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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 I : 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-
fling 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 Highjump
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 around control for the aerial tho-
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 Tnstru-
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 7651 s 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 navi-
zation al-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 findin g (ADF) and low and ultra high fre-
quency (LF 1UHF) systems. The others include
various Tactical Air Navi gation 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.
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