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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
30 1E. 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-IB 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

SCHEMATIC DIAGRAM OF A PORTION OF THE

TOPO SOUTH ELECTRONIC TRAVERSE

1W I

IX

A Occupied slotion. position	 .I.,th,, GI,$.,..,.d p.k ond .I.,,ti,	-T.II,.,.t., di.t,,e

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.
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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-113. 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

1,000,000 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 II 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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