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FOREWORD

Regions of forbidding terrain and climate are acquiring an increasing
significance in present-day military planning. Mountain glaciers with
their associated climates constitute one such adverse environment in which
military units require special equipment and techniques. Much information
is available about the glaciers of the world and, in 1958, a D/A contract
was awarded the American Geographical Society to assemble this information
in a form accessible to military users. As a result of that contract an
atlas of mountain glaciers in the Northern ..emisphere was published showing

the distribution of a special type of environment that military forces
may encounter in many parts of the world.

In November 1963 the Office, Chief of Research and Development, Dept.
of the Army, Washington, D.C.,, sponsored a contract with the American
Geographical Society for a similar study of mountain glaciers of the
Southern Hemisphere. Technical monitorship of the contract was furnished
by the Regional Environments Branch of the Earth Sciences Division.
Dr. William 0. Field, Department of Exploration and Field Research, American
Geographical Society, served as the project officer and the chief researcher
was Dr. John M. Mercer, Under contract DA49-092-ARO-39, "Glacial Atlas and
Text: Northern Hemisphere," the American Geographical Society is currently
updating the study of northern hemisphere glaciers. The report will be
published by these Laboratories.

L. W. TRUEBLOOD, Ph.D.
Chief
Earth Sciences Laboratorj

APPROVED:

DALE H. SIELING, Ph.D.
Scientific Director

W. M. MAWJTZ
Brigadier General, USA
Commanding

ti
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ABSTRACT

This study is a literature survey of knowledge on mountain glaciers
In the Southern Hemisphere. The Southern Hemisphere is divided into the
following regional categories with respect to glaciers: (1) The Andes
of South America, (a) Ecuador (b) Peru, (c) Bolivia, (d) Chile, and (e)
Argentina, (2) New Guinea, (3) East Africa, (4) Sub-Antarctic Islands,

r(5)New Zealand, and (6) Antarctica. Included are discussions on the
distribution, extent, characteristics, and behaviour of mountain glaciers
and an extensive list of references for each regional discussion. A
history of observations and current research programs is incorporated in
the text. Nineteen new maps have been prepared on the mountain glaciers
in the Southern Hemisphere.
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PREFACE

In the Southern Hemisphere mountain glaciers are found in South
America, Africa, New Guinea, New Zealand, Antarctica, and several islands
in the Sub-Antarctic. This report is believed to represent the first
effort to compile a comprehensive review of their distribution, character-
istics, and variations along with extensive reference lists of source
materials. It is hoped that it will stimulate further effort in correlating
existing information and will contribute to a better understanding of the
dynamics of glaciation, both in the local area and in relation to the rest
of the world.

The information for many areas in the Southern Hemisphere is fragmentary
and much of it is scattered among relatively obscure foreign-language
sources and in the accounts of mountaineers and observant travelers.
Inevitably, considerable interpretation and evaluation has been required of
the author, Dr. John Mercer, who is not only familiar with the literature
but has also carried out glaciological observations in parts of the Sonthern
Andes, New Zealand, and Antarctica. He has assembled this report over a
period of eighteen months at the American Geographical Society's Department
of Exploration and Field Research from the 1Iles of the World Data Center A:
Glaciology and the Society's library and map collections. Information was
also obtained from the library of the American Alpine Club.

The mapb that accompany this report have been ccr 1ed by the American
Geographical Society's Cartographic Department from t )est available
sources. They are designed to show the geographical distribution of the
glaciers and not their morphological characteristics. For more detailed
information readers should consult the larger-scale maps listed in the
references.

Full information on the various source, materials 14 given in the
"References Cited" section immediately following the ýte% of each chapter.
When photographs or maps appearing in one of these sou "c! are noted in
the "Photographic Sources" or 'Nap Sources," citation iv% those sections is
only by author and date of publication; the rest of the ixnformation should
be obtained by referring back to that author in the "References Cited"
section.

Although sources and references have been carefully checked, in any
compilation of this kind there are likely to be some errors, owaissionis,
or erroneous interpretations. When detected, these should be brought to
the attention of the Society's Department of Exploration and Field Research
so that suitable corrections may be made in any future editions. Additional

vii
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information on glaciers of the Southern Hemisphere and suggestions of
any nature in regmrd to this report will also be welcomed.

The assembly of this report has been made possible through a contract
with the Environmental Sciences Division of the Army Research Office,
Arlington, Virginia. Administration of the project was later transferred
to the U. S. Army Natick Laboratories in Natick, Massachusetts, where the
report and maps were prepared for publication and printed. Grateful
appreciation is extended to these agencies for making this effort possible,
and to the individuals involved for their courteous and helpful cooperation.

Many of the Society's personnel have taken part in this project.
Assisting Dr. Mercer in the early stages was Marshalyn K. London and in the
later stages, Fern Aitchison. Editorial help was provided by Adrienne B.
Conybeare. Organization of the manuscript, general supervision, and editing
were carried out by Martha B. Utley; typing and proofreading, by Eda L.
Sanchez, Miss Aitchison, and Georgia B. Bergnes. The layout of the maps
in the Atlas was originally planned by William B. Briesemeister and
Douglas V. Waugh. The cartography was carried out by the latter and, under
his supervision, by the following members of the Society's cartographic
staff: Peter J. Fust, Thomas Kalan, Chih Chwen Pinther, Miklos Pinther,
Luba Prokop, Lidia Romash, Norman Swanston, and Josg G. Uzc'tegui. The
Society's warm thanks and appreciation are extended to all these individuals
for their part in this cooperative effort.

William 0. Field
Project Officer
American Geographical Society
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SGICOW OF ECUADOR

The Andes of Ecuador consist of two parallel ranges. the Cordillera
Occidental and the Cordillera Oriental, with a high plateau between.
Most of the information about the glaciers vas obtained betweae 1870 and
190 by the German investiptors Reiss, Stibel, Wolf, and Meyer and the
*41lish climbeer, W or. In the last sixty years the ar bas attracted
few climbers or scientific observers of the glaciers.

A number of careful paintings and drawings of the mountains verz
made during Reiss' and StUbel's expedition in 1872-74, and were deposited
in Das Museum tifr V61kerund I.nderkunde zu Leipzig (the Grassi Miseum).
Reiss and St~bel (1886) reproduced monochrome line drawing copies of sow
of these with explanatory text and later Stibel (1897) published an ex-
planatory text of all the illustrations deposited in Leipzig. Some of
these illustrations have been reproduced in monochrome by Meyer (1907 and
1938).

Whymper visited the area in 1880 and climbed many of the ice-covered
peaks. His observations are contained in his book (WhyuMer, 1892) which
also has engravings made from photographs.

W Meyer carried out geographical studies of the snow-covered peaks in
1903 and 1904. His book (Meyer, 1907) is still the main source of infor-
mation on the glaciers of Ecuador. It contains many photographs and other

* illustrations and was translated into Spanish in 1938. The illustrations
in the Spanish edition have suffered in reproduction and there is no index.
No English translation has been made, but an accompanying Portfolio of
Plates with explanatory text has been published in English as well as in
German (Meyer, 1908). The forty-three plates are photographs and excel-
lent color reproductions of careful paintings of the mountains and gla-
ciers. More recent sources are scanty and entirely descriptive,

The altitude of the snowline depends largely upon exposure to the
easterly winds that bring moisture from the humid Amazon basin, aýd is.
thus lower in the Cordillera Oriental than in the Cordillera Occide~tl,
and on the eastern side of a mountain than on the western side (Meyer,
1938, p. 486). In the 1870's the snowline was at about 4480 m in the east
and 4660 m in the west. During the rainy months of March to MNay snow may
lie down to"3500 m (Meyer, 1938, pp. 485-486). Same mountains are active
volcanoes, some wer; recently active, and other have been long extinct.
A few are of nonvolcanic origin. On the undissected peaks many short ice
tongues extend below the firn fields but on the older dissected mountains

4 true valley glaciers occur (Meyer, 1938, p. 505). Nieve-penitente is
widespread, and Meyer (1938, p. 488) believes that another result of the
intense insolation is to turn the snow into ice-cemented firn on the sur-
face. The sunniest months are June through August and the annual layering

3 •
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is clearly visible in crevasse w&lUs (eyer, 1938, pp. 485 and 488). At
the beginning of the century recent recession was evident everywhere
(Mayeru, 1904, p. a155; 1938; Ppp 507 and 5o18).

The number of mountains that rise above the snowline is uncertain
because of the lack of observations. Wolf (1W., p. 405) listed sixteen
and Whyper (189W, p. 347) listed two others that Wolf had not mentioned:
the eighteen summits listed below may therefore have supported permanent
snow at the end of the nineteenth century. Subsequent rise of the snow-
line has probably reduced this total.

Cordillera Occidental (from north to south)

Volc•n Chiles, 4748 m

Nevado Cotacachi, 4937 m

Cerro Pichincha, 4701 m

Cerro Clorazon, 4791 m

Cerro Iliniza, 5306 m

Cerro Carihuairazo, 5028 m

Chimborazo, 6272 m.

Cordillera Oriental (from north to south)

Volcan Cayambe, 5796 m

Cerro Sara-urcu, 4676 m

Cerro Antisana, 5704 mi

Cerro Sincholagua, 4901 m

Cerro Rumifikhui, 4719 m

Volc~n Cotopaxi, 5896 m

Cerro Quilindaila, 4877 m

Cerro Henaoso, 4638 m

Volcfn Tungurahua, 5033 m.

4



Cerro Altar, 5321 a.

Volc& Sangay, 5320 m

SMost accounts of the ascents of the higher peaks contain descriP-
tions of storms. of the seventeen days spent between 4300 m and 5200 a
on Chimborazo, Whkper (189, p. 84) wrote:

Dring the whole of this time, there was not one really fine day.
As a rule, the weather at daybreak on Chimborazo was reasonable
good at out level, and the two sumits were cloudless, or nearly
so. Clouds at. that time, t wever, always existed beneath us,
commencing at about 13-14,000 feet L%060 to 4300 m, . . .
8 a.m.) or thereabouts, clouds cemmced to form over the eastern
side of the mountain; and, gradually extending ujpards, generally
shut out the summits by 10 a.m. There were thunderstorms on the
south side of Chimborazo on every day fron Dec. 28 to Jon. 12,
inclusive, and some were extremely violent. These seldom occurred
before midday. Snow fell around us eve-y day, on an average, to
the extent perhaps of three inches per day.

The mountains such as Sangay that overlook the Amazon lowlands
usually protrude above the cloud layer that produces almost constant rain-
fall lower down. Precipitation at high levels is more spasmodic and is
usually associated with thunderstorm development.

Cordillera Occidental

Volc(n Chiles 4748 m

Chiles is mentioned as being permanently snow-covered by Wolf (i1 ,
p. 405) and Reiss and Stibel (1886. p. 83). No further information is
available.

Nevado Cotacachi 4937 m

The sumit of Cotacachi consists of two peaks, the higher of which
is steep and nearly snow-free. A glacier occupies the depression between
and may conceal a crater (Whymper, 1892, p. 264).

According to Stilbel (1897. p. 89) vhc gave, the mountain an elevation
29 m higher than recent figures, the snowline on the eastern side was at

* about 4700 a and on the southwest side at 420 a. The glacier tongue on
the east terminated at about 454o0 m, the tongue on the south at 4500 a,
and Tiucungo Glacier at 4600 m.
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