
strip-chart recorder (Fig. 3) When the seals were
present on the surface of the sea ice, the signal was
recorded. When they entered the water, the signal
was attenuated. Each time the seals surfaced to
breathe, the sgnal was again recorded, which enabled
us to determine the duration of dives. The strip-chart
recorder monitored these animals 2-1- hours a day and
provided a fairly accurate picture of the daily activity
pattern of individuals. Nine female Weddells with
pups and one barren female Weddell were instru-
mented and monitored for approximately three weeks.
The peak activity occurred from approximately mid-
night to 10 o'clock in the morning and the peak of
haul-out occurred around noon to early afternoon.
Weather conditions recorded at McMurdo Station are
presently being evaluated to determine possible influ-
ences of environmental variables on these activity
patterns. A more detailed analysis will be published at
a later date.

Fifty 250 cc blood samples were taken from seals
around Ross Island and I-Iallett Station. Forty-nine of
these were from \Veddell seals and one from a crab-
eater. The hicod is now being analyzed by electro-
phoretic techniques in an attempt to measure differ-
ences in the protein structure of seals from various
areas of the Antarctic. These data will be analyzed

and compared with samples collected in the Weddell
Sea in 1968 and 1969.

Earlier investigations have utilized shipboard and
helicopter counts to obtain population estimates of
seals in the antarctic pack ice. These reports provided
the first density estimates and gave information on the
physical characteristics of the pack ice which were
attractive to seals. However, the logistic requirements
for such censuses are great and variables are difficult
to control. This past summer, in an effort to get more
standardized data in a short period of time, we ini-
tiated studies of the feasibility of black-and-white
aerial photography as a census technique. Transects
were flown over an area of the Ross Sea north of
Ross Island, and aerial photographs were taken ap-
proximately every mile along the transects. These pic-
tures are now being examined to obtain density esti-
mates of seals. At the present time, this method ap-
pears to be acceptable for obtaining gross estimates of
seal abundance. Identification of species of seals in
the photos does not yet seem possible utilizing these
techniques. However, differences in behavioral and
migration patterns separate species in time and place,
to some extent, and estimates of the species composi-
tion may be possible using this information. This ap-
proach is currently being evaluated.

CARTOGRAPHY

Topographic Mapping Field Operations,
1968-1969

PETER F. BERMEL

U.S. Geological Survey

The U.S. Geological Survey (USGS) assigned four
engineers to the Antarctic for the 1968-1969 summer
to establish geodetic control for topographic mapping
and to support other programs.

The USGS also assigned a photographic specialist
to advise Antarctic Development Squadron Six
(VXE-6) on visual navigational and photographic
procedures  for tl e n ai )ping photography flights. This
specialist also inspected and evaluated the resultant
aerial negatives to insure that they met mapping spe-
cifications.

The field engineers were deployed on the Ellsworth
Land Survey, where they established control in the
Hudson Mountains-Thurston Island-Jones Moun-
tains-Farwell Island area. The initial survey station

was an astronomic position established by daylight
stellar observations in the Jones Mountains, from
which the traverses radiated. The party completed
1,059 miles of primary and 275 miles of secondary
electronic traverse. They occupied 84 stations and
set 12 permanent bench marks. This control will
be sufficient for compilation of nine reconnaissance
topographic maps at a scale of 1:250,000, which will
cover approximately 40,600 square miles. During this
phase of the field season, the engineers were assisted
by the U.S. Arm y Aviation Detachment (Antarctica
Support) of Fort Eustis, Virginia.

The field engineers also compiled large-scale
planetable topographic maps of two biological study
areas in the McMurdo Sound area, established two
geodetic azimuths at the South Pole Station—one for
the Weather Bureau observer and one for the Coast
and Geodetic Survey geomagnetic observer—and reob-
served the astronomic position at the South Pole Astro
Pier. The annual reobservation at the Astro Pier is
essential to the determination of the rate of movement
of the existing Pole Station. These data will help
decide the exact location of the new South Pole Sta-
tion, when it is built, so that it will drift through the
pole proper at the midpoint of its expected life span.
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During the field season, VXE-6's photoconfigured
Lockheed LC-130F aircraft flew approximately
76,320 of the programmed 169,600 square miles
of tricamera aerial mapping photography. After
the aerial film had been inspected and evaluated in
Christchurch, New Zealand, approximately 50,000
square miles was determined to be of mapping
quality, pending later inspection of the contact prints
in Washington, D.C.

The major photographic effort this year continued
to be in the Antarctic Peninsula region, an area
known for its extremely bad weather conditions. Be-
cause the Peninsula photographic areas were outside
the range of the LC-130 aircraft flying from the
McMurdo Sound air facilities, it was necessary to

stage the aircraft out of Byrd Station for the southern
Peninsula area and out of Punta Arenas, Chile, for
the northern Peninsula area. However, neither the
information from weather satellites nor the reloca-
tion of the aircraft helped in photographing this
region. Photographic fill lines were also flown in the
Thurston and Berkner Islands areas, in eastern Ells-
worth Land, and along the Coats Land coast.

In addition, 75 percent of the programmed special
multidiscipline photographic projects were flown.
On these missions, black-and-white film was used for
penguin- and seal-population censuses, and color and
color infrared film was used for geologic investiga-
tions in the Transantarctic Mountains and in Marie
Byrd Land.

UPPER ATMOSPHERE PHYSICS

Investigations of Energetic Particles and
Radiation in the Polar Cap with

Balloon-Borne Instruments

MARTIN A. POMERANTZ
and GEORGE A. BAIRD*

Bartol Research Foundation
of the Franklin Institute

Investigations of the propagation of energetic parti-
cles into the polar cap are relevant to an under-
standing of the character of the magnetic regime in
the region where the field lines extend in an unclearly
defined manner far into space. Balloon-borne instru-
ments launched near the geomagnetic pole afford a
unique means of observing in detail, at a specific
location, the characteristics and temporal history of
enhanced fluxes of energetic particles of X—rays gen-
erated in the upper atmosphere by electrons, and of
nuclear -y-rays produced by protons with energies
below the atmospheric cutoff.

Many studies of polar cap absorption (PCA) events
and of electron precipitation effects in the auroral
zone have been conducted. At very high geomagnetic
latitudes, where the magnetic field is perpendicular to
the Earth's surface, attenuation is produced by the
atmosphere rather than by the magnetic field; hence,
solar particles are "stopped" through collisions rather

*On leave from the Physics Department, University Col-
lege, Dublin, Ireland.

than through magnetic deflection. The geomagnetic
field configuration and, in particular, the dynamics of
the magnetospheric tail give rise to differences in the
propagation of solar particles to different points
within the polar cap. These propagation differences
would manifest themselves as intensity differences
that might be detectable with identical balloon-borne
detectors flown simultaneously at different locations
or as time variations at a single location.

It has been observed that auroras occur when parti-
cles are precipitated near the outermost region of the
Van Allen belt and that the trapped flux simulta-
neously increases. This observation has led to the
suggestion that a local acceleration mechanism exists.
On the other hand, discrete auroral forms have been
observed at high latitudes where the field configura-
tion is not compatible with particle trapping.

Very-high-latitude studies of PCA events have been
made with riometer and ionospheric forward-scatter
techniques to measure the effect of interactions of
solar particles as manifested by the ionosphere. How-
ever, there has been a dearth of direct particle and
X-ray measurements poleward of the auroral zone. A
series of 7 flights was conducted at McMurdo Sta-
tion early this year, as the first step in an investigation
of particle phenomena in the polar cap with balloon-
borne instruments.

The instrument packages, carried aloft by 135,000-
cu.-ft. 1)lastic balloons, contained three Geiger-Mueller
counters operating singly and in coincidence, and a
NaT crystal scintillator with pulse height discriiiiina-
tion providing output signals corresponding to X-ray
energies >25 Key., >50 Key., >75 Key., >100
Key., and >500 Key. The objective of this program
was to carry out a preliminary reconnaissance for de-
termining the gross characteristics of events occurring
deep in the polar cap.

Since the data analysis is still in progress, it is pre-
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