasons of field work in Antarctica, devoted
to the collecting of Lower Triassic amphibians and
reptiles, have made available for study a considerable
series of these important fossils. The materials were
collected from the Fremouw Formation as exposed in
the central Transantarctic Mountains: those of the
1969-1970 season were procured at Coalsack Bluff;
those of the 1970-1971 season, at McGregor and
Shackleton Glaciers.

One of the problems inherent in the study of fossil
vertebrates is the delay that intervenes between col-
lection and detailed examination, necessary for the
technological preparation of specimens. In short,
fossil vertebrates are not hammered out of exposures
like rock specimens, nor are they dug out of the
ground like potatoes. So it is that much time since
the end of the 1971 season has been spent on the
preparation of the antarctic fossils, this work being
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conducted with finesse by Mrs. Nova Young and Miss
Camas Lott, working under National Science Founda-
tion grant GV-25341. Thanks to their efforts, numer-
ous excellent fossils have been extracted from the
enclosing matrix.

Concurrent with this work Miss Pamela Lunge has
been making truly beautiful line drawings of the
fossils. In a majority of cases pen and ink drawings
provide the most satisfactory illustrations of fossil
vertebrates.

Thus the gound work has been largely accomp-
lished, antecedent to the detailed studies of the fossils.
Such studies will be carried on during the months to
come.

Already it is apparent that the Lower Triassic
tetrapods of Antarctica have remarkably close re-
semblances to fossils from the Middle Beaufort beds
of South Africa, a point that has been made (but on
less detailed evidence) in previous contributions to
this journal. For example, it seems quite evident that
there are two species of Lystrosaurus in the Fremouw
Formation, which may be equated with two of the
characteristic South African species.

Other taxonomic identities are obvious—some at
the species level, others more probably at the generic
stage. And it appears that some fossils may represent
new genera.

Thus the fossils from the Fremouw Formation
represent in essence the well-known Lystrosaurus
fauna of South Africa, but with some differences
among certain constituents of the antarctic assem-
blage. The significance of a Lystrosaurus fauna in
Antarctica, as an indication of a close ligation be-
tween Antarctica and southern Africa at the begin-
ing of Triassic time, is obvious. The point need not
be labored at this place. It nicely illustrates the im-
portance of the distributions of extinct land-living
vertebrates for the perfection of our knowledge con-
cerning past continental relationships.

Geochemistry of the McMurdo
volcanics, Victoria Land

Part I. Strontium isotope composition
Lois M. JONES

Department of Geology
University of Georgia

RAYMOND L. WALKER
Oak Ridge National Laboratory

The McMurdo volcanics are basic rocks of late
Tertiary-Quaternary age that occur on Ross Island,

at Gaussberg, at Mirnyy, and sporadically in the
Transantarctic Mountains from Cape Adare south
to Mount Early in the Scott Glacier area. A detailed
study of the geochemistry of the volcanics of Victoria
Land is in progress. The major, minor, and trace
elements, including the lanthanides, are being de-
termined on an extensive suite of these rocks. Analy-
ses of the isotopic composition of strontium, expressed
as the ratio of strontium-87 to strontium-86, are near-
ing completion, and the current results are given in
the table. Some samples from the southern Trans-
antarctic Mountains and from West Antarctica are
of special interest and have been included in the
study.

The average 87Sr/86Sr ratio for 45 analyzed samples
from Victoria Land is 0.7038 ± 0.0002 (1—). This
value is similar to that of basaltic rocks from oceanic
areas (compiled by Gast, 1967). In addition, the
isotope composition of strontium is similar to the
87 5r/86Sr ratios measured for volcanic rocks from
Deception Island by Faure et al. (1971). The two
samples of basalt from Mount Early have slightly
higher 87 Sr/ 86Sr ratios, 0.7058 and 0.7063, but there
is chemical and mineralogical evidence that these
samples might have been contaminated, probably
during emplacement. The volcanics from West
Antarctica also have 87Sr/86Sr ratios characteristic of
oceanic basalts, with the exception of sample 17e `
which has a value of 0.7141. The concentrations of
strontium and rubidium for this sample are 5.58 and
106.6 parts per million, respectively. Assuming that
this volcanic is 10 million years old, then the "initial"
87 Sr/ 86Sr ratio would be 0.7045. If this assumed age
is of the correct order of magnitude, the high ru-
bidium/strontium ratio could account for the high
present-day 87Sr/86Sr ratio.

Special thanks are due to G. Faure for his con-
tinued encouragement during the course of this ex-
tensive study. 'Miss Terry Tickhill, Mrs. Eileen Mc-
Saveney, and Mrs. Kay Lindsay assisted one author
(LMJ) in the collection of samples during the 1969-
1970 austral summer. Additional samples were gen-
erously provided by G. H. Denton, H. H. Gair, J.
Kovach, W. E. LeMasurier, V. H. Minshew, Miss
T. Sledzinska, and S. B. Treves. The mass spectro-
metric analyses were made at the Laboratory for
Geochemistry and Isotope Geology, Department of
Geology, The Ohio State University, or in the Analy-
tical Chemistry Division of the Oak Ridge National
Laboratory, which is operated for the U. S. Atomic
Energy Commission by Union Carbide Corporation.
Financial assistance through National Science Foun-
dation grants GA-14427, GA-14573 , and GA-898X
is gratefully acknowledged.
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Strontium isotope composition of the McMurdo volcanics
from Victoria Land and selected volcanics from the

southern Transantarctic Mountains and West Antarctica.

	Sample	 Rock type -	 Location	 86Sr/88Sr	 87Sr/86Sra

Southern Victoria Land
272	olivine basalt	 Cape Bird	 0.1183	 0.7045
281	hornblende andesite	Cape Bird	 0.1176	 0.7044
273	olivine basalt	 Cape Crozier	 0.1180	 0.7045
277	tuff	 Turks Head	 0.1179	 0.7028
282	trachyte	 Observation Hill	 0.1172	 0.7032
257	trachyte	 Observation Hill	 0.1187	 0.7045
258	olivine basalt	 Post Office Hill	 0.1190	 0.7040
259	kenyte	 Cape Royds	 0.1185	 0.7042
287	kenyte	 Cape Royds	 0.1171	 0.7044

	

LJ-183	kenyte	 Cape Royds	 0.1225	 0.7020

	

LJ-171	(volcanic)	 Cape Barne	 0.1210	 0.7044

	

LJ-179	kenyte	 Cape Barne	 0.1238	 0.7033

	

LJ-172	kenyte	 Cape Evans	 0.1219	 0.7025

	

LJ-173	kenyte	 Cape Evans	 0.1224	 0.7027

	

LJ-174	kenyte	 Cape Evans	 0.1197	 0.7028

	

LJ-175	kenyte	 Cape Evans	 0.1195	 0.7027

	

LJ-180	kenyte	 Cape Evans	 0.1208	 0.7025

	

LJ-181	kenyte	 Cape Evans	 0.1210	 0.7040
275	olivine basalt	 Dailey Islands	 0.1183	 0.7047
288	kenyte	 Inaccessible Island	 0.1177	 0.7047

	

21001	(volcanic)	 Brown Peninsula	 0.1181	 0.7036

	

21058	(volcanic)	 Brown Peninsula	 0.1188	 0.7041

	

21248	(volcanic)	 Black Island	 0.1190	 0.7037
262	olivine basalt	 Wright Valley	 0.1188	 0.7043

	

66-106	basalt	 Wright Valley	 0.1192	 0.7035

	

66-182A	basalt	 Wright Valley	 0.1186	 0.7042

	

LJ-184	olivine basalt	 Wright Valley	 0.1199	 0.7038

	

LJ-185	olivine basalt	 Wright Valley	 0.1210	 0.7033

	

66-170A	basalt	 Taylor Valley	 0.1186	 0.7035

	

66-170B	basalt	 Taylor Valley	 0.1188	 0.7047
327	basalt	 Taylor Valley	 0.1192	 0.7048
343	basalt	 Taylor Valley	 0.1184	 0.7038

	

344	basalt	 Taylor Valley	 0.1176	 0.7035
346	basalt	 Taylor Valley	 0.1175	 0.7039
341	basalt	 Mount Dromedary	 0.1180	 0.7032
342	basalt	 Howchin Glacier	 0.1177	 0.7033

	

LJ-176	kenyte	 Garwood Valleyb	0.1218	 0.7030

	

LJ-182	kenyte	 Garwood Valleyb	0.1209	 0.7022
Northern Victoria Land
	268	basalt	 Cape Hallett	 0.1173	 0.7037

	

269	basalt	 Cape Hallett	 0.1191	 0.7042

	

270	basalt	 Cape Hallett	 0.1183	 0.7054
301	basalt	 Mount Overlord	 0.1195	 0.7044

	

302	(volcanic)	 Mount Overlord	 0.1183	 0.7047

	

304	(volcanic)	 Campbell Glacier	 0.1186	 0.7034

	

305	(volcanic)	 Campbell Glacier	 0.1194	 0.7041
Southern Transantarctic Mountains
	271	basalt

	

295	basalt

	

317	olivine basalt

	

262	olivine basalt
West Antarctica
	17e	(volcanic)

	

19b	kenyte

	

26A	basalt

	

326	kenyte

	

52A	kenyte

	

56b	basalt

	

71A	kenyte

allormalized to 86Sr/88Sr = 0.1194.
bMorajne

Mount Wyattb
	

0.1193
	

0.7042
Paradox Ridge	 0.1180

	
0.7050

Mount Early	 0.1190
	

0.7058
Mount Early	 0.1182

	
0.7063

Mount Hampton	 0.1197
	

0.7141
Mount Hampton	 0.1181

	
0.7037

Mount Cumming	 0.1187
	

0.7032
Doumani Peak
	

0.1186
	

0.7039
Mount Sidley	 0.1183

	
0.7033

Mount Aldez	 0.1180
	

0.7031
Mount Frakes	 0.1190

	
0.7035
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Geologic survey of Marie Byrd Land
F. ALTON WADE

The Museum
Texas Tech University

Detailed studies and analyses of the rock specimens
from Marie Byrd Land and of the field data recorded
during the field seasons 1966-1967 and 1967-1968
are still in progress. These are being supplemented
by studies of rock specimens and field data obtained
during the 1934 Byrd Antarctic Expedition II and
the U.S. Antarctic Service Expedition, 1940. A com-
plex and rather unique geologic history of Marie
Byrd Land is being unravelled. Based on available
data, it appears that the sequence of events is as
follows:

1. A thick sequence of marine sediments, mostly
quartz sands, argillaceous quartz sands, subgray-
wackes, and thin shale beds was deposited in a sub-
siding basin during late Precambrian-early Paleozoic
time. Ages of these sediments are based on the as-
semblages of microfossils in specimens from the Ford
Ranges (litchenko, in press) and from Drummond
Peak, Edward VII Peninsula (unpublished report,
this laboratory).

2. Intense folding and metamorphism of the se-
quence of sediments occurred in late Ordovician time
(Lopatin and Lorenko, in press). This is the time of
the Ross orogeny in East Antarctica.

3. Intrusion of large granodioritic plutons in mid-
Paleozoic time in the northern Ford Ranges: Mount
June, 352 million years (Halpern, in press); Mount
June, 328 million years; Saunders Mountain, 348
million years; Radford Islands, 355 million years;
Mount Swan, 334 million years (table). This igneous
activity was probably late synkinematic.

4. Farther to the east in the Kohler Mountains,
Bakutis Coast sector, intrusive igneous activity oc-
curred during late-Paleozoic time: Mount Strange,
265 million years (Halpern, in press), and Mount
Isherwood, 283 million years (table).

5. No record has been noted of any geologic proc-
esses other than erosion during the Triassic and Juras-
sic Periods.

6. There were widespread intrusions of granitic
plutons during the entire Cretaceous period with
activity at a maximum in mid-Cretaceous time. These
plutons are exposed in Edward VII Peninsula, Ford
Ranges, Kohler Mountains, and Bear Island. New
potassium-argon age determinations that supplement
those already published (Boudette et al., 1966;
Wade, 1969; Halpern, 1968, in press) are listed in
the table.

7. The Cenozoic period is characterized by periodic
eruptions of alkali basalt and pyroclastics. This vol-
canic activity has continued for approximately 50
million years. The advent of glaciation was early in
the period and, according to LeMasurier (1972),
has continued without significant deglaciation since
Eocene time.

The insular units that comprise this portion of
Antarctica are of continental crustal material. It is
believed that they were at one time united with the
East Antarctic craton. The basement rocks of Oates
Land appear to resemble most closely those of Marie
Byrd Land. Too little is known, however, of the
early geologic history of Oates Land for a reliable
correlation to be made. There is some indirect evi-
dence for block faulting in Marie Byrd Land. The
islands may have been formed by such a process, and
the block segments may have moved into their present
positions prior to the Cretaceous orogeny.

The formation and intrusion of the Cretaceous
granite-like plutons with no apparent preliminary
processes other than subsidence present somewhat of
a problem. It is hoped that detailed microtextural
studies of the older rocks will provide pertinent data.

Potassium-argon ages of granitoid rocks from Marie Byrd
Land.

Latitude Longitude Age
Locality	(deg., mm.,	(deg.,	(million	Mineral

sec. S.)	min. W.) years)

Webster Bluff	76 06 30 14508 88 ± 3.4	whole rock
Mount Franklin	7805 30 15448 95.9-4--3.5 biotite
Chester Mountains 7640	14530 98.4±3.6 biotite
McKinley Peak	7752	148 10 101 ±4	biotite
The Billboard	7704	14538 101 ±4	biotite
Wunneburger

Rock	7442	11302 101 ± 4	biotite
Early Bluff	75 11 20 11349 101±4	biotite
Prezbecheski

Island	77 02	14836 107 ± 4	biotite
Phillips Mountains

(west nun.)	76 15	14542 134 ± 5	biotite
Jeffrey Head	74 33 45 11145 143 ± 11	biotite
Mount Isherwood 7459	11336 283 ± 10 biotite
Wiener Peaks	7649	14426 299 ± 11	biotite
Mount June	76 16	145 02 328-L5	biotite
Mount Swan	7658	14348 334 ± 12 biotite
Saunders

Mountain	7651	14548 348±12	biotite
Radford Island	7654	14645 355±12	biotite
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It is estimated that reports on Marie Byrd Land
and Ellsworth Land will be completed on or before
September 1, 1973. This work is supported by Na-
tional Science Foundation grant GV-22901.
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present in lesser proportions are basalt, andesite,
shale, sandstone, and siltstone. The sandstones, with
few exception, are lithic sandstones, or litharenites
(fig.) according to the classification of Folk (1968).

The sandstones of the Trinity Peninsula Series of
Carboniferous(?) age (Adie, 1957) are markedly dif-
ferent from those of the Latady Formation. Elliot
(1965) has shown that the Trinity Peninsula series
sandstones are arkoses. Feldspar, dominantly plagio-
clase, and quartz are much more abundant than rock
fragments, which are mostly particles derived from
rhyolite and granite, but include subordinate sedi-
mentary and metamorphic rocks. A fine-grained
matrix comprising half the rock is typical of Trinity
Peninsula Series sandstones.

Rocks of both the Latady Formation and the
Trinity Peninsula Series are commonly poorly ex-
posed. The two units are similar in appearance; both
are dark colored, are tightly folded, and have well
developed slaty cleavage. Fossils are rare and poorly
preserved in all known exposures of the Trinity Penin-
sula Series and in many exposures of the Latady For-
mation. Comparison of sandstone composition is the
most useful method for distinguishing between the
two formations.

This work was supported by National Science
Foundation grant AG-187.
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Composition of Jurassic sandstones,
Lassiter Coast

P. L. WILLIAMS and P. D. ROWLEY

U.S. Geological Survey
Denver, Colorado

Sandstone comprises 10-60 percent of measured
stratigraphic sections of the Latady Formation of
Late Jurassic age in the Lassiter Coast and adjacent
areas of southern Palmer Land. Other rock types
present are carbonaceous siltstone, shale, and mud-
stone; conglomerate is absent (Williams, 1970; Wil-
liams and Rowley, 1971; Williams et al., in press).
Major components of the sandstones are, on the aver-
age, quartz, 20 percent; feldspar, 17 percent; rock
fragments, 33 percent; and quartz-sericite matrix,
commonly with minor amounts of carbonate, 30 per-
cent. Plagioclase feldspar (An 20-30) is slightly more
abundant than potassium feldspar, which is almost
entirely orthoclase with rare grains of microcine.
Rock fragments are dominantly felsic volcanic rocks;
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Quartz

Feldspar	 Rock fragments

Composition of clastic particles of sandstones of the Trinity
Peninsula Series (0) (after Elliot, 1965) and the Latady

Formation (i). Generalized from Folk (1968).
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Geologic mapping in the
central Transantarctic Mountains:

a progress report
D. A. COATES

Institute of Polar Studies
The Ohio State University

and
Department of Geological Sciences

Cleveland State University

As an outgrowth of the past several seasons of field
work in the central Transantarctic Mountains, the
Institute of Polar Studies at The Ohio State Univer-
sity is preparing a series of reconnaissance geologic
maps covering the area between the Beardmore and
Scott Glaciers (fig.). The current work is being done
under National Science Foundation grant GV-26652
with the cooperation of the U.S. Geological Survey,
which publishes the maps.

In the last year, preparation of the Mount Eliza-
beth-Mount Kathleen and Buckley Island quad-
rangles was completed, with publication scheduled
for 1972 and 1973, respectively. Under David H.
Elliot, Plunket Point and The Cloudmaker quad-
rangles are in advanced stages of preparation. During
the summer of 1972, Donald A. Coates, with Paul A.
Mayewski and Edmund Stump, is preparing the
Mount Goodale and Nilsen Plateau quadrangles.
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Status of geologic quadrangle maps In the central Transantarctic
Mountains as of July 1972. A: Mount Robot, published (Barrett
et al., 1970). B: Mount Elizabeth-Mount Kathleen, in press. C:
Buckley Island, in advanced preparation. D: The Cloudmaker, In
advanced preparation. E: Shackleton Glacier, In preparation.
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Why is Black Island black
and White Island white?

WILLIAM J . BREED
Museum of Northern Arizona

Black Island and White Island are prominent fea-
tures on the southern horizon as viewed from Mc-
Murdo Station. Captain R. F. Scott discovered the
islands in 1902 during the British Naval Antarctic
Expedition. He named Black Island for its black
volcanic rocks; White Island for its mantle of snow.
Both islands are about 30 kilometers from McMurdo,
and each has an average width of approximately 15
kilometers. Black Island is slightly higher, for its
highest point is 1,041 meters; the highest point on
White Island is 761 meters. Both are of volcanic
origin. The puzzling question about these two islands
is: why is one white and the other black when they
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are so similar in all other respects? The geographic
positions of these features reveal the answer.

Minna Bluff (elev. 1,060 meters) juts into the Ross
Ice Shelf like a giant snow fence and either traps or
diverts the snow that prevailing southerly winds
sweep off the ice shelf. Black Island is directly north
of Minna Bluff and so does not get much blown
snow. White Island has nothing to the south of it
but open ice shelf, so snow can be blown over and
deposited on this island. The difference in snow ac-
cumulation on the two islands is perhaps accentuated
by the wedge shape of White Island with its wide
side to the south, which favors the collection of snow.
Black Island is shaped with a point to the south that
diverts the winds around it.

The difference in snow accumulation on Black Is-
land and White Island thus seems to be best explained
by the geographic and meteorologic conditions de-
scribed, although additional factors may be involved.

Density of the
stratiform Dufek intrusion,

Pensacola Mountains, Antarctica
A. B. FORD

U.S. Geological Survey
Menlo Park, California

S. W. NELSON

Department of Geology
University of Nevada

An immense layered gabhroic complex, the Dufek
intrusion, makes up the entire northern one-third of
the Pensacola Mountains near the head of the Wed-
dell Sea. Discovered only in 1957 on an IGY traverse
from Ellsworth Station (Aughenbaugh, 1961; Walker,
1961), the complex was mapped in entirety, geo-
physically surveyed, and extensively sampled by a
team of U.S. Geological Survey geologists, geophysi-
cists, and topographic engineers in the austral sum-
mer of 1965-1966 (Schmidt and Ford, 1966, 1969;
Ford and Boyd, 1968; Behrendt et al., 1966). Com-
pilation and analysis of the field data and laboratory
studies of samples have continued; this report briefly
summarizes some of this work.

Parts of the intrusive body are excellently exposed
in enormous escarpments that provide two complete
sections for study: a lower one, 2 kilometers thick, in
the Dufek Massif, and an upper one, also about 2
kilometers thick, in the Forrestal Range. Although
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Figure 1. Variation of density, in grams per tubic centimeter,
with pyroxene content, in volume percent, and rock type for the

Dufek Massif section.

the basal zone, an intermediate zone estimated to be
on the order of 2 kilometers thick, and the roof are
not exposed, indirect evidence suggests that the total
thickness is at least 7 kilometers (Ford, 1970) and
that the layered mafic rocks extend for great distances
beneath adjoining continental ice sheets, probably
over an area of at least 34,000 square kilometers in
all (Behrendt, 1971). These estimates indicate that
the body is comparable in size to some of the largest
layered mafic complexes in the world. Although such
bodies typically occur in a Precambrian craton set-
ting, the Dufek body lies in a recurrently active
orogenic belt marginal to the antarctic craton. The
latest major deformation in the belt took place in
probable Triassic time (Ford, in press), as indicated
by the presence of Permian fossils in folded beds and
by Middle Jurassic potassium-argon dates (R. W.
Kistler, written communication, 1969) for the post-
orogenic Dufek intrusion. Radiometric dating and
chemical characteristics suggest that the body is re-
lated to Ferrar diabase intrusive activity (Compston
et al., 1968) elsewhere in the Transantarctic Moun-
tains.

The Dufek body, which is considerably more dif-
ferentiated than any known Ferrar diabase sheet, is
composed of a highly varied suite of layered rocks
ranging from anorthosite and granophyre to pyroxe-
nite and magnetite. The great bulk, however, is
gabbro with variable amounts of the principal min -
eral phases, plagioclase, pyroxene—both clinopyrox-
ene and orthopyroxene—and magnetite or other iron-
and titanium-rich oxides. Bulk-rock densities closely
reflect the varying major mineral content (fig. 1), as
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well as chemistry, particularly total iron oxides in the
rocks. Magnetic susceptibility (K) shows a general
positive correlation with density in each of the ex-
posed sections (Griffin, 1969). Using the curve of
fig. 1, density measurement can provide a rapid
means for preliminary classification of many Dufek
rocks.

Many aspects of magmatic history are clearly re-
flected in the vertical distribution of rock-density

variants in the complex (fig. 2). Physical processes
that operated during consolidation of the immense
magma reservoir, including lateral current activity
and gravity settling, were analogous to processes that
operate during accumulation of some types of water-
lain clastic materials that form sedimentary rocks.
The igneous Dufek "sediments" accumulated on the
chamber floor in a crystal rain, interrupted episodi-
cally by turbidity-current-like floodings across the
floor by crystal-rich magma currents presumably gen-
erated by convection. Evidence of scour along the
floor, which rose as crystals accumulated, is clear at
several levels. Early currents carried mainly pyrox-
enes, later ones mainly plagioclases. The many sharp
fluctuations in the density curve of fig. 2 correspond
to thin pyroxenitic and anorthositic layers formed
thereby, as well as to gravity-accumulated magnetite
concentrations that occur mainly in the Forrestal
Range section.

The continual separation of crystals led to progres-
sive changes in melt composition, to accompanying
chemical changes in later formed crystals, and to the
appearance of new phases in successively higher cumu-
lates. Early separation of magnesium-rich pyroxene,
and presumably olivine in the unexposed basal layers,
resulted in increasing iron content of the originally
tholeiitic melt and eventually in the crystallization of
magnetite, locally in great amounts. The melt be-
came enriched in alkalies and silica by early, and
continual, fractionation of calcium-rich plagioclase
and enriched in water owing to the anhydrous char-
acter of all early phases. Such changes led, in the
final stage of consolidation, to the development of a
300-meter-thick capping layer of alkaline granitic
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residue of granophyre containing iron-rich clino-
pyroxene, hornblende, and biotite.

Densities measured on approximately 600 samples
range widely from as low as 2.65 grams per cubic
centimeter for granophyre and 2.70 g/cc for an-
orthosite to as much as 3.30 g/cc for pyroxenite and
3.50 g/cc or more for magnetitite. Most gabbros
(pyroxene-plagioclase cumulates) lie in the range
2.80-3.20 g/cc (figs. 1 to 3). Weighted according to
layer thicknesses, the average density of the Dufek
Massif section is about 2.95 g/cc; of the Forrestal
Range section, about 3.03 g/cc. The estimated aver-
age for the entire body, taking into consideration the
probable densities of unexposed sections, approximates
that of R. A. Daly's average gahbro or norite (Daly
et al., 1966), about 2.98 g/cc, and only slightly ex-
ceeds that of about 2.95 g/cc measured on rocks from
little differentiated diabase sills in the southern Pensa-
cola Mountains. The upward increase in average
density, contrasting with general upward decrease
common in thin diabase sills elsewhere (Jaeger, 1964),
obviously reflects the strong trend of iron enrichment
during fractionational crystallization of the Dufek
magma. The Dufek body is a highly inhomogeneous
mass, and such differences in density for different
parts of the total stratigraphic section as indicated
here should be considered in future more detailed
gravity studies when sub-ice terrain maps become
available.

This work is supported by National Science Founda-
tion grant AG-238.
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Rb-Sr and K-Ar dating of rocks
from southern Chile
and West Antarctica

MARTIN HALPERN

Geosciences Division
University of Texas at Dallas

Geological and geophysical field programs in the
south of Chile (Halpern, 1970) and in West Antarc-
tica have provided the opportunity for collecting sam-
ples of igneous and metamorphic rocks for radiometric
dating. The aim of this program was to establish the
chronology of principal rock units so that the geologic
history of these remote regions of the earth's crust
could be understood. Rubidium-strontium isotopic
age analyses were carried out at the University of
Texas at Dallas and potassium-argon isotopic dating
at the University of Leeds, England.

In southern Chile, metamorphic rocks constitute
the oldest known rocks. Gneiss from the 'basement'
of the Magellan Basin at the Atlantic entrance to the
Strait of Magellan have been rubidium-strontium
total rock dated at 306 ± 156 million years (Xf3 =
1.47 x 10 per year) with an initial strontium-87
to strontium-86 ratio of 0.7112 ± 0.0033. Biotite
from a sample of the gneiss has been rubidium-stron-
tium and potassium-argon dated as Permian, implying
that the 'basement' of the Magellan Basin has been
involved in one or more Paleozoic geologic events.
Paraschists from the 'basement' complex along Chile's
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Potassium-argon and rubidium-strontium ages of west antarctic plutonic rocks.
Potassium Argon-40 rad.	Rad.	Age (million years)a

Location	Material	(percent) (std. cm. 3 x 10-4 ) (percent)	K-Ar	Rb-Sr	Reference
Mount Byerly	biotite	5.39	0.418	93.6	185 ± 10	168±5	Halpern, 1966

(81'53'S.	total rock	 187±10	Halpern, 196689-23'W.)
Ellsworth Land	biotite	6.57	0.283	84.0	105±5	96±6	Halpern, 1967

(75'20'S.
72'15'W.)	biotite	6.46	0.262	94.5	99±8	102±10	Halpern, 1967

Marguerite Bay	biotite	6.95	0.315	82.7	110±5	108 ±5	Halpern, in press
(68-15'S.
67'W.)

"Tisné Point" b	biotite	5.56	0.234	85.4	102±5	90±5	Halpern, 1967
(64' 10'S.
60'58'W.)

aK 40 :	Xe = 0.584 x 10-10 per year	 bUnofficial name.

	

= 4.72 x 10-10 per year	K40/K total = 1.22 x 10 g/g
Rb87 :	= 1.47 x 10-11 per year

Pacific margin gave total rock rubidium-strontium
ages of Paleozoic to Mesozoic, and minerals separated
from the schists gave late Mesozoic rubidium-stron-
tium and potassium-argon dates. Volcanic rocks that
overlie the 'basement' and are generally accepted as
stratigraphically of Late Jurassic or Early Cretaceous
age gave total rock rubidium-strontium and potas-
sium-argon dates of latest Cretaceous to earliest
Tertiary age; these dates are considered to represent
the time of final closure of their isotopic systems,
perhaps associated with deformation in the region
(Katz, in press).

Igneous rocks of the Chilean Andean intrusive
suite of the Patagonian batholithic complex range in
age from Jurassic to Tertiary. Three phases of mag-
matic activity have been recognized: Late Jurassic to
Early Cretaceous (155 to 120 million years ago),
Late Cretaceous (100 to 75 million years ago), and
mid to late Tertiary (50 to 10 million years ago).
There is no evidence to suggest that the plutonic
bodies of the Andean suite are younger or older from
east to west. These rocks are considered the product
of partial melting of material present in a subduction
zone associated with the collision of oceanic and
southern South American continental plates. In the
Cordillera Darwin region of the Beagle Canal, min-
erals separated from plutonic rocks of the Cordillera
Darwin suite and from the metamorphic 'basement'
it intrudes gave rubidium-strontium and potassium-
argon dates of latest Cretaceous to earliest Tertiary.

Radiometric dates from West Antarctica are limited
in number, and total rock rubidium-strontium iso-
chron or uranium-lead concordia ages are available
from only a few localities. The degree of concordance
of rubidium-strontium and potassium-argon dates

from the same mineral concentrate has not been in-
vestigated heretofore. Listed in the table are the re-
sults of biotite potassium-argon age analyses from
west antarctic plutonic rocks dated by the rubidium-
strontium method. The concordance of the rubidium-
strontium and potassium-argon dates indicates that
their 'cooling age' or time of closure of their rubidium-
strontium and potassium-argon isotopic systems were
the same. The geological significance of these calcu-
lated ages may be found in the reference that follows
the rubidium-strontium date.

Research was supported by National Science Foun-
dation grants GA-10529 and GV-28757. The gen-
erous support of many Chilean institutions and the
assistance of Gary M. Carlin and David C. Rex is
acknowledged. This is Contribution No. 216 of the
Geosciences Division, University of Texas at Dallas.
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Structural studies in the Scotia Arc:
Isla de los Estados, Argentina

R/V Hero Cruise 72-2
IAN W. D. DALZIEL

Lamont-Doherty Geological Observatory
Columbia University

The objective of R/V Hero Cruise 72-2 was to
study the geology of Isla de los Estados, Argentina,
and adjacent areas of Isla Grande, the main island of
Tierra del Fuego. The cruise formed part of a con-
tinuing study of the tectonics of the Scotia Arc under
National Science Foundation grant GV-19541 (Dal-
ziel, 1969, 1970, 1971a and b; Daiziel et al., 1970;
Palmer and Daiziel, in press), and was undertaken
jointly with Argentine scientists.

Isla de los Estados is situated on the northern limb
of the Scotia Arc off the eastern tip of Isla Grande
(fig. 1) and is the termination of the Andean Cordil-
lera. The island trends east-west. It is approximately
60 kilometers long, up to 20 kilometers wide. It is
extremely rugged, and the coastline is deeply indented
by numerous fjords (fig. 2). Accounts of the topog-
raphy, history of exploration, plants and animals can
be found in the reports of R/V Hero Cruises 71-2
and 71-5 (Flint, 1971; Imshaug, 1972).

Apart from collections made on early voyages
(Hyades, 1887), previous knowledge of the geology
of Isla de los Estados is entirely due to the work of

Dr. Dalziel was senior scientist, Cruise 72-2.

Dr. Horacio J . Harrington on an Argentine expedi-
tion 30 years ago. Harrington's work (1943) showed
the island to consist almost entirely of probable Upper
Jurassic acidic volcanic rocks comparable to those of
the Serie Tobifera (or Serie Porphyritica) that crops
out extensively in the Andean Cordillera. The north-
ernmost part of Isla de los Estados (including the
offshore islets) Harrington found to consist of black
shales and other sedimentary rocks of supposed Lower
Cretaceous age (fig. 1).

The scientists participating in the present work
were: Ian Daiziel and Keith Palmer of Lamont-
Doherty Geological Observatory, Roberto Caminos
and Francisco Nollo of the Direccion Nacional de
Geologia y Mineria, Buenos Aires, and Riccardo
Casanova of the Departamento de Geologia, Univer-
sidad de Buenos Aires. The vessel sailed from Punta
Arenas, Chile, on April 25, 1972, and returned to
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Figure 2 (above). The mountainous
interior of Isla de los Estados,
consisting entirely of massive
volcanic rocks of probable Late

Jurassic age.
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Figure 1 (left). Easternmost Isla
Granda (Tierra del Fuego) and
Isla de los Estados. Areas of
outcrop of volcanic rocks are
shown in black. Landing sites on
Isla Grande are shown as black

dots. l—Isla Observatorio.

151



Rio Gallegos, Argentina, on June 1, 1972. Twenty-
nine days were spent working on Isla de los Estados
and four at the eastern end of Isla Grande in an at-
tempt to correlate the lithic units and geologic struc-
ture across the Strait of Le Maire.

Over 200 landings were made around the coast of
Isla de los Estados and on Isla Observatorio to the
north (fig. 1). Extensive collecting was undertaken,
and lithologic and structural maps were prepared. A
joint preliminary scientific report will be published
in the near future.

Thanks are due to numerous individuals in Argen-
tina for their help in making arrangements for the
cruise, notably Dr. R. Muller, Director Nacional de
Geologia y Mineria, Professors H. Harrington, J . Tur-
ner, and D. Valencio of the Universidad de Buenos
Aires, Dr. N. Fourcade of the Instituto Antartico
Argentino, Dr. A. Lonardi of the Instituto Oceano-
graphico Argentino, and Mr. M. B. Kratzer, scientific
attaché at the U.S. Embassy.

The enthusiasm and skill with which Captain Pieter
Lenie operated his vessel in uncharted waters con-
tributed immeasurably to the success of the cruise.

References
Daiziel, I. W. D. 1969. Structural studies in the Scotia

Arc: Livingston Island. Antarctic Journal of the U.S.,
IV(4): 137.

Daiziel, I. W. D. 1970. Structural studies in the Scotia Arc:
the Patagonian and Fuegian Andes. Antarctic Journal of
the U.S., V(4): 99-100.

Daiziel, I. W. D. 1971a. Structural studies in the Scotia
Arc: Canal Beagle, Tierra del Fuego. Antarctic Journal
of the U.S.,VI(4): 122-124.

Dalziel, I. W. D. 1971b. Structural studies in the Scotia
Arc: the South Orkney Islands. RJV Hero Cruise 71-1.
Antarctic Journal of the U.S., VI(4): 124-126.

Daiziel, I. W. D., Price, D. J . and Stirewalt, G. 1970. Struc-
tural studies in the Scotia Arc: Elephant Island, Gibbs
Island, Hope Bay, and Livingston Island. Antarctic Journal
of the U.S.,V(4): 100-101.

Imshaug, Henry A. 1972. K/V Hero Cruise 71-5 to Isla de
los Estados. Antarctic Journal of the U.S., VII (2): 42-44.

Flint, 0. S. 1971. R/V Hero Cruise 71-2 to Isla de los
Estados. Antarctic Journal of the U.S., VI (6): 263-265.

Harrington, H. J . 1943. Observaciones geologicas en la Isla
de los Estados. An. Mus. Arg. Cien. Nat., Geol. Publ. 29,
p. 29-52.

Hyades, J. 1887. Mission scientifique du Cap Horn (1882-
1883). Geologie, Paris, IV, 242 p.

Palmer, K. F., and Daiziel, I. W. D. In press. Structural
studies in the Scotia Arc: Andean Cordillera, Tierra del
Fuego. Antarctic Journal of the U.S., VII (1).

Petrology of Deception Island volcano
CHARLES H. SHULTZ

Department of Geology
Slippery Rock State College

Two years have passed since the August 1970 vol-
canic eruption at Deception Island. Perhaps, con-
trary to my expectations, this most recent eruptive
cycle has come to an end. Assuming this to be the
case, field work on the project is essentially complete.

During the past year I have continued to evaluate
field observations, petrographic data, and chemical
analysis. I have concentrated my petrographic work
on the pre-1967 pyroclastics, tuffs, and breccias,
which have never been investigated satisfactorily.
Universal stage work on rock samples that have been
chemically analyzed is continuing. I was fortunate
in receiving a generous sample of the volcanic ash
and dust that fell on the Soviet Bellingauzen Station
shortly after the eruption of August 12, 1970. Petro-
graphically, this material compares favorably with
mechanically analyzed tephra collected on Deception
Island.

Much of my effort has been concentrated on eval-
uation of the chemistry of recent pyroclastics and the
relationship of the island to other volcanoes of the
world. The chemical data have been normalized, and

C.I.P.W. norms have been computer calculated. In-
terpretation of these data indicates that Deception
rocks belong to the oceanic basalt-trachyte associa-
tion, although the match is imperfect. The parent
magma is probably similar to Kuno's low-potassium,
high-aluminum basalt (Kuno, 1960). Chemical vari-
ations of recent pyroclastics were probably caused by
liquid-crystal fractionation related to the separation
of diopsidic augite and titaniferous magnetite.

Very welcome support of the project has been lent
by Prof. Bernard M. Gunn of the University of
Montreal. Prof. Gunn has been investigating low-
potassium andesites and tholeiites of oceanic islands
worldwide. He is currently analyzing my materials,
including the oldest rocks on the island, for such trace
elements as chromium, nickel, cobalt, barium, zinc,
copper, strontium, and rubidium. On the basis of
preliminary results he has concluded that Deception
rocks and pyroclastics are primarily ". . . low-potas-
sium basaltic andesite typical of island arcs" (personal
communication).

During the past year I presented a paper on the
volcanology and petrology of the recent eruptions
(Shultz, 1971) and published a paper giving details
of the 1970 eruptions (Shultz, in press).

This work was supported by National Science
Foundation grant GA-4146 to The Ohio State Uni-
sity.

152	 ANTARCTIC JOURNAL



References

Kuno, H. 1960. High-alumina basalt. Journal of Petrology,
1: 121-145.

Shultz, Charles H. 1971. Volcanology and petrology of re-
cent eruptions, Deception Island volcano, Antarctica.
Geological Society of America. Abstracts with Programs,
3(7): 704.

Shultz, Charles H. In press. Eruption at Deception Island,
Antarctica, August 1970. Geological Society of America.
Bulletin, 83(9).

Circum antarctic seismicity in 1971
JAMES F. LANDER

Environmental Research Laboratories
National Oceanic and Atmospheric Administration

A total of 107 hypocenters were located south of
45°S. latitude during 1971, bringing the total since
1958 to 1,382. Hypocenters for all events in 1971
were published at shallow depths of foci, 33 kilometers
or less, except for some in the South Sandwich Is-
lands region. Seven of the latter hypocenters were
published at intermediate depths from 60 kilometers
to a maximum of 183 kilometers.

In gross statistics, the seismicity of the circum-
antarctic belt during 1971 was remarkably similar to
that of 1970 (table 1), but the additional data im-

prove the detail of the seismic pattern. Notable among
the unique shocks was one of magnitude 4.9 on
March 2 at 54.3°S. 54.1°W. along the northern limb
of the Scotia Arc, which defines a plate fragment
similar to that of the Caribbean. Additional shocks
were located in what is probably an unmapped ridge
connecting the southern edge of the Scotia Arc with
the mid-Atlantic ridge system.

The six large (magnitude 6.0 - 6.9) and two major
(7.0 - 7.9) shocks occurred as shown in table 2.

The major shock on February 8 was the fifth of a
series of shocks at Deception Island beginning in 1967
(table 3). The February 8 main shock was felt on the
Argentine Islands as a short tremor followed by sea
swells and ice cracks. On February 19, a helicopter
from the Argentine icebreaker General San Martin
flew over Deception Island. No substantial changes
were noted to the abandoned British, Chilean, or
Argentine bases nor to the penguin colony. No vol-
canic activity was noted.

It was hoped that the Deception Island shock would
produce surface wave data for a dispersion study
leading to information about the thickness of the
antarctic crust. This is the only event to date to occur
close to the antarctic coast and with sufficient magni-
tude to be recorded on the low-gain, long-period in-
struments in Antarctica.

Table 1. Comparison of some seismicity parameters for 1970 and 1971.

Total no.

	

Total	No. of	Largest	No. of	No. with	Maximum	aftershocks
no. hypo-	magnitude	magnitude	magnitude	focus	depth of	of large

Date	centers	7.0-7.2	 event	6.0-6.9	> 6.0 km	focus (km)	events

1970	85	 2	 7.2	 6	 8	 175	 4
1971	107	 2	 7.1	 6	 7	 183	 5

Table 2. Earthquakes of magnitude 6.0 or greater in the circumantarctic belt, 1971.
Magnitude

Region	 Date	Time (GMT)	Lat	 Long	mb	M

South Atlantic ridge	 Jan 03	17 35 40.2	55.5'S.	2.6W.	6.4	7.1
South Shetland Islands	 Feb 08	21 04 21.8	63.5'S.	61.2W.	6.3	7.0
South Pacific cordillera	 Mar 26	09 08 06.6	55.4'S.	129.1'W.	5.7	6.0
Easter Island cordillera	 Apr 04	10 15 37.2	56.2'S.	122.5"W.	6.2	6.6
Balleny Islands region	 Aug 11	14 23 31.6	62.7'S.	155.7'E.	5.4	6.1
Bouvet Island region	 Oct 14	22 36 28.6	54.3S.	1.8'E.	5.3	6.3
West of Macquarie Island	Oct 23	01 41 12.7	54.7'S.	146.3'E.	5.5	6.2
Bouvet Island region	 Dec 07	03 26 19.9	54.4S.	5.9'E.	5.7	6.1

Table 3. Seismic activity in the vicinity of Deception Island, 1967-1971.

Magnitude
Date	 No. of events	 range	 Comments

Dec 4, 1967	 6	 4.0-4.7	 Volcanic eruption forced base closing
Sep 17, 1968	 1	 4.9	 No volcanic activity noted
Feb 21, 1969	 1	 5.2	 Volcanic activity forced base closing
Sep 12-19, 1970	 6	 4.6-5.0
Feb 8, 1971	 4	 4.6-7.0	 No volcanic activity reported; felt on

Argentine Islands
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Correfoi
Dumont d'Urvulle

Examination of the South Pole seismograms for the
February 8 event was disappointing. The traces for
the main shock were lost on all components for about
15 minutes owing to the violence of the motion.
Magnification on the short-period instruments was
set at 100,000; on the long-period instruments, at 375.
Some long-period activity was observed for the magni-
tude 5.3 foreshock and a magnitude 5.1 aftershock,
but it was not suitable for dispersion analysis. An
analysis may be attempted on the Worldwide Stan-
dard Seismograph Station record from Scott Base.
Their long-period equipment was operating at 750
gain.

No additional shocks were identified for this series,
and, if there were any, their magnitudes would have
to be less than 4.6, the smallest of the located after-
shocks, unless they occurred within the violent activity
of the main shocks.

This work was supported by National Science
Foundation grant AG-267.

800-km traverse from Dumont d'Urville
toward Vostok Station
C. LoRIus and J . VAUGELADE

French National Committee for Antarctic Research

Operations (fig. 1). As part of the International
Antarctic Glaciological Project, which aims at study-
ing a large sector of East Antarctica, a French traverse
party supported by Antarctic Development Squadron

Six, the U.S. Navy antarctic flying group, conducted
glaciological investigations starting from Carrefour
(66°50'S. 139 0 18'E.), a small French station about
40 kilometers from the coast near Dumont d'Urville
Station, and ending at 73°04'S. 128°44E.

The party consisted of 10 men (five scientists and
five technicians who also participated in scientific
programs) equipped with five tracked (Hotchkiss
HB-40) vehicles, eight sleds, and two wanigans.

The traverse started after an LC-130 landed at
Carrefour with members of the traverse and some
supplies on November 1. After a few days of pre-
paring vehicles, sleds, and equipment, which had been
stored there the preceding season, the traverse pro-
gressed slowly owing to very bad weather and very
rough surface conditions.

On the plateau, 190 kilometers from the starting
point and about 1,400 kilometers from McMurdo
Station, an LC-130 crashed on take-off after the air-
plane had resupplied the traverse party; fortunately,
the 10 crew members escaped without injury. The
traverse proceeded after the crew was rescued and
the scientific work was completed. The party was
at this station for about 3 weeks.

From there, progress was faster. To save time,
deformation network measurements were cancelled,
and the weather and sastrugi conditions improved
considerably in the last part of the traverse. Resupply
was by parachuting of about 7,000 liters of fuel at
each of three more locations. Because of the quantity
of fuel supplied, it was possible to make depots for
1972-1973 season operations.

Figure 1. Operations during 1971-1972 French traverse, Dumont d'Urville toward Vostok Station.
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The party began its return from 73 0 04'S. 128044'E.
on January 15 and reached Carrefour on February 8,
having covered 1,600 kilometers in 100 days.

Vehicles (which proved reliable) and sleds (which
suffered many breakdowns) were stored with other
equipment for the 1972-1973 summer field season
operations.

Scientific program (fig. 2). Scientific work included
establishment of permanent markers, barometric level-
ing, and slope and gravimetric measurements every
10 kilometers. More detailed glaciological work was
done at seven stations distributed along the traverse.
This work included astronomical position determina-
tions, deformation networks (at two stations), atmo-
spheric measurements, setting of accumulation stakes,
and snow sampling. Samples were taken in pits and
by coring to get secular and more recent material for
geochemical analysis (lead-210, radioactive fallout,
stable isotopes, etc.). Maximum sampled depth was
47 meters. At these stations and at intermediate lo-
cations, samples for stable isotope and other chemical
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determinations also were collected. Near the coast, a
small separate team tested a 500-meter thermal drill.

Thanks to aerial support obtained through the Na-
tional Science Foundation, this project of Terres Aus-
trales et Antarctiques Françaises, organized by Expé-
ditions Polaires Françaises, is expected to continue
during the 1972-1973 season with a party that will
try to go farther south in the direction of Vostok
Station.

Magnetospheric research in Antarctica
R. A. HELLIWELL

Radioscience Laboratory
Stanford University

During the last decade much research on the mag-
netosphere and the ionosphere in the Antarctic
has involved the observation of naturally occurring
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phenomena and the study of underlying physical
processes. This work has been remarkably productive;
it has provided, for example, much of the existing
information on the structure and dynamics of the
thermal plasma of the magnetosphere. Recently, em-
phasis has trended toward multidisciplined, problem
oriented work. This type of work will continue in the
next decade as part of a thrust toward experiments
in which waves or plasma are injected into the mag-
netosphere under controlled conditions.

An example of these trends in magnetospheric re-
search was the September 21, 1971, barium cloud
release on the Byrd Station-Great Whale Station field
line near the magnetic equator at a geocentric distance
of approximately 6 earth radii.' The purpose of this
experiment was to observe the interaction of the
ionized barium plasma with the ambient magneto-
spheric plasma. Also, observation of the drift motions
of the barium ions gave information on the convection
electric field near the cloud. In addition, it was hoped
to observe interaction processes that might take place
near the feet of the field lines owing to the presence
of the cloud at great altitude.

The release took place at about 0305 UT (j-' 21
MLT) during a period of deep quieting following
moderate magnetic activity. VLF recordings were
made at Great Whale and at Byrd and also at Rober-
val, Canada (at L 4, near the longitude of Byrd
and Great Whale). The Byrd, Antarctica, recordings
proved particularly useful. It was possible to deter-
mine that the barium release took place some 2 earth
radii beyond the plasmapause. Extrapolating from
whistler measurements at an estimate of elec-
tron density at the point of barium release was made.
This value of 16 ± 7 electrons per cubic centimeter
at about 6 earth radii has been used by the barium
cloud investigators in their momentum transfer calcu-
lations.

Although the Byrd whistlers were not well defined,
they were sufficiently defined to permit estimates of
the cross-L component of magnetospheric convection
during and following the hour-long period of barium
cloud observations. These estimates were of interest
because of simultaneous measurements by Mozer
(University of California at Berkeley) of electric
fields by the balloon technique near Great Whale in
the conjugate region. The whistler data represented an
L value of 2.7, well inside the plasmasphere. Rela-
tively small fields were found in agreement with both
the barium and balloon measurements. In terms of
detail, the balloon and whistler results disagreed for
the first hour following release, but then showed rela-

1This experiment was a joint project of the National Aero-
nautics and Space Administration and the Max-Planck Insti-
tute of Physics and Astrophysics (Garching, Germany).

tively good agreement during a later period of still
deeper quieting. The barium cloud and whistler re-
sults on E fields were in rough agreement during the

1 hour period of clou'd observation. These limited
results have stimulated interest in further development
of such multitechnique experiments.

Unless otherwise noted, this work was supported by
National Science Foundation grant GA-19608.

NOAA geomagnetic observatories
in Antarctica
JOHN D. WOOD

Environmental Research Laboratories
National Oceanic and Atmospheric Administration

The National Oceanic and Atmospheric Adminis-
tration geomagnetic observatory program in Antarc-
tica, which began in the International Geophysical
year, was continued through the past year. The
Amundsen-Scott South Pole Station operation lasted
through the year and continues, while the Byrd Sta-
tion observatory was terminated in November 1971.
The Byrd observatory had operated since 1957; the
South Pole station has operated since 1959. The work
is supported financially by National Science Founda-
tion grant AG-267.

Both stations operated Ruska magnetographs,
photographically recording variations in declination
and in the horizontal and vertical components of the
earth's field. At Pole Station the magnetograph can
measure fluctuations in the frequency range of zero
to perhaps 20 cycles per hour, with a chart speed of
20 millimeters per hour. Byrd operated a similar
magnetograph and a rapid-run magnetograph (240
millimeters per hour) that extends the frequency
range to approximately 6 cycles per minute. Absolute
control for the recordings was provided by use of
quartz horizontal magnetometers (QHMs), proton
precession total field magnetometers, and Ruska de-
clinometers. Sensitivity (scale value) calibrations
were made regularly.

During January-March 1971, the Byrd observatory
participated in a French conjugate point program by
radioing near real-time magnetic bay activity infor-
mation to the Groupe de Recherches lonospheriques,
Saint Maur-des-Fosses.

NOAA's primary utilization of the antarctic geo-
magnetic data is in studying the secular change rates
and distribution patterns of the geomagnetic field, and
these data have been a major contribution to the
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U. S. national program in world magnetic chart
compilation.

These geomagnetic data are made available to all
users, domestic and foreign, through the World Data
Center (WDC-A) for Geomagnetism, under the di-
rection and supervision of the Environmental Data
Service of the National Oceanic and Atmospheric
Administration. WDC-A, located in Boulder, Colo-
rado, sends copies of the data to other World Data
Centers in the Soviet Union, Denmark, and Japan,
thus making them readily available to users through-
out the world.

In addition to the magnetograms recorded at the
various antarctic observatories, the following proc-
essed data are available from the WDCA:

Tabulations of Hourly values	2.5-minute
Station	hourly values (magnetic tape)	digitized values

1/63-12/65,
Byrd	7/57-12/71	8/57-11/65	1/68-6/68,1/70

Eights	6/63-10/65	9/64-9/65	9/64-9/65
Little
America 7/57-12/58	7/57-12/58
Plateau	2/66-11/68
South	1/59-12171	1/59-6/63	1/63-6/63
Pole	 1/64-12/68	1/64-12/68

	

1/70-6/70	1/70-6/70

Micropulsations
at the geomagnetic poles, 1971

V. P. HESSLER1 and R. R. HEACOCK
Geophysical Institute
University of Alaska
V. A. TROITSKAYA

Institute of Physics of the Earth, Moscow

This micropulsation research program at the geo-
magnetic poles has been continuous since its incep-
tion in late 1964. The three-component induction
magnetometer system at Vostok, Antarctica, is oper-
ated cooperatively with Soviet scientists of the Arctic
and Antarctic Scientific Research Institute, Lenin-
grad, and joint analysis of the data is made with
scientists of the Institute of the Physics of the Earth,
Moscow. A similar system at Thule (Qanaq), Green-
land, is operated in conjunction with the scientific
activities of the Danish Ionospheric Laboratory,
Lyngby. Recording is by both strip chart and slow

'Also guest worker at the Geomagnetism Laboratory, Na-
tional Oceanic and Atmospheric Administration, Boulder,
Colorado.

speed magnetic tape. Duplicate original records are
provided for all cooperating groups. The geomagnetic
pole data are particularly essential to polar cap iono-
spheric propagation studies of micropulsations gen-
erated on the closed field lines that do not extend
northward of the auroral oval.

In February-March 1971 the chart recorders at
Vostok and Thule were run at 0.75 inch per minute
as part of a global experiment in the study of short
period magnetic activity organized by Dr. Troitskaya.
The rapid-run charts from both sites have been for-
warded to Troitskaya's group for an extensive analysis
of all types of micropulsations. Rayspan and Sona-
graph records from the magnetic tapes are made at
the University of Alaska.

Preliminary studies of wave polarizations for peri-
odically structured type Pc 1 micropulsations re-
corded at Vostok in 1969-1971 have been completed.
In most of the events the activity was approximately
linearly polarized in the horizontal plane. This result
is in agreement with Pc 1 observations at middle
latitudes (Fraser and Summers, 1972; Summers and
Fraser, in press) and is in agreement with the theoreti-
cal predictions of Greifinger and Greifinger (1968)
and Greifinger (1972). However, some of the events
observed at Vostok were very nonlinear, i.e., elliptic.
Our tentative interpretation is that these were not
simple periodically structured Pc 1 events, but were
superpositions of two or more distinct events. That
is, we assume that signals were received simultaneously
at Vostok from two or more source regions.

Another characteristic of the Vostok Pc 1 polariza-
tions is that the Z-component is relatively small. The
ratio of Z to the resultant H and D component is gen-
erally less than 1 to 10. This indicates that the sub-
surface at Vostok is a relatively good reflector for
these obliquely incident Pc 1 waves, the Z-component
of the reflected wave largely canceling the Z of the
incident wave.

A Geophysical Institute Scientific Report that
makes extensive use of the geomagnetic pole data has
been published (Hessler and Troitskaya, 1972). The
several papers of the report were written by Soviet
Finnish, Danish, and American authors. The report
covers Pc 1 micropulsation activity at high latitudes,
main regularities of micropulsations at the geomag-
netic poles, and micropulsations associated with polar
magnetic substorms. Among the significant results
presented in the report is the discovery of precursors
to the prominent magnetic substorms of the auroral
oval (Troitskaya, et al., 1972). The precursors, con-
sisting of bursts of pulsations with 2- to 7-minute
periods, occur in the region of the geomagnetic poles.
They arise or are intensified approximately 1 hour
before the substorm occurrence.

The equipment at Vostok was operated in 1971
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by Mr. Dale Vance, Environmental Research Labora-
tories, NOAA Boulder, Colorado, and U.S.A.-USSR
exchange scientist. Mr. Bo Gissel, Danish Ionospheric
Laboratory, Lyngby, operated the equipment at
Thule. Dr. James F. Kenney, Boeing Scientific Re-
search Laboratories, has collaborated in the research
since its inception in 1964.

The antarctic portions of the work were supported
by National Science Foundation grant GA-16496 and
GV-32925.
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U.S. exchange scientist
at Vostok Station, 1971

DALE L. VANCE
Environmental Research Laboratories

National Oceanic and Atmospheric Administration

The 1971 austral winter at the Soviet Union's
Vostok Station was productive scientifically as well
as an interesting personal experience, although geo-
physically the year can be classified as moderately
quiet.

The I  days prior to my arrival at Vostok were
spent at McMurdo Station preparing scientific and
personal cargo. Two planning sessions were held with
Navy operations people, and the official delegation
that was to drop me off was selected.

The singularly most difficult aspect of the Vostok
stay was the adaptation to the altitude (physiologi -
cally 4,000 meters). For the first 4 days one can do
little physical work, and it was the 11th day before
I could function normally.

Summer work was the most difficult. Relocation
of the micropulsation system for low noise operation
(for Dr. Wallace Campbell, University of Puget
Sound), calibration of the extremely-low-frequency
(ELF) system (for Dr. Victor Hessler, Geophysical
Institute, University of Alaska), and antenna con-
struction were a few of the tasks performed.

Once the equipment for the programs was in top
shape, I renovated the Jamesway hut where I lived
and worked. This remodeling and insulating was
made possible by a second flight on January 26, 1971,
that brought the necessary materials. For the first
time since 1965 beds replaced packing crates in the
hut.

Five programs were in operation throughout 1971:
VLF hiss and whistler recording utilizing an old
IGY Dartmouth system, riometers operating on 30
and 50 megaHertz, Dr. Hessler's ELF three-com-
ponent micropulsation systems and two-component
telluric current measurement system, and Dr. Camp-
bell's single-component ultra-low-frequency (ULF)
system.

For the first time, quality recordings on Dr. Camp-
bell's ULF systems at both Vostok, Antarctica, and
the conjugate station near Thule, Greenland , were
obtained.

Precision yearly calibrations for Dr. Hessler's ELF
recordings were accomplished in January 1971 and
January 1972. Additional system phase calibrations
were initiated in June 1971 and continued through -
out the remainder of the year. This calibration can
be used to eliminate phase shifts between the three
components (H, D, and Z) to improve the accuracy
of the magnetic field micropulsation polarization
studies.

At the request of the Soviets, continuous record-
ings of the north-south telluric current signal were
initiated in August. Essentially all programs oper-
ated throughout, with the riometers suffering from
temperature and noise problems.

Two major polar cap absorption events occurred
during 1971, one in late January in sunlight and one
near the first of September when day-night variations
were occurring.

This work was supported in part by National Sci-
ence Foundation grant AG-267.

Auroral observations at
Amundsen-Scott South Pole Station

S. I. AKASOFU
Geophysical institute
University of Alaska

South Pole Station is in a unique location for moni-
toring the amount of magnetic flux transferred from
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Figure 2. Photograph of a midday aurora, taken from the South
Pole station and the orbit of the ISIS-1 satellite that 'crossed' it,

1426 UT, June 13, 1969.

Figure 1. A series of all-sky photographs taken from South Pole
Station, showing the equatorward advance and subsequent pole-

word retreat of a midday aurora; May 30, 1970.

the day sector of the magnetosphere to the magneto-
tail during magnetosphere substorms. This is ac-
complished by observing the latitudinal shift of the
midday part of the auroral oval that is located just
poleward of the so-called "last" closed magnetic field
line in the midday sector. The midday part of the
oval can be observed at South Pole Station for about
4 months without serious hindrance of sunlight. It is
found that there is a close relationship between the
range of the equatorward shift of the midday aurora
and the magnitude of a negative bay at an auroral
zone station in the midnight sector. Their time vari-
ations also are similar. This relationship may be
taken to be a clear indication of a close association
of magnetospheric substorms with the transfer of the
magnetic flux from the front of the magnetosphere
to the magnetotail (Akasofu, 1972). Further, the
intensity of magnetospheric substorms is approxi-
mately proportional to the amount of the transferred
magnetic flux. Fig. 1 shows a series of all-sky photo-
graphs of midday auroras taken from South Pole
Station on May 30, 1970. It can be seen that a dif-
fuse aurora was located near the poleward horizon
at 1430-1500 UT and began to move back at 1730
UT. At about 1500 UT, a negative bay began at

Tixie Bay, Siberia, then a midnight auroral zone
station.

It is now well established that the midday part of
the auroral oval is caused by the direct intrusion of
solar wind plasma into the magnetosphere across the
magnetopause (or through the so-called 'cusp'). For-
tunately, the ISIS-1 satellite crossed the cusps over
South Pole station on numerous occasions. Fig. 2
shows an example of an all-sky photograph of a mid-
day aurora over South Pole on June 13, 1969. It
shows also the orbit of the ISIS-1 satellite, which
passed in the field of view of the camera about 15
minutes after this photograph was taken. The orbit
is projected along local geomagnetic field lines to a
height of 250 kilometers, the inferred height of the
aurora from the spectral characteristics of the ob-
served electrons. A detailed study of all-sky photo-
graphs and the corresponding satellite particle data
is in progress, in cooperation with Drs. David Win -
nigham and Walter Heikkila, University of Texas,
Dallas.

The work reported here was supported by National
Science Foundation grants GA-13556, GV-29335, and
GA-28i01.

Reference

Akasofu, SA. 1972. Midday auroras at the South Pole
during magnetospheric substorms. Journal of Geophysical
Research, 77: 2303-2308.

September-October 1972	 159



Li

Auroral conjugacy
H. C. STENBAEK-NIELSEN and EUGENE M. WESCOTT

Geophysical Institute
University of Alaska

ROBERT W. PETERSON
Los Alamos Scientific Laboratory

Four series of jet aircraft flights have been flown
between 1967 and 1971 on conjugate paths south of
New Zealand towards Antarctica and concurrently
over Alaska. Excellent conjugate data were obtained,
and the data have established the existence of two ap-
parently distinct auroral arc systems: an equatorward
arc system on field lines almost unperturbed by sub-
storm activity and a poleward arc system on field lines
highly susceptible to distortions. Further, apparent
substorm-dependent conjugate point wandering was
observed in the poleward arc system (Stenbaek-Nielsen
et al., 1972).

To remove diurnal and seasonal ambiguities exist-
ing in conjugate point wandering, five successful con-
jugate flights were flown in September 1971 to obtain
data covering the onset of a substorm. Also, good
television coverage of very active pulsating auroras
was obtained.

Earlier conjugate work by Davis (1969) and also
by Stenbaek-Nielsen et al. (1972) has indicated that
pulsating auroras are conjugate. However, prelimi-
nary inspection of the 1971 data indicates a more
complex behavior. It may be that different classes
of pulsating auroras exist, some of which display
conjugacy and others do not. This indication cer-
tainly warrants further investigation.

During the year an investigation was completed of
auroral intensities at conjugate points, derived from
all-sky camera data from all 18 flights. The figure
shows the typical features of the two auroral arc sys

-tems. The intensity variations in the equator-ward
arcs (0840-0910 UT and 1033-1130 UT) are well
correlated, with the Alaskan auroras about 30 per-
cent brighter than their conjugate counterparts. In
the poleward arc system (0910-1033 UT) large un-
correlated variations appear. Some, such as near
0925 UT, may be explained by the conjugate point
wandering, which results in different aspect angles
to the auroral forms. Fairly frequent examples, such
as 0946 UT, were observed with auroras only visible
over Alaska, but no example of the opposite has yet
been observed.

The hemispherical differences in auroral intensities
have been attributed to the 8,000-gamma difference

0855/OuT	092505	0946.00	101800	1050110	1059.000T

Relative all-sky auroral intensities at conjugate areas along the New Zealand-Alaska magnetic meridian observed March 29, 1968.
The different characters of the equatorward arc system observed between 0840 and 0910 UT and again from 1033 to 1130 UT cinri
the poleward arc system observed 0910 to 1033 UT are clearly seen. The all-sky camera pair 0855 UT are 6-second exposures, the
rest are 3-second exposures. At 0925 UT the southern hemisphere aurora is displaced east of the northern, and the higher intensity
observed in the south is not real. At 0946 UT an example of high north-south intensity ratio; at 0942 similar auroral forms were seen,

but then those in the south faded. From Stenboek-Nielsen, et al., in press.
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in conjugate magnetic field strength in the Alaska-
New Zealand meridian. Pitch-angle diffusion may
explain the observations in the equatorward arc sys-
tem, but also other processes, perhaps field-aimed
electric fields, must be at work in the poleward arcs.

The intensity study indicates the existence of sig-
nificant hemispherical and longitudinal differences in
auroral morphology. We hope to investigate this
further in the coming year.

The conjugate flights were made possible through
the cooperation of many groups. The Geophysical
Institute's participation has been funded by National
Science Foundation grants GA-20212 and GV-28809.
The Los Alamos Scientific Laboratories, Sandia Cor-
poration, General Dynamics and E.G.&G. Corpora-
tion worked under the auspices of the Atomic Energy
Commission. The aircraft were operated by the U. S.
Air Force and were funded by the Nevada Oper-
ations Office of the Atomic Energy Commission.
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Solar cosmic ray investigations
during 1971

A. J . MASLEY, M. B. BAKER, and P. R. SATTERBLO'M
Space Sciences Department

McDonnell Douglas Astronautics Company-West

In 1971, 11 solar cosmic ray events having greater
than 0.4 decibel absorption at 30 megaHertz were
observed (see table). Fourteen events had been ob-
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served in 1970, but two of the 1971 events (on Janu-
ary 24 and September 1) were larger than any in
1970. For comparison, 21 events were observed in
1969, 20 in 1968, and 16 in 1967.

Solar cosmic rays in space have been measured
with instrumentation aboard two satellites - the
OGO-3 ionization chamber and the IMP-F (Ex-
plorer 34) proton spectrometer. We compared these
measurements with simultaneous observations of 30-
megal-Iertz riometer absorption made near the geo-
magnetic poles during several solar cosmic ray events
(Kane and Masley, 1972). A relationship of the
form A = KJ" 2 was found to exist between rio-
meter absorption A (decibels) and intensity J (par-
ticles per square centimeter per second per steradian)
of protons with energy E greater than 10 million
electron volts, the constant K = 0.32 being inde-
pendent of the shape of the energy spectrum of the
solar particles. For protons of other energies, the
value of K depends on the shape of the energy spec-
trum. An example (during the May 23 1967, event)
for three energies is shown in fig. 1. It is suggested
that large deviations from the relationship A =

Solar cosmic ray events in 1971.

Maximum
Preliminary flare candidate	 Solar radio emission	absorption

Date	 Start time (UT)	Importance	 Position	type-intensity	(dB at 30 MHz)

Jan 24	 2215	 313	 19'N. 49'W.	 IV-3	 11.8
Apr 1	 1319	 3N	 17'S. 14'W.	 IV-2	 0.4
Apr6	 0935	 lB	 18'S.80'W.	 -	 3.8
Apr 20	 0439	 2N	 20'N. 20'W.	 -	 0.5
May 16	 1411 on 14th	 213	 050N. 11'E.	 IV-3	 1.3
Sep 1	 2035	 -	 -	 IV-2	 4.2
Sep 24	 2245	 2F	 15'S. 80'E.	 -	 0.5
Oct 3	 1356	 2B	 14'N. 14 0 E.	 IV-3	 0.6
Dec4	 1100	 -	 -	 0.7
Dec 16	 1700-2000	 -	 -	 0.9
Dec 29	 2330	 -	 -	 0.7
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0.32J" 2 can be used to study the entry of low energy
solor protons into the earth's atmosphere.

The expected values of the 30- and 50-megaHertz
riometer absorptions have been calculated for the
larger events between June 1969 and September 1970
using data from the McDonnell Douglas charged
particle experiment on the polar-orbiting OGO-6
satellite. Several times during each event the satellite
passed over the McDonnell Douglas arctic and
antarctic geophysical observatories. The calculated
total absorption (using 2-minute averages of the
data) agrees well with the measured absorption for
the passes. The alpha particle and electron contribu-
tions during the events usually amount to less than
a few percent of the proton absorption. However,
during the large November 2, 1969, event, the elec-
trons produced the major part of the absorption be-
fore the peak and a significant contribution during
virtually its entire duration. The calculated and
measured 30-megaHertz absorptions during this event
are shown in fig. 2.

The OGO-3 and IMP-F study was a joint effort
with S. R. Kane of the University of Minnesota. The
OGO-3 experiment (at the University of Minnesota)
and the OGO-6 experiment were supported by the
National Aeronautics and Space Administration. The
McDonnell Douglas polar station program is sup-
ported by National Science Foundation contract C-393
and the McDonnell Douglas Independent Research
and Development Program. We are indebted to the
Canadian Government for allowing operation of the
Shepherd Bay, N.W.T., Station.
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MARTIN A. POMERANTZ and SHAKTI P. DUGGAL
Bartol Research Foundation

of The Franklin Institute

The cosmic ray flux in interstellar space (galactic
cosmic radiation) is known to be essentially invariant
and isotropic. However, in the interplanetary region
the galactic cosmic ray intensity is strongly modulated
by the sun, which, in addition, spawns its own brand
of energetic cosmic rays on certain occasions. The
signature of the solar disturbances and the multi-
farious manifestations of solar activity can be identi-
fied in the resulting complicated temporal variations
in the energetic particle intensity in the inner solar
system. Consequently, both galactic and solar cosmic
rays are eminently well adapted for investigating the
solar-induced electromagnetic state of the interplane-
tary medium, as well as of the immediate environs of
both the sun and the earth.

Observations from the crucially disposed Bartol
network of polar stations (South Pole , McMurdo,
and Thule) have recently established that a north-
south anisotropy is a characteristic feature of every
cosmic ray storm (Pomerantz and Duggal, 1972;
Duggal and Pomerantz, 1971). An unusual type of
north-south anisotropy was discovered last year dur-
ing the cosmic ray storm of January 27, 1971 (fig. 1).
In this event no reduction in intensity was observed
at antarctic stations for 24 hours (period E in fig. 1)

January, 197 I

Figure 1. Nucleonic intensity at a pair of northern (N) and
a pair of southern (S) stations displaying an unusual axial
anisotropy. The inset shows the fit of fractional Intensity data
to a straight line as predicted by a theoretical model. X
represents the effective asymptotic laiude of the stations. From
left to right along the abscissa, the stations are McMurdo, Dumont
d'Urville, South Pole, Swarthmore, Kerguelen, Sulphur Mountain,
Calgary, Deep River, Kid, Uppsala, Goose Bay, Kiruna, Inuvik,

Thule. and Alert.
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in contrast to the arctic stations. As is shown in the
inset, the fractional change in intensity A I/I versus
sin X*, where X* is the effective asymptotic direction
of viewing of the station, fits a straight line in accord-
ance with the prediction by a theoretical model that
quantitatively describes the mechanism responsible
for this phenomenon (Nagashima et al., 1968).

On January 24, 1971, just before the onset of the
aforementioned storm, so-called relativistic solar cos-
mic rays, with energies up to approximately 5 giga-
electron-volts (GeV), were detected in a ground
level event (GLE). The most prominent feature of
the January 24, 1971, GLE is that it displayed a here-
tofore unobserved sectorial pattern of anisotropy that
was limited to a narrow and stable region that was
confined to the antarctic stations (Pomerantz and
Duggal, in press; Duggal and Pomerantz, in press b).

Two distinct solar flares, of Importance 313 and
113, with onset times differing by only 1 minute, were
eligible as sources for these relativistic particles. An
analysis based on the theory of anisotropic diffusion
of solar particles in the interplanetary space was con-
ducted in the hope of distinguishing between these
two potential sources. The results are shown in fig. 2.
The shaded bars, predicted from the analysis, indicate
the interval during which the particles were actually
being injected from the source. It is clear that the
solar cosmic rays were not released in conjunction
with the onset of either solar flare. In fact, the pre-
cise time of release of the relativistic particles corres-
ponded closely to the maximum phase of the 313 flare.

An unusual solar particle event, characterized by
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Figure 2. Time of maximum Tm plotted as a function of assumed
injection time Ti, as theoretically predicted by an anistrophic
diffusion model, on the basis of data from Thule and South Pole
Stations. To is the latest time at which particles following the
interplanetary magnetic field lines could have left the sun and
reached the earth at the observed onset. The most probable Ti,
2320 + 0001 U.T., is determined by the overlap of the
shaded bars, which represent the intervals in which the predicted

Tm is within 20of the observed Tm for each station

a source on the back side of the sun (only the third
observed thus far), was recorded last year (Duggal
and Pomerantz, in press a). This event (September
1-2 5 1971) was abnormal in that it represented the
first arrival of energetic particles from the invisible
disk in which the particle flux was distinctly and un-
expectedly not isotropic. As is shown in fig. 3, the
pronounced asymmetry of the intensity-time profiles
at north and south pointing stations persisted for
more than three hours. Analysis is still in progress
to determine the various characteristics of this re-
markable event, including a study aimed at ascertain-
ing the precise location and conditions of the source
of the solar cosmic rays.

This work was partially supported by National
Science Foundation grants GA-21175 and GV-28839.
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VLF dielectric and loss properties
of the ice sheet at Byrd Station

IRENE C. PEDEN
Department of Electrical Engineering

University of Washington

This article summarizes the results of an experiment
conducted near Byrd Station in November 1970 using
the 34-kilometer longwire antenna. Properties of the
very low frequency (VLF) surface magnetic field at
seven frequencies between 5 and 20 kiloHertz were
determined experimentally in a way that has been
reported before (Peden, 1971; Webber and Peden,
1970). Subsequent data analysis at the University of
Washington has resulted in conversion of the data
into effective bulk average values of the complex
permittivity parameter (dielectric and loss) of the
antarctic ice sheet in a frequency band where they
had not been measured before. These results, which
constitute a final contribution of the buried dipole
antenna to polar research, have important applica-
tions to studies of the upper atmosphere involving
VLF antennas and propagation. With the total elec-
trical depth of the ice sheet of the order of one-sixth
of a wavelength in ice in this frequency band, the
entire ice sheet influences reflection coefficients, an-
tenna patterns, and radiation efficiencies. This is an
important factor in the design of effective experi-
ments in Antarctica. More detail regarding the data
analysis and the interpretation of results will be avail-
able soon (Peden et al., 1972).

The figure displays the results of the complex per-
mittivity calculations in a standard form known as
the Cole-Cole plot. In the figure, the loss term " is
plotted on the ordinate as a function of ', the real
part of the complex permittivity , which in a lossless
material would be referred to as the dielectric con-
stant. The semicircle drawn through the calculated
points is truly representative only of a homogeneous
ice medium having a single relaxation time r. This
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Dielectric and loss properties of the antarctic ice sheet.

is clearly a first approximation to the more complete
figure that might have been drawn if it had been
possible during the course of the measurements to
obtain data at frequencies lower than 5 kiloHertz.
To whatever degree of accuracy the half-circle can
be assumed to connect the measured points, a re-
laxation time of 6.5 X 10 seconds (relaxation fre-
quency f = 2.5 kiloHertz) is indicated. The
antarctic ice sheet is structured into layers of varying
physical properties (Gow et al., 1968). For reasons
outlined below, it follows that the ice sheet can be
expected to exhibit a spread in relaxation frequencies
around a mean value. Our measurements were made
in the band in which the relaxation frequencies char-
acteristic of these layers typically fall.

The data reduction method was based on curve
fitting, with the measured phase of the surface mag-
netic field of the longwire antenna compared to cal-
culated values until a match was obtained at each
frequency. At 5 kiloHertz, the best fit occurred when
the permittivity values associated with the solid tri-
angle were used. This fact may agree with earlier
observations that material comprising a continuous
range of spread around a mean value will be as-
sociated with a Cole-Cole diagram that is broader
and flatter than the semicircle characterizing a homo-
geneous medium (Evans, 1965).

Uncertainties in the true shape of the curve are
associated with the clustering of the measured points
on the high frequency side. Measurements could not
be made below 5 kiloHertz during the brief course
of the field study because of limitations on the long-
wire station phase meter. Further, theoretical con-
straints on the data reduction method show up, pri-
marily at the low frequency end of the band. It is
not suggested that accurate dielectric and loss values
for the ice below 5 kiloHertz can be predicted from
this curve. The data do appear to contain informa-
tion related to the vertical structure of the ice sheet.
Another study at the University of Washington, now
nearing completion, is based on measurements made
in situ in the Byrd drill hole in 1968 and 1969 (Peden
and Rogers, 1971). The study examines the complex
permittivity parameter as a function of both fre-
quency and vertical depth, and is expected to clarify
some of these questions.

The dielectric and loss properties of naturally oc-
curring ice are not predictable from theoretical con-
siderations alone, but must be measured at the specific
location and frequencies where they are needed. The
values indicated in the accompanying figure are the
best ones available at this time for the antarctic en-
vironment in which they are used. To the best of our
knowledge they are the only ones that incorporate
the effects of the physically inaccessible deep ice in
the vicinity of Byrd Station.

7.5 6Hz
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The author wishes to express her appreciation on
behalf of the University of Washington group to the
many individuals associated with the United States
Antarctic Research Program who provided valuable
assistance and to the National Science Foundation
and the United States Navy whose support and skill
made this work possible. This work was supported
by National Science Foundation grant GV-29356.
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Effect of Byrd drill hole diameter
variations on in situ electrical
measurement of the ice sheet

J . C. ROGERS and I. C. PEDEN

Department of Electrical Engineering
Univerity of Washington

Access to the entire vertical structure of the ice sheet
at Byrd Station was first gained in 1967 when the
U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL) drilled a 16.2-centimeter-di-
ameter hole 2,164 kilometers to the bottom (Gow
et al., 1968). Later, the authors began investigating
very-low-frequency (VLF) dielectric and loss prop-
erties of the ice as functions of depth and frequency.
An electrically short (that is, physically short with
respect to wave length) dipole probe was lowered
into the drill hole, together with electronic instru-
mentation to measure input admittance (Peden and
Rogers, 1971).

Interpretation of the resulting data, taken over a
frequency range from 1.25 to 20 kiloHertz, is nearing
completion, and the final permittivity parameters will
be reported soon. This article concerns an inter-
mediate phase of the work: measurement of vari-

ations in the diameter of the drill hole and their
importance in connection with an evaluation of the
electrical properties of the surrounding ice. The hole
diameter data have not been presented before; they
are believed to be of broader interest than that as-
sociated with our immediate problem—sonic logging
(Bentley, in press)—and to be of early interest to
polar scientists planning or working with similarly
drilled holes.

The diameter of the Byrd Station drill hole was
measured by one of the authors during the austral
summer of 1969-1970. The results are shown in fig.
1. It is sufficient here to indicate that diameter vari-
ations at different depths are generally attributable
to drilling procedures, e.g., the drilling rate and the
presence of excess ethylene glycol in the drill hole, as
has been pointed out by B. Lyle Hansen, (personal
communication).

The influence of hole diameter variations on the
input admittance of an electrically short dipole is
related to the varying diameter of the dielectric
sheath surrounding the probe. This sheath, which
can be a combination of arctic diesel fuel, trichloro-
ethylene, ethylene glycol, and ice crystals in the case
of the deep hole at Byrd Station, has electrical para-
meters that are closely related to both thickness and
composition.

Fig. 2 shows the normalized probe admittance at
three different frequencies over the depth range 580
to 680 meters. The curves were plotted from data
measured in the austral summer of 1969-1970, when
the permittivity of the sheath fluid was found to be
constant with depth. The diameter of the drill hole
varies from 18.5 to approximately 20 centimeters
over the depth span of fig. 2. The corresponding
variability in probe admittance is consistent with
theoretical considerations and with modeling studies
that have been done using the probe assembly. More
detail appears in Peden and Rogers (1971), who
show that ice surrounding the sheathed dipole yields
an unambiguous parameter in the probe admittance
data. The parameter can be extracted when the
hole diameter variations are taken into account.

Measurements made in 1968-1969 of the dipole
admittance were perturbed unacceptably by ice crys-
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Figure 1. Drill hole diameter as a function of depth.
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tals in the drill hole fluid. The latter contained
much ice in suspension, as evidenced by the slush that
was removed. Bailing removed most of the ice, as
shown by measurements made in situ in 1969-1970.
By that time, the probe capsule had been redesigned
in the Seattle laboratory to permit fluid to flow
through a cylindrical cavity comprising an integral
part of the bottom leg of • the probe. The electronic
circuitry already incorporated into the design for
the admittance measurement could then be used to
measure the properties of the fluid in the cylinder
and to telemeter these to the surface for recording.
This refinement was not actually needed during the
course of the 1969-1970 measurements for reasons
already specified; it is mentioned here because of its
potential value to other investigators.

In summary, we have measured the diameter of
the Byrd drill hole to a depth of 1,500 meters and
have observed the influence of its variations on the
input admittance of the dipole probe lowered into
the hole to investigate the complex permittivity of the
ice sheet as a function of depth and of frequency in
the VLF range. It is clear that the desired para-
meters are present in the raw data; final results will
be reported soon.
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Figure 2. Normalized probe input admittance at three frequencies
compared to hole diameter as a function of depth.
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The instrumentation winch and the drill hole
caliper were provided by CRREL, and the work was
supported by National Science Foundation grant
GV-29356.
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Vertical sounding of the polar D-region
WARD J . HELMS

Department of Electrical Engineering
University of Washington

The first vertical incidence sounding of the polar
lower ionosphere began in February 1966 at the
Byrd VLF (longwire) substation, 19 kilometers north-
west of Byrd Station. Early results (Helms and
Swarm, 1969) determined that the polar D-region is
affected mainly by precipitation of electrons from the
magnetosphere, solar x-rays, and occasional large
bursts of energetic solar protons. Direct ionization of
trace constituents by solar ultraviolet radiation ap-
pears to be of secondary importance.

Analysis of data taken with the D-region sounder
is improving our quantitative understanding of the
polar lower ionosphere, even though the field pro-
gram is no longer active. Day-to-day variations in
the height of the D-region, averaged over 24-hour
periods for a year, are shown in fig. 1. The seasons
in the figure refer to solar illumination conditions at
D-region heights over Byrd Station, with a winter of
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Figure 1. Day-to-day variations in D-region height are correlated
with satellite solar proton flux measurements.
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total darkness, a summer of continuous sunlight, and
a spring and a fall with daily sunrise and sunset.

The most striking feature of the figure is the clear
relationship between enhanced solar proton flux and
large decreases in average D-region height. These
events, well known to antarctic radio communicators
as polar radio blackouts, are measured by the VLF
sounder. During these periods high frequency radio
waves used for communication are absorbed in the
lower ionosphere. The distribution of electrons dur-
ing these events is presently a subject of great scien-
tific interest: it is now possible to measure the ionizing
fluxes with the use of satellites and thus to infer a
great deal about the complex chemistry of the lower
ionosphere by using accurate electron density pro-
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files. Our work with the D-region sounder has shown
that it is indeed possible to obtain profiles from
sounder data and that these profiles often show in-
teresting effects.

It appears that the chemistry is different in the
upper and lower parts of the D-region and that a
valley or dip in the electron density profile sometimes
occurs. Three electron density profiles, which were
taken during the onset of a polar cap absorption
event, are shown in fig. 2. An electron density in-
crease is seen at all levels, and during the onset an
interesting ledge forms.

The history of this event is detailed in fig. 3. The
interesting lag between the onset of the ionospheric
effects from the solar proton flux as seen by the Ex-
plorer 41 satellite could be caused by the mechanism
by which the solar protons enter the magnetosphere.
However, it now appears that the delay is an effect
of solar zenith angle. The sun was just rising in the
D-region over Byrd Station as the event began. It is
also clear from the figure that there are increases
in height at local midnight, 0800 UT, that are prob-
ably caused by the termination of photodetachment
in the dark ionosphere.

The rather unusual time history of the protons and
D-region height in this event arise from the fact that
several flares were involved. The first flare began at
approximately 0700 UT on September 25. The pro-
tons from this flare are seen to have arrived at the
earth within about an hour and to have peaked at

Figue 2 (above). The D-region
electron density increases at
all levels during the onset
of a polar cap absorption

event.

Figure 3 (right). The D-region
phase height is seen to fol-
low the solar proton flux
measured by the Explorer 41
satellite during a polar cap

absorption event.

September-October 1972	 167



1000 UT. The usual exponential decrease followed
this flare, and the D-region is seen to recover in about
2 days.

Solar activity during the recovery period was mod-
erate until 0350 UT on September 27, when another
large flare occurred. The figure shows that the D-
region responded immediately to x-radiation from
this flare. The features slightly before this time in
the proton flux curve are thought not to be real, as
the satellite was within the magnetosphere and its
sensors responded to trapped radiation belt energy.

The protons from the second flare are seen to
arrive later in the day. Note that at local midnight
on the 28th a rather large height increase occurs,
again probably caused by attachment in the absence
of visible solar radiation.

This work was supported by National Science
Foundation grant GV-29356.
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NOAA's meteorological program
in Antarctica

VAUGHN D. ROCKNEY

National Weather Service
National Oceanic and Atmospheric Administration

The antarctic meteorological program of the Na-
tional Oceanic and Atmospheric Administration has
two aspects: (1) surface and upper-air weather con-
ditions are measured frequently and reported im-
mediately to the various meteorological agencies of
the world as a part of the World Weather Watch of
the World Meteorological Organization and, during
the summer, to U. S. Navy weather forecasters at
McMurdo Station and Christchurch, New Zealand,
and (2) atmospheric constituents are monitored for
long-term, or benchmark, reference. Such monitoring
is essential for research on the fundamental problems
of air quality and climatic change.

During the 1971-1972 season, data were collected
at two stations. At Byrd Station, two NOAA em-
ployees principally engaged in other geophysical re-
search made surface weather observations. At Amund-
sen-Scott South Pole Station, a two-man NOAA
National Weather Service team carried out work
that consisted of:

1. Surface synoptic weather observations every 6
hours plus, during the austral summer, hourly sur-
face observations as necessary for aviation operations.

2. Rawinsonde observations (measurement of pres-
sure, temperature, humidity, and winds aloft) every
day at 0000 GMT, plus, during the austral summer,
an additional upper-air observation daily at 1200
GMT. The U.S. Navy provided manpower to assist
with the extra work at Pole Station in the summer.

3. Monitoring of upper-air weather conditions re-
lated to the "explosive" stratospheric warming that
occurred during September and October 1971.

4. Continuous exposure of special filters in a cali-
brated airstream for later laboratory analysis, by the
Atomic Energy Commission, of radioactive debris
captured by the filters.

5. Twice-monthly collection of air samples in
special evacuated flasks for later laboratory analysis
of carbon dioxide concentrations by the Scripps Insti-
tution of Oceanography.

6. Measurement of atmospheric turbidity simul-
taneously with the surface synoptic observations, when
astronomical and weather conditions permitted, for
the National Air Pollution Control Administration.

A new feature of the program at Pole Station this
year has been the use of a minicomputer for eval-
uation of upper-air weather data. This has enabled
us to carry on a more comprehensive program this
year than last, with the same size staff.

NOAA's Environmental Research Laboratories also
had one man stationed at Pole Station. His meteoro-
logical duties included:

1. Measurement of the vertical profile of ozone
and radiation fluxes twice a month simultaneously
with the rawinsonde observations, extending NOAA's
long-period investigations of the variations of ozone
concentrations and changes of radiation fluxes at this
location.

2. Total ozone observations thrice-daily when
weather and astronomical conditions permitted, pro-
viding additional information about variations in
atmospheric ozone.

3. Continuous measurement at the surface of five
radiation parameters for NOAA's ongoing research
on the earth's heat budget.

The program for monitoring atmospheric consti-
tuents at Pole Station is designed to obtain measure-
ments in "clean" air; these benchmark measurements
will be used to determine long-term trends in the
amount of carbon dioxide and other gases, of par-
ticulates, and of trace materials in the air, any of
which might affect weather and climate or serve as
indicators of man's impact on climate. Benchmark
observations also are made at the Mauna Loa Ob-
servatory, Hawaii (jointly sponsored by the National
Science Foundation and NOAA). A third location
will be established soon by NOAA at Barrow, Alaska;
and a fourth station on Tutuila, American Samoa,
is being designed. Secular observations from these
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four locations will furnish information to enable
scientists to judge the progress of programs designed
to reduce pollution and to assess climatic changes
caused by man or by natural phenomena.

NOAA's antarctic work described here is supported
by National Science Foundation grant AG-267.

Atmospheric stability at Plateau Station
ALLEN J . RIORDAN

Institute of Polar Studies
The Ohio State University

Analysis of the 1967-1968 micrometeorological
tower data from Plateau Station is nearing comple-
tion, with analyses of more than 9,000 half-hourly
mean profiles of temperature and wind data from ten
levels on a 32-meter tower and temperature profiles
at seven surface/subsurface depths. The compre-
hensive record of temperature and wind structure
during conditions of extreme stability provides the
basis for an understanding of some unique natural
features of the lower atmosphere over a uniform
snow surface.

To examine the effects of different stabilities, the
half-hourly mean profiles were sorted into groups ac-
cording to bulk stability 0 where

AT

u) 2 + ( A v)2

with AT representing the difference between the 16-
to 24-meter mean temperature and the 1- to 4-meter
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mean temperature and Au and Av representing dif -
ferences in the geographically oriented east-west and
north-south vector wind components. A near-linear
relationship exists between 0 and the bulk Richardson
number as used by Dalrymple et al. (1966) in the
South Pole analysis.

The sunless period of 1967 (April 25 through
August 20) contains most interesting cases of un-
interrupted strong stability. Fig. 1 illustrates the
mean temperature profiles for eight stability classes
ranging from the most nearly neutral value of (less
than 0.14 deg rn 2 sec') to the most stable values
(greater than 0.56 deg m 2 see'). As stability in-
creases, the vertical temperature gradient increases
from 0.12 to 0.63 degree per meter with decreasing
temperature near the surface and more nearly con-
stant temperature at 32 meters.

Different stability classes are characterized by dif-
ferent wind profiles as illustrated by the hodographs
in fig. 2 where the end points of the wind vectors
at each adjacent level are connected for a given
class. As stability increases, the hodographs become
smaller and more spiralled in a strikingly ordered
fashion. It is believed that the hodograph pattern is
the result of both increasing stability, which progres-
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Figure 1. Mean temperature profiles for different stabilities;
sunless period, Plateau Station.

Figure 2. Mean hodographs for different stabilities, sunless
period 1967,  Plateau Station.
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Figure 3. Isotherms (°C.) for mean diurnal period, March 1967,
Plateau Station.

sively reduces the height of the spiral layer, and an
increasing thermal wind component. This results
from the terrain slope of approximately 1: 1200, with
a downslope azimuth toward the southwest. Assuming
that the isotherms are roughly parallel with the sur-
face, the sloped inversion produces a thermal wind
vector toward the northwest that increases with
height to as much as 6 meters per second at 32
meters. At present, the thermal wind vectors for
separate 0 classes are being computed in order to
study the effect of strong stability on the hodograph
structure. This had been done previously by Lettau
and Dabberdt (1970) using a limited period of Pla-
teau data, August 1 to 19, 1967.

There is increasing evidence that eddy diffusion
occurs contrary to the temperature gradient during
strong inversion conditions. This is suggested by pre-
liminary studies of the hodograph behavior and by
observational evidence shown in fig. 3, which illus-
trates the mean diurnal isotherm field in the lower
32 meters during March 1967. From March 6 to 13,
the inversion is permanent, while diurnal heating of
about 10°C. commonly occurs at all levels, suggesting
upward heat transport contrary to the temperature
gradient. This occurrence is substantiated by short-
term case studies using data scans at 1.5-minute
intervals, with evidence of mechanically forced con-
vection associated with convergence patterns within
the stable layers. Present work is attempting to
clarify and explain the importance of these features
in the inversion structure.

This work was supported by National Science
Foundation grant GV-24303.
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Ice crystal formation and growth
in the warm layer above

the antarctic temperature inversion
S. MILLER and W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin

Rusin (1961) and Schwerdtfeger (1969) suggested
earlier that a substantial fraction of the total precipi-
tation on the antarctic plateau is not a result of
"snowfall" in the usual sense. Indeed, ice crystals can
form in the lower layers of the atmosphere where
there is sinking motion, radiative cooling, and finally
mixing with the colder air near the surface. On days
without major synoptic disturbances, that is, during
most of the year, these ice crystals may fall out almost
continuously—summing to a sizable accumulation. In
the two winters 1967 and 1968 at Plateau Station , for
instance, there were 5 months for which no snowfall
proper was reported. In these months, ice crystal fall
was observed on 23 to 29 days per month, and the
mean net accumulation read from 49 snowstakes
amounted to 1.2 centimeters per month (real height
change, not water equivalent).

This process of ice crystal formation and growth
now has been examined in the context of a detailed
analysis of the mass budget, moisture budget, and
heat budget of the antarctic inversion layer, with
these results:

Most ice crystals form not, as previously thought,
within the inversion, but rather in the warmer, nearly
isothermal layer above it, where also the specific hu-
midity is greater.

Mass budget considerations indicate that, over the
interior plateau, the average sinking rate may be as
low as 0.02 to 0.05 centimeter per second. Such
values are an order of magnitude smaller than those
assumed in previous work and are, in fact, too small
to transport moisture into the inversion at a sig-
nificant rate; an upper bound for ice production
within the inversion would then be only 0.2 gram
per square centimeter per year.

Observations of individual ice crystals made at
Plateau Station (M. Kuhn, personal communication,
1971) indicate that most of the crystal fall is com-
posed of terminated columnar prisms ("bullets") that
have dimensions of the order of 500 by 100 microns.
These crystals are too large to have formed in the
extreme cold conditions of the inversion. The table
gives the growth time of such crystals computed as a
function of temperature and supersaturation over ice.
With fall speeds of about 10 centimeters per second
(Yagi, 1970), the growth time for inversion con-
ditions (temperature below —50°C.) is much longer
than the time required for the crystals to fall through
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this layer. Conditions above it, in the warmer layer
of about 1,000 meters thickness with temperatures
between 350 and -45°C, during most of the
year, are more favorable to ice crystal growth. For
ice-supersatu rations greater than about 20 percent,
crystals can achieve the observed size range within
this layer. Supersaturations of this magnitude should
be considered characteristic of the air advected from
the warmer maritime regions over the plateau in the
lower troposphere above the surface inversion. As
this air moves toward the interior, it is cooled radia-
tively by about 2°C. per day (Schwerdtfeger, 1968)
and must therefore eventually become supersaturated.

A knowledge of thermal advection, and therefore
of moisture advection, within the warm layer enables
a crude estimate of total ice crystal production. Con-
ditions typical of quiescent periods with a thermal
advection of 2° to 3°C. per day (consistent with
mean conditions at the South Pole) were assumed
to persist for 300 days per year. The resulting ac-
cumulation is slightly greater than 1 gram per square
centimeter per year. Since saturation vapor pressure
is not a linear function of temperature, periods of
stronger warm advection produce disproportionately
more ice crystals; hence the above estimate is prob-
ably too small. Nonetheless, 1 gram per square centi-
meter per year is not far from values for ice crystal
accumulation suggested by observation, and it there-
fore seems reasonable to accept this as further evi-
dence that clear-sky precipitation is the result of
processes above rather than within the inversion.

This work was supported by National Science
Foundation grants GV-28810 and GA-16239.

References
Rusin, N. P. 1961. Meteorological and Radiational Regime

of Antarctica. Leningrad, Hydrometeorological Service.
English translation, Jerusalem, Israel Program for Scientific
Translations, 1964. 355 p.

Schwerdtfeger, W. 1968. New data on the winter radiation
balance at the South Pole. Antarctic Journal of the U.S.,
III (5): 193-194.

Growth time of "bullet" crystals to a size of 500 by 100
microns for various supersaturations and temperatures.
Air temperature	35C.	40 C C.	45C.	50C.

super-	20% 5.5 hr	8.3 hr	17 hr	30 hr

	

saturation 40 0/c 2.8 hr	4.2 hr	8.3 hr	15 hr
(ice)	110% 1.4 hr	2.1 hr	4.2 hr	7.7 hr

at saturation (water)	1.35 hr	1.7 hr	3.1 hr	5.0 hr
which implies

supersaturation (ice)	41 0/c	48%	540/c	61%

Note: A fall speed of 10 centimeters per second corre-
sponds to a fall of 1,000 meters in 2.8 hours.

Schwerdtfeger, W. 1969. Ice crystal precipitation on the
antarctic plateau. Antarctic Journal of the U.S., IV (5)
221-222.

Yagi, T. 1970. Measurements of the fall velocity of ice
crystals drifting in a supercooled fog. Journal of the
Meteorological Society of Japan, 48(4): 287-292.

Vanadium, aluminum, and manganese
in atmospheric particulates from

McMurdo and South Pole Stations
ERNEST S. GLADNEY and WILLIAM H. ZOLLER

Department of Chemistry
University of Maryland

ROBERT A. DUCE
Graduate School of Oceanography

University of Rhode Island

ALUN G. JONES

Shields Warren Radiation Laboratory
Harvard Medical School

The trace-element composition of atmospheric par-
ticulates collected in Antarctica is being studied using
instrumental neutron activation analysis. This re-
search is designed to determine the sources (crustal
weathering, the ocean, or manmade pollution) of
particulates in the antarctic atmosphere. Comparison
of these trace metal concentrations with concentra-
tions in crustal material, urban pollution aerosols, and
the sea may indicate whether the particulates we col-
lected came from one of these sources. Preliminary
results for the halogens in both gases and particulates
from Antarctica have been reported by Duce et al.
(1971).

Concentrations of trace elements in particulates are
reported here for samples taken at McMurdo and
Pole Stations during November and December 1970.
These samples were collected on 47-millimeter Milli-
pore filters (EA - 1.0 micron) using nylon and
teflon filter holders to minimize metal contamination
during collection. These samples have been analyzed
by neutron activation for vanadium, aluminum,
manganese, copper, sodium, and chlorine, but the
levels of the latter three elements are so low that they
are not sufficiently above the filter blank to yield
reliable results. Since these samples represent the
particulate material from only 50 to 200 cubic meters
of air, the results are based on very minute quantities
of material. High volume samples (2000 to 20,000
cubic meters) collected during the same period offer
a much better opportunity for measuring the concen-
tration of these and other elements. Analysis of the
high volume samples is proceeding for the six ele-
ments mentioned above as well as for iron, zinc, co
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Preliminary trace metal concentrations in the atmosphere at two antarctic stations, Hawaii, and Boston, Massachusetts.
Vanadium-to-

Vanadium	Aluminum	Manganese	aluminum

	

Location	 No. of samples	(pg/ml)a	(ng/m3)	(ng/m3)	(x 10)
McMurdo (range)	 15	 11-4,000	3.2-480	0.14-0.91	 5.0
Pole

	

Garage (range)	 5	 3.6-170	1.8-11
Forward scatter

	

antenna (range)	 10	 0.73-4.4	0.28-0.82	 3.6
(average)	 10	 2.0	 0.6	 <0.06	-

Windward Hawaii (range)	Soluble	140-440	10-57	0.28-1.5	 10.4
Insoluble	15-220	10-170	0.02-0.21	 1.6

Total	100-540	25-220	0.3-1.7	 4.5
Boston, Mass. (range)	 89,000-2,400,000	110-4,800	5.2-62	 610
Crustal average	 100	 1.6

apg= 10-12 gram.

bait, antimony, scandium, calcium, magnesium, po-
tassium, strontium, and lead by both neutron activa-
tion and atomic absorption.

Preliminary atmospheric concentrations and ele-
mental ratios of vanadium, aluminum, and manga-
nese at McMurdo and Pole Stations are given in the
table. The great variability of these concentrations
in the McMurdo samples is caused by wind-blown
volcanic ash picked up near the sampling site. Vol-
canic ash has a relatively high vanadium content
(Mitchell, 1955), and the ash probably accounts for
the large concentration range observed for this ele-
ment. The garage sampling location at Pole Station
was set up within the station complex to collect the
emissions of tractors and diesel-powered generators.
Samples collected at this location showed higher con-
centrations of vanadium and aluminum than others
taken at Pole Station. Manganese was below our de-
tection limits at Pole Station. Since the forward
scatter antenna used for the collection of most Pole
samples is upwind from camp, samples collected there
represent the cleanest air. Even though the concen-
trations of these elements varied by about a factor of
five, they are the lowest values we have obtained in
the Antarctic. Furthermore, these concentrations are
much lower than those observed on windward Ha-
waii (Hoffman, 1971), which is representative of
midoceanic air.

The vanadium-to-aluminum ratio for Pole Station
is essentially the same as that for windward Hawaii
and about twice that of average crustal material
(Mason, 1966). The data from Hawaii are broken
down into acid-soluble and -insoluble fractions. The
acid-insoluble fraction has the same vanadium-to-
aluminum ratio as crustal material (1.6) and may
represent the fraction of the particulate material in
the Hawaiian atmosphere derived from crustal wea-
thering. The acid-soluble fraction is thought to be
due to pollution from North America since the
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vanadium-to-aluminum ratio is much higher than
the crustal ratio. The McMurdo vanadium-to-alumi-
num ratio is higher, probably as a consequence of the
basaltic rocks near the site. The very high vanadium-
to-aluminum ratio found in Boston results from the
combustion of residual fuel oil rich in vanadium
(Zoller and Gordon, 1970; Zoller et al., in press). In
light of these data, one is tempted to speculate on the
reasons for the high vanadium-to-aluminum ratio in
Antarctica relative to the earth's crust. The higher
ratio could be due to vanadium from pollution
aerosols as is the case in Boston, and perhaps in Ha-
waii, or due to crustal sources that have a higher
vanadium-to-aluminum ratio than reported by
Mason. The latter is quite possible since the
McMurdo samples show a ratio of 5.0.

During the winter of 1971, Mr. Gary Brougham,
National Oceanic and Atmospheric Administration,
geomagnetic and seismological observer, collected
numerous high volume samples at the forward scatter
towers at Pole Station, but encountered difficulties
with the equipment during the coldest periods. One
of the authors (ESG) spent part of the 1971-1972
summer season modifying sampling equipment and
testing different types of filter material in an effort
to eliminate these problems so that Messrs. Russell
Mumm and Larry Minter could carry the sampling
program into the winter of 1972 at Pole. As a result
of the heavy volume of summer traffic during the
construction of the new Pole Station, only a few
samples of limited scientific value were collected dur-
ing the 1971-1972 summer. Severe contamination
from vehicular activity upwind of the sampling site
was encountered during periods of low winds. To
alleviate these difficulties a special air sampling build-
ing is being designed and constructed. This building,
containing equipment for contamination-free col-
lection and handling of the samples , will be placed
upwind of Pole Station for subsequent sampling.
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This project was supported in part by the National
Science Foundation grant GA-20010. Computer time
was supported in part by National Aeronautics and
Space Administration grant NsG-398 to the Com-
puter Science Center of the University of Maryland.
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Integrated biology programs in antarctic waters, 1972

M. A. MCWHINNIE1
Department of Biological Sciences

De Paul University

The second integrated program of biological studies
in south circumpolar waters was conducted aboard
USNS Eltanin from January 17 to February 25, 1972.
This 40-day Cruise 51 into the Ross Sea was designed
to study the antarctic marine ecosystem with par-
ticular reference to energy flow into and through the
biota of the euphotic zone (for details see McWhin-
nie, 1972a, 1972b).

Ten coordinated programs conducted by 26 scien-
tists and their assistants included meteorological,
chemical, biochemical, hydrographic, and biological
studies (fig.). All programs worked cooperatively
toward the goal of a more precise description of the
dynamics of this ecosystem (El-Sayed, 1971a; 1971h).
Throughout the cruise and at 18 stations, 523 samples
were obtained. In addition, continuous spectral
radiometric recording of solar energy and its net
penetrance into the water column was conducted
through all daylight hours. At the conclusion of sta-
tion 18, and while underway to McMurdo Sound,
midwater trawling was continued to sample the rich
pelagic environment adjacent to the Ross Ice Shelf.
For recording purposes only, these and related activi-
ties have been assigned to station 19 and are included
in the summation of all oceanographic activities.
Meteorological observations, precision depth record-
ing, and satellite fixes for navigation were continuous
throughout the cruise. All data obtained have been
translated and stored in computer form aboard
Eltanin 2

'U.S. Antarctic Research Program representative, Eltanin
Cruise 51.

2For a description of the automated data system used
during the cruise, see B. J . Landrum's article, "Antarctic in-
formation services at the Smithsonian Oceanographic Sorting
Center," on page 212 of this issue.

The date, time, and location for each station are
given in table 1; all sampling and measuring activities
are summarized in table 2. A map showing the
stations of Cruise 51 appears on p. 175 in the report
of Dr. S. Z. El-Sayed.

Brief preliminary reports follow for each U.S. pro-
gram on Cruise 51. Complete reports will appear in
1973 as a volume of the Antarctic Research Series.
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McWhinnie, M. A. 1972b. USNS Eltanin Cruise 51: bio-
logical study of the Ross Sea. Antarctic Journal of the
U.S., VII(3): 59-61.

Table I. Location and time of stations, Eltanin Cruise 51.

Date and time (GMT)a
Sta. Latitude	Longitude	Start	Finish

	

1 4556.54'S.	173'03.18'E.	1/17 2000	1/19 0830

	

2 52 0 08.20'S.	169 0 39.89'E.	1/21 0106	1/21 1300

	

3 5403.48'S.	17324.22'E.	1/22 0259	1/23 1613

	

4 59 0 37.12'S.	17113.47'E.	1/25 1958	1/27 1655

	

5 6200.07'S.	16921.16'E.	1/28 0823	1/28 1813

	

6 66 0 17.28'S.	166 0 30.09'E.	1/30 1930	2/2 0210

	

7 7137.36'S.	17236.63'E.	2/3 1745	2/4 1714

	

8 71 0 50.18'S.	179'01.07W.	2/5 0802	2/6 1530

	

9 73 0 50.28'S.	17417.22'W.	2/7 0621	2/8 1020

	

10 76 0 03.31'S.	17840.96'W.	2/9 0645	2/10 1220

	

11 7600.93'S.	16959.18'W.	2/10 0600	2/12 1226

	

12 75 0 51.35'S.	16045.04'W.	2/12 0340	2/14 1502

	

13 77'08.83'S.	15841.93'W.	2/15 0400	2/15 1510

	

14 77°42.93'S.	160 0 02.82'W.	2/15 2033	2/16 1120

	

15 78 0 28.88'S.	164 0 18.97'W.	2/16 2231	2/18 2035

	

16 78 0 17.72'S.	17300.95'W.	2/19 0740	2/20 1420

	

17 77 0 54.95'S.	17847.60'E.	2/21 0300	2/22 0820

	

18 7710.49'S.	172 0 05.57'E.	2/22 1900	2/23 1148
19 Under way from station 18 to McMurdo Station.

aBased on time of hydrographic cast.

Ecological studies of phytoplankton
between New Zealand

and the Antarctic

SAYED Z. EL-SAYED and ROGER FAY

Department of Oceanography
Texas A&M University

Marine phytoplankton investigations carried out
during Eltanin Cruise 51 were directed toward in-
creasing our understanding of the ecology of the
primary producers and toward a better knowledge of
the dynamics of the lower trophic levels of the food
chain in the Antarctic. Such tasks are particularly
essential in a cruise whose primary objective is to
study the functional relationships and the energy flow
in the trophic levels of the antarctic marine ecosystem
(McWhinnie, 1972). In considering the dynamics of
energy transfer in the marine ecosystem, one can
reasonably begin at the primary production level.
The role of primary producers in any marine eco-
system study is, undoubtedly, central.

The investigations carried out with regard to the
ecology and productivity of the primary producers

Table 2. Activities at stations, Eltanin Cruise 51.

Station	 1	2	3	4	5	6	7	8	9 10	11 12 13 14 15	16 17 18 19 Total
STD	 1	121	2	1	1	1	1	1	1	12	1	1	1	120
Nansen	 21221	21	121	1	2	1	1	1	1	1	1	24
Niskin	 31322	42121	1	1	122	223	35
Phyto. net	 34342	435615	34225	333	74
1—mIKMWT	 62	 55734	6	537 54	62
3—rnIKMWT	 1	 1 1	 2	3 8
1—m net1	 1
0.5—rn net	 2	4	 6
Bongo	 1	6	 4	3 3 2	2	1	 3	3	 28
Butterfly	 21221	33	1	1	1	241	27	1	1	35
Menzies	 1	 2	1	1	2	1	 8
Secchi disk	 1	 2	1	1	1	1	1	1	1	1	1	1	1	14
Subm. photo.	 1	1	 1	1	1	1	1	 1	1	1	1	1	12
In situ buoy	 1	1	 1	1	1	1	1	1	1	1	1	1	1	13
WP, net	 1341455	512695	1014227	6 12	1	132
Gravity core	 1	1	3	2	1	1	1	1	1	2	1	1	16
Phieger core	 1	1	1	 1	1	2	 7
Subm. pump	 2	 1	 1	1	1	3	9Dip net	 la	 1
Air samples	 la la la	la	la la la la la	la la	la la	la	 14Skiff	 1	 1	 1	 3
Trawl (misc.)	 1	 1

aWhile under way to next station.

STD: salinity-temperature-depth sensor and recorder. Nansen: Nansen bottle. Niskin: Niskin bottle, 10- and 30-liter sizes.
Phyto. net: Phytoplankton net, 35-micron mesh. IKMWT: Isaacs-Kidd midwater trawl.
Bongo: bongo net (Brown-McGowan opening and closing net). Butterfly: Niskin sterile butterfly sampler.
Menzies: Menzies benthic trawl. Subm. photo.: submarine photometer.
WP2 net: working program 2 (UNESCO) free-fall net, 200- and 500-micron mesh. Subm. pump: submarine pump.
Air samples: filter mounted on the forward half-deck between stations.
Skiff: small boat departed from Eltanin to collect surface water films.
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(phytoplankton) during Eltanin Cruise 51 included
the following:

1. Description of the physical environment: tem-
perature, light penetration.

2. Description of the chemical environment: salin-
ity, oxygen, nutrient salts (phosphates, silicates, and
nitrates), particulate and dissolved organic carbon.

3. Biological investigation: measurement of pri-
mary production, using the in situ carbon-14 uptake
technique; estimation of the phytoplankton pigments
(chlorophyll a, b, and c, and phaeophytin); assess-
ment of the contribution of both net plankton and
nannoplankton to primary production and phyto-
plankton standing crop; quantitative study of phyto-
plankton taken in discrete water samples at the
various depths in the euphotic and disphotic zones,
using the Utermöhl method; study of the species
composition and species diversity of phytoplankton
collected in vertical plankton hauls; use of auto-

Me

In

Stations taken during Eltanin Cruise 51. Also shown: distribution
of surface chlorophyll a as measured during Cruise 51. (A. C.

is Antarctic Convergence.)

radiography technique in conjunction with primary
productivity studies.

Preliminary analysis of the data collected during
this cruise showed low chlorophyll a concentration
in the vicinity of the Polar Front (Antarctic Con-
vergence). High surface chlorophyll a values were
encountered just to the north of the Polar Front
and at stations 9, 16, 17, and 18; the former station
was in pack ice, the latter three stations were in
front of the Ross Ice Shelf (see map).

Analyses of the physical, chemical, and biological
data collected are still in progress. Taken together
with the other investigations conducted during
Eltanin Cruise 51, the synthesis of these studies
should provide us with one of the most compre-
hensive pictures so far designed of the production of
organic matter at the base of the food chain, and of
the factors which regulate production in the circum-
polar waters.

Participants in this work were Dr. Sayed Z. El-
Sayed (principal investigator) and Messrs. Roger
Fay, Dean Letzring, Thomas Mitchell, Michael
Champ, and H. Abdel-Reheim. The work was sup-
ported by National Science Foundation grant GV-
25826.
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Spectral components of solar radiation
available to the euphotic zone

Guy A. F1NcEscnINI
Department of Meteorology

Texas A&M University

Mixed phytoplankton communities in oceanic
waters respond in a complex way to the solar radia-
tion environment. These ocean plants do not respond
uniformly to equal amounts of energy, nor equal
numbers of quanta, of different wavelengths. Each
specie adapts in a rather unique way to the quantity
and quality of light made available to it. Hence, to
better understand photosynthesis in situ, we must
first have information on the amount and spectral
distribution of solar radiation in the euphotic zone.
With such information and a knowledge of the
species composition of the phytoplankton population,
much guidance may be had toward better under-
standing primary organic production at sea. In ad-
dition, improvements can be made in the design of
incubators for simulated in situ studies of photo-
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synthesis. Eventually, it should be possible to classify
water type in terms of the depth of the euphotic zone,
and the quantity and quality of light as a function of
depth. This classification would permit the develop-
ment of mathematical models for simulating the
radiation environment, i.e., the nature and distribu-
tion of radiation made available for photosynthesis.

Although it is necessary to know the vertical dis-
tribution of the radiation within the water, the effort
during Eltanin Cruise 51 was directed toward de-
termining the amount and quality of light made
available to the water. The approach (Franceschini,
1971) employed two similar sets of four hemispheric
sensors (Eppley precision spectroradiometers) to
measure continuously the radiation fluxes, in four
wavebands (280-500, 500-630, 630-700, 700-2800
nanometers), a short distance above the surface. One
set measured the downwelling stream; the other, the
upwelling flux, which consisted of surface-reflected
radiation as well as losses due to internal backscat-
tering by the water. Differences in quantities mea-
sured by corresponding instruments of each set per-
mit determination of the net energy made available
to the biosphere in each spectral band. Simultaneous
monitoring also permits study of the influence of
clouds, surface condition, solar altitude, and atmo-
spheric water vapor. The latter quantity was ob-
tained from radiosonde observations made by the
expert Australian team, Dingle and Scott.

Results of measurements of the downwelling radi-
ation show a percentage (percent of total) increase
in the blue component and a decrease in the red and
infrared with increasing solar altitude. A percentage
decrease in the infrared was associated with over-
cast stratocumulus clouds. When compared to the
incident flux, the upwelling radiation was found to
be richer in the visible bands but poorer in the infra-
red. This phenomenon was found over ice-free as
well as ice-covered water. The ratio of upwelling to
downwelling components decreased in each wave-
band with increasing solar altitude. However, the
ratio was smaller for the longer wavelength bands.
Sea ice appreciably increased the reflectivity in all
bands, but more so in the blue. Hence the quality of
the energy made available for photosynthesis differs
from that of the incident light.

Preliminary efforts to measure subsurface fluxes
were aimed at determining the depth of the euphotic
zone, i.e., the depth at which the light is 1 percent
of that at the surface. In the future, attempts will
be made to measure the spectral distribution of the
upwelling and downwelling radiation as a function
of depth within the water.

This effort was sponsored under National Science
Foundation grant GV-24968. Field assistant in the
program was Mr. David Brunson.
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Physiology of antarctic zooplankton
with special reference to crustaceans

M. A. MCWHINNIE and R. J . KIRCHENBERG
Department of Biological Sciences

De Paul University

During Eltanin Cruise 51 respirometric study of
pelagic invertebrates in south circumpolar waters
was continued. Species studied included crustacean
euphausiids Euphausia superba, E. crystallorophias,
and E. triacantha; amphipods Parathemisto gaudi-
chaudii and Phronirna sp., the copepod Calanoides
acutus, the chaetognath Eukrohnia sp., and tunicates
Salpa sp. and Pyrosoma sp. Euphausia superba was
found consistently at stations 7 to 13 while E. crystal-
lorophias was collected from stations 10 to 19.
Swarming by krill was not observed during the cruise,
but a dense patch of unidentified decapod larvae was
encountered at the surface on station 12. E. crystal-
lorophias appeared to be at all depths to 400 meters
along the Ross Ice Shelf with a possible tendency to
concentrate at the 300-meter depth.

Collections were usually made with a 1-meter
plankton net (mesh 200 micrometers) set in the
deep-scattering layer. Animals were studied as soon
as possible after collection; they were transferred
immediately to sea water at +1°c. , and respiration
was measured at that temperature. A Gilson dif-
ferential respirometer, equipped with reaction flasks
selected to accommodate animals of various sizes,
was used to measure respiration rates under con-
ditions as close to normal as possible. Oxygen con-
sumption values for most animals were generally
equivalent to those obtained during Eltanin Cruise
46 in the southern Indian Ocean. More than 400
animals were measured; data are expressed as micro-
liters of oxygen per milligram protein per hour. Cor-
relating results with other marine biological studies,
these values when converted ranged from 1 to 4
milligram atoms of oxygen per gram protein per day.
The estimated energy expenditure for maintenance
of zooplanktonic animals, derived from respiration
data, ranges from 2 to 9 gram-calories per gram pro-
tein per hour.

Soluble nutrient utilization by various members of
this ecological community continues to be studied.
We have previously reported that antarctic amphi-
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pods, studied in the Pacific sector during Eltanin
Cruises 17-19, utilize soluble nutrient (McWhinnie
and Johanneck, 1966) as do a number of species
studied in the Indian Ocean sector during Eltanin
Cruise 46 (McWhinnie and Urbanski, 1971).
Through study of more than 300 individual animals
belonging to the groups noted above, the data ob-
tained during Eltanin Cruise 51 support earlier in-
terpretations concerning a direct route of absorption
of soluble organic componds by zooplankton includ-
ing crustaceans. Treatment with antibiotic does not
decrease the amount of carbon-14 amino acid in-
corporated into the ethanol-insoluble fraction, or the
whole, of animal homogenates. Present indications
are that uptake occurs in increasing amounts in a
sequence as follows: Calanoides acutus, euphausiids
(three species), Parat hem isto gau dichau dii, P/i ronima
sp., Salpa sp.; uptake by saips is many orders of
magnitude greater than that of other species studied.
The uptake of leucine by crustaceans is the same or
greater than that reported for glycine by the tem-
perate brittle star Ophiactis arenosa (Stephens and
Virkar, 1966) and polychaete annelids (Southward
and Southward, 1972). The energy provided by this
route in metabolism of antarctic fauna will be de-
termined and will contribute to quantitative esti-
mations of energy transfer.

Zooplankton density was estimated by collecting
samples with quantitative closing "bongo" nets of 303-
micrometer mesh (McGowan and Brown, 1966) and
free-fall closing nets of 200-micrometer mesh (WP.,
net, UNESCO). Approximately 50 samples were col-
lected principally from the Ross Sea stations (9 to
19), and 77 measurements of respiration were made.
The respiration values for microzooplankton (same
as "net" plankton) ranged principally from 0.132 to
0.629 with a majority at 0.3 to 0.5 but a few values
as high as 1.167 microliters of oxygen per milligram
(dry weight) per hour. Biomass samples collected
with free-fall nets ranged from 1.67 to approximately
67 milligrams (dry weight) per cubic meter. Thus,
final respiration rates may be expected to range
from 1.0 to 43 microliters of oxygen per cubic meter
per hour. Converting to other units, an intermediate
value within this range would be about 0.054 milli-
gram-atoms of oxygen per cubic meter per day. This
value is considerably below a number of values re-
ported for ultraplankton concentrated from the upper
500 meters of western Atlantic and eastern Pacific
water (Pomeroy and Johannes, 1968). These sam-
ples will be analyzed further with microcalorimetry.
Energy requirements for maintenance and energy
content of these trophic levels should further clarify
the metabolic dynamics of the antarctic marine eco-
system.

The studies on this cruise could not have been so
comprehensive without the efficiency and assistance
of Christine A. Kirchenberg and Joseph E. Schwarz,
to whom our gratitude is extended. Financial sup-
port for this study was under National Science
Foundation grant GV-27109.
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Marine phycomycetes:
occurrence south of New Zealand

and in the Ross Sea
GfiNTHER BAHNWEG and FREDERICK K. SPARROW, JR.

Department of Botany
University of Michigan

During USNS Eltanin Cruise 51 (McWhinnie,
1972) the occurrence and distribution of marine
fungi south of New Zealand and in the Ross Sea
were studied. Primary emphasis was given marine
phycomycetes, although the occurrence of yeasts and
filamentous higher fungi (molds) also was recorded.
However, no attempt was made to identify the latter
or to maintain cultures for further study.

Fungi were recovered primarily from water sam-
ples collected at 17 stations by membrane and glass-
fiber filter techniques. In addition to water samples,
bottom sediment, floating algae (kelp), phytoplank-
ton, and zooplankton collected at selected stations
were examined for saprophytic fungi.

The phycomycetes collected during the cruise are
currently being studied at the University of Michigan
in Ann Arbor.

Preliminary results indicate that "molds" are
rather infrequent in oceanic waters, a finding that
correlates well with the results obtained during
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Figure 1. Marine phycomycete recovered from water samples	Figure 2. Marine phycomycote recovered from water samples
at the Antarctic Convergence (station 4).	 collected in front of the Ross Ice Shelf (station 14).

Eltanin Cruise 46 (Bahnweg and Sparrow, 1971)
in the southern Indian Ocean.

In contrast to the results of Cruise 46, yeasts also
were rare. Using methods described previously
(Bahnweg and Sparrow, 1972) yeasts were found
either to be absent or to occur only in very low
numbers in the samples that were studied. However,
crustaceans collected at stations 14 through 18
(mainly Euphausia crystallorophias) were exceptional
in that they were always found to be associated with
yeasts. The nature of this association is not known to
us.

Saprophytic phycomycetes were recovered from
water samples at nine of 17 stations. The diversity
of species was greatest at the first three stations in
subantarctic waters, where, among others, there was
Aplanochytrium kerguelensis (Bahnweg and Spar-
row, 1972). A. kerguelensis was found near the
Kerguelen Islands during Cruise 46. Another ap-
lanospore-forming fungus, which appears to be a
new species, was found and will be described later.
Zoosporic phycomycetes were recovered from bottom
sediment collected near Campbell Island.

Noteworthy was the unusual occurrence of a
dense phycomycete population, made up of only one
species, south of the Antarctic Convergence at sta-
tions 4 and particularly 5 (fig. 1). The same or-
ganism and others were found in water samples and
bottom sediment from station 10 in the Ross Sea
and again at stations 14, 16, and 17 in front of the
Ross Ice Shelf.

All of the phycomycetes we found in antarctic
waters south of the Polar Front are somewhat similar
to Dermocystidium sp. sensu Goldstein and Moriber
(1966) in that they have neither rhizoids nor motile
zoospores. Since the similarities arise through the
absence rather than the presence of well defined
characteristics, further study is needed to elucidate

the taxonomic relationships of these organisms. By
comparison of such characteristics as cell dimensions,
colony morphology and consistency, and coloration, it
becomes obvious that more than one species is in-
volved (figs. 1 and 2).

This work was supported by National Science
Foundation grant GA-16097 to Dr. Frederick K.
Sparrow. Representatives aboard Cruise 51 were
Gunther Bahnweg (University of Michigan) and
Kurt-Eberhard Nehring (Georg-August-Universitat,
Göttingen, Germany).
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Fatty acid exchange among
trophic levels of the Ross Sea:

phytoplankton, copepods,
and euphausiids

NESTOR R. BOTTINO
Department of Biochemistry and Biophysics

Texas A&M University

Fatty acid types and proportions were studied in
the unfractionated lipids of three samples of Euphau-
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sia superba (stations 8, 9, and 11), seven samples of
E. crystallorophias (stations 11 and 13-17), eleven
samples of phytoplankton (stations 7-9, 11, 13-15,
and 18), and eleven samples of copepods (stations
7-9, 11, and 18), collected in the Ross Sea during
Eltanin Cruise 51. The fatty acid profiles of the
three samples of E. superba resembled each other
closely. In two cases in which the hepatopancreas
and stomach were analyzed separately from the re-
maining carcass, the fatty acid compositions were
almost identical, suggesting that very little differ-
entiation of organ lipids occurs in these animals. The
fatty acid patterns of the E. crystallorophias samples
were also similar to each other but differed markedly
from those of E. superba: E. Crysta.11orophias lipids
contained less C 14 and C16 saturated fatty acids and
about twice as much C 18 monoenoic acid (40 to 48
percent of the total acids) than E. superba. The con-
tent of C20 and C22 penta- and hexaenoic fatty
acids (HUFA) was practically the same in both
euphausiids. Therefore, owing to the large excess of
monoenoic acid, E. crystallorophias lipids are more
unsaturated than those of E. superba.

In an attempt to determine trophic relationships
through the study of lipids, the fatty acid profiles of
the two euphausiids were compared to those of
phytoplankton from corresponding stations. We
found a higher degree of similarity between E. su-
perba and phytoplankton fatty acid patterns than
between those of E. crystallorophias and phytoplank-
ton. In particular, the phytoplankton of station 11,
which contained abundant Fragilaria sp., showed the
fatty acid pattern closest to that of E. superba. Very
little correlation could be established between the
fatty acid profiles of euphausiids and copepods. The
copepod collections from stations 11 and 18 were

abundant and could be fractionated by means of
sieves of various sizes. When the fatty acid profiles
of those copepod fractions were compared to those
of phytoplankton from stations 11 and 18, close simi-
larity was found with the copepods between 0.5 and
2 millimeters in size. Larger or smaller copepods did
not show the same agreement.

Copepods were very rich in HUFA, each of the
samples examined containing about 40 percent of
these acids. Euphausiid lipids contained about 25
percent HUFA. Phytoplankton levels of HUFA
varied between 3 and 35 percent. The fact that all
the phytoplankton samples contained HUFA suggests
that these acids may originate in phytoplankton and
then be transferred to the upper trophic levels, where
they are concentrated by a process as yet unknown.
The fatty acids of a sample of the amphipod Para-
themisto gaudichaudii (station 4) closely resembled
both in type and proportions those of a sample of the
same organism found in the stomach of sei whale
caught in antarctic waters south of Africa in 1967.

This work was supported by National Science
Foundation grant GV-30413.

Stable carbon isotope variations
in the antarctic marine ecosystem

W. M. SACKETT and J . M. BROOKS
Department of Oceanography

Texas A&M University

Our program goals for USNS Eltanin Cruise 51
were-

1. To collect all types of biota with special em-
phasis on subdividing net tows into all possible corn-

Eltanin Cruise 51 sample collection for carbon isotope analysis.

Station	 1	2	3	4	5	6	7	8	9	10 11 12 13 14	15 16 17 18 Total

Sediment
Core	 1	 1	3	1	2	1	2	1	 1	2	1	117
Menzies	 1	 2	 1	 4

Water
Total CO2	 6 5	3	 4	6	24
DOC	 66	5	 4	3	24

Biota
Bulk	 1	1	 4	1	14	 1	1	1	15
Euphasiids	 1	 1	1	1	2	2	1	2	1	12
Phyto	 1	1	1	 1	1	 1	1	1	 8
Fish	 1	 1	1	5	2	1	2	2	1	3	 19
Kelp	 1	 1
Sponges	 1	 1	 1	 3
Anelids	 1	 1	 2
Salps	 1	 2	 1	2	 6
Parathamistas	 1	1	 2
Pterapods	 2	1	 2	 1	 6
Amphipods	 2	1	2	1	 1	1	 8
Chaetognaths	 1	 1	1	 3

Other	 1	 1	1	2	3	2	2	1	 13
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ponents to determine the magnitude of isotope frac-
tionation, if any, as carbon is transfered from one
trophic level to another.

2. To determine dissolved organic carbon (DOC)
and particulate organic carbon (POC) in the sea,
sea surface slicks, ice, snow, rain, interstitial water in
sediments, and the sediments themselves, since a
knowledge of the amount of carbon transfered
is necessary for understanding changes in isotopic
composition.

3. To collect a suite of gravity cores to apply the
knowledge developed in this study on carbon isotope
variations in the antarctic marine ecosystem for
understanding the paleomarine ecosystem and the
paleodepositional environments as seen in the antarc-
tic marine sediments.

All these programs were largely realized. A sum-
mary of the samples collected is given in the table on
page 179.

This work was supported by National Science
Foundation grant GV-24754.

Heterotrophic potential of
antarctic marine microorganisms

R. Y. MORITA, R. P. GRIFFITHS, and S. S. HAYASAKA
Departments of Microbiology and Oceanography

Oregon State University

Our studies during USNS Eltanin Cruise 51 were
a continuation of those made by Morita et al.
(1971) during Cruise 46. Our main objective was
to measure the extent of microbial participation in
the mineralization process in antarctic waters. The
rate at which this process proceeds has important
implications in determining the route of energy flow
through the biosphere as well as determining the po-
tential inorganic nutrient recycling rates associated
with microbial activity.

We used a modification of a technique first de-
scribed by Wright and Hobbie (1965 and 1966) and
Hobbie and Crawford (1969). This technique in-
volved incubating sea water with various concentra-
tions of uniformly labeled carbon-14 substrates in the
dark at in situ temperatures. By measuring the
amount of label appearing in the evolved carbon
dioxide and in the cell fraction, one can calculate
the time required for the natural microbial population
to turn over the natural substrate concentration.
From these data the maximum rate at which the
microorganisms can take up a given substrate (Vmax)
can also be calculated.

We also isolated bacterial strains from sediments,
benthic organisms, melted ice, and sea water taken

from all depths. It was hoped that this would give
us the widest possible sampling of microorganisms for
future study. By using pure cultures from these
sources we hope to duplicate, under more stringent
laboratory conditions, the type of data obtained from
the actual sea water samples. Initial studies of
growth-temperature characteristics and substrate
utilization already have given encouraging results.
For example, many of the isolates have maximum
growth temperatures below 15°C.

Because of the extremely low water temperatures
in antarctic surface waters, we were particularly in-
terested in the effect of incubation temperature on
measured heterotrophic potential (V max ). In most
water samples studied, there was a marked increase
in V. with increased incubation temperature within
the — 2.5 0 to 11.0°C. range. In most cases, there
was a significant reduction in substrate uptake above
11°C. These data indicate that, to avoid obtaining
erroneous estimates of heterotrophic potential, in
situ temperatures must be used.

Fourteen different labeled substrates were eval-
uated for their ability to be taken up by marine
microorganisms. In most water samples tested, serine,
alanine, and glutamate were taken up at the highest
rate. Three of the substrates (ribrose, sucrose, and
glycerol) showed little or no uptake. Even though
the Vmax varied with substrate used, the relative levels
of uptake for all substrates were surprisingly constant
in any given water sample. There was also a rela-
tively high degree of consistency in the measured
percent respired (the measured radioactivity associ-
ated with carbon dioxide relative to the total radio-
activity taken up by the organisms) for each of the
substrates. In most cases, malate, glutamate, and
aspartate showed the highest respiration percentages.
It is probably significant that all of these substrates
are closely associated with the Krebs cycle.

Heterotrophic potential was measured using gluta-
mate at each of the first 17 stations. In general, the
lowest activities were measured at the stations north
of the Antarctic Convergence; the highest (stations
10, 11, 14, and 15) were at or near the Ross Ice
Shelf. Heterotrophic potentials also were calculated
with depth at several stations. In most cases, the
highest turnover was measured within or just below
the photic zone and little, if any, was measured below
500 meters.

This work was supported by National Science
Foundation grant GV-27057.
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Distribution and composition
of particulate and dissolved

organic matter in antarctic waters
A. F. CARLUCCI, 0. HOLM-HANSEN,

and P. M. WILLIAMS
Institute of Marine Resources

University of California, San Diego

Our program on Eltanin Cruise 51 was concerned
primarily with the distribution and chemical compo-
sition of organic materials in the water column and
with the distribution and activity of microbial cells.
Most of our samples were from the upper 250 meters
of the water column, although some water and
benthic samples were taken down to 4,900 meters as
time and water depth permitted. Fourteen stations
were occupied. All samples were frozen and trans-
ported back to our laboratories for studies pertaining
to these topics:

Distribution of microbial cells. The total microbial
biomass throughout the water column was estimated
by measurement of adenosine triphosphate concentra-
tions. Phytoplankton biomass will be estimated from
the chlorophyll concentrations (data of El-Sayed) or
from floristic analyses of formalin-preserved samples.
The microbial biomass in the euphotic zone at all
stations ranged from about 25 to 150 micrograms of
organic carbon per liter, with the richest stations
being in the Ross Sea. Samples from depths of 1,000
meters or more had biomass values ranging from
0.02 to 0.5 micrograms of carbon per liter.

.Itrogen assimilation. The rate of nitrate assimila-
tion in phytoplankton was determined by measure-
ment of the rate of incorporation of nitrogen-l5-
labeled nitrate. Samples also were tested for nitrogen
fixation by use of the acetylene reduction technique,
but no fixation of molecular nitrogen was detected
at any of the stations.

Transfer of organic carbon in the food chain. The
extent to which bomb carbon-14 (from the 1961-1962
tests) has been incorporated into the food chain
throughout the water column is being studied by
measurement of the carbon-14/carbon-12 contents in

organisms. Samples were obtained by pelagic net
tows at 12 stations from the surface to 3,000 meters
and by a benthic sled at three stations.

Vitamins. Samples throughout the water column
were obtained at all stations for the analysis of the
concentrations of vitamins B 1 , B 12 , and biotin in solu-
tion or contained in the particulate material. These
are currently being assayed by bio-assay techniques.

Elemental composition of organic material. The
particulate material was concentrated by filtration
through glass fiber filters for analysis of total organic
carbon, nitrogen, and phosphorus. The filtrate was
frozen for subsequent analysis of dissolved organic
carbon, nitrogen, and phosphorus.

Gross chemical composition of particulate material
and plankton. Both filtered and net samples were
obtained for analysis of total protein, carbohydrate,
and lipid contents.

Specific chemical composition of particulate ma-
terial and plankton. Net samples of phytoplankton
and zooplankton were obtained for analysis of the
molecular constituents of the protein, lipid, and car-
bohydate fractions. An in situ pump which filters
about 600 liters per hour through a 28-centimeter
glass fiber filter, was used to obtain particulate ma-
terial from representative depths throughout the
water column. This particulate material will be sub-
jected to hydrolysis and subsequent chromatographic
analysis of the major chemical fractions.

Chlorinated hydrocarbons. Samples for analysis of
pesticide residues and polychlorinated biphenyls were
obtained from marine aerosols (collected between 11
stations by pulling air through glass fiber filters),
from surface films, from snow and ice, from particu-
late material at representative depths between 100
and 1,000 meters, and from diverse animal species
in the water column or benthic samples.

Distribution of mercury. Samples for analysis of
total mercury content were obtained from water
samples from the surface to 4,900 meters at 14 sta-
tions, from snow and ice samples, from marine de-
tritus from 100 to 1,000 meters depth, from sedi-
ment cores (0- to 40-centimeter cores taken from
540 to 3,100 meters depth), and from all organisms
collected from the surface to 4,000 meters as well as
from the benthic fauna.

This work was supported by National Science
Foundation grant GV-27 110.

Also participating in investigations during Eltanin Cruise
51 was T. J . Carryer, representing Professor G. A. Knox,
Zoology Department, University of Canterbury, New Zea
land. Mr. Carryer's report will appear in the November-
December 1972 Antarctic Journal.
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Temperature regulation and
related studies on the Weddell seal,

Leptonychotes weddelli
D. HAMMOND, R. DOYLE, R. ELSNER
Physiological Research Laboratory

Scripps institution of Oceanography
University of California, San Diego

R. WYBURN
School of Veterinary Medicine

Massey University
Palmerston North, New Zealand

S. GRUENAU
University of Oklahoma

Oklahoma City, Oklahoma

P. HILL
University of Auckland

School of Medicine
Auckland, New Zealand

Our four-member team arrived at McMurdo Sta-
tion on September 1, 1971, to continue work begun
the previous season. Calculations of last season's data
showed Weddell seal pups to have daily weight gains
of 3.5 kilograms and oxygen consumption rates two
to threefold greater than that of terrestrial mammals
of similar weight. This year's program concentrated
on the energy requirements for the newborn pup im-
mediately after delivery and in the prenursing period.
The field laboratory and living quarters were set up
at Turtle Rock.

In order to observe pups being born, we continu-
ously surveyed the seal colony once the pupping sea-
son started in mid-October. Constant communica-
tion between the observation hut and the field party
alerted the crew of any birth. It was thus possible
to start recording oxygen consumption and body core
temperature of the newborn pup within 9 to 20 min-
utes of life. Eight females were observed during

Birth of a Weddell seal pup. Temperature probe cable is attached
to the hind flipper.

active labor. Seven pups were born head first, with
labor lasting 1 to 7 minutes. The eighth female had
a breech delivery and was in labor approximately 1
hour before manual assistance was given. Rectal
temperatures were monitored in two adult females
4 days before and during labor. The newborn pups
showed very high metabolic rates during the im-
mediate postpartem period. These rates decreased
about the time that the fur became dry and fluffy.

Four weaned seal pups were flown to Ohakune,
New Zealand, whence the animals were transported
to Massey University. The animals were used in
temperature regulation and electroencephalographic
studies. Using the university's advanced radiological
equipment, the relationship of temperature regula-
tion to the amount of blood flowing to the peripheral
circulation system was determined. Isolated femoral
artery strips from these animals indicated that in
this species, as in most others, arterial constriction
is a sympathetic alpha adrenergic response , blocked
by phentolamine but not by propranolol or atropine.

We carried out a pilot study to determine the
methods and techniques for implantation and re-
cording of electroencephalographs. The program
consisted of surgical implantation of electrodes and
monitoring of brain wave patterns of seal pups of
varying ages, with information being collected in the
field and later at Massey University. The data ob-
tained clearly indicate the feasibility of doing electro-
encephalograms under field conditions or in remote
laboratories.

This work was supported by National Science
Foundation grant GV-23899.

Organochiorine pollutants
in southern oceans
ROBERT W. RISEBROUGH

Bodega Marine Laboratory
University of California

The presence of DDT compounds in antarctic eco-
systems has become perhaps the most conspicuous
example of the global dispersal of persistent pol-
lutants. Concentration of the DDT compounds in
species of wildlife resident south of the Antarctic
Convergence, however, are substantially lower than
in related species of the Northern Hemisphere (Sla-
den et al., 1966; Tatton and Ruzicka, 1967; Rise-
brough and Carmignani, 1972; Risebrough et al.,
1968), in contrast to the distribution pattern of
heavy metal residues (Anderlini et al., 1972). More-
over, they are lower, by at least an order of magni-
tude, than in species that also breed in the Antarctic,
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but that migrate to waters north of the Convergence
during the nonbreeding season (Risebrough and
Carmignani, 1972). The importance of studies of
the distribution of DDT compounds in the Antarctic
does not therefore derive from potentially deleterious
effects on wildlife species, but from a substantial con-
tribution to our understanding of the dispersal path-
ways and global accumulation rates of these and
similar pollutants.

Another family of organochiorine compounds, the
polychlorinated biphenyls (PCB), is as abundant as
or more abundant than the DDT group in marine
ecosystems of both the Northern and Southern Hemi-
spheres (Risebrough et al., 1968; Jensen et al.,
1969), including those of subantarctic islands of
New Zealand (S. Bennington, C. Connors, and R. W.
Risebrough, unpublished results), and of Kerguelen
(J.-L. Monod and R. W. Risebrough, unpublished
results). These groups of pollutants share a number
of physical and chemical properties that explain in
part why they usually show a parallel distribution in
ecosystems (Risebrough et al., 1968; Jensen et al.,
1969). Potentially deleterious pollutants of future
technologies might be expected to share some of
these properties, which are ultimately responsible for
the buildup of pollutants in distant ecosystems.
Thus, a central problem in marine pollution ecology
is the determination of the accumulation rates of
these pollutants in oceanic sinks. The studies in the
Southern Hemisphere therefore become essential in
the formulation of the global mass balance equations.

The initial studies, begun at Palmer and Hallett
stations in 1970, have shown that PCB is present
in species that migrate north of the Convergence
during the antarctic winter (Risebrough and Car-
mignani, 1972). Moreover, PCB was more abun-
dant than DDE, the principal DDT compound. If
the global dispersal pathways, including transport
southwards across the Convergence, of both groups
of compounds were comparable, PCB might be ex-
pected in all antarctic specimens in which the DDT
compounds have been detected. We could not find
PCB, however, in 10 eggs of the snow petrel (Pago-
droma nivea) from the vicinity of Hallett Station,
although DDE was present (Risebrough and Car-
mignani, 1972). PCB was present in tissues of adult
birds, although the chlorine composition was different
from that of PCB in tissues of Wilson's petrels
(Oceanites oceanicus) breeding in the same area,
suggesting different contamination sources (Rise-
brough and Carmignani, 1972). Nor could PCB be
detected in eggs of the Adélie penguin (Pygoscelis
adeliae) from either Hallett or Cape Crozier (Rise-
brough and Carmignani, 1972; Risebrough et al.,
1968), although DDT compounds were present.
Initial results from Palmer station showed PCB in

one of three eggs analyzed (Risebrough and Car-
mignani, 1972), but subsequent analysis of 13 ad-
ditional eggs, obtained in January 1970, detected no'
PCB (C. Connors, unpublished results).

If DDT and PCB are brought to the Antarctic by
the same pathways of aerial dispersal and fallout,
why should a substantial number of specimens con-
tain DDT compounds but no detectable PCB? The
ubiquitousness of DDT compounds throughout the
Antarctic has ruled out local contamination as a
significant input. The possibility exists, however,
that waste disposal practices and incineration of
waste in the Antarctic might contribute to local PCB
contamination, but the absence of PCB or the very
low levels in the specimens analysed suggest that such
contamination, if present, is not excessive.

Analysis of larger samples might provide sufficient
material for the detection of PCB in populations that
so far have shown none. Messrs. Gary Carmignani
and Victor Anderlini of the Bodega Marine Labora-
tory therefore visited Hallett and McMurdo Stations
in early 1972. Young Adélie penguins were obtained
from both areas. Pollutants in these, beyond those
originally present in the egg, would necessarily be
derived from the local ecosystems rather than from
the wintering grounds of the adults. Moreover, these
analyses, as yet incomplete, might show whether dif-
ferences in contaminant levels exist between the
McMurdo and Hallett areas and whether such dif-
ferences can be attributed to local sources.

During the northern winter of 1971-1972, Seddon
Bennington of Dr. George Knox's laboratory of the
University of Canterbury in Christchurch visited the
Bodega Marine Laboratory to analyze a series of
specimens obtained on Snares Island of the New
Zealand subantarctic. All contained substantial
amounts of both DDT and PCB compounds. Simi-
larly, specimens obtained on Kerguelen during
Eltanin Cruise 47 by Jean-Louis Monod of the Sta-
tion Marine d'Endoume in Marseille contain PCB
(J.-L. Monod and R. W. Risebrough, unpublished
results). These results have provided additional evi-
dence of the global dispersal of organochlorine pol-
lutants by a combination of air and water transport.

Research has been supported by National Science
Foundation grants GA-14202 and GV-23898 to the
Institute of Marine Resources, University of Cali-
fornia.
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Tidal zone ecology
at Palmer Station

STEPHEN V. SHABICA
School of Oceanography
Oregon State University

The presence of ice in the antarctic marine en-
vironment has been studied extensively. Ice reduces
the intensity of light entering the water, causes large
seasonal variations in the salinity of the water, de-
nudes the near shore zone, and limits the vertical
migration of plants and animals. While studying
tidal zone ecology at Palmer Station in 1970 under
the direction of Dr. Joel W. Hedgpeth, the author
observed the effect of many of these phenomena on
the ecology of Arthur Harbor.

Anchor ice (bottom-forming ice) formed on June
2 and lifted on June 10, 1970, as observed during
scuba dives. Oceanographic and biological impli-
cations of anchor ice have been discussed by Dayton
et al. (1969). The limit of anchor ice formation in
Arthur Harbor was very sharp and occurred to a
depth of 2.85 meters below mean sea level (fig. 1), in

marked contrast to the 33 meters depth that Dayton
et al. (1969) found in McMurdo Sound. The an-
chor ice had a negligible effect on the biota; when
it lifted on June 10, its unconsolidated nature pre-
vented extensive tearing and lifting of plants and
animals.

Large icebergs entering Arthur Harbor often be-
come grounded. Generally they remain for several
days, but a stay of 2 to 3 weeks is not uncommon. A
grounded berg crushes and churns the substrate as it
oscillates owing to the effects of the tide, wind, and
waves. Fig. 2 shows a typical mud buttom after
the passage of a grounded berg. Note the large num-
ber of broken shells of the bivalve Laternula elliptica
and the algal fragments. The destruction of the sub-
strate and its fauna is extensive, and in most cases
few of the larger benthic invertebrates survive.

Observations made during almost 200 scuba dives
suggest that the movement of brash ice may be in-
directly related to the distribution of at least four
species of ctenophores in the surface waters (fig. 3).
No ctenophores were observed in Arthur Harbor be-
fore June 2. During dives below the brash ice on
this date, densities of 0.5 per cubic meter were ob-
served. (All densities are approximate and were
estimated from photographs.) No ctenophores were
observed in ice-free areas. On June 3, wind-blown
brash ice entered the harbor. Ctenophore densities
of 25 to 50 individuals per cubic meter of water were
found. The greatest densities occurred from the
water-ice interface to a depth of 1.5 meters. In an
area approximately 50 meters upwind from this
point, there was no brash ice and no ctenophores.

Densities were always lower beneath fast ice in
comparison to those under the brash ice, even when
the two adjoined. On June 16, the following densi-
ties were observed: 5 per cubic meter beneath fast
ice, and 70 per cubic meter beneath brash ice. The
sudden appearance of ctenophores in June remains
unexplained.

Figure 1. Anchor ice formation. Note	Figure 2. Mud bottom, 15 meters below	Figure 3. An individual of the most
limpets, Pahnigera polaris, and alga,	water's surface, after an iceberg had	abundant species of ctenophores observed

lridaea sp.	 grounded. Note shells and algal fragments.	 in Arthur Harbor.
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Studies of life between tidemarks initiated by Hedg-
peth (1969) and continued by Stout and Shabica
(1970) were intensified during the 1970 austral win-
ter by Shabica (1971). Six tide pools, 0.6 to 1.46
meters above zero tide level, were observed monthly
to better understand how plants and animals tolerate
the extreme environmental stresses in this transitional
zone between land and sea. During the coldest part
of the winter, thick layers of shore ice and snow (up
to 1.75 meters) were found to blanket the pools. The
tide pools were connected to the subtidal by ice tun-
nels originating at their seaward edges. These heavily
protected tunnels allowed sea water to circulate
freely in the pools at high tide. The lowest water
temperature recorded for a tide pool was - 1.97°C.
The ice covering thus prevents exposure of the tide
pools to air temperatures of as low as —25°C. and
prevents grinding and crushing by brash ice.

In the tide pools, major variations were seen in
winter in the algal population. A marked reduction in
the size and number of individuals per algal species
was noted; and no species of filamentous green algae,
noted by I-Iedgpeth (1969), were seen. Nonetheless,
fructification of one species, Iridaea, was observed
throughout the winter; this observation agrees with
the observations of Zaneveld (1968) that many algae
tolerate the stresses of the environment. The pro-
tection afforded the algae by the ice thus permits
their wintering over between tidemarks.

This work was supported by National Science
Foundation grant GA-18348.
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Benthic studies in the Antarctic
MICHAEL D. RICHARDSON

Department of Oceanography
Oregon State University

Palmer Station (Anvers Island). The soft-bottom
benthos at Palmer Station was sampled with a 0.07-

square-meter Van Veen grab, January and February
1971. Five replicate grabs were obtained at each of
12 stations in Arthur Harbor. Depths ranged from
4 to 75 meters. One station outside of Arthur Harbor
at depths between 400 and 700 meters also was
occupied.

All grab samples were sieved through a 0.5-milli-
meter screen, and the fraction remaining on the
screen was preserved in 10 percent formalin in sea-
water. Sediment samples were obtained for particle
size analysis.

The Van Veen grab collected quantitatively in the
silt-clay substrate. Densities of the epifaunal isopod
Serolis polita and the deep burrowing lamellibranch
Laternula elliptica obtained by scuba diving corres-
ponded well with densities calculated from grab
samples.

Black mud with a hydrogen sulfide odor was
noticed at several stations. It was due to decaying
algae broken from the rocky shore and collected in
depressions left from grounded icebergs. Partially de-
cayed algae covered with large numbers of amphipods
were brought up at one station.

Samples sorted to date indicate a high diversity
of species and higher taxa, and high faunal density
and biomass. All the samples will be sorted and
identified at Oregon State University.

Numerical community analysis will be applied to
the data. The variations of benthos between and
within stations will be studied. Community char-
acteristics (diversity, dominance, etc.) will be mea-
sured and compared to those for benthos in other
parts of the world.

Few quantitative studies of the soft-bottom ben-
thos of the Antarctic have been made. It is hoped
that the effect of a cold but stable environment on
the evolution of benthic community structure can
be determined and related to the time-stability hypo-
thesis of species diversity.

Deception Island (South Shetland Islands). On
January 18 and 19, 1971, a benthic survey was con-
ducted to determine the effects of the volcanic erup-
tions of December 1967, February 1969, and October
1970 on the benthic invertebrates of Deception Is-
land. I was interested in which areas were affected
by volcanic activity and if repopulation had begun.

Twenty 0.07-square-meter Van Veen grabs were
obtained from 10 stations in Port Foster. The sam-
ples were washed through a 0.5-millimeter screen,
and the fraction that remained was preserved in 10-
percent formalin in seawater. A 0.5-millimeter screen
was used because many of the organisms repopulat-
ing Port Foster since the October 1970 eruption
would pass through a larger screen.

The substrate of stations close to the site of the
1970 eruption consisted mostly of volcanic ash and
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cinders. The substrate of the remaining stations con-
sisted of brown to greyish-brown mud with small
amounts of ash and cinders.

The numbers of individuals at each station was
low except at one station at the mouth of Port Foster
and one station near the Argentine base. Station
4, near the Argentine base, had large numbers of
crustaceans, mollusks, polychaetes, and echinoderms.
Station 5, near the mouth of Port Foster, was char-
acterized by attached brachiopods and ascidians and
free-living echinoderms and polychaetes.

Small individuals of Capitella capitata, a ubiqui-
tous polychaete, were found at the remaining sta-

tions. Several larger individuals brooding eggs were
found.

The samples have been sorted, and identification
of species is near completion. Diversity and similarity
will be calculated to determine the extent of effect
of the recent volcanic eruption on community struc-
ture.

Photographs taken by Stephen Shabica (Oregon
State University) and the author with the aid of
scuba will be analyzed to determine the effect of
volcanic activity on larger epibenthic organisms.

This work was supported by National Science
Foundation grant GA-18348.

Two species of antarctic rotifers
CHARLES W. THOMAS

Nathaniel Hawthorne College

During construction of Wilkes Station, Antarctica
(66 0 06' 5., 1100 37' E.) the author, then task force
chief of staff, collected water samples from 12 melt-
water pools. This report concerns rotifers that oc-
curred in two of these pools. Both of them were on
Clark Peninsula at an elevation of about 3 meters
above sea level. The salinity was approximately 5
parts per thousand and the depth of the pools about
45 centimeters. The onus of work (figuring and
mounting) involving rotifiers in this collection was
done by the late Dr. C. R. Russell of Canterbury
University, Christchurch, N.Z., who has worked ex-
tensively with rotifers (Russell, 1959). The descrip-
tions are his.

Ploimate rotifer
Brachionus quadridentatus Hermann (figs. 1 and

2)
Diagnosis
Dimensions

Total length of animal over
spines	 270-3 10 microns

Maximum width of body	200-210 microns
Occipital spines

Median	 80-120 microns
Lateral	 20- 30 microns
Intermediate	 3- 6 microns

Posterior spines	 60- 65 microns
Ornamental and other markings. Pustulation is

not pronounced and is mostly on anterior margin of
plates. In many cases there is a longitudinal folding
of dorsal plates as shown in fig. 1, extending as a
"box-like" marking, commencing with the anterior
median spines to about half body-length.

Figure 1 (left). Brachionus quad-
ridentatus. Ventral view.

Figure 2 (below). Brachionus quad-
ridentatus. Ventral view of pos-

terior of cyclomorphic variation.

Figure 3 (right). Brachionus calyci-
florus. Ventral view.
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Variation. Brachionus calyciflorus Pallas (fig. 3)
is a species much subject to cyclomorphic variation,
but none of the specimens in this collection showed
such variation; they differed little from each other.
The only difference from temperate-water specimens
is that the valley between the median and lateral
spines is greater and of slightly flattened form.

Ecology of the Brachionids. In general, both of the
foregoing species are found in temperate waters. This
collection was taken from water temperatures of 2°
and 3°C. But the same species are common in small
ponds in New Zealand where temperatures reach a
minimum of 10°C. As far as Dr. Russell could de-
termine, these were the first specimens of Brachionus
ever taken in polar waters.

Other rotifiers. The author used alcohol to kill
and preserve the animals. This was a mistake. Dr.
Russell (communication) pointed out that neo-
synephrine is the only effective method of killing
bdelloidal rotifiers. Formalin should have been used
as a preservative. As a result of maipreservation,
two specimens could not be identified. The evidence
shows that one of these was likely a sessile species
since it is associated with the remains of what appears
to be a peduncle. The second specimen is believed,
from the spurs and toes, to have been a species of
Habrotrocha.

Other biota. Other animals found in the collec-
tion were:

Amoeba terricola Greeff
St ylonychi a sp.
Macrobiotus sp.
Cyclopid copepods
The collection contained copious populations of

plants:
chlorophyceae
chrysophyceae
cyanophyceae

These were presented in detail by Thomas (1965).
He concluded that the basic stock of biota in antarctic
pools was transported by the Skua Cat haracta antarc-
tica (C. skua lonnbergi). Their preservation while
frozen into solid ice most of the year is explained by
experiments of Plateau (1872).

References

Thomas, C. W. 1965. On populations in Antarctic melt-
water pools, Pacific Science, 19(4) : 515-521.

Plateau, G. 1872. Résistance a l'asphyxie par submersion,
action du froid, action de la chaleur temperature maximum.
Academie Royale Belgique. Bulletin, 34: 274-321.

Russell, C. R. 1959. Rotifera. B. A. N. Z. Antarctic Research
Expedition 1929-31. Reports, Series B, 8 (3): 83-87.

Bacterial species in soil and air
of the Antarctic Continent
R. E. CAMERON and F. A. MORELLI
Bioscience and Planetology Section

Jet Propulsion Laboratory
California Institute of Technology

R. M. JOHNSON
Department of Botany and Microbiology

Arizona State University

During antarctic austral summers 1966-1972, ap-
proximately 425 soil samples have been collected
from 160 separate sites (i.e., soil profiles), in 45 gen-
eral areas (valleys, mountain ranges, islands, beaches,
etc.). Aerial samples have been collected at or near
the same sites, which included a variety of habitats.
More than 400 isolants have been identified. A pre-
liminary list of identified microbial isolants has been
given previously (Cameron, 1971), including a brief
report on the occurrence and distribution of bac-
teria in the Antarctic in comparison with those found
in the Arctic and in deserts at lower latitudes (John-
son and Holaday, 1970).

Increased emphasis has been given to monitoring
aerial bacteria in the Antarctic, especially in regard
to field party activities (Morelli et al. 1972), an
aerobiological model (Cameron, in press), and the
increased concern for conservation (Parker, 1972).
As a Martian analogy, understanding of antarctic
microbial ecology is of continuing interest as it ap-
plies to the Mars quarantine problem, selection of
Martian landing sites for biological purposes, com-
parison with a possible Martian microbial ecology,
and as a test model for the biological exploration of
Mars (Horowitz, Cameron, and Hubbard, 1972).

Based on standard methods for characterization of
bacteria (Breed et al., 1957), a detailed table (not
included here) was prepared showing the identity of
bacteria isolated from sites within a given geographi-
cal area, e.g., McKelvey Valley. A summary list of
all the bacterial species identified to date is given in
table 1, which also includes information on the com-
mon habitat of each species (Breed et al., 1957).
Table 2 summarizes the bacterial genera, showing
frequency of identified isolants and their general
geographical location.

This paper presents the results of one phase of research
carried out under National Aeronautics and Space Adminis-
tration contract NAS 7-100. Logistic support and facilities
for the investigations in Antarctica and additional laboratory
support at the Jet Propulsion Laboratory were provided under
National Science Foundation contract NSF-0585 for the study
of antarctic microbial ecology. D. R. Gensel performed the
isolation of most of the bacteria for test purposes.
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As indicated in our results, Corynebacterium spp.
were most frequently isolated from soil of the coastal
region of McMurdo Sound. C. sepedonicurn repre-
sented approximately 85 percent of the isolants of
the genus. An increasing variety of isolants has been
found in active personnel areas or heavily organically
contaminated areas, such as McMurdo Station , Cape
Royds, and Romanes Beach. In the dry valleys the
coryneforrns also were the most abundant. C. bovis
represented almost 40 percent of the isolants, and
C. sepedonicum represented only 25 percent of the
isolants. Air samples were collected primarily in the
1971-1972 austral summer from Taylor, Wright, and
Victoria Valleys. Bacillus spp. were most frequently
isolated: B. coagulans, 30 percent; B. subtilis, 25
percent; and B. cereus, 20 percent. These percent-
ages contrast significantly with the frequency of soil
isolants (table 2). Soil and air samples from the
interior were taken between 560 and 250 km from
the South Pole. The most abundantly recovered soil
microorganisms were Arthrobacter spp., but air sam-
ple isolants were primarily Bacillus spp. For Decep-
tion Island, Arthrobacter spp. were the most fre-
quently isolated soil and air forms.

Of the most prevalent antarctic soil bacteria as
shown by our studies, only the Arthrobacter genus
contains predominantly soil forms. Micrococcus and
Bacillus spp. were as frequently isolated as Brevi-
bacterium spp. Of the Bacillus spp., a significant
number were recovered from the air, showing that
they are a prominent bacterial component of the
aerial plankton and that they do survive, at least for
a time, in antarctic air. Significantly, many of the
Bacillus spp. had optimum growth temperatures of
37 0 to 45 0 C., and, as indicated in table 2, a number
of them could originate from contaminating sources.
A similar statement could be made about Micro-
coccus spp., which are from such sources as skin sur-
faces, milk, and dairy utensils. The presence of cer-
tain aerial micrococci would indicate the presence
of personnel; more studies are needed to show the
correlations of numbers and activities of personnel
with numbers and kinds of bacterial isolants. Diph-
theroids may not be named from the soil habitat, but
they can include contaminants, such as Art hro bacter
cit reus, isolated from chicken feces. Corynebac-
terium bovis and C. sepedonicum also can probably
represent contaminating species in the Antarctic.
Bacteria originating from pollution foci are undoubt-
edly borne to other locations by personnel, their ve-
hicles, equipment and supplies, wind currents, me-
teoric precipitation, and bird carriers.

A possibility of microbial support for Gondwana-
land, along with the accumulated geological and
paleontological evidence, is the presence of such
soil isolants from the antarctic interior as Arthro-

bacter tumescens and A. simplex. These isolants
were first reported as cultured from Australian soils,
(Breed et al., 1957). Additional microbial studies on
borders of nearby continents could gain further evi-
dence for Gondwanaland.

The results here, while not complete, indicate the

Table 1. Bacterial species isolated from soil and air of
the Antarctic Continent and their habitat in nonantarctic

-	environments.

Antarctic species	Nonantarctic habitats

Achromobacterium parvulus	soil
Achromobacterium stenohalis sea water
Art hrobacter citreus	soil—chicken feces
Arthrobacter globiformis	soil—widely distributed
Arthrobacter oxydans	soil
Arthrobacter pascens	soil
Art hrobacter simplex	Australian soil
Arthrobacter tumescens	Australian soil
Arthrobacter urea faciens	soil
Bacillus alvei	 widely distributed; in soil and

beehives
*Bacillus cereus	 soil, dust, and milk
*Bacillus coagulans	spoiled food, cream, cheese,

and silage
*Bacillus brevis	 soil, dust, milk, air, cheese;

widely distributed
Bacillus lentus	 soil
Bacillus firnzis	 soil and decomposed

materials
Bacillus pumilis	 soil, dust and cheese
Bacillus sphaericus	widely distributed in nature
Bacillus subtilis	 soil—air

*Bacillus megaterium	soil, water, dust and
decomposing materials

Brevibacterium ammogenes	putrefying materials
Brevibacterium fulvum	water
Brevibacterium imperiale	unknown habitat
Brevibacteriurn incertum	unknown habitat
Brevibacteriurn sulfureum	air

*Brevibacterium tegument 'Cola unknown habitat
Corynebacterium bovis	dairy products—fresh drawn

milk
Corynebacterium equi	infections of horses, swine,

cattle and buffaloes
Corynebacterium hoagii	unknown habitat
Corynebacterium	 isolated from witches broom

hypertrophicans
Corynebacterium	 normal throat flora

pseudodiphtheriticum
Corynebacterium rathayl	pathogenic on Dactylis

glomeratus
Corynebacterium sepedonicum rot-ring of potatoe tubers—

Germany
Corynebacterium striatum	mucus membranes, skin

glands of mammals
including man

Corynebacterium xerosis	skin and body parts
*cytophaga hutchinsonii	soil
*Flavobacterium arborescens	water
Flavobacterium fucatum	skin of sea fish
Flavobacterium solare	fresh and salt water
Micrococcus candidus	skin gland secretions, dairy

products and utensils

*organisms found in air samples but not in soil samples.
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need to protect the Antarctic as much as possible
from contamination. Antarctic pristinity, at least in
terms of bacterial flora, is certainly suspect in some
areas, especially where people have been present.
Aerial, soil, and aquatic microorganisms should be
monitored, perhaps by automated, remote, biological
and ecological monitoring stations tied to the global

Table 1 (concluded).

Antarctic species	 Nonantarctic habitats

Micrococcus caseolyticus	milk, dairy utensils,
especially cheese

*Micrococcus conglomeratus	infections, dairy products,
water

Micrococcus flavus	 skin glands, secretions, dairy
products

.Micrococcus freudenreichii	milk, dairy utensils,
Micrococus luteus	 milk, dairy utensils and dust

particles
*Mirococcus roseus	 widespread—dust
Micrococcus rubens	 natural and artificial brines
Mycococcus luteus	 isolates from soil (infre-

quently found in soil)
Mycococcus ruber	 isolated from soil—Yershovo

Station, Russia (infre-
quently found in soil)

Nocardia albicans	 soil
*pseudomonas fragi	 soil and water—widely

distributed in nature

*organisms found in air samples but not in soil samples.

Table 2. Summary of numbers of bacterial genera isolated
from soil and air of the Antarctic Continent.

General Location of Collected Isolants
Bacteria genera	Coast of

McMurdo	Dry
Sound'	valleys2	Interior' Peninsula4

	

Soil Air Soil	Air Soil Air Soil	Air
Achro,nobacter	2	4	2
Art hro bacter	 8	2 42	2	4	1 10	2
Bacillus	 2	1 12 17	1	5
Brevibacterium	1	15	2	1
Corynebacterium	13	2 52	5	 3	1
Cytophaga	 1
Flavobacterium	3	1	 1
Micrococcus	 5	1 15	7	1	3	2	1
Mycococcus	 1	1	1
Nocardia	 2	6
Pseudomonas	 1
Streptornyces	 3	7	2	1

McMurdo Station, Cape Royds, Romanes Beach, Marble
Point, Brown Peninsula.

2 Arena Valley, Beacon Valley, Turnabout Valley, "No
Name Valley" (unofficial), Taylor Valley, Pearse Valley,
Asgard Range (Conrow Valley, David Valley, King Valley,
Matterhorn Valley), Wright Valley, Bull Pass, McKelvey,
Valley, Balham Valley, Barwick Valley, Olympus Range,
Victoria Valley, and Wheeler Valley.

3 "Berg Moraine" (unofficial), Coalsack Bluff (west),
Mount Astor, Moraine Canyon, La Gorce Mountains, and
Mount Howe.

Deception Island.

monitoring system. Baseline soils and other materials,
properly stored, provide a valuable background for
this study (Cameron and Conrow, 1968). These ma-
terials also are invaluable in establishing reserve
materials for later comparison with any possible
microorganisms found in an extraterrestrial environ-
ment such as Mars. If microbial life forms are found
on Mars, it may be extremely important to be able
to differentiate between indigenous life forms and
possible contaminating life forms that may have sur-
vived the spaceborne trip to Mars.
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Paleoclimatology of the southern ocean
LAWRENCE A. FRAKES

Department of Geology
Florida State University

For the past year, research in the Antarctic Marine
Geology Research Facility, Florida State University,
has been aimed primarily toward understanding
oceanographic and atmospheric influences on past
climates. The materials have been bottom sediments
cored and dredged by USNS Eltanin, a National
Science Foundation research ship. The methods have
been varied, including work with radiolarians, di-
atoms, coccoliths, foraminifera, and spores and pollen
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on the biological side, and geochemical and granulo-
metric techniques on the physical side. The effort is
to deduce physical and chemical conditions in the
ancient water column and on the seafloor, and their
effects on life, and then to relate these especially to
oceanic circulation systems of the past.

A model for near-shore sedimentation in the polar
regime has been developed by Anderson (in press)
using such an approach, and another is being pre-
pared to relate the midocean situation to the near-
shore model. The general case for migration of
oceanic facies due to climate change can be treated
by use of the techniques of Frakes and Kemp (1972).
This combination of models is necessary because of
the obviously different conditions in the two environ-
ments.

From material taken during recent cruises, it ap-
pears that in the Eocene the narrow seaway between
Antarctica and Australia (Weissel and Hayes, 1972)
was very warm, and also that vegetation was wide-
spread in Antarctica (Kemp, in press), two facts
in conflict with the notion of extensive ice in Antarc-
tica at that time. Geitzenauer et al. (1968) con-
cluded from ice rafted debris in a South Pacific
core that glaciation was under way in the Eocene
(see also Le Masurier, 1970; Margolis and Ken-
nett, 1971). On the other hand, oxygen isotope
paleotemperatures from southern Australia and New
Zealand (Dorman, 1966; Devereaux, .1967) indicate
a warm southern ocean that cooled markedly in the
early Oligocene.

To date the earliest glaciation in Antarctica is
extremely difficult, first because the record is so in-
complete on the continent and so controversial in the
deep ocean, and second because glaciation must have
varied in intensity depending on local and regional
geography. The second point assures us that the
answer to this very important question lies in de-
tailed study of near-shore marine sediments around
the continent.

This work was supported by National Science
Foundation grant GV-2 7549.
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Recycled palynomorphs
in continental shelf sediments

from Antarctica
ELIZABETH M. KEMP

Department of Geology
Florida State University

Analyses have shown that bottom sediments from
the continental shelf around Antartica frequently
contain abundant recycled spores, pollen, and dino-
flagellates. This palynological material is assumed to
derive from the erosion of older strata on, or close
to, the Antarctic Continent and from the abrasive
action of glaciers, and to have been transported sea-
ward by ice-rafting mechanisms. Some redistribution
by bottom currents may have occurred, but it seems
likely that the predominant direction of movement
of this material by all mechanisms has been north-
ward, away from the land mass.

The assemblages are of mixed age and provenance,
but can still provide useful data concerning the
paleontology and paleoclimatology of Antarctica.
Their usefulness lies in providing checklists of species
frequently in excess of those known from in situ
localities; in suggesting the presence of sedimentary
strata of certain ages in ice-covered areas; and in
providing a clue to the nature of the vegetation—
and hence to the climatic regimes—that existed dur-
ing particular time intervals.

To date, samples from three widely separated
localities have been examined in detail. From the
Ross Sea, Wilson (1968) reported Permian , Triassic,
and Early Tertiary spores and pollen and Early
Tertiary dinoflagellates. In the Florida State Uni-
versity Antarctic Marine Geology Research Facility,
studies have been initiated on some 50 samples from
widely spaced localities in the Ross Sea and environs.
The aim is to discern distribution patterns of recycled
palynomorphs and to correlate these with sediment
distribution patterns (Chriss and Frakes, in press),
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and so pinpoint more closely possible sources for the
reworked material.

From the Weddell Sea, nine samples have been
examined palyno logically. The microfossils recovered
fall into three age groups—Permian, Early Cre-
taceous, and Late Cretaceous-Early Tertiary. The
Permian forms are chiefly bisaccate striatitid types,
but include specimens of Duihuntyispora. The latter
is an important guide sporomorph for Upper Permian
strata in Australia, but has hitherto been unrecorded
outside that continent. The record of Early Cre-
taceous spores is the first for Antarctica. Species
characteristic of this group include Pilosisporites
notensis, Crybelosporites striatus, Trilobosporites pur-
verulentus, Cyatheaecidites tectif era, and Aequitrira-
dites cf. spinulosus. The overlapping stratigraphic
ranges of these species, which occur in Australia
(Dettmann, 1963) and Argentina (Archangeisky and
Gamerro, 1965), among other localities, suggest
derivation from strata of approximately Aptian-
Albian age. A source near the northern end of the
Antarctic Peninsula is possible (Halpern, 1965).
The Late Cretaceous-Early Tertiary assemblage con-
tains spores, pollen, and microplankton and resembles
that broadly discussed by Cranwell (1969) from Sey-
mour and Snow Hill Islands.

The third locality from which remanié palyno-
morphs have been recovered is that near Prydz Bay,
East Antarctica, slightly west of the West Ice Shelf
(Kemp, in press a). Here, Permian forms, probably
deriving from Amery Group strata (Balme and Play-
ford, 1967; Kemp, in press b) are present but are un-
expectedly rare. Early Cretaceous forms (all non-
marine) occur, but the most abundantly represented
group includes pollens that are zonal indices for the
Paleocene to Middle Eocene in Australia and New
Zealand (Harris, 1971; Couper, 1960). Dinoflagel-
lates are common, and all of those identified are
known from Eocene strata (Wilson, 1967; Archangel-
sky, 1968, 1969).

The presence of Eocene pollens in East Antarctica,
including a high frequency of proteaceous types, sug-
gests plant cover of at least temperate aspect in the
vicinity during that period. These data, combined
with those previously obtained from West Antartica,
indicate that forest cover was widespread, at least in
coastal regions, during the Eocene, a condition that
seems incompatible with extensive ice-sheet develop-
ment. It is also of interest to note that, in the palyno-
logical record of Antarctica, there are as yet no
identifications of forms that elsewhere make a first
appearance in post-Eocene times. It is, however,
premature to interpret this absence as being due to
climatic conditions too severe for forest growth as
far back as the Oligocene.
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Plate tectonics, paleomagnetism,
tropical climate,

and Upper Eocene silicoflagellates
YORK T. MANDRA

Department of Geology
California State University, San Francisco

and California Academy of Sciences

A. L. BRIGGER
California Academy of Sciences

Fossils that can be used to indicate paleotempera-
tures can make contributions to plate tectonics and
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paleomagnetics by supporting or questioning the
positions of proposed paleolatitudes.

This article is a brief report of the application of
the silicoflagellate ratio method to determine paleo-
temperatures (Mandra, 1958, 1959, 1969; Mandra
and Mandra, 1969, 1971) as it relates to one set of
proposed paleolatitudes in a large picture of plate
tectonics and paleomagnetism as suggested by Phil-
lips and Forsyth (1972).

It was our original intent in this study to present
data based upon Upper Eocene silicofiagellates sup-
porting their paleolatitude positions. However, be-
cause of the geographic distribution of our fossils, it
soon became apparent that our current data based
upon Upper Eocene silicofiagellate assemblages
would neither strongly confirm nor question their
paleolatitudes.

Ideally, to test the validity of proposed paleolati-
tude positions, fossil evidence of the specified geo-
logical time unit should come from at least three
different localities for each paleolatitude to be
tested: (1) along the specified paleolatitude, (2)
between the specified paleolatitude and the specified
paleoequator, and (3) between the specified paleo-
latitude and the specified paleopole (north or south).
Furthermore, for each of these three localities the
paleotemperature data based upon fossils should be
consistent with their relative positions, their paleo-

latitudes, and the specified paleogeography. For
example, for a given geological time unit, a fossil
assemblage sufficiently between a nontropical locality
and the paleoequator should be a warmer fauna
than the nontropical fauna. Similarly for a given
geological time unit, a fossil assemblage sufficiently
between a nonarctic locality and the paleopole (north
or south) should be a cooler fauna than the non-
arctic fauna. In this study all four Upper Eocene
silicoflagel late faunas are essentially at only two
paleolatitudes: one in the Northern Hemisphere and
one in the Southern Hemisphere. We say "essen-
tially" because our three Southern Hemisphere sam-
ples, while at different latitudes, are not sufficiently
separated by latitude to yield a difference in paleo-
temperatures.

Since our current data from the study of Upper
Eocene silicofiagellates cannot clearly support or
question the Upper Eocene paleolatitudes as pro-
posed by Phillips and Forsyth (1972), we have as-
sumed that their paleolatitude positions are correct.
To their positions we have added paleotemperature
data determined by the study of Upper Eocene
silicoflagellates from our four localities, in an attempt
to obtain a tentative estimate in regard to the
broader aspects of the Upper Eocene climate.

The silicoflagellates used in this report are from
four Upper Eocene localities:

Figure 1. Early in the Tertiary.	 Figure 2. Near top of the Upper Eocene.

Reconstruction of the positions of paleolatitudes and continents around the Atlantic Ocean by Phillips and Forsyth based on pal-
eomagnetic and plate tectonics data. The figures show that the paleolotitude positions have not moved great distances during the
Upper Eocene. For example, note the positions of 6005. latitude in South America. Figures are redrawn from Phillips and Forsyth

(1972), p. 1584, figs. 1 E and 1 F. Silicofiagellates were collected at localities marked +.
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1. A South Atlantic deep-sea core at approxi-
mately 51° S. 48° W.

2. Another South Atlantic deep-sea core at ap-
proximately 51° S. 48° W.

3. Outcrops of the Sidney Flat shale and Kellog
shale in the Mount Diablo area of central California
at approximately 37° N. 121° W.

4. Numerous outcrops of the Oamaru diatomite,
South Island, New Zealand, at 45° S. 171° E.

We have reported on the silicoflagellates from
each of these localities in prior papers. Three of the
localities are shown in figs. 1 and 2. The New Zea-
land locality cannot be shown on these figures.

All four Upper Eocene localities, on the basis
of the silicoflagel late Dictyocha/Distephanus ratio
method, clearly indicate tropical climate. Since three
of the tropical localities are approximately on the
60° latitude position of Phillips and Forsyth (1972),
it follows that during the Upper Eocene the Southern
Hemisphere tropical zone probably extended to at
least the 60° S. latitude and was bounded on the
north by its paleoequator. Specifically, figs. 1 and
2 indicate that during the Upper Eocene all of South
America and Africa were tropical. Similarly in the
Northern Hemisphere during the Upper Eocene at
least most of the west coast of the United States, all
of the east coast of North America, and most of
Europe were tropical.

We offer no explanation for this apparent wide-
spread tropical zone during the Upper Eocene—if in
fact it was so widespread. Further studies are needed
to test and correct this tentative conclusion of wide-
spread tropics during the Upper Eocene.

The figures were made by Mr. David Crouch. This
study was supported in part by National Science
Foundation grant GV-25572 and the California
Academy of Sciences.
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Biostratigraphic and paleomagnetic
studies of Eltanin samples, 1971-1972

ORVILLE L. BANDY

Department of Geological Sciences
University of Southern California

Duplicate core samples and sample splits under
study include mostly those from Eltanin Cruises 39,
45, and 47 (map, p. 194). Biostratigraphic and paleo-
magnetic studies are under way on these cores. There
are indications of an extensive area of exposed
Pliocene-Pleistocene sediments along the profile of
Cruise 45 along the flanks of the Southeast Indian
Rise as well as in the area covered by Cruise 39.

In terms of new discoveries in planktonic bio-
stratigraphy, polar front planktonic indices include
the important form Globigerina bulloides concinna
Reuss together with the appearance of the antarctic
variant of Globorotalia pachyderma (Ehrenberg) ; in
addition, these antarctic indices define cold cycles of
the Pleistocene in the northern Pacific. The origin
and development of G. pachyderma as an index in
paleoceanography has been documented (Bandy,
1972). Globorotalia truncatulinoides has been found
to appear within the Gauss Magnetic Epoch in high
latitudes in contrast to its appearance near the base
of the Gilsa event in midlatitudes (Theyer, 1972).

A history of foraminiferal research was completed
for the Indian Ocean, including the southernmost
sector (Bandy, Lindenberg, and Vincent, 1972).

In work under way (Bandy, Casey, and Theyer),
planktonic foraminiferal and radiolarian lineages of
the Gilbert and lower Gauss include many of those
of significance in upper Miocene studies. Globoro-
talia miozea miozea has an extinction level near Gil-
bert (b) whereas G. miozea conoidea disappears in
the Gauss in high latitudes; the upper limit of the
latter is within the upper Gilbert in more tropical
areas marking a cool cycle there. The base of the
radiolarian Spongaster pentas Zone appears to be
between Gilbert (c) and Gilbert (a).

This is Contribution No. 295, Department of Geo-
logical Sciences, University of Southern California.
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Locations of cores, grabs,
and trawls—Eltanin
Cruises 39, 45, and
47—under study at the
University of Southern

California.

Variations in Globigerina bulloides
d'Orbigny as indices of water masses

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

Assemblages of Globigerina bulloides in Eltanin
cores and samples from the southern oceans show
three variations of normalforms (fig. 1): (1) those*
with four chambers in the final whorl and with a
small aperture similar to G. bulloides praebulloides
Blow, (2) typical forms with four chambers in the
final whorl and with a larger aperture defined as
G. bulloides bulloides d'Orbigny, and (3) those with
four and one-half to five chambers in the final whorl
and with a larger aperture referred to G. bulloides
concinna Reuss. Kummerforms may occur in any
of the three subspecies; those with four chambers in
the final whorl are described as G. quadrilatera Gal-
loway and Wissler. Tropical to temperate species
often confused with the G. bulloides group are G.
falconensis Blow (distinguished by its apertural lip)
and G. calida Parker (distinguished by a radial
elongation of chambers and the umbilical-extraum-
bilical nature of the aperture in adults).

Even though only the tops of trigger cores were
studied for Recent planktonic faunas, many of those
from Drake Passage, from south of Australia, and
from the southeastern Indian Ocean (Eltanin Cruise
45) show evidence of Pleistocene or older assemblages

occurring essentially in surface sediments of the sea
floor. Much of the disparity between planktonic
zones based upon bottom samples and those de-
termined by plankton tows results from this problem.
Of equal significance in explaining this disparity is
the northward movement of antarctic surface water
as subantarctic intermediate water to the north of
the Polar Front. Boltovskoy (1969) reported living
populations of Globorotalia pachyderma and Globi-
gerina bulloides to depths greater than 1000 meters.
Thus, cold water planktonic indices are displaced in
this way to the north of water masses they occupy
at the surface.

Tropical zone. Although G. bulloides occurs rarely
in tropical areas (fig. 2, top row), specimens are
small, ranging from about 0.20 to 0.30 millimeters
and characterized by a restricted aperture. Typical
forms of G. bulloides in the southern oceans (fig. 2,
all but top row) are more variable and have maxi-
mum diameters of 0.40 to 0.77 millimeters as repre-
sented in bottom sediments.

Temperate or transitional zone. Although there is
a disparity between latitudinal zonation of planktonic
faunas in bottom sediments as compared with that
based upon plankton tows, the tows by Be (1969)
and Boltovskoy (1969) in the southern ocean pro-
vide some of the critical associations of significance
in understanding the relationships between variations
of C. bulloides and water masses. Variations of G.
bulloides with but four chambers in the final whorl,
both kummerforms and normalforms, occur in the
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Figure 1. Forms of Globigerina bulloides d'Orbigny. Upper left:
G. praebulloides occlusa with restricted aperature, test diameter
0.43 mm (Eltanin 45-13, 32° 42' S., 101° 00' E., 4874 m).
Typical G. bulloides: Upper right: diameter 0.53 mm, lower left
0.77 mm (Eltanin—USC-58° 00' S., 700 57' W., 4005 m).
G. bulloides concinna Reuss, lower right, with five chambers in
final whorl, diameter 0.83 mm (Eltanin 45-76, 46 0 36.2' S.,

114° 24.5' E., 3822 m).

Figure 2. Globigerina bulloides, 1, 2, 3: tropical forms from
plankton tow, 00° 03.6' S., 149° 52.6' W. (dia. of 1, 0.30 mm;
of 2, 0.20 mm; of 3, 0.25 mm). G. bulloides praebulloides-like,
4, 5: Eltanin 45-13, 32° 42' S., 1010 00' E., 4874 m. (dia. of
4, 0.43 mm; of 5, 0.50 mm). G. bulloides bulloides, 6, 9, 10,
13: Eltanin (USC) 312, 58° 00' S., 70° 57' W., 4005 m (dia. of
6, 0.77 mm; of 9, 0.53 mm; of 10, 0.57 mm; and of 13, 0.53
mm). G. bulloides concinna, 7, 8, 11, 12: Eltanin 45-76, 46°
36.2' 5., 114 24.5' E., 3822 m. (dia. of 7, 0.67 mm; of 8,
0.68 mm; of 12, 0.83 mm). Eltanin (USC) 312 (dia. of 11,

0.67 mm).

temperate zone in association with dextral assem-
blages of Globorotalia pachyderma (Ehrenberg) and
Neogloboquadrina dutertrei dutertrei (d'Orbigny)
with umbilical teeth. This association occurs well
north of the Polar Front.

In the southern part of the temperate zone, G.
bulloides concinna appears together with assemblages
of G. pachyderma containing progressively greater
percentages of sinistral forms southward. In this as-
semblage are specimens of Neogloboquadrina duter-
trei subcretacea (Lomnicki) that lack umbilical
teeth. This association occurs just north of the Polar
Front, or to the north of the antarctic convergence.

Polar Front and antarctic zone. All variations of
G. bulloides occur in the zone of the Polar Front;
somewhat higher percentages (greater than 40 per-
cent) of kummerforms occur here than to the north
(about 30 percent). The species declines and dis-
appears in antarctic samples to the south. Important
associations with the Polar Front assemblages are:
(1) dominantly sinistral assemblages of Globorotalia
pachyderma, and (2) the appearance of the heavily
encrusted form of C. pachyderma, which is typical
of the Antarctic (Bandy and Theyer, 1971, fig. 1,
11-12), a form that attains a diameter greater than
0.30 millimeter in contrast to the slightly smaller
forms (0.23 millimeter) of this species. It is note-
worthy that the antarctic form of G. pachyderma
was carried into the northern Pacific with antarctic
water during colder cycles of the Pleistocene.

Support for this study was provided by the Na-
tional Science Foundation under grant GV-25 749.
Tropical specimens of C. bulloides were supplied by
G. Vilks. This is Contribution No. 294, Department
of Geological Sciences, University of Southern Cali-
fornia.
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Paleomagnetism and planktonic
zonation of Late Neogene

subantarctic cores
FRITZ THEYER

Department of Geological Sciences
University of Southern California

A detailed paleomagnetic and biostratigraphic
study of 18 predominantly Gilbert-Gauss (2.4 to 5.0
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million years ago) aged deep-sea cores, collected
during Eltanin Cruise 39 in the Australian-New Zea-
land antarctic sector (see map, page 194), has been
completed (Theyer, 1972).

The results indicate that, unless cores of ideal
polarity logs are selected, interpretation of mag-
netic stratigraphies without comprehensive micro-
fossil control is very difficult. Hiatuses, mixings, and
short-lived polarity events, which do not correlate
with the established magnetic scale, complicate most
polarity logs.

Radiolarian indices permitted revision of the
existing antarctic radiolarian zonation (fig.) on the
basis of evolutionary datum planes that transcend
the present latitudes. Most proposed zonal boun-
daries correlate with similar zonal limits of tropical
and North Pacific zonations (fig.).

Planktonic foraminiferal indices allowed four evo-
lutionary zones to be proposed within the period
from the present to about 5 million years ago (fig.).
Eltanin core 39-76 (Bandy, 1972) contained suf-
ficient warm faunal elements to recognize tropical
Neogene Zone 19 within it and to correlate this zone
with middle to late Gauss (fig.). Species that the
cores share with New Zealand Neogene stages cor-
relate uppermost Tongapurutuan-lowermost Kapi-
tean (New Zealand upper Miocene) with paleomag-
netic ages up to early Gilbert, the Kapitean Stage with
mostly Gilbert-early Gauss, and the Opoitian Stage
(Pliocene) with mostly Gauss (fig.).

The material reflects the transitional faunal char-
acter of the Gauss Magnetic Epoch; several radio-
larians, foraminifers, and diatoms of Miocene af-

finities become extinct and Pliocene-Holocene line-
ages appear. This Gauss transition can be recognized
in all latitudes.

Two minor and three major cold cycles occurred,
respectively, during the upper half of the Gauss and
remaining Gauss-Gilbert. These coolings are equiva-
lent to northward displacements of modern surface
isotherms of the area under study by at least 10 de-
grees of latitude. The warmer interstadials represent
conditions comparable to those at the same latitudes
today, except for a considerably warmer period that
terminated just above Gilbert "c" and began below
the Epoch 5-Gilbert boundary, generally placed at
5.0 million years ago.

Average sedimentation rates were 0.5 centimeter
per 1,000 years during the Gauss Epoch and 0.6
centimeter per 1,000 years during the Gilbert Epoch,
which compare well with earlier data (Conolly and
Payne, 1972) for the Brunhes Epoch (0 to 0.69 mil-
lion years ago). The area is affected by an extensive
latest Gauss-latest Brunhes erosional disconformity
that can be demonstrated to extend considerably be-
yond previously defined boundaries (Watkins and
Kennett, 1972), especially west, along the South-
east Indian Rise.

Support was provided by the National Science
Foundation under grant GV-25749. A. Cox made
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Proposed radiolarian and
planktonic forminiferal zones
and correlation with previous
work. References: 1—Antarc-
tic: Hays and Opdyke, 1967;
Bandy et al., 1971.  2—North
Pacific: Hays, 1970. 3—
Tropics: Riedel and Sanfihippo,
1970. 4—Antarctic-suban-
tarctic Pacific: Kennett, 1970.
5—New Zealand: Jenkins,
1971. 6—Tropics: Blow,
1969. Correlation of 3, 5,
and 6 is with the magnetic
scale inferred here: 4 is in-
directly correlated with the
scale by Kennett, and 1 and

2 are direct correlations.
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possible the paleomagnetic work at Stanford Univer-
sity, and C. H. Denham assisted during that part of
the study. This is contribution No. 300 of the
Department of Geological Sciences, University of
Southern California.
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Knowledge of patterns of distribution of morphologi-
cally similar populations of this relatively abundant
species may be useful in furthering understanding of
the process of speciation among other, rarer abyssal
species.

To determine if morphology of K. producta
changes with depth in relatively shallow water, a
suite of 26 samples was collected during Hero cruise
69-5. These samples were at 25-meter increments of
depth from 25 to 250 meters depth with multiple
samples taken at some stations.

Empty valves of K. producta were found at all
depths along the traverse except at 100 meters. Coin-
ciding with this discontinuity in distribution was a
marked discontinuity in size of the specimens. With
few exceptions, specimens from a depth of 75 meters
and above were small and had heavy valves. At
depths of 125 meters and below, specimens tended
to be large, with thinner valves relative to their size.
The variation in size was not simply a trend toward
larger size but a markedly discontinuous distribution
suggesting two separate populations that are at least
partially geographically isolated from each other.
Neither sediment size nor water temperature showed
a similar trend that might have accounted for the
variation in size of the ostracodes, but other environ -
mental parameters were not studied.

The figure shows outline drawings of presumed
male and female representatives of the two popula-
tions. Except for size, the organisms depicted are
closely similar in all respects, including placement of
the normal pore canals. It is highly unlikely that
the differences observed merit separating the two
morphs into separate species.

In addition to the discontinuity at 100 meters, a
trend toward a very slight reduction in size with
depth was observed in specimens from 250 meters.
Whether this trend is a significant one is not clear,
but the presence of large specimens of K. producta

Depth distribution of populations of
Krithe producta (Ostracoda)

ROGER L. KAESLER and KYGER C. LOHMAN

Department of Geology
The University of Kansas

Krithe producta is an important species of Ostra-
coda that is widespread in the southern oceans, and
it or closely similar species are also found in cold,
abyssal waters virtually the world over. In spite of
its wide distribution, the variation of morphological
characters of K. producta is not well understood.

A	
:.

Representatives of the two populations of Krithe producta. A:
shallow water presumed male. 8: shallow water presumed female.
C: deep water presumed male. D: deep water presumed female.
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in many samples from bathyal and abyssal environ-
ments suggests that the trend, if really present at all,
does not continue to great depths.

The results indicate not only that K. producta is
morphologically a highly variable species but also
that its morphology may be expected to vary in an
interpretable way, even over very small distances. A
multivariate statistical analysis of 10 morphological
characters is under way to further test the hypotheses
generated by the study of size alone.

This research was supported by National Science
Foundation grants GA-12472 and GV-25157 to The
University of Kansas. Specimens studied have been
deposited with The University of Kansas Museum
of Invertebrate Paleontology.

Neogene genus Trinacria
as a stratigraphic marker

in southern ocean sediments
DAVID W. MCCOLLUM

Florida State University
Department of Geology

During investigations of diatom stratigraphy in the
southern ocean, an interesting and possibly important
diatom genus was discovered in Eltanin cores 13-17,
34-17, and 47-7. At least two species of the genus
Trinacria Heiberg have been found in portions of
cores that have been dated as lower Gilbert Epoch
5 by paleomagnetic events and radiolarian zones.
Core 13-17 has been dated as extending into the Gil-
bert magnetic epoch (Hays and Opdyke, 1967);
Bandy et al. (1971) show core 13-17 as extending into
Epoch 5. Core 34-17 has been dated by paleomag-
netics as extending into the lower Gilbert (Watkins,
1972). The Tau radiolarian zone of Hays and
Opdyke (1967) also designates this portion of core
34-17 as lower Gilbert. Core 47-7 is undated as of

\%#$*

A: Trinacria pileolus. Point to point measure 30 to 120 micro-
meters. B: Trinacria excavata. Point to point measure 50 to 160

micrometers.

this report, but preliminary study of radiolaria shows
this core to extend into the lower Gilbert.

These two species, Trinacria pileolus and Trinacria
excavata, are relatively large and very distinctive in
shape (fig.). They are easily seen with the lower
power magnifications generally used for viewing
radiolaria and Foraminifera, therefore making them
readily identifiable in gross core descriptions and
study.

The genus is known only from fossil deposits. The
two species mentioned here are also recorded as oc-
curing in Russia (Witt, 1886), Franz Josefs-Land
(Grunow, 1884), Denmark (Heiberg, 1863), Barba-
dos, and Nottingham, Maryland, U.S. (Greville,
18641 1865). Hanna (1927) reports species other
than those reported here as occuring in California.
The ages reported for the aforementioned deposits
range from Eocene to upper Miocene, except pos-
sibly for the offshore occurrence in Franz Josefs-
Land, which is a dredge sample from approximately
500 meters of water and is undated.

The genus is composed of 39 species including the
two reported in this paper. The prospect that more
members of the genus will be found is therefore
likely.

Other diatoms found to occur with Trinacria in
these cores include Actinocyclus ingens, Rhizosolenia
curvirostris v. inermes, Goscin odiscus marginatus,
Coscinodiscus marginatus f. fossilis, Denticula hus-
tedtii, Denticula lauta, Rouxia californica, Rouxia
peragalli. Members of the assemblage of diatoms
associated with Trinacria have been reported as
Miocene-Pliocene in age in the North Pacific and in
Japan. (Donahue, 1970; Kanaya, 1971; Simon-
sen and Kanaya, 1961).

This work was supported by National Science
Foundation grant GV-27549.
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Late Cenozoic paleo-oceanography
RICHARD H. FILLON

Graduate School of Oceanography
University of Rhode Island

During Cruises 27 and 32 of USNS Eltanin, 64
piston cores were taken from the continental shelf
and slope within and just to the north of the Ross
Sea. Paleomagnetic, paleontological, and sedimento-
logical studies have been conducted on each core.
A refined depth zonation consisting of five depth
zones can be recognized on the basis of dead benthic
foraminiferal assemblages (table). The division of
benthic foraminiferal faunas in surface sediments
within the Ross Sea into dominantly calcareous and
dominantly arenaceous assemblages has been recog-
nized by previous authors (Kennett, 1966; Thomas,
1968). So far, ages for 20 cores have been de-
termined using paleomagnetic polarity patterns (Cox,
1969) and established radiolarian biostratigraphy
(Opdyke et al., 1966; Hays and Opdyke, 1967). The
age distribution of cores (fig.) offers an explanation
for the foraminiferal faunal division in the Ross Sea.
Calcareous benthic foraminiferal assemblages from

Benthic foraminiferal de pth zonation in the Ross Sea.

Depth range
Location	 (meters)	Type of fauna

Ross Sea	(1) 0-550	dominantly calcareous
(2) 400-2000	"	arenaceousa
(3) 550-3000	cccalcareous

Slope north	(4) > 2200	CC arenaceous
of the Ross Sea	(5) > 3000	"	calcareous

aArenaceous foraminifera in the Ross Sea construct their
shells by cementing together sand grains and other non-
calcareous particles.

the continental shelf in the Ross Sea are restricted
to sediment older than lower Matuyama (1.87 mil-
lion years). Sediments bearing calcareous faunas are
found exposed at the surface or separated by a dis-
conformity from overlying Brunhes or late Matuyama
sediments. The widespread erosion implied by the
disconformity was caused probably by bottom current
scour initiated by increased bottom-water velocities
associated perhaps with a significant northward ad-
vance of the Ross Ice Shelf and with thicker pack
ice formation in the Ross Sea. Previous evidence for
a period of increased bottom-water velocity is pre-
sented by Watkins and Kennett (1971) who at-
tribute an erosional disconformity in the southern
ocean, south of Australia and Tasmania, to an in-
crease in bottom-water production and velocities in
post-Gilbert or post-Gauss time.

In the Ross Sea, the change from calcareous to
arenaceous faunas in post-Gauss time was probably
effected by a rise in the calcium carbonate compen-
sation depth caused by the increased production of
undersaturated bottom water. Paralleling the faunal
change was a sedimentological change. Gauss and
lower Matuyama sediments are coarse, poorly sorted,
and glacial marine, averaging about 30 percent sand-
size and larger particles. Sediments above the dis-
conformity contain generally less than 10 percent
sand that is typically fine. Such a change in sedi-
mentation could have been caused by a change in

Core logs showing paleomagnetic polarity (left) and benthic
foraminiferal faunal type (right). Normal polarity intervals are
portrayed in black, reversed polarity intervals in white.
Dominantly arenaceous foraminiferal faunas are indicated
by crosshatched bars, dominantly calcareous foraminiferal faunas
by blank bars. Established paleomagnetic scales (Cox, 1969;
Vine, 1968) are shown at the left of the diagram. Epoch
boundaries delineated by heavy and light lines are according
to Cox (1969) and Foster and Opdyke (1970), respectively.
The cores are all plotted at a scale of 10 meters equals 1
million years. Arrows indicate range of uncertainty in dating

short core segments.
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the sediment transport capability of the Ross Ice
Shelf. Today the ice shelf appears to be melting at
the bottom over extensive areas (Swithinbank, 1970)
so that much debris would probably be dropped be-
fore reaching the ice margin where calving takes
place. A smaller, thinner ice shelf during the Gauss
and early Matuyama, however, would have been less
likely to lose mass by bottom melting (Thomas and
Coslett, 1970), and thus greater amounts of ice-
rafted material would have been delivered to the
Ross Sea by calving and melting of icebergs.

This assumed major change in the nature of the
Ross Ice Shelf some time after the early Matuyama
is consistent with the evidence of increased bottom
water production at that time. It is probable, there-
fore, that cores obtained during the Ross Ice Shelf
Project from beneath the ice shelf will reveal rela-
tively coarse late Matuyama and Brunhes sediments.

This research was supported by grant GA-28305
from the National Science Foundation.
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Paleomagnetic surveys
of Amsterdam and St. Paul Islands,

south Indian Ocean
N. D. WATKINS

Graduate School of Oceanography
University of Rhode Island

During January 1972, paleomagnetic surveys were
made of the French-administered islands of Amster-
dam and St. Paul (fig. 1) in the southeastern Indian
Ocean. A total of 176 oriented cores were collected
from 22 separate lavas on Amsterdam (fig. 2). On
St. Paul, a total of 144 oriented cores were collected
from 16 separate lavas (fig. 3).

Preliminary results show that all lavas examined
are normal polarity, consistent with an age of less
than 0.7 million years. The data are being analysed
in terms of geomagnetic secular variation models
(Watkins et al., 1972) and variations in the nature
of the earth's centered or offset axial dipole field
(Watkins, 1972).

The materials collected are also providing an
opportunity to extend earlier geochemical studies
(Girod et al., 1971; Gunn et al., 1971). Samples
also have been provided to other laboratories for lead

Figure 1 (right). Bathymetric chart of the Amsterdam—.-St. Paul
Islands vicinity, southeast Indian Ocean.
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Recent magnetic stratigraphy in deep-sea sediments. Jour-
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Figure 2. Topographic map of Amsterdam I., with location of
sampled igneous bodies. Contours at 100 meter intervals.
Note sample numbers 1 to 12 refer to sites of collection made
during 1968-1969 season. Numbers 13 to 32 made during
January 1972. From each body, at least six separately oriented

cores have been taken.

isotope measurements and potassium-argon age de-
terminations.

Transport to the islands, helicopter assistance on
the islands, and all other logistic support were gen-
erously provided by M. P. Rolland, Administrator of
the Terres Australes et Antarctiques Françaises.

The collections were made with the assistance of
Dr. Jacques Nougier, who carried out diverse geo-
logical activities simultaneously.

This work was supported by National Science
Foundation grant GV-32480.
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Paleomagnetic, geochemical, and
isotopic analysis of rocks from

Kerguelen Island, south Indian Ocean
N. D. WATKINS

Graduate School of Oceanography
University of Rhode Island

Basaltic rocks were collected from several parts of
the Kerguelen archipelago (fig., p. 202) on cruises of
the French research ship Galliéni in 1969 and 1970.
A total of 128 cores from 28 separate bodies were
collected. Paleomagnetic, petrographic, geochemical,
potassium-argon, and rubidium-strontium isotope
analyses have now been completed in various labora-
tories and will be published in 1973, together with
the results of rubidium-strontium analyses of samples
from the Rallier du Baty plutonic body, which forms
the southwest peninsula of Kerguelen (Nougier and
Lameyre, 1972). The geochemical and isotope data
have been obtained by Dr. B. Gunn (University of
Montreal), Dr. A. K. Baksi (Queens University,
Ontario), and Dr. C. Hedge (U. S. Geological Sur-

Figure 3 (left). Topographic map of St. Paul Island, showing
location of sampled igneous bodies. Contours at 10 meter
intervals. The coordinates of the center of the island are 38.8°

South; 7730 East.
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Location of samples sites on Kerguelen Islands, Right lower: map of Kerguelen showing location of areas in two topographic maps.
Right upper: southern edge of Corbet peninsula showing location of sampled sections on Mt. Chateau and Grande Cascade.
Location of French base shown. Left: map of Foch Island showing location of Port Mary section. In both topographic maps

contours are at 100 meter intervals.

vey). The plutonic samples have been provided by
Dr. J . Nougier (University of Paris).

The results have been analysed in the context of
the "microcontinental hypothesis," whereby several
authors have envisaged the Kerguelen-Gaussberg
ridge as a continental fragment remaining after the
separation of Gondwanaland. The results do not
provide any data consistent with the microcontinent
idea, although they do not exclude such a possibility.

The collections were made with the generous per-
mission and logistic assistance of M. P. Rolland, Ad-
ministrator of the Territoire des Terres Australes et
Antarctiques Françaises.

This work was supported by National Science
Foundation grant GV-32480.
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Continuing paleomagnetic and
micropaleontological dating

of Eltanin deep-sea sedimentary cores
N. D. WATKINS and J . P. KENNETT
Graduate School of Oceanography

University of Rhode Island

Sedimentation rates are being determined for all
Eltanin deep-sea sedimentary cores, using a combi -
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Figure 1. Map of second order trend surface on the sedimentation
rate (in cm/1000 years) for the period t = 0 to 2.5 million years,
using Eltanin cores of minimum length 5 meters if confined to
Brunhes age. See Watkins and Kennett (1972) for discussion
of the effect of using cores of the above minimum length, and
the role of extrapolation in extending the surface over a region
where sediment of 0 to 2.5 million years is largely absent

(see fig. 2).

Figure 2. Map of second order trend surface on the age (In
millions of years) of the sediment at the base of the regional
disconformity, as detected in Eltanin cores, south of Australia.

From Watkins and Kennett (1972).

nation of paleomagnetic and micropaleontological
methods. Regional analyses of the area south of
Australia and New Zealand have been published
(Watkins and Kennett, 1972) using 126 cores
taken up through Cruise 39: the major discoveries
are an overall, sedimentation rate pattern that is
related to the configuration of the midoceanic ridge
system (fig. 1), and a region of scour that is con-
centrated on the south Tasman Sea (fig. 2). The
latter discovery reflects a substantial finite increase
in average bottom water velocity sometime during
the mid-Pliocene, probably because of increased Ant-
arctic Bottom Water production (Watkins and Ken-
nett, 1971). These discoveries have led to specula-
tion on the sedimentary character between Australia
and Antarctica during early phases of the associated
continental separation, in the Lower Tertiary (Wat-
kins and Kennett, in press).

This study is currently being extended to the cores
taken during Cruises 40 through 50, which are domi-
nantly from the southern Indian Ocean. The effect
of circumantarctic current on the sedimentary char-
acter (which has been readily defined by the earlier
studies to the east) is present, but is not as well de-
fined in the southern Indian Ocean.

Related but independent analyses now in progress
include measurement of the concentration of at-

mospherically transported volcanic dust in west to
east traverses of Eltanin cores, downwind across the
South Pacific from Pleistocene and Late Pliocene
volcanic eruptions in the vicinity of the Balleny
Islands (Huang et al., 1972), as originally detected
by Kennett and Watkins (1970).

This work was supported by National Science
Foundation grant GV-25400.
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Eltanin geophysical programs,
Cruises 48, 49, 50, and 52

R. E. HOUTZ

Lamont-Doherty Geological Observatory
of Columbia University

The geophysics program aboard USNS Eltanin has
been in Continuous operation during the period
under review. On a typical 2-month cruise no more
than a half day is lost due to equipment failures. As
a result, there is a nearly complete record of mag-
netics, seismic reflection, and gravity data. This in-
formation is dependent upon the quality of the navi-
gational inputs, which are carefully recorded by the
geophysics personnel (with the help of the Alpine
support group) and reconciled by use of the IBM
1130 computer to produce shipboard plots. The ship-
board plots include the ship's track and combined
magnetics, gravity, and topographic profiles that are
accurately tied into the navigation. The seismic re-
flection profiles are returned to Lamont-Doherty,
where the records are photographed after annotation
with navigational data. Seismic reflection profiles
are supplemented by variable-angle reflection and
refraction data obtained by use of sonobuoys. During
the review period, about 150 velocity solutions from
sedimentary layers and basement were obtained in
antarctic waters aboard Eltanin. These solutions can
be used to compute the total thickness of the sedi-
ment cover.

Cruise 48 accentuated piston-coring in the central
Indian Ocean area with special emphasis on the
Broken Ridge. Significant outcrops were profiled on
the Broken Ridge with the seismic system. Relatively
thick sediments were measured north of the ridge
crest with sonobuoys.

Cruise 49 was multidisciplinary and designed to
provide north-south Crossings of the Southeast Indian
Rise west of 1 10°E. and as far south as the ice would
permit. Four extremely useful ridge crossings were
obtained, which now enable us to project fracture
zones and magnetic anomalies to the Kerguelen pla-
teau. Unusually thick sediments (200 meters), either
biogenic or transported by bottom currents, have
accumulated on or very near the ridge crest in the
vicinity of 50°S. 105 0 E. Exceptionally widespread
sediments up to 1,000 meters thick, similar in appear-
ance to those near the ridge crest, were profiled
along the northern edge of the Wilkes abyssal plain
from 110'E. to the Kerguelen Plateau. This region
seems to be a vast repository for lutitic sediments
brought in by bottom currents.

Cruise 50 was a hydrographic cruise, but provided
useful profiler and sonobuoy data in an east-west
direction along the antarctic continental rise. At a

mean latitude of 65 0 S. the rise sediments are about
3,000 meters thick over a coherent reflector, which
indicates that basement was not reached; hence the
sediments may be thicker.

Forty sonobuoys were deployed in the Ross Sea
during Cruise 52, a special geophysics cruise. Work
in progress shows that the sediment cover on the
shelf varies from a few meters (over basement out-
crops) to at least 3,800 meters. The thickest sedi-
ments have apparently filled in an ancient north-
south depression of the basement. The eastern edge
of the depression is likely to be fault-controlled.
Young, open synclines plunge out to the north and
appear to be transgressive. About 3,000 meters of
section are exposed east of the 180th meridian,
where eastdipping beds are truncated at the seafloor.
The major structural elements, including a well de-
fined gravity high along 175°W., are roughly radial
along meridians in the Ross shelf.

This work was supported by National Science
Foundation grant GV-27247.

Associations between antarctic glacial
history and bottom water activity

J . P. KENNETT and C. A. BRUNNER
Graduate School of Oceanography

University of Rhode Island

Recent studies on antarctic cores have demon-
strated possible relationships between changes in the
tempo of bottom water activity and antarctic glacial
history. Paleocirculation characteristics of the world
ocean and in particular the high latitude regions are
closely related to glacial history of Antarctica. Cli-
matic fluctuations associated with glacial episodes
are considered to have had a profound effect on
deep-ocean circulation (Arrhenius, 1952; Olausson,
1969). This results from an increase in the produc-
tion of bottom water through greater production of
sea-ice and floating shelf ice and from an increase
in circumpolar flow due to an intensified high lati-
tude climatic regime (Gordon, 1971). At these times
an increase in sea floor erosion and sediment redis-
tribution occurs as a result of intensified circulation,
increased chemical dissolution , and increased benthic
standing crop and activity.

Deep basins south of Australia have been the site
of extensive Late Cenozoic erosion relatea to high
velocity bottom currents (see Watkins and Kennett,
page 202 of this volume; and Watkins and Kennett,
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1971; 1972a; 1972b). The initiation of this Late
Cenozoic erosive phase (post-Gilbert or Gauss
epochs), since about 3.5 million years ago appears to
be related to critical increases in the production of
Antarctic Bottom Water and in circumpolar flow
due to increased Late Cenozoic antarctic glaciation.

These studies have been extended recently to three
subantarctic and northern antarctic piston cores
ranging in age from the Middle Miocene to earliest
Pliocene (Kennett and Brunner, in preparation).
One of these (Eltanin core 34-5) is of latest Miocene
to earliest Pliocene age (approximately 4.0 to 5.0
million years old) and is the oldest known Late
Cenozoic core containing ice-rafted debris (fig.).

10	20	30	40	50

Lithology and paleomagnetic stratigraphy of EItanin core 34-5
(Late Miocene to earliest Pliocene) showing variations in frequency
of quartz and abundance of micromanganese nodules. Also
indicated are the first appearance of ice-rafted and reworked
glacial quartz and the distribution of collosphaerid radiolarians.
The abundance of micromanganese nodules is shown in the
histogram that expresses the fraction of micromanganese nodules
in the given specimen. It results from examination using a bi-
nocular microscope and is defined using micropaleontological
conventions. The width definition is threefold: width 1 (widest)
= abundant micromanganese nodules; 2 = common; 3 = rare.
Paleomagnetic stratigraphy from Watkins & Kennet (1972a).
Ages for events within Gilbert epoch after Cox (1969) and for

the Gilbert epoch 5 boundary after Opdyke (1972).

Quartz sand first appears in this core within the
Gilbert c paleomagnetic event (Late Miocene) and
increases in abundance toward the Gilbert b paleo-
magnetic event (Early Pliocene) near the top of the
core. Examination of these quartz grains with a
scanning electron microscope reveals that only a
small number are of primary glacial origin, the re-
mainder showing varying degrees of reworking by
subaqueous processes. The occurrence of quartz
grains of primary glacial origin appears to reflect the
first major Late Cenozoic development of antarctic
ice with accompanying initiation of ice-rafting to
subantarctic regions. The appearance of significant
numbers of subaqueously transported grains simul-
taneous with primary glacial grains may reflect a
synchronous increase in Antarctic Bottom Water
activity associated with the development of antarctic
ice. A concomitant increase in micromanganese
nodules in sediments (fig.) of this age may also be
related to increased bottom current activity.

This evidence perhaps indicates that during the
early part of the Late Cenozoic there was an increase
in the degree of antarctic glaciation, as reflected in
the amount of ice-rafting as well as an increase in
bottom current activity.

This work was supported by National Science
Foundation grant GV-28305.
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Antarctic physical oceanographic
studies, 1971-1972

A. L. GORDON

Lamont-Doherty Geological Observatory
Columbia University

Subsequent to USNS- Eltanin Cruise 47 the
Lamont-Doherty physical oceanography group par-
ticipated in Cruises 48 to 50, 52 and 53. The last
two cruises had curtailed physical oceanography in
that these cruises were primarily site surveys for the
forthcoming Glomar Challenger antarctic cruises.
Cruise 50 (reported in this journal by Gordon,
1972a) had a slightly expanded physical oceano-
graphy group necessary for the intensive studies in
the fringes of the sea ice field. Table 1 indicates the
type and quantity of data collected. During the past
year, the data (hydrographic serial and salinity-
temperature-depth, nephelometer, bottom photo-
graphs) collected during Cruises 37 to 39 and 42
to 46 are reported in Jacobs et al., 1972.

Research during the last year was directed mainly
towards study of the production and spreading of
Antarctic Bottom Water (tJLBW) and circumpolar
current patterns. The reference list includes publi-
cations subsequent to mid-1971 and in press. The
studies of AABW clearly demonstrate that (1) the
Weddell Sea is not the sole source of AABW, though
it is probably the major source and produces the

w richest in the shelf water component, (2)
there are basically two types of AABW: a low salinity
variety produced mainly in the Weddell Sea, Adélie
Coast region, and possibly the Ross Sea (table 2 sum-
marizes observed AABW data taken from Gordon,
1972b), and a high salinity variety produced in the
Ross Sea, and (3) the production of AABW is a con-
tinental margin process with strong time dependence.

Gordon (1972b) presents a hypothesis for AABW
production in which the strength and seasonal re-
laxation of the coastal east wind drift plays a key role,
in conjunction with the interaction of the continental
shelf water with the glacial and sea ice, and with
the antarctic atmosphere. The model can be tested
by setting sensors at key places on the edge of the

continental shelf. The model predicts AABW forma-
tion not only in the three known regions, Weddell
and Ross Seas and Adélie Coast, but also near the
Shackleton and Amery Ice Shelves.

The flow patterns of the Antarctic Circumpolar
Current in the region of the Macquarie Ridge is dis-
cussed by Gordon (1972c). Here the current turns
sharply to the south, allowing relatively warm water
to ride over the crest of the Macquarie Ridge far to
the south. This water loses heat rapidly to the
atmosphere and may be shed in a series of eddies
from the southern tip of the ridge. These eddies are
believed responsible for the double polar front zone
observed across the Pacific sector of antarctic waters
(Gordon, 1971). This study is accompanied by a
numerical and physical model by Boyer and Guala
(1972). Their results agree with the descriptive
study. The combination of descriptive studies with
numerical models makes for a wise 'partnership.

The dynamic topography relative to the 2,500-
decibar pressure surface for the antarctic region from
15°W. westward to 110'E. is presented by Gordon
and Bye (In press). An important suggestion of this

Table 1. Hydrographic data obtained on EUanin
Cruises 48-50, 52, 53.

Long
period

	

Bottom	bottom
Nansen	 photo-	current Nephel.

Cruise casts	STD 1	BT2	XBT3 graphs	met& ometer

48	20	0	238	20	20	4	19
49	43	0	177	51	37	5	37
50	12	156	336	68	32	4	32
52	7	0	62	0	3	3	3
53	0	0	55	3	25	1	25

1 Salinity-temperature-depth lowerings. Separate station
numbers are assigned to up and down traces; occasionally
only down traces were obtained. Reversing thermometer and
water samples are collected for STD calibration and chemical
analysis by a series of Niskin bottles surrounding she STD
frame.

2 Bathythermograph.
Expendable bathythermograph.
These records range from a few hours to many days (a

22-day station was obtained on Cruise 48), usually within
200 meters of the sea floor.

Water samples taken for stable oxygen isotopes (Ow)
and tritium.

Table 2. Characteristics of observed Antarctic Bottom Water.

Potential	 Salinity	Oxygen	Silicate
Variety	 Location	 temperature ( C C.)	(/00)	(MI/1)	(,jg. at/1)
Low salinity	1. Western periphery of	 1.4	 34.634 to

Weddell basin	 34.674	 6.7	 87
Low salinity	2. Deepest parts of	 —0.7	 34.634 to	5.9	 110

Weddell basin	 34.674
Low salinity	3. Adélie Coast	 —0.7	 34.650	 5.9	 110
High salinity	4. Deep ocean adjacent	 0.5	 34.738 to	5.6	 104

to the Ross Sea	 34.754
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Curve produced by the photometric
centrifuge representing the size distri-
bution of sediment from 44 to 4 microns.
Centrifuging time is 4.7 minutes. Plot
can be converted to sediment weight
percentages in about 5 minutes using a
calculator. This is the only method that
produces a continuous curve of size
distribution, showing detail that is lost
in existing techniques of discontinuous
measurements. Different light intensities
are used for parts A and B of the

curve to yield greater detail.

work is the presence of standing Rossby waves to the
east of the Campbell Plateau and midocean ridge in
the Pacific sector. Variability, perhaps with a sig-
nificant seasonal component, of the Antarctic Cir-
cumpolar Current would cause variations in the
form of the Rossby waves.

The structure of the antarctic polar front zone and
circumpolar current and the variability of the upper
kilometer of the antarctic water column have re-
ceived little attention in recent years. In the coming
year we shall direct more study to these interesting
but complicated topics. Understanding can only
come from study of the great volume of antarctic
hydrographic station and bathythermograph data
and can be accomplished only by a well organized,
computer-oriented project.

This work was supported by National Science
Foundation grant GV-26230.
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Size analysis of Eltanin cores
by use of a photometric centrifuge

JAMES L. WOODRUFF
Hawaii Institute of Geophysics

University of Hawaii

STANLEY V. MARGOLIS
Department of Oceanography

University of Hawaii

The grain-size distribution of the fine fraction (less
than 44 microns) from Eltanin cores collected from

the southern ocean between New Zealand and Ant-
arctica is being studied at the Hawaii Institute of
Geophysics by means of a photometric centrifuge.
This device, recently developed by Woodruff, pro-
duces a continuous plot (fig.) representing grain
size from 44 to 4 microns in less than 5 minutes.
Photometric principles have been shown previously
by Simmons (1959), McKenzie (1963), and Jordan
et al. (1971) to yield faster and more precise data
than the widely used pipette or hydrometer methods.

We have been using this method along with scan-
ning electron microscopy to determine the size dis-
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tribution, composition, and origin of fine-grained
deep-sea sediments. This information is being used
to relate variation in these parameters to paleo-
oceanographic and paleoglacial history of the Ant-
arctic. Microscopic examination of the fine fractions
revealed that they consisted of varying percentages
of siliceous and calcareous microfossils, volcanic ash,
ice-rafted detritus, and eolian silt.

In Eltanin core 27-4, already studied by Watkins
and Kennett (1970), the mean grain size of the fine
fraction varies only slightly. The coarsest mean grain
size occurs in the surface sediments (6.30) com-
pared with an average of 6.500 for 20 other samples
taken at depth in the core.

The mean grain size of the fine fraction of sur-
face samples from Eltanin cores 32-2, 32-8, 32-19,
33-15 3 33-18, 42-3, 42-4, and 43-3 from the sector
of approximately 170°E. to 120°W. within latitudes
of 740 to 57°S. show a rather wide variation from
5.68 to 6.420. The coarsest means of the fine frac-
tion occur closest to Antarctica and farthest from
the continent, between the Antarctic Convergence
and the iceberg limit, while the finest value was
found at an intermediate distance at about 65°S.
Future work on additional samples may establish the
significance of these trends. Size analysis of the fine
fraction of pre-Quaternary Eltanin cores from this
region is in progress to determine the long-term vari-
ations of sediment regimes.

This work was supported by National Science
Foundation grant GA-17084.
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Carbon-14 concentrations
in the southern oceans

A. W. FAIRHALL, P. BRADFORD and A. W. YOUNG
Department of Chemistry

University of Washington, Seattle

Radiocarbon concentrations in sea water, either
natural (i.e., cosmic ray produced) or manmade

(primarily from the 1961-1962 nuclear tests) are
measured by counting the carbon-14 radioactivity in
the inorganic carbon extracted from 50-liter samples
of sea water (Fairhall et al., 1970). Aliquots of sea
water are analyzed by gas chromatography for total
carbon dioxide. The combination of the two mea-
surements allows the absolute number of carbon-14
atoms per liter to be determined.

The data for a number of stations on USNS
Eltanin Cruises 38, 39, and 43 are shown in figs. 1
and 2, where the absolute carbon-14 concentrations
are plotted as a nonlinear function of depth. An
educated guess for the specific radioactivity of the
surface ocean prior to nuclear testing gives an esti-
mate for the pre-1950 (natural) carbon-14 concen-
tration of surface waters. Below 2,000 meters it is
assumed that there is yet no perturbation by bomb
carbon-14. These assumptions lead to the conclusion
that the natural carbon-14 concentration in the
southern oceans was 1.42 ± 0.02 X 10 carbon-14
atoms per liter independent of depth. Radioactive
decay was presumably balanced by a rain of organic
matter, and carbonate tests, from the surface with
dissolution at depth.

The influence of bomb carbon-14 to depths of
1,000 meters is apparent. Near 60°S., where up-
welling is strong, the penetration of bomb carbon-14
is shallower. At windy midlatitudes, conditions con-
ducive to air-sea exchange of carbon dioxide and
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Figure 1. 14 C concentrations in the ocean south of Australia in
mid-1969. The dashed line is the estimated natural 14 C level.
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Figure 2. 14C concentrations in the southeastern Pacific Ocean in
May 1970.  The washed line is the estimated natural 14 C level.

turbulent diffusion to depth, the transfer of bomb
carbon-14 amounts to about 1014 carbon-14 atoms
per square meter of sea surface. The corresponding
amount of exchange of carbon dioxide is about 30
moles per square meter per year.

This work was supported in part by the Atomic
Energy Commission under contract AT (45-1) -2225,
TA-20, and under National Science Foundation grant
GA-3921.
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Recent activities of the
Committee on Polar Research

Louis DEGOES

Committee on Polar Research
National Academy of Sciences

The Committee on Polar Research, established in
January 1958, advises on U.S. research programs in
polar regions and represents the Academy in the
Scientific Committee on Antarctic Research (SCAR)

of the International Council of Scientific Unions.
The Committee, which is supported by a grant from
the National Science Foundation's Office of Polar
Programs, held its 29th, 30th, and 31st meetings at
the Academy on October 15, 1971, January 7-8,
1972, and May 5-6, 1972. Five panels and three
ad hoc groups met during fiscal 1972, the period
covered by this report.

International activities. Dr. Donald Siniff repre-
sented the United States at the Convention for the
Conservation of Antarctic Seals held in London,
February 1972. The Committee, in collaboration
with the Academy's Building Research Advisory
Board, is participating in planning for the Second
International Permafrost Conference to be held in
Yakutsk, USSR, in 1973. Mr. Richard Kirby con-
vened the SCAR symposium on antarctic telecom-
munications held in Sandefjord, Norway, May 10-
16, 1972. The Committee, in cooperation with the
Academy's Office of the Foreign Secretary, arranged
for foreign scientists to participate in the first inter-
national reindeer/caribou symposium at the Univer-
sity of Alaska, Fairbanks, Alaska, August 9-11, 1972.
Mr. Dale Vance travelled to Russia, Finland, and
Denmark for the purpose of promoting international
cooperation and collaboration in antarctic upper
atmosphere research projects. The U.S. delegation
to the 12th SCAR meetings, held in Canberra,
Australia, August 7-19, 1972, was provided with
agendas and background materials for the meetings.
Invitations have been extended to SCAR to hold
its thirteenth meeting and the third SCAR sym-
posium on antarctic biology in Washington, D. C.,
in 1974 and to hold the third SCAR symposium on
antarctic geology and solid earth geophysics at the
University of Wisconsin in 1976.

Domestic activities. At its October 15th meeting
the Committee discussed the trans-Alaska pipeline
system and passed a resolution proposing that an
integrated scientific research program be carried out
along the transect. The Committee was asked by the
National Science Foundation's Office of Polar Pro-
grams to help formulate research priorities for Ant-
arctica over the next 10 to 12 years.

At the request of the commanding officer of the
U.S. Army Cold Regions Research and Engineering
Laboratory, an ad hoc advisory group met at Han-
over, New Hampshire, to review the research pro-
gram and to advise on how it might be strengthened
in the national interest. The report was approved
by the Committee and forwarded to the laboratory.

The panel on upper atmosphere physics met in
San Francisco, California, December 7-8, 1971. A
Summary of Antarctic Upper Atmosphere Physics
Projects was presented and used as the basis for de-
veloping priorities for antarctic research. The panel
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proposed that its recommendations be reviewed and
updated each year. The noise survey report of the
McMurdo Station-Scott Base area by Dr. Michael
Sites, Stanford Research Laboratories, was endorsed.

The panel on biological and medical sciences met
on August 11-20, 1971, at the University of Alaska
and along the North Slope. It is now preparing a
report on developing arctic biological and biomedical
research programs with a focus on man. On January
5-6, 1972, the panel met at Scripps Institution of
Oceanography, La Jolla, California, with discussions
focused on ocean mammals. Also discussed were the
need for designating the Naval Arctic Research
Laboratory and the Cold Regions Research and
Engineering Laboratory as national centers for arctic
research; the possible need for an international arctic
ecological institute; and status reports on publications
based on previous meetings. A first draft of the
panel's contribution to the report, "Antarctic Re-
search: 1973-1983," was completed.

The panel on glaciology met in Tucson, Arizona,
November 17-18, 1971, and developed plans for U.S.
participation in meetings of the SCAR working group
on glaciology in Canberra and Melbourne, Australia,
August 7-12, 1972. The panel passed five resolutions
involving participation in the Second International
Permafrost Conference to be held in Yakutsk, USSR,
July 1973; World Data Center A—Glaciology; con-
vection in ice sheets; international antarctic glacio-
logical projects; and polar orbiting satellites. A first
draft of the panel's contribution to the report, "Ant-
arctic Research: 1973-1983," was prepared.

The newly established ad hoc panel on antarctic
oceanography met at Woods Hole Oceanographic
Institution on November 29-30, 1971, for the pur-
pose of developing recommendations on research in
the southern ocean for the period 1973-83.

A special meeting of the Committee was held on
January 7-8 to review and prepare a final draft of
the report "Antarctic Research: 1973-1983," as re-
quested at the previous meeting.

At the Committee's May 5-6 meeting the National
Science Foundation's Office of Polar Programs pre-
sented a detailed review of its study of the U.S. ant-
arctic program, which was carried out at the request
of the Office of Management and Budget. The
Committee then agreed that it would be desirable
to lay out in detail a 10-year plan of investigation, in
appropriate time sequence, taking into consideration
the proposed funding, operational, and logistical
constraints.

The panel on upper atmosphere physics met again
on June 17-19, 1972, at Stanford University. Writ-
ing assignments for the detailed report on upper
atmosphere physics research over the next decade

were given. A resolution was passed proposing that
an ad hoc working group on the unmanned geo-
physical observatory be set up within the Committee
on Polar Research to be composed of representatives
of interested panels. The group would be tasked to
draw up a comprehensive interdisciplinary research
program that would benefit from the unmanned geo-
physical observatory concept.

The steering group on the Ross Ice Shelf Project
met at the Academy on May 4. Topics discussed
were completion of the new Ross Ice Shelf map,
drilling equipment and techniques, size and analyses
of ice core, use of probes, design of cable and equip-
ment packages, and international collaboration on
the project. The establishment of a Ross Ice Shelf
Project coordination office at the University of
Nebraska was announced.

A joint panel—composed of representatives from
the Academy's committees on Ocean Sciences, Atmos-
pheric Sciences, Global Atmospheric Research Proj-
ect, and Polar Research—held its second meeting in
Seattle, December 3-4, to review the Arctic Ice Dyn-
amics Joint Experiment. The panel reviewed actions
taken in response to its earlier recommendations and
passed on plans for future pilot studies and for the
main experiment scheduled for 1975. It proposed
that a session on air-sea interaction in polar regions
be held during the Fall 1972 American Geophysical
Union meetings and called on the project coordi-
nator, Dr. Norbert Untersteiner, to develop plans
for ft.

Other activities. Twenty-seven new members were
appointed to the Committee and its panels to replace
those who had retired. Approximately 90 scientists
serve on the Committee and its panels; normal terms
of service are 3 to 4 years.

Cartographic activities of the
U.S. Geological Survey, 1971-1972

RUPERT B. SOUTHARD, JR.
Topographic Division
U.S. Geological Survey

The Topographic Division's Antarctic Carto-
graphic Program continues production of the various
map series with maximum effort being directed to-
ward completing the 1:250,000-scale shaded-relief
map series. Current funding necessitated a reduction
of the division's man-hour expenditure on the pro-
gram during fiscal 1972, and as a result no maps of
Antarctica were published during the fiscal year.
However, a revised edition of the Index to Topo-
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graphic Maps, Antarctica, dated March 1972, was
printed. Copies may be obtained without charge by
writing to the Map Information Office, U.S. Geo-
logical Survey, Washington, D.C. 20242.

A limited number of press proof copies of three
1:250,000-scale maps, Guest Peninsula, Alexandra
Mountains, and Boyd Glacier, were printed in July.
Automatic distribution will not be made, but as long
as the supply lasts copies will be sent to investigators
who write directly to Mr. W. R. MacDonald, Branch
of International Activities, Topographic Division,
Washington, D.C. 20242. File copies also will be
available at the McMurdo Station USARP map
library. Final publication of all three maps is sched-
uled for early 1973.

Production continues on 18 1:250,000-scale maps
along the Marie Byrd Land Coast, covering about
230,000 square kilometers between Thurston Island
and the Ford Ranges. Source materials (aerial
photography and ground control) are available for
an additional 13 maps at 1:250,000-scale covering
170,000 square kilometers of eastern Ellsworth Land.
Compilation also is continuing on the shaded-relief
sketch map of Palmer Land at a scale of 1:500,000
and on the 1: 1,000,000-scale map of the McMurdo
Sound region. A new edition of the Ross Island
1:250,000-scale map was scheduled to be published in
late September and will be made available for the
1972-1973 austral summer field activities. In ad-
dition to normal editorial changes, the map has been
updated to reflect the vertical data established last
season by the U.S. Geological Survey in the Wright-
Taylor-Victory Valleys area.

Compilation of eight orthophotomaps at 1: 50,000-
scale covering about 6,000 square kilometers of the
Wright-Taylor Victoria Valley area has been initiated
with publication scheduled for fiscal 1974.

The map of the Ross Ice Shelf that was being
compiled as a special purpose planning document
for the Ross Ice Shelf Project (Antarctic Journal,
November-December 1971, p. 258-263.) has been
completed. This map, compiled at scales of 1: 1,000,-
000 and 1:2,188,800, covers the area from 77° to
87°30'S. latitude and 150°W. longitude to the Trans-
antarctic Mountains. The map was compiled on a
polar stereographic projection (standard parallel
71°S.) and contains a 30-minute (about 55-kilometer)
polar navigation grid.

Cartographic source material used to compile the
Ross Ice Shelf map included existing U.S. Geological
Survey 1:250,000 scale topographic maps supple-
mented by aerial photography and satellite imagery.
Isopachs contour data were supplied by the Scott Polar
Research Institute with adjustment made to the con-
tours along the eastern coastal region to conform to
the more recent coastal configurations determined

from aerial photography. Surface traverse data by
Crary et al. (1962) and Dorrer et al. (1969) also
were used.

A limited edition of the 1: 1,000,000 scale map will
be printed later this year. However, paper or stable-
base-film prints at both scales now can be procured
by writing the Map Information Office, U.S. Geo-
logical Survey, Washington, D.C., 20242. Cost: 1: 1,-
000,000, $17 per copy; 1:2,188,800, $8.50 per copy.
Bulk orders in excess of three copies of the same map
may be obtained at an additional cost of $8.50 and
$4.25 each.

The U.S. Antarctic Mapping Center continues to
exchange newly published maps and charts with the
other 11 nations represented on the Scientific Com-
mittee on Antarctic Research (SCAR). Eight maps
and 26 charts were received from four SCAR-coun-
try mapping centers. Exchange cartographic ma-
terials, maps published by the United States, and
most U.S. aerial photography are on file in the U.S.
Geological Survey Antarctic Map and Aerial Photog-
raphy Library at the Branch of Special Maps, 8300
Colesville Road, Silver Spring, Maryland 20910. The
library is open 9 to 4 weekdays.

Users should note that the Branch of Special
Maps is scheduled to combine with the Special Proj-
ects Office before January 1, 1973, to form a Special
Mapping Center. This new office will be at Bldg.
E-2 5 1943 Newton Square E., Reston, Virginia 22070.

This work is supported by National Science Founda-
tion grant AG-177.
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Antarctic geographic nomenclature
FRED G. ALBERTS

Defense Mapping Agency Topographic Center"
Washington, D.C.

The Geographic Names Division, Defense Map-
ping Agency Topographic Center, is the U.S. infor-
mation center for antarctic nomenclature.

1 Formerly U.S. Army Topographic Command.
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In the past year, the Division has continued to per-
form research and other staff functions for the Ad-
visory Committee on Antarctic Names (ACAN),
which makes recommendations on antarctic names
and policy to the Board on Geographic Names (BGN)
and the Secretary of the Interior. Meeting periodically
during the year, ACAN—whose members are K. J.
Bertrand (chairman), A. P. Crary, H. M. Dater,
H. R. Friis, and M. F. Burrill (ex officio)—recom-
mended new names at South Georgia, in the South
Sandwich Islands, the South Shetland Islands, the
Antarctic Peninsula, Victoria Land, the Transantarc-
tic Mountains, Marie Byrd Land, and other scattered
points of the continent. Approximately 1,000 new
names and 25 amendments have been authorized
since publication in 1969 of the last cumulative list
for Antarctica, BGN Gazetteer No. 14-3. Progress has
been made in drafting and typing a textual summary
for each approved name, including notes on the geo-
graphical-historical aspects of the feature. Approxi-
mately 9,500 texts are completed, and 1,500 remain
to be done.

Correspondence between ACAN and committees in
other countries is used to facilitate exchange of new
name proposals and to verify spelling and correct
application of names. Several conflicting names were
resolved by these means and instances of inadvertent
duplication avoided. Moreover, M. F. Burrill, execu-
tive secretary of BGN, met with the secretary of the
United Kingdom Antarctic Place-names Committee
in London on questions of mutual interest.

The Geographic Names Division continued to give
close cooperation in supplying names for use on maps
in preparation in the U.S. Geological Survey and the
American Geographical Society. Names consultation
and editing services were provided for volumes of the
Antarctic Research Series. Hundreds of name in-
quiries received by phone and letter were answered
with dispatch. New names proposed by writers of
reports were researched and the findings presented to
ACAN for consideration.

Inquiries on antarctic names may be made by mail
or telephone to:

Defense Mapping Agency
Topographic Center
Geographic Names Division 50400
Washington, D.C. 20315
Telephone (202) 227-2355

Proposals for new names may be mailed to:
Executive Secretary
Board on Geographic Names
Department of the Interior
Washington, D.C. 20240

A current mapping trend to provide larger scale
maps for antarctic areas of intensive scientific interest
is creating a need to supply names in greater abun-

dance in such places as Taylor and Wright Valleys in
Victoria Land. There is increasing interest in ex-
ploration and names for undersea features in the
oceans surrounding Antarctica. Remote ice sensing
from aircraft is speeding the collection of data on
the ice-bedrock interface of Antarctica and will re-
quire that consideration be given to names for sub-
glacial entities.

Antarctic information services
at the Smithsonian

Oceanographic Sorting Center
B. J . LANDRUM

Smithsonian Oceanographic Sorting Center
Smithsonian Institution

The documentation and dissemination of informa-
tion and data for the U. S. Antarctic Research Pro-
gram long have been vital concerns of the Smith-
sonian Oceanographic Sorting Center. Not only does
the Sorting Center attempt to insure that systematists
receive accurate and complete data with specimens
shipped from here, but it acts, under the Antarctic
Records Program, as a centralized national source of
information on antarctic natural history collections
at other locations. Computerized data bases have
been established (Landrum and Sandved, 1969), and
new information is routinely compiled (Landrum,
1971).

Present concerns are the integration and improve-
ment of data recording and retrieval procedures to
increase efficiency, improve the utilization of re-
sources, and especially to expand the services avail-
able to antarctic and arctic investigators. One aspect
of these concerns led to staff participation on Eltanin
Cruises 46 (El-Sayed, 1971) and Cruise 51 (see
pages 173-181). These cruises stressed integrated
biological studies, including the multifarious needs
for appropriate data. Our participation was further
compelled by a concern to utilize Eltanin's computer
to facilitate data retrieval and dissemination, both
during and after the cruises. Further, we aided in
the collection and preservation of reference collec-
tions, including whole samples and the residuals of
samples obtained by other programs largely for
various destructive analyses.

With the enthusiastic efforts of Mr. Stevan Apter
(Alpine Geophysical Associates, Inc.) who pro-
grammed the computer and keypunched an enor-
mous amount of data, we were successful on Cruise
51 in establishing workable procedures for documen -
tation of all over-the-side scientific activities. The
figure shows a set of data for a typical ship's station.
The system as designed provides for automatic corn-
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**e** *	* * ** 49 *	* IKV	91U.S.N.S. ELTAN1N DAILY DATA SHEET	PAGE NO. 136*	*	* * k ** * * ** *	** 9*&** *	* ,p * s	* * * *	* **	*	*	*	.	**	*	* **	 CRUISE NUMBER 51	DATE 15 FEBRUARY 1972
DAY NO. 30 L4II2_H0U

HiPS -TAT IN'5T-T3
ON STATION	77	T51 347.ff 7 AT 2300 Z on 14/ 2/1972
UNDERWAY	 77 10.05 S 159 51.02W AT 1520 Z on 15/ 2/1972

TIME(GMT)	LATITUDE	LONGITUDE	EVENT(CF.COLLECTOR)	USARP NO.	COLLECTOR	GEAR CODE	DEPTH(M.)
BEG	 77ThT7S	-1578- ITh6w	-------- 86	TAM	 W74MIN
END	 0412	77 8.75 5	158 41.19W	 MAX	320

SAMPLING TIME (MINUTES)	 10
BEG	 0427	77 8.78 S	158 41.47 W	NANSEN CAST	 897	TAM	 W-702 MIN	0
HIT	 0452	77 8.83 S	158 41.93 W
END	 0503	77 8.85 5	158 42.63 W	 MAX	300

BEG	 0504
HIT	 0521
END	 0539

BEG	 054)
END	 0555

BEG	 0558
HIT	 0611
END	 0633

	

77 8.86 5	158 42.74 W

	

77 8.89 5	158 44.73 W

	

77 8.92 S	158 46.84 W

	

77 8.92 5	158 47.07 W

	

77 8.95 S	158 48.71 W

	

77 8.96 S	158 49.06 W

	

77 8.98 S	158 50.59 W

	

77 9.02 S	158 53.16 W

	

SAMPLING TIME (MINUTES)	 36
0,20,40,60,75,I00,150,200,300 METERS.

NISKIN CAST	 898

	

SAMPLING TIME (MINUTES)	 36
0.20,40,60,75, 100,150,200,300 METERS.

PHYTOPLANKTON NET.	 899

	

SAMPLING fIME (MINUTES)	 14
COMBINED W)THIJSJARP 910 (TTIN0).

	

BUTTERFLY BIOSAMPLER	 900

TAM	 W-700 MIN	0

	

MAX	300

TAM	 P-116	MIN	0

	

MAX	200

LJ'IICH	W-705	MIN	o
	MAX 	300

SAMPLING TIME (MINUTES)	 35
10 WATER SAMPLES FOR MARINE FUNGI I WATER SAMPLE
FOR OREGON STATE UNIV.

	

158 59.60 W	MENZIES TR	 5769	SOSC
159 0.19W

SAMPLING TIME (MINUTES)	 5

	

159 7.21 W	WP2 FREE FALL	 901	DPAULU
159 7.56 W

SAMPLING TIME (MINUTES)	 3

	

159 8.73 W	WP2 FREE FALL	 902	DPAULU
59 9.09 W

SAMPLING TIME (MINUTES)	 3

	

159 10.37 W	I METER MWT	 903	TAM
159 17.40 W

BEG	 0728	77 9.12 S
END	 0733	77 9.13 S

BEG	 0833	77 9.25 S
END	 0836	77 9.25 S

BEG	 0846	77 9.27 S
END	 0849	77 9.28 5

BEG	 0900	77 9.30 S
END	 000	77 9.4) 5

	

B-3O4 MIN	344

	

MAX	357

P-I40	MIN	0

	

MAX	200

P- 140	MIN	0

	

MAX	200

	

M- 80 MIN	0

	

MAX	ISO

Simulated computer printout of data from a typical ship's station.

putation and retrieval of positional data. This fea-
ture, which is based on a computerized navigational
system (Hayes and Griffiths, 1969), should consider-
ably increase the precision and accuracy of position
information on Eltanin collections.

Forthcoming refinements of the shipboard docu-
mentation system will lead to integration with the
systems for antarctic specimen and ocean bottom
photographic inventories at the Sorting Center, con-
serving both financial and manpower resources. Ad-
ditional benefits should accrue immediately to the
scientific community in the form of more rapidly
retrievable and better quality data.

New services we can now supply include automatic
geographic plots using a variety of map projections.
These are suitable for many publications. Addition-
ally, we envisage various program extensions to pro-
vide for routine data reductions and summarizations
to aid taxonomists or others studying antarctic speci-
mens or ecological factors. Particular emphasis too
is placed on increasing the potential for providing
readily synthesized information to users concerned
with the biological and geological characteristics of
the ocean bottom as inferred from the extensive
photographic collection stored at the Smithsonian
Oceanographic Sorting Center.

This work is supported by National Science Founda-
tion contract C-494.
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Bibliographic coverage
of polar literature

GEZA T. THURONYI
Science and Technology Division

Library of Congress

The Cold Regions Bibliography Project in the
Library of Congress is continuing its review of the
international antarctic literature. In the past year
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(July 1971-June 1972) some 1,400 abstracts were
prepared, bringing the total since 1963 to 10,900.
Volume 5 of the Antarctic Bibliography was published
in September. It contains items 8,001-10,000 and,
like the earlier volumes, has author, subject, geo-
graphic, and grantee indexes. The volume is avail-
able at $5.75 a copy from the Superintendent of
Documents, U.S. Government Printing Office, Wash-
ington, D.C. 20402.

A significant event of the year was the initiation
of a project entitled Prototype Polar Bibliography
System. Sponsored by the Office of Polar Programs,
National Science Foundation, under grant AG-371,
it is being implemented by the Science and Tech-
nology Division and the Information Systems Office
of the Library of Congress. The project calls for
development of an automated system capable of
handling bibliographies dealing with polar literature.
Acting under provisions of the grant, the Library of
Congress staff has contacted various government and
private agencies to assure compatibility with existing
efforts and, through utilization of available systems,
avoid unnecessary cost.

As an initial step, an input format was designed
for entering citations and abstracts of the Antarctic
Bibliography into a computer data bank. The for-
mat, based on the Library's MARC format, is an
expanded version of one that has been used by the
Cold Regions Bibliography Project for its Biblio-
graphy on Cold Regions Science and Technology
(BCRST) since 1968.

Mechanized input of Antarctic Bibliography rec-
ords has already begun. Among other advantages,
the new input system will minimize duplication of
effort between the Antarctic Bibliography and the
BCRST. In the past, items of interest to both biblio-
graphies have been handled twice, due to the dif-
ferences in form of citation and method of processing.
Under the new system, such items will be entered as
one record. Thus, a single data base is being estab-
lished for the Antarctic Bibliography and the BCRST.
The two bibliographies, however, will retain their
separate identities at the output stage. Each will have
its own output program to extract the required in-
formation according to different specifications. Most
of the present features of the Antarctic Bibliography
(e.g., its subject indexing vocabulary and its grantee
index) will be accommodated under the output pro-
grams now being developed.

The NSF grant also calls for entering bibliographic
records contained in Antarctic Bibliography Volumes
1-5 into a mechanized data base. Initially these
10,000 records will be keyboarded without abstracts.
An additional computer terminal has been installed
for this phase of the project, and keyboarding has
begun.

As a consequence of the changes outlined above,
the production of 3 by 5-inch cards, which have been
serving for current awareness and index preparation,
is being phased out. The cards will be replaced by
a computer-produced accessions list. Publication of
the Antarctic Bibliography in book form will con-
tinue without significant changes, except that the new
automated system will make it possible to take ad-
vantage of the more sophisticated typography avail -
able through computer-controlled photocomposition.

This work is supported by National Science Founda-
tion grants AG-133 and AG-371.

Antarctic Map Folio Series
VIVIAN C. BUSHNELL

American Geographical Society

The objective of the Antarctic Map Folio Series is
to summarize the present knowledge of the Antarctic;
the series will consist of some 20 folios, each devoted
to one subject or scientific discipline. Two folios are
scheduled for publication in the latter part of 1972,
and a third should appear early in 1973. Fifteen
folios are already in print.

Folio 16, Morphology of the Earth in the Antarctic
and Subantarctic, is by Bruce C. Heezen, Marie
Tharp, and Charles R. Bentley. Dr. Heezen and
Miss Tharp have compiled maps of the sea floor, and
Dr. Bentley has provided subglacial topography of
Antarctica. There is a bathymetric map at a nominal
scale of 1: 15,000,000 (measuring 33 by 42 inches).
At the same scale, there is a map of the soundings
used in drawing the contours for the bathymetric
map and a map of physiographic and tectonic pro-
vinces. Other plates devoted to the sea floor are a
bathymetric map of the Scotia Sea region at a nomi-
nal scale of 1 :5,500,000 and two sheets of bottom
profiles. The subglacial topography of Antarctica is
presented on another plate at a scale of 1: 13,600,000,
with an accompanying plate depicting the over snow
traverses and flight lines along which subglacial
soundings were obtained.

Folio 17, Marine Sediments of the Antarctic and
Subantarctic, is the work of a number of contributors.
Grant Goodell has prepared maps of surface sedi-
ment type, sediment collection localities, and distribu-
tion of ferromanganese deposits; he also has furnished
photos of the sea floor. Sediment isopachs in the In-
dian and Pacific Ocean sectors are presented on a
map compiled by R. Houtz, M. Ewing, D. Hayes, and
B. Naini. There are three plates of small maps by
James Kennett and Ronald Echols depicting the dis-
tribution of fossil foraminifera in the sediments. Jessie
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Donahue has supplied maps of fossil diatom distribu-
tion.

Folio 18 will be devoted to antarctic marine mam-
mals, and Folio 19 will summarize the history of
antarctic exploration and scientific investigation.

This work is partially supported by National Science
Foundation contract C 441.

20036. A substantial discount is available for those
desiring the full series. Volume 1 is out of print but
is available from University Microfilms, Ann Arbor,
Michigan 48106.

This work is partially supported by National Science
Foundation grant GN-55.

Antarctic Research Series
STEPHEN F. SOUSK

American Geophysical Union

The Antarctic Research Series of the American
Geophysical Union was initiated in 1963 with the
aid of a grant from the National Science Foundation.
The Series provides a publishing medium for papers
and monographs based on antarctic research that
might otherwise not be published. The original re-
search papers published in those volumes are di-
rected not only to scientists actively engaged in the
same field but also to graduate students and to scien-
tists in closely related fields.

Since mid-1971 five volumes of the Series have
been published. These volumes include:

Volume 15, Antarctic Oceanology I, 343 pages,
$22, includes studies of the characteristics and circu-
lation of the water masses, of the topography, mag-
netics and seismicity of the sea floor, and of the sedi-
ments and their constituents and chemistry.

Volume 16, Antarctic Snow and Ice Studies II,
412 pages, $24.50, centers primarily on the glacio-
logical results from U. S. traverses in the Antarctic.

Volume 17, Biology of the Antarctic Seas IV, 364
pages, $30, includes a collection of original studies on
field research in antarctic waters dealing mainly with
the systematics, ecology, and distribution of phyto-
plankton and zooplankton.

Volume 18, Antarctic Pinnipedia, 226 pages, $25,
focuses on recent investigations on seals.

Volume 19, Antarctic Oceanology II: The Aus-
tralian-New Zealand Sector, 380 pages, $32, studies
the ocean south of Australia and New Zealand from
the perspectives of physical oceanography, marine
geophysics, and marine sediments. Comprehensive
examinations of the waters, the sea floor and under-
lying crust, and the evolutionary history of this ocean
are presented.

Additional volumes in press include ones on ter-
restrial biology, brachiopods, and human adaptability.

Volumes 2 through 19 of the Series (see Antarctic
Journal, 111(5) : 211; IV(5) : 236; and V(5) : 201)
are still available from the American Geophysical
Union, 1707 L Street, N. W., Washington, D. C.

Translation of the
Soviet Antarctic Expedition

Information Bulletin
STEPHEN F. SOUSK

American Geophysical Union

Volume 7 of the translation of the Soviet Antarctic
Expedition Information Bulletin has been completed;
this volume includes bulletins 67-78. The series con-
tinues to be a principal source of narrative informa-
tion on Soviet activities in the Antarctic. Volume 8,
which is to include bulletins 79-90, has been started.
NSF grant GV-32923 partially supports this series.

Back volumes are available from the American
Geophysical Union. Volume 4, consisting of bul-
letins 31-42; Volume 5, 43-54; and Volume 6, 55-
66; also are available. Volumes 1-3 were published
by Elsevier Publishing Company (Amsterdam) in
book form. The current subscription rate for 12 is-
sues is $50. Prospective subscribers are invited to
contact the American Geophysical Union, 1707 L
Street, N. W., Washington, D. C. 20036.

Air operations
Deep Freeze 72

C. H. NORDHILL

Commander, U.S. Navy
Commanding Officer

Antarctic Development Squadron Six

Antarctic Development Squadron Six, the flying
arm of the U.S. Naval Support Force, Antarctica,
completed its 17th consecutive season of logistic sup-
port for the United States Antarctic Research Pro-
gram during Deep Freeze 72. Four (after early De-
cember three) LC-130 transports and six new UH-
iN helicopters completed nearly 5,000 flight-hours in
deployment to Antarctica, direct support of U.S. and
New Zealand research projects, resupply of inland
stations, and redeployment to the United States (see
table). Also, icebreaker-based U.S. Coast Guard
helicopters contributed more than 500 flight-hours.

Operations began in late August 1971 with flights
from the home base at Quonset Point, Rhode Island,
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Parachute Rigger First Class H. V. Gorick prepares for his record
jump from 20,500 feet altitude over Williams Field.

to McMurdo Station. Three LC-130s reached Mc-
Murdo in favorable weather on September 1, 1971,
bringing Navymen, research groups, and cargo. The
planes returned to Quonset Point on September 7,
where they were used for final training before the
main deployment, which began on September 27.

The first two planes of the main deployment ar-
rived as scheduled at Christchurch, New Zealand, on
October 1 and McMurdo Station on October 8. The
third LC-130 (no. 321), delayed in California with
fuel contamination, and the fourth (no. 320), still in
Greenland testing radio echo ice sounding equip-
ment, arrived at McMurdo on October 14.

The first flights of the season from McMurdo to
Brockton and Hallett Stations were made on October
8 and 9. Low temperatures and bad weather delayed
the first flight to Byrd Station until October 11; the
first flight to Pole Station was made on October 27.
Throughout October, temperatures at McMurdo were
as low as -40°C., complicating maintenance and
causing failures in hydraulic components and wind-
screens.

As in past seasons, difficult radio communications
hampered flight operations. No reliable equipment
has been found to overcome the obstacles of great
distances and magnetic disturbances, but a promising
multichannel system for Williams Field and Mc-
Murdo Station is under study.

Deep Freeze 72 saw first antarctic use of the twin-
turbine Bell UH-1N Iroquois helicopter, safer and
more dependable than its predecessor, the single-
engine UH-11). All helicopter commitments were
met on schedule: availability increased from 85 per-
cent early in the season to a remarkable 95 percent
by the end of February. The six new machines car-
ried 2,595 passengers and 136 short tons of cargo and
accumulated 1,207 flight-hours during the season.
Thanks to the new craft's higher maximum altitude,
project sites were visited that may have been out of
reach in past seasons. During operations in the dry
valleys, the slightly reduced range of the UH-lNs was
offset by fuel that a traverse party cached at Marble
Point in September and replenished in mid-Novem-
ber. An LC-130 dropped another supply of fuel at
Carapace Nunatak.

LH-34D helicopters used in past seasons were
shipped back to the United States, bringing to an
end the use of piston-engine aircraft in the U.S.
antarctic program.

An LC-130 carried a 16-man French traverse party
from McMurdo to Carrefour Station on November
1. The return flight evacuated a patient from Du-
mont d'Urville to McMurdo for emergency treat-
ment. The second support flight to the traverse
party, on December 4, ended with the crash of LC-
130 no. 321 after two jet-assisted-takeoff bottles sep-
arated from their mountings and damaged the port
engines. No one was injured, but adverse weather
precluded rescue for 4 days. The plane was stripped
of equipment and instruments and abandoned-at
68 0 20' S. 137 0 20' E. For the rest of the season, fuel
and supplies were parachuted to the traverse party
at three inland locations.

Flight hours by naval aircraft for intra-antarctic and intercontinental flights, Deep Freeze 72.
Flights between McMurdo and-

Deploy-

	

Type	 Main-	znent/ McMurdo

	

of	Direct science support tenance	redeploy-	logistic

	

Aircraft	(USARP) (DSIR)a	flights	ment	flights	Hallett Brockton	Byrd	Pole	Siple	Other	Total

	

LC-130	320.4	14.6	122.9	255.1	756.5	42.2	75.8	687.6 1,110.0	219.4	176.1 3,790.6

	

UH-11)	 5.6	 5.6

	

UH-1N	611.3	308.6	33.0	 254.4 1,207.3
HH52Ab	205.6	20.1	 288.1	513.8

	

Total	1,137.3	343.3	161.5	255.1	756.5	42.2	75.8	687.6 1,110.0	219.4	718.6 5,507.3

a New Zealand's Department of Scientific and Industrial Research.
b U.S. Coast Guard helicopters.
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With only three planes left, the squadron stepped
up operations to a record average of 236 flight-hours
per plane per month; LC-130 flight-hours for the sea-
son totaled 3,780.6.

The William Field sea ice runway was used until
January 7, 1972, when its deterioration precluded fur-
ther operations. The sea ice runway, which allows
take offs with wheels instead of skis, was used as late
as possible in the season: the maximum gross weight
for wheeled takeoffs is 10,000 to 15,000 pounds
greater than that for ski takeoffs. After the sea ice
runway was abandoned, the nearby skiway on the
Ross Ice Shelf was used.

In resupply flights, the squadron transported 320,-
770 pounds of cargo and 4,900 pounds of fuel to
Siple Station, which was closed for the winter on
February 11. In February, 850,000 pounds of con-
struction cargo was airlifted from McMurdo to Pole
Station in an around-the-clock operation, and 871,-
000 pounds of fuel was delivered to Pole before the
last flight on February 14. Five days later, Byrd Sta-
tion was closed.

Loss of the LC-130 in December forced curtail-
ment of two large science projects. An airborne radio
echo ice sounding project, carried out in cooperation
with the Scott Polar Research Institute, was termi-
nated after 70 percent of the planned flight-hours
were flown, and photo flights for a seal census in the
Bellingshausen and Amundsen Seas were ended early.

The U.S. Air Force provided other aviation sup-
port throughout the summer. Military Airlift Com-
mand C-141 Starlifters and chartered commercial
airliners completed 118 flights between the United
States and McMurdo Station by way of New Zea-
land. Forty turn-around flights from New Zealand
to Antarctica carried 1,212 passengers and 572 short
tons of cargo south and 558 passengers and 36 tons
of cargo north.

Five turn-around flights to McMurdo were made
by the Royal New Zealand Air Force Number 40
Squadron during December 1971 and January 1972.
More than 55 tons of cargo and mail and 128 pas-
sengers were airlifted by Operation Ice Cube Seven

A new antarctic parachuting record was set on
January 12, when Parachute Rigger First Class H. V.
Gorick, the squadron's pararescue team jumpmaster,
jumped from 20,500 feet, freefalling for 90 seconds.
The previous record jump was from 16,500 feet.

Private aviation was represented in Antarctica this
season by Mr. Elgin M. Long, who visited McMurdo
Station during an around-the-world flight. He had
flown over the South Pole while on a flight from
Punta Arenas to McMurdo; after several hours' rest,
he continued on to Sydney, Australia.

rV

WE -

UH-IN helicopter over McMurdo Sound.

Some 400 LC-130 flight-hours in February were
devoted to redeployment north from McMurdo.
Winds hampered the season's last flight out of the
continent: finally, on the third try (on March 1),
the airplane was forced to refuel at Dunedin, 300
kilometers southwest of its destination, Christchurch.

Antarctic Development Squadron Six
change of command

Commander John B. Dana assumed command of
Antarctic Development Squadron Six (VXE-6), the
flying arm of the Naval Support Force, Antarctica,
on June 30, 1972, relieving Commander Claude H.
Nordhill, who will attend the Naval War College,
Newport, Rhode Island.

Commander Dana, who was VXE-6 operations of-
ficer in 1970-1971 and executive officer in 1971-1972,
entered the Navy as an aviation cadet in 1953. After
receiving his commission and aviator wings, he served
in a variety of fling units. In 1964 he was assigned to
VW-13 at Argentia, Newfoundland, where he flew
research missions over the Arctic. He later became
the operations officer of the Oceanographic Air Sur-
vey Unit, Patuxent River, Maryland, and project of-
ficer for the development of the OP-2E aircraft at
the Naval Air Development Center, Warminster,
Pennsylvania.

After attending the Command and Staff College
at Newport, Rhode Island, and serving as a faculty
member in the Gaming Division, Cdr. Dana attended
C-130 transition training at Little Rock Air Force
Base, Arkansas. He was first attached to VXE-6 in
May 1970.
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United States Antarctic Research Program,
1972-1973

Planned field research projects

The 1972-1973 United States Antarctic Research Program will include research at or near five U. S. ant-
arctic stations, at three remote field locations, at Deception Island, and aboard icebreakers off the Oates Coast
and in the Ross and Weddell Seas. The research ship Eltanin will work in the southern Indian Ocean, and the
small research ship Hero will operate in the Antarctic Peninsula area in conjunction with Palmer Station.

Major efforts for this season will be (1) drilling of the Dry Valley Drilling Project's first hole—on Ross
Island near McMurdo Station, (2) continuation of a topographic and geological survey of the Lassiter Coast,
(3) continued support for the International Antarctic Glaciological Project, (4) establishment of a year-round
facility at. Siple Station, and (5) deep-sea drilling by Glomar Challenger off the Ross Ice Shelf. Year-round
programs at Pole, McMurdo, and Siple Stations will continue to concentrate on atmospheric sciences, while
work at Palmer Station will emphasize marine biology.

Below, each research project planned for the 1972-1973 austral summer season is described briefly. Also
described are year-round projects being initiated this season and existing year-round projects that will receive
special attention during the season. Following the project titles (in boldface) are the names of the principal
investigators and their institutions.

Not described here are the continuing year-round projects that will operate normally throughout the austral
summer: these projects will be described in the November-December 1972 Antarctic Journal.

Readers should note that this is a preliminary description of projects planned for the coming season. It
does not replace the principal investigators' reports that appear in each year's July-August issue.

McMurdo Sound region

Freezing resistance in antarctic fishes. Dr. Arthur
L. DeVries, University of California, San Diego.
Some antarctic fishes spend their entire lives at the
freezing point of seawater (about — 2°C.) and even
use the ice as their habitat. This continuing program
is a study of the physiological and biochemical adap-
tations that prevent these fishes' blood from freezing.
The study will be extended to other antarctic fishes
that cannot resist freezing, and to the effect of warm-
temperature acclimation on freezing resistance.
Knowledge of how the blood's glycoproteins prevent
freezing may be of use in the preservation of bio-
logical tissues and red blood cells. This season, three
portable houses will be occupied on the ice of Mc-
Murdo Sound.

Modeling of freshwater and terrestrial ecosystems.
Dr. Bruce C. Parker, Virginia Polytechnic Institute

and State University. This ecosystems study will be
conducted in the dry valleys for information on the
biological communities, physical parameters, and pol-
lutant factors of the lakes and streams, with primary
emphasis on Lakes Vanda and Bonney. Information
will be sought on the metabolism of antarctic aquatic
ecosystems with relevance to nitrogen fixation rates,
rates of photosynthetic production, and the effects of
partially toxic metals and other ions on the lake
biota. Data on sublimation of lake ice, annual melt-
water inflow, and geothermal and solar radiation will
be obtained to study the effects on respiration, photo-
synthesis, and specific metabolic pathways.

Status and population dynamics of seals. Dr.
Donald B. Siniff, University of Minnesota. Antarc-
tic seals represent a resource of unknown magnitude;
increasing demands on pinniped resources elsewhere
point to the probable exploitation of this resource.
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This program is planned to determine population
characteristics by studying movement and migration
patterns and collecting data that may be used to
construct population models. These models will be
essential if exploitation is to be reasonable. The in-
vestigators will use radio telemetry and underwater
hydrophone techniques at Hutton Cliffs, near Mc-
Murdo Station. Tracked vehicles with receiving
equipment will be used to determine the position of
seals that have radio transmitters attached to their
flippers. Helicopter flights will be made for a census
in the McMurdo area. Receiving antennas will be
used at various locations to monitor diurnal rhythms
of diving and sunning. Blood samples will be taken
to study racial affinities. Additional work will be
conducted at Palmer Station in conjunction with a
University of Utah group.

Anatomical and histological study of seals. Dr.
William J . L. Felts, University of Oklahoma Medical
Center. This is one of two phases in the second year
of a study of antarctic seals performed by the Univer-
sity of Oklahoma Medical Center. The second
phase, to be conducted on USCGC Burton Island,
is discussed below. The project comprises a multi-
faceted anatomical investigation of adult and young
seals in which micro- and macrostructures will be
studied and correlated with other physiological and
behavioral studies. The project will involve detailed
analysis of gross systemic anatomy—including early
postnatal changes in body form and composition, gen-
eral and special aspects of microscopic anatomy of all
organs, and a gross and microscopic examination of
the central nervous system. Specific histochemical
studies will be carried out as required.

Comparative physiology of the body wall of as-
teroids and echinoids. Dr. Arthur C. Giese, Stanford
University. Specimens of sea urchins and sea stars
will be obtained by scuba diving and kept at low tem-
peratures for physiological experiments at McMurdo
Station's Eklund Biological Center. The experiments
are planned to give data on respiration rates and on
biochemical and histological processes. Selected sam-
ples will be fixed for histochemical analysis of echino-
derm tissues.

Population dynamics of terrestrial arthropods. Dr.
Russell W. Strandtmann, Texas Tech University. Ter-
restrial arthropods and relevant ecological data will
be collected and then analyzed at the Eklund Bio-
logical Center. Information is sought on population
densities, distribution, and habitats. Collecting lo-
cations will include the dry valleys, the Dailey Islands,
Mount Discovery, and Wohlschlag Bay.

Microbial ecology. Dr. Roy E. Cameron, Jet Pro-
pulsion Laboratory, California Institute of Tech-

nology. This field work is a continuation of Jet
Propulsion Laboratory investigations to determine the
presence of microorganisms in antarctic soils and air.
Broad sampling will be done with concomitant obser-
vation and measurement of ecological parameters, in-
cluding both nondisturbed and contaminated areas,
for survival and adaptation of microorganisms. Em-
phasis will be on the biological investigation and co-
ordination of proposed areas being surveyed for the
Dry Valley Drilling Project—especially Wright, Tay-
lor, and Victoria Valleys and Walcott Glacier. Moni-
toring will be undertaken to determine the immediate
and probable environmental impact of activities at
drilling sites.

Measurement of submicron particulate matter in
the stratosphere. Dr. David J . Hofmann, University
of Wyoming. Variations in the density of dust par-
ticles in the polar atmosphere will be determined at
McMurdo and South Pole Stations. Two balloons
will be flown from each station, each carrying dark-
field microscopes and photoelectric particle counters.
Two measurements of the undisturbed atmosphere
will be made—the first as the balloons ascend to
burst altitude and the second as the instruments are
lowered by parachute. The measurements will pro-
vide information on the origin and global distribu-
tion of submicron particulate matter and will estab-
lish baseline values for particulate concentration over
polar regions.

Polar aurora radar system. Mr. James C. Hodges,
Stanford Research Institute. A step frequency iono-
spheric sounder installed last season, using a 30-
meter-high rotating yagi antenna, will continue to
monitor the radio auroral oval at six positions. The
program has four objectives: (1) to determine the
conjugacy of radio-frequency aurora, which differ
from visible aurora, (2) to locate the aurora! poles,
(3) to determine if the auroral belt is conjugate or
zonal, and (4) to establish a geomagnetic storm in-
dex based on the position of the radio aurora belt.
Measurements will be compared with similar, simul-
taneous measurements made at Resolute Bay, North-
west Territories, Canada. In the 1973 winter, the
radar will operate unattended, with other investiga-
tors making periodic maintenance visits. The 19-
meter yagi rotatable boom will transmit signals on a
4- to 64-megaHertz sweep for a few minutes each
hour.

Unmanned geophysical observatory. Dr. Alan
Peterson, Stanford University. The unmanned geo-
physical observatory, operational at McMurdo Station
since January 1972, will continue to operate for the
next year. Three investigators will check the observa-
tory and install new equipment in the capsule. The
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wind generator and the propane-fueled power gen -
erator system will be evaluated.

lead, and vanadium plus the halogens bromine,
chlorine, and iodine.

Dry Valley Drilling Project. Dr. Lyle D. McGinnis,
Northern Illinois University. The Dry Valley Drilling
Project is a multinational, interdisciplinary project
whose primary function is to drill and core sediment
and rock in the McMurdo Sound region. Subsurface
materials will be studied to determine, as compre-
hensively as possible, natural processes from ancient
geologic time to the present. The McMurdo area,
the most intensively explored region of Antarctica,
is a logical site for the first extensive and deep scien-
tific borehole exploration of antarctic bedrock. The
first hole will be drilled near McMurdo Station, about
one-half mile north of Hut Point. Drilling will begin
in January as soon as the equipment is offloaded
from the supply ship and set up at this site. It is
hoped that a depth of 1,500 meters will be attained.
Dr. Peter N. Webb, New Zealand Geological Survey,
and Dr. Tetsuya Toni, Japan Polar Research Associ-
ation, head their countries' participants. Research in
isotope geochemistry, geochronology, petrology, sedi-
mentology, paleontology, ground water, and heat-flow
are planned for the first hole. Continuous core will
be collected and distributed to scientists of participat-
ing nations and others.

Hallett Station

Embryology and incubation behavior of the Adélie
penguin. Dr. John R. Baker, Iowa State University.
Studies on the breeding cycle of the Adélie penguin
have tended to emphasize territorial and social be-
havior factors. This study emphasizes (1) determina-
tion of behavioral adaptations, (2) determination of
embryological adaptation for incubation in the cold,
and (3) comparative study of embryonic growth
rates and intracellular yolk components with other
penguin species, petrels, and albatrosses. Methods
include time-lapse motion picture photography and
continuous temperature recordings for observing in-
cubation behavior and establishing embryonic growth
rates at different temperatures. Also, team members
will study skua population dynamics, with emphasis
on penguin conservation; pathogens in skuas and
penguins; habitat selection by penguins in different
areas of the colony and the ecology of the birds.
The bird-banding program also will be continued.

Amundsen-Scott South Pole Station

Trace metals and halogens in the atmosphere. Dr.
William Zoller, University of Maryland. This con-
tinuing study of atmospheric particulates at Pole Sta-
tion will examine the concentration of the trace
metals aluminum, copper, iron, manganese, nickel,

Photometric observations. Dr. Stephen B. Mende,
Lockheed Missiles and Space Company. Measure-
ments from an airborne photometer have indicated
that the boundaries of the auroral oval are much
wider if subvisual photometric auroras are included.
Pole Station, on the poleward side of the normal
visual auroral zone, provides an excellent position
for observing subvisual aurora. To estimate the ef-
ficiency of protons and electrons for exciting aurora,
data obtained at the Pole will be compared with
those obtained from a polar orbiting satellite that will
simultaneously measure the particles before aurora
inducement. A Lockheed representative will operate
the equipment throughout the 1973 winter.

Biomedical aspects of human adaptation to south
polar stresses. Dr. Jay T. Shurley, University of
Oklahoma, School of Medicine, will continue a
study of immunological response patterns which occur
through the course of the south polar winter. The
studies are directed toward assessment of the conse-
quences of the social isolation which prevents the
normal replenishment of varying microbial popula-
tions. Information as to the nature and etiological
agents involved in the post-polar respiratory disease
syndrome is also being sought, and the data obtained
will be used to develop the dynamic patterns of im-
mune responses which control human resistance to
infectious diseases. Michael Popkin, M. D., and
Vernon Stillner, M. D., Harvard Medical School, will
initiate in a limited fashion another part of this co-
ordinated study directed toward understanding the
psyschologic and physiologic factors responsible for
the alterations in sleep patterns which occur during
polar isolation, and for the drifty state, an alteration
of consciousness also frequent during prolonged iso-
lation.

Siple Station

Magnetospheric research. Dr. R. A. Helliwell,
Stanford Electronics Laboratories. Siple Station
(75 0 55'S., 83 0 55'W.), and its geomagnetic conjugate
Roberval, Quebec (48 0 3(YN., 72°14'W.), will provide
year-round sites for multidisciplined magnetospheric
and ionospheric investigations. VLF whistlers, which
are unrivaled as a means for determining the position
and dynamics of the plasmapause, as well as other
techniques involving passive VLF, will be used to
study the coupling of the magnetosphere and the
ionosphere. VLF transmission from the 21-kilometer-
long dipole antenna, complete last season, will be
monitored at Roberval. These emissions will be com-
pared with the natural VLF emissions at Roberval to
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determine magnetospheric asymmetries. Comparison
of data from other antarctic stations and from satel-
lites will be used to investigate longitudinal effects.
Two members of the party will remain at Siple for
the 1973 winter.

Energetic electron precipitation near the plasma-
pause. Dr. Theodore J . Rosenberg, University of
Maryland. Fifteen balloons bearing x-ray detectors
will measure the flux and energy of electrons entering
the atmosphere from the magnetosphere. Some flights
will also carry a very-low-frequency (VLF) receiver
with antenna, either suspended in the flight train or
impregnated into the skin of the balloon. The pur-
pose of the investigation is to study the relationship of
electromagnetic waves and charged particles and how
these interact. The data will be compared with other
data to search for a relationship between the latitudi-
nal concentration of particle precipitation, the posi-
tion of the plasmapause, the position of the midlati-
tude subaurora red arc, and solar activity.

Fluxgate magnetometer studies. Dr. L. J . Lanzcr-
otti, Bell Telephone Laboratories. A three-axis fluxgate
magnetometer will be operated year-round by Stan-
ford University winter-over personnel. During the
summer, Bell personnel will install the equipment and
prepare the unit for winter operation. Data from
Siple and from three latitudinally oriented stations
near Roberval, Quebec, and a fourth planned in the
United States will be used for studies on the conju-
gate micropuisation and magnetic storm characteris-
tics of the plasmapause region. The southern data
will be correlated with VLF ground-based measure-
ments and satellite measurements for studying (1)
wave propagation in the magnetosphere and iono-
sphere, (2) the effect of the plasmapause boundary
on wave propagation and wave particle interaction,
and (3) evaluation of the accuracy of ground-based
micropulsation experiments for determining the
plasmaspause boundary.

Micropulsation observations. Dr. Lawrence J . Ca-
hill, Jr., University of Minnesota. A search-coil mag-
netometer that is sensitive to magnetic micropulsa-
tions in the frequency range of 10 to 0.1 Hertz (the
PC-i range) will be added to the Siple Station in-
strumentation to make measurements in a frequency
range not presently accessible. The data will be
analyzed and compared with satellite data to examine
the relationship of micropulsations and magnetic
storms and substorms. Specific attention will be paid
to investigation of how PC-is are related to the
plasmapause and the plasmapause resonances. Stan-
ford University personnel will operate the magneto-
meter during the 1973 winter.

Remote field parties

Geological study and topographic mapping of the
Lassiter Coast. Dr. Peter D. Rowley and Mr. John R.
House, Jr., United States Geological Survey. The
U.S. Geological Survey has completed two field sea-
sons of a geological investigation of the Lassiter Coast
area. During the 1969-1970 and 1970-1971 antarctic
summers, scientists investigated several thousand
square miles of completely unknown terrain. An ex-
tremely thick sequence of Jurassic eugeosynclinal sedi-
ment was found that has been faulted, tightly folded,
and intruded by plutonic igneous rocks. The results
of this project will tie together the geological struc-
tures of the Antarctic Peninsula with those of the
coastal areas of Marie Byrd Land and Ellsworth Land.
When completed, the study will forge the last link in
our geological knowledge of the Circumpacific Moun-
tain Belt. This season's party will include the 1971-
1972 Soviet exchange scientist Dr. E. Kamenev. The
main camp will be near the Ferguson Nunataks
(73 0 33' S. 63 0 48' W.); an engineering group will
traverse to the camp from Mount Ballard in the
Sweeney Mountains (75°12' S. 70°05' W.).

International Antarctic Glaciological Project. Dr.
Claude Lorius, Expeditions Polaires Françaises. The
International Antarctic Glaciological Project will be
a 10-year program of collaborative glaciological
studies of the east antarctic ice sheet. Australia,
France, the Soviet Union, and the United States are
the participants. Four phases are envisioned: (1)
systematic aerial surveys of ice thickness and base
rock topography, including surveys along traverse
routes and theoretical studies of ice flow, (2) tra-
verses to take velocity and strain surveys with a series
of shallow drill holes, (3) traverses perpendicular to
the main flow lines and attempts at deep drilling in
the vicinity of the ice divide, and (4) remeasurement
of the strain lines in 1976. This will be the second
year that the United States supports the French
C arrefou r- to -Vostok traverse. Sixteen men and their
cargo will be transported by air from Christchurch
(via McMurdo Station) to Carrefour Station
(66 0 50' S. 139 0 18' E.). The party will retrace its
800-kilometer route to last season's stopping point
(73 0 04' S. 1280 44' E.) and then make scientific mea-
surements from that point to Vostok. During the
traverse, U.S. Navy planes will make five air drops
along the route.

Runway site survey in the Pensacola Mountains.
Mr. Austin Kovacs, U.S. Army Cold Regions Re-
search and Engineering Laboratory. The Office of
Polar Programs, National Science Foundation, is in-
terested in evaluating the Pensacola Mountains region
for the purpose of establishing a blue (hard) ice run-
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way for wheeled aircraft. The overall objective is to
determine the economic and operational feasibility of
establishing a logistic base in the Pensacola Moun-
tains, through which a major amount of cargo would
be distributed to outlying sites by aircraft. A review
of maps and air photographs has suggested that there
are a few prospective runway sites near the Dufek
Massif (82°36' S. 56° 30' W.). Three sites have been
selected for this survey. The team will traverse from
a point approximately 18 miles northwest of Davis
Valley (82°28' S. 51°09' W.) to Mount Lechner
(83 0 14' S. 50055' W.). One tracked vehicle will
transport and house the team. A smaller vehicle will
be used for local reconnaissance. The team will first
investigate a site just northwest of Davis Valley (820
28' S. 51 0 09" W.). From the Davis Valley site the
party will traverse to a second site northwest of the
Cordiner Peaks and then to the third site at the foot
of Mount Lechner in the Forrestal Range.

USCGC Burton Island

Status and population dynamics of seals. Dr. Albert
W. Erickson, University of Idaho. A five-man
party will extend previous seasons' surveys into the
Ross Sea and off the Oates Coast. The project is de-
signed to determine the abundance and distribution
of antarctic seals so that any future harvesting can be
done reasonably. Emphasis will be on breeding bi-
ology, productivity, population composition, and af-
finities for all species encountered. Blood will be
collected to determine racial affinities by electro-
phoresis and karyotyping. Additional investigations
will determine the side effects of various drugs.
These tests will be monitored via body function tele-
metry from aboard ship.

Anatomical and histological study of seals. Dr.
William J . L. Felts, University of Oklahoma Medical
Center. This is the second of a two-phase study con-
ducted by the University of Oklahoma Medical
Center. The objective of this phase is identical to
that outlined under McMurdo Sound region projects.

USCGC Glacier
The International Weddell Sea Oceanographic

Expedition, last active in early 1970, will be resumed
for the period mid-January to early March 1973. Dr.
Theodore D. Foster, Scripps Institution of Ocean-
ography, will serve as the National Science Founda-
tion representative for the expedition. Individual
projects, all of which will be carried out from the
Coast Guard icebreaker Glacier, are described here.

Weddell Sea oceanographic investigation. Dr. The-
odore D. Foster, Scripps Institution of Oceanography.

Water temperature, salinity, oxygen, and nutrients
will be measured with standard hydrographic casts
and continuous profiles of temperature and salinity
(STD) to increase the understanding of the forma-
tion of Antarctic Bottom Water in the Weddell Sea.
Current meters will be installed for 20-day periods so
that absolute transport into the sea by the eastward
drift can be determined. The water will be analyzed
chemically as part of a worldwide ocean baseline
study.

Thermohaline convection study and current meter
recovery. Dr. Thor Kvinge, University of Bergen,
Geophysical Institute. Dr. Kvinge's group put out a
current meter array from USCGC Glacier in 1968.
The main purpose of this year's project is to recover
the meters for analysis of performance and to recover
the data. Also, thermohaline convection close to the
ice will be studied. High resolution instruments will
be used to measure temperature, salinity, currents,
and ice crystals in the water column. This equipment
is designed to operate independently of the ship. (Dr.
Kvinge may carry out the thermal convection work
from the Argentine icebreaker General San Martin.)

Laminar structure role in bottom water. Dr.
Stephen Neshyba, Oregon State University. This
program will study horizontal features of the laminar
structure of the water column and the relationship
between microstructure and other mixing processes in
a frontal zone. Pending successful tests, portable gear
will be used that can be operated from ice floes or
helicopters.

Air-sea interactions. Dr. Peter E. Wilkniss, Ocean
Sciences Division, Naval Research Laboratory. Ex-
tensive measurements in the Northern Hemisphere
have shown that the oceans are a major source of
carbon monoxide. This party will measure carbon
monoxide and methane in ocean surface water and
the atmosphere above, collect marine aerosols to study
air-sea interaction, and measure radon to study move-
ments of air mass. These measurements—to be taken
in sea ice and in ice covered waters—will complement
work already done in the Arctic.

Birds of the pack ice. Drs. David F. Parmalee
and George M. Sutton, University of Minnesota and
University of Oklahoma. Birds will be observed and
collected from the ship and its helicopters for systema-
tic studies, observation of feeding habits, and analysis
for pesticides and heavy metals. Also, the manuscript
of an antarctic bird handbook will be field tested.

Glomar Challenger

Deep Sea Drilling Project. Dr. N. T. Edgar, Scripps
Institution of Oceanography. The drilling ship Gb-
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mar Challenger will begin the first of three seasons
of antarctic drilling on or about February 1, when
she will meet a U.S. Coast Guard icebreaker near
Scott Island for escort to three drilling sites in the
Ross Sea. The icebreaker will remain in close at-
tendance during drilling. General objectives of the
drilling and subsequent analysis of the resulting core
material include examination of (1) the chronology
of Gondwanaland separation and areas of possible
old sea floor, (2) the volcanic, glacial, and climatic
history of Antarctica, particularly regions near the
coast, (3) the biostratigraphy and sediment distribu-
tion in the Antarctic, and (4) the tectonic history of
the antarctic margin, subantarctic ridges, and islands.

Antarctic Peninsula

U.S. activity in the Antarctic Peninsula area will
take place at Palmer Station and from the research
ship Hero. Leaving Punta Arenas about December
10, Hero will call at Deception Island and then ar-
rive at Palmer Station on approximately December
18. The ship will operate in the Palmer region until
approximately January 25, when she will sail for
Punta Arenas via Deception. After 10 days at Punta
Arenas, Hero will return to Palmer Station and re-
main nearby until summer research activities are
completed in early April.

Biology and ecology of shallow-water benthic fora-
minifera. Dr. Jere H. Lipps, University of California
at Davis. The aim of this project is to examine
the distribution of shallow-water foraminifera, the
relationships of shallow- and deep-water forms, their
community structure, and their population dynamics.
Collecton will be by scuba diving and by grab
sampling from Hero. Three members of the team
will remain at Palmer Station for the 1973 winter to
collect at 100 sites in Arthur Harbor.

Leopard seal behavior and predation. Dr. Dietland
Müller-Schwartze, Utah State University. Previous
work at Cape Crozier, Ross Island, on Adélie penguin
nesting, egg laying, creche behavior, and development
of young has provided data that indicate a need for
further life-cycle information on leopard seals, the
principal predators of penguins. Biotelemetry and
underwater television will be used to collect informa-
tion on these seals' diurnal behavior and predation.

Status and population dynamics of seals. Dr. Don-
ald B. Siniff, University of Minnesota. This is an ad-
ditional phase to this season's University of Minne-
sota seal research at McMurdo Station. At Palmer,
the University of Minnesota group and the Utah
State University project (above) will collaborate in
the use of biotelemetry and underwater television.

The Palmer work will emphasize study of leopard
seals.

Peripheral vascular control mechanisms in birds.
Dr. David E. Murrish, Case Western Reserve Univer-
sity. This project will emphasize study of cardiovas-
cular blood flow in penguins and the giant petrel to
see if these birds have different rheological properties
from birds adapted to temperate climates. The re-
search extends work begun with the research ship
Alpha Helix in 1970-1971.

Physiological studies of fishes lacking hemoglobin.
Dr. Edvard A. Hemmingsen, University of California,
San Diego. This season's emphasis in this continuing
study of hemoglobin-free icefishes will be on respira-
tory and vascular control mechanisms. The effect of
temperature on the respiratory process will be de-
termined from measurement of changes in oxygen
consumption, critical oxygen tension, ventilation, and
other parameters. Temperature sensitivity will be as-
sessed from thermoregulatory behavioral responses to
a variety of experimental conditions.

Ecological investigation of echinoderms. Dr. John
H. Dearborn, University of Maine. This investigation
of asteroids, ophiuroids, and crinoids near the Argen-
tine Islands and in Lemaine Channel will be con-
ducted from Hero. The project includes (1) analysis
of the relationship between the ophiuroid genus
Ophiurolepis and the epizoic sponge lophon radiatus,
(2) analyses of feeding habits of asteroids and the
ophiuroid genera Ophiura, Ophionotus, Ophiurolepis,
and Ophiacantha, and (3) comparison of the morph-
ology, ecology, feeding, and reproductive biology of
the comatulid crinoids Notocrinus virilis and N.
inortenseni. Specimens will be collected with trawls,
dredges, and traps; techniques include bottom photog-
raphy and analysis of sediment samples and associated
faunas.

Collection of benthic organisms. Dr. H. Adair
Fehlmann, Smithsonian Oceanographic Sorting Cen-
ter. Working aboard Hero, this group will collect rep-
resentative biological materials for distribution to sci-
entists through the Smithsonian Oceanographic Sorting
Center, which is the national repository for biological
specimens collected in the United States Antarctic
Research Program. Collections will be made with
tow plankton nets, shrimp try nets, blake trawls, bot-
tom grabs, and otter trawls.

Glaciology in the South Shetland Islands. Dr. Nor-
man TenBrink, Ohio State University. Mass balance
and climatic studies begun in earlier seasons at De-
ception and Livingston Islands will be continued.
In addition to completing previously begun glaciologi-
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cal measurements, a major effort will be made to
establish a chronology of past glacier fluctuations.

Molodezhnaya

Study of metamorphic rocks of East Antarctica.
Drs. Charles R. Bentley and Charles V. Guidotti
(principal investigators) and Edward S. Grew (co-
investigator), University of Wisconsin, Madison. Dr.
Grew will participate as an exchange scientist in the
18th Soviet Antarctic Expedition. He will winter-
over at the Station Molodezhnaya (67°40'S 45°50'
30"E.) and hopes to participate in a party to the
Prince Charles Mountains. The rocks exposed in
these areas consists principally of pre-Riphean meta-
morphosed sedimentary and volcanic rocks at the ge-
anulite facies. The field work will involve geologic
mapping and collecting of samples of the metamorphic
rocks for petrologic study and chemical analyses with
the electron microprobe. On the basis of the min-
eralogy and chemistry of the rocks, the physical condi-
tions of metamorphism can be estimated, leading to a
better understanding of the processes of high grade
metamorphism.

New Zealand-United States
Auckland Islands expedition

Terrestrial cryptogams of the subantarctic. Dr.
Henry Imshaug, Michigan State University. Lichens
and bryophytes will be surveyed as part of an overall
analysis of their distribution and variation in remote
islands between the antarctic continent and conti-
nents of the southern hemisphere.

Waterfowl ecosystem studies on subantarctic is-
lands. Dr. Milton W. Weller, Iowa State University.
This project will focus on ecological adaptations of
the Auckland Island flightless teal (Anas a. auck-
landica), which is endemic to these islands and is
one of three species of flightless ducks that have
evolved only in southern cold-temperate and sub-
antarctic islands.

Distribution and fallout of pollutants. Dr. Robert
Risebrough, Bodega Marine Laboratory, University
of California. Studies of chlorinated hydrocarbons in
the subantarctic will continue with examination of
birds, bird eggs, and fish resident in the area. Of
special interest is the relationship between dominant
winds and distribution of airborne pollutants.

Soviet literature
submitted for translation

The Polar Information Service of the National
Science Foundation has submitted the following
Soviet publications for translation into English under
the Public Law 480 excess foreign currency program:

Academy of Sciences of the U.S.S.R. 1971. Antarctica
Commission Reports. 1969. Moscow, Publishing
House Nauka. 190 p.

Arctic and Antarctic Scientific Research Institute.
1972. Problems of the Arctic and the Antarctic,
issues 39 and 40.

Barkov, N. 1. 1971. Shelf Glaciers of Antarctica. Len-
ingrad, Arctic and Antarctic Scientific Research
Institute. 228 p.

Govorukha, L. S., and Yu. A. Kruchinina. 1971.
Problems of Physico- GeographicRegionalization of
Foreign Lands. (Transactions of the Arctic and
Antarctic Research Institute, vol. 304.) Leningrad.
228 p.

Kornidova, N. A. 1971. Fourteenth Soviet Antarctic
Expedition (Seasonal Investigations 1968-1969).
General Description and Scientific Results. (Trans-
actions of the Soviet Antarctic Expedition, vol. 57.)
Leningrad. 276 p.

Menshutkin, V. V. 1971. Mathematical Modeling of
Populations and Aquatic Faunal Communities.
Leningrad, Nauka Press, 195 p.

Recent Achievements in the Study of the Biological
Nitrogen Fixation. 1971. Moscow, Publishing House
Nauka. 216 p. (Collection of 34 articles.)

Shamont'yev, V. A. 1972. Thirteenth Soviet Antarctic
Expedition. General Description and Scientific Re-
sults. (Transactions of the Soviet Antarctic Expedi-
tion, vol. 55.) Leningrad. 210 p.

Shumsky, P. A. 1969. Dynamics of Glaciology. Mos-
cow, Hydrometerological Publishing House. 174 p.

Treshnikov, A. F., and G. I. Baranov. 1972. Circula-
tion Features of Water in the Arctic Basin. Lenin-
grad, Hydrom e teoro logical Publishing House. 160 p.
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