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Behavior of southern right whales:
RIV Hero cruise 72-3
WILLIAM C. CUMMINGS, PAUL 0. THOMPSON, and

JAMES F. FISH
Naval Undersea Center, San Diego

This was our third in a series of related cruises aboard
R/V Hero. The main objective this time was to further
investigate southern right whales, Eubalaena glacialis
australis, in Golfo San Jose', Argentina. Our previous
work along the temperate coasts of South America was
described in four earlier reports (Cummings and
Thompson, 1971a, 1971b; Cummings et al., 1971; Cum-
mings et al., 1972). Because it is generally isolated
from inhabited areas of the Valdés Peninsula, has clear
and protected water, and possesses a natural attraction
for breeding right whales, Golfo San José was an ideal
location for studying underwater sound production and
other behavior.

We boarded Hero at Puerto Madryn, Argentina, on
August 3, 1972, a day's sail from Golfo San Jose'.
Between 15 and 20 whales were observed during our
stay in the Golfo during August 4 to 20. Original plans
called for ending the work and leaving the ship on
Augist 24. Minor engine difficulties, however, prompted
anerlier departure. We worked the ship northward on
its 'ay for repairs in Bahia Blanca, in the small likeli-
hooc of spotting other whales. The rare southern right
whae had not been seen for many years by Argentine
obs4vers in the area north of the Valdés.

Iuch to our surprise we saw two humpback whales,
Meg ptera novaeangliae, and 25 to 30 southern right
wha es 13 kilometers from Punta Rasa and about 250
kilo eters north of the Valdés Peninsula. The right
wha es outnumbered those in Golfo San Jose' at the
tim of our trip. Assuming they did not later join those
to t e south, in the Valdés area (Golfo San Jose' and
Go! o Nuevo), the discovery of this northern group
reprsented a substantial increase in the estimated
righi whale population of Argentina, as previously mdi-
catel by those whales known only to be in the Valdés
region during the breeding season.

Southern right whales in Golfo San Jose' generally
frequented the east and northeast coasts while Hero was
there in 1972. During our work the year before, how-
ever, the whales spent most of their time in the southeast
corçler, which we called "Whale Bay," and along the
southern shore. The reasons for this change in orientation
are unknown to us but probably were related indirectly to
timing since cruise 72-3 was about a month later in the
season than was 71-3. Other causes for the change in

orientation may have been possible shifts in prevailing
wind or current directions, small differences in tempera-
ture, changes in bottom characteristics, or other factors
associated with seasonal or behavioral differences.

Another outstanding contrast to the previous year's
observations was the absence of killer whales and the
lack of porpoises in Golfo San Jose'. Only three Lagen-
orhynchus sp. were found, rather than the hundreds of
porpoises noted in 1971. Porpoises and killer whales
apparently enter the gulf intermittently, as evidenced by
Bernd G. Wuersig, State University of New York,
Stony Brook, who reported (personal communication)
that they were very common 2 months after we left in
1972.

The underwater sounds of southern right whales,
many of which were described earlier (Cummings et al.,
1972), definitely were most numerous, diverse, and
spectacular when the animals were courting or appar-
ently copulating. Compared to our 1971 recordings,
more of the sounds recorded in 1972 were bellowings
and moans of rising pitch. Conversely, the belch-like
sounds, so common in 1971, were less frequent in 1972.
We recorded and analyzed 1,750 whale sounds from the
1972 cruise.

Right whales sometimes produced outstanding blow
(respiration) sounds which were recorded simultane-
ously from above and below the water surface (fig. iA
to E). These blow sounds sometimes included moaning
components that clearly were audible in the air and from
the hydrophone (fig. 1A and B). The whales evidently
could control the frequency independently of the main
blow components (as illustrated by the downward fre-
quency trend of the three lower components, fig. iA,
top). Arrival time differences between waterborne and
airborne blow sounds allowed us to estimate the dis-
tance of the whales without relying upon visual methods.
For example, the whale producing the sound shown in
fig. iA was 1,300 meters away; in the cases of fig. 1D
and iE, 310 meters. A mating whale often would roll
on its side, producing loud slapping sounds as the
upper flipper repeatedly beat the water's surface. These
slaps could also be heard from the air and the water
(fig. iF).

Often we saw masses of bubbles rising from the tops
of heads of submerged whales as they emitted sounds,

March-April. 1974	 33



I
S

TIME. seconds

Zr
3

OH

© OD

TIME, seconds

01, -
0

34

Figure 1. Sonograms o south-
ern right whale sounds record-
ed in Golfo San Jose' Argen-
tina. The grams are i pairs:
upper ones were r corded
from above the wate lower
ones were recorded frm be-
low the water. Paired sounds
are artificially alined with one
another in time. Pairs A and B
were distant blows with
moaning components record-
ed in and above the water.
Moaning components in pair
A, only one of which was re-
corded underwater, mainly
were below 350 hertz and
swept downward in frequen-
cy. Pairs C to E were blows
from nearby whales. Pair D
has a fluttering pulsed char-
acteristic. Pair F shows a flip-
per slap. Analysis filter band
width in pair F was 100
hertz; for all other sona-

grams it was 10 hetz.

Figure 2. Sonograms of slouth-
em right whales' uncle
sounds. Gram A shows a blow
with flutter and pulsed charac-
teristics. Grams B to D how
underwater blows with veak
single pulses. Gram E is a
pulse	between	bellowing
sounds; gram F is conmon
pulses; gram G is an un4sual
pulsed moan; gram H Is a
pulse exhibiting the gun shot
characteristic and a st!ong
reverberation; grams I land
J are moans with upfrard
frequency shifts. Analylng
filter band width was 10
hertz for all grams except F

(100 hertz).
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indicating that the sounds' sources were subsurface ex-
halaticins (fig. 2A and C). The underwater blow sounds
sometimes began with low frequency pulse trains with
slow iepetition rates (fig. 2A); at other times they
simpl had pulse components (fig. 2B to D). Similar
pulses occurred independently of blows (fig. 2E to G).

Blow sounds did not propagate well in the water
when nostrils were well above the surface (fig. 3)
throuhout exhalation. Evidently the mere coupling of
the had with water was insufficient for good underwater
conduiion of this sound, as contrasted to the wheezing
blow sounds noted from humpback whales (Watkins,
1967. Also noted by Watkins, and corroborated by
our experiences, was the necessity of being very close
to her the inhalation of whales. Right whales normally
produce a characteristic V-shaped blow (Cummings
et al., 1972). During this cruise and the previous one,
howe,rer, we observed a whale that blew only out of one
side, possibly indicating that the other nostril was con-
gested.

Ore of the most spectacular sounds recorded in the
presence of southern right whales was a very strong
pulse resembling a gun shot, followed by a persistent
reverberation lasting at least 5 seconds and ranging from
50 to above 2,200 hertz (fig. 2H). Its pulse length
resembled that of flipper slaps, but we could not relate
it to any particular behavior. Bellowings (fig. 2E) and
moans of rising pitch (fig. 21 and J) were very com-
mon among mating whales and most likely a part of
breeding behavior.

A scarcity of sounds at times other than during breed-
ing suggests that phonations are significant in bringing
and keeping the whales together, or perhaps as an audi-
tory signal used as a social releaser for mating. Sound
production is functional in the breeding behavior of
other mammals and insects, frogs, toads, fishes, and
birds (Marler and Hamilton, 1966).

We tried to determine the role of sound in the be-
havior of right whales by playing back various types of
their sounds and even those of killer whales. Regard-
less of the right whales' social state preceding playback,
however, no type of playback sound elicited decided
changes in movement or sound production. Powerful
equipment of good fidelity (modified from that of Cum-
mings and Thompson, 1971c, and Fish and Vania,
1971) was used to project the sounds close to natural
source levels. Playback sequences, each consisting of six
of the most common right whale sounds recorded during
cruise 71-3, were transmitted 25 times in the presence
of the whales. When these failed to induce any obvious
reaction we used a natural sequence of sounds recorded
on the spot from a breeding pair of right whales during
the second week of cruise 72-3. This playback often
was used later in the cruise, but it similarly failed to
bring about a notable change in the right whales' be-
havior.

Sound sequences previously recorded from killer
whales in the northeast Pacific were played to the
southern right whales 11 times without affecting their
behavior. The same was true of the previous year's at-

Al 
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Figure 3. Southern right whale's head with its characteristic bonnet on the snout and other callosities along the upper and lower (under-
water) edge of the lower jaw, the top of the head, and posterior to the blow holes. When blow holes were well out of the water, as

shown here, blow sounds did not propagate well underwater.
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tempt with less powerful instrumentation. We had
expected the right whales to avoid the sounds of a
potential enemy by rapidly swimming away, as gray
whales and belugas did in past experiments (Cummings
and Thompson, 1971c; Fish and Vania, 1971).

We are trying to determine if the sounds of killer
whales off Argentina are different from killer whale
sounds recorded in the northeastern Pacific. Cummings
has several indications of regional dialects among large
whales; the same could be true of killer whales. We are
analyzing some sounds from killer whales in the antarc-
tic region, recorded by Dr. Gerald S. Kooyman, Scripps
Institution of Oceanography. So far the spectral and
aural analyses show them to be different from recorded
sounds of northern killer whales. Perhaps the sounds
of northern killer whales used in this study were unfa-
miliar to southern right whales. During cruise 71-3 we
tried to record sounds of five killer whales attacking
two right whales; unfortunately these marauders were
reticent.

In addition to employing killer whale sounds during
this study, we also used five life-size, plywood models
of killer whale dorsal fins. The fins were ballasted,
keeping them upright and sailing downwind (fig. 4).

On the first attempt the fins were released (ithout
accompaniment of killer whale sound playback) i about
45 meters upwind from a breeding pair of right ,hales
that were rolling at the surface. Before releasirg the
models we observed the whales while the ship was
anchored for about 30 minutes. Much to our surprise,
upon release of the killer whale models the two'vhales
stopped breeding and swam toward the models.

The two right whales then resumed their coi.rtship
in the midst of the killer whale models, and we rejlayed
the killer whale sounds. Possibly the whales ignored the
sounds and the model fins appeared more like th nor-
mally protruding appendages of breeding right shales,
thus serving as a positive rather than a negative stikiulus.
Although the right whales slowly left the area after
several minutes, it was doubtful that they did so ir reac-
tion to the sounds. We tried other experiments with
the fins, setting them several hundred meters abed of
transiting whales. These whales also showed no sign
of avoidance.

Following our recommendation, Mr. Philippe ous-
teau and his party came to Golfo San José to film right
whales after Hero's departure. We had the pleas re of
reviewing their spectacular underwater photography that
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Figure 4. Killer whale fin
models being used during un-
derwater sound playback ex-

periments.
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F_
included a female accepting three males, each with the
penis extruded. They noted that breeding groups gen-
erally consisted of one female and more than one male.
We suspected such a sex ratio after we saw groups
breeding during both years. For example, we saw four
groups of three animals each on August 7, 1972.

Mr. Cousteau told us that when a female apparently
was through mating she often rolled over on her back
at the water's surface, a posture that moved her geni-
talia away from the male. The male frequently would
position himself on his back under the 'unwilling" fe-
male and grasp her with his flippers. When the female
rolled over to breathe, she put the male in a favorable
coital position and mating often resumed. Similar be-
havior was reported by Payne (1972). We often saw
whales upside down at the surface (sometimes with a
gull walking on the whale's belly), but lacked the op-
portunity for underwater observations. Once, during
cruise 72-3, it appeared that a female was shunning her
nursing calf by remaining upside down at the surface.
Cousteau's observations agreed with ours in that he too
never observed any animosity between suitors of the
same female: an unusual behavior for animals.

Observers aboard Hero in 1972, who had been to the
gulf the year before, unanimously agreed that mating
and apparent copulations were much more frequent than
during the previous year. In fact, we saw few isolated,
single whales in 1972 as compared to 1971. There was
about 1 month's difference in the dates of our visits of
the 2 years. Assuming right whales first appeared in the
gulf at about the same time during both years, they
would have had more time to become involved with
overt sexual behavior before our work began in 1972.
Although not documented in the case of whales in the
natural environment, many other animals require ex-
tended precoital rituals (Marler and Hamilton, 1966).

Other evidence for this year's cruise being later in the
breeding season was the appearance of two baby whales
with their mothers. In addition, a dead, newborn, 4.8-
meter baby was beached on the eastern shore of Golfo
San Jose'. A complete set of measurements is being
compiled by Cummings and Dr. Joseph R. Jehi, Jr.,
San Diego Natural History Museum. We did not wit-
ness parturition but evidently right whales do give birth
in the gulf, an enigma during cruise 71-3. We saw no
young offspring in the northern group off Punta Rasa,
but right whales there apparently were mating and
copulating. There was no difference in behavior between
right whales of the open sea off Punta Rasa and those of
Golfo San José.

Jumping or breaching, as it is often called, is com-
mon in whales. This spectacular burst from the water
and the tumultuous splash upon re-entry frequently was
observed among right whales in Golfo San Jose'. One

animal seen along the eastern shore jumped ten times:
a series of eight consecutive jumps followed by two
separate ones. As we have seen in other species (fin,
humpback, gray, and Bryde's), large whales generally
turn in mid air and fall on either the side or the back.
Although there are many plausible theories connected
with this behavior among whales, the sudden and re-
peated appearance of diving brown-hooded gulls, Larus
masculipinnis, while right whales were jumping at Golfo
San Jose', led us to believe that the whales perhaps were
dislodging parasites or other debris in such a manner.
The two ornithologists who called our attention to this
were fellow scientists aboard Hero: Dr. Jehl and Mr.
Maurice A. E. Rumboll, Argentine Museum of Natural
Sciences, Buenos Aires. We tried unsuccessfully to col-
lect some of these birds to determine their stomach con-
tents. They obviously were feeding on something in the
wake of the jumping whales. Birds were not always at-
tracted to jumping whales; in one case we saw a baby
whale, presumably free of parasites, jump without the
presence of birds.

We have described a common behavior of southern
right whales called "headstand ing," a posture that con-
sists of holding the flukes upright and out of the water
for periods of from a few seconds to 2 minutes (Cum-
mings et al., 1972). Local fisherman suggested that this
behavior perhaps was associated with bottom feeding.
We concurred because the shallow depths in which
headstanding took place at Golfo San José indicated that
the whales' heads must have been on or very close to
the bottom. During the present cruise, however, we
noticed the same behavior off Punta Rasa where the
depth exceeds 25 meters. We think that our original
interpretation of headstanding was incorrect since the
whales had to be well off the bottom in the deeper water
near Punta Rasa. We have no satisfactory explanation
for this remarkable behavior, but urge others to observe
whether or not headstanding appears to be a sign stim-
ulus for mating (as in courtship displays of other an-
imals), a rest posture (as suspected by Payne, 1972),
or some other behavioral significance.

Hero left Bahia Blanca, Argentina, on August 23 and
proceeded on to Punta Arenas, Chile, investigating sea
and shore birds along the way. We thank Dr. Jehl, Mr.
Rumboll, Mr. Jon Winter (Sonoma State College), and
Lieutenant Arturo Cancela (Argentine navy), for their
assistance at sea; Commander Alfredo Yung, Argentine
navy, for coordination; Captain P. J . Lenie and the
crew of Hero for their helpful support and able skills
at sea; and Ms. Charlotte Meinert for assistance with
data analysis and preparing the manuscript. This work
principally was supported by National Science Founda-
tion grant AG-261 and partly by grant NR 104-123 of the
Office of Naval Research, and task SF 221-005, Naval
Ships Systems Command.
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Paleornagnetic study of igneous rocks
of the northern Lassiter Coast,

Antarctic Peninsula
KARL S. KELLOGG

U.S. Geological Survey, Denver

RICHARD L. REYNOLDS

Department of Geological Sciences
Cooperative Institute for Research in Environmental Sciences

University of Colorado, Boulder

The 1972-1973 austral summer marked the third and
final field season of reconnaissance geologic mapping by
the U.S. Geological Survey in the mountains of the
Lassiter Coast, near the base of the Antarctic Peninsula.
The area mapped (approximately 73 0S. 63 0W.) during
the third season borders the Weddell Sea and includes,
from south to north, the Playfair, Werner, and Dana
mountains of the northern Lassiter Coast, and an un-
named range in the southern Black Coast. Rowley
(1973) summarizes the geology of this region; a more
detailed description of the rocks immediately to the
south of the area is given by Williams et al. (1972).
Briefly, the rocks of the Lassiter Coast consist of in-
tensely folded Upper Jurassic sandstones and siltstones,
intruded and contact-metamorphosed by plutons rang-
ing in composition from diorite to granite and aver-
aging granodiorite to quartz monzonite. Folding is
interpreted either to predate or to be synchronous with
intrusions of the plutons. Numerous dikes of mostly

porphyritic to even-grained dacite or andesite intrude
both sedimentary rocks and plutons.

All plutons for which radiometric ages are available
are Middle Cretaceous. Eight recently determined potas-
sium-argon ages from plutons and from a single dike of
the southern and central Lassiter Coast range between
95 and 119 million years; three of these were deter-
mined by Dr. A. H. Clark, Dr. Edward Farrar, and Ms.
Sandra McBride, all of Queen's University, Ontario, and
the remainder were determined by Mr. H. H. Mehnert,
U.S. Geological Survey. These ages are similar to the
102- to 109-million-year ages of plutonic rocks and one
dike from eastern Ellsworth Land (Halpern, 1967).
None of the outcrops sampled for this paleomagrtetic
study has been dated.

During the season 130 separately oriented rock
samples were taken at 24 outcrops that included six sites
in the more mafic plutonic rocks or mafic border faFies
of plutons, three sites from mafic inclusions in grano-
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diorite, 14 sites from various dike rocks, and one site
from an outcrop of Upper Jurassic(?) metavolcanics.
Following the criteria of Irving (1964), wherever possi-
ble at least five samples were collected at each site. One
core from each sample was cleaned progressively in
peak alternating magnetic fields up to 400 oe., and the
remanent directions of magnetization were measured on
a modified Marathon Oil Company spinner magnetom-
eter in the laboratory of Dr. E. Larson, University of
Colorado, Boulder. A site was defined as being paleo-
magnetically stable if, at some cleaning level above the
natural remanence (NRM), N (the number of samples)

5 and cc (the half angle of the cone of 95 percent
confidence) <25 0 . The cleaning level with the smallest
cc was chosen to represent the locality. Twelve sites
met these requirements (table).

All stable rocks are normally polarized. In fact, un-
stable dike rocks, while possessing directions too dis-
persed to define a reliable virtual geomagnetic pole,
indicate normal polarity. Six other dikes sampled to the
south, during the 1969-1970 field season, also are all
normally magnetized (unpublished data). The possi-
bility exists that these rocks were remagnetized during
a normal polarity epoch; no evidence has been found to
support the existence of a period of regional heating or
alteration, however, since emplacement of these igneous
rocks.

Heisley and Steiner (1969) propose that between
about 80 and 110 million years ago the earth's magnetic
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Virtual geomagnetic pole (VGP) positions (small dots) calculated
from northern Lassiter Coast dikes. Larger dots represent the two
VGPs for northern Lassiter Coast plutonic rocks. The small, solid
diamond represents the VGP for the northern Lassiter Coast me-
tabasalt. The sampling area is indicated by a solid square. Solid
triangles represent (1) the mean VGP for all Lassiter Coast lo-
calities in the table (except Ke71), (2) the mean VGP calcu-
lated from 14 Andean intrusive localities in the northern Antarc-
tic Peninsula (Blundell, 1962; Dalziel et of., 1973), (3) the mean
VGP from four Lower Cretaceous plutons in Marie Byrd Land
(Scharnberger and Sharon, 1972), and (4) the mean Middle
Jurassic pole from the Transantarctic Mountains (Beck, 1972).
Poles 1 and 2 are surrounded by the 95 percent circles of confi-

dence. (Schmidt equal area projection.)

Mean directions of remanent magnetization and virtual geomagnetic poles (vGP) for stable localities.*

Lati-	Longi-	Rock type	N	D	I	Best demagnet-	k	cc95	 VGP

tude	tude	 ization level	 Paleo-	Paleo-
°S.	°W.	 (oe)	 latitude longitude

73.8	62.8	f.gr. mafic dike	5	36	-83	200	39.5	12.3	81 0 S.	1170W.
73.5	62.7	hb. lamprophyre	6	83	-71	100	73.8	7.9	540S.	1370W.

dike -
73.5	62.7	c.gr.hb.diorite;	5	13	-84	200	99.8	7.7	850S.	950W.

plutonic
73.1	62.8	hb. diorite dike	5	91	-88	200	20.7	17.2	730S.	760W.
73.2	62.2	mafic inclusions	6	42	-85	100	132.1	5.9	760S.	1410W.

in granodiorite
metabasalt	5	44	-45	100	85.2	8.3	380S.	1680E.
f.gr. mafic dike	6	128	-76

	200	18.5	16.4	si°S.	980W.
f.gr. mafic dike	9	346	-63	50	48.0	7.5	600S.	1200E.
f.gr. andesite dike	6	77	-80	200	369.4	3.5	680S.	1190W.
f.gr. mafic dike	7	294	-66

	50	19.8	13.9	530S.	300W.
andesite dike	5	6	-82	100	241.1	4.9	880S.	1290W.
granodiorite	6	330	-52

	200	72.3	7.9	470S.	790E.
porphyry dike

'he statistical parameters are: N, the number of samples; D, the mean declination; I, the mean inclination; k, the estimate of the
sion parameter, and cc the half angle of the cone of 95 percent confidence. For each locality, only the level of demagnetiza-
with the smallest cc 95 is presented (see Irving, 1964, for a discussion of these parameters). Rock abbreviations: f.gr. = fine
Led; c.gr.	coarse grained; hb. = hornblende.

Locality

Ke20
Ke35

Ke39

Ke53
Ke62

Ke71	72.8	63.2
Ro234B	73.5

	62.9
Ro311C	72.8

	63.2
R0314B	72.9	62.4
Ro3121B	72.5	62.9
Bo 	73.4

	
63.0

Bo 	72.8	63.2
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field was normally polarized and no reversals of the field
occurred. If this is true, then the observation that almost
30 separate igneous localities are all normally mag-
netized would suggest that the intrusion of these rocks
occurred during this Cretaceous normal polarity epoch.
This is supported by petrologic and chemical data that
also suggest that intrusion of most dikes in the Lassiter
Coast closely followed that of the plutons (Rowley, per-
sonal communication, 1973).

The remanent direction of sample Ke71, a metabasalt,
is considerably displaced from the others, but it is pre-
mature to speculate on the meaning of this anomalous
direction. The thermal and tectonic history of the
magnetization for this rock is complex. The basalt was
extruded probably during the Late Jurassic and was
folded and metamorphosed prior to or during Middle
Cretaceous plutonism.

The figure shows the position of the virtual geomag-
netic poles (voPs) of rocks from the northern Lassiter
Coast and other parts of West Antarctica. The mean
VGP for the nine stable dikes plus the two stable plutons
lies at 890S. 105 0E. (cc. is 9.7 0 ), virtually at the geo-
graphic South Pole. The mean plutonic VGP (for Ke39
and Ke62) is 82 0S. 1000E., also near the geographic
pole. These results indicate that little latitudinal change
in the Antarctic Peninsula's position has occurred since
the Middle Cretaceous. Because the inclination of the
paleomagnetic vector at this latitude is so steep, past
rotation about a local vertical axis would be extremely
difficult to measure; no such rotation can be discerned
from the results of this study.

In support of these results Blundell (1962) and Dal-
ziel et al. (1973), from paleomagnetic studies of plu-
tonic (Andean) rocks from the northern Antarctic
Peninsula, report no evidence for either oroclinal bend-
ing or north-south drift since the Late Mesozoic. The
mean VGP calculated from 14 plutonic localities pre-
sented in these two studies is 87 0S. 162°W. (cc 95 =
5.2 0), also near the geographic pole (fig.). As is
the case for the Lassiter Coast rocks, however, the
steep mean inclinations of the paleomagnetic vector at
the northern Antarctic Peninsula sampling localities make
it extremely difficult to attempt an evaluation of possible
oroclinal rotation.

Scharnberger and Sharon (1972) studied Lower Cre-
taceous plutons and younger (undated) dikes from
Marie Byrd Land. The calculated VGPs from these rocks
diverge widely from the present pole position; their
mean plutonic VGP is shown in the figure. This result,
compared with the results from the Antarctic Penin-
sula, supports the idea that West Antarctica is comprised
of at least two continental blocks of differing drift his-
tories during the past 100 million years (Ford, 1972;
Elliot, 1972; Beck, 1972).

40

Work is continuing on additional paleomagnetic
samples collected along the Lassiter Coast during pre-
vious field seasons. This study was supported by Na-
tional Science Foundation grant AG-187.
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Insiht

Institute of Polar Studies,
The Ohio State University

DAVID H. ELLIOT

Ohio State University's (osu) involvement in cold
regions research began just after World War II with
U.S. Army contracts for work in Greenland. Interest
in polar studies grew during the International Geophysi-
cal Year, and soon thereafter Dr. Richard P. Goldthwait
established a glaciology data center on the campus. But
Dr. Goldthwait and others recognized the need for an
osu polar research organization, and on February 12,
1960, the Institute of Polar Studies gained formal rec-
ognition from the osu board of trustees.

As set forth in its constitution, the purpose of the
institute is to (1) plan, encourage, support, and direct
scientific research in polar phenomena, (2) bring to-
gether or develop interrelated investigations and teams
of investigators, (3) seek and facilitate the training of
researchers who are devoted to polar studies, and (4)
make the results of polar studies available to scientists
and the public.

"Polar studies," as defined by the institute, are the
investigation of any natural or cultural phenomenon
that is peculiar to environments with glaciers, year-round
snows, or permanently frozen ground.

Administratively, the institute is part of the graduate
school. It is physically housed with the osu Depart-
ment of Geology and Mineralogy in Mendenhall Labora-
tory. Staffed by a director and an assistant director who
are aided by an administrative board and clerical per-
sonnel, the institute draws its researchers from several
departments at the university. It sponsors three senior
research positions that can lead to faculty appointments
in university departments. Although the institute does
not grant degrees, polar projects done under its aus-
pices and under the direction of faculty in participating
departments have contributed to the granting of about
50 advanced degrees.

The institute has a cold storage room for work on ice
cores, a clean room for microparticle studies, and other
research facilities including a polar library. Other de-
partments' research tools are available—including the
Department of Geology and Mineralogy's scanning

-
T is is the first in a series of Insight reports on major U.S.

cent rs that do antarctic research. Dr. Elliot, a geologist, is di-
rect r of the Institute of Polar Studies.
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electron microscope and x-ray spectrometer attachment,
three mass spectrometers, x-ray and x-ray fluorescence
equipment, and a paleomagnetic laboratory. Disciplines
represented include agronomy, anthropology, bedrock
geology, botany, city planning, civil engineering, clima-
tology, ecology, geochemistry, geography, geophysics,
glacial geology, glaciology, ice physics, meteorology,
microbiology, paleobotany, physiology, photogrammetry,
and zoology. The institute's strongest programs have
been in geology, glacial geology, glaciology, and botany.
In addition to active antarctic programs in the last four
disciplines, studies are in progress on the soils and
permafrost of the North Slope of Alaska. Between its
inception in 1960 and the close of 1973, the institute
had about 150 projects that cost nearly $3.9 million.

Planned programs include:
1. Bedrock geology of the Transantarctic Mountains.

Jurassic basalts of northern Victoria Land. Triassic
biostratigraphy of the Queen Maud Mountains. Late
Precambrian-Cambrian stratigraphy and structure of the
Queen Maud Mountains. Late Mesozoic and Cenozoic
geology of the northern Antarctic Peninsula.

2. Glaciology. Ice sheet dynamics in West Antarctica.
Dust concentrations in Byrd Station and other ice cores.
Study of ice cores from the Antarctic Peninsula. Study
of the ice cap in the Peruvian Andes.

3. Glacial geology. History of glaciation of the Ant-
arctic Peninsula. Glacial and climatic fluctuations in
the Patagonian Andes. History of glaciation in south-
eastern Alaska. Glacial and climatic fluctuations based
on the glacial geologic record of Greenland, in coopera-
tion with the Greenland Survey.

4. Botany. Lichenology of the North Slope of Alaska.
5. Agronomy. Soil genesis, classification, and terrain

mapping of the North Slope of Alaska. Permafrost and
patterned ground studies in northern Alaska.

Stronger programs in climate-related disciplines,
through closer working ties with the Department of
Geography and the Atmospheric Sciences Program, osu,
are anticipated for the future. Inquiries about graduate
work, postdoctoral fellowships, and senior research po-
sitions may be sent to the Institute of Polar Studies, The
Ohio State University, 125 South Oval Drive, Columbus,
Ohio 43210.

41



Newsletter 1

International Antarctic Glaciological Project
The International Antarctic Glaciological Project

(IAGP) is a cooperative venture linking Australia,
France, the United Kingdom, the United States, and the
Soviet Union in a study of a large part of the East
Antarctic Ice Sheet. Publication of this newsletter as a
series in the Antarctic Journal is a U.S. contribution to

the project.
The origin, aim, and

early development of the
International	Antarctic
Glaciological Project are
described	by	Bentley
(1972) who points out

- -	 that, in several ways, the
project breaks new ground
in polar research. Its de-
sign ensures that (a) the

number of participating nations remains small, (b) the
scientific program is composed of several national pro-
grams that are aimed, not merged, with one another,
(c) each field operation is planned and carried out by
one of the national expeditions but welcomes partici-
pants from other expeditions, and (d) scientific and
logistics plans are coordinated by the IAGP council,
which comprises a glaciologist and a logistics expert
from each participating nation plus a representative of
the Scientific Committee on Antarctic Research (SCAR).

The IAGP council met for the first time in May 1970
in Paris and has since met three times (Moscow, Au-
gust 1971; Melbourne and Canberra, August 1972;
Leningrad, September 1973). Its foundation and cur-
rent members are W. F. Budd (Australia), C. Lorius
and J . Vaugelade (France), G. deQ. Robin (United
Kingdom and SCAR), C. R. Bentley and P. M. Smith
(United States), and V. M. Kotlyakov and E. S. Korot-
kevich (Soviet Union). The secretary of the SCAR
working group on glaciology and invited specialists,
generally from the host country, attended the meetings
as opportunity allowed.

The flexibility and informal contacts between meetings
have served the project well so far. However, it was
recognized at the outset that communications would have
to be organized further as the project became fully
established and started yielding extensive results, both
from field work and from related theoretical and
laboratory studies. The constitutive meeting of May
1969 (Bentley, 1972) therefore had suggested that
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results should be published nationally and reprints , made
available periodically under an IAGP cover.

Newsletters are being prepared at the request Of the
Leningrad meeting of the IAGP council and represent a
first step toward such a series of IAGP publications. The
newsletters are being prepared by the Office of Polar
Programs, National Science Foundation.

Previous IAGP activities

Activities to date have been reported in the Antarctic
Journal, Ice, the Soviet Antarctic Expedition Infornfation
Bulletin, and other journals. It is hoped to provide a
full bibliography of these reports and of published IAGP
results in a future newsletter. Meanwhile, the following
outline of IAGP progress has been prepared largely from
statements submitted at IAGP council meetings.

1970-1971. The main field activities were a resur-
vey of snow stakes established by the 15th Soviet Antarc-
tic Expedition along the entire 1,400-kilometer Mirnyy-
Vostok line and the 16th Soviet Antarctic Expedition's
core drilling with a thermal device to a depth of 625
meters at Vostok Station (Barkov et al., 1973). The
Australian expedition established fuel depots south of
Casey Station in preparation for a traverse toward Vos-
tok in the 1971-1972 field season. Developmental 4work
on satellite location methods took place in the United
States and France, and the French expedition tested a
new fast thermal drill in the Alps. A theoretical and
computational survey of derived physical characteristics
of the antarctic ice sheet was completed and pubiishd in
Australia.

At the invitation of the IAGP council, a group of
leading glaciologists (L. Lliboutry, P. A. Shumskij, J.
F. Nye, and J. Weertman) met under the chairmanship
of W. F. Budd to discuss theoretical problems raised by
the project. They recommended a three-stage program
comprising study of a small number of ice flow lines by
aerial radio-echo reconnaissance, measurements of sur-
face strain and velocity, and coring of interspersed'in-
termediate and deep boreholes. Emphasis was placed on
the need to exploit new techniques (satellite location,
velocity determination from radio-echo fading patterns),
which have since moved further toward practical apli-
cation.

1971-1972. The 17th Soviet Antarctic Expedikion
started a resurvey of the Mirnyy-Vostok line and ov-
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ered he first 170 kilometers with seismic and radio-
echo skundings, magnetic observations, measurements of
snow accumulation, density, stratigraphy, and tempera-
ture. Two 50-meter cores were obtained on the tra-
verse.i The coring of the Vostok hole was extended to
a depth of 952 meters.

A full program of glaciological and geophysical in-
vestigations was carried out in the Lambert Glacier-
Amery Ice Shelf region, with seismic ice thickness
measurements, aerial photography, magnetic measure-
ments, and geological exploration (Aver'yanov, 1973).

The French expedition made an 800-kilometer tra-
verse from Dumont d'Urville toward Vostok Station
with logistic aid from the United States (Lorius and
Vaugelade, 1972). The United Kingdom and the
United States jointly conducted ice thickness radar sound-
ings over the IAGP area (Evans and Robin, 1972).

The Australian expedition was forced, by vehicle
problems, to abandon the planned traverse toward Vos-
tok, but achieved the first of a planned series of bore-
holes near Casey Station. A successful program of
glaciological and geological exploration was carried out
in the Lambert Glacier-Amery Ice Shelf region, envis-
aged for attention at a later stage of the IAGP (Radok,
1972).

Finally, a standardization document suggesting com-
parable methods and accuracies for use in the IAGP was
prepared (Bentley et al., 1972).

1972-1973. The most recent activities are described
below, as reported to the fourth meeting of the IAGP

council. At that meeting the council also reviewed the
progress of the ucp but did not attempt a reappraisal
of the longer term goals and implications of the project.
It is hoped to address these in a future newsletter.

Fourth meeting of the IAGP council

The IAGP council met September 26 to 28, 1973, in the
conference hail of the Knowledge Society, Leningrad,
with the following participants:

Council members. Dr. W. F. Budd (Australia), Dr.
C. Lorius, Mr. J . Vaugelade (France), Dr. G. deQ.
Robin (United Kingdom), Professor C. R. Bentley
(United States), Dr. Ye. S. Korotkevich, Professor V.
M. Kotlyakov (Soviet Union).

I viled experts. S. N. Kartashev, P. A. Shumskij, M.
G. rossvald, 0. N. Vinogradov, A. B. Bazhev, F. Gor-
die ko, I. A. Zotikov, N. I. Barkov, L. S. Govorukha,
Ya. P. Koblents, 0. N. Putikov, B. S. Moiseev, B. B.
Ku ryashov, V. K. Chistyakov, N. Ye. Bobin, V. V.
Bo orodsky, V. A. Morev, L. I. Dubrovin, V. G.
Av, r'yanov, A. Ya. Minevich (interpreter).

After approving the agenda for the meeting, the
council listened to national reports on LAGP activities
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since the last meeting in Melbourne and Canberra in
August 1972. Summaries of these reports follow in the
order in which they were presented.

United Kingdom. The United Kingdom had
been invited the year before to become a full member of
IAGP. The Royal Society of London accepted this invi-
tation July 13, 1973, and designated G. deQ. Robin for
membership in the IAGP council.

Resumption of the joint United States-United King-
dom-Denmark aerial radio-echo sounding studies in
Antarctica is planned for the 1974-1975 season. The
intervening past year has been used for basic radio-echo
studies, with the help of Canadian authorities, on the
Devon Island ice cap at the site of the Polar Continental
Shelf borehole in ice of known (300 meters) thickness.
Studies were made at 60 and 440 megahertz and covered
the fading characteristics of bottom echoes, attenuation
of radio waves in ice, determination of ice movement in
relation to radio-echo fading patterns, determination of
velocity of radio waves in ice by use of an interfero-
metric technique in boreholes (440 megahertz, only),
and some mapping of the subglacial surface.

At Cambridge, analysis of the 1971-1972 and earlier
flights over the IAGP area has continued. The provisional
map of surface contours presented at the 1972 council
meeting has been revised—the most obvious change
being in the form of the 3,200-meter contour around
dome C. In general, the change from the preliminary
map of the elevation at any point does not exceed 50
meters. It is hoped that final maps of surface and bot-
tom relief will be published and available for wide dis-
tribution before mid 1974. A paper on lakes identified
from the 1971-1972 results beneath the ice sheet, es-
pecially near dome C, was published (Oswald and
Robin, 1973).

Following the recommendation of the 1972 meeting
of the IAGP council, a workshop on temperature and
isotopic profiles in polar ice sheets was held in Cam-
bridge in early 1973 (Robin, 1973). Three glaciolo-
gists of the council and other experts participated. Full
publication of the results and discussions is planned in
monograph form.

United States of America. Contributions of the
United States to IAGP in the 1972-1973 field season
consisted of logistics support for the French traverse
from Dumont d'Urville toward Vostok and a geoceiver
team for the Australian traverses from Casey. At the
same time, significant progress was achieved in the
development of new equipment for ice coring and for
radio-echo ice surface height and thickness sounding.

To enable an early start to be made by the 1972-1973
IAGP traverse of the French Antarctic Expedition, 10
persons and 5 tons of equipment were flown on October
31 from Christchurch to McMurdo and on to Carrefour
on November 2. Subsequent air drops of fuel and
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spares were made on November 21, December 30, and
January 2.

Satellite navigation (NAVSAT) equipment and two
trained operators for station and traverse work were
made available to the 1973-1974 Casey team of the
Australian National Antarctic Research Expeditions.
During an autumn traverse lasting from February to
June 1973, geoceiver measurements were made at five
points ranging from Casey Station, at 661 17'S. 110°32'
E., to a depot at 67 0 13'S. 111 048'E., about 45 kilome-
ters south of the valley separating the Wilkes ice cap
from the main antarctic ice sheet.

Exploration of new coring techniques and develop-
ment of appropriate equipment has continued against
the background of a growing field program demanded
by several projects in addition to IAGP. This drilling
program is to provide a graduated series of tests for the
new equipment, culminating in the first deep IAGP hole.

A new 60-megahertz antenna consisting of four
dipole sections mounted on the LC-130 has been devel-
oped for the National Science Foundation by the Tech-
nical University of Denmark. Although sounding in
Greenland by the United States and Denmark was not
possible this year, the antenna was successfully flight-
tested in August.

The prototype model of this high-performance an-
tenna was used over the IAGP area by the National Sci-
ence Foundation and the Scott Polar Research Institute
in 1971-1972. The new aerodynamic design will per-
mit extensive flying without restriction on aircraft per-
formance. An improved, higher sensitivity radar system
also is under development.

Union of Soviet Socialist Republics. The IAGP

program of the Soviet Antarctic Expedition in 1972-
1973 included drilling at Vostok Station with borehole
observations and core analysis; a glaciological traverse
from Mirnyy to Pionerskaya and back to Mirnyy; and
experiments with a new technique of direct ice velocity
determination at Mirnyy. Coordinated parallel glaciolog-
ical studies took place outside the IAGP area at Molodez-
hnaya Station and in Enderby Land.

Cores were extracted from two separate holes at Vos-
tok Station from depths of 625 to 952 meters and 0 to
780 meters. The following geophysical, glaciological,
and geochemical measurements were made: temperatures
along the borehole and in the ice below (thermosonde);
ice densities (relative measurements with a gamma ray
logger); borehole inclinations, diameters, and wall
characteristics. Crystallographic studies were made on
ice from between 625- and 952-meter depths and also on
precipitation and surface layer snow. The pressure of
air bubbles in the core was measured, and the spore
and pollen content of the core was examined. Snow
pollution was studied with a stratigraphic technique,
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and further ice samples are being used for ch mica!,
isotope, and particle analyses.

The 374-kilometer traverse from Mirnyy to ioner-
skaya, and back to Mirnyy, carried out with 27 prsons
and seven vehicles between February 14 and April 3,
1973, yielded scientific observations from 49 kiloiieters
onward. Strain grids with 5-kilometer sides were estab-
lished 153 and 355 kilometers from Mirnyy, and a bore-
hole was drilled 355 kilometers from Mirnyy to a depth
of 70 meters with an electric drill permitting conti1uous
core removal. The scientific program also includec seis-
mic measurements recorded on magnetic tape (25 chan-
nels), radio-echo soundings (23 megahertz), barorietric
leveling, and meteorological observations. Details fol-
low:

• Film records of emitted and reflected pulses: were
obtained every 200 meters along the whole route each
of the two strain grids was covered by 275 measure-
ments 200 meters apart on 11 parallel lines 500 Meters
apart.

• Barometric heights were obtained with an aneroid
barometer and aircraft altimeter vr-10 at the radid-echo
sounding locations.

• Seismic soundings at nine points and seismic
 in the 70-meter hole were carried out at the strain

grid at kilometer 355, to obtain ice thickness, azimuths
of incidence, and mean velocities and types of waves.

• Vertical gradients of the magnetic field T were
measured with a proton magnetometer at 1-kilometer
intervals along two intersecting 6-kilometer legs in the
vicinity of kilometer 350. The speed and direction of the
ice flow will be determined after repeated surveys of the
spatial distribution of the magnetic field.

• Accumulation values were obtained from an exist-
ing line of stakes along the route. The stakes were reset
or replaced where necessary. Accumulation measurements
also were obtained from stake fields at kilometers 195
and 374, and a new stake field was established at kilo-
meter 105.

• Surface snow densities were measured every 10
kilometers between kilometers 105 and 355. Stratigraphic
studies were carried out in 3-meters-deep pits at kilo-
meters 49, 153, and 360.

• Studies on the 70-meter ice core obtained at the
strain grid near kilometer 355 included a stratigraphic
description, density determinations, and removal of I lab-
oratory samples every 150 centimeters for glacioloical
studies, and every 250 centimeters for geocheiiiCal
analyses.

• Temperature measurements were made with a lati-
num resistance thermometer at 18 levels in the 70-neter
hole at kilometer 355, and at 19 levels in a 100-n$eter
hole at kilometer 49 (drilled in 1971-1972).	I

• Surface snow samples for geochemical analfrses
were taken at 5- to 10-kilometer intervals between Iilo-
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meters 155 and 360. At kilometer 355, a continuous
verti4al sample was taken from a 2.5-meters-deep pit.

S JMeteorological observations twice a day included
air tmperature, pressure, wind speed and direction,
clou4iness, and special phenomena.

Ice flow velocity measurements were made during Jan-
uary to April 1973 at various points up to 30 kilometers
from Mirnyy with a gas laser Doppler system. The
instrument recorded velocities from 0.1 to 100 microns
per second. Horizontal and vertical strain rate compo-
nents and their diurnal variations were obtained.

At the western end of the IAGP area a program of geo-
physical, geological, and cartographic investigation was
continued. This included seismic and airborne radar ice
thickness measurements, aerial photography, and mag-
netic observations.

The simultaneous glaciological program at Molodezh-
naya Station during the winter included measurements
of snow accumulation, temperature observations in a
27-meter borehole, measurements of ablation and evap-
oration, surveys of the snow cover, albedo and heat
balaAce measurements, and radio-echo thickness sound-
ings and aerial photography. Glaciologists and geodesists
fron the German Democratic Republic during 1972
studied the Hays and Campbell outlet glaciers of Enderby
Lani with barometric leveling, glaciological measure-
meits, and water depth measurements in front of the
glac ers. Meteorological observations and measurements
of tie diurnal and seasonal variations itl refraction were
also made.

France. The 1972-1973 JAGP traverse from Dumont
d'Urville to Vostok had been planned to remeasure the
1971-1972 route to kilometer 800 and to extend the
measurements to Vostok at kilometer 1,650 (Lorius
and Vaugelade, 1973). Unfortunately, sastrugi broke the
suspension systems of the tracked vehicles, and the tra-
verse had to turn back from kilometer 400. A new
scientific program was accomplished on the way back
to Dumont d'Urville. The following data and results
have so far been evaluated by the different participating
groups:

• Eleven astronomical positions have been calculated
from observations on stars along the traverse.

• Elevations were calculated from barometric leveling
data (interval method) obtained at each permanent
marker (every 10 kilometers). The data were corrected
for air temperature but not for the large scale pressure
gradient. Results for the two traverses agree within ± 20
meters over the first 400 kilometers from Carrefour.
There is good agreement between barometric and geodet-
iceveling between the coast and E-40 (E-40: elevation
84 meters, about 35 kilometers from the coast). At
14 kilometers from E-40 the traverse results and values
ag ee well with the elevations obtained by the Scott Polar
R search Institute during the United Kingdom-United
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States radio-echo sounding flights. Farther on, those
elevations are about 100 meters higher than the traverse
results.

S Free air anomalies have been calculated at each
marker from gravimetric measurements; up to Carrefour
more frequent measurements and previous data from
seismic reflection soundings allowed the ice thickness to
be calculated at closer intervals. Farther on, Bouguer
anomalies were computed from airborne ice thickness
sounding results for six stations distributed along the
traverse. Provisional ice thicknesses have been calcu-
lated by interpolating the Bouguer anomalies. These
lead to some tentative conclusions regarding the bed-
rock profile: starting from the coast the profile is
slightly below sea level on the first 200 kilometers; it
has a large hollow for the following 240 kilometers
with ice thicknesses which could reach up to about 4,000
meters; its elevation then goes from sea level values
(with a few negative values) to about +500 meters
near the end of the traverse.

• The mean annual temperature of the ice surface has
been measured at 24 stations (generally at 10 meters
in depth).

The temperature-altitude gradient is about 1°C.. per
hundred meters up to an altitude of 2,200 meters (230
kilometers from the coast); farther on it becomes more
irregular, reaching much larger values.

The snow accumulation has been determined from
markers (including some aerial networks) and 1955
radioactive fallout horizon determinations.

From markers, 2 years of results are available up to
Carrefour, the 1971 values being higher than the 1972
figures. A smoothed curve (1972 values) along the 435-
kilometer traverse gives values decreasing from 20 grams
per square centimeter per year near the coast to 15 grams
per square centimeter per year.

Radioactive fallout results obtained from two stations
give higher annual mean values; 835 kilometers from
the coast a value of 5.8 grams per square centimeter per
year was found. Radioactive dating measurements, in-
cluding some tritium and lead-210 figures, will be avail-
able for 10 stations.

• Stable isotopes: There is a linear relationship be-
tween mean deuterium content, measured at 35 stations
distributed along the traverse, and mean annual tempera-
ture. The possibility of identifying seasonal changes in
the oxygen-18/oxygen-16 ratio is being studied; very
detailed measurements on pit and core samples are being
made by the Technical University of Denmark for three
stations distributed along the traverse.

• Trace analysis: Determinations of chlorine, sodi-
um, and manganese have been made on about 100 sam-
ples, mainly by neutron activation (Briat et al., in prep-
aration). Concentrations show a sharp decrease in the
first 30 kilometers, but, farther on, results for chlorine
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and sodium, assumed to be of marine origin, do not
show a systematic decrease, and the chlorine/sodium
ratio has much higher values than in seawater. But for
the immediate coastal area, a sufficiently good correlation
exists between snow and trace element accumulations to
allow the yearly deposited quantities to be estimated.

The evaluation program is being aided by new lab-
oratory facilitaies which are or soon will be in opera-
tion in Grenoble; they include cold rooms, dust-free
rooms, and low activity counting facilities. Technical
facilities to test equipment for drilling and in situ sam-
pling should be completed in the next few months.
The preparations for these new facilities (which will
greatly increase core study capabilities) have delayed
some current studies.

Australia. In 1972, four holes were core drilled
near Casey Station to depths between 50 and 120 meters
at elevations between 200 and 800 meters. Most of the
core was recovered and returned for analysis to Australia.
The boreholes were logged for temperature, diameter
and inclination. Remeasurements are planned for 1974.

The major field program for the wintering over party
at Casey during 1973 is the trilateration traverse inland.
An autumn traverse was made between February and
June. The trilateration net was started at the summit of
Law Dome about 100 kilometers inland; this dome has
previously been tied to rock near Casey. A net of 15
double-braced quadrilaterals was established from Law
Dome summit 70 kilometers south to the saddle point of
the Vanderford Glacier-Totten Glacier valley. A fuel
depot was established about 45 kilometers farther on
for the spring to summer traverse. Other measurements
being made along the traverse include elevations from
triangulation and barometric leveling, radio-echo sound-
ing, gravity, snow accumulation, and surface sampling.

The United States has supported the program with
satellite navigation equipment and an operator at Casey
and a geoceiver and operator for the traverse (Southard,
1973). Geoceiver measurements so far have been made
at Casey (66 0 17'S. 110 0 32'E.), Law Dome summit
(66044'S. 112 0 50'E.), A-09, about 31 kilometers south
of the summit (67 000'S. 112 042'E.), Saddle Point,
A . 15 (67 0 21'S. 112°27'E.), and a depot about 45 kil-
ometers south of Saddle Point (67 043'S. 111048'E.).

Theoretical and experimental work in Australia in-
cluded the development of the first self-surging glacier
computer model (Budd and McInnes, in press) and
analyses of ice cores for flow properties. crystallography,
impurity content, and oxygen-18/oxygen-16 isotope ra-
tios. The core flow properties study forms part of a
larger program to determine the variation of the flow
of ice with stress, temperature, crystal size, and the
orientation fabric, density, and solid impurity content.

Analysis of data from other projects (Amery Ice
Shelf survey, Law Dome geophysics, Law Dome internal
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temperature studies) has continued, and a majorlacio-
logical program was carried out in the Lambert G acier-
Amery Ice Shelf region at the western end of th IAGP
area. This included aerial photography of the so them
Prince Charles Mountains together with radar alti etry
of snow surface elevations and 19 hours of aerial ice
thickness sounding. The greatest thickness measured was
about 2,500 meters in the Lambert Glacier belowits
confluence with the Mellor and Fisher glaciers.

Papers presented at the fourth IAGP council
meeting

N. Barkov, F. Gordienko, Ye. Korotkevich, and V.
Kotlyakov: Oxygen isotope studies of the ice core from
the 500-meter borehole at Vostok Station. This paper
provided the first results of the oxygen isotope analysis
of the Vostok core, carried out jointly by the Arctic and
Antarctic Research Institute, the Institute of Geography
of the Academy of Sciences, and Moscow Unive:sity.
Seasonal layers were identified to a depth of 400 meters
where the annual layers are approximately 2 centimeters
thick. A tentative paleotemperature profile covering
approximately 21,000 years showed a temperature in-
crease of 5°C. (delta oxygen-18/oxygen-16 change from
—59 to —54 per mille) between 14,000 and 10000
years ago. This indicates a simultaneous occurrenc of
the main climatic events of the Holocene in both bmi-
spheres. Analysis is continuing for the deeper ice from
the 950-meter borehole.

I. Zotikov: Analysis of the temperature regime and
spreading of the ice sheet in the area of Vostok Stalion.
Temperature profiles for Vostok have been computed for
accumulation rate and base rock topography data and
compared with the observed borehole temperatures. The
best agreement was obtained for an accumulation rate
of 3 centimeters per year. Melting appears to be impor-
tant only below 1,500 meters and amounts to 0.06 centi-
meters per year for the best-fit accumulation rate.

G. deQ. Robin: Lakes beneath the antarctic ice sheet.
Records obtained by the Scott Polar Research Institute in
the joint United Kingdom-United States radio-echo
sounding program have revealed the existence of 17
subglacial lakes around dome C (75 0S. 123 0E.) and
near saddles in the ice surface (Oswald and Robin,
1973).

B. Kudryashov and B. Chistyakov: Drilling of deep
boreholes in the ice sheet of Antarctica. The pa' er
described the electro-thermal drill used to extract a
925-meter core of 125 millimeters in diameter from he
180 millimeters in diameter borehole at Vostok StIL.
The maximum deviation of the borehole axis froe
vertical was 5 degrees. Below 700 meters difficultiese
encountered due to hole contraction. Geophysical lo g
of the hole provided ice temperatures and densitied
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core orientations. New electric drilling systems for deep
liquid-filled holes are being developed.

B. A. Morev: Information on the thermal mneedle,
The paper described an electro-thermal 'needle" type
drill for 40- or 80-millimeter boreholes in warm ice or
loose cold snow or urn. The needles weigh 7 and 15
kilograms, and the drilling rate for a 40-millimeter hole
is 20 meters per hour on 4 kilowatts of power. Coring
versions with diameters of 112 and 88 millimeters have
performed well in both warm and cold ice (5 meters
per hour on 3 kilowatts). Boreholes to bedrock through
180 meters of ice have been achieved.

V. V. Bogorodsky: Radio-echo sounding investigations
in Antarctica. Radar survey flights in 1972-1973 covered
a total distance of 20,000 kilometers and an area of
around 150,000 square kilometers. The results also were
used for the interpretation of a simultaneous magnetic
survey. A new radio-echo system (60 megahertz, 0.1
microsecond pulse length) was used for soundings
through the Amery Ice Shelf and through icebergs.
Soundings also have continued at the strain grids on the
Mirryy-Vostok route where detailed sub-ice relief maps
wereobtained for the determination of ice movement.
The propagataion and polarization characteristics of
radio signals in glaciers and their scattering at the ice-
bedrock interface also have been investigated.

V. V. Bogorodsky: Application of laser technique for
ice friovement studies. Instantaneous ice velocities and
strain rates have been measured by a new laser Doppler
met r, with an experimentally determined resolution of
fro 0.5 to 100 microns per second. The smallest dis-
pla ment recorded by the instrument was 0.002 micron.
All wing for atmospheric transparency changes, it was
shown that the working wave length of the instrument
enabled records to be obtained over a distance of 2
kilometers. Data characterizing the absolute and relative
velocities of glacier movement were obtained in the area
of Mirnyy observatory at different polygons, and relative
ice strains were determined in the area of cracks and at
pob'gons with a flat bed. The investigations suggest
that the laser Doppler technique is practical.

Ya. P. Koblentz and Ye. S. Korotkevich: A new map
of the bedrock relief of Antarctica. The Arctic and
Antarctic Research Institute in cooperation with the
Design Research Institute Soyuzmorniiproyekt have pre-
pared, from the authors' data, a bedrock map of Ant-
arctica on a scale of 1 :10,000,000. This map contains the
newest relief information, obtained from the Soviet
Antarctic Expedition radio-echo survey in the Pravda
Coast and Enderby Land areas, as well as from non
Soviet data (including unpublished data of the United
States-United Kingdom radio-echo soundings). The map
considerably changes the existing knowledge of the bed-
rock relief of the east antarctic platform, which in fact
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is mostly a gigantic low plain in its central part, with
some elevated regions at the periphery. In the gaps
between the peripheral rises, the plain usually has a
gentle transition to the continental shelf. Since a con-
siderable part of the continental plain is below sea level,
it may be an old shelf.

C. Lorius: Isotopic implications of total gas content
in ice at Camp Century, Greenland. Total gas content
values from Camp Century ice cores seem to indicate
that the ice that corresponds to the last glaciation was
formed at a site whose altitude was very much higher
than that of the present station. Consequently, the ice
sheet covering northwestern Greenland must have been
considerably thicker at the time. Using a relationship
linking the present average isotopic composition with
mean annual temperature, this altitude effect could ac-
count for more than half of the isotopic variation
observed at Camp Century between Holocene and Wis-
consin ice.

C. Lorius: Carbon-14 dating in Terre Adélie. Three
carbon-14 ages have been obtained from previously col-
lected near-surface samples in the ablation zone. The
estimated maximum ages of the order of 4,000 to 6,000
years do not seem to agree with modeling computations
made during the Cambridge workshop.

W. Budd; Ice deformation studies in Melbourne.
These studies are being carried out primarily to deter-
mine how the steady state creep rate of polycrystalline ice
varies with such parameters as stress, temperature,
density, crystal orientations, crystal size, impurity con-
tent, stress configuration, hydrostatic stress, and internal
water content. Equipment has been developed for making
large numbers of compression and shear tests, continu-
ously recording for long periods at low strain rates. The
emphasis is on the study of processes as near as pos-
sible to in situ conditions. Ice cores are from regions
where the ice motion and other properties are well
known. In addition, laboratory-made high density sam-
ples of randomly oriented polycrystalline ice of specific
crystal sizes are used for control and intercomparison.

The crystal orientation fabrics have been found to be
very important in regard to the flow properties. Cores
with a strong single maximum fabric deform several
times faster than randomly oriented ice for shear in the
plane of the majority of the basal planes, and several
times slower for shear at 45 degrees to that plane.

Samples from the Cape Folger core have been set up
in horizontal shear to determine the flow properties of
the core, for comparisons with the deformation rate of
the borehole. It is planned to extend this work by coring
a new hole to bed upstream of the present Folger hole
during 1974.

The second aspect of the deformation studies aims at
determining how crystal fabrics are developed in moving
ice masses. To do this, a series of cores are being ob-
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tamed along a flowline, and the fabrics are being studied.
In addition, ice in the laboratory is being subjected to a
variety of stress configurations and the development of
crystal fabrics determined. At the same time, the varia-
tion of the flow rate under constant stress is being
measured as the fabrics develop.

Cooperative activities. Following these reports,
the IAGP council took stock of the various cooperative
activities that had occurred within the IAGP framework
during 1972-1973. These include development and tests
of radio-echo equipment by the United Kingdom and
Denmark for use on U.S. ski-equipped planes; compari-
sons of techniques used in the study of the Amery Ice
Shelf by glaciologists of the Soviet Union and of Aus-
tralia; provision of Soviet and Australian ice core samples
for analysis by the French group, whose samples have in
turn gone to the Danish core studies group; provision of
U.S. logistic support for France's traverse and of a geo-
ceiver team for Australia's Casey expedition; and ar-
rangements enabling Dr. Lorius to hold extended dis-
cussions with colleagues of the Soviet Union.

The council urged the continuation and extension of
this cooperation, especially in field operations and in
ventures such as the Cambridge workshop on tempera-
ture and isotopic profiles in polar ice sheets. Council
members decided to explore, in particular, the possibility
for a meeting of drilling experts. Such a meeting has
since been proposed by the U.S. group for August 28-30,
19741 at the office of the Ross Ice Shelf Project, Lincoln,
Nebraska.

The council heard brief reports on antarctic projects
related to, but separate from, the IAGP: Ross Ice Shelf
Project (Zumberge, 1971), European Antarctic Project
(Gerlache de Gomery, 1973), and glaciological activi-
ties and programs in Greenland.

Plans presented at the fourth IAGP council
meeting

Australia, 1973-1974. During the winter of 1973,
trials are to be made of equipment for downhole sam-
pling and for deep meltsonde probing. Further geo-
ceiver measurements are expected to be made within 100
kilometers of Casey.

The spring-summer traverse is planned to extend the
trilateration traverse inland up to about 100 kilometers
beyond the Saddle Point. Previous geoceiver stations are
to be remeasured and new stations are to be established
approximately at 50- to 100-kilometer intervals as far
inland as time and fuel permit.

During the winter of 1974, the main project is further
core drilling near the coast and inland. During the first
part of the year, it is planned to core drill a hole to near
bedrock, a few kilometers upstream from the previous
Cape Folger hole, at a position where the ice thickness is

still less than 500 meters. The aim is to fill the hol with
fluid after drilling to prevent the hole from closing and
to enable horizontal shear to be measured over a long
period. The hole is to be logged for temperature and
inclination change, and the ice core is to be returned
to Australia for detailed analysis.

Later in the year, it is planned to drill another hole
farther inland, to a depth of about 500 meters. This
hole is to be logged for temperature, diameter and
inclination. Part of the core is to be sent to Australia.
The remaining core is to be stored on the plateau near
Casey. In addition to the drilling, it is hoped that the
geoceiver can be taken inland to remeasure the sites
established during 1973 and possibly establish som new
movement sites as well.

The ice movement markers around Lambert basin,
approximately in the 1,500- to 2,000-meter elevation
zone, which were established during 1971-1972 sum-
mer, are to be remeasured. Measurements at the mrkers
include displacement, strain rates, accumulation, gavity
change, surface temperature, and snow sampling.

A major effort will be made to carry out an exte sive
coverage of radio-echo sounding for ice elevation and
thickness over Lambert Basin extending to abo 40
kilometers beyond the markers. An average spaci g of
about 20 kilometers will be sought.

If time permits, additional movement markers will
be established between the Prince Charles Mountain and
the Grove Mountains.

Aerial photography and ice elevation sounding is to
be carried out over the region of the northern Prince
Charles Mountains.—W. F. Budd

United Kingdom, Denmark, United Sttes.
Flights are planned that will extend the area coy red,
reprofile in areas of poor bottom echoes, and inc ease
flight density to a 50-kilometer grid in certain re ions
of East Antarctica.—G. deQ. Robin

After discussions, the council members agreed or the
following priority of airborne radio-echo sounding neas-
urements under the IAGP for the coming years:

First priority: measurements in the area of dome C,
Vostok Station, and dome B (50-kilometer net).

Second priority: radio-echo sounding along approxi-
mately 400-kilometers-wide strips along the traverses
from Dumont d'Urville toward Vostok and Casey toward
Vostok (50-kilometer nets).

Third priority: measurements in the area of dome A
(100-kilometer net).

Fourth priority: the remaining areas of the coast of
Wilkes Land (50-kilometer net).

It was noted that for work on the Casey-to-Vostok
profile, fuel resupply to LC-130 aircraft from Casey Sta-
tion would be necessary. Discussions on this subject are
understood to have taken place between administrators
from the United States and Australia.	 I
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Soviet Union. Snow accumulation measurements will
be made on the markers spaced 2 to 5 kilometers apart
along the 1,400-kilometer line from Mirnyy to Vostok
with density measurements at 20- to 50-kilometer inter-
vals. At Vostok Station, experiments are planned with
different borehole fluids (kerosene, diesel fuel, ethyl
alcohol) to test thermal and electro mechanical drills on
a flexible cable and the interactions of the liquids with
both the borehole wall and the core. Aerial radio-echo
soundings of the ice surface and bedrock topographies
are planned for the Lambert Glacier-Amery Ice Shelf
area and the IGY Valley.—Ye. S. Korotkevich

United States. NAVSAT equipment operation and geo-
ceiver measurements are to be repeated in the summer
of 1973-1974 and supplemented by further stations to
be set up both during the winter within 100 kilometers
of Casey and on the main plateau as far beyond the end
of the 1973-1974 summer traverse as fuel and time
permit.

The wire-line coring equipment will first be tested in
the Ross Ice Shelf Project during the 1974-1975 field
season. Subsequently, it will be used for intermediate-
depth coring in Greenland and for the first deep IAGP
hol, perhaps in the 1976-1977 season. Radar sounding
wil be resumed in the 1974-1975 season in a cooperative
program involving the National Science Foundation, the
Scott Polar Research Institute, and the Technical Uni-
veriity of Denmark.—C. R. Bentley

France. A 300- to 400-meter drill hole to bedrock is
planned in the coastal area of Terre Adélie; the program
includes field core observations, sampling for different
analyses, in situ measurements (temperature, closure
rat4, inclinometry), silicon-32 sampling, surface veloci-
tiesmeasurements, and shallow drill holes.

A possibility for continuing France's traverse from the
region of dome C was created by the U.S. offer to fly in
the Expolaires vehicles from McMurdo. Pending a
solution of the problems of operating vehicles in this
area, it has subsequently been proposed to begin with a
glaciochemical program at and near a small station to be
set up on dome C. The council had agreed that measure-
ments should be made in that area in view of both its
scientific and logistic implications. The desirability of
similar ground-truth measurements in the vicinity of
Vostok Station and dome B was stressed. To achieve a
more complete program and develop cooperation within
IAGP, it would be very desirable to have participation
of scientists of other IAGP countries in such a program,
especially in radio-echo sounding. Mr. Vaugelade gave
information on the French plans to construct a new air
strip at Dumont d'Urville equipped with modern air
navigational facilities, the work to be completed by
1977-1978.

General review of progress

The council considered that the general reconnaissance
activities that have been completed or are planned are
progressing satisfactorily. Considerable progress is being
made with the detailed scientific studies over the primary
area of IAGP operations. These studies are necessary for
understanding the ice dynamics of the area. To exploit
such knowledge to the maximum benefit of science,
participants are urged to concentrate as much scientific
effort as practicable in the primary area of the IAGP. Not
only is this highly desirable from a scientific viewpoint,
but it makes the most effective use of logistic capabilities
Of LC-130 airplanes based at McMurdo. The planned
French traverse for 1974-1975 provides a good opportu-
nity: the additional scientific results that other countries
would provide, by assisting with the scientific work of
this party, would mean a much more effective use of
resources, especially of the LC-130 time. A similar case
could be made for increasing the number of small
drilling parties in parts of the primary area that can be
reached from McMurdo by direct LC-130 flights and are
suitable for landings on unprepared surfaces.

It was appreciated that European scientists already
were contributing to the program through the integral
programs of France and the United Kingdom, while
Denmark was helping with isotopic and radio-echo
studies. Moves toward a European antarctic glaciologi-
cal expedition indicated the existence of some unused
scientific potential and interest in antarctic glaciology.
If this potential exceeds that which can be usefully de-
ployed to advantage under logistic limitations of the new
European program, it was felt that every encouragement
should be given to such groups to work in the IAGP area,
where logistic support is possible. This could be done as
part of a European program in antarctic glaciology.

Other matters

The council finally considered the problem of disposal
of nuclear waste in Antarctica, the publication of IAGP
data, and the time and place of the next meeting.

Disposal of nuclear waste in Antarctica. The council
of the IAGP had been requested by the SCAR executive
committee to discuss, at least in a preliminary way at
this meeting, the proposal for the dumping of nuclear
waste on the antarctic ice sheet. The council resolved
that-

1. It would deplore the dumping of nuclear waste
on the antarctic ice sheet at this time, since our present
knowledge of ice dynamics is insufficient to predict the
probable consequences, including the possible initiation
of surges of the ice sheet which could have catastrophic
effects on the world ocean levels.

2. The program of the IAGP should provide the back-
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ground knowledge of ice dynamics and thermodynamics
that is necessary for a better understanding of the risks
that would be involved if nuclear waste were dumped in
Antarctica.

3. If the urgency of the problem is sufficient, it should
be possible to speed up the program of IAGP, by provid-
ing the necessary additional finances and resources.

4. The council agreed to devote the first day of its
next meeting to a joint discussion of these problems with
the SCAR working group on glaciology. In the meantime,
members of the council were asked to undertake studies
in preparation for this meeting.

5. Members were asked to assemble information from
appropriate sources on the estimated amounts of nuclear
waste materials that will need dumping in future. The
SCAR secretariat was requested to distribute this informa-
tion to members, and a start with this has since been
made.

Publication of IAGP data. The council considered the
implementation of the decision taken at its Canberra
meeting to publish an IAGP newsletter. Mr. P. M. Smith
had sent a message that he was ready in the Office of
Polar Programs, National Science Foundation, to push
forward with such a publication. The council decided
to submit the summary reports of the individual coun-
tries, and the minutes of the current council meeting, for
editing and inclusion in the first issue of the newsletter,
together with an introductory summary of IAGP activity
to date. The decision whether to publish it separately or
in the Antarctic Journal was left to the Office of Polar
Programs.

Time and place of the next meeting of the LAGP

council. The council agreed to Dr. Robin's proposal to
hold the next meeting in Cambridge, England, on
September 26-28, 1974, after the symposium on the
remote sensing of snow and ice and the meeting of the
SCAR working group on glaciology. They agreed to de-
vote September 26 to a joint discussion, with the work-
ing group, of the problems of dumping nuclear waste in
Antarctica.

The meeting concluded with a vote of thanks to the
Soviet hosts for their excellent arrangements and for
enjoyable excursions organized during the meeting
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News and notes___________
Field activities in December 1973 and January 1974

Although marred by a scientist's
death (see "Wolf V. Vishniac, 1922-
1973," January-February 1974 Ant-
arctic Journal, p. 29) and a ship ac-
cident at McMurdo, the months of
December 1973 and January 1974
witnessed a generally favorable cli-

max to the 1973-1974 austral summer
of U.S. science programs in Antarc-
tica.

Two major efforts-the Ross Ice
Shelf Project and the trinational Dry
Valley Drilling Project-completed
the season's goals during this period,

as did a number of other summer
studies. McMurdo and inland U.S.
stations were resupplied in anticipa-
tion of the coming winter. Construc-
tion of the new South Pole Station
continued ahead of schedule, and 1by
early February only the finishing
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touc es remained. U.S. Navy Antarc-
tic Development Squadron Six (vxE-
6) a the close of January completed
one f few complete years in its his-
to withoutwithout a major airplane acci-
dent

UNS Maumee, a tanker that re-
stocl$ed McMurdo's fuel supply in
January, struck fast ice while ma-
neu'ering in the confined area off
Hut I Point that was cleared for it by
U.S. Coast Guard icebreakers. The
bloc; damaged the ship's rudder and
steeiing engine and, after receiving
temorary repairs, the vessel limped
to Wellington, NZ, under icebreak-
er escort. Although the mishap did
not cause permanent damage, it did
triger a series of ship schedule
charges that disrupted some ocean-
going projects.

Temperatures at McMurdo rose to
a record 8°C. on January 2, breaking
the station's previous record of 6.7°C.
(1970). The warm trend in Antarc-
tica also was felt at other stations:
Byrd, 5°C. (January 9); Vanda
(N.Z.), 11.1°C. (January 5); South
Pole , —18.9°C. (January 11). The
summer average at McMurdo is
5.8°C. and at the South Pole it is
—31.7 O C.  At the Soviet Union's Vos-
tok Station, where the world's lowest
natural temperature of —88.3°C.
was recorded in 1960, it was
—13.3°C. on January 5.

What follows, based on messages
from the field, is a summary of U.S.
Antarctic Research Program science
and logistics slpport activities dur-
ing this 2-month period.

do to the remote site on December
14. Soon thereafter Ross Ice Shelf
Project (RIsP) investigators began
work in a broad area around the base
camp to gather data on ice thickness
and physical properties, sub-ice water
depths, sub-sea sediments and rocks,
and tidal ranges and gravity varia-
tions.

Results of this season's RISP stud-
ies will be used during the 1974-
1975 austral summer when drilling
will proceed through the ice shelf
and into sediments and bedrock be-
low the sub-shelf sea. RISP is coor-
dinated by the University of Nebras-
ka, Lincoln, and this season included
participants from the University of
Wisconsin, Madison, U.S. Geological
Survey (usGs), University of Copen-
hagen, Denmark, and Virginia Poly-
technic Institute and State Univer-
sity.

RISP's principal air support this
year, augmented by vxE-6 LC-130
flights, was provided by a leased
Twin Otter airplane owned and op-
erated by Bradley Air Services, Ltd.,
Ontario, Canada. The wheel and ski-
equipped airplane departed from
Canada on November 26, for the
long flight south to McMurdo. Its
route was via South America and Ma-
rambio (Argentina), Siple, and Byrd
stations. Near Byrd Station the Twin
Otter's inertial navigation system

failed, and the pilots, unable to get a
fix on the airplanes position, radioed
to McMurdo for assistance. A vxE-6
Lc-130 Hercules was diverted on its
way from South Pole to McMurdo
stations to locate the Otter and lead
the airplane on to McMurdo. Both
airplanes arrived at McMurdo safely.

Eventually problems with the Ot-
ter's navigation system were traced to
the earth's diminished rotational
forces at high latitudes. The sensitive
navigation instrument was deemed
important to routine flight operations
and to precise determinations of RISP
survey site locations. Despite adjust-
ments the unit continued to be unre-
liable under the Otter's flight condi-
tions in high latitudes. Finally the
airplane's navigation was done by a
combination of the inertial system,
sun shots, and dead reckoning. Sun
shots and USGS geoceiver satellite ob-
servations were used to determine
survey site locations.

Strain networks were emplaced and
ice and gravity measured at 50 sites
on the Ross Ice Shelf. At 37 sites,
pinpointed by geoceiver satellite po-
sitioning, RISP investigators took wa-
ter depth soundings and retrieved
10-meter snow cores for oxygen iso-
tope analysis. Temperature readings
were taken in the hand-drilled, 10-
meter holes. Airborne radar profiling
was done along a 2,575-kilometer

Ross Ice Shelf Project

An interdisciplinary program to
study the vast Ross Ice Shelf and the
life, sea, and sediments below it be-
gan its first season of field activity in
December when a base camp was es-
tablished at 82 0 30'S. 166 0W. Two
Jamesways, two motor toboggans, sci-
entific equipment, supplies, and 16
persons were airlifted from McMur-

ell

U.S. Navy
Wheel and ski-equipped Twin Otter parked at McMurdo Station.
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U.S. Navy
UH-1 N helicopter hovers while U.S. Navy Antarctic Development Squadron Six WE-6)
and Dry Valley Drilling Project (DVDP) personnel ready the drill engine for airlifting from

Lake Vanda (site 4) to Don Juan Pond (site 5).

flight path. Seismic and radio wave
velocity was measured at five sites
and radar and gravity profiling was
done within 50 kilometers around
the base camp. A large scale strain
network was established along a
straight path out to about 80 kilom-
eters from. the camp. A seismic long
refraction profile was made and a
strain network established on an ice
rise at 83 0S. 172 0W. and across the
shelf-continental ice margin at 82°-
30'S. 153 0W. Two electrical resistiv-
ity profiles were made and soil-laden
ice samples collected north of the ice
rise.

On February 3, RISP investigators
completed this season's work and the
Twin Otter departed McMurdo for
Canada, via Byrd, Siple, Adelaide
(U.K.), and Punta Arenas, Argen-
tina.

Dry Valley Drilling Project

The Dry Valley Drilling Project
(DvDP), a cooperative deep earth

sampling program of the United
States, Japan, and New Zealand,
completed work at the final three of
the season's total of eight sites. Some
11.5 metric tons of core, frozen and
unfrozen, were retrieved during this
season for detailed study at U.S. and
foreign institutions.

By December 8, uH-1N helicop-
ters of vxE-6 had completed the move
Of DVDP equipment from site 5, Don
Juan Pond, to site 6, Lake Vida. Also
included in the transfer were mate-
rials from site 4 (Lake Vanda), Mar-
ble Point (where supplies were pre-
positioned by surface traverses ear-
lier in the season), and McMurdo.
The drill rig and camp were set up
at site 6 and drilling began on De-
cember 10. Progress continued except
for a brief delay on December 18
when poor weather prevented the de-
livery of drill rods from McMurdo.
On December 20, drilling ended at a
depth of 305.79 meters, making the
Lake Vida hole the deepest bedrock
penetration in Antarctica. Scientists
hope the fully cased hole will remain
open to access by geophysical equip-
ment for years to come.

Preliminary inspection of )VDP

core from site 6 shows 10 mete S of
sands, gravels, and boulders cem4 nted
by ice. This section is followe I by
157 meters of fine grained gnei S in
5- to 30-centimeter alternating1s
of gneiss and schist. The base ent
gneiss is intruded by adamelli e to
the bottom of the hole.

VXE-6 pilots and DVDP persnnel
worked to catch up on the progrm's
schedule that had slipped due to ear-
lier weather and mechanical rob-
lems. Site 7, Lake Fryxell, thus was
ready for drilling by December 26.
On December 30, drilling ended at a
depth of only 11.13 meters. Cor re-
covery was less than 30 perce of
the expected amount because 1 the
area's dry sands (not cemented by
ice) caused cave-ins around the drill
hole casing. Calcium chloride, used
as a circulating medium, consequently
welled up from under the outer cas-
ing and spilled on the top soil be-
neath the drill rig platform. Environ-
mental monitors, in consulta1tion
with other DVDP participants, recom-
mended that drilling be terminated
because of the danger of further cal-
cium chloride spills. The contmi-
nated soil was transported back to
McMurdo in an effort to preserve
the Lake Fryxell area's environmen-
tal integrity.	 I

Drilling at site 8, New Harbor,
began on January 7, 1974. As at site
7, loose sand at site 8 and leaching
by the calcium chloride circulating
medium inhibited progress and re-
sulted in poor core recovery. At 36.3
meters in depth drilling was halted
and diesel fuel substituted as a circu-
lating medium. Drilling resuthed
with much better core recovery. But
by January 23, at 157.46 meters,
torque and circulation problems re-
sulted in a decision to terminate
deeper drilling. The upper 38.7 me-
ters were redrilled at an angle, this
time using diesel fuel circulation, and
core was recovered for a complete
stratigraphic record of the region.
The fully cased hole was topped off
with diesel fuel to prevent closure
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and ake it accessible for deepening
next eason. Preliminary inspection
of th4 New Harbor core shows a Se-
quench of stratified sands and gravels
of oultwash origin overlying a diamic-
tite till?), marine sediments, an-
otherl diamictite, and marine sedi-
ments. Several beds of the macrofos-
sil A amussium colbecki were pene-
trated, and foraminifera were identi-
fied.

Upon completing field activities
for the 1973-1974 season, DVDP par-
ticipants prepared the 11.5 metric
tons of core for shipment to the
Unit d States aboard USNS Private
John R. Towle. All but 2.8 metric
tons of the core were kept frozen.
Included in the shipment was a sec-
tion of ice core presented to two
DVDP participants who were among
those visiting the Soviet Union's Vos-
tok Station on January 2, to inspect
the deep ice drilling project there.
The ice core was taken at a depth of
862.6 meters.

Dr. Roy E. Cameron and Mr.
Frank Morelli, both of the Darwin
Research Institute, conducted environ-
mental monitoring before, during,
and after the occupation of DVDP

Sites 5 to 8 (Don Juan Pond, Lake
Vida, Lake Vanda, Lake Fryxell, and
New Harbor). In addition to recom-
mending specific courses of action to
avoid environmental damage during
drilling at each site, air, water, and
soil samples were taken before and
after occupation for microbiological
analysis. The samples were placed
under incubation to determine num-
bers of microorganisms and isolants
were taken for further study. Chips
from cores were collected at each site
and placed in culture media to detect
bacterial growth. Preaudit monitor-
ing data were gathered at Walcott
Glacier and Cape Barne, two pros-
pective 1974-1975 drill sites. Proce-
dures employed in gathering the pre-
audit data included the implantation
of 1 a presterilized wooden tongue
bla4er and filter paper discs for long
terri collection of yeasts, molds, and
bacteria. Air, soil, and water samples
also were taken at the Lake Bonney
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hut and New Zealand's Vanda Sta-
tion to be compared with previous
years' observations for aerobiological
contamination of living and working
structures. Mr. Morelli and two as-
sistants conducted monitoring activi-
ties until January 9, when they were
relieved by Dr. Cameron and two
new assistants.

In late January and early February
Navy and civilian crews toured the
dry valleys to collect trash left in
previous years. VXE-6 helicopters
dumped biodegradable debris in deep
ocean water, and nonbiodegradable
material was flown back to McMurdo
for disposal. More than 14 metric
tons of camp debris that had accu-
mulated since the International Geo-
physical Year were removed from
the dry valleys.

McMurdo Sound area

The second field team of a Vir-
ginia Polytechnic Institute and State
University (vi) project to model
the freshwater and terrestrial ecosys-
tems of Lake Bonney arrived at Mc-
Murdo on December 10. The seven-
person team, under the direction of
Dr. Bruce C. Parker, was flown to
the Lake Bonney hut soon thereafter.
Water and soft sediment cores were
obtained weekly at several holes es-
tablished by the first field team. Also
on a weekly basis were chemical anal-
yses of water samples taken at various
depths in the lake. Water samples
also were sent to McMurdo for mi-
crobiological culturing and enumera-
tion at Eklund Biological Center.
About 227 kilograms of water were
collected and preserved for later anal-
yses at vii. Extensive halite deposits
on the lake bottom were discovered,
and samples are being studied fur-
ther. After constructing and furnish-
ing a small tool shed adjacent to the
Lake Bonney hut, and inventorying
equipment and supplies, the field
team returned to McMurdo on Feb-
ruary 2.

Dr. Maurice J . McSaveney, Insti-
tute of Polar Studies, The Ohio State
University, and two persons returned
to Wright Valley in mid-December
to continue studies of surface buc-
kling at Meserve Glacier. Distances
between markers previously measured
in January 1972 were remeasured to
calculate deformation of the buckling
region. After conducting other stud-
ies of the Meserve strain network,
the team departed for McMurdo on
January 30.

A University of Minnesota project
to study the population dynamics of
antarctic seals completed the McMur.
do phase of its investigations in mid
December. Other seal studies contin-
ued along the Antarctic Peninsula,
particularly in the Palmer Station
area. At McMurdo the project, under
the direction of Dr. Donald B. Siniff,
focused on seals of the nearby Hut-
ton Cliffs colony. Working from a
fish hut on the McMurdo Sound ice
off Hutton Cliffs, the project planned
to enumerate nonproductive females
and study male underwater territories
with the aid of hydrophones and son-
ic tags.

Measurement of submicron partic-
ulates in the stratosphere was the ob-
ject of two balloon flights each from
McMurdo and South Pole stations
during January. The University of
Wyoming study, directed by Drs. Da-
vid J . Hofmann and James M. Rosen,
utilized darkfield microscopes and
photoelectric counters. The instru-
ments took measurements during bal-
loon ascent to burst altitude and again
during descent by parachute. The first
flight occurred at McMurdo on Jan-
uary 15, and measured aerosol parti-
cles, ozone, water, and ion. The pay-
load was recovered by a 'xE-6 heli-
copter 56 kilometers southeast of Mc-
Murdo. On January 24 the second
flight was launched at the new South
Pole Station to measure ozone and
water. Ozone, pressure, and tempera-
ture data were returned but a water
experiment failed. Recovery of the
balloon payload was not attempted
because it landed too far from the
station. A third flight occurred at the
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LC-130R, one of three new airplanes purchased for the U.S. Antarctic Research Program
by the National Science Foundation, on the annual Ice runway at McMurdo Station. Its
external wing fuel tanks, visible between the Inboard and outboard engines, permit non-

stop flights between McMurdo and Siple stations.

new South Pole Station on January
25, to measure dust, water, ozone, and
ion in the atmosphere. The fourth
and final balloon successfully was
launched at McMurdo on January 31.
Its payload was recovered 29 kilom-
eters from the station, once again by
a VXE-6 helicopter.

Dr. Arthur DeYries, University of
California, San Diego, continued
studies during December and Janu-
ary on the physiology and biochem-
istry of freezing resistance in antarc-
tic fishes. Activities included comple-
tion of fishing operations and chem-
ical analyses, helping to set up fishing
facilities and seawater acquaria for a
DePaul University winter project,
and making trawls, traps, and hold-
ing tanks in preparation for ship-
board studies later in the season. The
large antarctic cod, Dissostichus maw-
soni, no longer was available from
McMurdo Sound after December 15.
A fish house on the ice adjacent to
McMurdo Station, previously used to
collect specimens of D. mawsoni,
thus was used to collect small fishes
for other projects at the station. By
the end of December ice conditions
in the sound deteriorated and the hut
was removed. A saltwater intake line
for a running seawater laboratory was
relocated to draw water from the Mc-
Murdo saltwater pump house, rather
than directly from the Sound, to en-

able operation during the austral
winter. Several trips were made to
the Dailey Islands to observe D. maw-
soni remains that earlier in the sea-
son were buried under ice. By mid-
January all buried fish were exposed
and by early February skuas had eaten
all but the fishes' heads and tails. This
supports the theory, according to Dr.
DeVries, that local bottom creatures
trapped in ice eventually are trans-
ported upward and are exposed on
the surface in the Dailey Islands re-
gion. In early February Dr. DeVries
collected fish specimens from aboard
Staten Island as the icebreaker ac-
companied Maumee to its rendez-
vous with Glacier (see "Ship opera-
tions").

Dr. Mary Alice McWhinnie, De-
Paul University, and Sister Mary
Odile Cahoon, Ph.D., College of St.
Scholastica, arrived at McMurdo on
January 10, to begin studies of in-
vertebrate fauna. Their work, in con-
junction with Polish exchange scien-
tist Dr. S. Rakusa-Suszcewski, will
continue through the austral winter.
Early studies concentrated on the col-
lection of discrete samples by using
a benthic sampler and a vertical net
between 600 meters in depth and the
surface. Laboratory experiments be-
gan on soluble nutrient absorption
of invertebrates and amphipod res-

piration. Stock organisms were main-
tained at selected temperature and
others acclimated to different temper-
atures. Preparations for implementing
winter research were under way in
January.

Although a University of Idaho
project on the status and population
dynamics of antarctic seals was lialted
prematurely in early February because
of USCGC Glacier's reassignment to
escort USNS Maumee (see "Ship op-
erations"), Dr. Albert W. Erickson
and colleagues completed aeria cen-
suses of seals along 249 nautical
miles of pack ice. The densi of
seals observed this year in 10 tran-
sects between 122 0E. and 1 60E.
was 8.32 per square nautical mile of
pack ice. This density is twice that
observed in 1973 and one-third great-
er than density values developed for
the Amundsen and Bellingshausen
seas in 1972. Species composition this
year was 81.5 percent crabeater, 4.9
percent leopard, 8.7 percent Weddell,
and 4.9 percent Ross. The Ross seal
figure is twice the amount of the
highest previous value developed for
any other antarctic area.

Eight shipboard censuses for 50.7
square nautical miles also were per-
formed by the University of Idaho
group. These resulted in a density
value of 12.04 per square nautical
mile. Ninety-three percent of the
seals observed from Glacier were
crabeater. The difference between
shipboard and aerial census figures is
explained by the presence of more
seals along the outer pack ice.

Dr. Erickson also collected eight
crabeater seals, 12 Weddell seals, and
five each of leopard and Ross seals,
for studies on population genetics,
breeding biology, descriptive arato-
my, and experiments with anesthetic
drugs.

The Johns Hopkins University Ap-
plied Physics Laboratory established
an on-going experiment at McMurdo
in late January to study field alined
currents in the aurora! oval (800 kil-
ometers above the earth). After in-
stalling and activating equipment, the
project will utilize a U.S. Navy-4p-
plied Physics Laboratory satellite that
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is in a near-circular polar orbit at 800
kilometers in altitude. The satellite
is expected to measure field alined
currents and transmit data to the
McMirdo equipment for later analy-
sis in the United States. During the
winter the Johns Hopkins University
equipment will be operated by Uni-
versity of Texas, Austin, personnel
who track geodetic satellites from
McMurdo.

On January 22, Dr. George A.
Llano, Office of Polar Programs, Na-
tional Science Foundation, Dr. Par-
ker, and Mr. George M. Jonkel, Bu-
reau of Sport Fisheries and Wildlife,
Department of the Interior, left Mc-
Murdo aboard USCGC Staten Island
for a 5-day survey of the Victoria
Land coast between Coulman Island
and Cape Adare. Aided by HR-52
helicopters operating from the U.S.
Coast Guard icebreaker, the team in-
spected Hallett Station and a nearby
penguin rookery. From Hallett the
ship proceeded to Cape Adare. Aerial
reconnaissance of emperor and Adé-
lie penguin rookeries, as well as seals
and whales, was done in the Cape
Adare vicinity and near Franklin and
Beafort islands. The survey's pur-
pose was to plot changes in previ-
ousl identified locations of rookeries
and seal colonies and to report any
new inhabited areas for future scien-
tifictudies. Staten Island returned on
Jani.ary 26, to escort USNS Maumee
throigh the brash-filled ice channel
to McMurdo.

Operations. During December and
January U.S. Navy personnel contin-
ued to install two new diesel-pow-
ered 500-kilowatt electrical genera-
tors. The effort included extending
the generator building to accommo-
date the new equipment. On Febru-
ary 1, the new generator was com-
plete, bringing the station power
source to a total of six 500-kilowatt
generators. Also during this period
Navy workers continued dismantling
and removing the PM-3A nuclear
power plant that was shut down in
1972.

Dr. McWhinnie is station science
leader at McMurdo this winter. Com-
mander William P. Sutherland is sta-

tion officer in charge and commander
of Detachment Alpha, U.S. Naval
Support Force, Antarctica.

Byrd field camp

The Byrd field camp continued to
play an important logistics support
role during December and January as
the way station for LC-130 flights be-
tween McMurdo and Siple. The
camp also supported (weather infor-
mation, fuel, and communications)
the Twin Otter as it flew to and from
Antarctica for the Ross Ice Shelf
Project.

Dr. Ian Whillans, Institute of Po-
lar Studies, The Ohio State Univer-
sity, and five others began work in
early December at the strain network
50 kilometers from Byrd field camp.
In its third and final season, the proj-
ect's goals this year were to remeas-
ure distances between markers in the
network. Snow stratigraphy along the
160-kilometer network also was stud-
ied to learn more about ice sheet dy-
namics. LC-130s air-dropped supplies
to the party in December. The proj-
ect was completed in early February
and Byrd field camp was closed and
evacuated for the season on Febru-
ary 8.

Palmer Station

The U.S. Antarctic Research Pro-
gram's northernmost station, on the
relatively balmy upper Antarctic Pe-
ninsula, was called upon by several
U.S. and foreign ships during De-
cember and January. The resulting
influx of passengers and cargo dur-
ing this period escalated science ac-
tivities at Palmer Station to summer
season levels.

On December 7, the Chilean vessel
Piloto Pardo visited Palmer and, on
December 11, so did the National
Science Foundation research ship R/V

Hero. On board Hero were six em-
ployees of Holmes and Narver, Inc.,
a civilian contractor that assumed op-
eration of the Hero/Palmer research
system in December. After unloading
cargo and taking on U.S. Navy per-
sons who staffed the station during
the 1973 austral winter, Hero once
again departed for Ushuaia, Argen-
tina, on December 12.

Also leaving Palmer by boat on
December 12, was David Lewis,
M.D., who is attempting a solo cir-
cumnavigation of Antarctica. He first
reached Palmer aboard the storm-
damaged 32-foot sloop Ice Bird on
January 29, 1973, after a 4-month
voyage from Australia. The boat was
left at Palmer over the winter and
Dr. Lewis returned on November 10,
aboard the British ship John Biscoe.
After finishing repairs and testing
the craft in waters around Anvers
Island, Dr. Lewis departed aboard
Ice Bird and expected to reach Aus-
tralia in May 1974.

Another British ship, the RRS
Bransfield, arrived on December 16,
to deliver fuel. By this time the sta-
tion's summer science activities were
in full swing.

In late December Dr. Jere H.
Lipps, University of California, Da-
vis, and others began studies of the
biology and ecology of shallow wa-
ter benthic foraminifera. Although
the program was modified because of
changes in Hero's schedule, by the
end of January 275 samples were ob-
tained from aboard the ship and by
scuba dives between Anvers Island
the Hope Bay. Scuba dives and col-
lections were made in Arthur Harbor,
Anvers Island, and back at the sta-
tion laboratory analysis of specimens
proceeded. Planned work on the west
and north sides of the South Shetland
Islands, and in Erebus and Terror
Gulf, was not possible because of
weather and ice conditions. Deep wa-
ter transects from aboard Hero also
had to be cancelled for this season.

Dr. David E. Murrish, Case West-
ern Reserve University, continued re-
search this season on peripheral vas-
cular control mechanisms of antarc-
tic birds. Blood samples were ob-
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Siple Station during the 1973-1974 austral summer.

tamed from gentoo, chinstrap, and
Adélie penguins, and from skuas and
giant petrels. The giant petrel was
studied at the Palmer laboratory to
record cardiovascular adjustments to
simultaneous cold exposure and sym-
patho-memetic and sympathetic block-
ade. Four petrels were injected intra-
vascularly with latex for anatomical
studies.

Continuing at the station during
December and January was a Uni-
versity of Minnesota project to study
the nesting behavior of antarctic
terns.

Four persons from the Instituto
Antartico Argentino arrived at Palm-
er on January 8, aboard the Argentine
ship Zapiola to conduct a biological
survey of Gerlache Strait and to do
neurophysiological studies of marine
life. During succeeding weeks the
group employed benthic and mid-
water trawls from aboard Hero and
performed experiments on specimens
back at the Palmer laboratory.

In late December Hero deployed
three glaciology field teams to De-
ception and Livingston islands. Two
of the teams were from The Ohio
State University, and the third was
from the Norwegian National Com-
mittee on Polar Research. The Nor-
wegian group surveyed possible drill
sites on the islands for future work.
Researchers from Ohio State remeas-

ured tunnel and surface strain net-
works on Deception Island, and for
later analysis collected ice and vol-
canic ash samples from both islands.

On January 19, passengers and
crew of the tourist ship Lindblad
Explorer toured Palmer before pro-
ceeding on a cruise along the Ant-
arctic Peninsula. By the end of Janu-
ary Hero—having made several pas-
senger and cargo shuttles between
Ushuaia and Palmer, as well as to
science project sites along the penin-
sula—was moored at Palmer.

Pensacola Mountains

Mr. Austin Kovacs, U.S. Army
Cold Regions Research and Engineer-
ing Laboratory, and team arrived at
McMurdo on January 10, to prepare
for an airplane runway site survey in
the Pensacola Mountains. On January
18, the group departed from McMur-
do aboard an LC-130. En route
to the Pensacola Mountains a photo-
graphic reconnaissance was made
of the Patuxent Range, the Neptune
Range, and the Cordiner Peaks, to
evaluate preselected possible runway
sites. Poor weather did not permit
photographing of other sites in the

Forrestal Range or the Dufek Massif.
Aerial observation indicated that the
blue ice areas to the west of Mount
Whillans and Mount Bruns in the
Patuxent Range and the blue icearea
to the north of Rosser Ridge in the
Cordiner Peaks should be examined
further for runway use. The group
put in at the southeastern end of the
Cordiner Peaks and traversed to the
blue ice area north of the Cordiner
Peaks. A topographic survey, was
made of a 1,500-meter stretch of the
ice surface, and ground-truth data
were collected. The party concluded
that the blue ice area north of Rosser
Ridge appears feasible for wheeled
airplane landings. From the Cordiner
Peaks the group proceeded to sirvey
a blue ice area along the western
base of Mount Litchens. Although
the surveyed Mount Litchens area
could be used for a runway, expedi-
tion members agreed that the site's
overall relief and approach pat1i are
less suitable than those at the Rbsser
Ridge site. The group then retdrned
to the Cordiner Peaks put in sit and
prepared to traverse to Davis Valley
and the Dufek Massif. Poor wether
forced the cancellation of this las leg
of the survey, however, and on (Jan-
uary 30, an LC-130 arrived to r+urn
the team to McMurdo. Aerial ho-
tography of the areas surveyed was
unsuccessful on the way out be use
of weather conditions.

The runway site survey team Iwas
accompanied by Dr. Arthur B. Fbrd,
USGS, who pursued independent eo-
logic investigations at Jackson Peak
and Rosser Ridge in the Cordner
Peaks area. His studies were to up-
plement related USGS research done,in
1966. This seasorl fold structures nd
their relations to igneous bodies were
reexamined. Also studied was the
only exposure of the intrusive contact
of the Dufek complex on the lower
slopes of Mount Lechner in the For-
restal Range. Soil samples were taken
at each runway survey site for future
environmental impact studies.
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Siple Station

The first weeks of Siple's relatively
brief summer season of activity were
dominated by efforts to replenish the
tiny station's supplies. About 45,000
liters of diesel fuel and tons of other
cargo, including food, were flown to
the station. Stanford University in-
vestigators worked to install 350
aluminum towers to elevate the 21-
kilometers-long dipole antenna, as
well as continued year-round mag-
netospheric research.

On December 10, barely more than
a week after the season's first flight
to the station, Dr. Theodore J . Ros-
enberg, University of Maryland, and
others arrived to make summer-long
studies of energetic electron precipi-
tation near the plasmapause. Scintil-
lation counters were carried aloft by
helium-filled balloons to measure
x-rays produced by precipitating elec-
trons in the atmosphere. On January
2, 1971, a one-to-one correlation was
noted between x-rays received by
balloon-borne equipment, flown from
the station by the University of Mary-
land, and natural very low frequency
emissions recorded by Stanford re-
searchers. The work this season, again
in conjunction with Stanford (Dr.
Robert A. Helliwell, principal in-
vestigator), was aimed at repeating
the correlation. Four balloons were
launched in January to gather infor-
mation on wave-particle interactions
in the ionosphere and magnetosphere,
and on the stimulation of electron
precipitation under both natural and
controlled conditions. The University
of Maryland team completed its field
research and returned to McMurdo
by the end of January.

Dr. Stephen B. Mende, Lockheed
Palto Alto Research Laboratory, su-
pervised the transfer and installation
of a Lockheed six-channel auroral
photometer. The instrument, previ-
ously used at the South Pole, will
be operated at Siple by winter per-
sonnel for the first time to study

artificially induced auroras. An au-
roral observation tower, topped with
a 183-centimeter plastic dome, was
built at Siple to house the photometer
and an all-sky camera placed there
for University of Alaska studies of
midday auroras.

On February 3, the Twin Otter, in
company with an LC-130, flew from
McMurdo to Siple on the first leg of
its return journey to Canada. The
airplanes' departures from Siple that
day signalled the beginning of the
station's winter isolation. Left behind
were four persons—including Mr.
John L. Bowers, station science leader
(Stanford University), and Harold
Lundberg, M.D., station manager and
physician—who will continue atmos-
phere sciences research there until
the station reopens in late November
or early December 1974.

South Pole Station

The fifth stage ignition of a Na-
tional Aeronautics and Space Ad-
ministration (NASA) "Hawkeye"
satellite launch vehicle, scheduled to
occur in late May, will be monitored
at the South Pole. The polar-orbiting
satellite is to be launched from Van-
denberg Air Force Base, California,
and the fifth stage ignition is planned
to take place above the South Pole.
NASA personnel were at the station
during January 11 to 21 to install and
test tracking and communications
equipment that will be operated dur-
ing the 38-minute launch period by
winterover USGS personnel.

Studies of atmospheric energy
transfers, under the direction of Dr.
John J . Carroll, University of Cali-
fornia, Davis, began in December.
This season's work was designed to
check out the project's instrumenta-
tion and methods of operations. At
the South Pole the team made a pre-
liminary evaluation of mass and
energy transfers between the snow

surface and the atmosphere under
conditions representative of the ant-
arctic continent's interior. Measure-
ments included solar radiation and
net radiation transfers, and momen-
tum exchanges, all taken during 2
weeks in an open snowfield near the
station. The equipment operated
normally despite low outside air
temperatures.

A second phase of the University
of California, Davis, project took
place on the McMurdo Ice Shelf at
Williams Field (McMurdo Station).
Rather than wait at the South Pole
for the late season delivery of a
skylight polarimeter, specially de-
signed for the project to gather data
on light polarization from the sky,
the group elected to return to Mc-
Murdo and operate the instrument
there. The polarimeter was expected
to provide data on atmosphere
turbidity as indicated by light polari -
zation. Observations started on Feb-
ruary 4, and a clear sky for 12 hours
on February 6, enabled measurements
of the polarization field at the polari-
meter's six wavelengths. The instru-
ment also was operated during a clear
period on February 7.

Measurements of global aerosol
concentrations is the goal of a Uni-
versity of New York Atmospheric
Sciences Research Center project un-
der the direction of Mr. Vincent J.
Schaefer. In addition to setting up
a pollak counter for year-round oper-
ation at the South Pole auroral
observatory, aerosol concentration dif-
fusion coefficients were determined at
South Pole, Siple, and McMurdo
stations.

Dr. Michael Kuhn, University of
Innsbruck, Austria, spent 4 days at
the South Pole in late December for
micrometeorological sampling and
radiation measurements.

A University of Maryland study of
trace metals and halogens in the ant-
arctic atmosphere got under way in
December when a specially equipped
van was flown to the South Pole and
placed about 1 kilometer north-north-
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Damaged UH-1 N helicopter after having been toppled in November 1973 by high winds

at Cape Crozier, Ross Island.

east of the station. Air sampling
began in mid December but was
interrupted on December 21, when
the van's 30-kilowatt electrical gen-
erator broke down. On January 3, af-
ter replacing the generator, sampling
resumed. Some aspects of the project
again were temporarily halted on
January 26, because of diesel fumes
from construction equipment being
used to build a new snow runway
upwind from the van. Full sampling
activities were expected to start again
in early February. The project is
being done in collaboration with the
University of Rhode Island; the
principal investigator is Dr. William
J . Zoller, University of Maryland.

Operations. On December 15, the
50th and final van containing build-
ing materials for the new South Pole
Station was delivered by a vxE-6 LC-

130. During the rest of December
and all of January, Navy and civilian
contract employees worked to com-
plete the season's construction goals.
By the end of January, despite chest
colds that plagued many construction
workers, the season's work virtually
was complete. On February 7, during
a brief and informal ceremony, U.S.
Navy Construction Battalion 71—
which built much of the station—
turned the facility over to the Na-
tional Science Foundation. The new

station will be dedicated during the
1974-1975 austral summer, after
Holmes and Narver workers apply
finishing touches.

Station science leader at the South
Pole this winter is scheduled to be
Mr. Charles Jenkins, National Oce-
anic and Atmospheric Administra-
tion (N0AA), who also in charge of
station meteorology programs. Offi-
cer in charge this winter will be U.S.
Navy Lieutenant R. L. Braddock.

Air operations

The UH-1N helicopter that was
damaged and abandoned last No-
vember when high winds at Cape
Crozier blew it on its side, was re-
turned to McMurdo by surface tra-
verse in January. Using a tractor,
light snow vehicle, and 18-metric-ton
sled, the U.S. Navy and civilian crew
hauled the disabled helicopter back
to McMurdo. Later the airplane was
prepared for ship transport to the
United States for subsequent repairs.

Toward the end of January, U.S.
Navy and Holmes and Narver per-
sonnel made another traverse to Cape
Crozier to emplace a prefabricated

hut and a 1,900-liter drum of diesel
fuel. Dr. DeVries, Mr. Jonkel, Dr.
Llano, and Mr. E. George: Schir-
macher, U.S. Geological Survey,
had surveyed the area to make sure
that the hut, to be used for biology
programs at the Cape Crozier pen-
guin rookery, is well outside of the
Antarctic Treaty's Specially Protected
Area Number 6. Cairns were con-
structed to mark inland boundaries
of the Specially Protected Area. Af-
ter assembling the hut, the wbrkers
also built a helicopter landin$ pad
and tie-down facilities, although fu-
ture flight operations in the Cape
Crozier region will be limitd to
emergencies.

Air operations during Decmber
and January concentrated on three
areas: transporting construction cargo
to the new South Pole Station, re-
supplying stations for the austral
winter, and direct support of science
projects.

The season's first flight to the
Soviet Union's Vostok Station oc-
curred on December 14. Those on
board included Mr. Robb Flint,
NOAA, who will spend the winter at
the station as the U.S. exchange
scientist. Returning on the flight
were four Soviets who toured U.S.
stations until the season's second
flight to Vostok on January 2. r The
Soviet exchange scientist, Dr. Sergei
Abadumov, was scheduled to arrive
at McMurdo in early February.

Throughout December crews at-
temped to keep open the annual ice
runway airplane parking lot, and ice
road leading to the area on McMurdo
Sound. Snow was spread on sur-
faces to deter melting. On Decethber
17, the season's final U.S. Air Force
C-141 Starlifter turnaround flight
landed on the ice runway to frry
passengers and cargo to Christchurch,
N. Z., and back to the United States.
The 2-year-old ice runway continued
to be used for LC-130 operatins
until it was closed for the season on
December 27. Air operations tien
shifted to Williams Field on the
permanent McMurdo Ice Shelf.
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By December 21, the Royal N.Z.
Air Force completed nine C-130
turnaround flights between Christ-
church, N.Z., and the annual ice-
runway. The runway's closing forced
the cancellation of a tenth flight that
was scheduled for January 9. Also
during December and January, Royal
N.Z. Air Force pilots assisted in
VXE-6 UH-1N helicopter flights.

At the end of January Antarctic
Development Squadron Six (vxE-6)
completed 2,457 hours of LC-130
flights and 947 hours of uH-1N
flights for the 1973-1974 season. On
January 29, vxE-6 celebrated 12
months of accident-free flying in sup-
port of the U.S. Antarctic Research
Program.

Ship operations

After taking on fuel in New Zea-
land, two U.S. Coast Guard icebreak-
ers—Glacier and Staten Island-
headd for McMurdo. Their mis-
sion was to reach the McMurdo
Sound ice edge and, using the "rail-
road track" method of parallel op-
erations, cut a 27-kilometers-long
channel to the McMurdo ice wharf.
Glacier reached the ice first on Jan-
uary 1, and proceeded to cut through
about 12 kilometers on its own. On
January 4, Staten Island arrived and
joined in the effort. Finally, on Jan-
uary 8, the ships arrived off Hut
Point. While Glacier spent the day
receiving engine repairs, Staten Is-
land reworked the brash-filled chan-
nel to permit passage by cargo ships.

Both the icebreakers and the cargo
ships soon to arrive operated under
reduced power to conserve fuel.
About 946,250 liters of fuel were
transferred from Staten Island to
Glacier so the latter could return to
Long Beach, California, without re-
fueling.

On January 12, Glacier departed to

deliver passengers and cargo to Aus-
tralia's Casey Station. Also aboard
was the University of Minnesota
team that did seal studies along the
way. The ship was expected to reach
Casey on February 7.

Meanwhile Staten Island continued
to refine the ice channel and create a
turning basin off Hut Point. Navy
crews used explosives to blast away
thick sea ice along the ice wharf to
create a smooth-faced dock for cargo
ship offloading. Soil was spread on
the wharf's surface to provide in-
sulation against melting. On January
14, USNS Towle, a cargo ship that on
December 19, had left Davisville,
Rhode Island, with about 17,000
metric tons of cargo destined for
McMurdo, arrived at the channel's
outer end. Staten Island escorted
Towle through 10 kilometers of
dense brash, to within 500 meters of
the wharf. On January 17, Towle
edged its way to the wharf and began
unloading cargo. The unique wharf,
constructed by U.S. Navy personnel,
permitted simultaneous unloading of
all five of Towel's holds and with-
stood weights that included a 44-
metric-ton crane. On January 19,

-
fu1I

Staten Island assisted in Towle's re-
berthing.

The tanker USNS Maumee con-
tinued to pick up time on its way to
McMurdo and arrived at the chan-
nel's outer end at least I day ahead
of schedule. Maumee unloaded her
fuel into storage tanks at McMurdo
and gave about 2.1 million liters of
fuel to Staten Island. The Towle
proceeded to Lyttleton, N.Z., to re-
fuel and pick up more cargo for
McMurdo, and arrived there on Jan-
uary 28.

On January 29, while turning
around in Winter Quarters Bay,
Maumee's rudder was damaged. Sub-
sequently Glacier was directed to dis-
continue support of the University of
Minnesota project and proceed di-
rectly to Casey Station. Maumee's
rudder received temporary repairs
and Staten Island escorted the dis-
abled ship, under its own power but
operating at reduced speeds, for a
rendezvous with Glacier on Febru-
ary 6. Glacier relieved Staten Island
as Maumee's escort and the two ships
proceeded to Wellington, N.Z. In
addition to Maumee's rudder, Gla-
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U.S. Navy

U.S. Coast Guard icebreaker Staten Island, at left, helps USNS Private John R. Towle dock
at the McMurdo Ice wharf on January 17, 1974.
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cier's malfunctioning starboard en-
gines also would be repaired in New
Zealand.

P. M. Smith gets new
assignment

Philip M. Smith has become the
special assistant to National Science
Foundation (NSF) Director H. Guy-
ford Stever. The new assignment, ef-
fective March 31, 1974, followed 6
months of leave from his former
position as deputy head of the Office
of Polar Programs (o), NSF, to
serve as acting branch chief, Gen-
eral Science Branch, Office of Man-
agement and Budget.

Employed by the NSF since 1958,
Mr. Smith has been associated with
U.S. national programs in polar re-
gions, particularly Antarctica, since
1955. 'While in the U.S. Army, he
spent a year in Greenland and, dur-
ing the International Geophysical
Year (IGY), developed a tractor trail
in Antarctica for traverses between
Little America V and Byrd Station.
During the 1957-1958 season, Mr.
Smith, employed by the Arctic Insti-
tute of North America, did glacio-
logical research at Camp Michigan
and later was dispatched to McMurdo
Station to assist in post-my transi-
tional activities.

Prior to becoming deputy head of
OPP, in 1970, Mr. Smith was director
of field requirements and coordina-
tion, Office of Antarctic Programs
(reorganized in 1969 as NSF.
Several logistics innovations evolved
under his leadership, including the
Unmanned Geophysical Observatory,
the under-ice observation chamber,
the development and use of a pre-
fabricated module approach to sta-
tion construction, the use of LC-130S
in field program support, and the
use of helicopters to increase mobil-
ity in the dry valleys. He also en-
couraged such international pro-

grams as the International Antarctic
Glaciological Project and the Dry
Valley Drilling Project, and has been
active in U.S. contributions to the
Scientific Committee on Antarctic
Research. In the late 1960s and early
1970s, Mr. Smith was involved in
policy and management studies re-
lated to the transfer of antarctic pro-
gram responsibilities from the De-
partment of Defense to the National
Science Foundation.

New film is released

"South of Nearly Everywhere," a
7 1/4 -minute minidocurnentary motion
picture on the R/V Hero/Palmer
Station research system, has been re-
leased by the National Science Foun-
dation (NSF). The new film is part
of the NSF's "Encounters with Sci-
ence" series and was produced in the
course of making a new full-length
motion picture (due for release later
this year) on the U.S. Antarctic Re-
search Program.

The color movie describes the U.S.
national program of research and ex-
ploration along the Antarctic Penin-
sula and features photography of
Hero, Palmer Station, and the penin-
sula region. Organizations may bor-
row the film free of charge by writ-
ing to the Polar Information Service,
Office of Polar Programs, National
Science Foundation, Washington,
D.C. 20550.

Soviet Problems volume
translated

Volume 38, Problems of the Arctic
and Antarctic, has been translated
and published for the National Sci-
ence Foundation by the Amerind
Publishing Company, New Delhi,

India, under the Special Foreign Cur-
rency Program.

The volume originally was pub-
lished in 1971 by the Arctic and
Antarctic Research Institute, Lenin-
grad. Its 22 papers were edited by
A. F. Treshnikov and include articles
on the Polar Experiment (P0LEx)
and the Arctic Ice Dynamics Joint
Experiment (AmJEx). The 187-page
hardcover translation edition (catalog
number TT 72-52007) is available
from the National Technical Infor-
mation Service, Springfield, Virginia
22151 ($3 hardcopy; $1.45 micro-
fiche).

List of translations
available	 I

A cumulative list of tran lated
Soviet polar publications is ava lable
free from the Polar Infor ation
Service, National Science Foundg tion,
Washington, D.C. 20550. It i re-
printed from the Arctic Bu letin
(volume 1, number 2, fall 1973).

Since 1965 the National Science
Foundation, under the Special For-
eign Currency Program (Public Law
480), has funded cover-to-cover
translations of selected Soviet polar
literature. Individual translations, as
they become available from the Na-
tional Technical Information Service,
Springfield, Virginia 22151, are an-
nounced in the Antarctic Journal and
the Arctic Bulletin.

Correction

The figures in "Waterfowl of the
Auckland Islands" (Antarctic Jour-
nal, VIII(4) :188-189) inadvertently
were transposed. The photograph on
page 188 should appear with the cap-
tion on page 189, and vice versa.
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Monthly climate summary

Feature

Average temperature (°C.)
Temperature maximum (°C.)

Temperature minimum (-C.)

Average pressure (mb)
Pressure maximum (mb)

Pressure minimum (mb)

Precipitation (cm)
Snowfall (cm)
Prevailing wind direction
Average wind speed (rn/sec)
Fastest wind (m/sec)
Average sky cover (tenths)
Number clear days
Number partly cloudy days
Number cloudy days
Number days with visability

less than .4 km
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U.S. Navy

Clearing snow from the annual ice runway, McMurdo Station, after a storm in October 1973. 
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