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Aircraft Accident Takes the Lives of Six Navy Men

On February 2, 4966, for the first time since
November 9, 1961, a fatal aircraft accident occur-
red in the United States antarctic program. The air-
craft, an LC-47, crashed during a landing approach
on the Ross Ice Shelf. There were no survivors
among the crew of six, all members of Air Develop-
ment Squadron Six:

Lieutenant Harold Mario Morris, pilot
Lieutenant William Donald Fordell, co-pilot
Lieutenant Commander Ronald Rosenthal, navi-

gator
Charles Clinton Kelley, ADJ3, air crewman
Richard Stanley Simmons, ATI, air crewman
Wayne Maurice Shattuck, ADR3, air crewman

The aircraft was one of a pair that had flown
out to 70°50 1S. 159°25'E., at Mile 60 on the old
trail from Little America V to Byrd Station. There
a party from the United States Geological Survey
had remeasured a strain net, set out several years
previously, in order to determine ice movement on
the Ross Ice Shelf. They were to be moved to Mile
120 on the same trail to measure another strain net.

The first aircraft, an LC-1 17, landed safely under
conditions of poor visibility during a partial white-
out, and with some evidence of icing. From a dis-
tance of about a mile, the crew of the LC-1 17 ob-
served the LC-47 approaching at an altitude of about
200 feet. The aircraft appeared to stall right wing
first, resume level flight for an instant, and then
stall to the left. It plunged to the surface making
violent impact with the snow. The front part of

the aircraft was compressed by the force of the colli-
sion. The center section and both wings tore loose,
and the rear portion of the aircraft ripped free. Be-
fore rescue operations could be started, leaking avia-
tion gasoline caught fire and subsequently ignited
JATO bottles which the aircraft carried. Six hours
after the accident, fire and exploding JATO con-
tinued to prevent any effort to remove the remains
of those on board. The entire aircraft, except the
extreme empennage and a portion of the outer star-
board wing panel, was consumed by the flames.
The twisted wreckage rested in a hole in the snow
approximately 40 feet wide by 35 feet deep. No evi-
dence exists that any crew member attempted to
escape.

The only other air disaster of equal magnitude
in the Antarctic occurred on October 16, 1958,
when an Air Force C-124 crashed in the vicinity
of Cape Hallett. Of the 13 persons on board the
aircraft, 6 were killed and 3 received serious in-
juries. The crash of November 9, 1961, happened
on the take-off of aNavy P2V from Wilkes Station.
There were five fatalities and four serious injuries
in that accident.

The words of the late Rear Admiral Byrd, writ-
ten a decade ago to the family of another man who
had died in the Antarctic, still seem appropriate:

He served and died for his country just as
devotedly and with as high purpose as if he
had died fighting to preserve freedom. The mis-
sion for which he had volunteered and on which
he served is, and will continue to be, an effort
to unlock further the secrets of nature in that
vast area, Antarctica, and put them to the use
of all mankind.
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CARTOGRAPHY: A SPECIAL PRESENTATION

Topographic Mapping
in Antarctica

by the U.S. Geological Survey

GEO. D. WHITMORE
Chief Topographic Engineer

U.S. Geological Survey

and

RUPERT B. SOUTHARD, JR.
Assistant Chief Topographic Engineer
for Plans and Program Development

U.S. Geological Survey

Antarctic cartography had its birth in the minds
of early map makers, who reasoned that there must
be a southern land mass to balance the Earth, and
drew on their imaginations to depict this terra in-
cognita. More factual cartographic information was
provided by the whalers and sealers who sailed ant-
arctic waters, and by the hardy few who ventured
into the continent on exploratory surveys during
the early 1900's. Modern equipment, notably the
airplane, enabled more systematic charting prior to
and immediately following World War II. Topo-
graphic mapping, however, generally considered to
be an ultimate mapping product, is a relatively re-
cent addition to the cartographic history of Ant-
arctica, and as late as 1957, less than half of the
nations participating in the International Geophysi-
cal Year (IGY) program in Antarctica conducted
topographic mapping activities there.

Prior to the IGY, the U.S. Geological Survey's
antarctic mapping activities were limited to photo-
grammetric and cartographic compilations based
on the photography and control obtained during
Operations High jump and Windmill, 1946-1948.
Planimetry and topography of the coastal areas of
Marie Byrd Land between longitudes 94°W. and
126'W. were compiled by the Survey for the U.S.
Navy Hydrographic Office (now U.S. Naval Ocean-
ographic Office), and cartographic processing was
done of the same area for the Aeronautical Chart
and Information Center of the U.S. Air Force.
A planimetric compilation was made of Mac-Rob-

ertson Coast between longitudes 60°E. and 67'
301E. Photo mosaics of coastal areas of Marie Byrd
Land were prepared. Three 1:500,000-scale topo-
graphic reconnaissance maps were compiled and re-
produced, and various compilation phases were com-
pleted on eight other maps at the same scale, all in
the coastal areas of Enderby Land, Kemp Coast,
and Wilkes Land.

By the time of the second meeting of the Scientific
Committee on Antarctic Research (SCAR), held in
Moscow in 1958, all member nations realized that
topographic mapping was necessary for planning,
carrying out, and interpreting the results of the
various scientific investigations of Antarctica. When
the U.S.S.R. proposed to include mapping within
the SCAR-sponsored programs, there was general
agreement that all countries would benefit greatly
if the same degree of international cooperation could
be achieved in mapping that had already been ef-
fected in other disciplines. A temporary Working
Group on Cartography was therefore authorized,
and at a later SCAR meeting it was converted to a
permanent Working Group on Geodesy and Cartog-
raphy. As a result of the studies and activities of
the Working Group, SCAR has made a series of for-
mal recommendations to the member nations re-
garding standards, technical specifications, and sym-
bols for antarctic surveys and maps. Also, each
SCAR member nation annually distributes its plans
for future mapping activities to other member na-
tions, and SCAR then points out areas of possible
duplication, as well as areas that seem to be in need
of attention. Free and open international exchange
of antarctic cartographic data has been arranged.
SCAR also distributes reports on experiences in the
use of various instruments and specialized
techniques that have been developed to overcome
the logistic and technological problems peculiar to
Antarctica.
Elements of the U.S. Mapping and Charting
Program in Antarctica

The antarctic mapping and charting program of
the United States includes the following major com-
ponents:

A general map at 1:3,000,000, in four quad-
rant sheets, prepared from the best available
source data and continuously revised to
incorporate new data. One-color copies available.
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Also available as a one-sheet map at 1:5,000,-
000, published in multicolor edition. Produced
and published by the American Geographical
Society.

Aeronautical charts at 1: 1,000,000 (WAC ser-
ies), compiled from best available source data
and revised on an opportunity basis. Produced
and published by the Aeronautical Chart and In-
formation Center, U.S. Air Force.

Aeronautical charts at 1:2,188,800 (V30-SP
series) and hydrographic charts at various scales,
based on both original hydrographic surveys and
best available source data, revised as frequently
as warranted. Produced and published by the
U.S. Naval Oceanographic Office.

Topographic maps at different scales for var-
ious scientific purposes, usually based on special-
ly flown aerial photography and fourth-order
field surveys for horizontal and vertical control.
Produced and published by the U.S. Geological
Survey in support of the U.S. Antarctic Research
Program (USARP), with photography by U.S.
Navy Air Development Squadron Six (VX-6).
These are the principal, regularly scheduled and

maintained maps or map series produced by the
United States for the antarctic area, and each of
them is discussed separately in this issue of the
Antarctic Journal. Other maps have been produced
from time to time that are not identified with any
of the regular programs. Perhaps the most notable
among these are two molded, plastic relief models
of Antarctica. The first, produced by the Photo-
graphic Interpretation Center of the Navy from a
chart made by the Naval Oceanographic Office, was
intended mainly to bring out in bold relief the topo-
graphic features of the ocean bottom for hundreds
of miles in all directions from the coast of Ant-
arctica. The second, produced by the Geological
Survey, covers about the same area, but is unique
in that it is really two models, one above the other.
The lower model shows the subglacial and ocean-
bottom features. The upper model, which is trans-
parent and removable, fits exactly over the lower
one, and shows the antarctic ice surface and ice-free
features, and the ocean surface. Because the upper
model is transparent, the approximate depths and
shapes of any underwater or subglacial features are
apparent. This two-piece model was an experimental
project, and only a few models were produced for
use and evaluation by a selected group of antarctic
scientists. However, general interest has been such
that consideration is now being given to the produc-
tion of a revised edition for sale to the public.

NSF - USGS Plan for Topographic Mapping in
Antarctica

The first objective of the USARP topographic
mapping effort in Antarctica is to produce, as
rapidly as aerial photography and control can be
procured, 1:250,000-scale maps with 200-meter
contours of all of the mountainous and coastal
areas of West Antarctica, primarily for the use of
USARP scientists and as source data for aeronauti-
cal charts and other, smaller scale maps. An im -
portant by-product is the unpublished set of plani-
metric worksheets of each mountainous area at
1:500,000 scale. Ozalid copies of these worksheets
are available, upon request, to field scientists.

The next objective is to produce 1:1,000,000-
scale (International Map of the World) maps with
500-meter contours of all of western Antarctica.
These will be prepared from the 1:250,000-scale
maps of the mountainous and coastal areas as far
as they extend, while new source data will be ob-
tained for the remaining "featureless" icecap by
new high-performance aircraft carrying advanced
equipment for procuring all needed source data,
including horizontal and vertical control, in one
series of flights. It is conceivable, however, that
the required source data may by then be obtained
more cheaply and quickly by the use of geodetic
or cartographic satellites.

Eventually a series of 1:1,000,000-scale maps
should be produced of the entire continent show-
ing details of mountain ranges and ice-free areas;
the delineation, direction, and relief of large areas
of crevassing; boundaries of disturbed areas of ice;
and additional detail for such features as coastline
and ice shelves. Future plans obviously will depend
in part on where, and in what disciplines, USARP
scientists choose to work; on the technological de-
velopments that would facilitate procurement of the
necessary source data; and on the availability of suf -
ficient money to fund new types of equipment or
large areas of additional work.

Summary of Current Topographic Mapping
Procedures

Currently, the basic procedure for producing the
1:250,000-scale topographic maps of the mountain-
ous and coastal areas, with 1:50,000-scale plani-
metric worksheets, is to use the trimetrogon (three-
camera) type of photography. Some ask why, in this
day of super-wide-angle cameras and other highly
efficient instruments and techniques, the "trimet"
system is being used. The answer lies in low cost,
ease of installation of equipment, and the type of
aircraft available to the U.S. Naval Support Force,
Antarctica. Unfortunately, these aircraft have a
relatively low altitude ceiling, which, coupled with
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the generally high altitudes of the ice surface, have
resulted in somewhat uneconomical flight patterns.

PRODUCING 1:250,000-SCALE
TOPOGRAPHIC MAPS

The remainder of this article describes the major
operations performed by the Geological Survey in
producing the 1:250,000-scale topographic maps.
These are, in chronological order, 1) aerial photog-
raphy; 2) control surveys; 3) photogrammetric
compilation; and 4) map finishing operations.

Aerial Photography
To the present time, aerial photography obtained

for mapping in Antarctica has been the trimetrogon
type that proved so effective for reconnaissance
charting by the Army Air Forces during World War
II. Prior to the 1959-1960 season, trimetrogon
photographic coverage in Antarctica totaled over
650,000 square miles, but this consisted mostly of
exploratory and reconnaissance coverage, which
proved to be largely unsuitable for topographic
mapping.

The existing coverage was considered to be inade-
quate for the proposed 1:250,000-scale mapping of
the mountainous and coastal areas of West Ant-
arctica. The National Science Foundation therefore
requested the Geological Survey to prepare detailed
specifications for aerial mapping photography, in
accordance with a mapping plan, taking into ac-
count the limitations of existing aircraft and photo-
graphic equipment available for Antarctica.

During the past six seasons, Navy Air Develop-
ment Squadron Six (VX-6) has obtained for the Sur-
vey a net total of more than 425,000 square miles
of mapping-quality trimetrogon coverage, flown at
altitudes of 20,000-25,000 feet above sea level.
During the first four years, the flying was accom-
plished with two photo-configured, ski-equipped
LP-2J Neptunes. After these aircraft were phased
out of use in 1963, a small amount of photo-
graphy was obtained the following season with a C-
121J Super-Constellation, which had a primary mis-
sion of personnel transport. During the 1964-1965
season, the most successful to date, VX-6 used the
C-121J and a newly photo-configured LC-130F
Hercules with outstanding results. Until this year,
all aircraft were equipped with three cartographic
cameras, with 6-inch metrogon lenses and 9-inch-
square formats. Cartographic cameras with 6-
inch planigon lenses were obtained for use during
the current season (1965-1966).

To expedite inspection and final acceptance of
photography for the mapping program, a Geological
Survey photogrammetric specialist has been station-
ed in New Zealand and Antarctica during the

photographic season every year since 1960. He in-
spects all film as the missions are accomplished and
advises on necessary reflights. When feasible, he
also acts as in-flight adviser and visual navigator
on photographic mapping missions.

To date, the aerial photography has been used
in preparing 66 1:250,000-scale sheets covering ap-
proximately 293,000 square miles. Of these, 19
sheets covering 64,850 square miles have been
published, and the remaining 47 sheets are in various
stages of completion. The six sheets of the Britan-
nia Range project and most of the nine sheets of the
Queen Alexandra Range project should be published
during 1966 (fig. 1).

Aerial photography requirements shown in the
May 1965 NSF-USGS Plan for Optical Aerial
Mapping Photography of Antarctica (fig. 2) provide
for 1,200,000 square miles of coverage in the next
five seasons - an ambitious plan covering approxi-
mately 200 1:250,000-scale sheets. The ski-equipped
LC-1 30F will be used for obtaining most of this
coverage, inasmuch as the areas planned will be-
come increasingly remote from McMurdo and its
Williams Field ice runway. Since the one photo-con-
figured LC-130 still has a primary logistic mission,
it is likely that additional aircraft will have to be
made available if the plan is to be fulfilled in the
time allotted.

Aerial photography flown by VX-6 is stored by
the Geological Survey. As the photography is com-
pleted, it is shown on a preliminary 1:6,000,000-
scale index, available on request. In addition, after
mapping is completed, the locations and extent of
photographic coverage are shown in more detail
on 1:1,000,000-scale line indexes. Thus far, 1:1,-
000,000-scale photoindexes have been distributed
for the Sentinel and Executive Committee Ranges,
and indexes for the McMurdo project will be
ready soon.

All of this material is on file at the Antarctic
Map and Aerial Photography Library at the Sur-
vey's Branch of Special Maps in Silver Spring,
Maryland. Included in the materials readily avail-
able for inspection at the Library are 772 cans of
aerial photography film and nearly 200,000 contact
prints, which constitute most of the Operation
High jump, Operation Windmill, Ronne, Lassiter,
and Deep Freeze I through IV photography, and
all of the aerial photography taken by VX-6 since
Deep Freeze 60. Also on file are approximately 900
antarctic maps published by other nations, as well
as all U.S. maps of Antarctica. In addition, the
Library holds all U.S. and a considerable amount
of foreign control data, reports, and air photo in-
dexes.
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Ground Control Surveys
For the past nine years, the Geological Survey

has sent engineers to Antarctica to establish field
survey control for mapping. During the first few
years, these engineers were assigned as navigators on
expeditions organized for scientific purposes, rang-
ing from geophysical or glaciological oversnow
traverses to exploratory cruises by icebreakers. On
these expeditions the Survey engineers determined
elevations by altimeter, obtained astronomic obser-
vations for determination of geographic positions,
and made triangulation intersections from base lines
to visible photoidentifi able features. Base line mea-
surements were usually made by steel tape although
during the 1960-1961 season, Tellurometers were
used for these measurements.

In 1961-1962, the first helicopter-supported elec-
tronic-distance traverses, called Topo North and
Topo South, were undertaken. On these traverses,
engineers equipped with Wild T-2 theodolites and
MRA-1 Tellurometers were airlifted from peak to
peak by two Bell UH-1B gas-turbine helicopters of
the U.S. Army Transportation Board. Distances
between stations, usually on peaks, were accurately
measured using Tellurometers, and traverse angles
were precisely measured with the theodolite. In
addition, angles were read and recorded to pre-
viously selected photoidentifiable features along the
traverse route, thus greatly increasing the area being
controlled (fig. 3). Topo North extended from Mc-
Murdo Station northward to Cape Hallett and Topo
South was carried from McMurdo southward to the
Beardmore Glacier. The total distance for the two
traverses was 1,570 miles. Executed in about two
months, they furnished control for mapping an area
of approximately 100,000 square miles.

Pursuing the success of Topo North and Topo
South, two new traverses, called Topo East and
Topo West, were extended from them in 1962-
1963. Topo East extended from the terminus of
Topo South at the Beardmore Glacier eastward to
the Horlick Mountains, Topo West from, the Cape
Hallett end of Topo North in a westerly direction
into northern Victoria Land. The UH-1B heli-
copters, again furnished by the Army, were fitted
with more powerful engines, thereby facilitating
operations greatly, especially on the higher peaks.
The Tellurometers were replaced by Model DM-20
Electrotapes which proved to be very effective (fig.
4).

The combined length of Topo East and West
totaled 1,608 miles and furnished control for 1:250,-
000-scale mapping of an area of about 80,000 square
miles. The two-year total of the four traverses fur-
nished over 3,155 miles of control traverse down

UT.
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L4

FIGURE 3
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the mountainous backbone of West Antarctica, an
area of intense scientific interest (fig. 5). The meth-
ods used in these operations proved their efficiency,
and the success of the operations is a credit to ef-
fective coordination of logistic elements, maximum
cooperation among the Army, Navy, and Geologi-
cal Survey personnel involved, and above all, the
careful planning which preceded both operations.

The results of the four Topo traverses indicate
that the methods used have real merit in moun-
tainous terrain. Support requirements for such an
operation are large, for, in addition to the heli-
copters, aircraft are required to establish main sup-
ply points and intermediate supply caches, move
base camps, and perform numerous other activi-
ties. The electronic traverses are subject to weather
difficulties, as are all other antarctic surveys, but
the speed and flexibility of the method enable maxi-
mum traverse progress during periods of good wea-
ther.

The accumulated success of the helicopter-
borne electronic traverses has greatly improved the
control situation for antarctic mapping, both as to
quality and extent. The accuracy of mapping cur-
rently being conducted clearly indicates the effect of
the improved control.

SCHEMATIC DIAGRAM OF A PORTION OF THE

TOPO SOUTH ELECTRONIC TRAVERSE
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During the 1962-1963 season, Survey engineers
used Tellurometers with motor toboggans in the
Ellsworth Mountains, and similar methods were
used in the Pensacola Mountains in 1963-1964. In
the latter season, the Survey engineers also used
Army helicopters and Tellurometers in the Ells-
worth Mountains. During the 1964-1965 season,
Electrotapes and the helicopters were used for two
120-mile traverses, one around Ross Island and
another near Terra Nova Bay, and for a 240-mile
traverse in the mountains from Cape Hallett to the
Rennick Glacier. The same equipment was used dur-
ing the 1965-1966 season in the Pensacola Moun-
tains.

Plans for the future call for helicopter-supported
electronic traverses to control the areas programmed
for photography under the NSF-USGS plan pre-

FIGURE 4. USGS Engineers Operating a T-2
Theodolite and Electrotape on the Topo East Elec-
tronic Traverse

viously mentioned. The first of these will be a 2,600-
mile traverse starting near Roosevelt Island, running
along the Marie Byrd Land coast, and, hopefully,
terminating the same year at the Jones Mountains.
This traverse is scheduled for the 1966-1967 season.

The current traverse method is effective in moun-
tainous terrain, but is not yet satisfactory over flat
snow surfaces, partly because of optical refraction
close to the ground and accompanying difficulties
in communication. Considerable improvement in
those conditions is noted when one or preferably
both electronic instruments are elevated above the
snow surface. In one test, elevation of the instru-
ments to a height of 15 feet above the snow, on the
roofs of two Nodwell vehicles, significantly reduced
the difficulties due to refraction. A variation of this
technique was used in two past seasons by Survey

engineers establishing the 104-mile Byrd Station
Glaciological Strain Net. Theodolites and Electro-
tapes were set on specially designed metal flanges
that fit over the tops of the 4 by 4 -inch, 15-foot-long
wood posts used to permanently mark the corners of
the quadrilaterals. Portable aluminum survey towers
obviously also offer a possibility of aiding the trav-
erse operations over flat snow, but transportation of
the towers presents added problems.

It is likely that the solution will lie in the use of
the Survey-developed Air-Borne Control (ABC) sys-
tem, in which a Tellurometer-type instrument is
elevated in a helicopter which hovers over a point
on the ground. The helicopter-borne electronic
instrument can then be observed by two ground
stations equipped with compatible electronic equip-
ment and theodolites. This method has been
used successfully to establish photopoint control in
the United States including Alaska, but never in a
helicopter as heavy as, or powered like, the Army's
UH-1B. The ABC system was tested and evaluated
in the Pensacola Mountains during the 1965-1966
season, and it is believed that equipment modifica-
tions will allow its successful use on the 1966-1967
traverse along the coast of Marie Byrd Land.

Prior to 1961, astronomic positions were
determined from altitude measurements on the sun
by the line-of-position method, which is commonly
used by ship navigators. The most reliable results
were achieved by observing the sun at least every
two hours over a 24-hour period, and subsequently
filling in any observation gaps that may have been
caused by clouds or other adverse factors. Since
oversnow traverses seldom stop more than 24 hours
for scientific observations, it generally was not pos-
sible for the engineer on these traverses to make
up his missed observations. Even when a complete
set of observations was available, unstable factors
affecting refraction frequently caused variable final
results.

Since the 1960-1961 season, the primary means
of astronomic position determination has been by
daylight stellar observations, using a method first de-
scribed by C. H. Ney of the Geodetic Survey of
Canada. This method is based on the movement of
stars in azimuth, and accordingly vertical refrac-
tion is not a factor in the results. Latitude, longi-
tude, and azimuth may be determined simultaneous-
ly by obtaining observations on a minimum of
three stars. In practice, however, at least eight stars
are usually observed and in some cases, such as at
McMurdo and South Pole Stations, sets of over
20 stars have been obtained. The problem of solving
the resulting large number of simultaneous equa-
tions has been taken care of by using an electronic
computer.
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In the field, the engineers first determine the ap-
proximate azimuth to any convenient reference
point, based upon a solar observation and the best
assumed horizontal location available. Altitudes and
azimuths of stars to be observed are then determined
by means of a sidereal pointing chart or a Rude
Star Finder (published by the U.S. Naval Oceano-
graphic Office). These values are then set off on the
theodolite and the desired star is generally within
the field of view of the telescope. Pointings are
usually made on first magnitude stars, but stars
with a magnitude of 1.8 have been observed with
Wild T-3 and T-4 and Kern DKM-3 theodolites.
There is no doubt that dimmer stars could be ob-
served under the proper conditions with this equip-
ment, but this would require darkness and the as-
signment of personnel to winter over, which has not

yet been considered necessary. Accurate time is
obtained by conventional chronographs and a method
that combines radio time signals, a chronometer,
and stop watches.
Photogrammetric Compilation Procedures

In the United States, the tn-camera system of
map compilation is generally known as the trimetro-
gon system. The word "metrogon" refers to the type
of lens originally used, but any wide-angle lens is
acceptable. Until a few years ago, the trimetrogon
system was used extensively by the Air Force in the
rapid preparation of small-scale aeronautical charts.
Thus the system was proved in wide use as a recon-
naissance mapping tool, and equipment and skills
for its implementation are still available. Numerous
other systems were studied for possible application
to the antarctic mapping effort, and many of them
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showed considerable promise. All these systems
had to be rejected, however, because of high cost or
because of the unavailability of suitable aircraft. Ac-
cordingly, the trimetrogon system has been used for
Antarctica and is proving satisfactory. There are
numerous detailed explanations available of the
techniques and equipment utilized in reconnaissance
mapping by trimetrogon methods, therefore, the
system will not be detailed here.

In the office compilation procedure, the first
operation is the horizontal control solution, which
uses paper templets initially, followed by a metal-
arm assembly over a manuscript base, prepared at
1:50,000 scale, resulting in a homogeneous scale
solution for several flight strips.

After the horizontal network is established, plani-
metric detail is delineated on the compilation photo-
graphs and transferred to the manuscript at 1:50,-
000 scale, by means of vertical or oblique sketch-
masters. In antarctic mapping, this delineation of de-
tail is subjected to an intensive edit, because a field
check is impracticable. For this purpose, a compre-
hensive file of information on Antarctica is main-
tained and systematically searched for data that can
be applied to the area in question. Such data as can
be found, for instance, in the daily log of an over-
snow traverse, may be of considerable cartographic
value. It has been the practice of the Geological
Survey to furnish these planimetric manuscripts to
scientists, who have found them very useful in their
field investigations.

Spot elevations for the 200-meter contours to be
shown on the 1:250,000-scale published maps are
developed by means of a photoalidade, a photo-
grammetric instrument used to measure angles on
oblique photographs. Contours are then sketched,
using the spot elevations along with a careful
stereoscopic examination of the photographs. Oper-
ation of the photoalidade and contour sketching by
this method require judgment and skill, based in
large part on experience. Accuracy of the contour
data depends on accuracy of basic control, geometry
of the photography, and scale of the map.

There are other photogrammetric methods that
have considerable merit for reconnaissance mapping
of Antarctica. These systems are under continuous
study for possible use, and a change to an improved
system will be made as soon as the proper balance of
technical, logistic, and fiscal elements is achieved.
One such system, based on super-wide-angle photog-
raphy, shows considerable promise if aircraft with
the necessary range and ceiling can be made avail-
able.

Prior to 1959, the polar stereographic projection,
with the standard parallel at 71 °S was employed
for the 1:500,000 reconnaissance series and the

1:1,000,000 Knox Coast experimental chart.
Since 1959, the projections used are those recom-

mended for antarctic mapping by the Scientific
Committee on Antarctic Research (SCAR). All
graticules, including those for horizontal control ex-
tension and other steps in compilation, as well as
the final projections for map reproduction, are pro-
duced on the systems specified by SCAR and
adopted at Canberra in 1959. These projections for
1:1,000,000  and larger scale mapping are those
specified by the International Civil Aviation Organ-
ization (ICAO); Lambert conformal conic 4° lati-
tude bands to 80°S., and a polar stereographic pro-
jection for 80°S. to the South Pole, based on the
elements of the international spheroid.

Maps of the 1:250,000 reconnaissance series
have been published up to the present time on ICAO
sheet lines. Starting in fiscal year 1965, maps of
this series are being published on International
Map of the World sheet lines, normally subdivided
as a sixteenth of the area of one 1MW sheet, and
designated by the 1MW numbering system. The
first such maps published were a group in the Mc-
Murdo Sound area.
Map Finishing and Reproduction

The color-separation plates for the topographic
maps of Antarctica are prepared mainly by an en-
graving process called scribing. The necessary num-
ber of copies of the original map drawing are pre-
pared by transferring the map copy, by standard
photographic printing procedures, onto thin trans-
parent plastic sheets that have been coated with a
photographically opaque, paintlike material. Map
details are engraved by cutting the required lines
and symbols through the coating. Each color to be
reproduced on the final map is scribed on one to
several separate plastic sheets. Scribed color-separ-
ates thus prepared are, in effect, film negatives, and
when the scribing is at publication scale, can be
used for preparing pressplates directly by contact
printing, without a copying camera.

Specifications and symbols recommended by
SCAR are being followed as much as possible. In
addition, the Geological Survey provides pictorial re-
lief shading on all published topographic maps of
Antarctica. In this process, the steep slopes are
shaded according to the contours, but the relief
undulations of the flatter snow surface are shaded
while viewing aerial photographs stereoscopically.
Thus in many cases it is possible to portray features
that are not fully shown by contours or other symbols.

High-quality "stickup" lettering for each
map sheet is printed on new phototype composing
machines. These furnish most of the map lettering
on stripping film, in either positive or negative form,
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from a wide choice of type styles and sizes. Con-
ventional stickup lettering, pressprinted in ink, is
used when the desired style of type is not available
in phototype.

For economy and convenience in providing spe-
cial prints showing several different combinations of
map information, more color-separates are prepared
than the number of colors to be printed on the
published map. The usual edition would require
about 11, but as many as 14 color-separates could
be prepared in an unusual edition. For the stand-
ard published edition, these 11 color-separates are
combined onto six pressplates for the six colors of
black, blue, light blue, brown, gray and accent gray.

The final map copies are printed in colors by the
lithographic process, using modern high-speed off-
set presses. Unless an unusual demand for a parti-
cular map can be foreseen, about 2,000 copies are
printed for the first edition.

About 400 copies of each published topographic
map are immediately distributed to individuals and
organizations in the United States and, through
SCAR channels, to those on the mailing lists in the
other 11 SCAR countries.

OTHER TOPOGRAPHIC MAPS
Planimetric sketch maps at various scales were

produced last year from available control and aerial
photography for use in scientific field investiga-
tions in the Heritage Range and Pensacola Moun-
tains. Recently a planimetric and shaded-relief sketch
map was compiled from available photography cov-
ering nearly 50,000 square miles of northern Victoria
Land. A similar map showing 64,000 square miles of
Marie Byrd Land will be published in 1966.

Unpublished 1:100,000-scale topographic maps
of the Skelton Glacier and southern Victoria Land
ice-free valleys have been produced with a contour
interval of 100 meters. Large-scale maps have been
made of penguin rookeries at Cape Hallett and Cape
Crozier, and of the "Labyrinth" area near McMurdo.

PROCEDURES IN THE FUTURE
There is a continuing national effort to improve

the techniques and facilities being used in the
topographic mapping of Antarctica. For example,
two advisory groups continuously review current
practices and investigate others for possible use.
These are the Technical Advisory Committee on
Antarctic Mapping (TACAM), an official inter-
agency committee of the Federal Government, and
the Panel on Geodesy and Cartography of the Com-
mittee on Polar Research, National Academy of
Sciences. A recent study by the first group resulted
in the recommendation of three different equipment
plans. The first, called the Immediate Plan, dealt

with the use of presently available aircraft and
photographic equipment. The second, called the In-
terim Plan, provided for procurement of improved
aircraft (C-130) and a priority list of more elab-
orate photographic and navigational equipment.
The third, called the Long-Range Plan, takes cog-
nizance of the rapid development of more sophis-
ticated aircraft, photographic equipment, and elec-
tronic navigational and data-gathering equipment
which can be assumed to be available in the next
few years. It is hoped that the second and third
steps of the TACAM plan can be implemented as
rapidly as the newer equipment and the funds for its
procurement become available.

The second group, the Panel on Geodesy and
Cartography of the Committee on Polar Research of
the National Academy of Sciences, advises on broad
aspects of the Antarctic Research Program. Current
deliberations of this Panel are concerned with im-
proved methods for astronomic observations and
more precise control surveys on the Antarctic Conti-
nent, especially for obtaining accurate measure-
ments of movement of the ice mass. Also under
scrutiny are those developments in satellite geodesy
and cartography that show promise of being appli-
cable to the antarctic area. Recently developed long-
range plans provide for the extension of the world-
wide satellite triangulation net to Antarctica. It is
tentatively planned to obtain simultaneous photo-
graphs of an orbiting satellite from three stations on
the coast and from the South Pole.

The Geological Survey has recently established
a Space Technology Applications Office to serve as
the focal point of its cooperative research effort in
topographic mapping with the National Aeronautics
and Space Administration's Office of Space Science
Applications, in support of the NASA Apollo Appli-
cation Program and other extra-terrestrial flight in-
vestigations. Ultra-high altitude photography and
other remote sensor measurements from orbiting
spacecraft promise an acceleration in man's ability
to acquire new cartographic and geographic knowl-
edge of the Earth and its natural resources. Experts
believe that precision cameras already well advanced
should support planimetric and topographic map-
ping of standard quality and accuracy at scales as
large as 1:250,000, and perhaps even larger.

The value of space photography for antarctic
mapping has already been demonstrated by the
Geological Survey. Photography from the Nimbus
weather satellite has been used to reposition Mount
Siple 2° west (approximately 45 miles) of its pre-
viously recorded position, eliminate a mountain
group from the Kohler Range area—a group evident-
ly sighted by two different expeditions and hence
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positioned in two different locations, and reconfigure
and update ice front information in the Filchner Ice
Shelf, Weddell Sea, and Princess Martha Coast
areas.

Apollo Application Program manned orbital
flights are programmed to take place between 1968
and 1972, and plans call for one of these to be in a
polar orbit. It is important to note that the Apollo
Application Program calls for original negatives
from precision cartographic cameras to be returned
to Earth with the astronauts. These will provide
mapping source data far superior to Nimbus-type
photography, which, because it is telemetered back
to Earth from the satellite, contains scan lines and
has resolution of a lesser quality than that required
for detailed cartographic applications. The Apollo
Application Program, though not limited to polar
areas, will have an obvious input to antarctic map-
ping. In addition to helping with the 1:250,000
mapping program, it offers one solution to the prob-

lem of acquiring data for implementing the con-
tinental 1: 1,000,000-scale map series. This series,
first recommended in 1949 by a special National
Academy of Sciences committee under the leader-
ship of Dr. Isaiah Bowman, was later endorsed by
the Committee on Polar Research of NAS, and is
now included in the NSF-USGS Plan for Topo-
graphic Mapping of Antarctica.

It is impossible to say how the task of antarctic
mapping—begun many decades ago by whalers and
explorers with only the simplest of equipment - will
end in the age of rapidly advancing technology. The
Geological Survey is pleased to be able to participate
in the U. S. Antarctic Research Program, and to
cooperate with the other SCAR mapping centers
in the international effort to map the Antarctic
Continent.

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

U.S. Naval
Oceanographic Office

Charting of the Antarctic

CHARLES E. FOWLER and HARRY H. MOORE
Nautical Chart Division

U. S. Naval Oceanographic Office

The United States Naval Oceanographic Office
has evolved from a small Depot of Charts and In-
struments, established by the Navy Department in
1 830 to collect and assume the care and issue of
charts and navigational instruments to Navy ships.
Today, the Naval Oceanographic Office is respon-
sible for providing the Navy and the merchant ma-
rine with charts, navigational publications, and re-
lated services for the safe navigation of ships
throughout the world. Its work encompasses all
phases of the procurement, development, and pro-
duction of numerous, varied, and essential prod-
ucts aimed, in particular, at satisfying fleet opera-
tional requirements.

The production and maintenance of nautical
charts and publications has been a basic program
of the Oceanographic Office since shortly after its

establishment in 1830. In addition to their naviga-
tional use, nautical charts and publications have
various applications in plans and operations, en-
gineering, geographic studies, and other special
purposes. The production of charts requires the
conduct of hydrographic, photogrammetric, and mag-
netic surveys, the exchange of data with other gov-
ernmental and foreign agencies, and the evalua-
tion of a variety of documents and other source
materials.

The Oceanographic Office also provides the Navy
with the charts, publications, and related informa-
tion required for the safe navigation of its aircraft
throughout the world. This program is fulfilled to a
great extent through the use of aeronautical charts
and flight information publications produced by the
United States Air Force Aeronautical Chart and In-
formation Center and by the Coast and Geodetic
Survey, which have primary responsibility in this
field. The Oceanographic Office concentrates its
production activities in this area on those aeronauti-
cal charts and flight information publications needed
to fulfill special requirements of naval aviation, and
on items used by both the Navy and the Air Force
for which the Navy has been assigned responsibility.

It is also the mission of the Oceanographic Office
to support the effectiveness of the Navy as a com-
ponent of the Defense Department by securing, an-
alyzing, and disseminating oceanographic and hydro-
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graphic information essential to the national defense
and, in accordance with statutory requirements, to
carry out related programs contributing to maritime
safety and to the national welfare as it pertains to
the sea.

In accomplishing its mission, the Oceanographic
Office must chart all the waters within which the
Navy or merchant marine may be required to
operate. Among these are the waters surrounding the
Antarctic Continent.
United States Exploring Expedition

United States Navy interest in antarctic cartog-
raphy began when, in 1838, a squadron of six
Navy ships under the command of Lieutenant (later
Rear Admiral) Charles Wilkes sailed from Hamp-
ton Roads as the United States Exploring Expedi-
tion. Although the expedition was to explore and
carry out scientific research in many parts of the
world, its primary mission was exploration and
charting in the Pacific and the South Seas. The ex-
pedition had been specially authorized only after

Congress had been subjected for many years to
urgent pleas by whalers, sealers, and ship owners
of the United States for better charts of the waters
into which their ships sailed.

The expedition visited many parts of the world
and added a great deal to the store of scientific
and navigational knowledge, but its most noted ac-
complishment was the cruise into antarctic waters
during the 1839-1840 season. On December 26,
1839, the squadron left Sydney, Australia, and sailed
south toward Antarctica, sighting the continent for
the first time on January 16, 1840, in the vicinity
of longitude 157°56'E. During the next month
Wilkes skirted the ice barrier for approximately
1,500 miles to longitude 97°30'E., charting the
waters and land features as he proceeded along the
land mass which now bears his name.

Although Wilkes was unable to find a suitable
landing site along the shore, he knew, by the number
of landfalls, that his sightings were of continental
proportions. Samples of rocks (granite and sand-
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Fig. 2

stone), collected from floating ice near the land,
strengthened his conviction. Relying on this evidence,
he was able to conclude, and was the first to an-
nounce, that the land, a part of which he had dis-
covered, constituted a continent and not just a
group of islands protruding from the sea.

Lt. Wilkes was an experienced nautical surveyor,
having previously surveyed and charted Georges
Shoal and Bank off Cape Cod, and having com-
manded the Depot of Charts and Instruments. One
of the most important charts resulting from his ant-
arctic voyage was the "Antarctic Continent," which
was republished by the Oceanographic Office in
1875 as H.O. Chart 70 (fig. 1). This chart was up-
dated and reprinted numerous times but was cancel-
ed in May 1953 because of the availability of more
recently published charts of larger scale coverage.
The engraved copper plate for H.O. 70 has been re-
tained by the Oceanographic Office for historical
purposes. It is surprising to observe in how many
cases this chart agrees with current information.
United States Antarctic Service

With the decrease in United States sealing and
whaling activities in the Antarctic, Navy interest in
the area also decreased until Rear Admiral Byrd's
antarctic expeditions in 1928-1930, 1933-1935, and
1939-1941. The first two expeditions were privately
financed, but the third was partially financed by the
Government and was organized as the United
States Antarctic Service. The primary objective of
this expedition was to delineate the unknown coast-
line of Marie Byrd Land and to explore the hinter-
land. To support this expedition the Oceanographic

Office, in 1939, compiled and published, on the
Mercator projection, two small-scale nautical charts,
H.O. 5411 and H.O. 5412. H.O. 5411 covered the
antarctic coastline between 60°W. and 150°W. and
included the Antarctic Peninsula. H.O. 5412 covered
the coastline between 130°W. and 165°W. and
included portions of Marie Byrd Land. These charts,
the first of Antarctica to be compiled by the Ocean-
ographic Office, were used by the United States Ant-
arctic Service and subsequent Navy expeditions to
the Antarctic, but have been superseded by more
recent charts and are no longer in print. Figure 2
shows the extent of Oceanographic Office nautical
chart coverage of the Antarctic at the time of the
United States Antarctic Service, 1939-1941.

In May 1939, at the suggestion of the Secretary
of State, the Oceanographic Office was requested
to design, compile, and publish a small-scale chart
of Antarctica, which the State Department desired
to assist in resolving questions of sovereignty, ex-
pected to arise at the time. This chart, H.O. 2562,
was compiled by Commander R. A. J. English with
the assistance of Mr. Carl Herlacher, the Oceano-
graphic Office's principal antarctic cartographer at
that time.

In compiling H. 0. 2562, extensive use was made
of data accumulated by the Oceanographic Office
from previous antarctic expeditions, supplemented
by some 46 foreign charts and data contained in
more than 50 other publications, such as technical
reports and explorers' reports and books, both for-
eign and domestic. In addition to charts and publi-
cations, the personal knowledge of several promi-
nent individuals was drawn upon, among them Rear
Admiral Richard E. Byrd, who made many visits
to the Oceanographic Office to assist in the compila-
tion.

Many conflicts between different source materials
had to be evaluated and resolved, one of the most
difficult ones being a controversy over proper place
names for geographic features. Before the chart was
released to the public, it was submitted to President
Franklin D. Roosevelt and the situation regarding
the questions of names explained to him. Upon ap-
proval by the President, the chart was issued in
1943, in six colors, on an azimuthal equidistant
projection, at a scale of 1: 11 ,250,000.
Operation High jump

The participation of the United States in World
War II eliminated Antarctica from the Navy's sphere
of interest for the next few years, but immediately
following the war, the interest was revived. In the
autumn of 1946, the Navy sent a large expedition,
officially named Antarctic Development Project,
1947, and code-named Highjump, to the Antarctic.
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The expedition consisted of 12 naval ships, one
Coast Guard icebreaker, and more than 4,700
men.

Upon arrival in the operating area, the expedi-
tion was divided into three main task groups. One,
known as the Central Group, set up a base and air-
field on the Ross Ice Shelf near Little America, and
conducted aerial exploration and photography by
systematic outward expansion from that base. The
second, or Eastern Group, was built around a sea-
plane tender, and conducted its operations from the
vicinity of Peter I Island eastward. The mission of
the Eastern Group was the systematic aerial ex-
ploration and photography of the coastline, stressing
delineation of its unknown or improperly charted
portions. The third task group, known as the West-
ern Group, initiated its operations in the vicinity
of the Balleny Islands and continued its operations
westward along the continental perimeter. Its pri-
mary mission was similar to that of the Eastern
Group.

Approximately 350,000 square miles of antarctic
"land" was discovered by these three groups. Near-
ly 5,500 airline miles, or 60 percent of the antarctic
coastline, was photographed. A total of 70,000
trimetrogon aerial reconnaissance photographs was
obtained for mapping purposes, with the largest
number (40,000) being taken by the Western Group
primarily along the coast of Wilkes Land.

To support this operation, the Oceanographic Of-
fice was required to furnish nautical charts of all
antarctic waters in which the ships were expected
to operate. Only four nautical charts of the area
had been published by the Oceanographic Office
prior to this time (H.O. 70, 5411, 5412, and 2562).
It was necessary to revise these charts and to fur-
nish new charts as well. Using information collected
by USS Bear on the United States Antarctic Service
expedition of 1939-1941 and data from selected
British surveys of the area, the Oceanographic Office
in November, 1946, compiled and published H.O.
Charts 6650 through 6654. These charts of the Ant-
arctic Peninsula, on the Mercator projection, ranged
in scale from 1:4,050 to 1:201,350. Figure 3 shows
total nautical chart coverage of Antarctica fol-
lowing Operation High jump. The Oceanographic
Office also was designated as the clearinghouse and
coordinating agency for hydrographic, scientific,
and other mapping data obtained by High jump. De-
spite the paucity of ground control, topographic
manuscripts and photo mosaics were produced from
the aerial photographs received. These proved ex-
tremely valuable in revising nautical charts and for
planning subsequent Navy operations in Antarctica.

Fig. 3

Operation Windmill
Although the photography obtained in Highjump

was useful, it would have been of much more value
if accompanied by an adequate series of ground
control points. For fuller utilization of this photog-
raphy, the Navy undertook in 1947-1948 the
Second Antarctic Development Project, unofficially
named Operation Windmill. The project was exe-
cuted by two icebreakers, USS Edisto and USS
Burton Island, with their regularly embarked air-
craft (one ship equipped with two helicopters and
the other with one helicopter and one fixed-wing
aircraft). This force was officially designated U.S.
Navy Task Force 39. While the force was charged
with a number of minor missions, such as cold-
weather training of personnel and testing of equip-
ment, etc., its primary objective was to establish
ground control to permit fuller utilization of the
High jump photography. The ships explored the
ice barrier of the Ross Sea and Wilkes Land and
established a number of ground control points
which were easily recognizable on the aerial photog-
raphy. When the icebreakers were as close as they
could get to a desired control point, surveyors were
dispatched, usually by helicopter, to establish the
exact geographical location of the control point.
Upon completion of the operation, the coastline, as
delineated from prior photography, was revised for
use on new charts and in new editions of old charts.

In support of Windmill, the Oceanographic Office
was required to furnish such nautical chart coverage
and related data as would be useful in assuring the
success of the operation. In addition, a three-month
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course in photogrammetry was given by the Ocean-
ographic Office to the personnel assigned to the
operation. To assist in ship navigation in the Antarc-
tic, three special plotting sheets (H.O. 16892-1, 2,
and 3) were produced. These proved superior to
sheets previously used and, since Windmill, have
been issued to all U. S. Navy antarctic expeditions.

These plotting charts are essentially outline-type
charts, on a polar stereographic projection, and may
be used for a variety of planning and plotting pur-
poses. They are especially helpful for plotting ocean-
ographic stations, bathythermograph lowerings,
ships' tracks, and ice limits. H.O. 16892-1, at a
scale of 1: 12,000,000, includes the entire Antarctic
Continent and ocean areas to 45°S. latitude. H.O.
16892-2, at a scale of 1:5,000,000, covers the area
between 45° and 80°S. and 130° and 160°W. H.O.
16892-3, also at 1:5,000,000, covers the area from
45° to 78°S. and 60 0 to 130 0 W. All three charts
are printed in green to enhance legibility of plotted
information.

Although no nautical charts were published im-
mediately following Operation Windmill, the data
gathered during this expedition proved invaluable in
charting and planning for subsequent operations in
the Antarctic.
International Geophysical Year

Following Operation Windmill in 1948, the
Oceanographic Office was relatively inactive in ant-
arctic cartography until 1954, when the Department
of Defense was directed to provide logistic support
for United States participation in the antarctic
phase of the International Geophysical Year
(1957-1958). The Secretary of the Navy was given
the responsibility for implementing the Department
of Defense assignment. The Navy organized Task
Force 43, under the Commander in Chief, U. S.
Atlantic Fleet, to carry out the operations necessary
to meet these responsibilities.

Because there was not sufficient time available
to plan and send a major expedition to Antarctica
in 1954, USS Atka, a Navy icebreaker, was dis-
patched to search for base sites and to gather as
much hydrographic and oceanographic data as pos-
sible for use in compiling the nautical and aeronauti-
cal charts which would be required. Atka traversed
antarctic waters from the Ross Sea eastward around
the Antarctic Peninsula and across the Weddell Sea
to Queen Maud Land. In addition to finding suit-
able base sites and making valuable contributions to
the knowledge of antarctic oceanography, the ship
obtained a total of 30,000 miles of soundings, of
which over 9,000 miles were taken in antarctic
waters.

Deep Freeze I

As of 1954, the Oceanographic Office had on
issue only nine nautical charts and no aeronautical
charts of the antarctic area. To support Operation
Deep Freeze I, 1955-1956, the Oceanographic
Office used the data collected in 1954 and on pre-
vious Navy expeditions, along with data from foreign
sources, to produce six additional nautical charts
and seven new aeronautical charts.

The nautical charts (H.O. 6636 through 6641),
at a scale of. 1: 1,500,000, covered the periphery
of the Antarctic Continent from the Ross Sea
eastward to and including Queen Maud Land. The
original charts were published on the Lambert con-
formal projection but have since been revised and
placed on the Mercator projection, at the specific
request of navigators. These charts were intended
primarily for navigation along the coast of the con-
tinent outside the continental ice barriers.

Six aeronautical charts were produced, V30-SP-5
through V30-SP-10, on a polar stereographic pro-
jection, scale 1:2,188,800, and included all the
land area of Antarctica. One trail chart, H.O.
16384-1 & 2 (two charts printed back-to-back), at
a scale of I : 1,000,000, was published for the area
between McMurdo and Byrd Stations.

In addition to supplying the necessary charts, the
Oceanographic Office prepared detailed specifica-
tions for the conduct of all surveys scheduled for
Deep Freeze I. Records of previously established
geodetic control stations were scrutinized and sites
for new observations proposed where necessary to
control unexplored sectors and to reestablish control
where previous observations were inadequate.
Oceanographic Office personnel were specially train-
ed and equipped for this purpose. The results of
photographic missions flown during previous opera-
tions were analyzed and new flight lines specified for
accomplishment by Deep Freeze I aircraft operating
from the base on Ross Island. The Oceanographic
Office specialists were assigned to carry out field
evaluation of the aerial photography to insure that
specifications were met.

Other surveys planned on an opportunity basis
included geodetic control (triangulation) and geo-
physical (gravity and magnetic) observations. Stand-
ard observing procedures for these were specified,
although it was not expected that much effort
could be devoted to them. As it developed, however,
most of the survey effort was confined to control
and geophysical operations. None of the planned
photo-mapping flights were made, so Oceanographic
Office photogrammetrists assigned for this work as-
sisted the survey team in making geodetic and as-
tronomic observations.
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Six positions, all in the Ross Sea area, were de-
termined by solar observations. In addition, 42 posi-
tions were determined by triangulation methods.
These control points were to prove invaluable in
later charting of the Ross Sea area. In all, 12 civil-
ian technicians of the Oceanographic Office were
assigned to the sea and shore units charged with
the execution of this work.

Commanders of ships of Task Force 43 were re-
quested to evaluate for accuracy all charts used dur-
ing the operation, and to collect all possible data for
revision of these charts or the compilation of new
ones. A total of 162,842 miles of oceanic soundings
was recorded, including soundings en route to and
from the Antarctic. Even though in antarctic waters,
the tracks of the ships were usually based on factors
other than the gathering of soundings of uncharted
or poorly charted waters, a considerable amount of
information on previously unsounded waters was
collected. In addition, USS Edisto in February 1956
checked the charts of Robertson Bay, and obtained
much new sounding information.

The following comments concerning chart de-
ficiencies, made by the Commanding Officer of USS
Glacier following Deep Freeze I, are typical of those
reported to the Oceanographic Office. They revealed
the paucity of reliable data available when the
charts were compiled, and confirmed an urgent need
for additional surveys:

"Specific errors noted:
"(1) H.O. 2562. Scott Island is shown on this

chart to be approximately 1 5 miles south
of its true position.

"(2) H.O. 6636
(a) Coulman Island is actually about 12
miles south of the position shown.
(b) Franklin Island was found to be only
5 miles long and not 12 miles as shown on
the chart.

"(3) Ship grounded on an uncharted shoal in
McMurdo Sound at latitude 77°48'55"S.,
longitude 166°35'E."

Deep Freeze II
Using data gathered during Deep Freeze I, the

Oceanographic Office in 1956 published 15 new
nautical charts and 5 new aeronautical charts for
use by the Task Force during Deep Freeze TI in
1956-1957.

H.O. 6642-6644, at a scale of 1:1,500,000,
completed the series of small-scale coastal charts of
the periphery of the continent, covering the area
from Queen Maud Land to the Ross Sea. The re-
maining 12 charts, H.O. 6662-6673, were pro-
duced to supplement the small scale coverage with

more detailed large and medium-scale charts for
inshore operations, particularly in the vicinity of
United States stations. For example, H.O. 6662
shows Kainan Bay in the Ross Sea at a scale of
1:50,000 on the Mercator projection. Other charts
in this group, all on the Mercator projection, range
in scale from 1:15,000 to 1:100,000.

The five new aeronautical charts were compiled
to fulfill a requirement for strip charts for flights
to and from the Antarctic Continent, and between
United States stations in the Antarctic. These strip
charts vary in scale from 1:15,840  to 1:1,000,000
and are on the Mercator projection for the larger
scale and transverse Mercator projection for the
smaller scale charts. Strip chart H.O. 16384-3 & 4
covers the area from McMurdo to Christchurch,
New Zealand; H.O. 16384-5, the area from Eights
Coast to South America; H.O. 16384-6 & 7, from
McMurdo to the South Pole; H.O. 16384-8 & 9,
"Fashion Lane," a heavily crevassed area on the
trail between Little America and Byrd Stations; and
H.O. 16384-10 & 11, the area between McMurdo
and Byrd Stations. This last chart replaced H.O.
16384-1 & 2 which was originally published in 1955.

While Operation Deep Freeze I was still in prog-
ress, the original mission of Operation Deep Freeze
II was modified to include the construction of two
additional bases, requiring an increase in the number
of ships, airplanes, equipment, and personnel par-
ticipating. As in Operation Deep Freeze I, the
Oceanographic Office prepared detailed specifica-
tions for surveys to be conducted by its personnel
accompanying the Task Force. The commanding
officers of the ships in the Task Force were again
reauested to evaluate the charts which were fur-
nished and to report deficiencies to the Ocean-
ographic Office. In addition, ship commanders were
tinder orders to gather new data for charting use.

Approximately 300.000 miles of soundings were
obtained during Deep Freeze II. Other hydrographic
and oceanographic data were also collected. On the
basis of these data, the Oceanographic Office pub-
lished, in 1957, 16 new and 15 revised editions of
nautical charts of the Navy's areas of operation.

These charts represented a continuation of effort
by the 0ceanograhic Office to issue larger-scale
and more detailed charts of antarctic waters. Charts
H.O. 6626-6631 and H.O. 6659-6660 constitute a
series of medium-scale (1:100,000) charts of the
coastline of Victoria Land on the Ross Sea and are
used for navigation in the vicinity of McMurdo
Sound and Hallett Station. H.O. 6646-6649 are
medium-scale charts (1:200,000) of the Weddell Sea
area. H.O. 6656-6658 are large-scale charts (I : 12,-
000) of the Windmill Islands area in Wilkes Land,
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Fig. 4

and were compiled from Oceanographic Office
photogrammetric manuscripts. These charts were
published for use by ships supporting Wilkes Sta-
tion. H.O. 6635, also published in 1957, is a
1:35,000-scale chart of McMurdo Sound. All of
these charts are on the Mercator projection. Figure
4 shows total nautical chart coverage at the con-
clusion of Operation Deep Freeze II in 1957.

Fig. 5

Other Deep Freeze Operations
In the last eight years the Oceanographic Office

has produced a total of 17 new nautical charts, 44
new editions of nautical charts, and one new and
73 revised editions of aeronautical charts in support
of the antarctic program. The nautical charts
range in scale from H.O. 6710, of the waters from
New Zealand to Scott Island in Antarctica, at a
scale of 1:2,519,700, to H.O. 6712, a 1:6,250-
scale chart of McMurdo Station and vicinity. Be-
tween these two extremes are charts of medium to
large scale. H.O. 6633, 6687-6689, and 6713 are
medium-scale (1:500,000) charts of the coastline of
Marie Byrd Land between the Ross Sea and the
Antarctic Peninsula. Also in the medium-scale cate-
gory are H.O. 6943-6948 (1:200,000) of the west
coast of the Antarctic Peninsula.

In the large-scale category, the Oceanographic
Office has published such charts as H.O. 6661 and
H.O. 6796. The former contains seven different
plans of harbors in the South Shetland Islands at
scales of 1:15,000 to 1:50,000, while the latter
shows Deception Island at a scale of 1:50,000, with
plans of harbors at scales of 1:7,500 to 1:12,000.
Other charts in the large-scale category are H.O.
6690, at a scale of 1:50,000, covering the ap-
proaches to Arthur Harbor in the Antarctic Pen-
insula, and H.O. 6691, showing the immediate
vicinity of Arthur Harbor at a scale of 1:25,000,
with an inset plan of Arthur Harbor at a scale of
1:12,500. The latter was compiled from data ob-
tained by a Navy survey team in 1965. All the
above charts are published on the Mercator projec-
tion. In addition, during this period, an average of
seven nautical charts were revised and reissued an-
nually for use on Deep Freeze operations.

The one new aeronautical chart was V30-SP-1 1
at a scale of 1:2,188,800 on a polar stereographic
projection. It was compiled to cover, in one sheet,
the entire area of primary operational interest to the
United States.

During this period, two series of large-scale topo-
graphic maps were compiled by the Oceanographic
Office using stereophotogrammetric methods, to
meet Bureau of Yards and Docks engineering re-
quirements. The first series, of the Marble Point
area of McMurdo Sound, was compiled in 1958 and
consisted of 11 sheets at a scale of 1:2,400 with a
contour interval of five feet. The second series, of
McMurdo Station and vicinity, was compiled in
1960 and consisted of nine sheets at a scale of

1,200 with a contour interval of two feet. These
maps served a dual purpose in that they were also
used in the compilation and revision of nautical
charts of the area. Figure 5 shows total nautical
chart coverage of the Antarctic at the present time.
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Assistance by Other Agencies
The U.S. Naval Oceanographic Office has been

greatly assisted in the production of its nautical
charts of the Antarctic through the cooperation of
other agencies of the Government. The Coast Guard
has participated in most of the Navy's antarctic op-
erations since Operation High jump. Coast Guard
icebreakers have collected much of the data used in
nautical charts of the area. Air Force aeronautical
charts of Antarctica have provided some of the
data used in the compilation of nautical and aero-
nautical charts published by the Oceanographic
Office. Other geodetic control and topographic
source materials used in Oceanographic Office
nautical charts are based on the original mapping
accomplished by the U.S. Geological Survey.

The Oceanographic Office's charting effort has
also benefitted from the results of other nations'
work in the Antarctic which, since the IGY, have
been exchanged freely. Much of this information
covers areas outside the United States' sphere of

operations. Among the foreign charts utilized are
those of Great Britain, Argentina, Chile, Australia,
New Zealand, the U.S.S.R., France, Germany, and
Norway.
Present Chart Coverage

The present Oceanographic Office chart cover-
age of Antarctica consists of 56 nautical charts, 5
special plotting charts, 6 miscellaneous charts, and
12 aeronautical charts (cf. figure 6). An index of all
Oceanographic Office charts of the antarctic area
may be found in H.O. Publication No. 1-N, Catalog
of Nautical Charts and Publications, Region 2, and
H . O. Publication No. 1-V, Aeronautical Charts-
Publications.

At the present time, the Oceanographic Office
has only one chart of the Antarctic in preparation,
H.O. 15254-14. Now in the compilation stage, it is
intended to supplement the 12-sheet, Mercator pro-
jection chart of the world published in 1961. The
new chart will cover the entire antarctic area on a
polar stereographic projection, scale 1: 8,500,000.
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The American Geographical
Society's Antarctic

Cartographic Activities

CHARLES B. HITCHCOCK
Director, American Geographical Society

The interest of the American Geographical So-
ciety in the development of cartographic and geo-
graphic knowledge of Antarctica is not a thing of the
recent past. It preceded by several decades the ini-
tiation of the International Geophysical Year, 1957-
1958, and the continuing highly successful scientific
efforts of the United States and other nations. Dur-
ing the past 40 years, some 45 articles related to
various aspects of discovery and research in the
southern continent have appeared in the Society's
quarterly journal, the Geographical Review.

To mention but a few of its early antarctic carto-
graphic efforts, the Society compiled the results of Sir
Hubert Wilkins' flights of 1928-1929, and con-
structed the first topographic map of part of the
Queen Maud Range from oblique aerial photo-
graphs taken during the Byrd Antarctic Expedition
of 1929. The maps constructed at the Society from
Leica photographs taken during the Lincoln Ells-
worth transantarctic flight of 1935 increased our
knowledge of two important areas, one of which (the
eastern coastal belt of southern Palmer Land) was
previously known only in sketchy outline, while the
other was wholly unknown. All this work, done at a
time when the development of photogrammetry was
in its infancy, demonstrated the value of aerial
photography in reconnaissance exploration; since
then aerial photography has played an ever-increas-
ing role in the exploration and mapping of Ant-
arctica.

Antarctic Base Maps
Unrolling the map of the Antarctic has been an

exciting project for the cartographic department of
the Society. In June, 1955, a grant was received for
the construction of a base map of the Antarctic to be
used in the United States program for the Interna-
tional Geophysical Year. This map, on a polar
stereographic projection, was published in two
colors on a scale of 1:6,000,000 with standard
parallel at 71 ° S. Initially compiled in four sheets on
a scale of 1:3,000,000, the map was made available
for field and office use in the form of black and
white Ozalid prints on the scale of compilation and
was used extensively not only by the United States,
but also by the other nations participating in the

IGY. Comparison of this map, published in 1956,
with a map of Antarctica in four sheets on the scale
of 1:4,000,000, published by the Society in 1928, re-
veals the tremendous increase in knowledge of the
continent over a period of less than 30 years, pri-
marily with respect to the coastal outline. This in-
crease reflected, in addition to the United States
Navy's operations, the mapping work of the Ronne
Antarctic Research Expedition and of numerous
expeditions conducted by the United Kingdom, Ar-
gentina, Chile, Australia, France, Germany, Norway,
and Sweden.

Post-IGY grants from the National Science Foun-
dation permitted continuing incorporation of new
material on the Mylar base map, scale 1:3,000,-
000, maintained at the Society. With the coopera-
tion of all nations participating in antarctic re-
search—particularly, in this country, by the Branch
of Special Maps of the United States Geological
Survey—all available map information, including
important oversnow traverses, is incorporated.
Elevations along inland traverses, ice thickness
data, and sub-ice rock surfaces are indicated where
available, and an attempt is made to show surface
configuration by form lines. New and revised
geographic names are added as they are approved
by the United States Board on Geographic Names.

Early in 1962, a new map was published as a
single sheet on the scale of 1:5,000,000, with
coastline, glacial features, form lines, and lettering
in black, and with blue layer tints in the sur-
rounding ocean. Later in 1962, it was reissued in
four sheets on the scale of 1:3,000,000, this time
showing ice and water features and their names in
blue, and introducing brown for other map infor-
mation in order to improve legibility.

With the continuing support of the National
Science Foundation, the base map is under con-
stant revision as additional cartographic material is
received from all nations active in antarctic re-
search. Ozalid prints of the latest version can be
obtained from the Society at any time.

The most recent, revised edition was published
in June, 1965. Printed in a single sheet on the
scale of 1:5,000,000, it shows the coastline and
glacial and water features with their names in blue,
and other physical features and names in black.
Traverses and station names appear in red.

The following comments concerning the useful-
ness of the Society's antarctic base maps were pro-
vided by Mr. George Whitmore, Chief Topo-
graphic Engineer of the United States Geological
Survey:
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"The American Geographical Society's conti-
nental map of Antarctica is generally recognized
as the most complete and current map of Ant-
arctica. Completeness is achieved through in-
clusion of all available source data. Currency is
achieved through timely and periodic revision.
The map has its widest use in the field of general
planning, for it is the basic reference document
for most USARP scientific and logistic plan-
ning within the antarctic mapping and aerial
photography library of the Geological Survey.
The map and its predecessors have been used

for several years and is the best map for plotting
aerial photography, mapping control, and over-
snow traverses as well as for planning current
and future operations. Formal discussions with
foreign antarctic experts have indicated that the
American Geographical Society map is widely
accepted and is used in SCAR nations as the
best available continental map. The map also
receives wide use as an educational tool and is
easily understood and graphic for explaining
south polar activities for individuals not familiar
with Antarctica."
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American Geographical Society 1:5,000,000-Scale Map of Antarctica
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Antarctic Map Folio Series
Another mapping program now under way at the

Society—again with the support, both financial and
advisory, of the National Science Foundation—is
the Antarctic Map Folio Series. This project is of
an interdisciplinary nature.

At the first meeting of the Committee on Polar
Research of the National Academy of Sciences-
National Research Council, held in April, 1958, one
of several recommendations made by the repre-
sentative of the American Geographical Society to
the panel on geodesy and cartography, was that
consideration be given to the preparation of an
atlas of Antarctica. The Office of Antarctic Pro-
grams of the National Science Foundation decided
to explore the possibility of sponsoring such an
atlas and awarded a grant to the Society for a study
of the receptibility of the scientific community and
for the preparation of a preliminary prospectus.

An atlas of a region such as the Antarctic which
was, and still is, largely unexplored, could achieve
several objectives. Most importantly, by presenting
what is known, together with working hypotheses,
it would be a medium for the exchange of infor-
mation among the scientists in the various disci-
plines concerned and, at the same time, would re-
veal the need for further field work and analysis.

Based on the concept that the atlas would be
oriented toward scientists and students seriously in-
terested in the Antarctic rather than toward popu-
lar consumption, a questionnaire was prepared at
the Society early in 1959 and circulated to 240
persons in the United States. Early in 1960, an-
other group of questionnaires was sent to about 70
persons in other countries. A total of 178 persons
responded, in most cases with detailed comments
and suggestions. All were eager for the atlas to be-
come a reality.

Following this display of interest by the re-
cipients of the questionnaire, an ad hoc committee
was called together by the Office of Antarctic Pro-
grams to make suggestions for the format of the
atlas and the way in which it might be produced.
The committee accepted the Society's recommenda-
tion of a series of map folios rather than a bound
atlas and suggested that it be called the Antarctic
Map Folio Series. The advantage of serial issue is,
of course, that information is not held back pend-
ing the accumulation of contents for a complete,
bound volume. The committee also proposed that
each folio be devoted to a single subject and sug-
gested the format and dimensions that have been
adopted.

As a result of the survey conducted by the So-
ciety, and the meeting of the ad hoc committee, the
Office of Antarctic Programs decided to select a

suitable nonprofit organization to carry out the
planning, cartography, editing, publication, and
sales of the Antarctic Map Folio Series. The
American Geographical Society was fortunate to be
selected for the task. A contract was awarded in
November, 1962, and the Society appointed an ex-
ecutive editor, Miss Vivian Bushnell. The project
was under way.

Although suggestions made in the replies to the
questionnaires served as a point of departure for
planning the content of the folios, a great deal of
research had been accomplished in the Antarctic be-
tween 1960 and 1962 and many new names had
been added to the list of scientists active in the pro-
gram. To obtain current information on the scope of
the research and the participants in the antarctic
program, the Executive Editor supplemented the
information and suggestions contained in the re-
sponses to the questionnaires in three ways. First a
card file was compiled, listing and categorizing
some 3,000 scientific reports published between
1957 and 1963. The major sources of the titles
were the literature lists published regularly in the
Polar Record. A large number of additional items
were found in the research catalogue of the Society's
library and in the Glaciological Data Center located
at the Society. A second source of useful information
was a list of antarctic programs supported by the
National Science Foundation. A third and invaluable
method used by the Editor to increase the neces-
sary understanding and knowledge of the Antarctic,
was that of personal consultation with scientists on
the staff of the Office of Antarctic Programs and
those whose research is supported by that office.

In addition to the guidance obtained from pub-
lished reports, knowledge of work in progress, and
consultations with individual scientists, on occasion
the recommendations of prominent authorities not di-
rectly associated with antarctic research have been
sought. Thus, tentative tables of contents for
folios devoted to meteorology and physical ocean-
ography were circulated to scientists who custo-
marily review proposals submitted to the National
Science Foundation. Detailed guidance was also
thought to be essential in the planning and editing
of the folios devoted to geology and marine in-
vertebrates. Therefore, recognized authorities with
antarctic experience in these fields have been ap-
pointed to act as advisors for each of these folios.

Scientists active in the current United States Ant-
arctic Research Program have been invited to con-
tribute whenever appropriate. In several disci-
plines contributions have been solicited also from
scientists of other nations, among them, several ma-
rine invertebrate specialists and whaling authorities.
Assistance from scientists of other countries was
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thought especially important for the folio devoted to
the geology of Antarctica, since in many cases un-
published data are known to exist. The spirit of in-
ternational cooperation prevalent in antarctic re-
search is well demonstrated by the response to in-
vitations for contributions to the geology folio.
Eleven individuals or organizations from eight na-
tions have either completed, or nearly completed,
seventeen geologic maps of the mountainous re-
gions of Antarctica. These will be published as in-
dividual contributions together with a compilation of
the entire continent at a much smaller scale.

Because of the varying nature of the topics treated
in the Antarctic Map Folio Series, and because each
topic is published separately, greater emphasis is
placed on extensiveness and completeness of con-
tent than on uniformity of presentation. For ex-
ample, in the folio devoted to ice sheet character-
istics all maps cover the entire continent, whereas in
the folios dealing with physical oceanography and
marine sediments there will be maps not only of the
entire marine expanse south of latitude 35° S., but
also more detailed maps of the sectors where the
United States research vessel Eltanin has cruised.

Various methods of presentation will also be
utilized in the folios devoted to biogeography. For
example, the maps of flowering plants in the folio
on antarctic terrestrial life will, because of the
sparsity of such plants, show all the locations
where they have been found. However, lichen
species are numerous and have been collected at
many localities, and the maps will therefore be re-
stricted to a few species showing distributions rep-
resentative of three predominant patterns. Other
species will merely be listed and their distribution
pattern identified.

Since the scattered collections of marine in-
vertebrates south of 35° S. do not furnish data for
true distribution patterns, each specialist has been
asked to decide what, if anything, appears to be
meaningful in the pattern of known occurrence of
the species with which he works. In some cases the
specialist has said frankly that the sparse data
show nothing of particular interest. In other cases,
even scanty data have proved interesting—.---for ex-
ample, when a species is found in an unexpected
locality.

Early in the planning it was decided that no at-
tempt would be made to arrive at a predetermined
order of publication according to subject matter, or
for any other reason. In many instances cartog-
raphy, which includes planning and design, begins
almost as soon as the material has been received at
the Society. Several partial folios are currently in
hand; their order of publication will depend on

which authors complete their material first. It is
expected, however, that a backlog of contributions
will be in hand by the middle of 1966; if so,
some order of publication other than "first come,
first served" will become necessary.

The folios for which cartographic work is partly
completed at the date of writing are those treating
morphology of the solid earth south of 35° 5., bed-
rock geology, synoptic atmospheric conditions, and
terrestrial life. Maps for one of two folios on
physical oceanography are expected to reach the
Society early in 1966, and others should follow
shortly. When completed, the series will have
folios devoted to 17 subjects; occasionally, as indi-
cated above, two folios will deal with a single
topic.

The subjects of the three folios already pub-
lished are:

1. Aeronomy
2. Physical characteristics of the antarctic ice

sheet
3. Maps and surveys

The 14 topics remaining to be treated are:
1. History of exploration and scientific investi-

gations
2. Morphology of the solid earth south of 35 0 S.
3. Bedrock geology of Antarctica
4. Glaciers of subantarctic islands and Ant-

arctica
5. Magnetic components and gravity anomalies
6. Climatology of the surface environment and

of the troposphere and lower stratosphere
7. Solar radiation
8. Terrestrial life
9. Marine geology

10. Physical oceanography
11. Primary productivity of the oceans south of

35° S.
12. Marine invertebrates
13. Marine vertebrates (seals, whales, fishes)
14. Birds

Conclusion
With the Antarctic Map Folio Series now well

under way, and a general reference map of the
continent under constant revision, the Society looks
forward to continue providing current antarctic in-
formation. It is hoped that the cartographic products
and associated texts not only will demonstrate what
is known at the moment, but that they will also
point out the lesser known areas and thus afford
an additional basis for the planning of future opera-
tions.

March-April, 1966	 61



USAF Charting for Antarctica

ROGER DAVIS, ORVILLE BLAIR,
and KENNETH DEARDORF

Aeronautical Chart and Information Center

United States Air Force charts of the Antarctic
Continent consist primarily of 44 sheets in the
World Aeronautical Chart (WAC) 1: 1,000,000-
scale series, one Global Navigation Chart (GNC),
No. 26, at 1:5,000,000-scale (other GNCs penetrate
the region slightly through overlaps with GNC 26)
and one Aerospace Planning Chart (ASC), No. 6,
scale 1:9,000,000. A Flight Information Publication
(FLIP) package covering Australia, New Zealand.
and Antarctica, is maintained. The FLIP includes
a number, of specialized en route charts, one of
which (Sheet No. 9) is devoted to the Antarctic
Continent and its air approaches.

The WAC may be regarded as the prototype air
navigation chart series. Although now being phased
out in favor of newer requirements and a larger
sheet size, its coverage encompasses almost the en-
tire globe and it has been the model and source for
many other national chart and map systems. Since no
sheets of the series which is replacing it—the Oper-
ational Navigation Chart (ONC) series - have as
yet been issued for Antarctica, the 44 WAC sheets
remain the basic 1: 1,000,000-scale air chart cov-
erage of that region. The charts generally ring only
the rim of the continent, except for WAC No. 1861
which is centered on the South Pole itself and con-
nects with charts covering approaches across Queen
Maud Range and the Ross Ice Shelf from Little
America, McMurdo Sound, and the Ross Sea. WACs
are primarily for pre-flight planning and in-flight
navigation for medium-range flights by dead reckon-
ing, visual and electronic pilotage, and for celestial
and radio navigation. They are used mainly for
medium altitude flights at medium speeds, but also
for operational planning, briefing, and plotting. The
ONCs which are replacing WACs in other parts of
the world are very similar in design and purpose,
but are additionally adapted to the requirements of
military low-altitude navigation, and the trend in
this series is toward sheets about four times the
standard WAC size. As previously mentioned, how-
ever, there are at present no ONCs for the antarctic
area.

The views expressed herein are those of the authors and
do not necessarily reflect the views of the U.S. Air Force
or the Department of Defense.

The entire Antarctic Continent is neatly encom-
passed in the single GNC No. 26. On the 42 by 58
inch sheet the image of Antarctica is about three
and a half feet across and detail is very comprehen-
sive. Realism is enhanced by pictorial relief shad-
ing. The GNC series is intended for general plan-
ning purposes involving long distances and large
areas, and for navigation in long-range, high-speed,
high-altitude aircraft.

The third chart on our list, the 1:9,000,000-
scale ASC-6, belongs to a series designed primarily
for planning, indexing, briefing, and study purposes.
Sheet size is 42 by 58 inches, and on it Antarctica
occupies an area about two feet across. A feature of
this chart is that each of Antarctica's nearest geo-
graphical neighbors is represented by extensions into
the chart's borders: South America at Cape Horn,
Africa at the Cape of Good Hope, a corner of
Tasmania, and both of the New Zealand islands. As
with GNC-26, the topography on ASC-6 is accented
by pictorial relief.

Flight Information Publications describe and
show, among other data, the en route information
and the approach and landing patterns and proce-
dures for the region each covers, as well as an
abundance of other data necessary and useful to an
aircraft navigating in the region. These data are
contained on charts and in accompanying booklets
in which the facilities are listed and described, the
booklets supplementing the charts in this purpose.
The Aeronautical Chart and Information Center

The producer of the foregoing mentioned items
is the Aeronautical Chart and Information Center
(ACIC). An agency directly under Headquarters,
United States Air Force, ACIC is charged with pro-
viding the Air Force with aeronautical charts, flight
information publications, geodetic and astronautical
data, and a wide variety of related special products
and reference materials. Its cartographic products are
used not only by the Air Force itself, but also by
other Department of Defense branches and the civil
aviation and space agencies.

Headquarters, ACIC, is located in St. Louis,
Missouri, and here are most of its nearly 4,000 mili-
tary and civilian personnel. There are ACIC de-
tachments and squadrons strategically located in
other parts of the world where they can convenient-
ly and quickly provide cartographic support to us-
ers in their respective regions. ACIC's Washington,
D. C., office performs liaison with other mapping
agencies in that city and obtains source materials
for ACIC programs. In all, ACIC produces about
38,000 different items and distributes a total of about
100,000,000 of these each year.
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USAF Global Navigation Chart No. 26

Compiling Antarctic Air Charts
The lack of adequate survey and photographic

source material has been the greatest handicap in
the compilation of charts of Antarctica. In addition,
vast areas are featureless except insofar as snow
and ice variations may provide. The compilation
history of GNC-26 mentions that "unusual prob-
lems were encountered . . . because of the lack of suf -
ficient relief information." Concentrated exploration
and research programs of recent years have, how-
ever, increased the cartographic information by leaps
and bounds. Indicative of such increase are figures
connected with that same chart: upon the first com-
pilation of GNC-26 in 1947, only six pieces of
source material of all kinds were used. When it was
recompiled in 1961, there were 123 pieces derived
from 29 different kinds of cartographic source. Now
there are many more.

The history of GNC-26 relates that "no out-
standing problems were encountered" in chart con-
struction; however, since the source maps were on a
wide variety of projections and datums, the match-
ing and adaptation of these to the projection of the
chart required in some cases large alterations in the
shapes of the source images. A rarely used technique
was called into play to accomplish these adaptations.
The images were imprinted by a wipe-on proofing
method on sheets of very thin latex which were
stretched to achieve proper adjustment to the new
projection. The latex stretches with remarkable uni-
formity and, when controlled by a relatively closely-
spaced graticule-matching technique, achieves the de-
sired results with dispatch and precision. Otherwise,
the compilation of GNC-26 and other aeronautical
charting of the region proceed in accordance with
the usual cartographic techniques.
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ACIC's charting programs, including those cov-
ering the Antarctic, rely primarily on existing map
sources, aerial photography, and textual data, for the
portrayal of chart features. Cartographic research,
therefore, is the initial step. The chart research
function is to collect, analyze, evaluate, and select
the materials which are to be used in the compila-
tion of aeronautical charts.

ACIC library holdings total over 13 million
items of which aerial and other photos comprise the
largest portion. The map library contains about 11/2
million items, consisting of maps, charts, compila-
tion histories, and other materials. The geodetic
library has over 400,000 items and the technical li-
brary contains 75,000 books, pamphlets, reports and
periodicals. With so much material available to the
researcher, the task of selecting the best map source
can be formidable, at least for some areas of the
world. Such factors as general reliability, the geode-
tic datum of the map source, derivation of the relief
information, and the scale and purpose of the end
product must all be considered when making the
final selection of source maps and other contributing
material for the compilation of a chart.

Twenty years ago, when reliable source material
for Antarctica was scarce, selection was not a para-
mount matter. Rather, collection of the limited exist-
ing data was the major problem. Source material gen-
erally consisted of exploration and reconnaissance
maps such as the Map of Queen Maud Mountains
from Surveys of the Byrd Antarctic Expedition
(1929), Sketch Maps of Edsel Ford Mountains
(1939-1941 United States Antarctic Service Exped-
ition), the Map of Marie Byrd Land and the Ross
Shelf Ice Region (based on information from the
second Byrd expedition of 1934-1935), and that
of Lars Christensen's expedition of 1936-1937
(based on oblique photography).

In 1946-1947 the Navy's Operation High jump
obtained extensive trimetrogon aerial photography of
Marie Byrd Land, the Bellingshausen Sea coast, and
part of Wilkes Coast. Operation Windmill in 1947-
1 948 established ground control for the aerial rho-
tography obtained in Operation High jump. This
photography was used in the compilation of maps
and charts which in turn were incorporated into
aeronautical charts produced by ACIC. A private
American expedition in 1947-1948, led by Finn
Ronne, explored the Antarctic Peninsula, using a
Navy vessel and Air Force aircraft.

The continuous United States operations during
1955-1959 provided considerable new astronomic,
geodetic, and gravimetric data, and more than one
million square miles of previously unknown terri-
tory were explored. Subsequent expeditions by the

United States and other nations have continued to
add to the store of cartographic information. Of
special significance to ACIC for topographic data
is the 1:250,000 Reconnaissance Series produced by
the United States Geological Survey in cooperation
with the National Science Foundation.

Geodetic Control

Mapping control in the Antarctic until recently
consisted mainly of independent astronomic fixes.
The majority of these have been solar observations
because of lack of darkness during the field season.
Most of the positions are fourth order. Rigid triangu-
lation work has been limited mainly to the vicinity
of the fixed stations. Vertical elevations have been
established with altimeters and by computations us-
ing observed vertical angles.

The quality of control in Antarctica has im-
proved greatly in recent years because of daylight
observations on stars for astronomic positions, the
increased use of electronic distance-measuring
equipment, and the employment of high-performance
helicopters. Several extensive traverses made by
United States Geological Survey personnel since 1961
have provided data which are considered to be of
third order accuracy.

Chart Maintenance

Cartographic research, chart manuscript compila-
tion, and the printing and distribution of aeronauti-
cal charts constitute the bulk of the activity involved
in ACIC's charting programs. For the updating
and maintenance of charts in the field, ACIC pub-
lishes, on a monthly basis, a Chart Updating Man-
ual (CHUM). This is an 8 by 10 inch booklet
which contains significant additions or corrections
to charts and notices of special interest to chart
users. The CHUM contains a listing of the af-
fected charts, the items to be added, revised, or de-
leted, and their geographic location.

As an example, the current CHUM lists spot ele-
vations to be added to GNC-26 which were derived
from recently acquired USGS control lists. Changes
such as these are annotated on a copy of the existing
published chart referred to as the Master Correction
Copy (MCC). which is kept on file in ACIC's Chart
Research Division. New source material is evaluated
and compared with the MCC, and corrections or
revisions are noted thereon. When current stocks
of the published charts are depleted, the existing
base is revised to include the items in the CHUM,
and the chart is reprinted. If the new source material
indicates extensive changes to the base information,
the chart is recompiled.
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Participation in SCAR
Since June 1960, ACIC has participated in the

Scientific Committee on Antarctic Research (SCAR)
exchange program. The SCAR-sponsored Catalog
of Topographic Maps, Aeronautical and Hydro-
graphic Charts of the Antarctic, issued in 1964, lists
forty-four 1: 1,000,000 World Aeronautical Charts
(WAC), six 1:5,000,000 Global Navigation Charts
(GNC) (of which GNC-26 is the central one) and
one Aerospace Planning Chart (1:9,000,000) pub-
lished by ACIC. ACIC has also participated in the
"Acquisition List of Antarctic Cartographic Ma-
terials" program since January 1961.

FLIP for Antarctica

ACIC was called upon in 1963 to support airlift
operations into Antarctica by producing a Flight
Information Publication for that region. The FLIP
was to cover not only the continent of Antarctica,
but also the contiguous areas of Australia and New
Zealand (themselves not previously covered
by FLIPs) as primary access routes to the south
polar region for the United States expeditions. The
complete FLIP for the region consists of nine En
Route Charts, four Terminal Area Charts, which
are enlargements showing route details of the main
air traffic hubs, an En Route Supplement booklet elu-
cidating the information shown on the charts, a
Planning Data and Procedures book containing spe-
cialized data required for the planning of flights in
the region, and a High and Low Altitude Instru-
ment Approach Procedures booklet.

The publication of this FLIP included the antarc-
tic region for the first time in FLIP coverage. Chart
No. 9 of the package was produced at Headquarters
ACIC in St. Louis in advance of the remainder of the
package. so as to he available for the 1963-1964 sea-
son's operations, and was delivered in September
1963. The remainder of the package was prepared
by the 765 1st Aeronautical Chart and Information
Squadron at Hickam Air Force Base, Hawaii, and de-
livered by January 1964. The 7651st now maintains
and publishes the entire FLIP, including Chart 9.

The concept of the "FLIP package" is to provide
a single, composite source of information for the

three main phases of flight: (1) planning, (2) en
route, and (3) terminal, showing graphically and de-
scribing textually all the information concerning the
aeronautical facilities in the region covered. It shows
where and what the facilities are, how to get to them,
and how to use them, and describes in key-letter and
symbol exactly what is available. The signs and
markers include electronic devices and radio guid-
ance and directional facilities compatible with receiv-
ing equipment in the aircraft. The air routes, aero-
dromes, beacons, and such things as the very high
frequency omnidirectional (VOR) and Tactical Air
Navigation (TACAN) ranges are among the many
items portrayed on FLIP charts and tabulated in
the FLIP booklets.

The portrayal of topography on FLIP charts is con-
siderably less of a problem than it is with the gen-
eral navigational charts (WACs, ONCs, etc.), since
the FLIPs concentrate on the man-made aids to
navigation. Indeed, rarely more than identifying
coastlines are portrayed - the multiplicity of liavi-
gational-aid data blankets topographic information.
Physical heights, however, are of paramount im-
portance under any circumstances. On the En Route
charts the critical flying elevation for each portion
of a route is shown by figures alongside that portion.
The Planning Data and Procedures book contains
page charts showing "designated mountainous areas"
(those over 3.000 feet). In the case of Antarctica,
practically the entire continent is included in this
designation.

In the Australia-New Zealand-Antarctica FLIP,
Chart No. 9 is the ke y item insofar as polar opera-
tions are concerned. This chart covers the Antarctic
Continent in total, and its insets show selected local
en route patterns in detail.

Instrument Approach Procedures charts portray
the actual approach and landing (AL) patterns and
procedures. There are seven such established pat-
terns for McMurdo Station, including automatic
direction finding (ADF) and low and ultra high fre-
quency (LF/UHF) systems. The others include
various Tactical Air Navication systems (TACAN)
approaches. South Pole Station enjoys five estab-
lished AL patterns, two for UHF and three for
TACAN techniques.

Antarctic Map Index Available
A limited number of Antarctic Cartographic Ma-

terials: Acquisitions List No. 4, published in the
November, 1964 issue of the Antarctic Report, are
available free from the Office of Antarctic Programs

of the National Science Foundation. The 88-page
Acquisitions List provides information on antarctic
gazetteers, geodetic data, maps and charts, and pho-
tography available at several government and private
repositories in the United States.

March-April, 1966	 65



Aerial Photography in
Antarctica

EUGENE W. VAN REETH
Commander, USN

U.S. Navy Air Development Squadron SIX

Aerial photographic operations in Antarctica,
while basically the same as elsewhere, face unique
problems caused by one of the world's harshest op-
erating environments. The extreme cold, the shift-
ing winds and the sudden storms, scheduling dif-
ficulties, and limited facilities, all combine to im -
pede the task of obtaining aerial photographs of a
quality suitable for cartographic work.

Presently, antarctic aerial photography is being
obtained through the use of two aircraft especially
configured to accommodate tn-camera equipment
and assigned to U. S. Navy Air Development
Squadron Six (VX-6). One of these is a ski-
equipped Lockheed LC-130F Hercules which, when
it is not engaged in photographic duties, joins its
counterparts in various logistic support activities.
The other aircraft is a C-121J Lockheed Super-
Constellation, a support aircraft used principally as a
personnel and cargo transport when not occupied
with its photographic mission. The dual uses of
these two aircraft make it imperative that every op-
portunity for photographic work be exploited to the
limit.

The photographic equipment carried in these
aircraft consists of three Fairchild precision Carto-
graphic T-12 (KC-1) Planigon aerial cameras and
their related accessories. Equipped with a 6-inch
focal length lens and a 9 by 9-inch format, each
camera has a lens opening from f/6.3 to f/22 and
shutter speeds adjustable from 1/10 to 11500 of a
second. The tn-camera system is mounted with
the center camera truly vertical, allowing for the
slight u pward nose tilt of the aircraft in normal
flight. The camera axes of the right and left
oblique cameras are mounted at an angle of 600
to the vertical. The critical consideration in the tn-
camera installation is the precise relative positions
of the cameras. To this end they are mounted in a
niid frame which actually is a part of the air-
craft's structure. The angular relationship between
the cameras may be adjusted precisely.

The fuselage ports through which the cameras
are aligned, are constructed of optically ground
flat glass. The entire camera compartment is pro-
vided with heated blowers to maintain a proper
operating temperature for the cameras in the ex-
tremely cold air encountered at high altitude in the
Antarctic, and to prevent condensation from form-

ing on the camera ports. Despite these blowers,
however, the operations are occasionally plagued
by fogging of the ports.

The electrical control panel for the cameras is
located at a remote position in the aircraft, but
during actual photo runs the operation of the
cameras and their magazines is also monitored by
a photographer in the photo compartment.

The two governing criteria of aerial mapping
photography in Antarctica are weather and sun
azimuth. In forecasting the weather for any par-
ticular area, the meteorologist is handicapped by a
paucity of detailed data which meteorologists else-
where take for granted. With the Antarctic Continent
half again the size of the United States and ex-
periencing some of the world's worst weather, and
with but approximately a dozen stations over the
entire continent issuing weather reports regularly—
less than the number found in any of the 50 states
—it is evident that weather analyses and forecasts
are difficult to make and must be based to a con-
siderable extent on interpolation and past trends.

Ideally, the sky in the photo area should be com-
pletely clear of clouds—a condition rare in Antarc-
tica—but a light cloud cover of up to 3/10 of the
sky may be acceptable. Not only must the photo
area itself be considered, but the aircraft com-
mander is vitally interested in the terminal weather
forecast for a 12 to 15-hour period from the time
of take-off from McMurdo. A wheeled aircraft,
such as the Super-Constellation, has no alternate
airfield anywhere on the Antarctic Continent.

During the summer, when the sun is well above
the horizon 24 hours a day, weather and cloud
cover are the determining criteria in deciding
when the aircraft will be launched. In most in-
stances, the azimuth of the sun will determine the
optimum time of day for the launch, depending on
the terrain to be photographed and the orientation
of the photographic flight lines.

Once an area has been selected for topographic
mapping, photographic flight lines must be deter-
mined. Ordinarily the prime consideration in de-
fining these lines is the position of the sun, to
provide optimum illumination and minimum shadow
for the sharp definition of prominent features
such as rock outcroppings and depressions. Also,
the aircraft is limited to runs only in those direc-
tions where the sun is within 530 of its nose or
tail. This is to prevent the sun from shining directly
into the oblique camera lens, which has a field of
vision of 74°. Thus, in certain types of terrain
aerial photography is limited to a fixed time of day,
and flight schedules must be arranged so that the
aircraft will arrive on station within the time pe-
riod prescribed. These optimum times can be de-
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termined well in advance of the season's opera-
tions and flight lines can be programmed accord-
ingly.

When the terrain to be photographed is rela-
tively featureless, the time element is not as criti-
cal, and, to take advantage of weather and sun at
a target of opportunity, flight lines may be deter-
mined while airborne. The only restriction which
the pilot or navigator must consider, is to keep the
sun at the proper relative azimuth to the aircraft
and out of the oblique camera's field of vision.

Spacing between the flight lines is a function of
altitude and varies directly with it. The lower the
altitude, the closer together the flight lines must be
to provide the proper coverage. Ideally, lateral
overlap of the oblique aerial photographs should be
from 30 to 60 percent. Photo-mapping flights in
Antarctica are programmed at altitudes from 15,-
000 to 25,000 feet, allowing a track spacing of 10.6
to 1 7.5 miles. Track spacing for other altitudes
down to 5,000 feet has been determined, however.
Thus, a pilot may select a lower altitude if neces-
sary because of cloud coverage, but must weigh his
decision against the extra flight lines required, with
the resultant consumption of additional time and
fuel.

Prior to departure, all cameras, film magazines,
and related equipment are checked thoroughly. Once
the area is reached, much of the actual conduct
of the flight rests with the navigator and the
photographer. When an advantageous altitude has
been selected and attained, the wind at that alti-
tude must be computed accurately, as drift and
ground speed (the aircraft's actual speed over the
terrain) are the critical factors to be considered in
remaining precisely on the predetermined flight
lines. There are in existence several self-con-
tained electronic navigational devices for flying
precise tracks which would be a boon to the antarc-
tic aerial photographer if they were available to
him. At the moment, however, reliance must be
placed on visual point-to-point navigation, radar
(if sufficient check-points exist for accurate navi-
gation), or the gyro-stabilizer drift sight, an optical
device protruding through the bottom of the fuse-
lage and located adjacent to the navigator's table.
This sight indicates the precise drift relationship of
the aircraft's path to the terrain.

Once the wind has been determined (usually by
a "wind star," obtained by flying several dif-
ferent headings, noting the aircraft's drift on each,
and computing the wind using standard plotting
procedures), the aircraft is aligned with the geo-
graphic starting point of the selected photographic
line, on the line's predetermined heading. As the
aircraft passes over this point, a "Mark on Top"

Camera Positioning in C-121J Aircraft

is passed to the photographer and the cameras are
actuated. Exposure interval is a function of ground
speed and may be set into the electrical system
which operates the cameras. The track over the
ground may be monitored continually by the navi-
gator through the gyro-stabilized drift sight. This
is done by reading the drift directly from the ter-
rain. Another method is to select a prominent
geographic feature on or immediately adjacent to
the flight line and well ahead of or behind the
flight path. By rotating the exterior lens of the
drift sight upwards, it may be used as an inverted
periscope. By keeping the aircraft at a constant
angle to the selected reference point, the pilot can
assure flight over the prescribed line.

The aircraft will remain on station and flight
lines will be flown as long as weather and fuel
permit. Upon return to base, the film, magazines
are delivered to the photographic laboratory for
packing and shipment to Christchurch, New Zea-
land. There the film is carefully processed, then in-
spected by a photographic specialist of the U.S.
Geological Survey, Branch of Special Maps, who
advises if reflights of all or part of any area are
necessary. If the photographs meet the high stand-
ards desired, they are shipped to the U.S. Geologi-
cal Survey in Washington, D.C., for cartographic use.

While photography for topographic mapping is
the principal photographic mission in Antarctica,
special projects such as ice reconnaissance, surveys,
and other tasks occasionally require photographic
support, and procedures based on the foregoing
techniques are developed as needed. The pho-
tographers and flight crews of Air Development
Squadron Six recognize the importance of their as-
signed projects and are proud of their part in the
success of the antarctic program.
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Operations Move Into
Second Phase

By the beginning of December, the first phase of
the operating season was over. Stations had been
reopened, and resupply and construction programs
were under way. Except for the projected Plateau
Station, for which the first increment of men and
supplies would be placed in the field by Navy Air
Development Squadron Six (VX-6) on December
13, personnel had been deployed, and most of the
early-season air cargo delivered. In fact, the Deep
Freeze task unit of the Air Force lSOlst Air Trans-
port Wing completed, on December 3, its last turn-
around flight between Christchurch and McMurdo
Station. Two days later, it departed for the United
States. Deterioration of the ice runway at Hallett
had caused the suspension of air operations at that
station on December 2.

In addition to proceeding with station resupply,
the aircraft of VX-6 provided support for nu-
merous scientific field parties. Much of this effort
was concentrated in the McMurdo Sound area where
helicopters were used. Other parties, however,
worked at greater distances from base. To support
them, LC-130Fs were occasionally used as were
LC-47s, the latter operating out of both McMurdo
and Byrd Stations. On December 5, an LC-47 was
damaged while landing in the Ohio Range of the
Horlick Mountains. No casualties occurred among
the five crewmen and two scientists on board at
the time. The aircraft, however, received substan-
tial damage and had to be abandoned.
Ice Floe Blocks Resupply Ships

Actually, the tempo of air activity was beginning
to slow as fuel supplies at McMurdo Station dipped
dangerously low. The icebreakers, USS Glacier and
USS Burton Island, had been busy since November
23 breaking a channel into Hut Point. USNS Alatna,
a tanker carrying the much-desired aviation fuel,
departed Port Lyttelton on December 2, and could
be expected to arrive off McMurdo Sound ten days
later. The third of the icebreakers, USS Atka, had
left New Zealand on November 25. She stopped
briefly at Hallett Station on December 4 and 5, then
sortied to meet Alatna and escort her through the
pack ice. The two ships arrived on December 12,
but found their way to Hut Point blocked by a
giant ice floe.

Glacier and Burton Island fought their way into
Winter Quarters Bay where Glacier completed break-
ing out the ice on December 13. They then returned
to the situation at the channel entrance. The floe,
when first noticed, had been estimated to cover

an area nine times that of New York's Manhattan
Island. Ten days later, although wind and sun had
contributed to its disintegration, a nine-mile square
piece still effectively sealed off the entrance to the
laboriously prepared channel. The three icebreakers
tried to push the floe out of the way, but it
jammed against fast ice. Glacier then proceeded to
split the offender and the icebreakers began to
ease the tanker down the channel, which by then
had become so filled with brash that for the last
five miles Burton Island had to take Alatna under
tow. Winter Quarters Bay was reached on Decem-
ber 18, and Alatna tied up to Elliott Quay the fol-
lowing day.

-

Alatna Approaching Winter Quarters Bay

Fuel Depletion Grounds Aircraft
As Alatna hastened to discharge a million gallons

of jet fuel, principally for the LC-130Fs, Glacier
departed to meet and escort HMNZS Endeavour,
which carried critical aviation gasoline for the
helicopters and the LC-47, LC-117 and C-121 air-
craft, as well as cargo for New Zealand's Scott
Base. Pressing close behind was USNS Pvt. John R.
Towle, the first cargo ship of the current season.
Endeavour reached Winter Quarters Bay on De-
cember 20, and Towle pulled in three days later.

How stringent the fuel situation had become was
indicated when, on December 19, the very day of
Alatna's arrival, LC-130F flights were suspended.
Two days later, they were resumed, and VX-6
began to make up for lost time. Taking advantage
of favorable weather, the aircraft flew around-the-
clock. On several days between 60 and 65 hours
were flown and on December 28, the four aircraft
logged a record of 85.5 flight hours, an average of
21.4 hours each. During this 24-hour period, they
lifted over 267,000 pounds of cargo a distance of
about 17,500 miles. Such strenuous efforts gradu-
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ally reduced the backlog of cargo until by mid-
January deliveries had returned to the original
schedule.

Flights to Plateau Station Commence
After the initial flight of December 13 to the

site of Plateau Station with the prospective Officer-
in-Charge, Lt. J. L. Gowan, MC, USN, the Station
Scientific Leader, Mr. Robert B. Flint, and other ad-
vance personnel, further flights were made bring-
ing in additional men and materiel. On Decem-
ber 26 the South Pole—Queen Maud Land Traverse,
which left the Pole of Inaccessibility on December
15, was resupplied by airdrop at 82°53 1 S. 30°52'E.
The following day, another LC-130F, piloted by
Commander M. E. Morris, Commanding Officer of
VX-6, and with the Deputy Commander and Chief of
Staff of the U.S. Naval Support Force, Captain V. D.
Bursik, on board, delivered Mr. John Taylor of the
National Bureau of Standards to the Soviets' Vostok
Station where he will remain over the winter as
United States exchange scientist. He was accom-
panied by Dr. Victor P. Hessler and Mr. John D.
Jacobs, who were to remain at Vostok about a month
going over the electronics equipment installed by
the United States.

South Pole Station has enjoyed a season of lively
activity with unprecedented numbers of visitors and
guests. Personnel destined for the Plateau Station
stopped at the South Pole for a period of acclima-
tization. Aircraft supporting the Queen Maud Land
traverse and the construction at Plateau staged
through the South Pole. Further, the station played
host to two groups of Argentines. The first group
arrived early in November in a C-47 and two single-
engined, DeHavilland U-6A Beaver aircraft.' The
C-47 flew on to McMurdo, but the Beavers with
their crews remained the greater part of the
month. On December 10, three Sno-Cats with two
officers and eight enlisted men, under the corn.-
mand of Colonel Jorge Leal, Argentine Army,
reached the station, coming overland from General
Belgrano Base on the Filchner Ice Shelf. After
five days, during which the machines were serviced
and repaired, the Argentine party started the
return journey.

Cargo and Fuel Arrive at McMurdo
At McMurdo Station, Alatna, having put her fuel

ashore, departed on December 21 for New Zea-
land. Before the end of the season, she would
make two more trips. Endeavour completed off-
loading on December 26, and she too left, sched-

'See "Argentine Air Force Flies to South Pole," 4 ntarc-
tic Journal, Jan-Feb. 1966, p. 33.

uled to return with more petroleum products dur-
ing February. Towle, which had brought down the
vans that were to compose Plateau Station, left
McMurdo Sound on January 2. Although she had
experienced extensive propeller damage in the
ice, she returned to New Zealand under her own
power, thus completing her antarctic service for the
year. The second cargo ship, USNS Pvt. Frank I.
Petrarca, left Port Lyttelton on December 30, fol-
lowed by Alatna which commenced her second trip
January 2. Petrarca tied up to Elliott Quay on Janu-
ary 7 and departed on January 11. A latna arrived
two days after Petrarca and left McMurdo one day
later.

Through December the icebreakers continued
to keep the channel open. On the twenty-eighth of
the month, the three ships pushed an iceberg away
from the channel entrance. This unwelcome visitor
measured 800 by 200 feet and towered 80 feet
above the surface, dwarfing the ships that maneuv-
ered it out of the way. Conditions had definitely
improved, however, and on December 29 Burton
Island left McMurdo Sound for a cruise along the
Victoria Land coast. Aboard were scientists from
the Bishop Museum of Honolulu who were to
make entomological studies, New York Zoological
Society scientists who were to study seals, and
biologists from Ohio State University who were to
investigate the ecology of antarctic algae. After
visiting Hallett Station briefly on January 10, the
ship was back at McMurdo on the I 3th, having
steamed over 1,200 nautical miles in support of
science. When Burton Island arrived, she found
Glacier the sole ship present, as A tka had left for
Port Lyttelton on January ii.

r	
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Burton Island, Atka, and Glacier Pushing Iceberg
from McMurdo Channel Entrance
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Antarctic Peninsula Operations
While these events were taking place in the

Ross Sea, far to the east the Coast Guard icebreaker,
USCGC Eastwind, was operating off the Antarctic
Peninsula. She arrived at Palmer Station on Janu-
ary 4 with relief personnel for those who had
wintered over, and commenced unloading pas-
sengers and cargo. For the next week, she remained
at Palmer Station while her crewmen assisted with
station maintenance work and off-loaded supplies
including 28,000 gallons of diesel fuel. On Janu-
ary 9, Eastwind's helicopters took those who had
wintered over for a courtesy visit to the British base
on the Argentine Islands. The next day she left for
Punta Arenas, Chile, which she reached on Janu-
ary 14. While there, she disembarked the previ-
ous season's winter party and took on board some
additional scientists. On January 17, she refueled
at nearby Puerto Percy and then set out again for
Anvers Island.

Eastwind stopped briefly at Palmer Station on
January 21, and on the following day departed
with her complement of scientists to make
an oceanographic survey in Marguerite Bay. From
Marguerite Bay, Eastwind met the cargo vessel
Wyandot at sea, and the two ships arrived off the
station on January 26. As a result of ice conditions,
Wyandot's boats could not operate, and cargo was
unloaded by Eastwind's helicopters. As soon as
the transfer of cargo had been completed, on
January 28, Wyandot departed for McMurdo Sound.

Because of its location off the Antarctic Penin-
sula in an area where Argentina, Chile, and the
United Kingdom are also active, Palmer Station re-
ceives annually a number of visitors. The first
caller of the current season was the Chilean naval
vessel, Yelcho, which arrived on December 30. In
addition to the Chilean officers and crew, Baron
Gaston de Gerlache, leader of the 1957-1958
Belgian Antarctic Expedition, was on board. Palmer
Station personnel had luncheon aboard ship on
December 31 and reciprocated by entertaining the
visitors at a New Year's Eve party. A second
Chilean visit began when the commanding officer of
Piloto Pardo, Commander Mario Poblete, who once
visited Antarctica as Chilean representative with
Deep Freeze I, and a pilot arrived by helicopter
on January 31. The following day the ship itself
entered Arthur Harbor, and station personnel were
invited on board. Commander Poblete's informal
visit coincided with a more official occasion. The
Argentine naval transport Bahia Aguirre sent ashore
a team to carry out an inspection under Article
VII of the Antarctic Treaty. The inspectors, Drs.
Alfredo Corte and Cesar Lisignoli of the Argentine
Antarctic Institute, remained for about two hours.

Earlier in January, the British Antarctic Survey
ship, John Biscoe, with the Governor of Falkland
Islands, Sir Cosmo Haskard, on board, also paid a
brief call at the station.
Plateau Station Constructed

The establishment of a scientific outpost high on
the polar plateau is one of the most difficult proj-
ects yet executed by the United States program.
The eight prefabricated, pre-equipped vans com-
prising the station complex arrived at McMurdo
aboard Towle on December 23 and were flown by
LC-130F to the station site at 79°28'S. 40°35E.
Five of the vans form the main station complex;
the other three, which are separated from the rest,
include two for scientific observations and one
housing an emergency generator. In addition, there
are three Jamesway huts, erected originally to house
the construction personnel. One of these is lo-
cated about 1,000 feet from the main camp and is
equipped to support the wintering-over party in an
emergency.

Most of the problems encountered had been antici-
pated by the designers and planners and the work
proceeded on schedule. By January 4 the site for
the base camp was prepared, and on January 7 the
first vans were put in position. By the 20th, the
construction team had the fuel system installed, and
VX-6 had delivered 15,000 gallons of fuel. The
SeaBee detachment finished its phase of the work
on January 22 and the next day the last of the de-
tachment withdrew. Admiral Bakutis flew to Plateau
Station on January 30 for the formal dedication, and
the installation was turned over to Antarctic Support
Activities to operate.

Main Building Complex at Plateau Station
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Explosion Demolishes South Pole Building
By February 1, the over-all construction pro-

gram was virtually on schedule. At Byrd, work on
the VLF sub-station was progressing satisfactorily.
Unfortunately, during a routine inflation on January
31, a weather balloon exploded destroying the
balloon inflation shelter at South Pole Station. The
door blew out a distance of 10 yards and the roof
went up, landing beside the structure. The walls
were either deformed or destroyed so that they had
to be razed. The inflation shelter was located di-
rectly above the hydrogen-generating room, which
was not damaged. Luckily, no one was in the
building at the time of the explosion. The shelter
is being rebuilt on the existing foundation with
available materials, and the release door will be
oriented more in line with the prevailing wind to
permit easier release of the balloons.
Field Investigations

The summer's scientific investigations had gone
well. By the end of January, some projects had
been terminated, and the scientists concerned had
left the area. On January 7, the party from the
University of - California at Los Angeles which
had been investigating tillites in the Horlick Moun-
tains, and the Grand Valley State College group re-
measuring the strain stakes on the Ross Ice Shelf,
both returned to McMurdo Station. By the 9th, the
main tasks of the Pensacola Mountains survey had
been completed, and LC-1 3OFs began evacuating
the scientists and their supporting Army helicopter
detachment. On January 17, the last four Geologi-
cal Survey personnel were removed from Camp
Neptune.

The second and last flight of the season to Vos-
tok Station occurred on January 27, with Admiral
Bakutis and the Soviet exchange scientist, L. V.

Klimov, on board. Also high on the polar plateau,
the Queen Maud Land traverse was approaching
Plateau Station. On January 12, the party reported
that it had reached its farthest point and was on the
return leg toward its destination. Five days later,
it received additional supplies by airdrop. The 11
men and 3 vehicles reached Plateau Station Janu-
ary 29, the day before the formal dedication.
Ships Depart McMurdo Sound

As February began, Alatna was tied up to Elliott
Quay, having arrived on January 31 in company
with Atka. The latter ship, after a visit to New
Zealand, had departed Port Lyttelton on January 23.
They were the only two ships in McMurdo Sound.
Glacier had left the area on January 16 for a period
of rest and rehabilitation in New Zealand. On her
way out of the Sound, she had landed two mem-
bers of the avian population study group from
Johns Hopkins on Beaufort Island. They were re-
trieved on the 19th by Burton Island, which con-
tinued to operate in the McMurdo area for a couple
of days until she too departed on January 21. The
following day, she picked up personnel at Hallett
Station, then headed for Port Lyttelton and home,
her duty for Operation Deep Freeze 66 completed.

About a month's activity remained. Wyandot
was on her way from Palmer Station with more
cargo, Endeavour would make another trip with
fuel, and Glacier would return to remain until it
was time to remove the last groups of summer per-
sonnel. The SeaBee detachment, with about 76 per-
cent of its scheduled projects completed, was
straining to finish the job. The scientists were
striving to make the waning days of the summer
count in completing the investigations begun ear-
lier in the season.

U.S.S.R. Exchange Scientist
Arrives at McMurdo

The U.S.S.R. exchange scientist with USARP-66
is Mr. L. V. Klimov, a geologist from the Institute
of Arctic Geology, Leningrad. Mr. Klimov, who has
visited Antarctica several times previously, is the
author and co-author of several papers on the
geology of East Antarctica. He arrived at McMurdo
on January 3 and since then has made several sorties
to local areas in the company of U. S. Geological

Survey personnel and university scientists, as well as
a trip to the Soviet station Vostok. After spending
the winter at McMurdo, Mr. Klimov will conduct
geological studies in the Transantarctic Mountains
next summer.

Mr. Klimov is part of the annual exchange of
antarctic scientists between the United States and the
U.S.S.R. As noted elsewhere in this issue his coun-
terpart, Mr. John H. Taylor of the National Bureau
of Standards, has been established at Vostok Station
where he will spend the winter doing research in
upper atmosphere physics.
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Symposium on Polar Biology

I. E. WALLEN
Smithsonian Institution

A symposium on polar biology, "Polar Lore Since
1954,) 7  held December 29, 1965, under
the auspices of the Western Society of Naturalists at
the 132nd Annual Meeting of the American Associa-
tion for the Advancement of Science.

The afternoon session of the symposium was con-
cerned with the Antarctic and featured five speakers
selected to discuss recent results of the U.S. Ant-
arctic Research' Program. The first presentation,
Pliocene-to-Recent Polar Ice in the Antarctic, was
by Orville L. Bandy, University of Southern Cali-
fornia, who described several techniques of dating
climatic changes, which provide confirming evidence
that Antarctica has been continually under an ice
cover for the last 11 million years.

Dr. Bandy reported that Globigerina pachyderma
is dextral in tropical and sinistral in arctic waters.
Polar sinistral populations of this foraminiferan ap-
parently occurred in an equatorial direction about
11,500,000 years ago and since then have receded
toward their present bipolar distribution. Additional
evidence of this receding of colder waters comes
from oxygen isotope analyses, studies of the effects
of polar expansion on temperate regions, radiomet-
ric data in the Antarctic itself, and cores taken from
the deep sea.

Emanuel D. Rudolph, Ohio State University, in a
report, Ecological Studies of Vegetation at Hallett
Station, Antarctica, contrasted the complete lack of
antarctic plants south of 86°S. and the gradations
to a tree line at 58°S., to the occurrence of plants
on arctic ice that could drift across the North Pole,
and a tree line at 70°N. He reported that the some 4
percent of seasonally exposed land along the conti-
nental margins of the Antarctic has a population of
lichens and, less commonly, algae, with mosses oc-
curring in a few places on the more northerly parts
of the continent. The distribution of plants is criti-
cally related to melt water and to the microclimate
of the surface soil. In an experiment (terminated
with destruction of the grasses), a few grass seeds
germinated after 45 days in the soil near Hallett
Station during slightly over a week's time when the
microsurface temperatures did not go below freezing.
Generally, growth of the grass was restricted to one
blade.

A report was given by Jay M. Savage, University
of Southern California, on Fish Fauna of the Ant-
arctic, chiefly near Drake Passage, as investigated
during Eltanin Cruises 4 to 13. He reported that
19 families of fishes with about 60-70 species
occur south of the Antarctic Convergence, about
60°S. The fishes appear to be distributed by depth
in relation to the vertical and horizontal water
masses. The Antarctic Convergence is an effective
barrier to some groups of fishes; however, several
species of the genus Protomyctophum apparently
occur without respect to the Convergence. Dr.
Savage believes that the fish fauna is generally quite
similar all around the Antarctic in the zone near the
continent, and that the special groups of fishes which
are found near certain islands occur there almost
entirely by chance introduction through natural
phenomena.

The use of the Antarctic Continent as a unique
laboratory for biological studies was reported by
Takashi Hoshizaki, University of California, in
Investigations of Circadian Rhythms. Living
breadmold, bean plants, fruit flies, cockroaches, and
hamsters were transported to the South Pole to test
a hypothesis that organisms maintain their daily
rhythms through detection of geophysical force
changes with the Earth's rotation. Placed on a turn-
table that rotated counter to the Earth's rotation, the
organisms maintained their rhythmicity for a week at
the Pole. An exception was the cockroach, where
poor experimental animals seemed entirely respon-
sible for the lack of results. A new hypothesis must
be developed.

The final piper, by Thomas Hopkins, University
of Southern California, was Zooplankton Standing
Crop in the Atlantic Sector of the Antarctic Ocean.
Using piston-activated, closing, Be nets for collecting
the plankton samples, Dr. Hopkins sorted ¼ ali-
quots to genus, sorting only those making up 5
percent or more of the plankton. He then meas-
ured the comparative standing crops as indicated by
dry weight analyses.

In samples collected between 55° and 25°W., he
found that above the Antarctic Convergence,
euphausiids contributed the greatest mass to the sur-
face plankton, and that the bulk of the plankton
occurred below 500 meters. Pelagic copepods, such
as Calanus, occurred only at 200 meters or great-
er. Samples taken further south generally contained
pelagic copepods, including Calanus, abundant near
the surface, apparently feeding on phytoplankton
there. A more diverse and less numerous overall
fauna was collected from deeper waters.

(Additional papers on antarctic research were pre-
sented at other sessions. They included Some As-
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pects of Under-Ice Diving Behavior in the Weddell
Seal, by Gerald L. Kooyman, University of Arizona;
Two Unique Sponges from Deep Antarctic Waters,
by Frank J. Little, Jr., University of Southern Cali-
fornia; and A Preliminary Report on Brachyuran
and Anomuran Crabs from Eltanin Antarctic Cruises,
by John S. Garth and Janet Haig, University of South-
ern California. Two antarctic films were shown,
"Antarctic Biology," by Herbert Ullmann, and "The
Story of the Penguins," a Russian movie prepared
under the supervision of Dean Naumov, Faculty of
Biological Sciences, Moscow State University).

Special Visitors
Observe Antarctic Operations

Each year the Department of Defense invites a
small group of distinguished persons to visit Antarc-
tica and observe United States activities. These in-
dividuals represent Congress, the Executive Branch
of the Government, business and industry, arts and
letters, the scientific community, and educational
institutions and organizations. In addition, repre-
sentatives of foreign countries are invited.

The first group of visitors for Deep Freeze 66 de-
parted Washington on November 11 and arrived in
Christchurch on the 14th. Accompanied by Rear
Admiral Fred E. Bakutis, they departed for McMur-
do Station three days later aboard an Air Force C-
1 30E Hercules. They arrived at McMurdo on No-
vember 18 and proceeded to the South Pole later
that day. During their stay in Antarctica, they were
given the opportunity also to visit Byrd Station and,
through the courtesy of the New Zealanders, Scott
Base. They received a tour of the nuclear reactor
at McMurdo and were flown to Cape Evans to see
Scott's hut.

Those departing the United States in the first
visitor group included the Honorable Ralph J. Riv-
ers, Congressman from Alaska; Dr. Albert G. West-
phal, Captain, USNR, Consultant to the House Com-
mittee on Foreign Affairs; Dr. John G. Stubenbord,
Captain, MC, USN (Ret.), Explorers Club; Mr.
Deane W. Mallott, member of the Defense Orienta-
tion Conference Association; and Mr. Norman L. Sil-
verman, member of the Navy League of the United
States.

Joining the group in Christchurch for the trip to
Antarctica were the following guests: Mr. S. A.
Whitehead, Member of Parliament, New Zealand
Labor Party; Mr. Roy E. Jack, Member of Parlia-
ment, New Zealand National Party; Lieutenant
Colonel F. J. Burnaby-Atkins, New Zealand Gov-
ernor General's Staff; and Commander Neville
Long, CEC, USNR, Manager, Manipuri Construc-
tion Project in New Zealand. Mr. Robert Perrin,
Administrative Assistant to Senator Pat McNamara,
joined the group at McMurdo. The visitors de-
parted McMurdo for Christchurch on November 24
except Mr. Perrin, who stayed until the 26th.

On November 27, Rear Admiral James W. Kelly,
USN, Chief of Chaplains, and his aide, Com-
mander Leon S. Darkowski, departed Washington
on a tour of isolated and combat areas which was
to include Antarctica, Japan, Korea, Guam, and
Vietnam. They arrived at McMurdo Station on De-
cember 2 and departed the next day to return to
Christchurch.

During his 24 hours at McMurdo, Chaplain Kelly
toured the various areas where the men were work-
ing and visited with them during mealtime in the
galley. In the evening he was presented a cake com-
memorating the 190th anniversary of the Navy
Chaplain Corps.

On January 12, Rear Admiral Henry A. Renken,
Commander, Service Force Atlantic Fleet, and Cap-
tain Spencer R. Smith, Commander, Construction
Battalions Atlantic Fleet, departed Christchurch with
Rear Admiral Fred E. Bakutis for McMurdo Station.
They arrived at McMurdo on the 13th and the fol-
lowing day were flown to the South Pole, Plateau
Station, and Little Jeana Station. On the 15th, they
visited Byrd Station, and two days later, departed
McMurdo for Christchurch.

Mr. Peter Scott, son of the famous explorer Cap-
tain Robert Falcon Scott, was also the guest of the
United States in Antarctica during January. He is a
member of a three-man BBC-TV camera team which
is filming a documentary contrasting the modern
mode of antarctic exploration with that of the past.
Mr. Scott was flown aboard a Navy ski-equipped
LC-130F aircraft from McMurdo to the South Pole
—a route similar to that taken by his father almost
54 years ago—in a matter of three hours as com-
pared to Captain Scott's 76 days. Mr. Scott visited
at Amundsen-Scott South Pole Station for two
days, then returned to McMurdo Station. While in
the McMurdo area, he visited his father's huts. One
is on Hut Point in Winter Quarters Bay and was built
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in 1902. The other, built in 1911, is at Cape
Evans. It was from the latter that Captain Scott
departed on his traverse to the South Pole. Mr.
Peter Scott departed McMurdo on January 24 to
return to Christchurch and London.

A final group of special visitors for January ar-
rived at McMurdo Station on the 26th. Included
were Sir Derek Jakeway, Governor of the British
Crown Colony of Fiji, and Major General C.
Cornet of the Belgian Embassy in Washington.
While in Antarctica they visited McMurdo Station
and Scott Base as well as the South Pole. They de-
parted McMurdo on January 31 for the return to
Christchurch.

New Research Facility at
Florida State University

A new building designed for storage and study of
antarctic ocean bottom sediments was officially
opened at Florida State University on January 24.
Speaker for the occasion was Dr. T. 0. Jones, Di-
rector of the Division of Environmental Sciences of
the National Science Foundation, which provided
a grant of $230,600 to build the structure. Also
on the program at the ceremony were Dr. H. Grant
Goodell, for three years the principal investigator
on an NSF-supported research project in antarctic
marine geology at Florida State University, and Dr.
Karl Dittmer, Vice President for Academic Affairs
at the University.

(F.S.U. Photo)
Left to Right: Dr. H. G. Goodell, Dr. T. 0. Jones

and Dr. K. Dittmer

The one-story, 13,000 square-foot Antarctic Ma-
rine Geology Research Facility includes a room com-
prising some 40 percent of the structure where
12,000 ten-foot long cores can be stored under con-
trolled temperature conditions (+2°C.). A smaller
(15 by 20 feet) room will be cooled to —10°C.
for storing frozen sediments. The remainder of the
structure has laboratory facilities for studying the
cores, principally their geochemical and paleontologi-
cal characteristics. Sections of the cores are also made
available for studies elsewhere.

Bottom cores obtained from the research vessel
USNS Eltanin arrive at Florida State University
at the rate of about 15 a month. During the past
three years, some 400 cores averaging 20 feet in
length have been received. These and other antarctic
sediment samples, temporarily housed in other cam-
pus buildings, will shortly be transferred to the new
core library.

Dr. James E. Mooney Retires

Dr. James E. Mooney, a long-time friend and
associate of Admiral Byrd, retired from government
service on December 31, 1965. An educator and
editor in his earlier years, Dr. Mooney has recently
been active in antarctic affairs. When Admiral
Byrd was named Officer in Charge, United States
Antarctic Programs, Dr. Mooney joined his staff
as a consultant and remained in that capacity when
Rear Admiral George J. Dufek succeeded Admiral
Byrd with the title of United States Antarctic Proj-
ects Officer. In 1959, he was designated Deputy
United States Antarctic Projects Officer and con-
tinued in that position until the office was abolish-
ed in April 1965. At that time Dr. Mooney moved
to the Pentagon where he became Special Assistant
to the Assistant Secretary of Defense (International
Security Affairs) for Antarctic Matters.

At the time of retirement, Dr. Mooney's plans
were indefinite. He expected, however, to devote
some of his time to his farm in Pennsylvania and to
a number of writing projects that had been put aside
during his busy years with the Department of De-
fense. In the Congressional Record of November
15, 1965, the Honorable John P. Saylor of Pennsyl-
vania paid tribute to Dr. Mooney's long participation
in antarctic affairs and stated: "Dr. Mooney's contri-
butions will continue to be recognized long after his
retirement. . . . He has more than won every honor
bestowed upon him."
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ANTARCTIC CHRONOLOGY
DECEMBER 1, 1965-

JANUARY 31, 1966
Time in Greenwich Mean Time

December

1—USNS Alatna arrived at Port Lyttelton, New
Zealand, and reported to operational control of
Commander, Task Force 43, for antarctic duty.
USS Gary arrived at Ocean Station and USS
Calcaterra departed for Port Lyttelton, New
Zealand.

2—Hallett Station ice runway closed due to dete-
rioration.
USNS Alatna departed Port Lyttelton for Mc-
Murdo Station.
U. S. Army Cold Regions Research and En-
gineering Laboratory glaciological party placed
at Dailey Islands.
University of California geological party placed
in the Horlick Mountains.
University of Massachusetts geological party re-
turned to McMurdo Station from Mt. Bastion.
Rear Admiral J. W. Kelly, U. S. Navy, Chief
of Chaplains, arrived at McMurdo Station from
Christchurch, New Zealand, and returned on
the next day.

3—Japanese geochemical party departed McMurdo
Station for Lake Vanda.
South Pole-Queen Maud Land Traverse IT
party resupplied at the Pole of Inaccessibility.
Military Air Transport Service 1501st Air
Transport Wing Deep Freeze Task Unit com-
pleted its last turnaround flight to McMurdo
Station.
Press media visitor group arrived at McMurdo
Station from Christchurch.

4—USS Atka arrived at Hallett Station and com-
menced cargo and personnel transfer.
USS Calcaterra arrived at Port Lyttelton from
Ocean Station.
USNS Pvt. Frank J. Petrarca departed Califor-
nia for Port Lyttelton.

5--A VX-6 C-47 extensively damaged in the Hor-
lick Mountains when landing gear collapsed.
USS Atka completed cargo and personnel trans-
fer at Hallett Station and departed to rendez-
vous with USNS Alatna.
MATS 1501 st  Air Transport Wing Deep Freeze
Task Unit C-1 30s departed Christchurch for
the United States.

6—USS Calcaterra departed Port Lyttelton and
arrived at Dunedin, New Zealand.

7—USS Atka rendezvoused with USNS Alatna
and proceeded to escort her to McMurdo.
U. S. Army Cold Regions Research and En-
gineering Laborator y party returned to Mc-
Murdo Station from Dailey Islands.
U. S. Geological Survey paleomagnetic party

made a reconnaissance of Deibridge Islands.
University of Massachusetts geological party
fielded at Mt. Fleming.

8—University of Kansas geological party fielded at
Mt. Cerberus.

10—Argentine traverse party arrived at South Pole
Station.
HMNZS Endeavour departed Port Lyttelton
for McMurdo.
Ohio State University ecological party fielded
at Lake Bonney.
Long wire antenna camp at Byrd Station acti-
vated.

11—USNS Towle arrived at Port Lyttelton from the
United States.

12—USS Atka assumed command of the Ross Sea
Ship Group.
Press media visitor group departed McMurdo
Station for Christchurch.
Igor' Zotikov, Soviet exchange scientist during
the 1965 winter, departed McMurdo Station for
Christchurch.

13—Advance party placed at Plateau Station site,
near /9°28'S. 40°35'E., by an LC-130F.
Ohio State University ice movement party ar-
rived at Byrd Station.
USS Glacier completed ice breakout of Winter
Quarters Bay.

14—USS Calcaterra departed Dunedin to take up
Ocean Station position.
University of Kansas geological party returned
to McMurdo Station from Mt. Cerberus.
Ohio State University ecological party returned
to McMurdo Station from Lake Bonney.
U. S. Geological Survey paleomagnetic party de-
parted McMurdo for Cape Royds.
Japanese geochemical party transferred from
Lake Vanda to Lake Bonney.

15—Argentine traverse party departed South Pole
Station for General Belgrano Base.
USNS Towle departed Port Lyttelton for Mc-
Murdo Sound.
South Pole-Queen Maud Land Traverse TI
departed Pole of Inaccessibility at 1400.

16—U.S. Geological Survey paleomagnetic party
returned to McMurdo Station from Cape Royds.

17—University of Massachusetts geological party
returned to McMurdo Station from Mt. Flem-
ing.

18—USNS Alatna arrived at Winter Quarters Bay.
USS Calcaterra relieved USS Gary on Ocean
Station, and the latter departed for Port Lyttel-
ton.
University of Kansas geological party departed
McMurdo Station for Pearse Valley.
U.S. Geological Survey reconnaissance party
returned to McMurdo Station from Pensacola
Mountains.

19—USNS Alatna berthed at Elliott Quay, Mc-
Murdo Station.
University of Massachusetts geological party
departed McMurdo Station for Mt. Fleming.
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Japanese geochemical party returned to Mc-
Murdo Station from Lake Bonney.

20—HMNZS Endeavour arrived at McMurdo Sound
channel entrance.
USS Gary arrived at Port Lyttelton from Ocean
Station.
U.S. Army Cold Regions Research and Engi-
neering Laboratory glaciological party placed
at Dailey Islands.
USNS Alatna completed the discharging of
cargo at McMurdo Station.
USCGC Eastwind arrived at Valparaiso, Chile,
from the United States.

22—University of Massachusetts geological party
transferred from Mt. Fleming to Mt. Bastion.
University of Kansas geological party returned
to McMurdo Station from Pearse Valley and
continued local studies in the McMurdo area.

23—USNS Towle arrived and berthed in Winter
Quarters Bay.
Three members of the University of California
geological party transferred from the Ohio
Range to the Wisconsin Range; the remainder
of the party returned to McMurdo Station.

24—South Pole-Queen Maud Land Traverse II lo-
cated at 82°58'S. 33°05'E.

25—U.S. Geological Survey paleornagnetic party
relocated on Black Island.
USCGC Eastwind departed Valparaiso, Chile,
at 1000.

26—HMNZS Endeavour completed the off-loading
of cargo at McMurdo and departed.
USNS Towle commenced the off-loading of
cargo at Elliott Quay, McMurdo Station.
South Pole-Queen Maud Land Traverse II re-
supplied by airdrop at 82°53'S. 30°52'E.
U.S. Army Cold Regions Research and Engi-
neering Laboratory glaciological party de-
parted McMurdo Station for South Pole Station.
University of California geological party de-
parted McMurdo Station for Pensacola Moun-
tains.

27--USNS Petrarca arrived at Port Lyttelton.
John Taylor, U.S. exchange scientist, departed
McMurdo Station aboard a VX-6 LC-1 30F to
winter over at the Soviet station Vostok.

28—The VX-6 LC-130F returned to McMurdo
Station from the Soviet station Vostok.
South Pole-Queen Maud Land Traverse II
located at 82°54S. 28°00'E.
Four VX-6 LC-130F aircraft flew a Deep
Freeze 66 record of 85.5 flight hours in one
day.
U.S. Army Cold Regions Research and Engi-
neering Laboratory glaciological party re-
turned to McMurdo Station from South Pole
Station.
U.S. Geological Survey paleomagnetic party
returned to McMurdo Station from Black
Island.

29—USS Gary departed Dunedin for Ocean Station.

U.S. Army Cold Regions Research and Engi-
neering Laboratory glaciological party estab-
lished on Dailey Islands.
Bishop Museum, New York Zoological So-
ciety, and Ohio State University biological
parties departed Hallett Station aboard USS
Burton Island for Victoria Land coastal surveys.
U.S. Geological Survey paleomagnetic party
taken to Dailey Islands.

30—Juan Fernandez Islands expedition completed
with the departure of the last members of the
party for Punta Arenas, Chile.
USNS Petrarca departed Port Lyttelton for
McMurdo Station.
University of Massachusetts geological party
established camp at Allan Nunatak.
University of California geological party
transferred from Byrd Station to the Ohio
Range.

31—USNS Alatna arrived at Port Lyttelton from
McMurdo.
Chilean naval vessel Yelcho visited Palmer
Station and departed on January 1.
South Pole-Queen Maud Land Traverse II lo-
cated at 82°47S. 16°00'E.

January
1—U.S. Army Cold Regions Research and Engi-

neering Laboratory glaciological party re-
turned to McMurdo Station from the Dailey
Islands.

2—USNS Alatna departed Port Lyttelton for Mc-
Murdo Station.
USNS Towle completed the off-loading of
cargo at McMurdo Station.
U.S. Geological Survey paleomagnetic party
transferred from Brown Peninsula to Mt. Dis-
covery.

3—USS Burton Island embarked personnel from
Hallett Station for a visit to Possession and
Foyn Islands.
University of Wisconsin traverse party re-
turned to McMurdo Station from the field.
U.S. Geological Survey topographic project in
the Pensacola Mountains completed.
L. V. Klimov, Soviet exchange scientist, de-
parted Christchurch for McMurdo Station.

4—USS Calcaterra arrived at Dunedin from
Ocean Station.
USCGC Eastwind arrived at Palmer Station
and commenced unloading of cargo and pas-
sengers.
USNS Wyandot departed Davisville, Rhode Is-
land, for Palmer Station.
Plateau Station base camp site prepared and
storage Jamesway completed.
University of Massachusetts geological party
returned to McMurdo Station from Allan
Nunatak and continued studies in the Mc-
Murdo area.
South Pole-Queen Maud Land Traverse II lo-
cated at 82°52'S. 18°10'E.
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5—USS Burton Island departed Hallett for Mc-
Murdo Station.
Bishop Museum entomological team trans-
ferred to Football Mountain by USS Burton
Island helicopter.
U.S. Geological Survey paleomagnetic party
returned to McMurdo Station from Mt. Dis-
covery.

6—South Pole-Queen Maud Land Traverse 11 re-
supplied by airdrop at 82°34'S. 13°20'E.
Ohio State University biological party placed
at Cape Bird.

7—Relief of 1965 wintering-over personnel at
Palmer Station completed.
USNS Petrarca moored at Elliott Quay, Mc-
Murdo Station.
USNS Eltanin arrived in Punta Arenas, Chile,
terminal point of Cruise 21.
University of California geological party in
the Horlick Mountains and the Grand Valley
State College Ross Ice Shelf Traverse party re-
turned to McMurdo Station aboard an
LC-13 OF.
U.S. Geological Survey paleomagnetic party
placed at Mt. Morning.
Ohio State University biological party re-
turned to McMurdo Station from Cape Bird.

8—South Pole-Queen Maud Land Traverse H
located at 82° 03'S. 10° 20'E.

9—USNS Alatna, under escort of USS Atka, ar-
rived at McMurdo Station from New Zealand.
One Army UT-I-lB helicopter airlifted to Mc-
Murdo Station from Pensacola Mountains.
Some 1965 wintering-over personnel from
Palmer Station flew to United Kingdom Base
F in Argentine Islands aboard an Eastwind
helicopter for informal visit.
Main portion of the Pensacola Mountains sur-
vey completed and redeployment begun.

10—USS Burton Island visited Hallett Station and
derarted for McMurdo Station.
USNS Towle arrived at Wellington.
California Institute of Technology lead meas-
urement party departed Byrd Station for field
work 125 miles from station.
Mr. Harry H. Wells relieved Mr. G. R. Toney
as USARP Representative, USNS Eltanin, at
0600.

11—South Pole-Queen Maud Land Traverse 11 lo-
cated at 82°S. 9°55'E.
Commander, Task Group 43.2 (Ross Sea Ship
Group) aboard USS Glacier.
USS Atka departed McMurdo for Hallett Sta-
tion.
USNS Petrarca departed McMurdo for Port
Lyttelton.

12—California Institute of Technology lead meas-
urement group began snow collections 125
miles from Byrd Station.
First Army UH-IB helicopter airlifted to
Christchurch from McMurdo Station aboard an
LC-130F aircraft. Two UH-113s remain at

McMurdo for local scientific support.
USNS Alatna departed McMurdo Station for
New Zealand.
South Pole-Queen Maud Land Traverse II on
return leg to Plateau Station.
Rear Admiral Henry A. Renken, Commander,
Service Force Atlantic Fleet, and Captain Spen-
cer R. Smith, Commander, Construction Bat-
talions Atlantic Fleet, arrived at McMurdo
Station from Christchurch.

13—USS Atka completed off-loading cargo at
Hallett Station and departed for Port Lyttelton.
USS Burton Island returned to McMurdo Sta-
tion after steaming 1,217 nautical miles since
December 29 in support of scientific projects.
USS Calcaterra departed Dunedin for Ocean
Station.

14—A 955 Traxcavator airlifted aboard LC-130F
from Plateau Station to Little Jeana Station to
accomplish snow removal.
South Pole-Queen Maud Land Traverse II
located at 81°35'S. 19°00'E.
USCGC Eastwind arrived in Punta Arenas,
Chile, and disembarked the 1965 Palmer Sta-
tion wintering-over personnel.

16—Commander, Task Group 43.2 (Ross Sea Ship
Group) shifted to USS Burton Island.
USS Glacier departed McMurdo Station for
Wellington.
U.S. Geological Survey paleomagnetic party
returned to McMurdo Station from Walcott
Glacier.

17—Rear Admiral H. A. Renken and Captain S. R.
Smith departed McMurdo Station for Christ-
church.
USS Calcaterra relieved USS Gary as Ocean
Station vessel.
South Pole-Queen Maud Land Traverse IT re-
supplied by airdrop at 81°30'S. 20°30'E.
Pensacola Mountain survey completed and per-
sonnel returned to McMurdo Station.
Johns Hopkins University biological party
landed at Beaufort Island by USS Glacier.
Ohio State University biological party placed
at Lake Bonney.

18—UH-1B flight operations terminated.
19—USNS Eltanin departed Punta Arenas, Chile,

on Cruise 22.
USS Burton Island picked up the Johns Hop-
kins University scientists at Beaufort Island
and conducted local operations in McMurdo
Sound.

20—USNS Alatna arrived at Port Lyttelton.
U.S. Geological Survey topographic survey
party made ice strain measurements in the
McMurdo area by helicopters from USS Burton
Island.
South Pole-Queen Maud Land Traverse II lo-
cated at 81°11'S. 25°30'E.

21—USS Burton Island departed McMurdo Station.
USCGC Eastwind arrived at Palmer Station.

March-April, 1966



Ohio State University biological party re-
turned to McMurdo Station from Lake Bonney.

22—All construction at Plateau Station completed.
California Institute of Technology lead meas-
urement party returned to Byrd Station.
USS Burton Island completed personnel pickup
at Hallett Station and departed for Port
Lyttelton.
USCGC Eastwind departed Palmer Station for
Marguerite Bay to conduct oceanographic op-
erations.
RRS John Biscoe, British Antarctic Survey
ship, visited Palmer Station; Sir Cosmo Has-
kard, Governor of the Falkland Islands, on
board.

23—USNS Alatna departed Port Lyttelton on
third trip to McMurdo.
USS Atka departed Port Lyttelton for Mc-
Murdo.
USS Glacier arrived at Wellington and held
open house on board.
USNS Petrarca arrived at Port Lyttelton.
Final segment of Task Group 43.4 (MCB-6)
departed Plateau Station.
U.S. Geological Survey geological party taken
to Allan Nunatak and returned to McMurdo
Station with project completed.
University of Massachusetts geological project
completed with a round trip from McMurdo
Station to Beacon Valley.

24—Mr. Peter Scott, BBC-TV, and Mr. Shunichi
Nomiyama, Official Foreign Exchanee Repre-
sentative of Japan, departed McMurdo Station
for Christchurch.
USARP Representative at Palmer Station paid
an informal visit to the United Kingdom sta-
tion on Adelaide Island.
USCGC Eastwind completed oceanographic
survey and departed Marguerite Bay to rendez-
vous with USNS Wyandot.

25—USNS Petrarca completed antarctic service
and departed Port Lyttelton to return to her
regular command.
Operational control of USNS Wyandot, en
route to Palmer Station, transferred to Task
Force 43.
U.S. Geological Survey topographic survey
Party placed at Mile 60, Army Navy Drive.
Ohio State Universit y glaciological party re-
supplied in Wright Valley.

26—Major General C. Cornet of the Behian Em-
bassy in Washington, D.C., and Sir Derek

Jakeway, Governor of Fiji Islands, arrived at
McMurdo Station for visit.
Bulk delivery of fuel to Plateau Station com-
pleted.
USNS Wyandot arrived at Palmer Station and
commenced unloading cargo, using Eastwind
helicopters.
South Pole-Queen Maud Land Traverse II lo-
cated at 80°26 1S. 33°30'E.

27—Rear Admiral F. E. Bakutis, accompanied by
the USARP Representative, McMurdo Sta-
tion, and the Soviet exchange scientist, de-
parted McMurdo Station for the Soviet station
Vostok.
An Air Force C-124 departed Christchurch,
New Zealand, for the United States with two
Army UH-IB helicopters aboard.

28—South Pole-Queen Maud Land Traverse II lo-
cated at 79°56 1S. 37°10'E
Rear Admiral Bakutis and party returned to
McMurdo Station from the Soviet station Vos-
tok.
An Air Force C-124, with Army Aviation De-
tachment and one UH-113 helicopter, departed
Christchurch for the United States.
Antarctic Support Activities (ASA) completed
construction projects at South Pole Station.
USNS Wyandot, assisted by helicopters from
USCGC Eastwind, completed the unloading of
cargo at Palmer Station and departed.
U.S. Geological Survey topographic party re-
supplied at Mile 60, Army Navy Drive.

29—South Pole-Queen Maud Land Traverse II ar-
rived at Plateau Station.
USCGC Eastwind departed Palmer Station
for Ocean Station.

30—Plateau Station officially dedicated by Rear
Admiral Bakutis.
USS Atka began escorting USNS Alatna to
McMurdo.

31—Balloon inflation building at South Pole Station
demolished by explosion.
Palmer Station inspected under Article VII of
the Antarctic Treaty by Argentine party
aboard Bahia Aguirre.
Major General C. Cornet and Sir Derek Jakeway
departed McMurdo Station for Christchurch.
USS Atka and USNS Alatna arrived in Win-
ter Quarters Bay.
USS Burton Island departed Port Lyttelton
upon completion of antarctic duty; opera-
tional control returned to parent organization.

Erratum in Vol. I, No. 1, p. 33: the latitude given for the Japanese station, Showa, should have read 69°00'28"S.
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