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U.S. Antarctic Research Program, 1970-1971
Review of year-round and stateside activities

T. B. OWEN
National Science Foundation

This issue of the Antarctic Journal constitutes the
second part of the annual review of the United States'
program in Antarctica. Reported here are year-round
observations made at antarctic stations and aboard the
research vessels Eltanin and Hero, and research and
data analysis accomplished at laboratories in the
U.S.A. In the past, stateside services rendered in sup-
port of the United States Antarctic Research Program
also have been reported in the September-October
issue, but lack of space this year has forced postpone-
ment of these articles to the November-December
issue. The first part of the annual review, which com-
prised the July-August issue, described field activities
that took place over the past austral summer.

Although the field activities during the brief sum-
mer season often give the impression of being the "ex-
citing" part of the program, the real results of most
field work are realized only upon close examination of
data and specimens upon the investigators' return to
their home laboratories. And while field observations
in a specific area are valuable in themselves, their real
significance can be evaluated only when examined in
• larger—ultimately worldwide—context.

The fitting together of such pieces of information is
• long and tedious process. The process becomes in-
creasingly important, however, as information on Ant-
arctica continues to accumulate, for the continuation
of antarctic research must ultimately be justified on its
contribution to world science.

 projects described in this issue were proposed
an^

he
carried out by scientists of private or commercial

institutions, universities, and U.S. Government agen-
ciesi. The funding and administration of the U.S. pro-
grain in Antarctica are a responsibility of the National
Science Foundation. Major field support for the pro-
grain is furnished by the U.S. Navy.

The period reported on is approximately the past
fiscal year (July 1, 1970–June 30, 1971) for stateside
research and the 1970 winter for field observations.
Owing to the nature of data analyses, which often
take many years to complete, this issue of the Journal
is not a complete survey of all antarctic research cur-
rently taking place in the U.S.A. Rather, the project
descriptions are a cross-section of the research, per-
haps representing one-half to three-fourths of the pro-
jects active during the past year. Final results, when
available, are likely to appear in standard scientific
iournals.

September–October 1971

In Washington, some major developments took
place. Two of them are noted below: the observance
of the 10th anniversary of the Antarctic Treaty and
the implementation of the President's pronouncement
on the U.S. antarctic program.

Treaty observance

The U.S. national program in Antarctica is part of
an international research program pursued by the 12
nations that signed the Antarctic Treaty nearly 12
years ago. The 10th anniversary of final ratification of
that Treaty was observed at the Department of State
on June 23 of this year. At the ceremony, which was
attended by Secretary of State William P. Rogers,
Postmaster General Winton M. Blount presented al-
bums of the U.S. commemorative Antarctic Treaty
stamp to the ambassadors or representatives of the 12
original signatory nations and the four that subse-
quently acceded to the Treaty.

The Secretary of State read a statement by Presi-
dent Nixon that said, in part: "The Antarctic Treaty
and its objectives continue to be extraordinarily rele-
vant in our time, for the overriding goals of the
Treaty are the acquisition of knowledge for the use of
all men, the preservation of a unique region from en-
vironmental degradation, and the extension of peace-
ful cooperation across national bounds. I am indeed
happy that the tenth anniversary of this significant in-
ternational undertaking has been recognized by the is-
suance of a special commemorative stamp, and I offer
my congratulations and warm wishes to all who are
assembled to mark this important event."

Secretary Rogers, in his concluding remarks, added
that " . . . the antarctic experience has provided to
the political leaders of the world a feeling of confid-
ence that large-scale international cooperation can
pay dividends, that areas of potential trouble can be
kept free of conflict, and that political agreements
designed to further common good can work." He pre-
dicted that " . . . the exceptional political innovation
known as the Antarctic Treaty will be credited by fu-
ture historians as a major breakthrough of our time."

Dr. Owen is the National Science Foundation's Assistant
Director for National and International Programs. His direc-
torate includes the Office of Polar Programs.
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Administrative change

An administrative change of major import to the
U.S. antarctic program was the decision by President
Nixon to consolidate funding and management re-
sponsibilities in the National Science Foundation
(Antarctic Journal, vol. VI, no. 1, p. 9). A large effort
has been expended on the implementation of the
changes required by the President's dictum.

The new alinement of responsibility, as stated in
Circular A-51 (Revised), issued by the Office of
Management and Budget on August 4, 1971, reads as
follows:

TO THE HEADS OF
EXECUTIVE DEPARTMENTS AND ESTABLISHMENTS

SUBJECT: Planning and conduct of the United States pro-
gram in Antarctica

1. Purpose
This Circular provides the basis for the planning, funding,

management, and conduct of the United States program for
Antarctica. This revised Circular supersedes Circular No.
A-5 1, dated August 3, 1960.

2. Assignment of responsibility
a. The Antarctic Policy Group shall serve as the policy

guidance body for the totality of U.S. activities under the
Antarctic Treaty. The Antarctic Policy Group will review
each year's operations plan for Antarctica on a schedule
coordinated with the budget cycle. Antarctic Policy Group
membership shall consist of the Secretary of State (Chair-
man); the Director of the National Science Foundation; the
Secretary of Defense; or their designees, and representatives
of such other agencies as may be invited by the Chairman to
participate on an ad hoc basis. The Interagency Antarctic
Committee shall serve as a coordinating organization for the
Antarctic Policy Group. Committee membership shall include
representatives of all agencies having significant interests or
program activities in Antarctica, as determined by the Policy
Group. The Antarctic Policy Group may establish such addi-
tional subsidiary committees as may be necessary to facilitate
the work of the Group.

b. The National Science Foundation shall:
( 1 ) Be responsible for all aspects of developing and

implementing an integrated U.S. program for Antarctica, ex-
cept for responsibilities specifically assigned to other agencies
by this Circular.

(2) Fund the U.S. program in Antarctica, including
logistic support activities, except where such services are
funded by the Department of Defense or the Department
of Transportation in accordance with the provisions of c. and
d. below, or by other agencies as determined by the Office
of Management and Budget.

(3) Fund university or other non-Federal research
programs and all Federal agency scientific programs insofar
as they pertain to Antarctica.

(4) Draw upon the logistic support capabilities of
government agencies on a mutually agreed reimbursement or
nonreimbursement basis, or use commercial or other support
and management capabilities where these are determined to
be cost effective.

(5) Designate a Senior United States Representative
in Antarctica.

(6) Serve as the clearinghouse and source of informa-
tion regarding the existence and location of antarctic records,
files, documents, and maps maintained within the various
executive agencies and nongovernmental organizations.

(7) In consultation with the Department of State, 4o-
ordinate and arrange for the conduct of cooperative scientfic
programs with other nations participating in antarctic e-
search under the terms of the Antarctic Treaty.

c. The Department of Defense shall:

(1) Plan and carry ou logistic support requested by
the National Science Foundation, and such other prograns
and functions as may be requested by the Foundation or the
Antarctic Policy Group, and in this connection assure the
continuing availability, on a mutually acceptable reimburse-
ment or nonreimbursement basis, of essential logistic support
components.

(2) Fund and procure all aircraft required to provide
the logistic support or perform other programs or functions
requested pursuant to paragraph c. (1).

(3) Procure other essential logistic support components
for the U.S. program for Antarctica, on a mutually acceptable
reimbursement or nonreimbursement basis, as requested by
the National Science Foundation.

(4) Through the Commander of the military support
force, exercise operational management and control, including
the determination of safety and feasibility, over logistic sup-
port and other programs and functions in Antarctica assigned
or requested pursuant to paragraph c. ( 1 ) above and make
all reasonable efforts to provide the support necessary to ful-
fill the objectives of the U.S. antarctic program.

d. The Department of Transportation shall fund ice-
breaker services requested by the National Science Founda-
tion for the U.S. program in Antarctica through fiscal year
1972. Funding responsibilities for icebreaker services rendered
in support of the U.S. antarctic program after fiscal year
1972 shall be in accordance with arrangements mutually
agreed upon by the Department of Transportation, the Na-
tional Science Foundation, and the Office of Management
and Budget. The Department of Transportation shall make
all reasonable efforts to assure the availability of icebreaker
services as requested by the National Science Foundation for
the antarctic program.

e. The Department of State is responsible for the formula-
tion of foreign policy and the provision of foreign policy
direction relating to the development and implementatiori of
an integrated U.S. program for Antarctica; for the conduct of
foreign relations regarding Antarctica; and for legal maters
relating to the interpretation and implementation of 1 the
Antarctic Treaty.

3. Relations between the National Science Foundation and
other organizations in carrying out an integrated U.S. pro-
gram for Antarctica

a. Executive departments and agencies shall cooperate
with the National Science Foundation in fulfilling its re-
sponsibilities for the U.S. antarctic program, and shall ap-
point agency representatives to advisory committees as may be
requested by the Director of the National Science Foundation.

b. Federal agencies interested in scientific or other activi-
ties for Antarctica, either to be conducted by their own
staffs or by other agencies and personnel, should inform the
National Science Foundation of their interests and of those
aspects of proposed activities which might be included in the
U.S. scientific program to be developed and funded by the
Foundation. The Foundation shall make allocations to Fed-
eral agencies and grants and contracts to non-Federal orga-
nizations for scientific and logistic support activities it deems
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necessary and appropriate to the conduct of the U.S. program
in Antarctica.

'c. The National Science Foundation shall advise the
Department of Defense and the Department of Transporta-
tion, or other appropriate agencies, of the program plans for
Antarctica in sufficient time and in sufficient detail so that
therequired supporting programs may be developed on
an orderly basis. The Departments of Defense and Trans-
portation, and other appropriate agencies, shall in turn
consult and collaborate with the National Science Founda-
tion and keep it fully informed regarding all aspects of
program support planning and operations for which they have
been assigned responsibility. The Departments of Defense
and Transportation or other appropriate agencies shall
present to the National Science Foundation statements cov-
ering the actual and estimated costs of their support for the
antarctic program. These statements shall cover the past,
current, and budget years and shall be submitted at an
agreed time each year as necessary to meet the Federal
budget requirements.

GEORGE P. SHULTZ
DIRECTOR

Although one result of the administrative realine-
ment may be the introduction of more civilian con-
tractors for support, the decision does not mean that
the research program will be deprived of the magnifi-
cent support that it has received from the U.S. Navy
since 1956. In fact, agreement has been reached on high
level to continue the fruitful cooperation among gov-
ernment agencies that has existed for more than a
decade. This agreement was signed by the Director of

Phytoplankton studies
in the southeastern Indian Ocean

SAYED Z. EL-SAYED

Department of Oceanography
Texas A&M University

Before the inception of Eltanin Cruise 46 (Novem-
ber 20, 19701 to January 20, 1971), our knowledge of
the primary production and standing crop of phyto-
plaiikton in the southern Indian Ocean, especially
sou h of 40°S., was very meagre. Eltanin Cruise 46,
witli its emphasis on the study of the structure and
fun, --tion of the antarctic ecosystem (El-Sayed, 1971),
has provided us with an excellent opportunity to in-
cre se our knowledge of primary organic production
and phytoplankton standing stocks in the southeastern
Ind an Ocean.

Although the results from the biological productiv-
ity 6ata will assume more meaning as further analyses
of the data are completed and additional findings
fro related programs are made available, it is well to
present here some of the preliminary findings of the
phy oplankton investigations. Conspicuous variations
in the productivity parameters were noted in the four
water masses studied (subtropical, subantarctic, Ant-

Sepember—October 1971

the National Science Foundation and the Secretary
of the Navy on August 23, 1971.

The Office of Polar Programs is being reorganized
to better enable the staff to carry through on the added
responsibilities assigned to the National Science Foun-
dation. These new responsibilities come at a time
when the office is accelerating its involvement also in
arctic research. To further strengthen the enlacement
between the research program and its logistic support,
selected DOD officers are being detailed to the Office
of Polar Programs during their tour of duty.

Earlier I indicated that our primary justification for
being in Antarctica was the research effort being car-
ried on. We must indeed insure that each scientific
program being supported lies at the forefront of its re-
spective discipline. Furthermore, we must continue to
examine the productivity of the work and its impor-
tance in light of our investment in ships, planes, sta-
tions, and the very high support costs involved.

We have embarked on an in-depth review of these
costs and will assess what changes in the science/sup-
port program mix might serve to reduce our overall
dollar outlay. Our study will require the close cooper-
ation of both scientists and logisticians. By working to-
gether, we would hope to maximize the quality and
effectiveness of our research and reduce, wherever
possible, the magnitude of logistics necessary for its
support.

arctic Convergence, and antarctic) during this cruise.
For instance, the low levels of production characteris-
tic of the stations occupied in pack ice were in marked
contrast to the high productivity found at stations
occupied off Heard and the Kerguelen Islands. High
standing crops of phytoplankton were also noted at
the stations in the vicinity of the Convergence (Polar
Front).

The hydrographic and nutrient data collected dur-
ing this cruise showed the significant effect of the
Polar Front on the distribution and abundance of the
nutrient salts and primary producers. In general,
higher concentrations of nutrients were found south of
the Polar Front rather than north of it, with conspicu-
ous increases from north to south as the Convergence
was crossed. With regard to the distribution of the
phytoplankton, except for the few stations occupied
north of the Subtropical Convergence, where the dino-
flagellates were an important component of the phy-
toplankton, the diatoms were the dominant element
Par excellence throughout the study areas. Floral
changes in the composition of the phytoplankton were
noted at the Polar Front and at the Subtropical Con-
vergence.

Efforts are being made to collate the data on pri-
mary productivity and standing crop collected during
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the cruise with related studies on solar radiation, sub-
marine light penetration, nutrient chemistry (for ex-
ample, inorganic salts, particulate and dissolved or-
ganic carbon, vitamins, and trace elements), zoo-
plankton, and microbial biomasses. The results of such
efforts are expected to yield a more comprehensive
picture of the structure and function of the antarctic
ecosystem.

Reference
El-Sayed, S. Z. 1971. The photic zone: eleven studies

during Eltanin Cruise 46. Antarctic Journal of the U.S.,
VI(3): 63-66.

Stable carbon isotope variations
in the antarctic marine ecosystem

BRIAN J . EADIE and WILLIAM M. SACKETT

Department of Oceanography
Texas A&M University

Variations in natural abundance of carbon-13 are
being used to trace the pathway of carbon in the ant-
arctic ecosystem. Natural processes, both physical and
biological, are responsible for small but significant
changes in the ratio of C 13 to C' 2 . Atmospheric and
dissolved carbon dioxide are isotopically lighter at low
temperatures than in warmer areas (Deuser and De-
gens, 1967), and photQsynthesizing organisms prefer-
entially incorporate C12 into the organic pool (Sack-
ett et al., 1965). Our aim is to further understand the
temperature effect on various phases of natural-car-
bon isotope fractionation and to use natural-carbon
isotope compositions to study the fate of carbon as it

moves through the antarctic marine ecosystem. To
this end, samples of all possible species of carbon were
collected on Eltanin Cruise 46, to be supplemented by
further samples from Cruise 51.

The data are presented in the usual way as '8C13'

representing the per mill deviation of the C13/C12
ratios of the samples from that of the Chicago PDB.
Analysis of 13 plankton samples shows a correlation
between 8C13 and surface temperature of 0.45 ± 0.1
per mill per degree Celcius over the range of -l ' to
15°C. (see table), about twice that reported by Sack-
ett et al. (1965) for the range of -2° to 27°. The
dependence of fixed organic carbon on the tempera-
ture of the surface water is the basis for postulating
the possibility of a carbon isotope paleotemperature
scale.

The carbon of the upper 10 cm of cores taken on a
north-south transect along approximately 1 15°E. was
examined. The results, also listed in the table, show a
decrease in the carbonate concentration, as expected
for sediments deposited in colder waters, and a gen-
eral decrease in the 8C 13 of the organic fraction. Fur-
ther analysis of the isotopic composition of sedimen-
tary inorganic and organic species in various intervals
of cores collected on Cruise 46 should lend considera-
ble insight into the paleocarbon cycle.
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Carbon content and isotope composition of antarctic samples.

Sedipient (0-10 cm)
Organic	 Inorganic

%CaCO	6

	

-20.5	85.8	H 2.2

	

-20.6	54.3	4-1.8

	

-21.0	90.6	4-1.6

	

-20.8	56.0	-+.3.0

	

-20.1	7.5	H 3.0

	

-22.4	0.2

	

-23.8	0.1

	

-24.9	3.5	42.7

Station
	Coordinates
	 Surface	Plankton

temperature
S. lat.	E. long	(°C.)	%C	aC"	%C

35017'
	

114057'
	

15.3
	

28.6	-20.1	1.3
2
	

38020'
	

115007'
	

14.6
	

2.7
3
	

43° 00'
	

115° 00'
	

10.4
	

1.0
4
	

50° 19'
	

115 0 5 2'
	

3.8
	

7.6	-25.6	1.8
5
	

54°01' 115001'
	

3.7
	

8.1	-25.0	3.1
6
	

58003'
	

114° 54'
	

2.3
	

10.2	-26.7	4.1
7
	

62002'
	

115001'
	

0.1
	

2.0
8
	

64023'
	

114° 36'	-1.6
	

2.4
11
	

63031'
	

90° 18'	-1.4
	

27.6	-29.0
12
	

61° 35'
	

75° 12'	-0.7
	

14.3	-26.7
13
	

65° 12'
	

74050'	-1.3
	

8.6	-26.5
14
	

65° 29'
	

74°48'	-0.9
	

9.5	-29.2
15
	

61056'
	

75° 12'	-0.4
	

10.6	-25.6
15-1
	

7.5	-24.1
16
	

53004'
	

72059'
	

2.9
	

26.8	-24.4
17
	

49022'
	

70043'
	

4.2
	

23.0	-25.9
17-1
	

50° 19'
	

74° 25'
	

3.2
	

9.7	-23.9
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Marine fungi: occurrence
in the southern Indian Ocean

GuNTHER BAHNWEG and FREDERICK K. SPARROW, JR.
Department of Botany
University of Michigan

During USNS Eltanin Cruise 46 the occurrence
and distribution of marine fungi in waters and bottom
sediments of the southern Indian Ocean were studied.
Samples collected at 18 different stations occupied in
subtropical, subantarctic, and antarctic waters were
processed for marine fungi with particular emphasis
op saprophytic phycomycetes. The fungi collected
during this cruise are being examined at the Univer-
sity of Michigan in Ann Arbor.

Figure 1. Several sporangia (some indicated by arrows) of a
monocentric marine phycomycete on a piece of decaying shrimp.

Figure 2. Sporangia of the same fungus. A: mature sporangium
aplanospores shortly before discharge. B: immature sporangium.

C: rhizoids.
1/ts: G. II//H('
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4
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A

Preliminary results indicate that yeasts are most
abundant in the open ocean; high numbers occur par-
ticularly at stations close to or in the ice. Some of the
yeasts were identified as the smut-like basidiomycetous
forms previously reported by Fell (1968). Phycomy-
cetes, on the other hand, were primarily recovered
from water and benthic materials from the vicinity of
islands, namely Heard Island and Kerguelen Island.
Only a few phycomycetes were recovered from open
oceanic water. All of the phycomycetes are nonfila-
mentous. Some of them could be identified as mem-
bers of the genera Thraustochytrium (Sparrow, 1936)
and Dermocy.ctidium sensu Goldstein and Moriber
(1966), while others apparently represent a new genus
intermediate between those two above, which will be
described elsewhere (figs. 1 and 2).

Filamentous higher fungi ("molds") were generally
rare, their abundance increasing slightly with proxim-
itv to land.
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Distribution, biochemical activity,
and chemical composition of
plankton in antarctic waters

ANGELO F. CARLUCCI, OSMUND HOLM-HANSEN,
and PETER M. WILLIAMS

Institute of Marine Resources
University of California, San Diego

Extensive samplings were made at 16 stations dur-
ing Eltanin Cruise 46 to study biological and biochem-
ical properties of antarctic waters. Whenever possible,
samples were obtained for most of the water column
(down to 4,000 m), but most samples were from the
upper 250 m. Samples were frozen and returned to
our laboratories for studies on these properties: (1)
The distribution of microbial cells throughout the en-
tire water column. Total microbial biomass was esti -
mated by adenosine triphosphate determinations. (2)
The gross and specific chemical composition of phyto-
plankton, zooplankton, and total particulate matter.
These studies include the protein, carbohydrate, and
lipid fractions. (3) The depth distribution of particu-
late and dissolved organic carbon, nitrogen, and phos-
phorus. (4) The distribution of dissolved and particu-
late vitamins B 1, B12 , and biotin in depth profiles.
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(5) The species distribution and total biomass of phy-
toplankton cells from the surface to 100 m depth, to
be determined on preserved samples. (6) The natural
radiocarbon activity of phytoplankton, zooplankton,
and bathypelagic Crustacea and fishes. These data will
be assessed to determine the rate of transfer of photo-
synthetically fixed carbon from sea surface into the
deep ocean.

Most of the above samples are still being analyzed,
but we do have some data on dissolved vitamins, mi-
crobial biomass, and particulate nitrogen and carbon.
In 120 samples studied for dissolved vitamins, B 1 was
found in only a few samples, and hence its concentra-
tions in these waters are extremely low or nil. The
concentrations of vitamin B 12 ranged from 0 to 3.2
nanograms per liter, with the higher concentrations
being found in waters between 125 and 250 m and at
approximately 1,000 m. The total microbial biomass
as estimated by ATP determinations was fairly low
north of the Antarctic Convergence (averaging about
20 to 40 jig organic carbon in living cells per liter)
and close to the continent. At stations 4 and 5, which
were in or close to the Convergence, ATP determina-
tions indicated a biomass of 50 to 100 jig carbon per
liter, which represents about 50 to 75 percent of the
total organic carbon concentration. The total particu-
late organic carbon values in the euphotic zone ranged
from 30 to 200 jig carbon per liter. In all profiles the
particulate organic carbon decreased rapidly at depths
between 200 and 500 m, below which it ranged from
about 2 to 10 jig carbon per liter. The carbon-nitro-
gen ratios of the particulate matter ranged from about
4 to 10, without any significant variation with depth.

Our data on microbial biomass, chemical composi-
tion of the plankton, and chemical composition of the
particulates and dissolved material at various depths
will be correlated with other data (e.g., primary pro-
duction and respiration rates) when available from
other Cruise 46 investigators.

Absorption of soluble organic
compounds by polar marine

zooplankton
M. A. MCWHINNIE and R. J . URBANSKI

Department of Biological Sciences
DePaul University

Zooplankton species collected from the deep scat-
tering layer in the Indian Ocean sector of the south
circumpolar waters were studied during the antarctic
summer of 1970-1971 on Eltanin Cruise 46. Animals
were collected with a 1-m Isaacs-Kidd midwater trawl
principally from 500 m to the surface; some collec-

tions were made from 1,000 m. In the pack ice vertical
hauls were made with a 1-rn net (502-micron mesh) -
in deference to the hazards of towing. Members of the
zooplankton populations, representing five phyla and
eight genera, were measured for whole organism re-
spiration and carbon-14 glycine absorption from sea
water.

Considering the possibility that heterotrophic bac-
teria are mediators in the transfer of soluble organic
compounds from sea water to phytoplankton-feeding
species, animals were treated with antibiotics (strepto-
mycin and penicillin). Respirometric measurements
were made to determine the effect of antibiotics on
the zooplankton species whose absorption of amiho
acid was being studied.

All animals were studied at 1 ° or 3°C. and were
maintained in sea water. Subsequently animals were
incubated in C14-glycine-labelled (filtered) sea water
and were passed through several changes of filtered
(Millipore, 0.45ji) sea water before and after each ex-
perimental study.

The data show a considerable range in oxygen con-
sumption, with chaetognaths (Eukroh nia hamata)
showing the highest values (11 to 12 jii oxygen per mg
of protein per hour), followed decreasingly by a ptero-
pod mollusc (Clione antarcticus), polychaete annelid
(Tomopteris carpenteri), amphipod crustacean (Par-
athe7nisto gaudichaudii), and euphausid crustacean
(Euphausia triacantha) (2.4 ji1 oxygen per mg of pro-
tein per hour).

Treatment of these animals with 200 mg streptomy-
cin sulfate per liter of sea water or 500,000 units peni-
cillin per liter of sea water resulted in an increase in
oxygen consumption. Any change in respiration in-
duced in an organism as a consequence of exposure to
a pharmacological agent must be explained on the
basis of some physiological effect on the animal. This
action, whether stimulatory or inhibitory, must be rec-
ognized when assessing the extent of absorption of sol-
uble organic compounds from environmental sea
water. The increase in oxygen consumption ranged
from small (5 to 10 percent) and not numerically sig-
nificant, to large, significant increases (80 to 90 per-
cent) depending upon the duration of exposure to the
antibiotic (1 through 48 hours).

As in the case of oxygen consumption, C14-glycine
absorption from sea water varied with the species em-
ployed. Ranked from the highest absorption to the
lowest, the following species were studied: Calanoides
acutus (Crustacea; Copepoda), Clione antarcticus
(Mollusca; Gastropoda), Tomopteris carpenteri (An-
nelida; Polychaeta), Eukrohnia hamata (Chaetogna-
tha), Euphausia triacantha (Crustacea; Euphausi-
acea), hydrozoan medusa (Coelenterata; Hydroida),
hydrozoan nectophore (Coelenterata; Siphonophora),
and Parathemisto gaudichaudii (Crustacea; Amphi-
poda). Animals treated with antibiotics showed an' in-
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crease (over that of untreated animals) in amino acid
incorporation, which also varied with the duration of
exposure to the antibiotic.

These studies support and extend those reported
earlier (McWhinnie and Johanneck, 1966) and will
be, pursued to ultimately disclose the role of soluble or-
ganic compounds in the nutrition of zooplankton spec-
ies which are adapted to high latitudes and are gener-
ally phytoplankton feeders.
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Microbiology of antarctic sea water
RICHARD Y. MORITA, PAUL A. GILLESPIE,

and LARRY P. JONES
Departments of Microbiology and Oceanography

Oregon State University

Surface water from the Antarctic is rich in primary
nutrients. The principal means for the regeneration of
primary nutrients (mineralization of organic matter)
in the sea is the metabolic activity of marine bac-
teria. However, for many years microbiologists
thought that true cold-loving (obligate psychrophilic)
bacteria did not exist. If this were the case, then the
metabolic activities of marine bacteria in the regener-
ation of primary nutrients in cold waters would be ex-
tremely slow (based on the Q io rule).

We first isolated obligate psychrophiles in 1963
(Morita, 1966). Since that time our investigations on
the physiology of these psychrophiles strongly indicate
that these thermal types of bacteria should receive pri-
mary consideration in any microbiological research in
antarctic waters. In addition, we have been employing
a modified kinetic approach (Wright and Hobbie,
1965 and 1966; Hobbie and Crawford, 1969) to de-
termine the rate of in situ microbial activities in an
eutrophic lake (Burnison and Morita, 1971). It is
hoped that as a result of our wide-based approach we
can determine in situ activity of psychrophilic bacteria
during the process of normal mineralization in antarc-
tic waters. Cruise 46 of USNS Eltanin afforded us an
opportunity to test out our ideas and concepts.

Uniformly labelled carbon-14 substrates were used
for measuring uptake and respiration (mineraliza-
tion). Different concentrations of these substrates
were added to a known volume of a water sample and
incubated at the temperature from which the water
sample was obtained. These results permit us to Un-
dcrtand the activity of natural microbial populations
and their rate of assimilation and utilization of or-
ganic substrates. The track of Cruise 46 did not in-
clude the extremely productive near-shore waters of

the Antarctic. Nevertheless, our results indicate that a
significant degree of mineralization takes place in the
ice-laden offshore water. Highest activity was ob-
served near the Antarctic Convergence (station 4)
and the easternmost station near the ice shelf (station
8). The microbial activity at stations north of the
Antarctic Convergence was nearly unmeasurable.

Using water samples taken near the ice shelf (water
temperature was —1°C.) we demonstrated the psy-
chrophilic nature of the microbial flora. Significant mi-
crobial activity was observed even at —3°C. (lowest
temperature tested). Activity increased with increas-
ing temperature with maximum activity at 3°C. Tem-
peratures higher than 3°C. depressed the microbial
activity.

Bacterial isolates from Cruise 46 proved to be ex-
tremely interesting. The maximum growth tempera-
tures of some of these isolates are the lowest ever re-
corded. Interestingly, many microbiologists working in
the Arctic as well as the Antarctic never have ob-
tained obligate psychrophilic bacteria because of the
method of isolation employed or by the use of wrong
source material. The importance of correct sampling
and isolation procedures cannot be overemphasized.

Our preliminary investigations definitely indicate
that there is a significant amount of microbial activity
in antarctic waters and that we are dealing with a
unique thermal class of bacteria. These initial investi -
gations will permit us to design further research on
the microbiology of antarctic waters.
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Observations of net solar radiation
for oceanic biological study

Guy A. FRANCESCHINI

Department of Meteorology
Texas A&M University

To determine the spectral distribution of solar ra-
diation made available for primary productivity,
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measurements were made aboard USNS Eltanin dur-
ing Cruise 46, which took place in the southern In-
dian Ocean during the austral summer, from Novem-
ber 20, 1970 5 to January 20, 1971. Hemisphere collec-
tors (Eppley precision spectral pyranometers) were
used in sets of four to determine the incident and up-
welling fluxes of shortwave radiation above the
water over selected wavelength bands. Schott glass fil-
ters, with lower sharp cutoffs centered at 285, 500,
630, and 700 nanometers (nm) were employed. Each
hemispheric filter was transparent to approximately
2,800 nm, thus permitting evaluation of energy asso-
ciated with four wavebands: 285 to 500 nm, 500 to
630 nm, 630 to 700 nm, and 700 to 2,800 nm. Each
set of four sensors was mounted on damped gimbals to
compensate for ship motions.

The incident or downwelling radiation was meas-
ured astern on the starboard side of the helicopter
deck. The sensors were mounted 2 m above the high
deck to minimize structural interference. A similar set
to measure the upwelling flux, reflected and back-
scattered by the water and ice, was mounted approxi-
mately 5 m above mean water level on the end of a re-
tractable boom extending 9 m forward from the bow.
Such an exposure of the downward-facing sensors,
though dangerous in high seas, permitted viewing of

waters as yet undisturbed by the ship and minimized
the solid angle—as viewed by the sensors—subtended
by the vessel. However, with the sun astern, interfer-
ence by the ship's shadow made measurements with
such an arrangement unreliable.

The output signals of all sensors were recorded si-
multaneously on potentiometric strip-chart recorders.
Although manual processing of such data is tedious,
such analog traces facilitate the monitoring of opera-
tions and the evaluation of the influence of enviroi-
mental conditions. It is hoped that in future efforts
aboard the Eltanin the data acquisition system will be
improved to include automatic integrating, digitizing,
and recording of data in situ.

The weather during Cruise 46 was nearly ideal. Un-
fortunately, bad weather and sudden rough seas did
occur occasionally, resulting in the loss of bow-
mounted instruments. Results of manual processing of
data are satisfactory. An example is shown in the
figure. The influence of sea ice may be noted be-
tween 1800 and 2000 hr in the upwelling traces. Final
results will furnish to the biological community the
spectral components of radiation made available to
the biomass in the water.

Bioacoustics of marine mammals;
R/V Hero Cruise 70-3

WILLIAM C. CUMMINGS and PAUL 0. THOMPSON

Naval Undersea Research and Development Center
San Diego

On May 15, 1970, the research vessel Hero left
Punta Arenas, Chile, in search of marine mammals
and birds along the Chilean archipelago and offshore
islands. The main purpose of this phase of Cruise
70-3 was to study the sounds of marine mammals en-
countered from Punta Arenas to Valparaiso, Chile.
Numerous sound recordings were made in the pres-
ence of blue whales, Balaenoptera musculus, South
American fur seals, Arctocephalus australis, Guada-
lupe fur seals, Arctocephalus philippi, and South
American sea lions, Otaria flavescens.

Sailing westward through the Strait of Magellan
and then northward through the island chain, we
made recordings from 32 locations. Half of these loca-
tions were inhabited by seals, porpoises, or large
whales; the others were used as listening stations for
monitoring any distant soniferous animals.

We found a large colony of South American fur
seals in the Pierre Isles, 50 0 35.5'S. 74 0 59'W. All to-
gether, about 30 animals were concentrated on a small
rocky isle. Underwater grunting and thumping sounds
extending in frequency from 30 to 600 Hz were re-
corded from the nearby seals, using one of Herb's
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Comparison of sounds from
blue whales I (left) and IV
(right). Oscillograms (top)
show sound pressure enve-
lope and gross wave form.
Corresponding spectrograms
(second row) delineate the
three parts (A, B, C) of each
sound. Effective analyzing
filter bandwidth for spectro-
grams was 1.4 Hz. Graphic
level records (third row) for
the same sounds were made
with 75-Hz low-pass filter-
ing for whale I and 150-Hz
low-pass filtering for whale
IV. Oscillograms (bottom)
show a representative wave-
form sample from each of
the three parts of each

sound.
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boats. Two large male sea lions stayed ashore, apart
from the fur seals.

A rare opportunity for underwater bioacoustics
study occurred at Isla Guafo, southwest of Isla de
Chiloé, where four blue whales were sighted on May
30 and 31. The underwater moanings from these ani-
mals were the most powerful sounds recorded from
living animals-188 dB, re 1 N/111 2 at 1 m. By com-
parison, this is the same overall noise level as that of a
U.S. Navy cruiser traveling at normal speed. Each
bhie-whale phonation consisted of three parts, the
total duration being an average of 36.5 sec. The
sounds were exceptionally low in pitch, their frequen-
cies extending from 12.5 to 200 Hz. This combination
of high power and low frequency would enable the
blue whales' sounds to be audible from a hydrophone
hundreds of miles from the whale. The moans from
blue whales occurred in a repetitive pattern that was
interrupted only when the vociferous whale surfaced
to breathe. We were unable to detect any particular
kind of behavior that was directly associated with
sound production. Sometimes the whales appeared to
be feeding; at other times they seemed to be in transit.
A few other blue-whale signals occurred in the back-
ground, but we could see no other whales. Presuma-
bly,i the others were beyond our visual range, but
within range of the hydrophones. The four whales
sigFted were between 15 and 18 m long.

We noted a high correlation between changes in the
blue whales' distances from the hydrophone and the
amplitude of the signals, indicating that the high-level
sounds were definitely from the whales under observa-
tion. All four of the blue whales occurred in relatively
shallow water ranging in depth from 6 to 169 m.

These recordings are extremely valuable, because
blue whales are scarce and we may not have another
opportunity to work with them.

The Guadalupe fur seal, whose airborne bleating
sounds were recorded during Cruise 70-3, was en-
countered in one of its last refuges—Isla Más-á-Tierra
(Robinson Crusoe Island), about 650 km from the
Chilean coast. Although the hydrophone was very
close to swimming animals, we could not detect any
underwater vociferations. We did not see any sea
lions, and apparently only a few fur seals have sur-
vived the harvest of traders.

We recorded a variety of grunting sounds, growls,
and barks from a large colony of South American sea
lions at Metalqui Island (42°11.7'S., 74°10.5'W.) off
the northwestern coast of Isla de Chiloé. The princi-
pal energies of these phonations were in a bandwidth
from about 40 to 1,000 Hz. With a hydrophone and a
directional microphone it was possible to record air-
and waterborne sounds simultaneously. These record-
ings were made as the animals swam at the surface of
the water with their heads exposed. Metalqui ap-
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peared to be a very favorable location for any type of
field work on the South American sea lion. The
colony contained about 300 animals, the beach was
easily accessible, and the area was situated in sheltered
waters.

The bioacoustics phase of Cruise 70-3 ended on
June 18, 1970, as Hero neared Valparaiso, Chile. We
are grateful for the assistance given us by Dr. Ray-
mond M. Gilmore (senior scientist), Dr. Joseph R.
Jehl, Jr. (ornithologist), and Mr. Steven L. Bowen
(research assistant), all from the San Diego Natural
History Museum. Hero's Master, Robert Carrow, and
the crew did a splendid job of manning the ship and
providing support, often under severe conditions. The
work was supported by NSF grant AG-217.

The general ecology of the
antarctic limpet Patinigera polaris

STEPHEN V. SHABICA

Marine Science Center
Oregon State University

Studies begun under the direction of Dr. Joel W.
Hedgpeth during the austral summer of 1969-1970
(Stout and Shabica, 1970) of the life cycle of the
intertidally occurring limpet Patinigera polaris were
continued at Palmer Station through the austral
winter. Field observations by scuba diving comple-
mented extensive experimentation in the biological
laboratory. The data will be used to gain a greater un-
derstanding of population dynamics in what appears
to be one of the most simple and undisturbed of ecol-
ogical communities.

Meter-square samples of P. polaris were collected
monthly from six levels of the littoral zone: 0.0, 1.5,
3.0, 6.0 to 7.4, 10.5 to 12.0, and 15.0 m. To determine
population size, age structure, and recruitment, a size
distribution analysis was performed. Length, width,
and height of each specimen were measured. The
height of the limpet appears to be an important pa-
rameter, as the height to width-length ratio decreases
as depth increases. Perhaps the higher shell, which al-
lows greater exposure in th€ supralittoral, is being Se-
lected naturally. As in some temperate species, the
higher shell presumably allows greater water retention.

Each animal was sexed and its gonad examined.
Since the reproductive period was unknown, gonadal
growth and state were investigated to allow predic-
tions regarding spawning. Shell epiphytes and their
relative concentrations were noted, for marked differ-
ences in shell surface morphology are associated with
such .growths. Variation of the shell surface appears to
be related to depth, and the epiphytes may well be re-
sponsible. Other possible causes are bacterial action on
the shell or differential shell solution, both being re-
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lated to depth. The shells of the limpets were drid
and weighed. Generally, shell thickness and thus
weight appear to reduce with increasing depth. Ttie
thick, heavy shells of the limpets above 3.0 in s-
pecially of those occurring in the supralittoral suggest
natural selection for greater resistance to the abrasi n
and crushing caused by ice in shallow water.

Marked limpets released in March 1970 were c 1-
lected again in February and March 1971 and rem a-
sured. Animals included in the study ranged in length
from 10 to 65 mm. The data have not been co 'tpletely analyzed, but growth rates are high in tie
smaller limpets and negligible in the larger ones. A
growth of 1 to 3 mm during the year's study was 
unusual in the smaller animals.

Observations showed the following animals to:
predators of P. polaris, in decreasing order: the kelp
gull, Larus dominicanus, which swallows the limpets
at the water's edge and then regurgitates them in gull
middens (fig. 1); an asteroid (fig. 2); the sheath bill,
Chionis alba; the fish Notothenia coriiceps; the pycno-
gonids Colossendeis robusta and C. megalonyx; the
echinoid Sterechinus neunzayeri: and the pycnogonid
Pentanyinphon sp. The observations were made dur-

Figure 1. Common gull midden of Larus dominicanus.

Figure 2. Sea star (turned on dorsal surface artificially) feeding
on Patinigera polaris.

ANTARCTIC JOURNAL



itig scuba dives, from the Palmer Station live tanks,
and in the Arthur Harbor region.

To determine the food preference of P. polaris,
specimens were collected from 0.0, 6.1 5 12.2, and 18.3
m. At each level, collections were made from three ex-
isting substrate types: rock, algae, and mud. Slides
were prepared of the gut contents, and a 200-point
count was made. Generally, regardless of substrate
type, diatom fragments made up the greatest percen-
tage of total gut content. Algal filaments and frag-
ments made up the next greatest percentage, followed
closely by inorganic or mineral fragments. Apparently,
P. polaris is nonselective in its feeding habits. The
mean water content of the soft tissue of the limpet
was found to be 83 percent of total body weight.

Shell regeneration is quite rapid despite the low
water temperatures. In all cases examined, '/16-inch
holes drilled through the shells were sealed internally
by a hard pearly white substance after a maximum of
9 months. The protective value of this rapid regenera-
tion is obvious: animals whose shells are either slightly
crushed by ice or damaged by a predatory bird (peck-
ing fractures) would be more vulnerable to other
types of predators if the shell remained unsealed.

P. polaris is dioecious, and fertilization takes place
externally. Maturation can occur in limpets larger
than 2.2 cm; no upper size limit of fecundity was ob-
served. Spawning is probably related to water temper-
ature. Observations in the wild and in the live tanks
at Palmer Station—as well as observations made by
Eric Twelves, British Antarctic Survey (personal com-
munication), at Signy Island—support this. From 2 to
3 weeks of above - 1.40°C. water temperature seem
to be required to initiate maturation of gametes. Ex-
periments show that, prior to the water's warming
trnd, placing eggs and sperm together artificially does
not result in fertilization. However, after 3 weeks of
warming (water temperature reaching —0.65°C.),
fertilization can be induced artificially. There is a
definite time lag between the spawning of the deep
and shallow water limpets.

The embryological development of fertilized eggs
was followed to the trochophore stage (fig. 3).

Live-tank observations of spawning indicate that
the release of eggs by the female is perhaps responsible
for the emission of semen by the male (fig. 4), an un-
known substance released with the eggs stimulating
the males. Very ripe males and females have been ob-
served to spawn separately with mechanical—differ-
ential pressure—stimulation.

Breeding appears to occur in two separate periods:
early November and early December. This could be
theresult of differential growth and maturation, the
exitence of two distinct populations of the same spec-
ies or of two different species that are morphologically
similar but genetically different, or a long, indistinct
breding season. Histological examination of the gon-

Figure 3 (left). Trocophore stage of Patinigera polaris.
Figure 4 (right). Semen release by Patinigera polaris.

Figure 5. Twelve-legged pycnogonid Dodecalopoda mawsoni.PIi:

ads will be carried out at Oregon State University and
should clarify this phenomenon.

Experimental work performed during the winter
shows that (1) P. polaris demonstrates positive pho-
toattraction, (2) it exhibits no thermal preferendum
in the 1.0° to +10.1°C. range, (3) it can tolerate
0-percent normal sea water for 16 hours and 225-per-
cent normal sea water for 14 hours (in conjunction, it
exhibits osmoregulatory behavior as measured by
weight gain or loss), and (4) it can tolerate + 17.0°C.
water temperature for 2 hours and —8.0°C. for 12
hours. The animals were tested from —13.5 0 to
+22.0°C.

Closed respirometry studies were performed on over
800 individuals.

The vertical limit of distribution of P. polaris ap-
pears to be shallower the farther south the animal is
observed. At Signy Island (60°43'S. 45°38'W.) Mi-
chael Robbins (personal communication) states that
its vertical limit is at a depth of 31.8 m. In Arthur
Harbor (64°46'S. 64°04'W.), its limit is 20.5 m. At
the Argentine base Almirante Brown (64°53'S.
62°53'W.), its limit is 15.4 m. All observations were
from similar substrates.

In other work, the first perfect specimen of the rare
12-legged pycnogonid Dodecalopoda mawsoni (fig. 5)
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was collected while trawling from R/V Hero near the
Melchior Islands (64°19'S. 62°57'W.). This was the
fourth specimen of Dodecalopoda ever collected.

This work is supported by National Science Foun-
dation grant GA-18348.
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Effects of temperature
on carbon dioxide compensation points
of the moss Drepanocladus uncinatus

JAMES R. RASTORFER

Institute of Polar Studies and Department of Botany
The Ohio State University

Photosynthetic and respiratory rates as influenced
by temperature and light intensity have been reported
for antarctic mosses (Gannutz, 1970; Rastorfer,
1970). However, to the author's knowledge carbon
dioxide compensation points (concentrations) have
not been ascertained previously for an antarctic moss
species. The determination of this physiological pa-
rameter is important in understanding the biology of
antarctic mosses. Plants with relatively high CO2
compensation points indicate that they may have a
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Carbon dioxide compensation points as affected by temperature
for Drepanocladus uncinatus gametophytes.

light-dependent CO2 releasing mechanism that differs
from dark respiration (Jackson and Volk, 1970). In
this study, CO2 compensation points were determined
at three different temperatures for gametophytes of
Drepanocladus uncinatus (Hedw.) Warnst.—of west
antarctic origin but cultured under controlled condi-
tions.

Materials and Methods. Experimental plant tissues
consisted of new gametophytic shoots of D. uncinaus
produced by regeneration from parent materials co--
tected on the easternmost island of the Corner Islands,
Argentine Islands, Antarctica. Plants were cultured on
vermiculite in plastic trays having drainage holes and
a clear plastic fitted lid. This tray was kept in a
growth chamber with temperatures, at plant level,
ranging from 0.5° ± 0.5°C. during the dark period to
12.5 0 ± 0.5°C. during the light period. The light pe-
riod was 14 hours per 24 hours from fluorescent
lamps providing a light intensity, at plant level, of 25
milliwatts per sq cm (iSA 400-750 nanometers). In ad-
dition, the culture was supplied weekly with a 0.1 con-
centration of Hoagland solution.

Carbon dioxide compensation points were deter-
mined in a closed system employing a Beckman model
215 infrared gas analyzer. The test shoots were sealed
in a Plexiglas chamber, which was submerged in a
water bath and connected to the closed system. Tem-
peratures of the water bath were adjusted to maintain
the specified experimental temperatures of 5°, 15°,
and 25°C. inside the plant chamber. The light inten-
sity, at plant level, was 5.84 mw per sq cm (A
400-750 nm) from incandescent reflector lamps. Al-
though the results of only one sample consisting of
1.02 g (dry weight) of shoots are presented in this re-
port, tests of a duplicate sample give similar results.

Results and discussion. Carbon dioxide compensa-
tion points increased with increasing temperatures
(see fig.). The CO2 compensation values were 32, 50,
and 82 parts per million at 5°, 15°, and 25°C. respec-
tively. This temperature response in affecting CO2
compensation points is consistent with those reported
for vascular plants (Joliffe and Tregunna, 1968;
Heath, 1969).

In general, higher plant species can be divided into
two categories—those with high CO 2 compensation
points and those with low compensation points
amounting to approximately 5 ppm or less (Jackson
and Volk, 1970). Among the former species, CO2
compensation points, in moderately bright light and
between 20° and 30°C., usually range from 32 to 122
ppm (Heath, 1969; Goldsworthy and Day, 1970).
The moss Bryum argenteum is reported to have a
CO2 compensation point of 58 ppm at 20.5°C. (Ras-
torfer, 1970). The CO2 compensation values for D.
uncinatus may be higher than normal, as caused by re-
duced photosynthetic activities resulting from low
chlorophyll (a + b) contents. Tissue samples taken
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from the same culture used in this study had an aver-
age chlorophyll content of 460 g per g fresh weight,
whereas samples collected in the field and assayed in
Antarctica averaged 888 g per g fresh weight (un-
published data). Nevertheless, this moss can be con-
sidered a high compensation species, even though the
CO2 compensation points might be reduced by as
much as 50 percent to 16, 25, and 42 ppm (which
seems unlikely) in tissue samples having higher chlo-
rophyll concentrations.

High CO2 compensation points are caused by pho-
tdrespiration. Photorespiration, as defined by Jackson
and Volk (1970), involves all respiratory processes in
light that release CO2 and consume 02. Recent re-
search indicates that illumination inhibits dark respir-
ation (mitochondrial respiration). At the same time,
at least in high CO2 compensation plant species, illu-
mination induces a light-dependent CO 2 releasing
process (peroxisomal respiration), much of which in-
volves glycolate metabolism (Jackson and Volk,
1970). Whether or not this pathway accounts for the
CO2 released in light of the mosses B. argenteum and
D. uncinatus is unknown. However, mosses may be
similar to leaves of vascular plants with respect to gly-

Carbon-14 in the southern oceans
from nuclear bombs

A. W. FAIRHALL, P. BRADFORD, I. C. YANG,
and A. W. YOUNG

Department of Chemistry
University of Washington, Seattle

Our program (Fairhall et al., 1970) of water sam-
pling for natural and bomb-produced radiocarbon in
the southern oceans continues. Approximately 200
60-liter water samples have been collected and proc-
essed aboard USNS Eltanin for their dissolved carbon
dioxide (total inorganic carbon). The samples are re-
turned to the laboratory for carbon-14 counting. Ali-
quots of water are collected for total CO 2 analysis by
the gas chromatographic technique.

Figures 1 and 2 summarize the C 14 data obtained
so far. The C' 4 specific activity, corrected for isotope
fractionation, is plotted as a function of depth at a
number of locations. Earlier data of Bien et al.
(1965) and Rafter (1968) are shown for comparison.
In fig. 1, the Antarctic Circumpolar Water is charac-
terzed by C" levels of around - 150 % more or
less independent of geographic location. Note the sig-
nificantly lower levels of C 14 that Rafter observed in
the water column in the region of the Ross Sea. Evi-
dently, exchange of Ross Sea water with Antarctic Cir-
cumpolar Water is very sluggish. The ice cover during
most of the year and the low salinity layer in the sum-
mer inhibit air-sea exchange of CO 2 over the Ross
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colate metabolism. In the bryophyte Marchantia, the
enzyme for oxidizing glycolate to glyoxylate is glyco-
late oxidase (Nelson and Tolbert, 1970). Glycolate
oxidase is considered to be a peroxisomal enzyme.
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Sea so that very low levels of C 14 are found even in
the surface layer.

In contrast with the Ross Sea, the vigorous air-sea
exchange of CO 2 at mid-latitudes, where winds are
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Figure 1. Vertical C 14 profiles at high southern latitudes (open
symbols). Earlier data of Rafter (R in legend) in the Ross Sea and
Bien, Rakestraw, and Suess (BRS) are shown for comparison.
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strong, is evidenced by the significant enrichment by
bomb C14 in the upper layers, —50 % 0 being a rea-
sonable upper limit for natural C14 levels of the sur-
face layer at these latitudes. In some areas, bomb C14

has enriched the surface layer by nearly 200 %. The
vigorous winds are also conducive to downward mix-
ing of bomb C' 4 added at the surface. The data of
fig. 2 show evidence of mixing to depths of 800 m.
The total increment of bomb C14 in the water
column is on the order of 1014 C14 atoms per sq in
sea surface. The deepest water again shows C 14 levels
characteristic of Antarctic Circumpolar Water pre-
sumably advected from the south. The absolute C14
concentration is unchanged, so the time for this advec-
tion must be short.

This work was supported in part by the Atomic En-
ergy Commission under contract AT(45-1) –2225,
TA-20.
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Physiography of the continental
margin of Antarctica from

125 0 E. to 1500E.
DANIEL V. GRINNELL

Department of Geology
University of South Carolina

The author is preparing a bathymetric map of the
continental margin of Antarctica from 125°E. to
150°E. on a scale of 1: 1,000,000 and with an isobath
interval of 100 fathoms (Grinnell and Conolly, in
preparation). Soundings used in the preparation of
this map were provided by the General Bathymetric
Charts of the Oceans (GEBCO); by sounding sheets
of the area; by U.S. Navy Oceanographic Office Col-
lection and Plotting Sheets; by Eltanin Cruises 37, 38
and 41; and by the Soviet Atlas of Antarctica.

Accompanying the present report is a physiographic
province-topographic feature diagram based on the
bathymetric map. The physiographic provinces shown
are bounded by significant changes in slope at 2,000 to
2,300 fathoms, at 1,600 to 2,000 fathoms, at 500 to
1,300 fathoms, and at 100 to 400 fathoms. Individual
topographic features are shown either symbolically or
with a single isobath along a feature's boundary.

The continental shelf of this part of Antarctica var-
ies in width from about 110 km off the Adélie Coast
to about 320 km off the Ninnis Glacier, the average
width being about 130-150 km. Depths on the shelf
here run from 0 to at least 867 fathoms, the average
depth being 200 to 300 fathoms. The shelf lacks a
general seaward gradient, the average depth of the
continental shelf-upper continental slope break being
also 200 to 300 fathoms, with extreme values of 100
and 400 fathoms. Thus, in this part of Antarctica, the
average width of the continental shelf is about twice
the world average of 78 km (Emery, 1969), and the
average depth of the shelf/slope break is approxi-
mately three to four times the world average of 73
fathoms (Emery, 1969).

In many spots within 60 km or so of the coast the
unusually great depths can be attributed to erosion of
the bedrock during periods of greater seaward exten-
sion of present and past coastal outlet glaciers. This
hypothesis seems to be substantiated, where data exist,
by the unusually great depths known to occur seaward
of every glacial tongue along the coast of this part of
Antarctica. Furthermore, in the one coastal area stud-
ied by the author having both outlet glaciers and
more than just a few reliable soundings, the deep
areas off the glacial tongues appear to be trough-like
in shape, with their longitudinal axes coinciding with
those of the abutting outlet glaciers, and with the
deepest portion of each of these troughs being imme-
diately seaward of each particular glacial terminus.
Since fjords are also characteristically trough-shaped
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with deep inner basins and shallower sills at their sea-
ward ends, these features are undoubtedly submerged
glacial troughs, or "drowned fjords."

A similar phenomenon has been studied and docu-
mented off the Vanderford Glacier, some 600 km
west of the present area (Cameron, 1965).

A separate bathymetric map of the eastern part of
the Adélie Coast has been prepared by the author
(Grinnell and Conolly, in preparation).

Also of interest on the continental shelf of this part
of Antarctica are large discontinuous troughs and
basins farther from the coast than the drowned fjords.
Soviet authors (e.g., Zhivago, 1962) have claimed
the existence of a 20-km-wide, 3,200-km-long trench
running continuously from the Davis Sea to Victoria
Land. This contention is erroneous, since a reliable
number of soundings show that the mid-shelf deeps
are not continuous. However, the idea of Soviet work -
ers that ancient tectonism is the primary shaping
factor of both the coastline and the major submarine
deeps here may be valid for the continental shelf east
of 135°E. and within the area studied. In this sector,
where coastal outcrops often end abruptly in sheer
cliffs against the sea (e.g., Penguin Point), there is a
suggestive parallelism in the alinements of coastline,
submarine troughs, and submarine ledges. Other ex-
planations of this parallelism are not ruled out.

Two large continental shelf depressions, the Mertz
and Porpoise Basins, judging from their locations near
glacial tongues, seem to have been formed by glacial
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erosion during one or more periods of further exten-
sion seaward of the adjacent coastal outlet glaciers.
The Blodgett and Dibble Basins may also have been
created in this way.

The continental shelf ends abruptly seaward, with
gradients on the upper continental slope being as
steep as 90 to 100 northward. Submarine canyons
(from ancient rivers?) begin in most cases at or some-
what below the shelf-slope break, continue down past
the sediment accumulations (shown by Eltanin seismic
profiles), which form the lower continental slope, and
usually end at the continental rise-abyssal plain
boundary. A few broad sea knolls rise several hundred
fathoms above the surrounding abyssal plain to the
north.

Much work has yet to be done on this part of the
antarctic continental margin before its full history and
origin will be understood.
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Eltanin physical oceanography,
Cruises 44, 45, and 47

ARNOLD L. GORDON
Lamont-Doherty Geological Observatory

Columbia University

From June 1970 to April 1971 our group partici-
pated in Eltanin Cruises 44, 45, and 47. The data col-
lected were similar in nature to those of previous
cruises with the important addition on Cruise 47 of
current measurements near the sea floor and approxi-
mately 100 m above the sea floor. The table indi-
cates the type and quantity of data collected. Hydro-
graphic data, typical bottom photographs, and aver-
age short-period bottom current measurements for
Cruises 32 to 36 were published (Jacobs et al.,
1970a), and data on Cruises 37 to 45 will be pub-
lished in 1971.

Cruise 44 was designed to study the interaction of
the Macquarie Ridge and the Antarctic Circumpolar
Current. A brief discussion of the cruise has been given
by Gordon (1971a), and a detailed report is forth-
coming (Gordon, in press b). A rather large south-
ward deflection of the bulk of the current and its ab-
rupt return northward after outflanking the ridge is
indicated by the density field. This deflection allows
relatively warm water to flow southward over the
ridge crest, where contact with the cold antarctic at-
mosphere results in large heat flux to the atmos-
phere. It is suggested that this warm water body sheds
eddies at its southern end, which may maintain their
identity far into the Pacific Ocean, giving rise to the
double polar front zone discussed by Gordon (1971b).

During Cruise 45, which was basically a geological
study, two hydrographic profiles were obtained south of
Western Australia. The crossings of the Antarctic Con-
vergence (48°S. 108°E.; 49°S. 114°E.) showed it to
be about 200 km north of the Mackintosh position.
The crossing at 120°E. (Eltanin Cruise 44) was also
about 200 km further north, as were the oblique cross-
ings east of Kerguelen Island during Cruise 47.

Eltanin Cruise 47 was the first of a series of expedi-

tions deep into the Indian Ocean sector of antarcti
waters. This area has been only sparsely covered i
the past, and little is known of the behavior of th
Antarctic Circumpolar Current and the convergence
zone. The Cruise 47 hydrographic data were take
mainly over the Kerguelen Plateau and about it
flanks. The deep water east of the Plateau is colde
than that to the west, suggesting a possible counter.
clockwise deep circulation about the plateau. Dunn
the cruise a chemical program was carried out b
John Edmond of the Massachusetts Institute of Tech
nology in close correlation with our hydrographic pro
gram (see table).

The six bottom current stations obtained on Cruise
47 were made with a Savonious rotor meter at 2 an
100 in the sea floor (the first two stations had
only the 2-m measurement) for an average period o
10 hours. One current meter station, at a depth o
3,637 in and situated at 64°05 1 S. 80°34'E., was main
tamed for 8 days. It shows an average flow Of les
than 5 cm per sec with similar-amplitude semidiur
nal tidal oscillation. The flow is generally towarc
the southeast.

The data analysis at Lamont-Doherty led to the
recent completion of two studies, one dealing with
bottom water spreading in the region south of 40°S.
between 130°W. and 110°E. (Gordon, in press a) and
the other with the production of Antarctic Bottom
Water at the continental margins off the Adélie Coast
(Gordon and Tchernia, in press). These papers
clearly indicate a contribution of high salinity bottom
water from the Ross Sea and a low salinity variety
from the Adélie Coast. The Ross Sea oceanography
was dealt with in detail in a report by Jacobs et al.
(1970b).

At present we are further investigating the meri-
dional volume transport of antarctic water masses.
The magnitude of this transport indicates the strong
dominance of the Antarctic on determining the char-
acter of the world ocean abyssal waters. A study of the
volumes associated with each of the water masses in
the Atlantic sector show the Antarctic Bottom Water
to be the largest single water mass.

Hydrographic data obtained on three Eltanin cruises.

Long period
Bottom	bottom	Nephel-

Cruise	Nansen casts	STD'	BT'	 XBT'	photographs	current	ometer

44	 33	 14	 41	 101	 27
45	 27	 0	 63	 22	 27
474	 19	 36	 435	 28	 24

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 the STD frame.

2 Bathythermograph.
Expendable bathythermograph.
Large-volume samples for trace elements, CO2, alkalinity, C", barium, tritium, and oxygen isotopes collected by Prof. Johs

Edmond, Department of Earth and Planetary Sciences, Massachusetts Institute of Technology.

30
21
24
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Lamont-Doherty geophysical program
On Eltanin Cruises 44, 45, 47, and 47A

R. E. HOUTZ

Lamont-Doherty Geological Observatory
Columbia University

The Lamont-Doherty geophysics group aboard El-
tanin achieved 98 percent coverage of the total ship's
track with underway geophysical data. The data in-
clude seismic, magnetic, and gravity measurements.
The seismic system includes two heavy-duty Rix air
compressors to drive a Lamont-Doherty airgun
sound-source. The signal is received by a towed hydro-
phone array that is assembled aboard. The signal is
recorded on a Lamont-Doherty drum recorder and an
E PC Laboratories continuous recorder. Expendable
radio sonobuoys are launched to record wide-angle re-
flection and refraction data to measure sound speed
in the sediments and upper crustal layers. The sono-
buoys are provided by the U.S. Navy as surplus items.
The signal is received with a Communications Elec-
tronics FM receiver and played out on the seismic re-
corder. The gravity system includes an Askania gravi -
meter mounted on an Anschutz gyro-table, a small
Lamont-Doherty analog computer, and recorders. The
magnetics data are sensed and recorded by Varian
equipment. The sensor is towed about 200 m astern.
Precession frequencies are counted and converted to
analog and digital tape punch recordings.

In addition to recording geophysical data, the geo-
physics group also has responsibility for digitizing top-
ographic data, computing the ship's adjusted track,
and reconciling this information with the primary
gophysical data. These tasks are performed with a
shipboard IBM 1130 computing system.
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Cruise 44 was a hydrographic cruise with underway
geophysics data acquired between stations. The Mac-
quarie Ridge and Solandcr Trough south of New Zea-
land were studied in detail. An east-west crossing of a
major fracture zone at 58°S. and a crossing of the
Southeast Indian Rise at 120°E. provided fundamen-
tal geophysical data relating to seafloor spreading
and plate tectonics.

Submarine geology and piston-coring were empha-
sized during Cruise 45, with underway geophysics data
being obtained between stations. Seismic data were
consulted frequently during the coring operations to
judge penetrability and to identify areas of geologic
interest. Additional crossings of the Southeast Indian
Rise, the Diarnantina Fracture Zone, and the Natural -
iste Plateau were completed.

Cruise 47, although multidisciplinary, was the first
comprehensive geophysical survey of the Kerguelen
Plateau south to the Antarctic Circle. Profiler data re-
vealed complex tensional faulting and very thick sedi-
ments (1 to 2 km near the crest of the plateau). Son-
obuoys achieved penetration through 4 km of sedi-
ment in the Enderby abyssal plain. A prominent sedi-
ment ridge and numerous slump features exist along
the eastern edge of the plateau.

A short geophysical cruise was carried out in the
south-central Tasman Sea. This part of the Tasman is
a problem area in terms of plate tectonics, and the nu-
merous trans-Tasman crossings (one-half degree apart
in latitude) will provide geophysical data for at least a
partial solution.

Studies of Eltanin dredged rocks
N. D. WATKINS

Graduate School of Oceanography
University of Rhode Island

Examination of Eltanin-dredged rocks from the
collection up through Cruise 27 has now been com-
pleted. The following constitutes the results obtained:

Paleomagnetic, petrological, and geochemical prop-
erties. Watkins et al. (1970) used a large pillow basalt
fragment taken during Cruise 5 from a seamount in
the Drake Passage to demonstrate the effect of rapid
quenching on the magnetic and opaque mineralogical
properties of submarine basalts. Watkins and Paster
(1971) used basalt samples from Cruises 5, 15, 21, 24,
and 25 as part of an extensive investigation of the
magnetic and petrological properties of submarine ig-
neous rocks. Watkins and Gunn (1971) have included
measurements of the magnetic properties in an analy-
sis of dredged rocks from the Macquarie Ridge col-
lected during Cruises 16, 26, and 27.
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Composition of the dredge hauls. The variation in
distribution of the various rock types recovered, which
are dominantly ice-rafted in origin, has been exam-
ined using trend-surface analysis. It was shown that
the Scotia Sea materials were derived mainly from the
Weddell Sea and the east coast of the Antarctic Pen-
insula (Watkins and Self, 1971). Similar methods
have been used to analyze the possible source regions,
and to delineate areas of probable in situ fractions, in
the subantarctic regions of the South Pacific (Watkins
and Self, in press).

No further studies of the Eltanin-dredged rocks
are planned by the author.
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Weddell Sea oceanographic research
1971

L. R. A. CAPURRO

Department of Oceanography
Texas A&M University

During January and February 1971, 22 oceano-
graphic stations were occupied in the Weddell Sea
aboard the icebreaker General San Martin as a con-
tinuation of the systematic survey initiated during the
International Weddell Sea Oceanographic Expedition.
Physical and chemical measurements were carried out
at each of the stations. The data have already
been processed and are being analyzed together with
information collected during the previous years.

Current measurements were made while the ship
was docked to the fast ice of the Filchner Ice Shelf, at
General Belgrano Base. The measurements were made
with Richardson current meters at a depth of 50 m
and with surface float during a period of 12 hours.
The ice conditions hampered this work.

This work has been carried out jointly with the Ar-
gentine Hydrographic Office.

Marine origin of sands
in the Weddell Sea

JOHN B. ANDERSON

Department of Geology
Florida State University

In 1969, as part of the International Weddell Sea
Oceanographic Expedition, sea-bottom cores were ob-
tained near Berkner Island that contained thick units
of sand. Similar sands were first collected and de-
scribed by W. H. Littlewood in 1957. Size analysis and
electron microscope studies led Rex et al. (1970) t9
conclude that nearby sands represent ancient dune
and beach deposits. This conclusion was based on the
presence of Eolian surface features on individuai
grains, characteristic size and sorting values, and
paucity of rock flour in the sands. Rex et al. (1970,
p. 3466) suggest that these sands were "exposed at th
surface during an interglacial period when the antarc-
tic land surface stood approximately 300 in
with respect to sea level, than it does today."

Five cores taken during the 1969 cruise penetrated
sands in this area. Maximum penetration was 312 cm
in core G-12, taken at 252 in depth near the ice shelf.
Cores G-8, G-11 5 G-13, and G-16 were collected on
the slope at 512, 585, 659, and 1,033 meters, respec-
tively (see fig.). These cores contain sand bodies
ranging in thickness from 15 to 75 cm. Sands are mod-
erately to well sorted, fine- to medium-grained, and
exhibit both Eolian and glacial surface textures. Graded
bedding, the presence of a small, mixed shallow and
deep water fauna, and diminution in grain size away
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from the ice shelf indicate that these sands have been
deposited by bottom currents.

Core G-12 is very homogeneous, with sample means
ranging between 2.420 4) and 2.825 4) (fine-grained)
and sandard deviations between 0.449 4) and 0.763 4)
(\vell to moderately sorted). It is comprised almost
entirely of rounded, frosted quartz grains with only a
small amount of rock flour. Sand grains analyzed
from this core possess surface features diagnostic of
Volian conditions (Krinsley and Donahue, 1968).

The microfauna of core G-12 is composed of shal-
low-water (less than 500 m) benthic Foraminifera,
planktonic Foraminifera, radiolarians, and sponge spi-
¶ules. Although the quantity of fossils varies through-
ut the length of the core, the assemblage is generally

small. The Recent species Trochammina antarctica
And Adercotryma glomeratum dominate the foramini-
feral fauna. The presence of marine fossils in this core
indicates a marine environment of deposition for these
sands. Concentration of these sands near Berkner Is-
land suggests that the material was derived from that
area, as suggested for adjacent samples by Rex et al.
(1970).

Seabrooke et cii. (1971) indicate that the southern
Weddell Sea is characterized by strong bottom current
activity—up to 3 cm per sec—as water from beneath
the Filchner Ice Shelf sinks and flows out across the
shelf. They further suggest that this area is one of
vertical and horizontal eddy diffusion. Such bottom
currents are competent enough to erode material of
sand grade, possibly from beneath the ice shelf, and to
transport it selectively out onto the shallow shelf. Esti-
mations of sea level changes based on the problematic
Eolian origin of these sands are, therefore, probably
not meaningful.

Piston coring during the IWSOE-70 expedition re-
sulted in the discovery of other significant sand bodies
along the east coast of the Weddell Sea. Cores 3-11-3,
3-6-1, and 3-12-1 were collected from 260, 320, and
4,058 ni depth; they contain sand bodies 25, 75, and
166 cm in thickness.

These units comprise graded sequences of moder-
ately to well sorted, fine- to medium-grained quartz
sand, most of which displays glacial surface textures.
Core 3-12-1 contains a shallow-water (less than 500
m) calcareous foraminiferal fauna. These data suggest
derivation, possibly by reworking, from glacial marine
materials in relatively shallow water.

The presence of clean, well sorted sand bodies in
the Weddell Sea illustrates the capability of bottom
currents to transport and sort marine or even glacial
marine sediments. This type of sedimentation may
prove to be the most significant depositional process
currently active in the Weddell Sea.

This research was financed by National Science
Foundation grant GV-27549. The author thanks Dr.

Lawrence A. Frakes for his encouragement and criti-
cisms in the preparation of this paper.
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Variation among Eltanin piston cores:
an intensive coring station
in the Wilkes Abyssal Plain

R. R. PAYNE, J . R. CONOLLY, and W. H. ABBOTT

Department of Geology
University of South Carolina

One of the greatest problems facing geologists who
work with piston cores from the ocean floor are the
uncertainties that samples obtained are representative
of the cored sediment. To test this problem and to
gain further insight into the feasibility of correlating
one turbidite bed to another, five piston cores were
taken from one station on Eltanin Cruise 44 in one of
the deepest and flattest regions of the Wilkes Abyssal
Plain (fig. 1) under the supervision of Dr. Arnold
Gordon (Gordon, 1971).

It has been shown that distal margins of abyssal
plains are generally characterized by mud beds (Need-
ham and Conolly, in press). The five cores taken are
all long (10 to 23 m) and are characterized by in-
terbedded siliceous ooze zones and terrigenous turbi-
dite mud beds (fig. 2). These terrigenous muds, often
with basal sands and silts, contain quartz, feldspars,
amphiboles, and rock fragments along with quartz-
rich illites derived from the Antarctic Continent
(Payne and Conolly, 1970). Detailed examination of
each core using smear slides at 10-cm intervals down
the core and examination of the diatom assemblages
show that several major zones in the cores can be cor-
related and that the piston coring technique is com-
monly not perfect.

In one instance, core 44-20, the core failed to trig-
ger properly, as the piston remained stuck in the core
barrel until the core end had penetrated some 6 to 7
m of the bottom sediment. At this point the core filled
normally, starting some 7 m below the sediment-water
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interface and finally penetrating sediment older than
that cored at any of the other four sites (fig. 2).

Correlations were achieved from one site to another
by using the relative position of the thickest pelagic
and turbid ite zones and also by using three major dia-
tom assemblage zones delineated as follows within the
pelagic intervals.

116'	120'	124'	128'	1320	136 0	1400	1440E

Figure 1. Location of piston cores taken in distal region
of the Wilkes Abyssal Plain. Contour interval variable.

An upper zone is marked by an abundance of Nitz-
schia kerguelensis and a lack of Rouxia sp., which
became extinct at the bottom of this zone and which
forms the basis of the central zone. A third zone is
characterized by Actinocyclus ingens, which became
extinct in antarctic waters about 0.66 million years
before present (Donahue, 1970).

Not only could major pelagic ooze and •turbidite
zones in the five cores be correlated over the short dis-
tance at the intensive coring site; a sixth core (39-33)'
taken 55 km to the north within the Wilkes Abyssal
Plain can also be correlated with zones found in the
Cruise 44 cores (fig. 2).

This finding indicates that if good cores are ob-
tained, it is possible to correlate relatively small sedi1
mentation events (0.5 to 1 m thick) over distances of
60 km across an abyssal plain. This is in keeping with
correlations made by Conolly and Ewing (1967) with-
in the confined Puerto Rico Trench abyssal plain.

The intensive coring also shows quite clearly how
easily a nonrepresentative core can be taken and in
particular how faulty coring procedure can fail to trip
a corer correctly, resulting in a loss of sediment from
the upper parts of the sediment column. One wonders
how many areas given the description of "low sedi-
mentation" or "eroded pavement" have actually been
due to this phenomenon.

These investigations are supported by National
Science Foundation grant GV-28803 to Dr. John
Conolly, University of South Carolina.
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Deep-sea sediment accumulation rates
near Antarctica

J . K. OSMOND, M. R. SCOTT, and J . B. ANDERSON

Department of Geology
Florida State University

The accumulation rates of glacio-marine and pe-
lagic sediments on the continental slope and offshore
basins near Antarctica are of special interest because
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of their relationship to the history of the antarctic ice
sheet. We have made sedimentation rate determina-
tions on USNS Eltanin deep-sea cores from the In-
dian-Antarctic basin and on International Weddell
Sea Oceanographic Expedition cores from the Wed-
deli Sea by thorium-230 excess decay curves, which
are useful for periods UI) to 300,000 years.

Two complementary analytical techniques are em-
ployed: (1) chemical-isotope analysis for uranium-
238, uranium-234, thorium-230, and thorium-232 in-
volving tracer techniques and alpha pulse height anal-
ysis, and (2) nondestructive gamma ray analysis,
which employs a shielded sodium iodide detector
placed next to the core-half, yielding a spectrum in
which can be identified potassiuiii-40, bismuth-214
(daughter of Th-230), and thallium-208 (daughter of
Th-232). The alpha counting method is more precise
and laborious, but the gamma counting method, if
properly calibrated, can yield useful sedimentation rate
data with very little effort.

On both sides of Antarctica sediments are accumu-
lating at a very slow rate, generally less than a centi-
meter per 1,000 years. in portions of the Indian-Ant-
arctic basin, foraminiferal ooze deposits are accumu-
lating at rates of 3 to 5 centimeters per 1,000 years.
Low sedimentation rates determined for cores from
the abyssal floor of the Weddell Sea indicate that ice
rafting has been an insignificant depositional agent in
this area for at least the past 300,000 years. Paucity of
ice-rafted debris and abundance of fossils within these
sediments corroborate this hypothesis. Diamictons col-
lected from the continental shelf and rise appear to
have been accumulating at much faster rates and con-
tain very small quantities of fossils. It appears that
most of these diamictons were deposited at least 5,000
to 10,000 years ago and are presently being reworked
by bottom currents.

Diatom investigations
of southern ocean deep-sea cores

WILLIAM H. ABBOTT

Department of Geology
University of South Carolina

Diatoms are being studied in USNS Eltanin cores
taken between the continents of Antarctica and Aus-
tralia. There are four main objectives to this study:
(1) To correlate antarctic cores by applying the strati-
graphic range of individual diatom species along with
paleomagnetic stratigraphy. (2) To determine glacial
and interglacial stages during the Pleistocene using
polar versus subpolar species. (3) To determine
changes in circulation patterns and climate during the
Tertiary. (4) To apply plankton studies in determin-
ing solution rates and distribution patterns within the
southern oceans.

September—October 1971

Although many studies have been conducted of
diatoms in the plankton of the southern oceans, little
has been done with the diatoms found in the thick se-
quences of ooze surrounding the Antarctic Continent
(fig.). Zhuze et al. (1963) have investigated the stra-
tigraphy of the Indian Ocean sector, and Donahue
(1967, 1970) has dealt with the Pacific Ocean sector
in some detail. Using diatoms, Donahue (1970) has
defined four biostratigraphic zones where Zhuze et al.
(1963) have defined seven.

In the present investigation an attempt is being
made not only to tie this previous work together but
also to define a stratigraphic zonation in conjunction
with paleomagnetic stratigraphy that could be used to
correlate siliceous oozes throughout the southern
oceans. In investigations of cores taken in the Wilkes
Abyssal Plain (Payne et al., 1971) during Eltanin
Cruise 44, there has already been very good correla-
tion with three of Donahue's (1970) zones.

The uppermost of these zones, the Fragilariopsis
kerguelensis partial range zone defined by the occur-
rence of F. kerguclensis subsequent to the last occur-
rence of Rouxia californica (Donahue, 1970), can be
redefined as the Nitzschia kerguelensis partial range
zone on the basis that the genus Fragilariopsis is to be
included under the genus Nitzschia due to recent
studies by Hasle (Lloyd Burckle, personal communica-
tion, 1971). The zone ranges from about 0.35 million
years before the present to the Recent.

The second zone, Donahue's Rouxia californica
partial range zone, is defined by the range of R. cal-
ifornica subsequent to the last joint occurrence of
Actinocyclus ingens and Coscinodiscus elliptipora and
is Upper Pleistocene in age (0.66 to 0.35 m.y. BP).
There is some doubt as to whether Donahue's R. cali-
fornica is really that species. Instead, this species may
actually consist of several species of Rouxia that do

Diatoms from Eltanin cores. A: Roux,a sp. (43 by 6.5 microns).
B: Nitzschia kerguelensis O'Meara (44 by 8 microns). C: Actinocy-
clus ingens Rattray (diameter 31 microns). D: Coscinodiscus
elliptipora Donahue (diameter 69 microns). E: Rouxia sp. (56 by

8.5 microns).
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not fit into any previously described taxon and are
here referred to as Rouxia sp.

The third zone found in both Donahue's cores and
the cores in the Wilkes Abyssal Plain is the Actinocy-
clus ingens concurrent range zone defined by Donahue
(1970) as the joint occurrence of A. ingens and Cosci-
nodiscus elliptipora subsequent to the last appearance
of Cosmiodiscus insignis and is Lower to Middle Pleis-
tocene in age (0.66 to about 1.67 m.y. BP). Coscinod-
iscus margaritaceous, described by Zhuze et al. (1963)
and Donahue (1967) is Actinocyclus ingens, as was
later recognized by Donahue (1970).

Glacial and interglacial periods are being investi-
gated through the use of polar and subpolar assem-
blages of diatoms, but the concept of polar and sub-
polar assemblages in these oceans may be far more
complex as several biofacies may exist within both the
antarctic and subantarctic regions. Studies of the oc-
currence and solution of diatom frustules in the water
column and their subsequent distribution in southern
ocean sediments should help determine the effect of
other factors—such as salinity, productivity, and sort-
ing by currents—that influence their distribution.

Hays (1965) and Donahue (1967) have recognized
a general cooling of at least the Pacific sector since the
end of the Tertiary. In this present investigation, Ter-
tiary diatoms will also be considered in the hope that
they will give insight into the climate and circulation
of the southern oceans during that period. Donahue
(1970) previously looked at mid- to late Pliocene dia-
toms but found that late Tertiary sediments (brown
clays) are generally poor in diatoms. Preliminary in-
vestigations indicate that Eltanin cores between Ant-
arctica and Australia may contain older assemblages
than those previously found.

These investigations are being supported by the Na-
tional Science Foundation under Grant GV-28803 to
Dr. John Conolly, University of South Carolina.
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Growth variation in
Globorotalia pachyderma (Ehrenberg)

ORVILLE L. BANDY and FRITZ THEYER

Department of Geological Sciences
University of Southern California

Current studies of Eltanin collections reveal inter-
esting relationships in Globorotalia pachyderma (Eh.r
renberg) between growth of specimens, the develop
ment of kummerforms (Berger, 1969), and calcifica
tion. This led to comparisons of populations frorn
northern and southern oceans in both plankton ancl
sediment samples (figs. 1 and 2). Earlier studies o
this species had reported restriction of sinistral popu
lations to antarctic and arctic waters, giving way t
dextral forms in warmer areas (Bandy, 1960; 1968)
as well as the occurrence of latitudinally related for
variations (Kennett, 1968).

In antarctic surface plankton tows, specimens arc
normalform wherein the last chamber shows the same
continuous expansion trend of the earlier chamber
(fig. 1: 5, 6). Arctic surface tows, however, show bot
normalforms and kummerforms. Conversely, speci
mens from sediment samples are dominantly kummer
forms in which the last chamber shows a reduction in
size from the growth pattern of the earlier chambers.
Kummerform individuals are oriented with the penul-
timate chamber uppermost for an easy comparison of
individuals according to the normal growth pattern;
in this way, form variations can be seen clearly to be
due to size changes in the abortive final chamber.
Green (1960) reported live specimens of this species
in bottom sediments of the Arctic; likely the kummer-
forms develop not only under the stress of changed
conditions in the water column, but on the sea floor
as well.

A calcification series of G. pachyderma commences
with the thin-walled normalforms of the upper water
column such as represented by specimens 5 and 6 of
fig. 1. Initially, they appear to be slightly spinose; the
external furrows are well developed between the
chambers, and there is a slight reduction in
chambers/whorl with growth. Specimens 3 and 7 (fig.
1) show the next step consisting of moderately calci-
fied specimens from bottom sediments where septal
furrows are reduced and spines are absent; normal-
form individuals are rare among them, but a complete
series of kummerforms can be seen, ranging from
specimens with a very small abortive chamber to those
that are almost normal. The most advanced stage of
calcification is that in which the thickened wall ob-
scures septal furrows, the aperture becomes very re-
stricted, and the resulting form is oval to subglobose
(fig. 1: 11, 12; fig. 2: 11-13). Extremely calcified
specimens, such as those of specimens 11 and 12 (fig.
1) appear to be restricted to antarctic waters.
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Figure 1 (left). Globorotalia pachyderma ( Ehrenberg), southern oceans. Dextral: 1: Eltanin 39-82, 5-10 cm, 32 0 39'S. 171 0 50'E., clia.
0.33 mm. 2: Eltanin 39-76, 75-80 cm, 3630'S. 161 0 14'E., dia. 0.33 mm. 3: Eltanin 39-82, 5-10 cm, dia. 0.27 mm. 4: Eltanin 39-76,
75-80 cm, dia. 0.28 mm. 5: Drake Passage, surface plankton, 57 0 45'S. 67'33'W., dia. 0.30 mm. Sinistral: 6: Same locality as 5, dia.
0.22 mm. 7: Eltanin 39-40, 5-0 cm, 52 0 03'S. 133 0 57'E., dia. 0.30 mm. 8: Eltanin (USC) station 308, 0-3 cm, 59 0 00'S. 71'00'W., dia.
0.251 mm. 9: Same locality as 8, dia. 0.30 mm. 10: Eltanin 39-82, 5-10 cm, dia. 0.30 cm. 11: Eltanin 39-67, 5-10 cm, 43°38'S.
1'51 0 58.9'E., dia. 0.27 mm, I IA ventral view, JIB edge view. 12: Eltanin (USC) station 308, 0-3 cm, dia. 0.30 mm, 12A ventral view,

128 dorsal view.
Ifigure 2 (right). Globorotalia pachyderma ( Ehrenberg), northern oceans. Dextral, off California: 1: AHF station 4673, 33-46 cm
(Holocene), 31'54'N. 118'1 M., dia. 0.36 mm. 2: Same locality, dia. 0.28 mm. 3: AHF station 2165 (Holocene), 31 0 31'N. 118026'W.,

ia. 0.31 mm. Sinistral, Arctic Ocean: 4: Station 47A (plankton tow), Fletcher's Ice Island (T-3), 100-0 m, 84'13'N. 114'42'W., dia.
.27 mm. 5: Station 2, Fletcher's Ice Island, 86'54'N. 80'OO'W., dia. 0.25 mm. 6: Station 5, Fletcher's Ice Island, 86'06'N. 95020'W.,
Ia. 0.29 mm. 7: Same locality as 6, dia. 0.28 mm. 8: Station 1A (plankton tow), Fletcher's Ice Island, 100-0 m, 84 0 22'N. 11232'W.
ia. 0.22 mm. 9: Same locality as 4, dia. 0.27 mm. 10: Same locality as 8, dia. 0.22 mm. Sinistral, Pleistocene, off California: 11: AHF

station 4673, 173-185 cm, dia. 0.26 mm, hA edge view, FIB ventral view. Sinistral, Arctic Ocean: 12: Station 5, Fletcher's Ice Island,
dia. 0.23 mm. 13: Station 2, Fletcher's Ice Island, dia. 0.26 mm.

At all stages of calcification and kummerform de-
elopment there is a characteristic lip serving to dis-
nguish this species from Neogloboquadrina dutertrei

(d'Orbigny) vars.; its wall structure and chamber
Form. distinguish it from Globigerina quinqueloba Nat-
Ind. Population variation in G. pachyderma is some-

hat greater, especially for the northern ocean, than
at reported by Kennett (1970). It should be noted
at the planktonic specimens from tows in the Arctic

available to us are C. pachyderma rather than Globi-
,erina bulloides d'Orbigny as reported by Tibbs
(1967).

Support for this study was provided by the National
cience Foundation under grant GV-25 749. Arctic

;pecimens are from plankton collections made by J.
'41ohr's program from Fletcher's Ice Island (T-3)
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antarctic plankton tows from Drake Passage were sup-
plied by E. Boltovskoy; specimens from off California
are from collections of the Allan Hancock Foundation
(R/V Velero IV) programs; the antarctic bottom
samples are from the USNS Eltanin program. This is
Contribution No. 246, Department of Geological Sci-
ences, University of Southern California.
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Eltanin Cruise 47a
DAVID S. WOODROFFE

Lamont-Doherty Geological Observatory
Columbia University

Eltanin Cruise 47a began at Melbourne, Australia,
on April 20, 1971, and ended at Newcastle, Australia,
on May 10, 1971. Underway geophysics was the main
program conducted on this cruise. The primary objec-
tive was to investigate the history of the Tasman Basin
by gathering geophysical information on the Tasman
abyssal plain and the western flank of the Lord
Howe Rise. Six east—west traverses were made across
the survey area. These extended from the Australian
continental shelf to the western flank of the Lord
Howe Rise. Total distance steamed was 4,190 nautical
miles.

Continuous gravity, total magnetic intensity, and
normal incidence reflection measurements were made.

Track of Eltanin Cruise 47a.

These were supplemented by wide-angle seismic re-
flection and refraction lines using a total of 23 ex-
pendable sonobuoys.

Three Australian geophysicists from the University
of New South Wales joined the Lamont-Doherty team
for this cruise. Meteorological observations by two sci-
entists from the Australian Bureau of Meteorology
comprised the remainder of the scientific program.

A preliminary study of the geophysical records ob-
tained indicates that the northern section of the Tas-
man Basin may be divided into two main zones. Zone
1 consists of an abyssal plain adjacent to the Austra-
lian continental margin, with an eastern boundary
parallel to the margin. Reverberant material predomi-
nates in the topmost layer of this zone's sediment
column, transparent sediments being apparent on the
eastern side. Zone 2 extends from zone 1 to the Lord
Howe Rise. Acoustically transparent sediment layers
predominate. Ponded turbidites were encountered at
the base of the Lord Howe Rise. Occasional basement
peaks were apparent throughout zone 2.

An area characterized by rough topography and
seamounts and having a strike of 330° to 340° tran-
sects zone 2 and the northern end of zone 1.

The western flank of the Lord Howe Rise was
marked by faulted steps or a very steep slope, with
block faulting at the top and thin sediment cover.

Paleomagnetism and micropaleontology
of Eltanin deep-sea sedimentary cores

N. D. WATKINS and J . P. KENNETT

Graduate School of Oceanography
University of Rhode Island

Paleomagnetic and micropaleontological definitio
of the ages of the Eltanin sedimentary cores collect'
up through Cruise 39 have now been completed.
delineation of the Pliocene to Pleistocene regional se
imentary history between Australia, New Zealar
and Antarctica is therefore now possible.

Fig. 1 is a map of the core locations and assembi'
traverses for the area under study. A total of 126 coi
are involved. From these, over 10,000 oriented sai
ples have been taken. Fig. 2 shows the age range ai
paleomagnetism of each core in traverse G—G' (11
1). All other data are being published elsewhc
(Watkins and Kennett, 1971; in press). The resu
show that Brunhes to Late Gauss sediments are larg
missing in an extensive area centered in the southe
part of the Tasman Basin and the northern flank
the Southeast Indian Rise. This is due to a high-veic
ity Antarctic Bottom Water current, which bo
scours and inhibits deposition of all but the coars
(sand size and above) fraction throughout much
the region. When present in the scour area, young se
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iments (such as core 36-29 in fig. 2) appear at least in
part to be transported coarser fractions. Several cores
have a coarse, winnowed upper surface. Available sea
bottom photographs (Jacobs et al., 1970) and bottom
velocity mesurements (Gordon, in press) support this
interpretation of the depositional environment.

Since Gilbert epoch sediments exist with fine frac-
tions in the region, it is clear that the bottom current
must have increased substantially in velocity since that
time, to create the scour zone. We interpret this in-
crease to be from a current system with velocity domi-
nantly less than 10 cm per sec to one with velocity
dominantly greater than 10 cm per sec, possibly as a
result of substantial changes in the production of Ant-
arctic Bottom Water some time since t = 3.0 million

Figure 1. Locations of Eltanin deep-sea sealmensary cores be-
tveen Australia, New Zealand, and Antarctica, Cruises 16 to 39.
traverses A—A' to M—M' are employed in the analyses of Watkins
c nd Kennett (in press). Bathymetric contour is the approximate

,OOO-m depth. Core numbers are next to each site: first number
is cruise; second number is core.

C	

_!h1

a

I I
ligure 2. Assigned age ranges and paleomagnetic data for cores
i i 	G—G' (from fig. 1). The cores are restricted to an ap-
$ roximate time range micropaleontologically, and by analysis of

t1e paleomagnetic data are isolated into the time range shown.
the known polarity time scale is shown at the left (black = nor-

al polarity; clear = reversed polarity). Core numbers as in fig.
1. Concave dotted line is local average age of the sediment surface.
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years. Realization of the intimate relation existing be-
tween bottom water velocity and sediment particle
size in this region leads us to predict that during the
early and mid-Tertiary, when Australia was much
closer to the Antarctic Continent, the high water ve-
locities required to accommodate the circumantarctic
current between the major land masses must have cre-
ated a unique sedimentary regime. It is highly proba-
ble that deep-sea drilling south of Australia will re-
cover cores with dominantly coarse fractions and high
manganese nodule content.
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Paleoglacial history of Antarctica
recorded in deep-sea cores

STANLEY V. MARGOLIS

Department of Oceanography
and Institute of Geophysics

University of Hawaii

JAMES P. KENNETT

Graduate School of Oceanography
University of Rhode island

Micropaleontological and sedimentological studies
have been carried out on 18 Early to Late Cenozoic
deep-sea cores from the subantarctic Pacific sector of
the southern oceans (Margolis and Kennett, 1970,
1971). The ages of the cores on either side of the
southern portion of the East Pacific Rise and the Pa-
cific-Antarctic Rise are consistent with the previous
maximum ages predicted by crustal spreading for this
region (fig. 1). Low planktonic foraminiferal diversity
indicates a cool southern ocean throughout much of
the Cenozoic. Furthermore, in those cores of Early
and Middle Cenozoic age, ice-rafted quartz sand (fig.
2), as determined by scanning electron microscope
studies, occurs in all cores older than Lower Miocene.
Glacially derived, ice-rafted sands and relatively low
diversity are associated with periodic, major cooling of
the southern oceans during the Early Eocene, Late
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Figure 1. Ages of subant-
arctic cores used in this in-
vestigation and relation to
magnetic anomaly patterns
of sea-floor crust. Deduced
maximum ages for portions
of the sea-floor crust are
indicated by appropriate
patterns on either side of
the East Pacific and Pacific-
Antarctic Ridges. Note re-
lationship between core

ages and crustal age.

Middle Eocene, and Oligocene. The extent of glacia-
tion is still unknown, but it was sufficient to cause con-
siderable ice-rafting of continental sediments to pre-
sent-day subantarctic regions.

Increased species diversity, presence of reworked
sand grains, and reduction or absence of typical ice-
ratted sands in Lower and Middle Miocene cores indi-
cate a warming trend that ended in the Late Miocen,
after which a cooling trend commenced that led t
Antarctica's Pleistocene glaciation. Glaciation on Anli-
arctica appears to have prevailed throughout much
the Cenozoic, and changing glacial conditions mut
have played an important role in glacio-eustatic sea-
level changes during this time. A means of differen -
tiating ice-rafted sands from those of reworked origirl
has been established by studying sand grain surfac e
feature variability with a scanning electron micr-
scope.
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Figure 2. Quartz sand grains of glacial origin photographed by electron microscope. A: Grain from 1 m depth in core DWHG-3
(Lower Oligocene) has sharp angular outline, high relief, featureless surfaces (from fracture planes) in center, striations in upper rig ht
edge, large breakage blocks and step-like fractures on bottom edge, and oriented etch pits on left side. B: Experimentally produced
simulated glacial grain (pseudoglacial) shows sharp outline, high relief, large-scale conchoidal fractures, smooth surfaces, and ste-
like fractures. C: Grain from dirt horizon in basal ice of Byrd Station deep drill hole, in addition to most features on grain A (3 m above
bedrock) exhibits arc-shaped steps in the lower left edge. Finely pitted surface at left may be a remnant of the preglacial surfac.
D: Same sample from Byrd Station drill-hole shows clear example of semi-parallel striations on Cower haf cf grain and thin discor-
tinuous overgrowth which was probably formed prior to glaciation. E: Grain from 17 m depth in Elf anin core 13-4 (Lower Eocen)
shows the following features: sharp outline, high relief, arc-shaped steps and semi-parallel step-like fractures at top and along right an
left side of grain, and oriented etch pits on the central portion. F: Grain from 520 cm depth in Eltanin core 24-8 (Lower Eocene) shos

large breakage blocks, semi-parallel step-like fractures, and high relief.
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Photos: Jeolco, Burlingame, Calif.
Figure 1 (left). X 900. Scanning electron micrograph of Mesocena oamaruensis, one of the common silicoflagellates found in the Upper
Eocene Oamaru diatomite of South Island, New Zealand. The square basal ring and four radiating spines are made of hollow siliceous

rods with a highly sculptured surface. New Zealand Geological Survey fossil record number ARE 273 S136/1197.
Figure 2 (right). X 9,000. Scanning electron micrograph of one radiating spine of the Mesocena oamaruensis in fig. 1. This photo-
graph demonstrates, for the first time, that the previously enigmatic reticulations are ridges between conchoidal-like surface structures.

Upper Eocene silicoflagellates
from New Zealand

YORK T. MANDRA1

Department of Geology
San Francisco State College

and
California Academy of Sciences

and

HIGHOOHI MANDRA

Prior studies (Mandra, 1969; Mandra and Mandra,
1970) indicate that at least two regions of coastal Ant-
arctica had a temperate climate during a portion of
the Upper Eocene. In terms of present-day geography,
these regions correspond to the antarctic coastal area
directly south of the South Island of New Zealand
and to the Antarctic Peninsula. The studies were con-
tinued as the South Atlantic taxonomic and paleoecol-
ogic phase was brought nearer to completion.

In addition, silicoflagellates 2 were collected from
sclected horizons at 12 Oamaru diatomite localities of
South Island, N.Z. (figs. 1 and 2). The purpose of this
preliminary paper on Oarnaru material is to record
the faunules in terms of the ratios of Dictyocha and
Distephanus, which can be used to determine paleo-
temperatures and to record the general composition of
each faunule at the generic level. A number of test
slides were made from samples that have already been
chemically treated, and it can be reported that silico-
flagellate faunules from at least six Oamaru localities
appear to be different. These differences, at least in
part, seem to be due to paleoecology because, with the
exception of Rocella, the six faunules have the same

genera, but in different proportions. A preliminary
summary of the data obtained after scanning more
than 100,000 siliceous objects (whole specimens and
fragments) on these test slides is shown in tables 1
and 2.

To avoid false accuracy it seems preferable—until
all Oamaru studies are completed and until the preci-
sion of silicofiagellate paleotemperature indicators is
determined—to report that surface and near-surface
paleo temperatures for the diatomites at Williams
Bluff, Jackson's Paddock, Papakaio (Flume Gully),
and Bain's Farm were probably 20° to 25°C. Simi-
larly, for Allan's Farm and Troublesome Gully the
data indicate 15° to 20°C. We cannot yet explain the
dual nature of our results. However, Edwards (1968,
p. 76) also reported a two-fold conclusion for his stud-
ies of the Upper Eocene climate(s) of the Oamaru
diatomite. He presented evidence based upon Forami-
nifera that the climate was tropical to subtropical. He
also presented data based upon nannoplankton and
diatoms that the climate was tropical or subtropical to
either warm or cool temperate.

Our data are significant, for they can be used to
support the concept that at least two regions of coastal
Antarctica were temperate or warmer during at least
a portion of the Upper Eocene. The data also demon-
strate that silicofiagellates can indicate Cenozoic ma-
rine temperatures fairly accurately. Our results are the

' Mailing address: 8 Bucareli Drive, San Francisco, Cali-
fornia 94132.

2 Silicoflagellates are defined here as marine, planktonic
Mastigophora (Protozoa) with pseudopodia, a flagellum,
and a skeleton of hollow siliceous rods. These organisms
also contain color pigment organelles and therefore are
treated by some authorities as plants (Algae) and by others
as an animal-plant group (Protista).
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Table 1. Number of specimens of New Zealand Upper Eocene silicoflagellates in faunules from six Oamaru localities.

Locality
	 Genera	 Total

Dictyocha	Distephanus
	

Naviculopsis	Mesocena	Rocella

William's Bluff
Number of specimens	57	 61
Approximate percentage 40	 43

Jackson's Paddock
Number of specimens	13	 9
Approximate percentage 31	 22

Allan's Farm
Number of specimens	48	 66
Approximate percentage 21	 29

Troublesome Gully
Number of specimens	80	 114
Approximate percentage 23	 33

Papakaio (Flume Gully)
Number of specimens	99	 76
Approximate percentage 32	 25

Bain's Farm
Number of specimens	139	 100
Approximate percentage 18	 13

Table 2. Upper Eocene paleotemperatures for six Oamaru
localities based on the Dictyocha/Distephanus ratio meth-

odology (Mandra, 1969).

Temperature
(°C.)	Currently

Locality	Dictyoch a/	determined	suggested
Disteph anus	from graph	temperature

ratios	(Mandra, 1969)	range ('C.)

William's
Bluff	0.93	 21	 20-25

Jackson's
Paddock	1.45	 23	 20-25

Allan's
Farm	0.73	 18	 15-20

Troublesome
Gully	0.70	 17	 15-20

Papakaio
(Flume
Gully)	1.30	 22	 20-25

Bain's
Farm	1.40	 23	 20-25

same as those based upon seven other groups of fossils
and oxygen isotopes (Mandra and Mandra, 1970).
Therefore, when other fossils are not present and oxy-
gen isotope studies are not available, as is the case for
our South Atlantic deep-sea core, then temperatures
based on a study of silicofiagellates can be used with
some confidence (Mandra, 1969).

Comprehensive studies on the silicoflagellates of
the Oamaru diatomites are being continued by the au-
thors.

Support for this study is being provided by the Na-
tional Science Foundation under grant GV-25572. We
are grateful to Dr. A. L. Brigger, research associate of
the California Academy of Sciences, who supplied the
excellent slides and other data that are so essential in
our work, and to Mr. A. R. Edwards of the New Zea-
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land Geological Survey, who gave assistance both in
the field and in the survey laboratory.
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Late Pleistocene paleotemperatures:
silicoflagellate and foram iniferal

frequency changes in a deep-sea core
JOHN P. JENDRZEJEWSKI and GARY A. ZARILLO

Department of Geology
University of Rhode Island

Climatic trends have been established previously for
subantarctic cores using well documented paleoeco-
logic indicators. The purpose of this study is to illus-
trate the potential use of silicofiagellates as paleoe-
cological tools in marine Pleistocene sediments. We
have examined changes in silicofiagellate and plank-
tonic foraminiferal assemblages in a subantarctic core
from the South Pacific (Eltanin core 33-22; depth
2,744 m; length 1,094 cm; 54°56'S. 120°W.). The
core consists of carbonate ooze throughout and is rich
in both calcareous and siliceous microfossils.

Kennett (1970) established three planktonic foram-
iniferal zones in subantarctic cores and distinguished
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Frequency curves for warm-water silicoflagellates (Dictyocha spp)
and warm-water planktonic Foraminifera, Eltanin core 33-22.
Remainder of the silicoflagellate assemblage consists of Distephanus
speculum (seven varieties). Curves formed by percent Dictyocha
and percent warm-water Foraminifera correlate closely. Successive
peaks representing climatic warming events (Kennett, 1970) are
numbered (in circles). Positions of the Late Pleistocene Globorotalia
truncatulinoides and G. inflata zones (Kennett, 1970) are indicated,
and also the percentage of left-coiling G. pachyderma. Long hash
marks indicate silicoflagellate counts; short marks, foraminiferal

counts.

eight climatic warming intervals for the middle and
late Pleistocene (t = 0 to 1.2 million years before the
present) based on oscillations of the polar species Gb-
bigerina pachyderma and several subpolar species.
Climatically controlled foraminiferal frequency
changes and foraminiferal zonations have likewise
been determined for Eltanin core 33-22 (see fig.).
The core contains the Gboborotalia truncatulinoides
and Globorotalia inflata zone. Furthermore, five
warm intervals are apparent (see fig.) that correlate
well with the uppermost five warming peaks of Ken-
nett (1970), the lowest of which (peak 5) is distinctly
warmer than all others. Correlation with the chronol-

ogy established by Kennett (1970) suggests that El-
tanin core 33-22 is 450,000 years old at its base.

Although the systematics of the silicoflagellates are
not well known (Mandra, 1968; Loeblich et al., 1968;
Lipps, 1970) they are abundant enough in marine
sediments to be used in environmental studies. Ge-
meinhardt (1934) demonstrated biogeographic pro-
vinciality among the silicofiagellates and thus estab-
lished their potential for paleoecological work. In the
South Atlantic, Diet yocha was found to occur in low
and middle latitudes and Distephanus in higher lati-
tudes. The only previous study utilizing silicofiagel-
lates in paleoclimatic analyses was by Mandra (1969),
who compared the ratio of Dictyocha to Distephanus
within an Eocene South Atlantic core. In Eltanin core
33-22, silicoflagellate assemblages consist entirely of
the two genera Distephanus and Dictyocha. Species
present are Distephanus speculum (consisting of seven
varieties), Dictyocha antarctica, D. fibula var. acu-
leata, and D. rhombus. From counts of 200 individu-
als in each sample, five peaks of high abundance of
Dictyocha spp are demonstrated (see fig.) in the core.
These intervals are separated by intervals consisting
almost exclusively of Distephanus. Furthermore, a
close correlation exists between the Dictyocha peaks
and warm-water peaks defined by planktonic Forami-
nifera. Foraminiferal peak 3 shows no corresponding
silicoflagellate warm peak. In other cores (Kennett,
1970; Hays, 1967) this apparent warming also is not
defined clearly by the radiolarians.

We thank James P. Kennett for his valuable guid-
ance during this study and Eugene J . Tynan for his
helpful discussion concerning the silicofiagellates.
Lianne Armstrong drafted the figure. This work was
partially supported by NSF grant GV-28305.
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Subantarctic Late Pleistocene
climatic and paleoglacial fluctuations

JAMES P. KENNETT
Graduate School of Oceanography

University of Rhode Island
and

PAUL HUDDLESTUN
Department of Geology
Florida State University

Additional investigations have been conducted on
the Late Pleistocene climatic and glacial record in
southern ocean deep-sea cores. Two of the longest and
most complete southern ocean Late Pleistocene cores
(Eltanin cores 15-16 and 21-17) have been analyzed
to determine relationships between various possible
climatic and glacial parameters (see fig.). Fluctua-
tions in planktonic foraminiferal assemblages (Ken-
nett, 1970) have been compared with radiolarian
curves (Huddlestun, in press), calcareous nannofossils
(Geitzenauer, in press) and ice-rafted debris (Margo-
lis and Kennett, 1971). Both cores presumably extend
well into the Matuyama Paleomagnetic Epoch
(Kennett, 1970). More important results are listed
below:

1. The paleoclimatic curves for radiolarians and
planktonic foraminiferans are in good agreement,
therefore confirming the usefulness of both groups in
subantarctic paleoclimatic studies.

2. The radiolarians show a pronounced warming i 1
the lower part of the fl zone, coinciding with the pr c,-
nounced warming indicated by the planktonic foram -
niferal assemblages (peak 5, Kennett, 1970).

3. Slight but significant increases in percentage c f
dextral-coiling Globigerina pachyderma coincide wit 
several of the warm-water oscillations, especially i
the Brunhes Epoch.

4. No significant warming occurs in the upper part
of the Matuyama Epoch.

5. Paleoclimatic fluctuations indicated by the ca].-
careous nannofossils are in good agreement with thoe
of the radiolarians and planktonic foraminiferans in
the upper part of the ft zone but in lower horizo4s
cannot be closely related to those defined by the fo-
aminiferans and radiolarians. In particular, Geitze -
auer (in press) did not detect peak 5 in the freque -
cies of Cycloccolithus leptoporus (see fig.). Instead Fe
showed that a Gephyrocapsa carribbeanica maximuifl
occurred and was apparently due to optimum cond-
tions attained during this interval of relatively intene
warming.

6. Distinct fluctuations in ice-rafted quartz occur
down the cores, indicating changes in iceberg activity
in the subantarctic (Margolis and Kennett, 1971). A
general correlation occurs between percent quartz and
percent warm-water Foraminifera, thus supporting
previous contentions (Conolly and Ewing, 1965;
Goodell and Watkins, 1968) that ice-rafted detritus
fluctuate with general climatic changes.
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Stratigraphic succession, paleo-
climatic trends, and inferred
paleomagnetic stratigraphy of
Eltanin cores 15-16 (left) and
21-17 (right) from the subant-
arctic South Pacific. Correlations
of zones and paleoenvironmental
trends are indicated for plank-
tonic foraminiferans (Kennett,
1970), radiolarians (Huddlestun,
in press) and calcareous nanno-
fossils (Cycloccolithus Ieptoporus)
(Geitzenauer, in press). Fluctua-
tions also are shown for glacial
quartz (Margolis and Kennett,
1971) and dextral-coiling Globi-
gerina pachyderma (Kennett,
1970). Successive peaks repre-
senting climatic warming events
(Kennett, 1970) are numbered (in
circles). Arrows indicate levels
within the cores determined by
the thorium-230 method as hav-
ing an age of 300,000 (±

75,000) years.
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Paleoclimatic changes in antarctic
pelagic sediments south of Australia

ROBERT R. PAYNE

Department of Geology
University of South Carolina

Patterns of pelagic sedimentation in the circumpo-
lar ocean of the Antarctic have varied several times in
the past in response to changes in polar climate. The
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area where this effect is most clearly shown is at the
Antarctic Convergence, where southerly moving warm
surface waters rich in calcareous-bodied plankton
meet northerly moving cold surface waters rich in sili-
ceous-bodied plankton (Payne and Conolly, 1970).

In this convergence region, the sediment consists of
variant mixtures of siliceous and calcareous oozes that
reflect changes in the position of the water-mass
junction through time.

Present investigations of pelagic sediments at the
University of South Carolina include (1) examining
changes in microfossil faunas in several cores at and to
the south of the Antarctic Convergence, (2) establish-
ing detailed faunal zones for foraminiferal and radi-
olarian assemblages during the Brunhes Normal
Epoch, and (3) determining an accurate climatic
curve based on these faunal assemblages in conjunc-
tion with paleomagnetic stratigraphy.

The figure shows results of work on one of the cores
being studied. These results, based on counts of for-
aminiferan assemblages, do not differ greatly from cli-
mate curves shown by Kennett (1969) for the Pacific
sector of the southern ocean. Preliminary examination
of radiolarian assemblages in the same core indicates a
good correlation with the foramini feran -derived
curves.

Once detailed curves for ridge axis cores are ob-
tained, the investigation will be carried into deeper
water siliceous oozes of the southern flanks of the
mid-oceanic ridge. It is hoped that detailed climate
curves for the Brunhes can be established for the east-
ern sectors of the southern ocean in both siliceous and
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calcareous oozes. Concurrent studies of diatom assem-
blages in the same suite of cores are also being under-
taken (Abbott, 1971).

These investigations are being supported by the Na-
tional Science Foundation under Grant GV-28803 to
Dr. John Conolly, University of South Carolina.
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Ostracoda in southern Chile
and in the southern Indian Ocean

ROGER L. KAESLER

Department of Geology and
Museum of Invertebrate Paleontology

The University of Kansas

On Eltanin Cruise 47, Jesse E. Merida, representing
our program, collected a total of 44 samples from the
69 stations occupied. The samples were collected
to establish control for studies of depth zonation of
benthic Ostracoda in the southern Indian Ocean and
to aid in the investigation of the hypothesis that the
Kerguelen- Gaussberg Ridge system has acted as a bar-
rier to migration of psychrospheric Ostracoda. It is
also intended that these samples will supplement sam-
ples collected by H. Meade Cadot on Eltanin Cruise
39 that are being used for study of depth zonation and
the development of ornamentation of abyssal Ostra-
coda.

Three studies of species from the Strait of Magellan
and environs are nearing completion. A factor analyti-

cal study of morphology of the Krithe producta spe-
cies complex has indicated two distinct clusters—one
inhabiting water less than about 150 m deep and
one restricted to deeper water. A discriminant func-
tion analysis will be computed that will hopefully per-
mit very good discrimination between the two popula-
tions on the basis of carapace morphology alone.

A second paper on the Krithe producta complex is
being prepared for the Antarctic Research Series vol-
ume, Antarctic Ostracoda. The purpose of this paper
is to show the amount of intrapopulational variation
that exists in this species and to test the hypothesis
that locations of the normal pore canals on the cara-
pace are conservative morphological features.

The species Bradleya normani has at least two dis-
tinct morphs in the Chilean waters. Working drawings
of the two morphs are shown in the figure. Study of
the ontogenetic development of these is under way to
determine at which instars they begin to diverge, as-
suming that the earliest instars will be more similar to
each other than the late ones. The systematics of the
genus Bradleya from the deep sea is currently un-
dergoing revision by Richard H. Benson. Detailed
knowledge of ontogenetic changes and allometry will
contribute to our understanding of this important
genus and its variability in the southern oceans.

Finally, a study of the genus Xestoleberis from
south of 30°S. has just been started. Xestoleberis is
normally a shallow-water genus, and our efforts in
this research were thwarted because, during Cruise 47,
Eltanin was unable to sample in less than 100 m of
water at Kerguelen and Heard Islands. The first stage
of the study is to be a brief paper summarizing the
known occurrence of species of Xestoleberis in the
area under consideration. It will be followed first by a
morphological study of species from the Strait of Ma-
gellan and then by a detailed study of species from
Isla de los Estados.

Paleomagnetism and geochemistry
of igneous rocks from

Crozet, Kerguelen, and Amsterdam Is.
N. D. WATKINS

Working drawings of two morphs of Braclleya normani. Scales
indicate 0.01 mm.

Graduate School of Oceanography
University of Rhode Island

Laboratory examination is continuing of rocks col-
lected in the summers of 1968-1969 and 1969-1970 in
conjunction with Mr. C. E. Abranson and Mr. A. Ha-
jash. The following results can be reported.

Paleomagnetism. Mean pole positions for the
Brunhes Epoch (t0 to 0.69 million years) derived
from lavas of East and Possession Islands (in the
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rozet archipelago) and from Amsterdam Island have
been profitably incorporated into analyses of the na-
ture of the geomagnetic dipole, and the secular varia-
ion of the geomagnetic field, for the period involved.

Watkins et al. (in press a) show that a model pro-
posed for the Upper Tertiary geomagnetic field (Wil-
son, 1970), in which the main dipole is envisaged as

eing offset along the spin axis from the geocentric
osition, does not hold for the Brunhes Epoch. The
ffset dipole, if a real phenomenon, must be a pre-
runhes Epoch feature.
The latitude dependence of the angular dispersion

Of the present geomagnetic field directions is best un-
derstood to owe generally to a centered, relatively
table dipole and a more rapidly moving nondipole

component of variable magnitude and direction. Doell

ilependencc
nd Cox (1971) have shown that the present latitude

 of the secular variation holds for the
pacific during the Brunhes, except for the region
round Hawaii, where the presently atypical very low

nondipole activity was maintained during the Brunhes
Epoch. It is suspected that this may be due to an
ffect in the central Pacific mantle, which shields out

nondipole activity at the surface. Results from Crozet
and Amsterdam Islands are critically valuable in facili-
tating extension of examination of the Brunhes field to
the Indian Ocean. Watkins et al. (in press b) show
that the Brunhes Epoch secular variation in the
southern Indian Ocean is strongly latitude dependent.

Paleomagnetic data from Kerguelen Island will be
analyzed after potassium-argon age measurements are
completed.

Geochemistry. The results of analyses of basalt spec-
iinens from East and Possession Islands have been

ublished (Gunn et al., 1970; in press a). The lavas
form a flat-lying sequence of oceanites, ankaram -
i es, olivine basalts, and feldsparphyric basalts. The
fractionation trends are unique with respect to the
C nstant aluminum-titanium and potassium-strontium
ratios, and all can be reproduced by subtraction of
c romite, olivine, and low-titanium clinopyroxene
from an alkali basalt parent.

Analyses of samples from Amsterdam Island (Gunn
e al., in press b) reveal mainly lavas with tholeiitic
a Ffinities, ranging from olivine tholeiites to plagioclase
b 3.salts. Some high alumina lavas are similar to by-
t wnite cumulates dredged from the Mid-Indian
Ridge, and some low alumina lavas resemble the thol-
e ites of Hawaii. The island appears to be in an early
stage of evolution from deep oceanic basalt to an alka-
li e volcano.

Analyses of Kerguelen basalts and plutonic syenites,
4iartz syenites, and monzonites are continuing. Prelim-
irary isotope age analyses on a tholeiitic basalt suite
filom Foch Island (northern Kerguelens) by Dr. A.
Bàksi (Queens University, Kingston, Ontario,

Canada) yielded an Upper Oligocene to Lower Mio-
cene age. Isotopic analyses of the Rallier du Baty plu-
ton (southeastern Kerguelens) yielded preliminary
age estimates of approximately 9 m.y. (from commer-
cial potassium-argon sources) and 12 to 15 m.y. by the
rubidium-strontium isotope method.

These studies are being made in cooperation with
Dr. Jacques Nougier (University of Paris) and Mr. C.
E. Abranson and Dr. B. M. Gunn (University of
Montreal). They are made possible by the generosity
of Administrator Pierre Rolland of the Territoire des
Terres Australes et Antarctiques Françaises, who pro-
vided transport aboard the vessel Galliéni, helicopter
transport, and all other logistic support.
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Paleomagnetic investigations of the
Queen Alexandra Range, Antarctica

J . H. OSTRANDER

Department of Geology
Case Western Reserve University

Recent paleomagnetic data from the central Trans-
antarctic Mountains lend support to the critical role
Antarctica must play in the current hypotheses con-
cerning the fragmentation of Gondwanaland. Paleo-
magnetic study of Jurassic rocks from the Queen Al-
exandra Range suggests that Antarctica was 30 de-
grees of latitude north of its present location.

During the 1969-1970 antarctic field season, sam-
pling in the Queen Alexandra Range was carried out
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by Dr. Donald Peterson of Case Western Reserve Uni-
versity (presently at the State University of New York
at Fredonia) in conjunction with the geological-pa-
leontological investigations of the Institute of Polar
Studies of The Ohio State University. Dr. Peterson
collected both volcanic and intrusive Jurassic rocks.
His samples represented 12 lava flows from Storm
Peak, 14 lava flows from Mount Falla, and seven
minor intrusions.

The magnetic properties of these rocks were studied
during the past year in an attempt to establish the rel-
ative position of Antarctica for the early Jurassic. Six
oriented samples were taken from each site. A single
core was then drilled from each sample and used for
remanence measurements, which were obtained by
using the Foster Spinner magnetometer. Cores were
magnetically cleaned in alternating fields up to 1,200
oersteds. In general, the samples were stably and nor-
mally magnetized. The results (see table) agree with
those of igneous intrusions of similar age from other
areas of Antarctica (Briden and Oliver, 1963; Bull
and Irving, 1960; Turnbull, 1959).

Paleomagnetic work on these igneous rocks was
backed up by a qualitative examination of the oxida-
tion states of the iron-titanium oxides. Quantitative
examination of the opaque minerals is in progress. It
is possible that a causal relationship does exist between
the opaque petrological properties and the magnetic
properties in many instances. Titanomagnetite high
temperature oxidation, which describes the process of
ilmenite exsolution and further oxidation, does not
vary extensively from flow to flow. According to
the most recent classification, high temperature oxida-
tion is divided into six progressive stages (Ad .e-Hall et
al., 1968). The antarctic cores contain oxides repre-
sentative of classes 1 to 3 and only rarely class 4, which
describes the further alteration of the ilmenite lamellae.

Titanomagnetite granulation, which describes the
alteration of titanomagnetite to impure rutile gran-
ules, occurs in flows characterized by a limited de-
velopment of high temperature oxidation. Granula-
tion, when highly developed, is suspected of influenc-
ing the stability of remanence (Ade-Hail, 1969).

The influence of the degree of development of ti-
tanomagnetite high temperature oxidation on the sta-
bility of natural remanence could lie in the decreased
effective grain size resulting from subdivision by the ii-

Magnetic directions of rocks from three locations in the
Queen Alexandra Range, with calculated virtual geomagnetic

pole positions.

Dec-	In- No.
lina-	dma- of	 V. P.

Location	tion	tion sites a9 5	coordinates

Storm Peak	252.7 —64.2 12 6.9 44.1 0 S. 128.5°W.
Mount Falla 224.7 —71.7 14 4.4 53.8°S. 137.4°W.
Sills	224.5 —72.0	7 5.4 54.2 0 S. 139.80W.

on

• VGP positions
• field sampling area

Virtual geomagnetic pole positions for Jurassic lava flows and
minor intrusions.

menite lamellae. This is not, however, a complete ex-
planation, and we may only say at present that the
results are consistent with some sort of relationship
between paleomagnetic stability and the opaque
petrology.

The combined results of the study give the virtual
pole positions indicated in the figure. If one assumes
the geocentric dipole hypothesis, these paleomagnetic
poles represent paleogeographic poles. These results
from the Jurassic would imply a movement of some 30
degrees of latitude relative to the continent of Antar -
tica subsequent to the extrusion of the lavas and th e
emplacement of the minor intrusions. Two types of
movement could explain the differences between Ju -
assic and present pole positions: either (1) the cont -
nents have remained fixed, while the rotational axes
have changed (hence the poles have shifted), or (2)
the rotational axes and poles have remained fixe
while Antarctica has moved relative to the poles an
other continents. The interpretation offered here is
that the field sampling area was located at a latitude
of 51°S. during the early Jurassic, possibly locati g
western Antarctica adjacent to the coast of southeas -
ern Africa as suggested by Dietz and Holden (1970
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Late Precambrian
silicic pyroclastic volcanism

in the Thiel Mountains, Antarctica'
A. B. FORD and R. S. SuMsION

U.S. Geological Survey
Menlo Park, California

and
Department of Geology

San Jose State College, California

The Thiel Mountains, an isolated range in the
Transantarctic Mountains midway between the Ross
and Weddell Seas, consist of variably recrystallized,
porphyritic-appearing silicic igneous rocks of probable
Late Precambrian age that were intruded by Early Pa-
leozoic granitic plutons. The Late Precambrian rocks
are characterized by an unusual coarse-crystal assem-
blage that includes hypersthene and minor cordierite or
their alteration pseudomorphs of chlorite and mica.
Preliminary petrographic studies were inconclusive
about the origin of these rocks (Ford, 1964). On one
hand they suggested the possibility of pyroclastic dep-
osition, but on the other they favored a shallow intru-
sion origin. Further microscopic study, however, has
yielded much textural evidence for a pyroclastic origin,
and the rocks are reinterpreted as being crystal-rich
silicic tuffs. The evidence includes the presence of
vague bedding, rare lenticular and eutaxitic struc-
tures, and a profusion of broken and embayed, poorly
sorted crystals, all of which resemble features of some
volcanic tuffs (Ross and Smith, 1961).

Secondary effects, such as sieve-textured mineral
overgrowths and alteration coronas, finely granoblastic
quartz and K-feldspar of the groundmass, and skeletal
chlorite and mica poikiloblasts, mask primary features
in many places. Some secondary features were proba-
bly produced by recrystallization during cooling from
initial temperatures perhaps as high as 700° to 900°C
(Ross and Smith, 1961), but most are probably ther-
mal effects from the nearby granitic plutons. The vol-

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

Figure 1. Modes of 10 samples of quartz latitic tuff from localities
throughout the Thiel Mountains. Q, P, K, M of histograms show
volume percent, respectively, of coarse quartz, plagioclase,
K-feldspar, and mafic minerals, including alterations. G, ground-

mass of mainly fine K-feldspar (lined) and quartz.
quartz

I'

I I
I'
I'
I	1
I	I
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artz
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__ 20
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Figure 2. Modal minerals of pyroclastic rocks of the Thiel
Mountains in volcanic rock classification of Streckeisen

(1967).

canic pile is broadly folded and locally faulted, but
the absence of penetrative deformational effects in the
groundmass and of broken crystal pieces that can be
refitted indicates that crystal breakage was a primary
and not a tectonic feature. Deep resorption embay-
ments in quartz and delicate patterns of igneous oscil-
latory zoning in plagioclase crystals are destroyed by
nearly complete recrystallization of the entire rock
only near contacts with younger plutons. Plagioclase
( An15_50) is generally intermediate in structural
state; studies in progress show an increase in ordering
degree with approach to the plutons.

Modal counts on rock slices (Williams, 1960),
stained to enhance contrast of plagioclase (red) and
K-feldspar (yellow), show that the tuffs characteris-
tically are crystal-rich and dominated by coarse frag-
ments of plagioclase, generally 3 to 5 mm in diameter,
with lesser amounts of quartz and mafic minerals, and
minor K-feldspar (fig. 1). Fine-grained K-feldspar
predominates, with lesser amounts of quartz, in the
dense groundmass. J-Iypersthene is the only primary
mafic mineral throughout the entire exposed se-
quence. Modally (fig. 2) and chemically the rocks
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Fiure 3. Normative mineralogy of Thiel Mountains and New
Zealand volcanic rocks compared to experimental hydrous system.
Q, Ab, Or, respectively, CIFW-normative quartz, albite, and
orthoclase which plot near ternary minima (crosses) in experi-
mental system of Tuttle and Bowen (1958) showing effect of in-
creasing H 2O vapor pressure on boundary curve between fields of

quartz (above) and feldspar (below).

plot within the "quartz latite" field of Streckeisen
(1967).

Hypersthene occurs in silicic volcanic rocks also in
the Cenozoic rhyolitic province of New Zealand,
where it is associated with phenocrysts of the hydrous
minerals hornblende and biotite (Ewart, 1967). The
Thiel Mountains rocks are comparable, in terms of
normative Q-Ab-Or, with those of New Zealand and
with the experimental system Q-Ab-Or-H20 of Tut-
tle and Bowen (1958), as shown in fig. 3. In contrast
to the New Zealand lavas, the Thiel Mountains rocks
group closely at the experimental ternary minimum
on the quartz-feldspar boundary at water-vapor pres-
sure of 500 kg per sq cm, which, together with the
occurrence only of hypersthene as a primary mafic con-
stituent, suggests a lower water content than in the
New Zealand lavas. Mineralogic and chemical differ-
ences such as these can be interpreted in terms of
major differences in tectonic settings that must influ-
ence mechanisms of magma generation and composi -
tion of possible contaminants during magma ascent.
Whereas New Zealand lies near an active Pacific is-
land arc-trench system, the area of the Thiel Moun-
tains in the late Precambrian probably was a conti-
nental region with nearby terranes of granulite, char-
nockite, and related rocks of an East Antarctic crystal-
line shield.

Silicic volcanism appears to have been widespread
near the end of the Precambrian. Isotopic ages gener-

ally in the range 600 to 700 million years are reported
(Schmidt and Ford, 1969; Faure et al., 1968; Eastin,
1970) for the silicic porphyritic rocks here described
in the Thiel Mountains and for similar rocks of the
Wyatt Formation in the Wisconsin Range (Murtauh,
1969), whose probable correlatives in the Queen
Maud Range, nearly 100 km west of the Thiel Moiin-
tains, in large part are clearly of pyroclastic origin
(Katz and Waterhouse, 1970). Eruptions must have
occurred on an immense scale to have produced the
great volumes of tuffaceous material, which in the
Thiel Mountains alone total at least an estimated 5,060
cu km. Explosive episodes likely produced ash-flew
tuffs, in addition to air-fall and waterlain deposits, but
none have yet been identified with certainty owing
possibly to destruction of eutaxitic or other crithal
features by later recrystallization. Calderas or other
possible eruptive centers have not been found and
should be looked for in future geophysical studies in
nearby ice-covered regions.
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Spatial variation in Cenozoic volcanism
of Marie Byrd Land and Ellsworth Land

WESLEY E. LEMASURIER
University of Colorado

Denver Center

During the past decade, field and laboratory studies
have brought to light several lines of evidence that
suggest a continuity of Andean geologic features, such
as Mesozoic plutonism and Cenozoic volcanism, ex-
tending from the base of the Antarctic Peninsula
across Marie Byrd Land and Ellsworth Land to the
Ross Sea region (e.g., Halpern, 1968; LeMasurier and
Wade, 1968; Craddock, in press). In this context, one
of the major objectives of research on Marie Byrd
Land volcanism has been to examine the possibilities
for g'ochernical correlations with other areas of Ceno-
zoic volcanism in Antarctica and to relate the charac-
ter of volcanism to tectonic environment. It has been
pointed out recently that the alkalinity of Cenozoic
lavas along the Pacific continental margin of Antarc-
tica represents a significant change from the tectonic
environment of Mesozoic volcanism in Antarctica, and
a significant difference from the general character of
Cenozoic volcanism elsewhere in the circum-Pacific
progenic belt (LeMasurier, 1970; Baker, in press).
Upon still closer examination, it appears that there
are important discontinuities within the Cenozoic vol-
anic province of West Antarctica and that the im-

pressions of continuity gained from reconnaissance
mapping may be somewhat misleading.

If one compares the volcanic rocks in the central
sector of Marie Byrd Land—between longitudes
110°W. and 140°W.—with those in the adjacent
areas of Ellsworth Land and western Marie Byrd
Land, two characteristics become evident: (1) the
volume of basalt in the central sector is much greater
and (2) siliceous differentiates seem to be confined to
the central sector. In central Marie Byrd Land, trach-
ytic differentiates were produced in relatively large
volumes during Cenozoic time and were erupted to
form the large stratovolcanoes that are characteristic
of the region. No siliceous volcanics of Cenozoic age
and no stratovolcanoes have been reported from Ells-
worth Land (Craddock et al., 1963; Wade and La-

rade, 1969; Laudon, in press) or west Marie Byrd
Land (Warner, 1945; Wade and Wilbanks, in press).
The closest trachytic stratovolcanoes appear to be
those in the western Ross Sea region, 1,400 km to the
1west, and Deception Island, 2,200 km to the northeast.

The basalt sections that overlie basement rock in
central Marie Byrd Land appear to be five to 10 times
thicker than the basalt sections in Ellsworth Land or
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western Marie Byrd Land. The Cenozoic volcanic sec-
tion in the Jones Mountains, for example, is roughly
500 ui thick (Craddock et al., 1963), and the thickest
section in the Hudson Mountains is roughly 200 m
thick (field notes, 1968-1969 Ellsworth Land Survey).
By contrast, the basalt section at Mount Murphy is
about 2,000 m thick; in the Crary Mountains a
1,200-rn thickness of basaltic rock is exposed; and at
Toney Mountain, seismic evidence indicates that the
base of the basalt section lies 3,000 m below sea level
or about 4,000 in the exposed top of the section
(Bentley and Clough, in press). In addition to their
great thickness, preliminary studies of vesicularity sug-
gest that the central Marie Byrd Land basalts were
erupted at much greater depths beneath ice level than
those in Ellsworth Land (e.g., Moore, 1970). The fact
that these deposits are now exposed at elevations as
much as 1,000 to 2,000 in than the coastal
ranges in Ellsworth Land or western Marie Byrd
Land suggests that, during Cenozoic time, central
Marie Byrd Land was much more mobile tectonically
than adjacent regions. Evidently there were large ver-
tical displacements associated with the rectangular sys-
tem of faults that has already been described for this
region (LeMasurier, in press).

In summary, the Cenozoic history of central Marie
Byrd Land appears to be characterized by extensional
block faulting, periodic eruptions of alkali basalt that
may have approached flood basalt proportions, and
the development of trachytic stratovolcanoes. The en-
tire environment has many similarities to the African
Rift Valleys and to Iceland and neighboring parts of
the Brito-Arctic volcanic province. This is entirely
consistent with interpretations of rifting and fragmen-
tation that have been based largely on studies of base-
ment geology in this region (Craddock, in press;
Wade and Wilbanks, in press). The volcanic history
suggests further, however, that rifting was more local-
ized in central Marie Byrd Land, and probably the
Ross Sea, than in intervening areas, and that conti-
nental fragmentation in this part of West Antarctica
was largely a Cenozoic event.

If Marie Byrd Land and adjacent regions are, in
fact, similar in volcanic characteristics to rift prov-
inces elsewhere in the world, one might expect to find
tholeiitic basalt occupying structural depressions now
covered by ice or sea water (Lipman, 1969; Mohr,
1971). It will be interesting, therefore, to see whether
the Joint Oceanographic Institutions for Deep Earth
Sampling holes that are planned for the Amundsen
and Ross Sea areas recover basalt with tholeiitic af-
finities.

During the past year I have had the opportunity to
study three collections of Ellsworth Land volcanic
rocks through the courtesy of Drs. C. Craddock, T. S.
Laudon, and F. A. Wade. The progress reported here
owes a great deal to their cooperation.
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Triassic tetrapods
from McGregor Glacier

EDWIN H. COLBERT

Museum of Northern Arizona

During the antarctic field season of 1969-1970, as
readers will recall, a considerable collection of Lower
Triassic tetrapods was made from the Fremouw For-
mation at Coalsack Bluff in the Transantarctic Moun-
tains, immediately to the east of the Beardmore Gla-

Labyrinthodont amphibian skull from McGregor Glacier area.

cier. It had been intended to extend the work of that
season to the region of McGregor Glacier, some 240
km distant, but weather and circumstances prevented
it. Consequently, this aspect of the field campaign was
resumed during the 1970-1971 season. Paleontological
prospecting and collecting was carried on by Mr.
James W. Kitching of the Bernard Price Institute for
Palontology, University of the Witwatersrand, Jo-
hannesburg, South Africa, assisted by Mr. John
Ruben of the University of California at Berkeley, and
for a short time by Mr. Thomas Rich of the American
Museum of Natural History in New York.

It had been hoped that well preserved fossils would
be found in the McGregor Glacier region, since pre-
vious studies had indicated that this area was up the
paleoslope from Coalack Bluff, and thus might be
close to the source of fossil burials. The hope was fully
justified: whereas at Coalsack Bluff the fossils, though
numerous, consisted of isolated and rolled bones de-
posited in coarse sands and even conglomerates, at
McGregor Glacier the specimens consisted of articu-
lated skeletons and partial skeletons contained within
rather fine-grained siltstones (see photo). As a result,
our knowledge of early Triassic antarctic tetrapods
has been augmented and expanded.

The work of this past season was aided by good
weather, a contrast to the inclement weather that
plagued the paleontologists during the previous col-
lecting field season.

The initial fossil of this past season, an imprint of a
complete skeleton of the mammal-like reptile Thri
naxodon, was found on the first day in the field
Dr. James Collinson of The Ohio State University,
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From that time until the termination of work, fossils
were found plentifully exposed in the McGregor Gla-
cier region and so far as time permitted were col-
lected. Several promising areas were located for future
xploration and development. In this connection, a
isit was made to Graphite Peak, where the first tetra-

pod fossil from Antarctica, a fragment of an amphib-
ian jaw, had been found by Peter Barrett in 1967, and

umerous bones of Lystrosaurus were seen there.
The collection of this past season added additional

materials of the dicynodont reptile Lystrosaurus to
t ose already collected in Antarctica. This is the genusso characteristic of the Lower Triassic Lystrosaurus

tt

onrits
e in South Africa as well as of Lower Triassic sedi-

 in India and in China. Also, labyrinthodont
phibians and small thecodont reptiles, found dur-

the previous field season, were collected at
McGregor Glacier.

But of particular significance was the discovery at
McGregor Glacier of various tetrapods that previously
had not been found in Antarctica. The genus Thri-
raxodon, a form quite typical of the South African
deposits, has already been mentioned. This important
genus is represented by several specimens. Other
mammal-like reptiles, still to be identified, were
found. Several skeletons of the cotylosaurian reptile
Procolophon, again a genus characteristic of the South
African Lystrosaurus zone, were collected. Finally, a

Permian stromatolites from
Coalsack Col
WILLIAM J . BREED

Museum of Northern Arizona

Stromatolites (generally considered to be fossil
algae) were found in 1969 at Coalsack Col,* 1 km
southwest of Coalsack Bluff. This is the first report of
their presence in Antarctica with the exception of the

name.

number of specimens of eosuchians, evidently closely
related to the African proto-lizards Prolacerta and
Pricea, were discovered and collected. Such reptiles
are rare in the Lystrosaurus zone of South Africa; they
would appear to be reasonably abundant in the Fre-
mouw Formation of Antarctica.

The collections of the past field season strengthen
the paleontological ties between Antarctica and Africa
during early Triassic time. They indicate, beyond
much doubt, that there was a very close connection
between the two present-day continents, a connection
that was sufficiently broad to allow the free inter-
change of complete faunas between the two areas. In
short, Africa and Antarctica were parts of a single
continent, as clearly indicated by the full representa-
tion of the Lystrosaurus fauna in the Karroo Basin of
South Africa and in the Transantarctic Mountains,
some 600 km from the South Pole. The significance of
this fact in the interpretation of Gondwanaland and
the study of continental drift is obvious.

The fossil tetrapods from Antarctica are now at the
Museum of Northern Arizona in Flagstaff, where they
are being studied by E. H. Colbert, assisted by a grant
from the National Science Foundation. Mr. Kitching
worked in Antarctica at the invitation of the National
Science Foundation, and he was also supported in
part by the Council of Scientific and Industrial Re-
search of the Republic of South Africa.

Precambrian stromatolites found by Dr. Campbell
Craddock in the Thiel Mountains.

The stromatolites were found in three zones of the
Buckley Formation (Permian). The same formation
nearby also contains coal seams up to several feet
thick and leaves of the characteristic Gondwana plant
Glossopteris. The Buckley Formation is generally con-
sidered to have been deposited in a slowly subsiding
flood plain with ephemeral lakes and swamps and
meandering streams that flowed generally to the east
and south. The algae probably flourished in the
ephemeral lakes, although many stromatolites have

Figure 1. Weathered side of stromatolite	Figure 2. Weathered top surface of stro-	Figure 3. Stromatolite zone on top of
block.	 matolite block,	 siliceous fine-grained block.
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been found in an intertidal marine environment, and
this possibility cannot be ruled out.

The outcrop was once covered by a glacier, and
consequently the beds are quite fractured and eroded.
The lower two stromatolite zones have been found in
situ, but the upper zone is indicated by only a few iso-
lated blocks, and it is presumed that the zone is buried
under either debris or ice. It is unlikely that the upper
stromatolite blocks were carried any great distance,
for they are extremely angular, and their presence near
other stromatolite zones would be indeed fortuitous.
The upper zone is illustrated in figs. 1 and 2, the
lower zone in fig. 3.

Because the stromatolite-zone outcrop is in an iso-
lated block along a faulted monocline, it is not possi-
ble at this time to locate these zones exactly in the
Buckley Formation. However, they appear to be in the
upper part of the section, where there are numerous
coal layers. The zones are at least 100 m below the
overlying Fremouw Formation of Triassic age where
the amphibian and reptiles were discovered in 1969.

The stromatolite specimens will be deposited at the
Smithsonian Institution after a more detailed report is
published.

Jurassic fishes from Antarctica
B0BB SCHAEFFER

Department of Vertebrate Paleontology
The American Museum of Natural History

The first Mesozoic fishes from Antarctica were col-
lected during the austral summers of 1966-1967 and
1969-1970 by Dr. David Elliot of the Institute of
Polar Studies, The Ohio State University. The mate-

rial is now in the collections of the American Museum
of Natural History. More than 60 specimens were re-
trieved from the thin sedimentary interbeds in the
Kirkpatrick Basalt of the Ferrar Group in the south-
ern Queen Alexandra Range of the Transantarcic
Mountains. On the basis of potassium-argon dating,
the age of these beds is Early Jurassic (179 to 161
million years old). In addition to the fishes, die

varved interbeds contain abundant conchostraca s,
suggesting that they are freshwater lacustrine deposi Ls.

Although isolated body scales indicate that at least
two different kinds of fishes are present in the dep s-
its, the majority of the specimens, including sortie
fairly complete ones (see photo), represent only oe
type. These fishes, which average about 60 mm in
length, are unfortunately not too well preserved. Ho"v-
ever, because the matrix is a very fine-grained siliceojs
one, it has been possible to obtain sharply detailed
natural molds by removing the fragmented bone wih
dilute hydrochloric acid. Study "peels" were made
with a quick-setting casting compound.

On the basis of the characters revealed by the peels,
it is evident that this Jurassic form belongs to an order
of bony ray-finned fishes called the Pholidophori-
formes. The pholidophoriforms gave rise to the tele-
osts, the most common and highly diversified group
of fishes living today. The relationship of the antarctic
fish within the pholidophoriforms is of particular in-
terest. Most of the characters that can be observed
seem to be primitive for the pholidophoriforms, and
they are, therefore, of little use in helping us to decide
whether to assign this form to an already recognized
pholidophoriform family or to assign it to a new fam-
ily of its own. In some ways the fish seems to be closely
related to a freshwater Jurassic family (Archaeomen-
idae) from New South Wales; in other respects it
shows a resemblance to a monotypic family (Ichthy-

An undescribeci pholidophoriform fish from the Jurassic. Specimen was found in the Transantarctic Mountains of Antarctica. Length
is approximately 60 mm.
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okentemidae) from the Lias of Great Britain. A final
decision concerning its affinities may not be possible
on the basis of the presently available specimens. Nev-
ertheless, its classification is a matter of great interest
in view of the probability that Australia and Antarc-
tica were not yet separated in the Early Jurassic.

Radiometric chronology of
crystalline rocks from southern Chile

MARTIN HALPERN and GARY M. CARLIN

Division of Geosciences
University of Texas at Dallas

For several years, geological and geophysical field
rograms in the south of Chile have afforded the op-

portunity of collecting samples of crystalline rocks for
radiometric age dating. The primary purpose of our
program is to establish the chronology of principal
rock units so that the geologic history of this relatively
terra incognita, when understood, can be compared to
the geologic development of the Antarctic Peninsula
in particular and to West Antarctica in general. This
report lists the initial results of our research.

On the figure are plotted the calculated ages of
total rocks and mineral concentrates from the area

bounded by 50°30' to 55°S. and 68° to 75 0 W. The
table lists the sampled sites, material analyzed, radi-
ometric decay scheme used, calculated age, and stron-
tium-87/strontium-86 initial ratio used in the rubi-
dium-strontium age calculations. Details of the analyt-
ical data will be presented in a later paper that will in-
clude potassium-argon dates of mineral concentrates
and mafic rocks collected throughout the region
shown in the figure.

The geologic significance of the radiometric ages
may be summarized as follows:

1. The intrusive plutonic igneous rocks of southern
Chile, the Antarctic Peninsula (Halpern, 1971; Rex,
in press) and the circum-Pacific margin of West Ant-
arctica (Halpern, 1968; Halpern, in press) range in
age from Mesozoic to Early Tertiary.

2. The basement gneisses of the Magellan Basin are
probably paragneisses that underwent regional meta-
morphism in Middle to Late Paleozoic time.

3. In the south of Chile, at least three phases of
magmatic activity have occurred: Late Jurassic, Late
Cretaceous, and Mid-Tertiary.

4. The strongly deformed Late Paleozoic sedimen-
tary rocks (Dalziel, 1970) in the area of Canal Con-
cepción (50°30'S. 75°10'W.) are intruded by Late
Jurassic and/or Early Cretaceous plutonic igneous
rocks.

Locations of radiometrically
dated samples referred to in
the table on page 192. All
dates are in millions of years.
Underlined numbers refer to
mineral ages and should be
considered apparent minimum

ages.

7\307\40750

ia
720	Jl°	70	JO0	680	67°	66°	65°W
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5. Rocks of the "basement complex" (Instituto de
Investigaciones Geológicas, 1968) are intruded by ig-
neous plutonic rocks that range in age from at least
Late Jurassic to Mid-Tertiary.

6. In the area of Puerto Año Nuevo (see fig.), Late
Jurassic granitic rocks are intrusive into arenaceous
and argillaceous sedimentary rocks that must be con-
sidered Jurassic or older in age.

7. Structural deformation affected the region of

Seno Agostini during latest Cretaceous to earliest Ter-
tiary time. At this time homogenization of the rubid-
ium-strontium systems of the presumably Late Juras-
sic to Early Cretaceous "Serie Tobifera" volcanic
rocks, and minerals within the pre-Late Jurassic "base-
ment" schists, is considered to have taken place.

Research was supported by NSF grant GA-10529.
We acknowledge the generous support of many Chi-
lean institutions (Halpern, 1970) that assisted in our

Total rock and mineral calculated ages for igneous and metamorphic rocks from the south of Chile.

Calculated

	

Sample site	 Material analyzed	 Decay	age	 Sr87/Sr
(rock type)	 scheme	(million	initial ratio

years)'

Magellan Basin subsurface	 Total rock (gneiss)	 Rb-Sr	4 305±l55	20.7112±0.0033
Magellan Basin subsurface	 Biotite (gneiss)	 Rb-Sr	250±5	'0.710
Cerro Payne (51°S. 73°10'W.)	Biotite (adamellite)	 Rb-Sr	12±2	30.705
Isla Caracciolo (50°28S. 75°08'W.)	Total rock (diorite and	Rb-Sr	140±50(?)	'0.7054-0.002

adamellite)
Isla Duque de York	 Biotite (diorite)	 Rb-Sr	125-t8	'0.705

(50°32'S. 75°05'W.)
Puerto Bueno (50°59'S. 74°13'W.)	Biotite (quartz diorite)	Rb-Sr	90±5	30.705
Isla Daroch (51°28'S. 74°44'W.)	Total rock (diorite and	Rb-Sr	142±20	20.705±0.002

adamellite)
Seno Yuseff (51°40'S. 73°39'W.)	Total rock (granite)	 Rb-Sr	48±5	20.706±0.002
Islas Rennell (51 o59s. 73°53'W.)	Biotite (diorite with gneissic	Rb-Sr	45±10	30.705

structure)
Isla Providencia	 Zircon (adamellite) (Levi	Pb-a	60-+-10

(52°07'S. 74°29'W.)	 et al., 1963)
Bahia Isthmus (52°10'S. 73°38'W.)	Biotite (diorite)	 Rb-Sr	135±8	30.705
Puerto Ai'io Nuevo	 Total rock and K-feldspar	Rb-Sr	4 151±10	'0.7049±0.0020

	

(5212'S. 73°33'W.)	 (granite)
Bahia Cascade (53°58'S. 71°32'W.)	Biotite (diorite) (Halpern,	K-Ar	77±5

1962)
Punta Hope (54°08'S. 71°W.)	Biotite (quartz diorite)	Rb-Sr	74± 10	30.705
SenoAgostini (54°24'S. 70°19'W.)	Total rock (tectonized,	Rb-Sr	4 74±5	'0.7125±0.0006

Rb-Sr

Rb-Sr

Rb-Sr

Rb-Sr

Rb-Sr

K-Ar

K-Ar

Rb-Sr

K-Ar

Brazo Sudeste (54°36'S. 70°39'W.)

Isla Londonderry
(54°55'S. 70°47'W.)

Isla Londonderry
(54°56'S. 70°36'W.)

Seno Ventisquero
(54°50'S. 70°19'W.)

Bahia Tres Brazos
(54°58'S. 69°48'W.)

Bahia Yendegaia
(54°50'S. 68°52'W.)

Ventisquero Italia
(54°56'S. 69°13'W.)

Estancia Santa Rosa
(54°55'S. 6809'W.)

Isla Bertrand (550 14'S. 67 °56'W.)

siliceous volcanics)
Biotite-sericite (?)-

total rock (schist)
Biotite (diorite)

Biotite (diorite)

Biotite (diorite)

Biotite (adamellite)

Muscovite (schist)

Hornblende (garnetiferous
amphibolite)

Biotite (dioritic gabbro)

Hornblende (andesitic
volcanic)

70± 10

94±6

88±5

79±5

72± 10

'64.2±1.2

'37.8±1.6

77±5

'92.5±2

20.719±0.002

'0.7 05

30.705

'0.705

'0.705

20.705

'using X = 1.47 x 10" yr' for Rb-Sr age calculations and
XB = 4.72 X 10-10 yr' X = 5.85 X 10" yr', and K40/K = 1.22 x 10 g/g for K-Ar age calculations.

2 Calculated.	 'Assumed.	 4 95 percent C. L.
'Analyses kindly provided by W. H. Burke, J . B. Otto, and R. E. Denison, Mobil Research and Development Corporation,

Dallas, Texas.
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work. It is our intention to continue this program into
the region of 40° to 50°S. Contribution no. 180 of the
Geosciences Division, University of Texas at Dallas.
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Marie Byrd Land and Ellsworth Land
geologic survey

F. ALTON WADE

Department of Geosciences
Texas Tech University

During the past year, work has been progressing on
the preparation of the report that will summarize the
geology of coastal West Antarctica from Cape
Colbeck, Edward VII Peninsula, on the west to the
eastern margin of the Hudson Mountains in Ellsworth
Land on the east. During three consecutive austral
summers, 1966-1967, 1967-1968, and 1968-1969,
data and specimens were recorded and collected re-
spectively in the field for subsequent study and analy-
sis. These data, combined with those acquired by this
principal investigator during the Byrd Antarctic Expe-
dition II, 1933-1935, and the U.S. Antarctic Service
Expedition, 1939-1941, in Marie Byrd Land will all
be used in the preparation of the report. Several pre-
liminary reports have been published, and a general
summary coauthored by Dr. John Wilbanks was pre-
sented by the principal investigator at the SCAR Sym-
posium on Antarctic Geology and Solid Earth Geo-
piysics, Oslo, Norway, in August 1970. The paper will
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be included in the symposium volume, which is now
in press.

Much work remains to be done, and the final report
will not he finished until about August 1972. At pre-
sent, full time is being devoted to the project by the
principal investigator and two graduate research as-
sistants, Carl Cathey and Jerry Oldham.

All Cenozoic volcanics have been turned over to Dr.
Wesley LeMasurier, University of Colorado at Den-
ver, for study. He participated in the field program in
1967-1968 and has concentrated his studies on that
aspect of the project and the Cretaceous volcanics.

During June of this year a suite of rooms and a lab-
oratory in the new Texas Tech University Museum
were made available for our use. Following the move
to the new facilities, work was resumed on June 25.
Rock specimens, thin sections, maps, records, and still
and moving pictures are being properly cataloged and
stored. Through the generosity of Mrs. Paul A. Siple
we acquired the Siple collection of antarctic rock
specimens, most of which were from Marie Byrd
Land. Mr. Gerry Pagano devoted much time and ef-
fort to packing and shipping these specimens to us.
They will be thin-sectioned, cataloged, and properly
stored. Another acquisition was a small collection of
specimens collected by Herman Friis at the Japanese
base area, Lützow-Holm Bay. He also donated many
2- by 2-in, transparencies of that sector to our collec-
tion. It will take many months to finish analyzing and
cataloging the many hundreds of specimens, but it is
our intent to make them available for study by any in-
terested person.

Geology of the volcanic rocks
of the Ross Island area, Antarctica

SAMUEL B. TREVES

Department of Geology
University of Nebraska

and
Institute of Polar Studies
The Ohio State University

Field work in the 1970-1971 season primarily con-
cerned the geology of the summits of Mounts Erebus,
Terror, Terra Nova, Bird (all on Ross Island) and
Discovery (on the Scott Coast). Petrographic evalua-
tion of thin sections of rocks and consideration of data
collected at these locations show that the rocks and
geology of the summit areas of the Ross Island area
are very similar to the rocks and geology of the lower
flanks and coastal areas of the Ross Island area vol-
canoes. The results of the study of the summit areas
confirm the earlier established geologic history and se-
quence of eruptive events that was previously estab-
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lished for the coastal and flank areas (Treves, 1962,
1965 5 1967 5 1968 5 1969 ) 1970, 1971). That sequence is
olivine basalt, basalt, and trachyte, which is referred
to as the older sequence, and a later sequence con-
sisting of olivine basalt and basalt, which is referred
to as the younger sequence.

In the Ross Island area basalts are the most
common type of rock, and trachytes are the second
most common type. This feature is quite characteristic
of oceanic islands and has been discussed in detail by
Chayes (1963). Rarer rock types, such as limburgites,
mugearites (?),and even rarer types, do occur but are
not abundant. If the rarer types are excluded, the re-
maining trachytes, basalts, and pyroclastic rocks may
be divided into seven types that are easily recognized
and mapped. These types are the olivine-pyroxene
basalt, plagioclase basalt, hornblende basalt, pyroxene
trachyte, hornblende trachyte, anorthoclase trachyte,
and the pyroclastic rocks. The pyroclastic rocks are
mostly trachytic tuffs and volcanic breccias.

Incomplete chemical data from many sources indi-
cate that the rocks are all undersaturated, although
nepheline has not been positively identified in any of
the thin sections. Smith's classic paper (1954) on the
specimens collected in 1910-1913 by members of the
British Antarctic Expedition clearly established the
nature of the assemblage, and my results and those of
others confirm this early view. It seems clear that we
are dealing with a typical alkaline-olivine basalt asso-
ciation that is typically and widely developed in ocean
basins and on continents. This suite of rocks, however,
stands in marked contrast to the tholeiitic Ferrar Do-
lerites and perhaps the Ferrar Volcanics of southern
Victoria Land. The relationship of the Ross Island
volcanic rocks to the many small vents of southern
Victoria Land, such as the Brando vent of the Radian
Glacier area and the vents of Taylor Valley, is not
clear. Some of the petrographic and chemical data
suggest that some of them are related to the Ross Is-
land suite.

As a result of the work done in this and subjacent
areas by the writer and others it is now possible to
suggest that the Ross Island volcanic province is part
of a larger province that stretches from the McMurdo
Sound area north along the coast of southern Victoria
Land through Cape Adare to the Balleny Islands.

Future work in the Ross Island area will be con-
cerned with the micromineralogy of the rocks and
their relationship to other nearby volcanic centers and
to the other centers of the Ross Island province.

References

Chayes, F. 1963. Relative abundance of intermediate
members of the oceanic basalt-trachyte association. Journal
of Geophysical Research, 68: 1519-1534.

Smith, W. C. 1954. The Volcanic Rocks of the Ross
Archipelago. London, British Museum. 107 p.

Treves, S. B. 1962. The geology of Cape Evans and
Cape Royds, Ross Island, Antarctica. American Geophys-
ical Union. Geophysical Monograph, 7: 40-46.

1965. Volcanic rocks of Ross Island. U.S.
Antarctic Projects Officer. Bulletin, VI(7) : 58-60.

1967. Volcanic rocks from the Ross Island,
Marguerite Bay, and Mt. Weaver areas, Antarctica. JARE
Scientific Reports, 1: 136-149.

________ 1968. Volcanic rocks of the Ross Island area.
Antarctic Journal of the U.S., 111(4): 108-109.
_____	1969. Volcanic rocks of the Ross Island area.
Antarctic Journal of the U.S., IV(5) : 207-208.

1970. Volcanic rocks of the Ross Island area.
Antarctic Journal of the U.S., V(4) : 103.

1971. Geology of the summit areas of vol-
canoes of the Ross Island province, Antarctica (abstract).
Geological Society of America. North-Central Section
Meeting, Lincoln, Nebraska, p. 283-284.

Ida Granite: a new formation
of the Granite Harbour Intrusives,

Beardmore Glacier region
JOHN GUNNER

Institute of Polar Studies
and

Department of Geology
The Ohio State University

The name Ida Granite is given to intrusions of
aplitic quartz monzonite and granite (Williams et al.,
1954) and associated aplite and tourmaline-bearing
pegmatite dikes typically exposed at Mount Ida and
Granite Pillars on the west side of the lower Beard-
more Glacier (see fig.; Lindsay et al., in press).

The main intrusion of Ida Granite in this area has
the form of a stock with steep marginal contacts and a
roof apparently exposed at Granite Pillars. The rock is
typically light gray, fine- to medium-grained, and non-
porphyritic. Patches of pegmatitic tourmaline-bearing
material about 5 cm across occur in places, notably at
Granite Pillars, and scattered euhedral grayish-blue
phenocrysts of plagioclase are present in some locali-
ties.

In thin section the Ida Granite typically has an
aplitic or granitoid fabric consisting of microcline,
quartz, and plagioclase with accessory biotite and/or
muscovite and trace amounts of epidote, magnetite,
sphene, and zircon.

The Ida Granite contrasts strongly in texture, min-
eralogy (table 1), and chemistry (table 2) with the
Hope Granite (Gunn and Walcott, 1962) that sur-
rounds it. The Hope Granite is typically coarser
grained, contains more abundant phenocrysts and xen-
oliths, and is richer in calcium, magnesium, and total
iron and poorer in silica (table 2) than the Ida Gran-
ite.
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Contacts of the Ida and Hope Granites are exposed
at Granite Pillars and on the north ridge of Mount
Ida. At Granite Pillars the contacts are inaccessible
but appear to be sharp. Here the Hope Granite is ex-
posed along the top and at the south end of the cliffs,
in both of which places it is intruded by a swarm of
intersecting pegmatite and aplite dikes, figured by

Table I. Primary mineralogy of the Ida and Hope Granites;
modal analyses (1,000 points counted); in percent.

Sample	3575 
1 608B 2636 2637 3573 3587

Quartz	28	36	32	26	40	40
K-feldspar	42	25	39	45	13	25
Plagioclase	28	38	24	21	34	22
Biotite	 ac 4	tr1	ac	11	13
Muscovite	-	tr	ac	ac	-
Hornblende	 -	 ac

Plagioclase	nd"	uz'	uz	uz	nz8	nz
An	nd 2-22 4-11 10-15 27-56 21-55

'Aplite dike, intruding Hope Granite. tr = trace.
2 Ida Granite, main intrusion.	' nd=no data.
Hope Granite, main intrusion.	'uz=unzoned.
ac =accessory.	 S nz= normally zoned.
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Shackleton (1909, p. 354). The Ida Granite at Gran-
ite Pillars is devoid of dikes, although the dikes in the
Hope Granite extend up to the snow-filled gully that
forms the southern boundary of the Ida Granite.
Nearly horizontal dikes are also present along the cliff
top in what appears from a distance to be Hope Gran-
ite. These observations suggest either that the Ida and
Hope Granites are in fault contact or that the Ida
Granite was emplaced after the Hope Granite. In
both cases, the Ida Granite is either contemporaneous
with or younger than the dikes.

On the north ridge of Mount Ida the Hope-Ida
Granite contact is diffuse, with several compositionally
intermediate phases separating the two units. This
may indicate that the Hope Granite had not totally
solidified when the Ida Granite intruded it. No con-
tacts between the main intrusion of Ida Granite and
the folded metasediments of the Coldie Formation are

Table 2. Chemical data for the Ida and Hope Granites,
in percent.

Sample	 1575	2637	3593

CHEMICAL ANALYSIS

SiO,	 73.65	74.11	63.20
Ti02	0.25	0.32	0.79
Al203	14.00	13.83	16.66
Fe203	0.70	0.14	2.14
FeO	 0.80	1.39	3.37
MnO	 0.03	0.04	0.06
MgO	 0.20	0.18	1.04
CaO	 0.98	1.01	3.44
Na20	 2.83	2.72	2.83
K20	 5.04	3.67	4.17
H2O	 0.69	0.74	1.02
H20	 0.06	0.09	0.14
P205	 0.10	0.06	0.20
CO2	 0.15	0.09	0.13

Total	 99.48	98.39	99.19

CIPW NORM

Quartz	36.41	42.35	21.73
Orthoclase	30.17	22.23	25.14
Albite	 24.26	23.59	24.43
Anorthite	3.30	4.15	15.24
Diopside	0.00	0.00	0.00
Hypersthene	1.05	2.49	5.93
Magnetite	1.03	0.21	3.17
Ilmenite	0.48	0.62	1.53
Apatite	 0.23	0.14	0.47
Calcite	 0.35	0.21	0.30
Corundum	2.73	4.00	2.06

Total	 100.00	100.00	100.00

OpxJ En	0.50	0.46	2.64
I Fs	0.54	2.03	3.29

Norm. plag.
An	12.0	15.0	38.4

1 Aplite dike, intruding Hope Granite.
2 Ida Granite, main intrusion.

Hope Granite, main intrusion.
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known. However, pegmatite dikes, possibly assignable
to Ida Granite, intrude rocks of the Goldie Formation
in the vicinity of Granite Harbour Intrusive plutons
cast of the Beardmore Glacier (Oliver, in press).

The petrographic and chemical similarities between
the aplite dikes and the Ida Granite and between the
tourmaline pegmatite dikes and the tourmaline-bear-
ing patches within the Ida Granite suggest that the
Ida Granite and at least some of the dikes are contem-
poraneous and were derived from the same magma.
The aplite and pegmatite dikes are therefore provi-
sionally included as Ida Granite.

The Ida Granite has been dated at 463 ± 7 million
years (my.) by the whole-rock rubidium-strontium iso-
chron method (Gunner, 1971). The two dated sam-
ples (576 and 719; see fig.) fit the same straight-line
isochron as nine samples of Hope Granite. The ages of
the Hope and Ida Granites are therefore not distin-
guishable by the whole-rock Rb-Sr isochron method.

The Ida Granite and its associated aplite and peg-
matite dikes are here interpreted as late-stage differ-
entiates of the magma from which the bulk of the
Hope Granite crystallized. The contrasts in chemistry
and mineralogy of the two rock types and the close
similarity of their initial Sr87 /Sr86 ratios support this
conclusion.

The 463-m.y. date on the Ida and Hope Granites
agrees well with other dates reported on rocks of the
Granite Harbour Intrusives from the central Trans-
antarctic Mountains (McDougall and Grindley, 1965;
Faure et al., 1968). The petrographic and geochrono-
logic similarity of the Ida Granite and the aplitic
quartz monzonite described by Murtaugh (1969)
from the Wisconsin Range and dated at 479 ± 10
m.y. (Faure et al., 1968), suggests that the two rock
units may be genetically similar.

This work was performed under National Science
Foundation grant GA-12315 to The Ohio State Uni-
versity Research Foundation and -the Institute of
Polar Studies. Field work was carried out in the
1969-1970 season.
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Interpretation of geophysical data
in the Pensacola Mountains,

Antarctica'
JOHN C. BEHRENDT

U.S. Geological Survey
Denver, Colorado

During the 1965-1966 austral summer, the U.S.
Geological Survey made aeromagnetic, gravity, and
seismic-reflection ice-thickness measurements in the
Pensacola Mountains area. Preliminary reports on the
geologic and glaciologic interpretations of the geo-
physical data were published. Inasmuch as compila-
tion of 1:250,000-scale topographic maps has now
been completed, additional interpretation is being
made in coordination with the compilation of geologic
maps by D. L. Schmidt and A. B. Ford, U.S. Geologi-
cal Survey. Aeromagnetic and Bouguer-anomaly maps
of 1:250,000-scale quadrangles corresponding to the
geologic maps are now completed.

Computer modeling and other analyses of magneti
data over the Dufek mafic intrusion in the Dufe
Massif and Forrestal Range area have shown that the
intrusive body extends over an area at least as great as
24,000 sq km. Bouguer gravity anomalies suggest a
additional 10,000 sq km outside the area of the mag -
netic survey. Where the associated gravity and ma g--
netic anomalies extend beneath the ice sheet beyond
the north and east edges of the surveyed area, the
Dufek intrusion appears to be at least half the size of
the Bushveld complex of South Africa. Gravity an
magnetic data suggest a total section 6 to 7 km thick.
Magnetic anomalies of 100- to 200-gamma amplitude
over the relatively nonmagnetic rocks of the southeri
Dufek Massif suggest the presence of magnetic rocks
(an ultramafic layer?) in the unexposed basal section

' Publication authorized by the Director, U.S. Geological
Survey.
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of the intrusion. An accurate depth to the base of the
intrusion cannot be computed on the basis of the geo-
physical data, but the data do suggest that the base
lies 1 to 3 km below the rock surface at the south end
of the Dufek Massif, where the lowest exposed part of
the section was observed.

A regression analysis of the Bouguer gravity data in
the Pensacola Mountains indicates that the area is

Isotope composition of strontium
r in volcanic rocks from Deception Island

G. FAURE, C. H. SHULTZ, and R. H. CARWILE

Institute of Polar Studies
The Ohio State University

The geology of Deception Island and the petrogra-
phy and chemical composition of the volcanic rocks
have been described by Hawkes (1961), Baker et al.
(1969), Baker (in press), and Baker and McReath
(1971). The basaltic rocks of Deception Island belong
to the sodic branch of the alkali basalt-trachyte asso-
ciation and include andesine-olivine basalt (ha-
waiites), andesine basalt (mugearites), and trachytes.

probably in regional isostatic equilibrium and that
there is an approximate +80-mgal anomaly associated
with the Dufek intrusion. The Bouguer anomaly val-
ues in the Pensacola Mountains area range from
+100 to -90 mgal. Thus the anomaly amplitudes are
greater than the terrain errors. (Terrain corrections
were not possible because of insufficient topographic
control above and below the ice surface.)

We have measured strontium- 87/ strontium- 86 ra-
tios and rubidium and strontium concentrations in a
suite of volcanic rocks collected from Deception Is-
land in 1969-1970 with the hope that these measure-
ments will contribute to a better understanding of the
petrogenesis of these rocks. In addition, we have ana-
lyzed a number of inclusions or xenoliths that occur in
the tuffs associated with the lava flows on Deception
Island to test their relationship to the lavas.

The isotope compositions of strontium were meas-
ured by standard techniques using a model 6-60-S
mass spectrometer built by Nuclide Corporation. Con-
centrations of rubidium and strontium were deter-
mined by X-ray fluorescence analysis using a molyb-
denum target X-ray tube and a lithium fluoride

Sr87/Sr ratios and concentrations of rubidium and strontium in rocks from Deception Island.

Sample	 Description and	 Sr 87
	

Rb
	

Sr	 Rb
location of samples	 Sr°

	
(ppm)
	

(ppm)
	

Sr

VOLCANIC ROCKS

11D31.5A	Basaltic andesite pumice bomb, N. end 1969 rift zone
llD3l.5G	 do
35D119	Basaltic andesite dike intruding Fumarole Bay vent

(K = 0.476%)
14D40	Autobrecciated microvesicular partially palagonized

basalt glass, Cathedral Crags
2791	Vesicular olivine pyroxene andesite bomb, 1967 land

eruption site
65D222	Slightly porphyritic high-Al olivine basalt lava, S.

end Telefon Ridge, Telefon Bay
49 168	High-Al, olivine basaltic andesite flow, SE Pt, Nep-

tune's Bellows
46 162	Slightly porphyritic oligoclase trachyte flow, Pendu-

lum Cove Gr., Ronald Hill (K = 1.598%)
29D100	Slightly porphyritic oligoclase trachyte flow, Pen-

dulum Cove Gr., Cross Hill Crater

INCLUSIONS

32D 104	Olivine gabbro porphyry
323D105	Olivine basalt porphyry
24086	Quartz hornblende diorite
24087	Diabasic gabbro, cont. several percent of secondary

carbonate
21AD70	Porphyritic diabasic olivine gabbro
Eimer and Amend, Sr Carbonate Isotope Standard

	

10.7042
	

8.9
	

361
	

0.025

	

0.7042
	

9.5
	

359
	

0.026

	

0.7033
	

3.3
	

350
	

0.009

	

0.7033
	

2.6
	

284
	

0.009

	

0.7037
	

16.1
	

314
	

0.051

	

0.7035
	

4.1
	

349
	

0.012

	

0.7034
	

3.2
	

357
	

0.009

	

0.7030
	

28.8
	

131
	

0.219

	

0.7037
	

29.7
	

138
	

0.215

	

0.7036	0.87	450
	

0.0019

	

0.7031	1.2	463
	

0.0026

	

0.7035	37.9	412
	

0.0920

	

0.7031	2.1	339
	

0.0062

	

0.7034	5.1	367
	

0.0139

	

0.7082	±	0.0005 (cr)

All Sr"/Sr8° ratios have been corrected for isotope fractionation to Sr/Sr = 0.1194.
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rock samples analyzed in this study. Map does not show changes
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Figure 2. Rubidium and strontium concentrations of volcanic
rocks and inclusions from Deception Island. The line indicates a
possible evolutionary path of differentiating magma at depth.

(220) crystal. Calibration was by replicate analyses of
the USGS rock standards, and corrections for differ-
ences in the mass absorption coefficient were made by
means of the Compton-scattered Mo k-alpha peak as
described by Reynolds (1963). The analytical errors
are ± 10 percent for rubidium and ± 3 percent for
strontium. The analytical error of the measured
Sr87 /Sr86 ratios is less than ± 0.0010. The results of
the analyses are compiled in the table. The sample lo-
cations are shown in fig. 1.

The Sr87 /Sr86 ratios of the volcanic rocks range
between the narrow limits of 0.7030 and 0.7042 and
have a mean value of 0.7036 with a standard devia-

tion of ± 0.0004. This value is very similar to Sr87/
Sr86 ratios of basaltic rocks from oceanic areas com-
piled by Gast (1967). The concentrations of rubidium
in the volcanic rocks range from 2.6 to 29.7 parts per
million, while those of strontium vary between 131
and 361 ppm. The rubidium concentrations are sur-
prisingly low in view of the sodium enrichment of
these rocks. The strontium concentrations are more
nearly normal but are less than half of the concentra-
tions in the olivine basalt-trachyte suite of the
McMurdo Volcanics on Ross Island (Jones, 1969).
The chemical differentiation of the volcanic rocks
from Deception Island is suggested by their distribu-
tion in fig. 2.

The Sr87 /Sr86 ratios of the inclusions average
0.7033 ± 0.0003 (one standard deviation) and are in-
distinguishable from the Sr 87 /Sr86 ratios of the vol-
canic rocks. Two of the inclusions (24D87 and
21AD70) plot on the evolution line of the volcanic
rocks in fig. 2. The other inclusions have significantly
different Rb and Sr concentrations. Because of the
similarity of the isotopic composition of their stron-
tium, all of the inclusions may be genetically related
to the volcanic rocks of Deception Island.

The petrography, petrochemistry, and petrogenesis
of the volcanic rocks from Deception Island are being
studied by C. H. Shultz. The potassium concentra-
tions of 35D 119 and 46D 162 were determined by R.
J . Fleck by flame photometry. We acknowledge the
assistance of D. A. McClain in the laboratory. This
work was supported by the National Science Founda-
tion through grants GA-4146 and GA-898—X.
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Sediment analyses of the beaches
of Lake Vanda, Wright Valley

Lois M. JONES and ROBERT E. CARVER

Department of Geology
University of Georgia

and
EILEEN R. MCSAVENEY and TERRY TICKHILL

Institute of Polar Studies
The Ohio State University

Lake Vanda occupies a closed, U-shaped bedrock
basin in the western portion of Wright Valley. The
lake is perennially ice-covered; the ice thickness aver-
ages 4 m. During the summer a meltwater moat forms
at the edges. The width of the moat varies considera-
bly; the average width is 9 to 12 m except for the
pore extensive area where the Onyx River enters the
lake at the eastern end.

A series of beaches parallels the level of Lake
anda, indicating fluctuations of the lake to at least

60 m above the present level. A less well defined
bench at approximately 224 m above the lake may
represent a lake level of much greater age. The strand
Ines have been considered to be (1) beaches formed
when climatic conditions produced periods of nearly
ice-free water (Nichols, 1962), (2) beaches developed

Alluvial

Fan-'-*

Traverse IT
River

Onyx

Bull
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P,
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Figure 1. Localities of sediment samples, Lake Vanda, Wright

Valley.

Figure 2. Grain-like distribution parameters, beach sediments,
Lake Vanda, Wright Valley. All figures in q units.

by wave action in the moat, (3) ice-pushed ridges, or
(4) a combination of these processes. The first mode
of formation implies a warmer climatic history of the
lake.

Both ice-push and wave action in the moat act on
the present shoreline. Ice-pushed ridges 15 cm high
were observed during the 1969-1970 austral summer,
most notably in areas along the western edge of the
peninsula where the lake ice-cover is driven onshore
by wind. Strong west winds induced conspicuous
waves in the moat, travelling parallel to the shore.

A series of samples was collected on the north side of
the lake (fig. 1) where the beaches are best defined
and on a uniform slope. A traverse was made from the
lake moat to the colluvium-mantled slopes above the
60-m beach level. Other samples were collected at the
224-m bench and at selected points at the present lake
level along the south shore (fig. 1).

Results of analysis of the grain-size distribution of
sediment from the beaches and colluvial mantle of the
north shore are summarized in fig. 2. All samples are
"poorly sorted" to "very poorly sorted" (standard de-
viation of 1 to 2 4 and > 2 4, respectively), ranging
in size from greater than 4 mm to clay. The beach

Aj

Beach

Highest
Beach

19-20

Canopus

Pond

Description of beach samples, Lake Vanda. All values in 95 units.

Standard
	Sample	No.	 Location	 Mean	deviation	Skewness

	

1-15	Beach traverse, north shore	 (see fig. 1)

	

16	Peninsula, lake level	 0.16	 2.35	 0.19

	

17	 do	 0.45	 2.16	—0.04

	

18	 do	 0.13	 2.03	 0.09

	

19	Wash channel, lake level south shore	 1.33	 0.97	—0.55

	

20	Lake level, south shore	 —0.04	 2.15	 0.21

	

21	Possible beach, 224 m	 1.78	 2.23.	—0.51
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Kurtosis

1.60
1.75
1.85
5.04
1.77
2.11
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sediments differ little from one another and represent
no significant alteration of the colluvial sediments
from which they are formed.

Moment statistics of grain-size distribution for the
present south-shore beaches and the 224-rn bench are
presented in the table. In general, the abandoned
beaches are similar in all respects to the present shore-
line. The only well-sorted sample (sample 19) is from
a shallow wash channel entering the lake below Cano-
pus Pond; sorting has apparently been accomplished
by stream action.

The results of this preliminary study suggest that
the formation of the higher beaches has taken place
under conditions similar to those occurring during the
summer at the present time. If open expanses of water
had been greater when the lake level was higher, sort-
ing of high-level beach sediments would be signifi-
cantly better than the sorting of the colluvial mantle
and of the present lake-level sediments.

Robert E. Behling of the Institute of Polar Studies
provided valuable assistance during the mechanical
analyses. Financial assistance through National
Science Foundation grants GA-14427 and GA-14573
is gratefully acknowledged.
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Carbon-14 age and tritium content of
Lake Vanda, Wright Valley

Lois M. JONES
Department of Geology

University of Georgia
and

H. GöTE OSTLUND

Rosenstiel School of Marine and
Atmospheric Sciences
University of Miami

Lake Vanda occupies a closed, U-shaped bedrock
basin in the western portion of Wright Valley, about
47 km from the coast. It is 8.5 km long, 2.4 km wide,
and attains a maximum depth of about 67 m. The
lake is perennially ice-covered, with an average ice
thickness of 4 m. During summer, air and ground
temperatures rise sufficiently so that a meltwater moat
forms at the edges of the lake.

The Onyx River is the major source of water to
Lakç Vanda. It flows intermittently and only during
the warmest part of the summer. It consists mainly of
meltwater from Wright Lower Glacier and alpine gla-
ciers that are present along the valley walls.

POTASSIUM, ppm.

Vertical distribution of tritium and potassium in Lake
Vanda. The solid line represents the potassium concentra-

tion. Points are TU values with ± o'.

The water in Lake Vanda is strongly stratified in
density and composition, the chemocline pattern coin-
ciding with the density profile. The concentration pro-
file of potassium is shown in the fig. as an example. On
the basis of such profiles, the water under the ice
cover has been divided into four main layers (Jones,
1969) as indicated in the diagram. Layer 1 represents
water presently being added to the lake by the Onyx
River; the underlying layers are characterized by in-
creasing density. The layer boundaries, which appear
to be diffusion boundaries, have been utilized to estab-
lish a tentative history of Lake Vanda, each represent-
ing an event, possibly climatically derived (Jones,
1969). This model assumes that the salinity of the
lake increases by sublimation and evaporation. When
conditions change so that the proportion of inflow of
water increases over the amount lost, then a layer of
less dense water accumulates over the more saline
layer. This interpretation implies that increasingly
older water is encountered in going from the top to
the bottom of the lake.
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The age of Lake Vanda is controversial, with esti-
ates ranging from a few hundred years to many

thousand years. During the 1969-1970 austral sum-
mer, samples of water from the lake were collected for

14 analyses; the results are given in table 1. At least
wo levels of water in Lake Vanda are abnormally high
n C14 content. The only potentially reliable val-
es are the dates for water at 25 in 60 m. Because
ome abnormal C 14 may also be present here, perhaps
hese dates should be considered as upper limits. Dis-
olution of fossil carbonate by the source water will in-
rease the apparent C 14 age. However, what carbon-

ate there is in the bedrock of Wright Valley is of neg-
ligible quantity and is located at the eastern end of
the valley.

Changes in the dimensions of Lake Bonney in Tay-
I Dr Valley within historic time suggest there has been

climatic change in the region, reflected by in-
reased inflow over loss of water, that occurred at
bout the turn of the century (Jones, 1969). If the

age of the water at 25 in Lake Vanda is reliable,
then this represents a satisfactory correlation, and the

ater above the bottom layer is relatively recent.
From diffusion studies, Wilson (1964) has esti-

mated the age of the boundary at 49 to 50 in to
be 1,200 years old, at which time he claims there was
a change in climate of the ice-free valleys. The water
in the densest layer would then be isolated by the
overlying fresher water. In addition, C 14 dates of
algal remains on raised strand lines of the lake suggest
changes in climatic conditions 2,000 to 6,000 years ago
(Nichols, 1965). Thus, the C14 age of 2,130 years be-
fore the present for the water at 60 in appears
to substantiate these earlier estimates for a time of
climatic change in Wright Valley.

Tritium analyses (reported as tritium units (TU),
1018 X molar fraction T/H) are given for Lake
Vanda in the figure. At present the results for the
deepest layer are uncertain, and they are not reported
here. The slope of the TU versus depth curve is an in-
dication of the downward transfer rate, suggesting
roughly 10 years' transfer time to 40 in This, in
turn, suggests that the water is relatively young.

Table 1. Carbon analyses of Lake Vanda.

Sample no.	Depth (m)	 Age (C'4 years)

ML 693	 9	 Counts, 10 times
modern

ML 692	 25	 10 ± 150
ML 695	 54	 Counts, 2.5 times

modern
ML 691	 60	 2,130 ± 80

Table 2. Tritium content of atmospheric vapor and Onyx
River, Wright Valley.

Sample	 Tritium(TU)

Onyx River, below Meserve Glacier	13.1 ± 0.6
Vapor #1, East Wind'	 109 ± 5
Vapor #2, West Wind'	 98 ± 4
Vapor # 3 , West Wind'	 125 ± 5
Vapor #4, East Wind'	 137 ± 6

'Water vapor samples were collected on molecular sieves
positioned on the peninsula of Lake Vanda.

Other tritium analyses of interest are given in table
2. The Onyx River indicates a mixture of old glacier
water and recently melted, young snow, which was ex-
pected. At the vapor collecting site, the polar plateau
lies approximately 50 km to the west; McMurdo
Sound lies about 50 km to the east.

Special thanks are due to Miss Terry Tickhill, Mrs.
Kay Lindsay, and Mrs. Eileen McSaveney for their
invaluable assistance in the field during the sample
collecting. Financial assistance through National
Science Foundation grants GA-14427 and GA-14573
is gratefully acknowledged. This is Contribution 1373
from the Rosenstjel School of Marine and Atmos-
pheric Sciences, University of Miami.
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Diurnal geochemistry of Canopus Pond,
Wright Valley, 1969-1970

TERRY TICKHILL and Lois M. JONES

Institute of Polar Studies
The Ohio State University

and
Department of Geology

The University of Georgia

Canopus Pond,' which sustains a large algal popu-
lation, is a small (60 by 70 m), undrained pond lo-
cated on the bench between Lake Vanda and the val-
ley wall. It is approximately 0.4 km south of Lake
Vanda and 65 m above the present level of Lake

'Age is probably 20 to 70 years.	 'Unofficial name.
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Vanda. During the winter the pond is frozen com-
pletely to the bottom; during the 1969-1970 austral
summer, it was ice-free except for an ice remnant that
accounted for approximately 35 percent surface area.
On occasion, when the sun was below the mountain
range to the south during the early hours of the day, a
thin film of ice would form over its surface.

For 3 days—January 20-22, 1970—Canopus Pond
was sampled at 2- to 3-hour intervals. Biological oxy-
gen demand (BOD) was determined for each sample
immediately after collection by a standard (APHA)
chemical method. The variation of dissolved oxygen
concentration with respect to time is shown in fig. 1.
Although no distinct maxima were evident, marked
minima occurred every 24 hours at approximately
1100 hours.

An aliquot of each water sample was retained for
chemical analysis. The concentrations of chloride,
calcium, magnesium, and sodium ions have been de-
termined on these samples. The variation of the ions
with respect to time is shown in fig. 2. There is a peri-
odic fluctuation of concentration, with minima
occurring at approximately 12-hour intervals, at
1000-1200 hours and 2200-2400 hours.

The variation of ion concentrations in Canopus
Pond over such brief periods has tentatively been at-
tributed to the algal population (Prof. E. P. Odum,
personal communication). The main source of water
is a small intermittent meltwater stream originating
from an alpine glacier to the south of the pond. No
apparent correlation exists between stream flow and
concentration of the ions. During the period of inves-
tigation the amount of discharge into the pond could
not account for dilution of the salts, nor could the rate
of evaporation produce the maxima observed in fig. 2.

The following algae were identified from Canopus
Pond: Hantzschia amphioxys (Ehr.) Grun. var. maior
Grun.; Phormidium fragile (Menegh.) Gom.; Navi-
cula muticopsis van Heurk (tentative) ; and Stauroneis
anceps Ehr. (tentative).

Work is continuing on these samples.

TIME (hours)

Figure 1. Variation of dissolved oxygen concentration with time,
Canopus Pond.
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Figure 2. Variation of concentrations of calcium, magnesium,
sodium, and chloride ions with time, Canopus Pond, Wright Valley.

The advice, assistance, and encouragement of Dr.
Derry D. Koob of the Department of Wildlife Re-
sources, Utah State University, are gratefully
acknowledged. The assistance of the U.S. Navy's Ant-
arctic Development Squadron Six was invaluable dur-
ing the field study. Financial assistance was provided
by the National Science Foundation through grants
GA-14427 and GA-14573.

Glaciology and meteorology
of Anvers Island:

subglacial surface of Marr Ice
Piedmont

ARTHUR S. RUNDLE

Institute of Polar Studies
The Ohio State University

Analysis of data obtained from Palmer Station be-
tween February 1965 and January 1968 is nearing
completion (Rundle, in preparation). Data tabula-
tions were published by Rundle et al. (1968) and Run-
dle and DeWitt (1968).
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In a study of mass balance, Rundle (1970) sug-
gested that the Marr Ice Piedmont is in equilibrium,
or possibly slightly positive. Further analyses, using ad-
ditional data not included in Rundle (1970), suggest
that the balance may have been slightly positive for a
prolonged period (possibly over the past 150 to 200
years) after a period of marked recession.

The piedmont is typical of the so-called "fringing
glaciers" of the west coast of the Antarctic Peninsula
in that the ice, as seen at the coastal cliffs, is remarka-
bly free of rock debris. This leads to the facile conclu-
sion that the piedmonts are essentially protective
agents. Conversely, Holtedahl (1929) believed that
the piedmonts are "strandflat glaciers" which are
actively cutting planed surfaces at a level controlled
by the sea.
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Ice thickness, measured gravimetrically (Dewart, in
press), ranges from 60 to 80 m at the coastal cliffs to
more than 600 in Profiles plotted from these
data (figs. 1 and 2) show that the piedmont rests on
two low coastal platforms, one at approximately 50 m,
the other at approximately 200 in In places
these surfaces are deeply dissected by valleys, resulting
in pronounced ice streaming at the surface. This is not
a strandfiat, according to the classical description.

From considerations of the distribution of surface
velocities and calculated basal shear stresses, the pres-
ent study concludes that there is a zonation of basal
conditions that determines the erosive capability of
the piedmont. In the high interior, limited basal ero-
sion is thought to be occurring, in association with a
sliding mechanism similar to that of Weertman
(1957, 1964) ; this is discussed in some detail by Boul-
ton (1970). This ice is ultimately channeled into the
"streaming" ice. Sliding velocities in the ice streams
are high, exceeding 100 m per yr (over 75 percent of
the surface velocity) in places, suggesting the possibil-
ity of melting beneath them. In this case, any basal
debris entering the ice streams is lost. If basal melting
in the ice streams is an overestimate of conditions and
basal erosion is active beneath them, its debris load
(the visible evidence of erosion) is below sea level
when it reaches the coastal cliffs. The remainder of
the piedmont appears to be frozen to bedrock and
must be protective, because refreezing of the liquid
phase seems essential to the erosion process.

Consequently, Holtedahi's suggestion that the sub-
glacial surface is of purely glacial origin is unsatisfac-
tory, because the present behavior of the piedmont is
not as he described. The explanation that the ice is
wholly protective is not acceptable, because the evi-
dence points to selective but active erosion.

The origin of the subglacial surfaces must lie, in
part at least, with other agents, and it is suggested
that they are preglacial and of initial marine origin,
later modified by glacial action. Former sea levels are
indicated by raised beaches, marine platforms, and
terraces throughout the peninsula (e.g., Nichols, 1960,
19645 1966; Adie, 1964a, 1964b; Everett, 1971), and
the regional occurrence of levels at about 6 m, 10 to
12 m, and 50 in well established. It is believed
that the lower subglacial surface of the Marr Ice
Piedmont may be part of the 50 in This has
been severely modified by later glaciation followed by
eustatic submergence (Hooper, 1962, p. 5).

There is only scant evidence to support the regional
existence of higher platforms. Nichols (1966) sug-
gested that a prolonged period of fluvial erosion pre-
ceded Pleistocene glaciation in the Antarctic Penin-
sula, and Marsh and Stubbs (1969) ascribed a pregla-
cial marine origin to many of the "planed" surfaces at
305 m and higher elevation, on the eastern side of the
peninsula. Koerner (1964) believed that the ice pied-
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monts of Trinity Peninsula also rested on preglaci4.1
surfaces. His calculated bedrock profile from Depot
Glacier is remarkably similar to that of the Marr Ice
Piedmont. Dewar (1967) described planed surfaces at
three general levels on Adelaide Island including
platform of unknown height and origin beneath the
Fuchs Ice Piedmont. In the north, the Pecten Con-
glomerate (Andersson, 1906) rests on a wave-cut plat -
form, presumably Late Miocene-Early Pliocene, at
220-250 in sea level. A similar and probably
contemporaneous pecten deposit at King George Ii -
land  stands at 45 m. There is a "remote possibility of
a platform at 305 in 	Darwin Island" (Adie, 1964
p. 30).

Correlation across these features is probably not i -
mediately feasible because of the superimposed effects
of differential faulting and uplift, and postglacial is -
static recovery followed by eustatic submergence.
However, the evidence points to the possibility of a se-
ries  of platforms at 200 to 300 in This is in-
ferred  to include the higher subglacial surface, at 2C 0
m above sea level beneath the Marr Ice Piedmont.

Whereas these observations do not support a pure y
glacial origin for the subglacial surfaces, they do not
eliminate the obvious fact that glaciation has beeln
and still is a powerful agent in the geomorphological
history of the region. With regard to the marine origin
of the surfaces, considerably more data are required,
and correlation across these features is needed. Above
all, the morphology of the subglacial surface--&f Ade-
laide Island and elsewhere would be most interesting.

The field investigations were supported by National
Science Foundation grants GA-165 and GA-747 to
The Ohio State University Research Foundation.
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Analysis of antarctic ice cores
ANTHONY J . Gow

U.S. Army Cold Regions Research and
Engineering Laboratory

Analysis of ice cores from the 2,164-m deep drill
hçile at Byrd Station continues at the U.S. Army Cold
Regions Research and Engineering Laboratory. Re-
c€nt research has focused on petrofabric analyses of
the ice and petrographic and mineralogical studies of
volcanic ash layers preserved in the cores.

Petrographic analyses of the ice. A comprehensive
investigation of the petrofabrics of the Byrd ice cores,
entailing measurements of c-axis orientations of more
than 10,000 crystals, has established definitely the exis-
tence of a structurally stratified ice sheet in West Ant-
arctica. As demonstrated in fig. 1, a slow but persist-
ent increase in c-axis orientation was observed between
the surface and 1,137 m depth. By 1,250 m the struc-
ture had transformed into a fine-grained mosaic of
crystals with their basal planes oriented substantially
parallel to the surface of the ice sheet. This fabric
(which persisted to 1,800 m depth) is attributed to
shar deformation. A rapid transformation to multi-
ple-maxima fabrics below 1,800 m is ascribed to the

638
151 AXES
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152 AXES	 _-	200 AXES

1833 8	 2151-548
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Figure 1. C-axis fabric profile through the ice sheet at Byrd
Station. Data obtained from horizontally sectioned cores. Contour
intervals are at 4, 3, 2, 1, and ½ percent for 100-rn profile; 5, 4,
3, 2, 1, and 1/2 percent for 638-rn profile; 10, 5, 4, 3, 2, and 1
percent for 1137-rn and 2151-54-rn profiles; 20, 15, 10, 5, 2, and
1 percent for 1259-rn profile; and 5, 4, 3, 2, and 1 percent for

1833-rn profile.

overriding effect of increasing temperatures in the ice
sheet rather than to any significant decrease in stress
level. Detailed fabric analysis of a number of fine-
grained, cloudy bands that occur abundantly in the
1,250 to 1,800 m zone indicates that these bands prob-
ably formed as a result of highly localized shear. The
sense of shear as inferred from the symmetry of folded
bands is compatible with the directions of ice move-
ment measured at the surface. The fact that fine-
grained cloudy bands are also present in the very
coarse grained ice below 1,800 in strengthens
the idea that these bands are actively involved with
shearing in the ice sheet.

Petrographic and mineralogical studies of volcanic
ash layers preserved in cores. Visible debris bands in
the ice cores have been identified positively as being of
direct volcanic origin, i.e., deposited as ash on the sur-
face of the ice sheet. These ash bands (fig. 2) are
composed predominantly of glass shards, but crystal
fragments and lithic chips (mainly of andesite) are
also present. It was subsequently discovered that
cloudy bands (provisionally identified as shear bands
on the basis of c-axis fabrics and related deforma-
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Figure 2. Glass shards from layers of volcanic ash in the ant-
arctic ice sheet. Refractive index measurements of glass indicate

that ashes range in composition from basalt to dacite.

tional characteristics) also contained volcanic dust,
composed mainly of glass fragments and crystals mea-
suring less than 5 microns in diameter. The mean size
of particles in the visible ash bands is generally much
larger—of the order 30 to 50 microns. The concentra-
tion of volcanic debris was found to vary from 10-3
grams per cubic centimeter in the coarser ash bands to
less than 10-5 grams per cubic centimeter in dust
bands. Ashes ranging in composition from basalt to
dacite were identified on the basis of mineralogical ex-

amination of the particles and refractive index meas-
urements of the glass shards. Crystals of plagioclase
feldspar and pyroxene, and opaque grains, were ob-
served in most samples. Less abundant minerals in-
clude hornblende, biotite, quartz, and cristobalite. A
consideration of such factors as particle size, petro-
graphic characteristics of the ash, and prevailing wind
direction points to the Executive Committee Range
and neighboring volcanoes in Marie Byrd Land, West
Antarctica, as the most likely sources of the ashes.

A total of 25 ash bands and an estimated 2,000 dust
bands are preserved in the Byrd ice cores. With the
exception of two solitary bands at 911 m and 788 m,
the ash-bearing bands are confined entirely to th
depth range 1,216 to 2,006 m, which corresponds tc
the estimated time interval 14,000 to 44,000 years be-
fore the present. A period of sustained ash fal
occurred during the interval 16,000 to 30,000 years
ago. Correlations with isotopic (paleotemperature)1
data obtained on the same cores imply that this period
of prolonged volcanic activity was accompanied by a
significant cooling of the troposphere over Antarctica.
This cooling trend did not terminate until virtual dis-
appearance of volcanic ash from the glaciological
record, which might possibly suggest a direct cause-
and-effect relationship between volcanic dust in the
stratosphere and temperature decrease in the lower at-
mosphere over Antarctica.

Glaciological investigations
on Deception Island,

December 1970—January 1971
L. S. GOVORUKHA

Arctic and Antarctic Scientific Research Institute
Leningrad

Deception Island is a new area for Soviet polar ex-
plorers. Glaciological observations made on the island
in 1970-197 1 were of great interest and were comple-
mented by similar observations of the 13th, 14th, and
15th Soviet Antarctic Expeditions on King George Is-
land. Noting problems that had arisen from earlier
studies on Deception Island, the author studied accu-
mulation conditions on G4, G5, and Barrier Glaciers,
never studied earlier. As a glaciological object Decep-
tion Island is of particular interest because its annular
form assures the existence of glaciers of different expo-
sures and thus different conditions of accumulation
and ablation.

Dr. Govorukha participated in the 1970-1971 Interna-
tional Deception Island Volcanological Expedition. His
article was unfortunately delayed in the mail and arrived
too late to be included in the series of articles on Deception
Island that appeared on pages 82 to 90 of the July-August
issue.

The author's investigations have provided addi-
tional mass-balance data which, taken with data ob-
tained earlier by 0. Orheim and J.-R. Kläy on Gi,
G2, "Black" and other glaciers, have made it possible
to determine the present conditions and regime of gla-
ciation of the island as a whole. A great variety of
accumulation conditions—depending upon the expo-
sure of glaciers, the morphology of the accumulation
area, and the elevation above sea level—was found on
Deception Island. The average multi-annual accumur
lation of a number of glaciers is 100 g per sq cm
(ranging from 45 to 110 g per sq cm). The average
equilibrium line (which coincides here with the firn
line) is much higher on Deception Island than on
other islands in the South Shetlands and is 100 m
higher than that of King George Island. On the gla-
ciers of various exposures the firn line is 200 to 280 m
above sea level. In the accumulation area of Decep-
tion Island, thicknesses typical of the warm firn zone
have been found. An alternation of firn layers with
densities from 0.45 to 0.65 with thin infiltration ice
layers (3 to 4 cm) is typical of the area. During the
period of ablation the temperature of the upper part of
the active layer is about 0°C., according to measure-
ments by 0. Orheim.

The influence of young volcanism is seen in the
regime of local glaciers, but it manifests itself only to a

206	 ANTARCTIC JOURNAL



limited extent. For instance, there are glaciers in the
southwestern part of Deception Island that are practi-
cally unaffected by volcanism, and on some glaciers
the layer of ash and lapilli with low heat conductivity
even prevents, to some extent, melting of the ice sur-
face in the area of ablation.

The problem of their present condition and evolu-
tion is closely connected with the problem of the
influence of young volcanism on the glacier regime.
Everywhere on Deception Island traces of recent,
wide spreading of glaciers are found: morainic ridges,
end moraine hills, and small fields of a ground mo-
raine. A number of them have been traced in the
western and southwestern parts of the island, areas
unaffected by the eruptions of recent years. In places,
such as near Gi, dead ice is buried under the moraine.

Preliminary analysis of glacial and geomorpholo-
gical conditions in the periglacial zone of glaciers Gi,
G3, and G7 evidences an independent character of
the recent (apparently ongoing) regressive stage of
glaciation. This stage is not connected with volcanism
and is not caused by it. It is not accidental that, every-
where on the island (except for areas in the northern
part near craters), permafrost is developing under a
thin, active layer of soil.

Results of the author's studies depend to some ex-
tent on the work of 0. Orheim, whose purpose was to
construct a stratigraphic profile of local glacier thick-
nesses controlled by pyroclastic layers. These studies
should yield data that can be used to solve the prob-
lem of variability of glacial and climatic conditions of
the subantarctic for a period extending 140 to 150
years into the past as well as to determine characteris-
tics of the present condition and evolution of glaciers.

Origin of moraines on the
McMurdo Sound coast, Antarctica

SERGEI M. MIAGKOV

Geographical Faculty, Moscow State University

Work carried out by the author from January 1970
to February 1971 included a phototheodolite survey of
a group of glaciers and various geomorphological in-
vestigations. Preliminary results of the latter are out-
lined here.

Vast, well preserved moraines are prominent details
of the landscape on the mainland and the island
coasts in the McMurdo Sound region. These moraines
have been investigated and described by many scien-
tists. In the field and by means of air-photographs, the
author studied their relief and distribution on Brown
Peninsula, Black Island, Mount Discovery, Ross Is-
land, and on the Scott Coast from The Bulwark to
Spike Cape. These features were noted:

A l. Till is comparatively abundant at all the present
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inland glaciers of the region; only the part of the Ross
Ice Shelf lying east of Brown Peninsula carries as
much.

2. Buried ice is widespread, which is also atypical
for inland glaciers.

3. The morainic sheet and the buried ice have the
shape of a cover smoothing the underlying relief.
There are no middle-moraine ridges or other details
typical of grounded-glacier deposits. This feature is
very distinct on Brown Peninsula, Black Island, and
the north slope of Mount Discovery.

These features of the surface structure were of inter-
est:

4. Sharply bordered stripes formed by homogeneous
debris are present. In some places the stripes pass over
the tide-crevasses and continue on to the floating ice.

5. A peculiar microrelief of the groups of parallel
hollows, looking like plowed land and having an anal-
ogy in the microrelief of the floating ice, is present
on the western slope of Black Island, between Hobbs
and Blue Glaciers, and in many other places.

6. Horizontal troughs, parallel to the coast and sim-
ilar in shape to troughs along the active tide-crevasses,
can be seen in some places.

7. Horizontal features, expressed either in relief as
terrace-like surfaces or by the change in appearance of
till, are almost everywhere; most are at elevations of
90, 140, 210, 300, and 410 in determined by a field
altimeter with an accuracy of ± 10 m.

Analysis of these features suggests the following ten-
tative conclusions:

1. The moraines have been formed by movement of
the Ross Ice Shelf, which touched shallows, broke into
pieces, and trapped and lifted debris to its surface by
the freezing at the lower and melting at the upper
parts of the ice column (described for the first time by
Debenham, 1921). Such moraines still exist near the
northeastern coast of Mount Discovery and the coast
of Brown Peninsula, near Black Island, and in Wal -
cott Bay.

2. The moraines have been raised by a correspond-
ing fall in sea level. Extensive areas of the Ross Ice
Shelf stuck fast on the shallows and later grounded on
the drying sea bottom. The fall was at least 400 m and
took less than 1.2 million years according to the potas-
sium-argon dates of Denton et al. (1970).

3. The speed of this fall probably varied. At times
the sea level may have stabilized or even risen, causing
the buildup of the horizontal features on the mo-
raines.

The relative fall of the sea level was apparently a
result of the uplift of the mountains during the Ter-
tiary (Gunn and Warren, 1962) and possibly unload-
ing of the ice from the mainland. Together with cli-
matic changes, this fall altered the direction and speed
of the Ross Ice Shelf movement—as shown, for exam-
ple, in the complicated distribution of till on the float-
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ing ice near Brown Peninsula, Black Island, and
Mount Discovery.

The floating tongues of the Ross Ice Shelf that
pushed westward up the partly flooded valleys of the
Royal Society Range were grounded at some distance
from the sea, and their ability to erode and transport
till decreased sharply. The resulting changes in a mo-
raine's features are visible, for example, in Garwood
Valley at elevations of 100 to 300 m.

The prevailing elevations of these moraines (0 to
400 m) correspond not to the entire amount of the
relative fall of the sea level but to the amount of fall
that occurred when conditions were favorable to the
formation of the till cover on the floating ice sur-
face. Thus the sea level could have fallen much more
than 400 m. A feature of the Cape Crozier area of
Ross Island supports this possibility. The glacier-built
relief there is uniform and relatively smooth up to
about 1,000 m, whereas, at higher elevations, sharply
eroded slopes are present. In the McMurdo Sound re-
gion generally, there is a denudation surface whose
highest points are at 1,000 to 1,100 m. Possibly, this
surface was formed, and such transverse valleys as
Bull Pass and that under Miller Glacier were sculp-
tured, by the ice of what is now the Ross Ice Shelf,
moving afloat northward along the ancient coast.
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Radio-echo sounding records
from southern Victoria Land

PARKER E. CALKIN

Department of Geological Sciences
State University of New York, Buffalo

Radio-echo ice-depth sounding records of the Scott
Polar Research Institute/ National Science Founda-
tion flights that cross the Transantarctic Mountains
between the Byrd and David Glaciers (Robin et al.,
1970) have been the subject of data reduction and in-
terpretation during the past academic year. Although
there are several gaps in the records of individual
flights, data compiled with 13 flight tracks give a
detailed picture of subice topography and ice thick-
ness surrounding the ice-free valley area of southern

Victoria Land and of morphostructural characteristics
of the inland edge of the Transantarctic Mountains.

Figs. 1 and 2 are examples of computer-compiled
profiles from data obtained on February 2 and 3,
1970. Where possible, film traces of echoes have been
read at 6-second intervals—corresponding to an over-
land distance of approximately 600 m. The resolution
of echo-sounding and film-reading equipment is on
the order of ± 20 m, and a further uncertainty of
about 10 m occurs in areas of accumulation.

Examples with glacial geomorphic application. Pro-
files along the Victoria and Wright Lower Glaciers
(figs. 1A and 1B) clearly reflect the different histo-
ries of the two valley areas (Calkin et al., 1970;
Calkin, in press). The smooth, subice profile of the
lower Wright Valley is more compatible with re-
peated outlet glaciation than is that of the lower Vic-
toria Valley, where there is evidence of an important
amount of erosion by local glaciers. Further, the
height of the threshold at the mouth of Victoria Val-
ley explains why the effect of the recent west-moving
invasions of the grounded Ross Ice Shelf has been
more restricted there than to the south in Wright and
Taylor Valleys (Denton et al., 1970).

Fig. 2 is a profile extending through the Ferrar and
Taylor Glacier system out onto the Victoria Land
plateau. The control of glacier discharge by subglacial
bedrock thresholds is well displayed, and the analogy
with the ice-free condition of the adjoining valleys is
obvious. A few of the irregularities in the bottom pro-
file, particularly of the outlet glacier portion of fig. 2,
may be due to the varying path of the bottom echo re-
turn relative to the deepest part of the valley cross-sec-
tion. Likewise, some echoes may be from valley walls.

Contours of bedrock depths for several profiles like
the western part of fig. 2 suggest the presence of broad
subglacial valleys that slope inland from the mountain
crest; however, such valleys are better displayed in the
echo-sounding results from the Queen Maud Moun-
tains analyzed by Drewry (in press). Ice surface eleva-
tions from radio-echo profiling in the McMurdo re-
gion of the inland plateau appear to confirm the pres-
ence of a relatively broad north–south rise in the ice
plateau just inland from the ice-free areas. It was first
measured during oversnow traverses (Crary, 1963) and
indicates that flow lines diverge around the ice-free
valleys.

Structural implications. Structural interpretation
from physiographic data must be made with caution;
however, radio-echo profiles across the mountains of
southern Victoria Land show clearly that the model of
a single steep scarp at the inner margin of the range,
suggested by limited seismic data, is much too simple.
Instead, the inland margin appears to be character-
ized by a series of tilted fault-blocks with a general
lowering of bedrock surfaces inland. Some parts of:a
marginal faulting are suggested in fig. 2. One of the
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Figure 1. Radio-echo sounding profiles extending (A) southward from McMurdo Sound through the Wilson Piedmont and Victoria
Lower Glaciers to lower Victoria Valley, and (B) northeastward from lower Wright Valley through Wright Lower and Wilson Piedmont
Glaciers to McMurdo Sound. Dashed lines representing snouts of valley glaciers are projections from maps or from other radio-echo

data. Some small irregularities in glacier surfaces are caused by errors in pressure record of flight recorder.

Figure 2. Radio-echo sounding profile westward from McMurdo Sound through lower Ferrar and upper Taylor Glaciers to 155°E.
longitude, on Victoria Land plateau.
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ncrth—south faults bounding the eastern side of the
mountains may be indicated by steep breaks in slope
occurring in the bottom trace of the profiles transect-
in the Wilson Piedmont area (figs. 1A and 1B).

Work described in this paper was undertaken at the
Scott Polar Research Institute, Cambridge, England.
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Antarctic geologic reports and maps
CAMPBELL CRADDOCK

Department of Geology and Geophysics
University of Wisconsin, Madison

Work has continued this year on bringing to publi-
cation the results of eight seasons of geologic study in
parts of West Antarctica. Recent effort has focused on
the question of the age and nature of ancient glacia-
tion in the Jones Mountains. Ten new potassium-ar-
gon ages obtained by Professor R. L. Armstrong of
Yale University indicate that glaciation was under
way at least 7 million years ago. A week of study of
the subglacially erupted volcanic table mountains of
northeastern Iceland, in company with Professors
Rutford (University of South Dakota) and LeMasur-
ier (University of Colorado), revealed strong similari-
ties to the morphology and rock types of the Jones
Mountains. The evidence for Tertiary continental gla-
ciation in the Jones Mountains is summarized in a
forthcoming paper (Rutford et al., 1970).

Since 1964 I have worked as a contributor to and
coeditor of a folio of maps portraying the state of

September—October 1971	 209



knowledge of antarctic geology. Folio 12 of the Ant-
arctic Map Folio Series has now been published by the
American Geographical Society with support from the
National Science Foundation (Bushnell and Grad-
dock, 1970). It can be obtained for $12 from the
American Geographical Society, Broadway at 156th
Street, New York, New York 10032. The folio con-
tains (1) 18 regional geologic maps at a scale of
1:1,000,000 or larger, (2) maps of the entire conti-
nent at a smaller scale portraying geology, tectonics,
fossil and age determination localities, and geo-
morphic features, and (3) a map of Gondwanaland.
The completion of Folio 12 made possible a new in-
terpretation of the tectonics of Antarctica (Craddock,
1970a) and new insight into the place of Antarctica in
the former protocontinent Gondwanaland (Craddock,
1970b).

There long has been a need for a geologic map of
Antarctica at a scale of 1:5,000,000 (a standard scale
in general usage elsewhere) to facilitate comparisons
between the continents. Although they were published
at a smaller scale, the maps of the entire continent in
Folio 12 were compiled on the scale of 1:5,000,000 to
allow the subsequent preparation of such a map by
combining the data on the individual maps. A great
deal of new information on antarctic geology has
become available during the past year, especially at
the 1970 Oslo symposium, and I have revised the map
to include, wherever feasible, all new data available to
me in May 1971. The finished map will include geo-
logic units, structural data, fossil and age determina-
tion localities, bathymetric and ice-cap surface con-
tours, and references to new sources beyond those
cited in Folio 12. This map is now in the final draft-
ing stage and should be published shortly.

In my role as a member of the Committee on Polar
Research and U.S. member of the Scientific Commit-
tee on Antarctic Research Working Group on Geol-
ogy, during the past year I have (1) assisted in prepa-
ration for the SCAR/ International Union of Geologi-
cal Sciences symposium on antarctic geology and
solid-earth geophysics held in Oslo in August 1970, (2)
prepared a review of the events of that symposium
(Craddock, 1970c), (3) organized and chaired a sym-
posium on antarctic geology at the 1970 annual meet-
ing of the Geological Society of America in Milwau-
kee, (4) supervised the preparation of an annual re-
port to SCAR on USARP earth sciences activities
(Craddock, 1970d), and (5) initiated the compilation
of a lexicon of stratigraphic names introduced by
members of U.S. antarctic expeditions.
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Mummified seals
of southern Victoria Land

WAKEFIELD DORT, JR.

Department of Geology
The University of Kansas

One of the more puzzling of the many interesting
features of the dry valleys of southern Victoria Land
is the presence there of numerous seal bodies well pre-
served by desiccation or mummification in the cold,
dry environment (see cover). These unusual remains
were first discovered when land exploration of the re-
gion commenced with Captain Scott's first antarctic
expedition of 1901-1904. Since 1957, literally dozens
of bodies have been observed by the many parties that
have undertaken field studies in the area.

Available information is not sufficiently detailed to
permit computation of an accurate total of the num-
ber of carcasses present. A minimum of 210 seal bod-
ies have been observed in the three main dry-valley
systems; an additional 70 reported sightings may,
least in part, represent duplication of discoveries.
However, the University of Kansas field parties re-
corded the locations of 106 carcasses in Taylor Valley
alone. Additional finds were reported from the Ferrar
Glacier by members of the Scott expedition and from
smaller ice-free coastal valleys east of the Royal
Society Range by several parties, especially those of
Péwé, who discovered 20 carcasses in and near G r-
wood Valley.

In the Victoria, Wright, and Taylor Valley syster is,
mummified seals have been found as far as 66 km n-
land from McMurdo Sound. Most bodies are on or
near the valley floors, especially against easte ly
facing escarpments or other topographic situaticns
that form cul de sacs impeding easy westward trael.
A few seals, however, succeeded in climbing steep
slopes or even isolated peaks before dying at elevations
ranging up to 1,200 in 	sea level.

The occurrence of the remains of seal bodies at in-
land locations in southern Victoria Land is not dupli-
cated elsewhere in Antarctica. Carcasses observed by
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Soviet parties, for example, have all been at or very
near the coast. This may be a consequence of either
the dearth of inland ice-free areas or the lack of inten-
sive exploration along most of the periphery of the
continent. In 1966, a remarkable sighting and capture
of a live crabeater seal pup at an elevation of 920 m
occurred in Marie Byrd Land 113 km from the coast.

A distinctive pattern of cusps on the cheek teeth
provides a means of ready identification of crabeater
seals. The skulls of many of the seal bodies in southern
Victoria Land have been removed by souvenir collec-
tors or normal ice and sand abrasion. However, 95
percent of those bodies still retaining cheek teeth are
of crabeater seals. Body lengths indicate that almost
all of the carcasses, whether complete or not, are of
pups not more than 6 months old; some were hardly
more than newborn.

There is an extremely wide range in the degree of
preservation of the seal bodies. Some are complete
even to whiskers, the pelt soft and pliable, body
fluids still exuding. The majority are dried and
shrunken, truly mummified, and have suffered erosion
of upper surfaces by windblown ice crystals and sand.
Others have been reduced to a few bare bones still ar-
ticulated by remnants of ligaments. Close juxtaposition
of seals showing sharply contrasting preservation sug-
gests that there is a considerable range in the ages of
the carcasses. Determination of these absolute ages is a
problem yet to be completely solved.

A seal found on the ice of Lake Bonney in Novem-
ber 1966 is believed to have died within the preceding
week or two. The trail it left on the gravel surface was
readily traceable from Nussbaum Riegel to the lake, a
distance of 3 km. During 1966 and 1970, three other
seal trails were found in the middle part of Taylor
Valley. Comparison with manmade trails and other
fettures of known age indicated that a trail is easily
viible for only a year or two and will disappear after
5 eears

Radiocarbon analysis of specimens obtained from
mummified seals in southern Victoria Land has
yi ided ages ranging from 615 to 4,600 years. How-
ever, antarctic sea water has significantly lower
ca bon-14 activity than that accepted as the world
standard. Therefore, radiocarbon dating of marine or-
ganisms yields apparent ages that are older than true
ages, but by an unknown and possibly variable
aniount. Therefore, the several radiocarbon ages de-
ter-mined for the mummified seal carcasses cannot be
accepted as correct. For example, the apparent radio-
carbon age of the Lake Bonney seal known to have
be n dead no more than a few weeks was determined
to be 615 ± 100 years. A seal freshly killed at
M Murdo had an apparent age of 1,300 years.

n the basis of all data available from repeated
Fie d observations between 1965 and 1970, the writer
e ieves that the slightly desiccated seals have been

dead only a few years, that the mummified remains
that still have intact or nearly intact pelts are no more
than 20 to 30 years old, and that none of the bare
skeletal remnants are more than 200 to 300 years old.

A more complete report, with a full bibliography,
will be published elsewhere.

Surface distribution of microorganisms
in antarctic dry-valley soils:

a Martian analog
R. E. CAMERON, H. P. CONROW, D. R. GENSEL,

G. H. LACY, and F. A. MORELLI

Bioscience Section
Jet Propulsion Laboratory

California institute of Technology

Planners for future soft landings on Mars need to
know whether a single soil sample taken near the
point of landing is likely to be adequate for analysis
and life detection or whether several samples taken at
various locations would be better. A Jet Propulsion
Laboratory project in the barren dry valleys of Ant-
arctica is helping to resolve that problem and others
related to Martian exploration.

Two antarctic dry valleys, McKelvey Valley and
Pearse Valley, were selected for systematic sampling of
the surface 2 cm of soil to determine if a sterile soil
could be found in a specified area of the dry valleys
and to determine the distribution, abundance, and
kinds of microorganisms present within a given area.
Samples were taken within a grid of 7,000 sq m (see
fig.), chosen for its value in criminology (Hoffman et
al., 1969), and were collected by aseptic techniques to
minimize external contamination. The samples were
kept below 30°C. at all times until they had been ana-
lyzed for microorganisms and soil properties at the Jet
Propulsion Laboratory (Cameron and Conrow, 1968).

In the laboratory, an aliquot of each sample was
analyzed for pH, Eh, EC, H 20 content, color, and
Munsell Notation. Detailed soil analyses were per-
formed only for the center pits, numbered 772 in
McKelvey Valley and 777 in Pearse Valley. Both pits
contained brownish or grayish oxidized dolerite-de-
rived sands with 0.001 to 0.006 weight percent organic

This paper presents the results of one phase of research
carried out under National Aeronautics and Space Admin -
istration 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.
R. B. Hanson provided assistance in sample collection. Bac-
terial identification and physiology were given by R. M.
Johnson, Arizona State University.
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Grid plan for soil sampling locations in McKelvey Valley and
Pearse Valley, Antarctica. (No. 7 samples were not taken for
McKelvey Valley. No. B3 sample for Pearse Valley was broken in

transit.) Scale: A2 to B2 distance is about 82.5 m.

(Kjeldahl) nitrogen and 0.01 to 0.09 weight percent
organic (Allison) carbon, less than 0.1 milliequiva-
lent (me) per 100 g cation exchange capacity, and
less than 0.5 me per 100 g buffer capacity. The Mc-
Kelvey Valley pit contained more salts than the' Pearse
Valley pit, indicating that it was less "leached"; the
McKelvey Valley pit had 400 parts per million Na+
as the cation present in largest concentration, and 260
ppm NO as the maximum anion. For all the
McKelvey Valley soils, the pH values ranged between
7.2 and 8.0, Eh ranged between +200 and +280 my
(uncompensated), electrical conductance was 88 to
3,600 mhos per cm at 25°C., and H 20 was 0.4 to 25
(average 2.1) weight percent. For all the Pearse Val-

ley soils, the pH values ranged between 7.4 and 8.3,
Eh was +210 to +330 m y (uncompensated), electri-
cal conductance was 51 to 6,400 mhos/cm at 25°C.,
and H20 was 0.16 to 0.56 (average 0.29) weight per-
cent.

In general, Pearse Valley was of more recent age
than McKelvey Valley, as indicated by soil properties
and other factors. The most significant environmental
and sampling factor for microorganisms in McKelvey
Valley was proximity to snow patches, which would
account for a higher moisture content in some sam-
ples. At the Pearse Valley site, biotic influx and fall-
out could be expected from easterly winds sweeping
across algae-containing local ponds as well as from
Lake Bonney and the hut in Taylor Valley.

Microbiological analyses were primarily for bacteria
as determined on triplicate spread plates of trypticase
soy agar incubated at 20°C. However, the plates also
were checked for fungi (yeasts and molds), which fre-
quently appear on these plates. Following serial dilu-
tions and plating aliquots of the original 10 g of soil
suspended in 40 ml H 20, 10 ml of Thornton's salt so-
lution was added to the milk dilution bottles, and they
were placed in an environator at 20°C. and 25 to 150
footcandles with a diel cycle of 16 hr illumination.
These bottles were subsequently examined for growth
of algae and Protozoa.

The results of bacterial abundance are shown in
table 1 for the two grids. For McKelvey Valley, the
numbers of bacteria for 25 samples ranged from 70 to
29,500 per g soil, with an average of 2,890 per g for
all samples. For Pearse Valley, a similar range was ob-
tained for 30 samples, with 190 to 13,000 (average
2,790) per  soil.

For finding culturable microorganisms in antarctic
soils, one sample may be almost as good as another on

Table 1. Bacterial abundance in grid samples from McKelvey and Pearse Valleys, Antarctica.'

Grid segment

Arm AC (SE x NW)
Arm BD (SW x NE)
Al through A5
Bi through B5
C  through C5
Dl through D5
Al, Bl, Cl, Dl
A6, B6, C6, D6
A7, B7, C7, D7
Total (all points)

McKelvey Valley

	

Average	 Range

	

1,150
	

100 to 4,850

	

2,790
	

500 to 7,500

	

3,130
	

70 to 14,500

	

8,290
	

1,100 to 29,500
595
	

100 to 1,200

	

1,100
	

100 to 2,750

	

620
	

350 to 1,150

	

2,175
	

1,150 to 4,550

	

2,890
	

70 to 29,500

Pearse Valley

	

Average	 Range

	

2,740
	

350 to 13,000

	

3,650
	

190 to 11,300

	

500
	

350 to	900

	

4,370
	

610 to 8,000

	

2,020
	

500 to 5,1 iOO

	

3,040
	

190 to 11,500

	

3,710
	

610 to 11,500

	

2,450
	

1,000 to 5,500

	

5,090
	

810 to 13, 00

	

2,790
	

190 to 13, 00

1 Algae present:
MçKelvey Valley samples: A6, A7, B2.
Pearse Valley samples, Pit 777: A3 through A6; Bi, B2,

Protozoa present:
McKelvey Valley samples: None.
Pearse Valley samples: A6, Bi, B6, Cl, C2, C6, D3, D7.

B4 through B7; Cl through C6; Dl, D3, D5, D6, D7

Possible cysts in B4 and C4.
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Table 2. Kinds of microorganisms in grid samples from
McKelvey and Pearse Valleys, Antarctica.

BACTERIA

Diphtheroids (Nocardioids)	Nondiphtheroids
Arthrobacter citreus	Bacillus subtilus
Arthrobacter globiformis	Micrococcus candidus
Arthrobacter simplex	Micrococcus fiavus
Arthrobacter tumescens	Micrococcus luteus
Brevibacteriurn incertum
Brevibacterium sulfureum
Corynebacterium bovis
Corynebacterium equi
Mycococcus ruber
Nocardia albicans

ALGAE

Blue-greens	 Greens
I Coccochioris stagnina	Chlorococcum humicola

Microcoleus vaginatus
Schizothrix calcicola

PROTOZOA

Amoeboids and amoeboid flagellates
Mastigamoeba longifulum
Valkampfia limax

a random basis—but not on a selective basis, which
considers physiographic characteristics and the mi-
croenvironment. However, in consideration of the rel-
atively low abundance of microorganisms and the in-
homogeneities of antarctic soils, and especially for
automated life detectors that may sample small ali-
quots (less than 1 g soil), the chances of a successful
experiment are enhanced by collecting samples con-
taining more than 10,000 microorganisms per g soil,
rather than one with fewer than 100 per g soil.

The kinds of microorganisms cultured from our
samples are shown in table 2. Supporting previously
determined ecological theory for the dry valleys, the
kinds of microorganisms, their complexity, and their
abundances increase as environmental characteristics,
especially the hydrothermal regime, become more fa-
vorable (Cameron, 1971). No Streptoinyces spp or
fungi were cultured, although the streptomycetes
may occur abundantly as a single population in moist
are is (Benoit and Hall, 1970). If the molds are in-
dee1 absent, then the Protozoa must be living off the
al4te.

he species of microorganisms cultured from our
ples also support previous work on antarctic soils
he prevalence of members of the diphtheroid (no-
hold) group of bacteria. Beige colonies, or white
ivory colonies that sometimes changed to beige

i age, were the most abundant. They were also the
colonies to appear on the agar plates, in about 4

;. Pinpoint coral colonies appeared last, usually
un 10 to 14 days of a 6-week incubation period.
ynebacterium bovis was the most abundant and
st growing microorganism cultured from our
it usually grew best at +25°C. and also in liquid

Burk's N-free medium but not in trypticase soy broth
(TSB) with 5-percent added salt (Prof. Roy M. John-
son, personal communication). (Five-percent salt is
already in the bottled commercial TSB.) In compari-
son with the bacteria, algae required at least 25 days
to more than 6 months before macroscopic growth
was evident. The algae were generally blue-greens, and
predominately of the filamentous oscillatorioid form
Schizothrix calcicola, which is prevalent as an eco-
phene throughout the world (Drouet, 1968). Only S.
calcicola was present in McKelvey Valley, which is
consistent with the versatility of this species and its
adaptation to drier desert environments. The samples
containing algae did not show any obvious correlation
with the abundance of bacteria, but the slow recovery
of algae in culture may indicate many years of inactiv-
ity. Protozoa also apparently have great survival pow-
ers. Valkampfia umax, a small amoeboid protozoan,
was most frequently observed in the algal cultures,
and it has been observed in many other desert soils
containing algae. Possibly, it too could remain viable
for many decades as cysts in the dry valley soils.

Whether or not there is any life in a Martian soil
remains to be seen. The antarctic dry valleys are lush
by comparison with known Martian environmental
conditions. Although no sterile samples were found in
the present study, our own previous studies and those
of others (Horowitz and Cameron, 1971) have shown
that some antarctic soil samples contain no viable or
culturable microorganisms. In consideration of these
factors, the possibility of Martian life forms in random
samples is small, and it is important that persons who
must devise methods of extraterrestrial sampling, life
detection, and quarantine give consideration to the
Antarctic as a Martian analog.
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Weathering and soil formation in the
dry valleys of southern Victoria Land

GEORGE 0. LINKLETTER

Department of Geology
Lafayette College

Laboratory investigations have been completed on
50 soil samples collected from 19 locations in the Tay-
lor Valley region, in Garwood Valley, on The Bul-
wark, and peripheral to the Hobbs and Walcott Gla-
ciers in southern Victoria Land. Data analysis on 90
measured and calculated parameters has led to a
number of conclusions regarding weathering, soil
formation, and, tentatively, the glacial history of the
McMurdo Sound region.

Simple statistical analysis of soil properties indicates
that many of the soil properties are interrelated and
suggests a number of processes that have affected the
soils. These include preferential weathering of mafic
minerals and lithologies over felsic components; pref-
erential weathering of plagioclase over potassium feld-
spar; release of iron, magnesium, and potassium by
chemical weathering; formation of illite and montmo-
rillonite; control of soil moisture by clay-size particles
and hygroscopic salts; changing soluble salt composi-
tion with time; and the production of soil profiles by
differential weathering with depth. A definite identifi-
cation of soil-forming processes requires an accurate
definition of the parent material factor. The sedimen-
tary rocks of the Beacon Supergroup that crop out
throughout the McMurdo Sound region and that are
thus an important component of the tills appear to
physically disaggregate to sand-size or finer very rap-
idly and therefore quickly disappear from the pebble-
size fraction of the soils. This behavior of the Beacon
lithologies in the tills of southern Victoria Land pre-
cludes an accurate identification, with presently avail-
able techniques, of the parent material of soils devel-
oped on these tills. Conclusions regarding weathering
and soil-forming processes are limited by this circum-
stance.

Soils developed on tills of Ross Sea Glaciations II,
III, and IV on The Bulwark have nearly identical soil
properties and surface weathering characteristics. This
similarity may be the result of the extremely slow rates
at which weathering proceeds in the harsh antarctic
environment, or it may indicate that the interpreta-
tion of the glacial geology of The Bulwark by Denton
et al. (1970), which implies a substantial age differ-
ence among these three tills, is in error. In either case,
the proposed correlation of tills of the Ross Sea glacia-
tions with tills in Wright Lower Valley (Calkin and
Bull, in press) is questionable because, in marked con-
trast to the soils studied on The Bulwark, the soils in
Wright Lower Valley display a notable range of soil
properties, apparently correlative to the ages of the

tills on which they are found (Ugolini and Bull,
1965).

Salts in the soils of the dry valleys are not primarily 4
the result of marine aerosols blown inland, because
local variation is too great and compositional changes
typical in areas of known marine aerosol influence
are not found (Linkletter, in press). Potential but un-
proved sources for the salts are the low-grade metased-
imentary rocks of the Skelton Group and the sedi -
mentary rocks of the Beacon Supergroup. If these
rocks are a source of salts, then only physical disaggre-
gation, and not chemical weathering, is needed to re-
lease the salts.

Laboratory investigations are presently under way
on about 100 additional soil samples collected during
two field seasons in southern Victoria Land. Special -
attention is being given to a more accurate identifica-
tion of the parent material factor and to a better un-
derstanding of the production of clay minerals during
weathering and soil formation. In addition, studies are
being conducted on the various materials, including
sands, sand and gravel, and volcanic ash, which corn-
prise an unusual patterned-ground phenomenon dis-
covered in Taylor Valley.
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Chemical weathering in Wright Valey
ROBERT E. BEHLING

Institute of Polar Studies
The Ohio State University

This is a preliminary report supporting the cas of
active chemical weathering in the Wright Valley cold
desert environment. The study is part of the sur cial
geology, soil studies, and glacial history program in
Wright Valley previously reported by Behling and
Calkin (1969, 1970) and by Calkin et al. (1970).

The oldest profile in the chronosequence of we th-
ering profiles on lateral moraines of Meserve Gl cier
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T
Selected weathering indices of profiles from an alpine glaciation chronosequence of lateral moraines, Meserve

Glacier, Wright Valley.

Profile	 Alpine I

Age (years)	 a X 10'
Substrate

	

	 Ice core
at 6 to 8 cm

pH	 7.00
Abrasion pH
(washed rock
frgments)	 8.20
Max. E.C.

who/cm	 1.30
epth	 -

FeO/Fed	 0.656
Fe i ppm	 5.41
Clay percent

nterstratified
plus vermiculite	 51.0

Interstratified	 21.6

Alpine II	 Alpine III

bxlO'	 cXlO'
Ice-cemented	 Dry permafrost

at 80 cm	 to at least 220 cm
8.52±	 7.84±

8.74±	 8.144-

9.10	 61.00
5-10 cm	 30-40 cm
0.812±	 0.542±
4.60±	 4.38±

42.2±	 27.5±
15.4±	 5.2±

is the Alpine III, with a maximum age of 2.5 to 3.4
million years (R. Fleck, personal communication; dat-
ing of volcanic material by the K-Ar method). The
Alpine II profile is 600,000 years old, and the Alpine I
moraine has a maximum carbon-14 age of 12,200
years (Calkin et al., 1970).

The substrate conditions in this chronosequence are
critical in that they affect the moisture content of the
profile (see table). The stage of weathering in the
chronosequence is primarily a function of duration of
available moisture rather than duration of existence.
The most active chemical weathering now occurs
where an ice core or ice-cemented layer is near the
0 °c. isotherm and at the surface, where infrequent
summer precipitation moistens the profile.

During the austral summer, the surfaces of these
weather profiles can be warmed to +20°C., and
the 0°C. isotherm in the Alpine II and Alpine III
profiles has been located at least 30 cm below the sur-
face.

Soluble salt is continually added through precipita-
tioji and, where abundant, it is concentrated in salt-
indurated horizons. All profiles are iron-stained.
Selctive removal of free-iron oxides from clay-
sizparticles by oxalate (Fe,,: amorphous) and di-
thiónite-citrate (Fed : amorphous and crystalline)
tre4tments indicate the stage of weathering. The
Fe /Fed ratio decreases with time if new amorphous
coatings are not formed, and Fe d increases as chemi-
cal 1weathering continues. There are variations within
the profile, especially in the upper 10 cm, but the av-
erage values in each profile are representative (see
table).

Weathering indices can also be based on soluble salt
content, abrasion pH, and authigenic clay content
(see table).

Under the present conditions, chemical weathering
is most active in the Alpine I profile and is occurring
to a lesser extent in the upper 5 to 10 cm of the Al-
pine II and Alpine III profiles. It is difficult to assess
the contribution to chemical weathering now being
made by deliquescent salts in the salt-indurated hori-
zon of the Alpine III profile and by the ice-cemented
layer in the Alpine TI profile. Both are potential
moisture sources, but the amount of water they can
supply to weathering reactions is limited.
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Micrometeorology at Plateau Station
EUGENE WONG and ALLEN RIORDAN

U.S. Army Natick Laboratories

During 1967 and 1968 a micrometeorological field
program was conducted at Plateau Station to obtain
temperature and wind data at ten heights up to 32 m
and at several depths down to - 10 m. Over 3,000
reels of punched paper tapes were processed through
the GE-225 computer at the U.S. Army Natick Labo-
ratories. Frostman (1969) describes this program.
Analysis has been concentrated on delineating the
micrometeorological features over this interior ant-
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Figure 1. Tautochrones for Plateau Station, 1967. Z is distance
above or below snow surface.

a

Figure 2. Bending of a smoke column by directional wind shear.

arctic station. On the basis of the most complete year
(1967) of data, some preliminary results are sum-
marized here.

The tower data give a vivid representation of the
great inversion that characterizes the thermal environ-
ment of the antarctic surface layer. Fig. 1 is a tauto-
chrone analysis of the air and subsurface temperatures
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Figure 3. Relationship between wind shear and atmospheric
stability.

showing the predominantly stable temperature stratifi-
cation. Inversions of 20°C. or stronger are not uncom-
mon occurrences within the tower height of 32 m.
The most outstanding feature in the surface layer of
the atmosphere is the seemingly systematic variation
of the horizontal wind vector with height. Station ob-
servers have frequently reported the large wind direc-
tion difference between adjacent instrument levels
under certain situations.

Fig. 2 is a photograph of a column of purple smoke
emanating from the static detonation of a smoke
flare near the tower. The "discontinuity" in the
wind field is shown by the abrupt bend in the rising
smoke column occurring about 8 m above the snow
surface. Examining the monthly means of 3-hour av-
erage winds for February and August 1967, Dabberdt
(1970) has shown the diurnal change of veering of
the wind-that is, the stability dependence of the
wind shear.

To investigate the relationship between the shear
and stability, one parameter was used to represent
shear, and one to represent stability. The dimensiqnal
characteristic of static stability c1 is defined as

AT

where T is temperature in .° C and iT and Tv are re-
spectively the east-west and north-south components
of the wind vector in meters per second. The differ-
ences are taken over the layer between 2 and 24 m.
The dimensionless characteristic of directional shear 4'
is defined as

- ETAIZ
4'=	 (A V
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Fig. 3 is a sample showing the relationship between
these two parameters. The data are taken from the
sunless period of 1967 and are restricted to a "mean"
wind coming from the quadrant between 2700 and
360°, directions upwind of the station. An outstanding
feature of this graph is that both "veering" and
"backing" of the wind seem to be related to stability.

These preliminary results show that the conven-
ti nal concept of the wind profile may have to be re-
fined or even modified. Continued analysis hopefully
will yield a clearer picture of the profile characteristics
u der these extremely stable antarctic conditions.
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Elevated temperature minima
at Plateau Station

MICHAEL Kul-IN

Arctic Institute of North America'

Among the peculiarities of wind and temperature
profiles over the antarctic ice surface, the phenome-
non of elevated temperature minima deserves special
mention. It was first observed 40 years ago over the
Indian desert but was later believed not to occur over
Snow fields. Nevertheless, during the International
Geophysical Year at Little America V and at the
South Pole, the temperature minimum frequently was
found to be a few centimeters above the snow surface.
Lettau et al. (1967) reported minima up to 12 cm
above the snow on 90 out of 139 days examined in the
winter night of 1957 at Little America V, although
they observed minima on only 9 of 187 days at the
South Pole.

A necessary condition for elevated temperature
minima is radiational cooling at the snow surface
(R0 ) balanced by heat conducted upward from the
underlying snow (S0 ) and by downward turbulent
heat flux in the air (Q). Thus the ratio S 0 /Q0 de-
termines whether the temperature minimum becomes
elevated or not.

As the climate at Plateau Station differs only
slightly from that at the South Pole, whereas the cli-
mate at Little America V differs significantly, Dalrym-
pie's measurements suggest that elevated minima
should be an exception in the temperature profiles of
Plateau Station. However, optical phenomena oh-

'Now at Department of Meteorology, University of Inns-
bruck, Austria.

served at this station had pointed at a highly compli-
cated, multiple layering even before quantitative stud-
ies were evaluated. Examination of 80 daily spot
checks of temperature and wind profiles at Plateau
Station in the winter night of 1967 showed that, al-
though R 0 is practically the same for the South Pole
and Plateau Station, the ratio of S 0 to Q° at these sta-
tions must differ considerably: on 34 of the 80 days
the minimum was higher than 25 cm above the snow
surface, and the S O /QO ratio of the remaining 46
cases leads one to believe that about half of them must
have had elevated minima below the 25-cm level,
where no temperature sensor was installed. As the
components of the energy budget are not yet com-
pletely evaluated, the wind speed at the 100-cm level
was taken as a crude measure of the Q, and the tem-
perature difference between the surface and 12-cm
depth was taken as a measure of S. Their averages
indicate that for the 34 days with a temperature mini-
mum above 25 cm

V(100 cm) = 3.6 knots
—12 cm to 0) = —3.0°C.

(heat flux toward the surface)

and for the remaining 46 days

= 6.2 knots
AT = +0.4°C.
(heat flux into the snow)

Aside from the frequent observations of irregular
optical refraction, one impressive incident at Plateau
Station can be explained only in terms of an elevated
temperature minimum of uniform horizontal extent
(Kuhn, 1969). During a moonrise in the winter
night, the moon was seen on the horizon by an ob-
server standing at the base of the micrometeorology
tower. It seemed to disappear when looked at from
the higher parts of the 32-rn tower and was again seen
from the ground, 5 minutes later, as it detached from
the horizon and took up its normal course on the sky.
Evidently an elevated temperature minimum had cre-
ated gradients of the density and thus of the refractive
index of air that acted as an optical duct, bending and
reflecting light rays on both its upper and lower side.
In such a situation vision is extended much farther
than with ordinary, single curvature typical for tem-
perature inversions. Therefore, far-range vision is re-
stricted to observation from within a small layer cen-
tered around the temperature minimum while the
path of light from any place outside this layer is re-
flected only once, either up or down.

Observations of this nature as well as quantitative
measurements of energy balance show how important
the concept of snow as a heat source is for cold re-
gions. The observations add up to a paradox, though,
because one cannot deny that the great antarctic in-
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version exists primarily because heat loss from the
snow is larger than heat loss from the overlying air.

References
Kuhn, M. 1969. Preliminary Report on Meteorological

Studies at Plateau Station, Antarctica, 1967. Meteorology
Department, University of Melbourne.

Lettau, Heinz H., Sarah H. Wollaston, and Paul C. Dal-
rymple. 1967. Little America V Micro meteorology Pro-
gram: Data and Analysis. U.S. Army Natick Laboratories.
Technical Report 67-46—DS. 253 p.

Remarkable wind shifts and speeds
a few meters above the surface

of the antarctic plateau
W. SCHWERDTFEGER

Department of Meteorology
University of Wisconsin

Spectacular variations of the wind between one and
a few tens of meters of height have been observed at
Plateau Station (Sponholz, 1968; Kuhn, 1969; Frost-
man, 1969). Examination of the measurements at ten
levels of the micrometeorological tower, 0.5 to 32 in
above ground, leaves no doubt that this phenomenon
is directly related to the presence of a strong tempera-
ture inversion. On the average, during the winter of
1967 at Plateau Station, the change of the wind direc-
tion between the 0.5- and the 32-rn levels was 4, 30,
and 57 degrees of azimuth when the temperature dif -
ference (T3'2- T0 . 5 ) was 4 3 0 , 8° to 12°, and
20 0 C., respectively (Schwerdtfeger, 1970, fig. 10).

The measurements made at Plateau Station can be
used to test a theory (Mahrt and Schwerdtfeger, 1970)
that aims to explain the change of the wind with
height in a friction layer with a horizontal tempera-
ture gradient that decreases upward exponentially.
Such conditions, which exist over a sloped terrain
when there is a strong surface inversion of approxi-
mately constant vertical extent, are found over the
antarctic plateau during most of the year and over
Greenland, though with less persistence, during the
winter.

When the surface inversion is strong and the wind
at the highest level of the tower is nearly calm, the
32-rn height range of the micrometeorological tower
at Plateau Station is sufficient for a meaningful com-
parison of observed and theoretical winds. In such sit-
uations there must exist a low-level wind maximum
whose height is directly proportional to the square
root of K, the eddy diffusivity. With very small values
of K, which are typical of extremely stable airmasses,
this height should be between 6 and 12 m above
ground.

m/sec	 32

so	 \150

280*	 326'	 3

A comparison of the wind observed along the micrometeorologicaI
tower at Plateau Station (dots) and computed wind valies.

The three curves in the figure (wind speed on lft,
direction on right) have been computed from the
equations given by Mahrt and Schwerdtfeger (1970)
for three different values of K. It was assumed that
calm conditions were present at the top of the inver-
sion layer, that the inversion was 19°C., and that the
slope of the terrain was 1 in 500. The heavy dots rep-
resent speed and direction of the resultant wind deter-
mined for all 54 half-hour intervals during the winter
of 1967 for which the 32-rn-level wind was less than 1
rn per sec and the temperature inversion 15°C. or
more. It is evident that the value of K = 80 sq cm
per sec leads to a good overall agreement between ob-
servations and theory. Of course, a serious shortcom-
ing of the theory is the assumption of a constant K.
In fact, the graphs suggest that a somewhat smaller
value in the lowest layers and a larger one above
about 8 m would lead to a still better agreement;
however, analytical solutions for the inversion wind
with variable K are not available.

When the upper wind is weak, the low-level maxi-
mum wind speed is proportional to the strength of the
inversion and to the slope of the terrain. Wherever a
shallow cold air layer lies over a steep slope, very
strong low-level winds must be expected. This is a new
way to interpret the persistent, extremely high wind
speeds observed at Cape Denison, Port Martin, and
neighboring places.

Dale Branch, majoring in meteorology at the Uni-
versity of Wisconsin, carried through the computer
work for the numerical solutions of the wind equa-
tions and the necessary statistics from printouts of the
checked tower data prepared at the U.S. Army Natick
Laboratories. The work was supported by National
Science Foundation grants GA-10422 and GA-16239.
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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-
tio al Oceanic and Atmospheric Administration has
tw aspects: (1) Atmospheric constituents are moni-
tored for long-term, or benchmark, reference---essen-
tial for research on the fundamental problems of air
quality, climatic change, and other meteorological
problems. (2) Weather conditions are measured fre-
quently and reported immediately to the World
Weather Watch and, during the summer, to U.S.
Navy weather forecasters at McMurdo Station and
Christchurch, New Zealand.

During the 1970 austral winter, data were collected
at two stations. At Byrd Station, two NOAA employ-
ees principally engaged in other work made surface
weather observations, while at Amundsen-Scott South
Pole Station a two-man National Weather Service
team carried out work that consisted of-

-surface synoptic weather observations every 6
hours.

—rawinsonde observations (measurement of pres-
sure, temperature, humidity, and winds aloft) every
other day at 0000 GMT plus additional upper-air ob-
servations for aircraft operations when requested by
forecasters at McMurdo Station and Christchurch.

----monitoring of the "explosive" stratospheric
warming that occurred during September and Octo-
ber 1970.

—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.

—total ozone observations thrice daily when
weather and astronomical conditions permitted, pro-
viding additional information about variations in at-
mospheric ozone.

—continuous measurement at the surface of five ra-
diation parameters for NOAA's ongoing research on
the earth's heat budget.

—continuous exposure of special filters in a cali-
brated airstream for later laboratory analysis by the
Atomic Energy Commission of radioactive debris cap-
tured by the filters.

—twice-monthly collection of air samples in special
evacuated flasks for later laboratory analysis of
carbon dioxide concentrations by the Scripps Institu-
tion of Oceanography.

—measurement of atmospheric turbidity simultane-
ously with the surface synoptic observations, when as-
tronomical and weather conditions permitted, for the
National Air Pollution Control Administration.

Our geophysical monitoring program at Pole Station
is designed to obtain measurements in "clean" air;
these measurements will be used to determine long-
term trends in the amount of carbon dioxide and
other gases, of particulates, and of trace materials in
the air, any of which might affect weather and cli-
mate or serve as indicators of man's impact on cli-
mate. Benchmark observations are also made at the
Mauna Loa Observatory, Hawaii (jointly sponsored
by the National Science Foundation and NOAA). A
third location will be established soon at Barrow,
Alaska. Secular observations from these three loca-
tions will furnish baseline information to enable scien-
tists to judge the progress of programs designed to
reduce pollution and to assess climatic changes caused
by man or by natural phenomena.

Cosmic ray intensity variations
in Antarctica

MARTIN A. P0MERANTZ and SHAKTI P. DUGGAL

Bartol Research Foundation
The Franklin Institute

The potent control exercised by the sun over the
flux of cosmic rays reaching the earth manifests itself
in two opposite ways (Pomerantz, 1971). First,
through its extension into space via the solar wind, it
prevcnts us from observing the total intensity of parti-
cles originating outside the solar system (galactic
cosmic rays) even during the minimum phase of the
well known 11-year cycle of solar activity. On the
other hand, it accelerates its own energetic particles,
which on relatively rare occasions (once per year on
the average) attain energies sufficient to propagate
their effects to ground-based stations (	1 BeV).

Consequently, cosmic rays serve as effective probes
for investigating the large-scale electromagnetic condi-
tions in space during both quiet and disturbed periods.
Furthermore, measurements in the polar regions pro-
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Figure 1. Comparison of the deviations in the cosmic ray intensity
from the background level at a pair of antarctic (5) and arctic (N)
stations. These new types of north—south asymmetry events are
characterized by (a, upper) long duration and (b, lower) sudden

reversal of direction.

vide the only available means for observing those re-
gions extending far beyond the plane of the ecliptic.

Thus, continuous measurements of the cosmic ray
intensity at the Bartol network of stations in the Ant-
arctic (McMurdo and South Pole) and the Arctic
(Thule) during the first solar maximum period
(January 1967 to March 1971) following its comple-
tion in 1964 have revealed several new types of phe-
nomena, arising from special features of the solar
plasma configuration, that are likely to have a far-
reaching impact on theoretical models of the helio-
sphere.

Two important discoveries in connection with the
transient north–south asymmetry of galactic cosmic
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Figure 2. Solar cosmic ray event displaying abnormal north—south
asymmetry.

rays first reported several years ago (Pomerantz,
1967) were made this year. In the initial case the dura-
tion of the anisotropy was only a few hours. How-
ever, as fig. la indicates, north–south asymmetry can
persist for as long as 6 days, a period equal to the ex-
tent of an interplanetary magnetic sector.

In contrast, the second new type of event, exempli-
fied in fig. ib, provides insight into the dynamics of
the morphology of the interplanetary medium. The
phase of the axial asymmetry during this cosmic ray
storm reversed its direction twice in less than 36 hours.

Our recently completed analysis of 61 cosmic ray
storms during the four-year interval 1967-1970 has re-
vealed that north–south asymmetry is a feature of
practically all such events (Duggal and Pomerantz,
1971). This finding necessitates a revision of the pres-
ently accepted procedures for investigating the prop-
erties of Forbush decreases—for example, the varia-
tional spectrum and onset characteristics—and pro-
vides a new dimension for extension of the currently
inadequate theoretical models.

With respect to the propagation of solar cosmic
rays, an abnormal anisotropy during a solar particle
event, manifesting itself as a 49-percent difference in
the nucleonic intensity at the north and the south
polar stations, was observed for the first time (fig. 2).
The theoretical implications of these unprecedented
observations are currently under investigation.
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Whistlers change VLF signal amplitudes
R. A. HELLIWELL

Radioscience Laboratory
Stanford University

As part of a continuing study of the magnetosphere,
sipce 1963 the field strength of the very low frequency
signals of several transmitters has been recorded con-
tinuously at Eights Station (1963 and 1965) and Byrd
Station (1963-1970). During equinoctial periods,
many amplitude anomalies were observed on the VLF
signals, whose paths were all subionospheric. The
anomalies were not associated with solar flares or
with any manmade disturbances that might affect the

Solar cosmic ray events,
1969 and 1970

A. J . MASLEY and P. R. SATTERBLOM

Space Sciences Department
McDonnell Douglas Astronautics Company

During 1970, 14 solar cosmic ray events were ob-
served with riometer absorption greater than 0.4 dB at

D-region. A search through data on natural VLF phe-
nomena, both emissions and whistlers, revealed that a
whistler was present at the exact time the VLF signal
amplitude began to change. This relationship is true
for the approximately 200 events studied so far.

Here are some characteristics of the events: (1) A
triggered VLF emission is sometimes associated with
the whistler. (2) The change in VLF signal amplitude
is usually about 6 decibels. (3) There are as many as
20 events over a period of 6 hours. (4) The VLF sig-
nal amplitude suddenly changes to a new level and
then takes several tens of seconds to return to its pre-
whistler level. (5) Riometer data for some of the
events show absorption of 1 to 2 decibels.

The correlation between VLF signal intensity
anomalies and absorption suggests that the two are a
result of electron precipitation. What is even more
striking in the correlation is that, in fact, the electron
precipitation is caused by whistlers.

The results of this study show that the continuous
monitoring of VLF signals can be used to monitor
electron precipitation.

VLF signal amplitude and whistlers will be re-
corded extensively at Siple Station so that we may un-
derstand the mechanism involved in the whistler-
induced electron precipitation.

30 MHz (see table). This number compares to 21
events during 1969, 20 during 1968, and 16 during
1967. The four largest events were between 3 and 4
dB.

The polar-orbiting OGO-6 satellite was launched
on June 5, 1969. The two largest events in 1969 ob-
served simultaneously by the McDonnell Douglas
OGO-6 and ground-based polar equipment occurred
on September 25 and November 2, 1969.

Solar cosmic ray events in 1970.

Preliminary flare candidates

Date

Jan 29
Jan 31
Mar 6
Mar 7
Mar 23
Mar 29
Apr 16
May 30
Jun 25
Jul24
Aug 14
Nov 5
Dec12
Dec24

Start	 Impor-
time (UT)	tance

1024	 lB
1512	 2B
1321	 IN
0138	 2B
1545	 IN
0032	 2B

0248

18232	 213
1605
	

IN

Position

13 0 S. 420W.
25 0 S. 620W.
14°S. 60E.
12 0 S. 100E.
18 0 N. 620W.
13 0 N. 370W.

8°S. 32°W.

10°N. 8°E.
15 0 N. 730W.

Solar radio
emission
type; intensity

IV-3; 11-3
IV-2
-; II-1
IV
IV-3; 11-3
IV-11

IV-3
IV-2

Maximum
absorption
(dB at 30 MHz)

0.8
3.0
1.0
3.8
0.5
1.8
0.6
1.9
0.8
3.6
2.6
3.5
0.8
0.6

April 15. 2 July 23.
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Figure 1. Event profile for three
OGO energy intervals and the Mc-
Murdo riometer data. Each OGO
data point is obtained by averag-
ing the three highest 3O..secoud
average intensities obtained durir g

a polar pass.
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At 0943 UT on November 2, a major flare occurred
one day behind the west limb. Particles were first
observed during the northern pass at 1100 UT, No-
vember 2. A large increase was seen in the > 80 MeV
proton and > 350 keV electron integral channel. Only
a slight increase was seen in the high energy proton
channels below 80 MeV. The McMurdo riometer
shows the event onset at 1100 UT (fig. 1). During the
next southern pass, beginning at 1148 UT, the spec-
trum is peaked at about 30 MeV, since most low en-
ergy particles have not yet arrived due to velocity dis-
persion.

The 5.3 to 6.1 MeV intensity reached a maximum
of 210 per sq cm-sec-ster-MeV, the 11 to 16 MeV in-
tensity reached a maximum of 95 per sq cm-sec-ster-
MeV, and the 49 to 78 MeV intensity reached a max-
imum of 5.8 per sq cm-sec-ster-MeV all during the
1420 UT north pass (fig. 1).

Large variations in intensity were observed across
the polar caps. Stable features in the polar intensity
profile that could be recognized from pass to pass per-
sisted for about 24 hours. The maximum variation
across the polar cap for 30-second average points was
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Figure 2. OGO 5.3-6.1 MeV pro-
ton channel polar cap average
and riometer profile for the Sep.

00	12	00	12	00	tember 25, 1969, solar cosmic ray
11 869	 11969 event.
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285: 1 for the 5.3 to 6.1 MeV channel during the south
pass at 1337 UT on November 2. This ratio decreasd
to about 1.5:1 at 1000 UT on November 3.

The September 25 event began at about 0800 1.T
having only high energy particles present with a subse-
quent classical buildup of the spectrum as lower n -
ergy particles arrived (fig. 2). At 0350 UT on Sp

-tember 27 a 3B flare was observed. The major
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crease due to this flare was observed beginning at
2125 UT concurrent with a sudden commencement
(SC). This event, with particles confined behind the
shockwave, demonstrated very little velocity dispersion
as all energies were present from the beginning. A
final increase was observed coincident with the SC at
0453 UT on September 29. The spectral shape was
identical before and after the SC, but the total inten-
sity increased. The two events reached a maximum of
0i7 and 3.4 dB absorption at 30 MHz. The intensity
dcreased rapidly about 16 hours after the second SC
si ilar to the April 1960 and May 23, 1967, events.

Auroras over the South Pole and
interplanetary magnetic field changes

S.-I. AKASOFU

Geophysical Institute
University of Alaska

One of the most interesting problems in auroral
physics is to explore mechanisms that control auroral
activity—in particular auroral substorms, one of the
manifestations of magnetospheric substorms. It has
been inferred that the southward-directed component
of the interplanetary magnetic field causes the growth
of auroral substorms.

The South Pole auroral station is well suited for
studying this relationship continuously for about 3
months each year without the hindrance of sunlight,
since it is located near or under the auroral oval for
most of the day. In particular, the station provides an
excellent opportunity for studying auroras in the day-
side of the oval. At an auroral-zone station, far from
the oval and in sunlight during the noon hours, such
an observation is not possible except during midnight
hours.

We have operated a 35-mm all-sky camera at the
South Pole since 1968. Recently, interplanetary mag-
netic data for 1968, obtained from Explorer 35, a
lunar orbiter, have become available for a preliminary
study of the relationship we are interested in; the
nagnetometer was operated by the Ames Research
Cnter, National Aeronautics and Space Administra-
tibn. Thus, the South Pole station has provided the
first opportunity to make a detailed study of the re-
sponses of auroras to changes in interplanetary mag-
ntic fields. The figure shows a typical example of the
response of auroras to changes of the interplanetary
magnetic field vectors. The sudden activation of an
aurora over the South Pole was associated with the
turning of the interplanetary magnetic field vectors
frbm the northward to the southward direction. There
is little doubt of the correlation: the auroras were sud-
denly activated at about the time of the turning after

IS	 17	 18	 19	 20	 21	 22
27 APRIL 1968	 UT
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An example of sudden activation of afternoon auroras over the
South Pole, apparently triggered by turning of the interplanetary
magnetic field vector from northward to southward direction.
Also shown is the simultaneous magnetic sector during the event.
A negative bay began about 1 hour after the moment of turning.

a prolonged period of northward-directed interplane-
tary field during which auroras were quiescent and
very faint. There are numerous other examples.

The figure shows also the magnetic record from Ki-
runa, Sweden, which was in the midnight sector when
the event took place. One interesting feature is that
there seems to be a significant delay in the onset of
magnetic bays (also a manifestation of magnetospheric
substorms) after the moment of the turning of the in-
terplanetary field vectors. It is not yet possible to con-
clude whether the delay is true or simply apparent.
We are also examining general features of the respon-
ses of auroras in terms of local times. In particular, we
are interested in the responses of the midday auroras
(those that occupy the midday part of the oval),
which are expected to manifest effects of the merging
of the interplanetary magnetic field and the geomag-
netic field lines. Our preliminary study indicates that
the responses are complicated ones, and it may be nec-
essary to investigate the interplanetary discontinuities
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responsible for turning of the interplanetary magnetic
vectors and the corresponding auroral responses,
rather than those responsible for simply turning the
vector from the northward to the southward direction.
Indeed, in some cases, a very sharp turning from the
southward to the northward direction appears to cause
certain types of auroral activation.

We hope the South Pole all-sky photographs also
will be useful in studying data from orbiting satellites.
Such correlative studies are planned. This project is
supported by National Science Foundation grants
GA-13556 and GV-29335.

Conjugate-point auroral studies
at Byrd and Great Whale Stations, 1970

PETER M. MILLMAN

National Research Council of Canada

This program, which was initiated during the ant-
arctic winter of 1966, was reported on briefly in this
journal 2 years ago (Millman, 1969). Primarily, it in-
volves the use of auroral all-sky cameras and photome-
ters at Byrd Station in the Antarctic and at the Great
Whale Geophysical Station in the Canadian Subarc-
tic. These locations approximate the average positions

79 .	78
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where a given field line of the earth's magnetic field
cuts the surface of the earth. The equipment is oper-
ated simultaneously when twilight or darkness occurs
at the two stations.

During the austral winter of 1970 identical auroral
photometers were operated at the two stations. Rela-
tive intensity measurements of auroral emissions at
5,577 angstroms (01 "green" line), 4,861 angstroms
(Ha), and 3,914 angstroms (N2 + First Negative Sys-
tem 0,0 band) were made continuously during tle
dark hours at each station. Equipment problerris,
mainly at Byrd, limited the quantity of usable data to
about half the maximum possible. Nineteen short pe i-
ods were found when auroral activity (as shown by
the 5,577-angstrom emission) was observed at bo h
stations. Correlation coefficients calculated from in-
tensity  values scaled from strip chart records of the ,-
577-angstrom emission showed no obvious dependen e
upon time of day or geomagnetic activity. The calcu -
lations will be repeated and extended, using a co -
puter-aided analysis of the low-speed magnetic tap s
which contain data for all three auroral emissions.

Two all-sky cameras, one using color film and the
other using black and white film, were also operated at
both stations during the appropriate periods in 1970.
Analysis of the black and white records from these
cameras for 1967, 1968, and 1970 has been carried
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out, using a computerized plotting program on the
IBM System/360 computer at the National Research
Council of Canada. Here also a combination of equip-
ment operating problems, plus clouds at one or the
other station and the loss of some records in transit
from Antarctica, greatly reduced the data available
for study. The records from the 1969 program suf-
fered most severely in this regard.

Commencing in 1967 we have tested various forms
Of auxiliary stations in the neighborhood of Great
Whale. A manned station was occupied for 2 months
in 1967 on the Belcher Islands, and a remote auto-
matic station on the mainland was tested throughout
the observing periods in 1968 and 1969. During the
austral winter of 1971, in addition to the photometer
systems at Byrd and Great Whale, a network of un-
manned, automatic photometric stations will be de-
ployed on the Belcher Islands in Hudson Bay, near
Great Whale (see fig.). It is hoped that extending the
observations over the northern conjugate area in this

'ay may clarify the apparent diurnal motion of the
northern point instantaneously conjugate to Byrd.

The operators of the equipment at Byrd Station in
1970 were Messrs. Evans W. Paschal, Stanford Uni-
versity, California, and Madison J . Post, Environmen-
tal Research Laboratories, National Oceanic and At-
mospheric Administration, Boulder, Colorado. Our
thanks go to them for the efficient way in which diffi-
culties were met and operating problems solved. The
scientists who have set up the equipment at both sta-
tions and are involved in a study of the results are Mr.
A. Lawrence Spitz of the Arctic Institute of North
America, who is analyzing the black and white all-sky
camera records, and Dr. Michael D. Watson of the
Upper Atmosphere Research Section, National Re-
search Council of Canada, who is operating the net-
work of automatic photometer stations near Great
Whale and who is analyzing all the photometer results
f  the program.
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Airborne conjugate auroral studies
C. STENBAEK-NIELSEN and EUGENE M. WESCOTT

Geophysical Institute
University of Alaska

and
ROBERT W. PETERSON

Los Alamos Scientific Laboratories

The IGY program of all-sky photography from ant-
arctic and arctic stations provided, for the first time,

September—October 1971

an opportunity to compare auroras observed in mag-
netically conjugate regions. Photographs from the
Campbell Island—Farewell, Alaska, Macquarie Is-
land—Kotzebue, Alaska, and Syowa—Reykjavik, Ice-
land, pairs showed that auroras occurred in similar
forms in the conjugate regions but that at higher lati-
tudes major differences occurred (Wescott, 1966).
The data were very limited due to the frequent
occurrence of clouds or instrumental failure. An excel-
lent way to obtain high quality conjugate auroral pho-
tographs covering a wide range of latitudes and with-
out cloud limitations is to use high-flying jet aircraft.
Three series have been flown with the aircraft on
conjugate paths south of New Zealand toward Antarc-
tica and over Alaska, and a wealth of information
and new knowledge has been gained.

On the basis of all-sky camera data obtained on
three flights in March 1967, Belon et al. (1969)
demonstrated that auroras observed during periods of
low geomagnetic activity are conjugate. Data from
five flights flown during a period of medium geo-
magnetic activity in March 1968 have revealed that
whereas the auroras observed in the region of the hy-
drogen arc remain conjugate during geomagnetic
activity, similarities may be found in the poleward au-
roral forms, but similar forms are displaced up to sev-
eral hundred kilometers (Davis et al., 1971). Before
and during the initial phase of the auroral breakup,
auroral forms in the Southern Hemisphere are dis-
placed magnetic west of their Northern Hemisphere
counterparts. After the breakup an eastward displace-
ment is observed. It is also found that during higher
activity the Southern Hemisphere auroras move equa-
tor-ward of the Northern Hemisphere auroras.

No model of the magnetosphere is capable of ex-
plaining, even qualitatively, these observations. The
observed boundary between the closely conjugate
equatorward auroral arcs and the "loose" conjugacy
observed in the poleward arcs appears to be the
boundary between the essential dipolar field and the
tail field. The data suggest that the polar auroras occur
on field lines closed within the geomagnetic tail, but
they may be perturbed even to the extent that they no
longer transmit particles across the equatorial plane.
All previous data were from the vernal equinoctial pe-
riods. To test for possible seasonal effects in the conju-
gacy of auroras, a series of five flights was flown
during October 1970.

Investigation of the direction of the displacement of
the auroral forms observed in the fall does not indi-
cate a seasonal effect, suggesting that the wandering
of the conjugate points is mainly substorm-dependent
and may be an important clue as to the mechanism of
the buildup and release of substorm energy. Our data,
however, cannot be entirely conclusive on this point,
because the spring data were obtained mainly during
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the evening hours and the fall data mainly in the
morning hours.

Both the fall data and the spring data show that the
auroras over Alaska are generally brighter than the
auroras observed south of New Zealand, thus indicat-
ing a hemispherical asymmetry in the particle precipi-
tation. The intensity difference may be related to the
difference in the magnetic field strength along the
flight path between the two hemispheres; if so, this
strongly indicates the existence of a longitudinal de-
pendency in auroral displays that has largely been as-
sumed nonexistent in previous work on auroral mor-
phology. Consequently, our present concept of auroral
morphology may have to be revised.

The conjugate flights were made possible through
the cooperation of many groups. The Geophysical In-
stitute's participation has been funded by National
Science Foundation grants GA-4466 and GA-20212.
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 Operations
Office of the Atomic Energy Commission.
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Micropulsations at geomagnetic poles
V. P. HESSLER1 and R. R. HEACOCK

Geophysical Institute
University of Alaska

and
V. A. TROITSKAYA

Institute of Physics of the Earth, Moscow

The writers have been cooperating for several years
in a polar cap micropulsation program involving joint
analysis of data from a global net of stations ranging
from low latitudes to the geomagnetic poles. The
South and North Pole stations are operated coopera-
tively with the Soviets at Vostok Station and with
Danish scientists at Qanaq, Greenland. This year the

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

Vostok induction magnetometer system is being oper-
ated by the U.S. exchange scientist, Mr. Dale Vance.
The Boeing Scientific Research Laboratories have
cooperated in this project since its inception in 1964.

Part of the analysis program at the University of
Alaska consists of making continuous Rayspan fn--
quency-time displays from the Vostok and Qanaq
magnetic tape records. These data are then scaled for
statistical studies and scanned for significant events in
connection with similar data from auroral and subai-
roral zone stations. The figure presents the Vostok and
Qanaq sonagrams of a period of unusual micropulsa-
tion activity. The form of the event shown, a Pi burst
followed by the rising frequency IPDP event, is typical
of auroral-oval activity as observed in Alaska and Fin-
land but rarely appears in the geomagnetic pole data
(Heacock, 1971). Further, the event occurred during
a severe geomagnetic storm (K = 9 ) and thus a
major distortion of the magnetosphere. It was accom-
panied by strong Pi micropulsations but no indication
of IPDP at the aurora! oval. This unusual event is of
significance in studies of IPDP source mechanisms.
Since the closed field lines are expected to lie inside L
= 4 when K = 9 , and since the auroral oval and
polar cap ionospheres were highly disturbed, it is not
likely that the events shown in the figure propagated
to the poles via the ionospheric duct from the closed
field-line region. Hence this is considered an example
of similar micropu!sation events originating nearly si-
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nultaneously on the northern and southern open field
lijhes.

Several unusually large amplitude ( 100 milligam-
mas), structured Pc 1 events were registered at Vostok
during 1969 and 1970. Because this activity must be
ducted from the closed field lines, it is usually atten-
uated to a few milligammas at the Pole. The large
amplitude made it possible to determine clear, relia-
ble, three-dimensional wave polarizations of the arriv-
ing signal. The results are being studied to determine
the polarization characteristics, as observed on the
ground, for waves propagating in the ionosphere's
horizontal wave duct to the Pole. Several years of Vos-
tok and Qanaq frequency-time displays have been
scanned for the type of activity occurring in the first
hour following magnetic storm sudden commence-
ments. Comparison of this polar activity with simulta-
neous activity at the auroral oval in Alaska and Fin-
land permits the separation of micropulsation signals
originating within the polar cap from the signals
propagating horizontally to the Pole sites from auroral
ova! locations.

Troitskaya and Bo!shakova (in press) are studying
P 3 (regular pulsations 10 to 45 seconds long) at the
Geomagnetic Pole stations. The incidence and ampli-

tude of these pulsations are readily scaled from the
strip chart records of the U.S induction magnetometer
at Vostok. Preliminary results show that the activity
occurs during the day, a little before geomagnetic
noon, corresponding to the usual auroral-zone and
middle-latitude distribution. The curves for the diur-
nal variation in amplitude and diurnal variation in
frequency of occurrence of the Pc 1 activity are very
similar in form. There is also a marked seasonal varia-
tion in amplitude and frequency of occurrence. The
study showed that more than 50 percent of all regis-
tered Pc 3 occurred during the Vostok local summer
as opposed to less than 10 percent during the local
winter. Similarly, the mean summer amplitude of the
activity was found to be more than four times the
winter value. Similar results are indicated for Qanaq.
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Earth tides and earth's free vibrations:
observations at the South Pole
L. B. SLIcHTER, C. L. HAGER, E. SYRSTAD,

B. V. JACKSON, and W. E. ZÜRN

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

During the past year (July 1970 to July 1971),
gravity tide observations at the South Pole were con-
tinued with meters 4 and 6 by Mr. Erik Syrstad and
(after December 1970) by Dr. Bernard Jackson. Digi-
tal readings on magnetic tape at 1-minute intervals
were obtained throughout most of this time. Tapes
brought back and being studied by Syrstad indicate
that observations of high quality are being obtained.
In the figure, a short portion of a 48-day sequence of
data is plotted to illustrate these observations. Each of
the points, plotted at 2-hour intervals, represents a
least-squares straight-line fit to the 120 1-minute read-
ings in this interval. The span of the error flags rep-
resents twice the standard deviation of the 120 read-
ings from this straight line. The minor 24-hour rip-
ple of 1.5 microgals amplitude, noted by B. Jackson
last year, again is clearly apparent.

Of the 576 points in this 48-day sample, 61 percent
have standard deviations less than 0.1 gal, or less
than about 2 in 1000 of the double tidal amplitude
being measured—a satisfactorily low noise-to-signal
ratio.

In a gravity earth-tide measurement, or in a tidal
tilt observation, by far the largest component is the
corresponding reading that theoretically would have
occurred on a perfectly rigid earth. This theoretical
rigid-earth tide forms the basis for defining the
sought-for residual tidal signal caused by the yielding
of the real earth. Unfortunately, errors of unaccepta-
ble magnitude may occur in computing the basic rig-
id-earth tide by usual computer programs. These er-
rors arise from faulty descriptions of the motion of the
moon by the approximate lunar theory adopted. For
example, during 4 days each in October and Novem-
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Tidal gravity variations at the South Pole, May 8 to 11, 1970.
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ber 1970 the error in the moon's declination computed
by the usual program exceeded 15 minutes of arc. At
some times, and at some stations, errors in the com-
puted theoretical tide as large as 1.1 gals result. A
new program of suitable accuracy and economy re-
cently has been developed and tested (Broucke et al.,
in preparation) which computes the lunar rigid-earth
tide with an accuracy of ± 0.01j.gal. At the North or
South Pole, the respective errors in the gravity tide
computed by the previous procedure (Longman,
1959) for ephemeris time November 11, 1970,
22h.4384 were —0.71, —0.73 tgal. These errors are
excessive, being about 10 percent of the useful residual
earth-tide. The respective errors at the given time by
the new program were 0.000 /.tgal, —0.001 pgal. At 14
chosen geographic check points, the standard devia-
tion of the errors of the older program was 0.75 j.tgal;
for the new program, 0.004 /.tgal. This improvement
in precision is basically important not only at South
Pole but in many modern earth-tide investigations
that seek to evaluate small residual tidal effects due to
local or regional crustal tidal deformations.

The objective of observing the earth's free vibra-
tions at the South Pole has received encouragement by
the recent success (Prothero et al., 1971) with gravi-
meters in observing free vibrations produced by earth-
quakes much smaller than the magnitude 8.2 to 8.4
great Chilean or Alaskan earthquakes. We have ana-
lyzed a short record obtained at the South Pole of the
deep Colombian earthquake of July 31, 1970, of re-
ported magnitude 6.8. In its power spectrum, the
peaks at the high frequency end, of frequency above
0.1 counts per minute, can be correlated almost with-
out exception with the pattern of free-mode frequen-
cies observed through 1968 (Derr, 1969). This earth-
quake record was obtained as part of the normal tidal
record, without special filtering or amplification in the
free-mode band. Dynamic filters have now been sup-
plied by Weber-Larson which multiply the sensitivity
about 80-fold in the free-mode band. Next season, the
gravimeters at South Pole will be equipped with such
filters in the expectation of obtaining significant ob-
servations throughout the free-mode band from earth-
quakes of moderate magnitude, which are expected
every year.
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Geomagnetic observatories
at Byrd and Pole Stations

JOHN D. WOOD

National Ocean Survey
National Oceanic and Atmospheric Administration

Geomagnetic observatory operations at Byrd and
Amundsen-Scott South Pole Stations, under the super-
vision of the National Oceanic and Atmospheric Ad-
ministration, continued in essentially the same manner
in which the stations have operated for the past
decade. Variations in declination and in the horizoi-
tal and vertical intensity components of the geomag-
netic field were recorded continuously on film. Sensi-
tivity calibrations were made regularly for the record-
ing instruments, and absolute measurements were
made at suitable intervals to provide sufficient infor-
mation to determine the intensity and direction of the
field at all times.

At Pole Station, a Ruska normal magnetograph was
operated. It is generally capable of measuring mag-
netic fluctuations in the frequency range of zero to
perhaps 20 cycles per hour. At Byrd Station we oper-
ated a similar normal magnetograph and a rapid-run
magnetograph, which extends the frequency range to
approximately 6 cycles per minute. At both stations
Ruska suspension magnetometers were used for abso-
lute declination control and proton procession, and
quartz horizontal magnetometers gave absolute intens-
ity control.

The antarctic geomagnetic data are made available
to all users, domestic and foreign, through the World
Data Center (WDC-A) for Geomagnetism, under the
direction and supervision of the Environmental Data
Service of the National Oceanic and Atmospheric Ad-
ministration. WDC-A sends copies of the data to other
World Data Centers in the Soviet Union, Denmark,
and Japan, thus making them readily available to
users throughout the world.

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 U.S.
national program in world magnetic chart compila-
tion.

Circumantarctic seismicity in 1970
JAMES F. LANDER

National Ocean Survey
National Oceanic and Atmospheric Administration

Fewer hypocenters were located in the circuman-
tarctic seismic belt in 1970 than in recent years. In all,
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85 hypocenters were computed for the region south of
45 0 S., raising to 1,275 the total number of hypocen-
teb in this area since 1958. In recent years approxi-
mately 135 hypocenters per year had been located.
However, no particular significance is attached to this
apparent decrease in activity. The number of pub
lished hypocenters worldwide also decreased from
5,311 in 1969 to 4.253 in 1970. Eight large earth-
quakes (magnitude 6.0 or greater) occurred in the cir-
cumantarctic belt (table 1).

The March 30 event had one located aftershock of
m magnitude 5. 1, and the June 14 event had three
aftershocks of Mb magnitude 5.7, 4.7, and 5.2, respec-
tiely. As previously found, large earthquakes on the
mid-oceanic ridges in this region are not associated
with discernible, significant aftershock sequences. Cer-
tainly, had they occurred, aftershocks of 1.5 magni-
t dal units lower than the main shocks would have
b en observed for the largest events.

Of the 85 shocks located in this period, 34 hypocen-
te s, including all deep-focus events, occurred in the
South Sandwich Islands region. Eight earthquakes
were located at intermediate depths between 70 and
140 km, the deepest focus determined in the region
this year. The maximum depth of focus for earthquake
hypocenters in this region appears to be about 175
km.

While most of the activity in 1970 fell in well-
known seismic zones, several events added significant
new information to the patterns of occurrence of
earthquakes.

Hypocenters determined for 1970 are plotted as
triangles over a new base map of antarctic seismicity
in fig. 1. The base map is available from the National
Earthquake Information Center, Rockville, Maryland
20852.

A magnitude 4.9 event on June 6 occurred at
62.6 0 S. 93.3 0 W., approximately 1,500 km from any
previously known hypocenter.

The major earthquake on June 14 and its after-
shbcks occurred in a zone of low seismicity off the
coast of Chile; they were felt at Puerto Natales and

Table 1. Earthquakes of magnitude 6.0

Punta Arenas. A second major earthquake occurred
on June 15 near the eastern tip of Tierra del Fuego,
where it was felt. The first epicenter known to occur
in this region, it delineates a northern arm of the
South Sandwich Islands loop.

Between September 12 and 19, 1970, a series of six
epicenters, all in the magnitude range 4.6 to 5.0, were
located on Deception Island. Volcanic activity was ob-
served during this period. This is the fourth seismic se-
quence since the activity began in 1967. A major
earthquake occurred on February 8, 1971, and should
prove to be one of the most important events recorded
in Antarctica. Its magnitude, 7.0, should be large
enough to yield recorded surface waves at antarctic
stations for analysis of dispersion. These data can be
used to determine average crustal thicknesses. How-
ever, the records will not become available until next
austral summer. A foreshock of Mb magnitude 5.3 and
two aftershocks on February 10, magnitudes 4.6 and
5. 1, were located. Insufficient data have been received
on two smaller events on February 9 for hypocenter
locations. The main event was felt on the Argentine
Islands, where sea swells and ice cracks were observed.
No volcanic activity was noted. Fig. 2 is a plot of the
stations reporting direct P-phase recordings of the
main shock.

An analysis of Mb magnitudes for Antarctica since
1964, the first year such data were produced, shows
that all earthquakes above approximately magnitude
mb 5.9 are being located, assuming the same distribu-
tion of earthquake frequency at given magnitude lev-
els as occurs worldwide. For the world the correspond-
ing magnitude level is 5.3, indicating reduced capabil-
ity for locating hypocenters around Antarctica by 0.6
units. The respective value for each increment is given
in table 2. One may deduce that approximately 5 per-
cent of the seismic energy given off in the world origi-
nates south of 45°5. The reduced capability to locate
antarctic earthquakes is due to the relatively few
high-sensitivity stations.

Three regional earthquakes were recorded at the
South Pole on November 25 and 26. These occurred

or greater in the circumantarctic belt, 1970.

Region

Auckland Island region
South Sandwich Islands region'
Macquarie Island region
Near coast of south Chile
Falkland Islands region
South of Australia
South Sandwich Islands region
South Pacific cordillera

Date

Mar 30
May 20
Jun 11
Jun 14
Jun 15
Jul 02
Aug 11
Aug 24

Time (GMT)
hr min sec

20 40 50.1
20 03 42.2
16 46 38.3
00 00 11.3
11	14 52.4
00 56 15.3
20 10 52.4
12 30 19.5

Lat.

49.60S.
55.90S.
59.10S.
52.0° S.
54.30S.
51.0° S.
60.6°S.
56.60S.

Long.

164.3° E.
28.3°W.

157.8°W.
73.8°W.
63.6°W.

139.50E.
25.4°W.

142.5°W.

Magnitude
Ms Mb

6.0	5.4
-	6.0
7.2	5.8
6.6	6.0
7.0	5.6
6.0	5.6
5.4	6.0
6.4	5.9

1 Vocal depth 70 km.

September-October 1971	 229



230	 ANTARCTIC JOURN L



approximately 550 km from the station with all mag-
nitudes about 2.0 . They were recorded only feebly at
Byrd and not reported elsewhere. These are the first
sich events noted at South Pole, although a similar
event was recorded at Byrd Station on July 18, 1957.
The times were-

ov. 25 ePg 14hr 07mn l8sec eLg 14hr 08mn l7sec
ePn 22hr 54mn 05sec ePg 22hr 54mn 22.5sec
eLg 22hr 55mn 24sec

ov. 26 ePn lOhr 16mn 48sec ePg lOhr 17mn 03.5sec
eLg lOhr l8mn 07sec

able 2. Number of earthquakes in the world, 1964-1967,
and south of 45°S., by magnitude (mb).'
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From R. J . Brazee. 1969. Further reporting on the dis-
tribution of earthquakes with respect to magnitude (mb).
Earthquake Notes, XL(2): 49-51.

Tidal measurements at
McMurdo Sound
NORMAN C. VENZKE

Commander, U.S. Coast Guard

The commanding officer of a ship entering Winter
Quarters Bay at McMurdo Station will be disap-
pointed when he asks his navigator for tidal informa-
tion. Tide tables for the area do not exist. Although
tides in McMurdo Sound have been measured fre-
quently over the 16 years of ship operations there,
these separate efforts have not been coordinated or
even widely reported.

Tidal measurements are useful on both land and
sea. Mariners need them to refer soundings to the
proper datum: without a datum, soundings cannot be
plotted on a chart. Topographers need them to deter-
mine mean sea level (MSL), the datum for all eleva-
tions. For now, the elevations of points in the
McMurdo Station area are based on an assumed
datum. When the actual MSL is determined, it may
be necessary to adjust the recorded elevations.

In recent years, both New Zealand and the United
States have measured tides in McMurdo Sound. In
1959, the New Zealand Oceanographic Institute re-
corded information from a gage at Scott Base (Mac-
Donald and Burrows, 1959). Enough data were ob-
tained during four 29-day periods to enable prediction
of tides. Later, someone prepared a tide table for the
period November 1964 through March 1965, but the
printed table contains no identifying marks, and its or-
igin is unknown. U.S. Naval Hydrographic Office
chart 6712 lists the tide at Scott Base as diurnal with a
mean range of 2.2 feet.

This year, programs sponsored by the U.S. Naval
Support Force, Antarctica (NSFA), and the New
Zealand Oceanographic Institute, a division of that
country's Department of Scientific and Industrial Re-
search (DSIR), are supplementing the earlier data.
In January 1971, Mr. Ronald Heath of DSIR in-
stalled a tide gage near the discharge of the
McMurdo Station distillation plant, a location se-
lected because it stays free of ice during the austral
summer. Mr. Heath needed tide data for his study of
currents in McMurdo Sound. Data from his gage
were vital to a bottom survey of Winter Quarters Bay
made by USCGC Staten Island in January and may
be sufficient for the preparation of preliminary tables
for Deep Freeze 72. The DSIR gage consists of a pres-
sure-sensing head connected to a gage and recorder by
a copper tube. Variations in pressure—tidal variations
—are transmitted to the recorder through the tube.

In early February the DSIR gage was removed, and
the NSFA gage was installed in the intake to the dis-
tillation plant, where the constantly circulating water
and heat directed by fans onto the surface of the
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water keep the area free of ice throughout the year.
Provided by the U.S. Naval Oceanographic Office,
the gage has collected more than 4 months' data with
only minor equipment failures. A crisis was expected
when a seal discovered the comfort of the heated hut
that encloses the intake, but the seal moved on and
did not damage the gage. Data from the NSFA gage
will be flown out at the beginning of the coming sea-
son and, coupled with the 1971 DSIR data, are ex-
pected to be sufficient for development of comprehen-
sive tide tables.

The NSFA gage is a portable, automatic one that is
activated by a float as it rises and falls in a tube. A
clock mechanism rotates a drum to which is attached a
sheet of waxed graph paper. A stylus actuated by mo-
tion of the float moves across the paper during the
drum's rotation, producing a curve. That curve, when
referred to a tide staff, can be used in computing a
tidal datum and in determining mean sea level.

Tidal information is of value in all marine areas of
Antarctica. Last season, the National Science Founda-
tion installed a gage at Palmer Station in the Antarc-
tic Peninsula. It is hoped that sufficient information
will be obtained so that tide tables can be prepared
for that area, which is known for its hazardous waters.

In summary, sufficient data soon will be available
from which the U.S. Naval Oceanographic Office can
compute tide tables for McMurdo Station. To date,
DSIR has provided copies of scientific papers pertain-
ing to currents and tides in McMurdo Sound and is in
the process of providing tidal data obtained during
1970-1971. Aside from the immediate goal of obtain-
ing tide tables, the present exchange of tidal informa-
tion between the United States and New Zealand
typifies the exchange of scientific information between
nations engaged in antarctic research.
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Ship operations
in the U.S. antarctic program

NORMAN C. VENZKE

Commander, U.S. Coast Guard

Ship operations in the U.S. antarctic program in-
clude resupply of stations by ships of the Military
Sealift Command, Coast Guard icebreaker support of
these ships and of scientific programs, station refueling
by icebreakers, transportation of passengers, and occa-
sional support of an inspection of foreign stations as

permitted under the Antarctic Treaty. The most vita]
of these functions is the annual resupply of the statioltis.

Resupply
Since the beginning of exploration in Antarctica,

the ship has consistently been the work horse of sup-
ply. Even today, despite the availability of large,
long-range aircraft, in the U.S. program ships deli r
95 percent of all dry cargo and 99 percent of all ft ci
to Antarctica, almost all of it to McMurdo Station for
further transport to inland stations by ski-equipped
aircraft. A relatively small amount of cargo and fuel is
delivered to Palmer Station on the Antarctic Penin -
sula by cargo ship and icebreaker.

Operation Deep Freeze 1 (1955-1956), conduct d
in preparation for the International Geophysical YeItr,
marked the beginning of a sustained U.S. effort iin
Antarctica that required large-scale construction and
resupply. Then, three large cargo ships, one or t*o
small tankers, and three or four icebreakers were re-
quired each year. The shipping season was lengthy,
and it commenced during a period of adverse ice con-
ditions. There was no alternative to scheduling arriv-
als at McMurdo Station beginning in December if the
required number of trips were to be made before the
end of the season. This effort required the support of
three icebreakers at McMurdo from December to
March of each year.

Resupply was further complicated during these
early Deep Freeze operations by the wide geographic
area of operations, extending from Wilkes Station on
the Budd Coast to Ellsworth Station in the Weddell
Sea. Support of Ellsworth Station alone during Deep
Freeze II to IV required the exclusive services of one
cargo ship and one icebreaker. As the years passed,
major construction tapered off and the span between
the two outermost stations narrowed. Two dry-cargo
ships have been adequate since Deep Freeze 67.

Inadequate fuel storage capacity at McMurdo Sta-
tion complicated the resupply of petroleum products
since the beginning of Operation Deep Freeze. Ini-
tially, two small, self-propelled gasoline barges were
moored near McMurdo Station to serve as temporary
tanks until a tank farm on Ross Island could be con-
structed. One or two small tankers such as Alatna and
Endeavour made four to six round trips between New
Zealand and McMurdo each season. Obviously, their
first arrival at McMurdo had to be early to complete
the required number of trips. During Deep Freeze 63,
low fuel stocks at McMurdo required scheduling of a
tanker to arrive at McMurdo on December 9. This re-
quired the transit of very heavy ice. Despite a setback

Commander Venzke was ship operations officer, U.S.
Naval Support Force, Antarctica, from May 1970 to July
1971. He is presently commanding officer of USCGC North-
wind, engaged in both arctic and antarctic operations.
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when the barges were lost in a storm, the tank capacity
was gradually increased until Deep Freeze 70, when
capacity for a full year's supply was achieved.

In Deep Freeze 70, the combination of enlarged
fuel capacity (8.6 million gallons) and the use of
USNS Maumee, a T-5 tanker with an 8-million-gal-
lon capacity, enabled delivery of a year's supply of
fuel in one trip. Further, the two dry cargo ships and
Maumee could be scheduled to arrive at McMurdo
Station between January 15 and February 15, a pe-
riod at least 6 weeks shorter than earlier operating
seasons. Lighter ice conditions during this period have
allowed the use of two instead of three icebreakers in
McMurdo Sound. This procedure, used successfully
during Deep Freeze 70 and 71, has reduced operating
costs and increased availability of icebreakers for
direct scientific support.

Further shortening of the operating season at
McMurdo Station is possible. It could be done in one
of three ways: (1) proceed with the concept under
consideration of developing a polar resupply ship
capable of transporting all McMurdo dry cargo in one
voyage, (2) after major U.S. construction is com-
pleted in Antarctica, attempt to transport all supplies
aboard one of the dry-cargo ships now used, or (3) at
some future date, use a Manhattan-size ship to trans-
port all dry cargo and fuel in one trip. The first two
methods appear feasible, but cost probably rules out
the last. Each method would decrease the number of
ships calling at McMurdo and thus shorten the opera-
ting season.

Resupply of Palmer Station might also be im-
proved. Presently, USNS Wyandot and one icebreaker
iesupply the station. The icebreaker must be at Pal-
mer when Wyandot calls because of unpredictable ice
conditions. Although the icebreaker is required for no
more than 2 days, its overall utilization is constrained
because it must be at Palmer Station at a specific
time, which may or may not be compatible with direct
scientific support in distant areas. Only 300 measure-
ment tons are now required at Palmer Station each
season. Could this be more economically delivered by
a ship other than Wyandot? It might be possible to
deliver required supplies by two icebreakers transitting
the area at the beginning or the end of the season. Or,
an ice-reinforced ship may be in the U.S. inventory
that could deliver dry cargo to Palmer without ice-
breaker support. A Coast Guard 180-foot buoy tender
might qualify for such an assignment.

Deep Freeze 71

Icebreakers cannot provide significant support to
other tasks until the supply ships have delivered their
cargo and are clear of the ice. Only then can support
of scientific projects and undertakings such as Antarc-
tic Treaty inspections proceed. A summary of Task

Force 43 ship operations during Deep Freeze 71 will
clarify the relationship of resupply and other activi-
ties.

The Deep Freeze 71 ship operating season com-
menced with the arrival of USCGC Burton Island in
Punta Arenas, Chile, in early December 1970. At that
time, Burton Island changed operational control to
Commander, Task Force 43. From Punta Arenas she
transported scientific personnel and cargo to Decep-
tion Island and Palmer Station in the Antarctic Pen-
insula. After a short call at Palmer Station, Burton
Island headed for a rendezvous with USCGC Staten
Island at the edge of the pack ice in the Ross Sea.
Meanwhile, Staten Island, en route from Wellington,
New Zealand, delivered a passenger and cargo at
Campbell Island. After meeting, the icebreakers pene-
trated the outer pack, generally along the 175°E. me-
ridian. While Staten Island called at Hallett Station
for logistic purposes and to provide helicopter support
to a scientific program, Burton Island proceeded to
the vicinity of Cape Royds, Ross Island, where she ar-
rived on January 1, 1971. She was soon joined by Sta-
ten Island, and ice channel cutting commenced.
Owing to a rather light ice year, good progress was
made toward McMurdo Station, and since USNS Pvt.
John R. Towle would not arrive at McMurdo for
over 2 weeks, Burton Island was directed to refuel
Hallett Station. It was an opportune time to deliver
70,000 gallons of fuel, because sufficient ice remained
offshore to support the fuel hose.

While awaiting the arrival of Towle, the icebreakers
supported scientific projects of both the National
Science Foundation and the New Zealand Depart-
ment of Scientific and Industrial Research. On arrival
of Towle on January 27, Burton Island was released
from escort duty to support a seal study in the Ross
Sea. On February 6, Burton Island returned to
McMurdo Station, where both she and Staten Island
awaited to assist Wyandot and Maumee.

Meanwhile, resupply of Palmer Station had been in
progress. USCGC Westwind transported the new win-
ter-over crew from Davisville, Rhode Island. Upon
her January 19 arrival she refueled the station and
gave miscellaneous support, including helicopter
flights, to the scientific program. Wyandot arrived at
Palmer on January 27 and unloaded with the help of
Westwind boat crews. Westwind departed for Punta
Arenas, and Wyandot departed for McMurdo Station
with the relieved winter-over crew on January 31.

Staten Island and Burton Island assisted Wyandot
and Maumee at McMurdo and were refueled by Mau-
mee. Shortly after the arrival of Maumee, on Febru-
ary 12, HMNZS Endeavour arrived at Winter Quart-
ers Bay, bringing the number of ships moored in that
confined port to a record total of five. Also on Febru-
ary 12, Staten Island departed McMurdo with the
1971 Treaty inspection team.
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After the departure of all resupply ships, Burton Is-
land sailed on February 15 en route to Lyttelton via
Hallett Station, where she embarked the entire crew
for transportation to New Zealand. In addition,
Wyandot transported 25 passengers from McMurdo
Station to Lyttelton.

The Staten Island inspection cruise was ton-
cluded prematurely after a grounding on an un-
charted shoal off Mawson Station. Prior to that inci-
dent, Dumont d'Urville, Casey, Mirnyy, and Mawson
Stations and M/S Nella Dan had been inspected.
After the grounding, Staten Island went to Melbourne
for a damage assessment and returned to the United
States.

A number of other U.S. ships operated in antarctic
waters. Although these ships were not under the oper-
ational control of the Commander, U.S. Naval Sup-
port Force, Antarctica, he is responsible for the safety
of all ships sponsored by the Department of Defense
or the National Science Foundation and operating
south of 60°S. Accordingly, during Deep Freeze 71, he
was interested in the activities of R/V Thomas Wash-
ington and R/V Alpha Helix of the Scripps Institu-
tion of Oceanography. Also, the positions and move-
ments of the antarctic travelers USNS Eltanin and
R/V Hero were carefully noted at all times.

Several potential search and rescue situations de-
veloped during Deep Freeze 71. Thala Dan, a Danish
ship under charter to the Australian and French gov-
ernments, was beset in the ice off Casey Station. Al-
though it appeared that Staten Island might render
assistance during her circumnavigation of Antarctica,
satellite ice information from the Fleet Weather Cen-
tral, Suitland, Maryland, was the only assistance re-
quired by Thala Dan. Likewise, similar assistance was
all that was required after the Japanese icebreaker
Fuji reported that she had broken a propellor.

In summary, ship operations in support of Opera-
tion Deep Freeze cover a broad range of activities.
Whether all scheduled programs are accomplished de-
pends on a number of unpredictable factors. Severity
of ice, adherence of MSC ships to the schedule, ice
damage, and weather can markedly affect the amount
of icebreaker time available for assignments other
than assistance to resupply ships.

VXE-6 accepts six new
U H—i N helicopters

Six new twin-engine UH-1N helicopters are being
accepted by Antarctic Development Squadron Six
(VXE-6). These helicopters will replace the three

U.S. Navy
UH-1N over Naval Air Station, Quonset Point, Rhode Island.

UH-1D and four LH-34D helicopters used in recent
years in Antarctica.

The UH-1N is produced by Bell Helicopter Com-
pany and is an improved version of the original Iro-
quois helicopter built for the U.S. Army in the early
1960s. Significant improvements include two turbine
powered engines, instead of one as in the UH-1D, a
maximum range of 450 nautical miles as compared to
270 nm, and a maximum altitude of 25,000 feet.
These additions provide an increased safety factor for
antarctic operations and the ability to function at full
power at about 12,000 feet, the maximum altitude of
the previously used UH—lDs.

Two of the new helicopters arrived at Naval Air
Station, Quonset Point, Rhode Island, in early July.
The remaining four will be shipped to Christchurch
by ship and flown to Williams Field at McMurdo
Station in October, probably by U.S. Air Force Mili-
tary Airlift Command C-141 Starlifters.

The UH—lDs and LH-341)s will be returned to the
United States by ship for assignment to other Depart-
ment of Defense units.

Americans in Antarctica, 1775-1948
Americans in Antarctica, 1775-1948, by Kenneth

J . Bertrand, is the most extensive record of American
involvement in Antarctica ever published. It traces
American activities in the far South from the time of
early sailing voyages to the U.S. Navy Second Antarc-
tic Development Project. Its 554 pages include 26
maps and 36 photographs. The book is being pub-
lished under a grant from the National Science
Foundation. Priced at $20 until November 15, $25
thereafter, it will be available in November from the
American Geographical Society, Broadway at 156th
Street, New York, N.Y. 10032.
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U.S. Navy battles near Formosa and the Phillipine Islands, and
the Battle of Leyte Gulf. He was honored with
the Navy Cross, the Silver Star, the Distinguished
Flying Cross with Gold Star, and the Air Medal with
Seven Gold Stars for his acts of heroism.

After World War II he completed his law degree at
Georgetown University and served as a tax attorney in
the Navy Department in Washington. His commands
have included the USS Ranger, the USS Mattaponi,
and the 12th Naval District, San Francisco, Califor-
nia. He has been assigned to the Office of Legislative
Affairs. His last assignment was as commanding
officer of Carrier Division Three in the Pacific.

Admiral McCuddin is a graduate of the Air Com-
mand and Staff College and the Naval War College.
He is a member of the District of Columbia Bar and
has been admitted to practice before the U.S. District
Court for the District of Columbia and the U.S.
Court of Appeals for the District of Columbia Circuit.

Admiral McCuddin assumes command
of Naval Support Force

Rear Admiral Leo B. McCuddin assumed com-
mand of the U.S. Naval Support Force, Antarctica,
on August 16, 1971. He relieved Captain Harry W.
Syinburne, Jr., who had been commander since the
departure of Rear Admiral David F. Welch in mid-
July for his new position as Assistant Deputy Chief of
Naval Operations for Logistics.

Admiral Welch had held his antarctic command
since June 19, 1959. In remarks during his change of
command ceremony Admiral Welch cited his public
relations accomplishments as his most important con-
triution to the U.S. antarctic program. He made
mare than 90 public appearances during which he
spoke on both the scientific and logistic programs. He
also toured Australia during the Coral Sea Celebra-
tion speaking on the U.S. presence in Antarctica and
made a formal presentation to the King of Tonga and
his royal court.

Significant changes in operations during his tenure
included the introduction of USNS Maumee, a T-5
tanker with the capacity to bring a year's supply of fuel
to McMurdo Station in one trip, the development of
plans for a new South Pole Station and a permanent
Si le Station, and the elimination of reciprocating-en-
gine aircraft and their replacement by turbine-engine
aircraft, including helicopters.

The new commander of the Support Force was
born in Iowa and entered the Navy in 1941 as an
avi tion cadet after graduating from the University of
Nevada and studying law at the University of Ari-
zor a. Following flight training and an assignment as
aight instructor, he was a fighter pilot on board
USS Enterprise and USS Lexington.

uring these assignments he was involved in aerial

Se tember—October 1971

U.S. Navy

Commander Nordhill takes command
of Antarctic Development Squadron Six

Commander Claude H. Nordhill assumed com-
mand of Antarctic Development Squadron Six
(VXE-6) on July 1, 1971, relieving Commander
David B. Eldridge, Jr.

Comdr. Nordhill entered the Navy in 1952 and
served in a variety of flying billets before attending
the Naval War College. He was first assigned to
VXE-6 in August 1969 after completing a faculty as-
signment at the Naval War College. His assignment
before assuming command was as VXE-6 executive
officer.

Comdr. Eldridge will attend the Naval War College
at Newport, Rhode Island.
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Polar film festival to be held
at National Archives, October 26-29
Historic films on exploration of both polar regions

will be shown at the U.S. National Archives building
in Washington, D.C., from October 26 to 29, 1971.
Subjects will include the first and second Byrd expedi-
tions, the 1940-1941 U.S. Antarctic Service Expedi-
tion, submarines at the North Pole, Operation Deep
Freeze, and others.

Col. Bernt Baichen, who piloted Byrd's first flight
to the South Pole in 1929, will open the festival with
an introductory talk at 4 p.m. on October 26. Also on
that day, the Center for Polar Archives will hold an
open house. Films will be shown on the remaining
days at 10 a.m., noon, 2 p.m., and 8 p.m. The public
is invited to attend, and there is no charge. For fur-
ther information contact the audio-visual division of
the National Archives at (202) 962-2513.

the numerous projects completed at Byrd Station and
Amundsen-Scott South Pole Station.

Also present at the disestablishment ceremony were
Rear Admiral Richard R. Pratt, commander of the
Atlantic Fleet's Service Force, and Captain William
R. Rogers, commander of the Atlantic Fleet's Naval
Construction Battalions.

Antarctic Journal
back issues available

A number of back issues of the Antarctic Journal of
the United States are available. They are: May-June
1969, March-April 1970, November-December 1970,
January-February 1971, and March-April 1971. Inter-
ested persons should write the Polar Information
Service, Office of Polar Programs, National Science
Foundation, Washington, D.C. 20550. There is no
charge.

CBU-201 honored at disestablishment
Construction Battalion Unit 201, the Seabee unit

that has deployed to Antarctica for the past five sea-
sons, was disestablished on May 7, 1971, at the U.S.
Naval Construction Battalion Center, Davisville,
Rhode Island. During the ceremonies preceding the
retirement of the unit colors, the Navy Meritorious
Unit Citation was presented to CBU-201 by Rear Ad-
miral David F. Welch, Commander, U.S. Naval Sup-
port Force, Antarctica, acting for the Secretary of the
Navy.

CBU-201 was commissioned on June 1, 1966, at
Davisville as part of a fleet-wide reorganization.
During the first season of deployment—Deep Freeze
67—CBU-201 consisted of 100 enlisted men and
three officers. In subsequent years the unit was in-
creased to 209 enlisted men and six officers.

Future construction will be handled by the Naval
Mobile Construction Battalion 71 (NMCB-71), which
will deploy with the battalion headquarters staff and
about half the battalion strength. The remainder of
NMCB-71 will be assigned construction tasks in the
United States and abroad.

About 80 of the officers and enlisted men in CBU -
201 have been reassigned to NMCB-71 to provide an
experienced cadre within the unit now responsible for
construction in Antarctica.

The Meritorious Unit Citation was awarded to
CBU-201 in recognition of its service from June 1,
1966, to March 1, 1971, in the face of the most ad-
verse weather conditions. The citation noted several of
the Unit's more notable accomplishments—the new
Palmer Station complex, the new McMurdo Station
personnel facility and fuel farm improvements, and

Henry Francis departs NSF
Mr. Henry S. Francis, Jr., most recently acting head

of the National Science Foundation's Office of Inter-
national Programs, resigned from the Foundation on
June 30, 1971. He had been associated with
NSF's antarctic program since its inception. During
these years, he was concerned mostly with administra-
tion and international matters and, in particular, Ant-
arctic Treaty affairs.

Mr. Francis is now assistant secretary for environ-
mental affairs, Commonwealth of M assachusetts

Philatelic mail processing error
Each year the U.S. Navy offers philatelists the op-

portunity to obtain a limited number of covers can-
celled and cacheted at antarctic stations (see Antarc-
tic Journal, vol. VI, no. 4, July–August 1971).

Owing to an administrative error, the covers es-
tined for McMurdo and Amundsen-Scott South P le
Stations were intercepted at San Francisco, canceled
by the U.S. Postal Service, and returned to collectors.
It is not believed that covers sent to icebreakers w re
affected by this unfortunate error.

So that stamp collectors will not be denied he
chance to obtain covers from antarctic stations dur ng
Operation Deep Freeze 72, the deadline for receip of
covers at the collecting points has been extended from
September 1, 1971, to January 1, 1972.

The point of collection has also been changed fr1DM
Davisville, Rhode Island, to: Commander, Antarctic
Support Activities, McMurdo Station, FPO San Fr n-
cisco 96692.

236
	 ANTARCTIC JOURNAL



0	 ._	 V00

SOUTH ORKNEY	 -.	-
' ISLANDS Sanae (RSA)r

ovolazarevskaya
Bellingauzen (USSR)

Capun Artu ro Prat (Ch)	 (USSR)
RON DANEDECEPTION ISLAND

ARGENT I NE IS LANDS
U E N
	 MOUNTAINS

W/EDDELL SEA	Halley Bay (UK)	 '1

Palmer (USA)	 General Belgranof'	 1

RONNESHACKLETON RANGE	
•Plateau (USA closed)

ICECE
SHELF4 ( 9	PENSACOLA

MOUNTAINS 
Amundsen Scott

90 0 w
0 Z Siple (USA)	 THIEL	 South Pole (USA)	 -	 900 EMOUNTAINS

QUEEN MAUD	 Mirnyy(USSR)•
t.I	 MOUNTAINS

	

*Vostok (USSR)	 j

QUEEN
:Zc)	\	\

-1,	Byrd (USA)	J	RANGE ALEXANDRA

IV	ROSS ICE SHELF	 .;.oCasey (Aust.)

Scott Base (N.Z.)

4.	 McMurdo (USA)

	DRY VALLEYS	 -
ROSS ISLANDL4

ROSS SEA
pt/ rJ	VICTORIA LAND

Hallett (USA and N.Z.)^^^.'
500	0	500	1000	 :	 -_-J	 Dumont d'Urville (Fr.)

Lening radskayaKILOMETERS

1800

ANTARCTICA Selected Stations and Physical Features



National Science Foundation
Washington, D.C. 20550 Postage and Fees Paid

National Science Foundation

Official Business
PENALTY FOR PRIVATE USE, $300

MJ

Published by the National Science Foundation with Assistance of the Department of Defense


	Table of Contents
	Index of authors
	US Antarctic Research Program, 1970-1971, Review of year-round and stateside activities, T.B. Owen
	Phytoplankton studies in the southeastern Indian Ocean, Sayed Z. El-Sayed
	Stable carbon isotope variations in the antarctic marine ecosystem, Brian J. Eadie, William M. Sackett 
	Marine fungi: occurence in the southern Indian Ocean, Gunther Barnweg, Frederick K. Sparrow, Jr.
	Distribution, biochemical activity, and chemical composition of plankton in antactic water, Angelo F. Carlucci, Osmud Holm-Hansen, Peter M. Williams
	Absorption of siluble organic compounds by polar marine zooplankton, M.,A. McWhinnie, R.J. Urbanski
	Microbiology of antarctic sea water, Richard Y. Moritam Paul A. Gillespie, Larry P. Jones
	Observations of net solar radiation for oceanic bilogical study, Guy A. Frangeschini
	Bioacoustics of marine mammals; R.V. Hero Cruise 70-3, William C. Cummings, Paul O. Thompson
	The general ecology of the antarctic limpet Patinigera polaris, Stephen V. Shabica
	Effects of temperature on carbon dioxide compensation points of the moss Drepanocladus uncinatus, James R. Rastorfer
	Carbon-14 in the southern oceans from nuclear bombs, A.W. Fairhall, P.Bradford, I.C. Yang, A.W. Young
	Physiography of the continental margin of Antarctica from 125 E. to 150 E., Daniel V. Grinnell
	Eltanin physical oceanography Cruises 44, 45, and 47, Arnold L. Gordon
	Lamont-Doherty geophysical program on Eltanin Cruises 44, 45, 47 and 47A, R.E. Houtz
	Studies of Eltanin dredged rocks, N.D. Watkins
	Weddell Sea oceanographic research 1971, L.R.A. Capurro
	Marine origin of sands in the Weddell Sea, John B. Anderson
	Variation among Eltanin piston cores: an intensive coring station in the Wilkes Abyssal Plain, R.R. Payne, J.R. Conolly, W.H. Abbott
	Deep-sea sediment accumulation rates near Antarctica, J.K. Osmond, M.R. Scott, J.B. Anderson
	Diatom investigations of southern ocean deep-sea cores, William H. Abbott
	Growth variation in Globorotalia pachyderma (Ehrenberg), Orville L, Bandy, Fritz Theyer
	Eltanin Cruise 47A, David S. Woodroffe
	Paleomagnetism and micropaleontology of Eltanin deep-sea sedimentary cores, N.D. Watkins, J.P. Kennett
	Paleoglacial history of ANtarctica recorded in deep-sea cores, Stanley V. Margolis, James P. Kennett
	Upper Eocene silicoflagellates from New Zealand, York T. Mandra
	Late Pleistocene paleotemperatures: Silicoflagellate and foraminiferal frequency changes in a deep-sea core, John P. Jendrzejewskim Gary A. Zarillo
	Subantactic Late Pliestocene climatic and paleoglacial fluctuations, James P. Kennett, Paul Huddletun
	Paleoclimatic changes in antarctic pelagic sediments wouth of Australia, Robert R. Payne
	Ostracoda in southern Chile and in southern Indian Ocean, Roger L. Kaesler
	Paleomagnetism and geochemistry of igneous  rocks from Crozet, Kerguelen, and Amsterdam Is., N.D. Watkins
	Paleomagnetic investigations of the Queen Alexandra Range, Antarctica, J.H. Ostrander
	Late Precambrian silic pyroclastic volcanism in the Thiel Mountains, Antarctica, A.B. Ford, R.S. Sumsion
	Spatial variation in Cenozoic volcanism of Marie Byrd Land and Ellsworth Land, Wesley E. LeMasurier
	Triassic tetrapods from McGregor Glacier, Edwin H. Colbert
	Permian stromatolites from Coalsack Col, William J. Breed
	Jurassic fishes from Antarctica, Bobb Schaeffer
	Radiometric chronology of crystalline rocks from southern Chile, Martin Halpern, Gary M. Carlin
	Marie Byrd Land and Ellsworth Land geologic survey, F. Alton Wade
	Geology of the volcanic rocks of the Ross Island area, Antarctica, Samuel B. Treves
	Ida Granite: a new formation of the Granite Harbour Intrusives, Beardmore Glacier region, John Gunner
	Interpretation of geophysical data in the Pensacola Mountains, Antarctica, John C. Behrendt
	Isotope composition of strontium in volcanic rocks from Deception Island, G. Faure, C.H. Shultz, R.H. Carwile
	Sediment analyses of the beaches of Lake Vanda, Wright Valley, Lois M. Jones, Robert E. Carver, Eileen R.McSaveney, Terry Tickhill
	Carbon-14 age and tritium content of Lake Vanda, Wright Valley, Lois M. Jones, H. Gote Ostlund
	Diurnal geochemistry of Canopus Pond, Wright Valley, 1969-1970, Terry Tickhill, Lois M. Jones
	Glaciology and meteorology of Anvers Island: subglacial surface of Marr Ice Piedmont
	Analysis of antarctic ice cores, Anthony J. Gow
	Glaciological investigations on Deception Island, December 1970-January 1971, L.S. Govorukha
	Origin of moraines on the McMurdo Sound coast, Antarctica, Sergei M. Miagkov
	Radio-echo sounding records from southern Victoria Land, Parker E. Calkin
	Antarctic geologic reports and maps, Campbell Craddock
	Mummifies seals of southern Victoria Land, Wakefield Dort, Jr.
	Surface distribution of microorganisms in antarctic dry-valley soils: a Martian analog, R.E. Cameron, H.P. Conrow, D.R. Gensel, G.H. Lacy, F.A. Morelli
	Weathering and soil formation in the dry valleys of southern Victoria Land, George O. Linkletter
	Chemical weathering in Wright Valley, Robert E. Behling
	Micrometeorology at Plateau Station,  Eugene Wong, Allen Riordan
	Elevated temperature minima at Plateau Station, Michael Kuhn
	Remarkable wind shifts and speeds a few meters above the surface of the antarctic plateau, W. Schwerdtfeger
	NOAA's meteorological program in Antarctica, Vaughn D. Rockney
	Cosmic ray intensity variations in Antarctica, Martin A. Pomerantz, Shakti P. Duggal
	Solar Cosmic ray events, 1969 and 1970, A.J. Masley, P.R. Satterblom
	Auroras over the South Pole and interplanetary magnetic field chamges, S.I. Akasofu
	Conjugate-point auroral studies at Byrd and Great Whale Stations, 1970, Peter, M. Millman
	Airborne conjugate auroral studies, H.C. Stenbaek-Nielsen, Eugene M. Wescott, Robert W. Peterson
	Micropulsations at geomagnetic poles, V.P. Hessler, R.R. Heacock, V.A. Troitskaya
	Earth tides and earth's free vibrations: observations at the South Pole, L.B.Slighter, C.L. Hager, E. Syrstad, B.V. Jackson, W.E. Zurn
	Geomagnetic observatories at Byrd and Pole Stations, John D. Wood
	Circumantarctic seismicity in 1970, James F. Lander
	Tidal measurements at McMurdo Sound, Norman C. Venzke
	Ship operations in the US antarctic program, Norman C. Venzke
	VXE-6 accepts six new UH-1N helicopters
	Americans in Antarctica, 1775-1948
	Admiral McCuddin assumes command of Naval Support Force
	Commander Nordhill takes command of Antarctic Development Squadron Six
	Polar film festival to be held at National Archives, October 26-29
	CBU-201 honored at disestablishment
	Henry Francis departs NSF
	Philatelic mail processing error

