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FOREWCRD

Regions of forbidding terrain and climste are acquiring an increasing
significance in present-dsy military planning. Mountain glaciers with L}
their associated climates constitute one such adverse environment in which
military units require specisl equipment and techniquesz. Much information
is available about the glaciers of the world end, in 1958, a D/A contract
vaz auvsrded the American Geographical Society to asaemble this information
in 8 form accessible to militury users., As a result of that contract an
.atlas of mountein glaciers in the Northern Hemisphere was published showing
the distribution of a special type of environment that militery forces
mey encounter in many parts of the world.

In November 1963 the Office, Chief of Research and Development, Dept.
of the Ammy, Weshington, D.C., sponsored & contract with the American
Geographical Society for a similer study of mountain glaciers of the
Southern Hemisphere. Technical monitorship of the contract was furnished
by the Regional Enviromnments Branch of the Earth Sciences Division.

Dr. William Q. Fleld, Department of Exploration and Field Research, Americen

! Geographical Society, served as the project officer and the chief researcher

; was Dr. John M. Mercer, Under contract DA49-092-AR0-39, "Glacial Atlas and

Text: Northern Hemisphere," the American Geographical Society is currently

updating the study of northern hemisphere glaciers. The report will be

publislted by these Laboratories. X
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Chief
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ABSTRACT

This study 1s & 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) Ecusdor, (b) Peru, (c) Bolivia, (d) Chile, and (e)
% Argentina, (2) New Guinea, (35 East Africa, (4) Sub-Antarctic Islands,

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

vi

T L

e PGS PR ST U U




Lirae %S

PREFACE

In the Southern Hemisphere mountain glaciers are found in South
America, Africa, New Guinea, New Zealand, Antarctice, and several islands
in the Sub-Antarctic. This report is believed to represent the first
effort to compile & comprehensive review of their distribution, charscter-
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 & better understanding of the
dynemics of glaciation, toth 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 1s 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 Southern
Andes, New Zealand, and Antarctica. He hag assembled this report over a
period of eighteen months &t the American (eographical Society's Department
of Exploration and Field Research from the riles of the World Deta Center A:
Glaciology and the Society's library and map collections. Information was
also obtained from the library of the American Alpine Club.

The maps that accompany this report have been ccr  ied by the American
Geographical Society's Cartographic Department from t sest available
sources. They are designed to show the geographical distribution of the
glaciers and not their morphologicel characteristics. ¥For more detailed
information readers should consult the lerger~scale nmaps listed in the
references.

Full information on the various source materials is given in the
"References Cited" section immediately following the ‘ter'. of each chapter.
When photographs or maps appearing in one of these sou-cen are noted in
the "Photographic Sources” or '"Map Sources,” citation fv those sections is
only by author and date of publication; the rest of the :aformation 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, ommissions,
or errcneous interpretations. When detected, these should be brought to
the attention of the Society's Department of Exploratior and Field Research
so that suitable corrections m&y be made in any future editions. Additional
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information on glaciers of the Southern Hemisphere and suggestions of
any nature in regurd 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, Ammy Natick Laboratorieg in Hatick, 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.

o

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
1 later stages, Fern Aitchison, Editorial heip wes 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 José G. Uzcgtegui. The
Society's warm thanks and appreciation are extended to all these individuels
for their part in this cooperative effort.

g William O. Field
' Project Officer
R American Geographical Society
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. GLACIERS OF ECUADOR

« The Andes of Ecuador consist of two parallel ranges, the Cordillers
Occidental and the Cordillera Oriemtal, with & high plateau betwsen.
Nost of the informetion about the glaciers was cbitained betweem 1870 and
190% by the German investigators Reiss, Stilbel, Wolf, and Neyer and the
English climber, Whympor. In the last sixty yeers the aree has atirscted
| few climbers or sciemtific observers of the glaciers.

g
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Eylatighgiorys

A number of careful paintings and drawings of the mountsins wers
mede during Reiss! and Stilbel's expedition in 18T2-Tk, and were deposited
in Das Museum fiir Vélkerund Linderkunde zu Leipzig (the Grassi Museum).
Reiss and Stiibel (1886) reproduced monochrome line drawing copies of some
of these with explanatory text and later Stiibel (1897) published an ex-
planatory text of all the 1llustrations deposited in Leipzig. Some of
thggt; 11lustrations have been reproduced in monochrome by Meyer (1907 and
19306).

Whymper visited the area in 1880 and climbed meny of the ice-covered
peaks. His observations are conteined in his book (Whnymper, 1892) which
also has engravings mede from photographs.

T

. Meyer carried out geographical studies of the snow-covered pesks in
E 1903 and 190%. His book (Meyer, 1907) is still the main source of infor-
LU mation on the glaciers of Ecuador. It contains many photographs and other
E ] . illustrations and was translated into Spanish in 1938. The illustrations

in the Spanish edition have suffered in reproduction and there is no index.
No Euglish 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 reproducticons of careful palntings of the mountains and gia~
clers. More recent sources are scanty and entirely descriptive,

The altitude of the snowline depends largely upon axposure to the
easterly winds that bring moisture from the humid Amazon basin, aind is
thus lower in the Cordillera Oriental than in the Cordillera Occidextal,
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 t¢ May, sbow may
lie down to 3500 m (Meyer, 1938, pp. 485-486). Some 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
e tongues extend below the firn fields but on the older dissected mountains
g . true valley glaciers occur (Meyer, 1938, p. 505). Nieve penitente is
. widespread, and Meyer {1938, p. 483) believes that another resuit of the
intense insolation is to twrn the snow into ice-cemented firn on the sur-
face. The sunniest months are June through August wnd the annual layering
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is cleerly visible in crevasse wulls (Meyer, 1938, pp. 485 and 488). At
the beginning of the century recent recession was evident everywhere
(Neyer, 1904, p. 155; 1938, pp. 507 end 518).

The number of mountains that rise above the snowline 1s uncertain
because of the lack of cbservstions. Wolf (1892, p. 405) listed sixteen
and Whymper (1892, p. 347) listed two otbers that Wolf had not mentioned:
the eighteen sumnits listed below may therefore have supported permanent
snow at the end of the nineteenth century. Subsequent rise cf the snow-
line has probably reduced this total.

Cordillera Occidental (from north to south)
Volcén Chiles, 4748 m
Nevado Cotacachi, 4937 m
Cerro Pichincha, 4701 m
Cerro Corazdn, 4791 m
Cerro Iliniza, 5306 m
Cerro Carihuairazo, 5028 m

Chimborazo, 6272 m

Cordillera Oriental (from north to south)
Volcan Caysmbe, 5796 m
Cerro Sara-urcu, 4676 m
Cerro Antisana, 5704 m
Cerro Sincholagua, 4901 m
Cerro Rumifighui, L7190 m
Voleén Cotopaxi, 5896 m
Cerro Quilindafin, 4877 m
Cerro Hermoso, 4638 m

Volcfin Tunguralma, 5033 m




. Cerro Altar, 5321 m

Volcéz Sangay, 5320 m
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Most accounts of the ascents of the higher peaks contain descrip-
tions of storms. Of the seventeen days spent between 4300 m and 5200 m
on Chimborazo, Whymper (1892, p. 84) wrote:

e

During the whole of this time, there was not one really fine day.
. x As a rule, the weather at deybregk on Chimborazc was reasonable
S good at out level, and the two summits were cloudless, or nearly
F s0o. Clouds at. that time, kowever, always existed beneath us,
commencing at about 13-1k,000 feet /L000 to 4300w/, . . . By
8 a.m., or thereabouts, clouds coumenced to form over the eastern
side of the mountain; and, gradually extending upwards, generally
shut out the summits by 10 a.m. There were thunderatorms on the
south side of Chimborazo on every day from Dec. 28 to Jen. 12,
inclusive, and some were extremely violent. These seldom cccurred
before midday. Snow fell around us eve-y day, on &n average, to
the extent perhaps of three inches per day.

The mountains such as Sangay that overlook the Amezon lowlands
usuelly 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 permancatly snow-covered by Wolf (1892,

P. 405) and Reiss and Stitbel (1886, p. 83). No further information is
available.

Nevado Cotacachi, 4937 m

The sumnit 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 Stiibel (1897, p. 89) whc gave the mountain an elevation
29 m higher than recent figures, the snowline on the ecsstern side was at
. about 4700 m and on the southwest side at 4620 m. The glacier tongue on
the east terminated at about 4540 m, the tongue on the south at 4500 m,
. and Tiucungo Glacier at 4600 m.
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Cexro Pichincha, #/10 m

The top of Pichincha barely reached the snowline in 1880: numerous
snowbeds lay in hollows on 22 March but were "quite trifling in extent”

(¥vmper, 1892, pp. 213 and 2k7).

Cerro Corazbn, 4791 m

Corazfn has a flat summit surrounded by precipitous cliffs. Whymper
(1892, p. 110) found the summit and the eastern side snow~free, but much
snov and possibly s glacier lay on the west side, According to Stiibel
{1897, p. S4) the snowline on the north side was about 120 m below the
summit., Meyer (1907, p. 289; 1938, p. 332) reported only a small amount
of permanent snow in favorable situations in 190k,

Cerro Iliniza, 5306 m

In 1872 the snowline on Iliniza was about 4650 m on the west and
4T70 on the northeast (Reiss, 1873, p. 17; Stiibel, 1897, p. 63); a west-
facing glacier tongue ended at about 4480 m. The mountain has two sharp
ice-covered summits and at the time of Whymper's attempted ascent in 1880
the higher sumnit was capped by a cornice overhanging all around. He
found this type of snow formstion only in the High Andes (Whymper, 1892,
p. 133). Two glaciers originated in the firn field on: the upper part of
the southern ridge; the western oneé was "prodigiously steep" with tre-
mendous seracs. The other glacier covered almost the entire eastern face
of the mountein and was somewhat less steep. Part way along the ridge a
vertical wall of ice about 30 m high blocked further progress. The moun-~
tain was elmost perpetually shrouded in cloud and Whymper (1892, p. 134)
experienced "thundersiorms, snow and hailstorms, sleet, drizzle end drench-
ing showers, and scarcely saw the sun at all."

Meyer (1938, pp. 324~326) described the glacier between the two peaks
as broad and crevassed in 190, One glacier lay on the east side of the
northern pesk, and on the north-northeast and north were two deep cirques
into which short ice tongues descended from the firn fields above. The
terminus of the western glacier had receded sbout 120 m vertically since
Stiibel's visit in 1872 and pronounced recession of all the glaciers was
general as shown by the recently abaadoned moraines.

Cerro Carihuasirazo, 5028 m

Caxrihuairazo is part of the same massif as Chimborazo, from which
it 1s separated by a high pass. It is an extinct volcano with a crater
breached in the east-northeast. Whymper {1892, pp. 315-316) climbed the
mountain from the southwest by a badly crevassed glacier. The summit was
"a spow code too small to stand upon, with a little patch of rock peeping
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out s short distance down upon the north side.” Meyer (1907, p. 361;
1938, p. 413) counted eight glaciers on the interior walls, coelescing
on the crater floor into a single ice stream that vanished farther dowm
beneath great heaps of debris. The outer face of the crater was ice-
covered also, the largest glaciers flowing to the south and southwest.
Recent retreat of the ice tongues was evident in 1904 (Meyer, 1908,

Pl. 17a). Stiibel (1897, p. 203), taking tae height of the mountain as
5106 m, gave the snowline as 4675 m on the scuth side and 4500 m on the
north.

Chimborazo, 6272 m

Chimborazo is an extinct volcano that has been considersbly dis-
sected. The three-kilometer-long summit area of low or moderate relief
has five distinct peaks (Meyer, 1938, p. 32) and is surrounded by steep
slopes or precipices.

Whymper was first to climb the mountain, reaching the sumait from
the southwest in January 1880. After having had to cut steps in the hard
snow of upper Thielmann Glacier, he came srddenly to exceedingly soft and
deep snow on the summit plateau. A twelve-foot pole failed to reach bot-~
tom and "the only possible way of proceeding was to flog every yard of it
down, and then to crawl over it on all fours; and, even then, one or
another was frequently submerged, and almost disappeared” (Whymper, 1892,
p. 68). The snowv was reascnably firm on the steeper slopes of the peaks
rising above the plateau. When he climbed the mountain again in early
July by the upper Stiibel Glacier, the snow was still deep and soft on the
sumit plateau (Whymper, 1892, p. 325). Half a century later, Moore
(19308, p. 102) found the same abrupt transition from the hard snow of
the upper Stiibel Glacier to deep, soft snow, in vhich they had to trsmple
a trench.

Viymper (1892, p. 72) and Meyer (1938, p. 131) noted that many gla-
ciers on the southern side of the mountain were fed by ice avalanches
from the summit and were debris-covered in their lower perts. The largest
glaciers--Abraspungo, 3 km long, Hans Meyer, and Reschreiter--are on the
northeast side of the mountain: all were receding from fresh terminal
moraines in 1904 when Hans Meyer Glacizr terminated at 4400 m (Meyer,
1938, p. 4i8).

On the -northwest side of the mountain, steep, broken glaciers flowed
into valleys geparated by sharp ridges (Meyer, 1938, p. 121). In the
upper Stiibel Glacier, Meyer (1938, p. 15%) met huge crevasses up to k0 m
vide and ice pinnacles 60 m high. The lower parts of the glaciers were
completely dsbris-covered so that no glacier fronts were visible (Meyer,
1935, p. 125). The surface of lower Reiss Glacier was stepped, esch step
bein% c;ebria-covered and each riser bare and sharply defined (Meyer, 1938,
p. 163).

- - e - S s e
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In 1904 a belt of bare, recently abandonci moraines girdled the .
mountain at an altitude of i’tOOO m to 5200 a. {Meyer, 1938, p. R).
Meyer (1938, pp. R, 127, and 160) was impressed by the amount of debris
that the glsciers had transported, especially on the south side where
the moreines were up to 250 m high. Ccmparisons of photographs showed
great recession of all the glaciers between the 1870's or 1880's and
1904, and also a considersble shrinkage of Reiss Glacier in the single
year between 1903 and 1904 (Meyer, 1938, p. 164).

Cordillera Oriental

Volcan Cayambe, 5796 m

. Cayambe, situated almost exactly on the equator, is precipitous on

E - § the eastern side, steep on the south, and leu. steep on the west (Whymper,
: 1892, p. 228). The three sumit domes are completely ice-covered; the

3 central dome is highest. The only exposed rock on the western side in
1880 was & small cliff about 250 m below the northern summit (Whymper,
1892, p. 231).

During the ascent, Whymper passed a crevassed ares at the head of
Espinosa Glacier and came to an extensive snow plain. The snmmit ridge
rose above this plain, surrounded on sll sides by huge crevasses. Gla- .
ciers flowed from the summit “"in a manmer that is seldom seen on moun-
tain tops." On the southwest side a debris-free glacier several miles
, , long was "one of the finest we found in Ecuador."” Two small stranded
X lateral moraines on the west side pointed to recent shrinkage (Whymper,
k. 1892, p. 232).

According to Stiibel (1897, p. 108), whose altitude of Cayambe iz 70 m
higher than that accepted today, the snowline on the northeast side was at
4400 m and on the northwest side at 4670 m. On the eastern side Muyurcu

Glacier ended at 4300 m and on the northeast side Yancuresl Glacier at
4130 m.

Cerro Sara-urcu, 4676 m

Sara-urcu is not of volcanic origin: the summit is & bare ridge of
gneiss (Whymper, 1892, p. 249). It is the lowest of all the snow peaks
of Ecuador, and is lower than several that barely reach the snowline. The
. ) mountain overlooks the Amazon lowlands, and the resultant cloudiness and
. 8 high precipitation probably account for the low snowlline. The summit is
f - 3 surrounded on all sides by glaciers, which are small on the south but

‘ larger on the west and northeast. Bad visibility prevented Whymper (1892,
P. 251) fron being able to describe the glaciers more fully.
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Cerro Antisana, S5TCH m

The sumsit of Antisams is the rim of & large colders 1800 m across
and open to the southsast. Tunbled mmsses of ice descend the 1000-meter
high caldera walls exnd uuite into e single glacier {Meyer, 1938, pp. 269
and 2?5), which terminated at 4216 m 1o 1872 (Reiss and Stiibel, 1886,

P. 19).

The easstern side of the wountsin is considerably dissected and has
several vallecy glacisrs. The hetter-known western side is much less dis~
sected and the ice tongues are not true valley glsciers (Meyer, 1938,

p. 384). )

Both Whymper in 1880 and Meyer in 1904 climded Antisana by the largest
ice tongue on the western side, which Meyer called simply West (Glacier.
Near the terminus Whymper found large and very long crevasses. At his
first sttempt he was stopped high up on the mountain by a "prodigious
schrund" at least 20 m wide and 60 m deep. At his next attempt he found'
many similar crevesses, some of them 1000 m long, but managed to reach the
sum;d.t--which he found to be & level plain of siow (Whymper, 1892, pp. 190-
195).

‘Heyer noted the steep, often vertical ice cliffs at the margin of
West (laclier, and the cheos of seracs at the terminus. There wus almost
no surface moraine, but lurge quantities of debris were being dumped at
the 33275'31:;5 , presumebly from within and below the glacier (Meyer, 1238,
D. .

In front of West Glacier at 4580 m were four concentric moraine
ridges of recent origin and older moraines beyond (Meyer, 1938, p. 389).

Cerro Sincholagus UGOL m

The height of Sincholagua was calculated at 4988 m in 1874 (Reiss
and Stiibel, 1886, p. T2) and at 4901 m at the beginning of the twentieth
century by French ammy surveyors (Perrier, 1928, map p. 366). On the
‘Awerican Geographical Society 1:1,000,000 map it is given as 4525 m; this
must be incorrect, for RumiBfiahui (4719 m) nearby barely reaches the snow- -
line and Sara-urcu, the lowest glaciated peek overlocking the Amazon low-
lands, is 150 m higher. The mountain was climbed by Whymper in 1880. He
found precipitous crags surmounted by ice and snow on the east, south,
and west sides and on the west side a hanging glacier crept part way down
the almost vertical cliffs. A snow ridge led to the bedrock susmit peak
(Whymper, 1892, pp. 160-162). The lowest snowbeds lay 300 m below the
summit (Whymper, 1892, p. 347). In 187k Stibel (1897, p. 149) had esti-
mated the snowline at 400 m below the summit.




Cerro R\miﬁ'ahui, Y9 m

Rmn'amn 18 & large and prominent mountain (Wwvuper, 1892, P« 158)
vhose sumnit is a caidera open to the west (Stiibel, 1897, p. 165; Meyer,
=8 1907, p. 227; Meyer, 1938, p. 263). Stiibel made no mention of permanent

- 3 snovw on the mountain in 1874, but Whymper (1832, p. 34T) reported a small
amount of permanent snow on the east side in 1880 but none on the west.
In 1904 the mountain hed no permanent snow according to Meyer (1907,

E P. 227 and 287; pp. 263 and 330).

E 3 Volchn Cotopaxi, 5898 m

Cotopaxi is the highest active volceno in the world, and the glaciers
on it are from time to time affected by the activity. In 1877 an eruption
caused great floods which carried blocks of glacier ice a distance of
T "8-10 leagues," and when Whymper climbed the mountain the glaciers were
: g so ash-covered that it was impossible to tell where they began or ended

3 (Whymper, 1892, pp. 127 and 146). In 1904, however, the surface was ash-
free and Meyer was able to see the distribution of ice and snow. The ice
E i tongues from the common névé were very short except on the esst where they
E j reached 1.5 km in length (Meyer, 1938, p. 290). Crevasses were rare low
e down but increased as the slope steepened higher up; exposures in crevasse
walls showed no ash layers to a depth of ten to fifteen meters (Meyer,
1938, p. 274). Overhanging accumlations of ice and firn lay on the cra-
ter rim and the summit wae a pyramid of firn on the north side, 65 m above
the crater edge. Within 150 m of the crater the surface was of round
plates of firn up to a meter across, caused by the steam from thz crater
(Meyer, 1938, p. 284).

A recent aerial photograph taken about 1949 (Iewis, 1950, pp. 124-125)
shows the southwest side. The summit pyramid ncted by Meyer on the north
side of the crater is visible and considerable amounts of snow or ice lie
on the inner wall of the crater. Crevassing is very heavy on the south
flank of the mountain.

Cerro Quilindafia, 4877 m

g 3 ) The upper 900 m of Quilindafia is a sharp Matterhorn peak. In 190k
s the cirque on the northeast side contained a small glacier and many smali
E - 3 ice bodies clung to the rock face around the summit. The cirque on the
e . 3 west side conteined permanent snow but no ice (Meyer, 1938, pp. 31, 31k,
E 9 . and 315). Although the peak was surrounded by abandoned moraines, none
were being formed by the existing glaciers (Meyer, 1908, Pi. 32).
ice tongue at the head of the Toruno River valley on the north side ter-
.- minated at 4470 m in 1874, according to Stiibel (1897, p. 145), who over-
5 estimated the height of the mountain by 40 m,
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. Cerro Hermoso, 4638 m

Y Cerro Hermoso, the highest mountain in the Llanganati group, is not
» . of volcanic origin and the upper parts consist of nearly horizontal sedi-
b | mentary rocks (Wolf, 1892, p. Th). In 185T Spruce (1861, p. 168) noted

E that only one peak in the group carried permanent snow although many

,. § others were rarely snow-free. According to Wolf (1892, p. 73), Reiss was

Z the only scientific observer tc have visited the area; he noted a large

S glacier descending the western side of the mountain and merging with the
H masses of snow that lay at the base. No later observations are known.

Volc&n Tungurahua, 5033 m

; Tungurahus is sn active volcanic cone. In 1904 the summit was covered
' by a flat glacier over 100 m thick, with ice cliffs round the crater. The
crater was eccentrically situated, and the glacier was widest in the east
and southwest. Permanent snow extended far down the slopes (Meyer, 1938,
p. 412). Stubel (1897, p. 266) estimated the. snowline on the north and
west sides to be at about 4600 m and on the south side about 4270 m.

In 1925 Dyott (1926, p. 86; 1929, p. 68) found the summit glacier

smothered under layers of cinder. Hundreds of fumaroles were surrounded

' by ice hummccks. The eastern rim of the crater was overhung by huge blocks

v, .of ice, so heavily emcrusted with cinders that they resembled solid rocks
(Dyott, 1926, p. 89). Ash and cinders also covered the snmow on the east-

. ern slope, but "In some places glaciers sparkled forth . . . like jewels.

! ebout the dusky throat of some Abyssinian beauty." The southeastern

; slopes were the least steep and carried the most ice, which formed cliffs
of considerable height in meny places (Dyott, 1929, p. 92).

T

Within a year of Dyotit's visit Tungurahua, seen from the slopes of
Chimborazo (Moore, 1930a, p. 104), appeared to be nearly snow-free. In
the light of Dyott‘s observation, however, the snow may have been hidden
by ash cover.

Cerro Altaxr, 5321 m )
Altar is an extinct volcano. The summit is a horseshoe-shaped ridge, -
the rim of a huge caldera open to the west (Whymper, 1892, p. 305). The
caldera contains Pasuasu Glacier, 2.5 km by 1 km, the second largest in
Ecuador and exceeded only by one on Chimborazo {(Meyer, 1938, p. 506). In
1872 it had shrunk back from a massive crescentic double end moraine at
the foot of the cliff and terminated at the base of a steep rock face
R (about 4030 m, according to Stiibel /1897, p. 239/), vho gave the height
T of Altar as 5’105 m., Much of the glacier gt the base of the cliff was
¥, reconstituted from ice avalanching down the rock face. In 1880 Whymper
' (1892, p. 307) found the glacier in much the same condition.




Ly 1904 no ice reached the foot of the cliffs, and recession and ’
= déjeneration of the glacier was evident everywhere (Meyer, 1906, p. 1h2;
. 1938, pp. 20% and 213). Icefalls down the 1000-m calders walls formed
six ice ptreams separated by ridges that had been ice-covered in 1872.
k. The ice etreams united and flowed out of the caldera as one glacier.
R Near its terminus the glacier was very broken and thickly covered with
. ) debris and had shrunk about 30 m vertically in 30 years (Meyer, 19385,
e i m966210-2]2)) The climatic snowline in 1903 was about 4750 m (Meyer,
Py L ” 1 po .
| : ’

i 3 The outer slopes of the caldera aleo have glaciers. In 1903 on the
£ northeast side:of the northern peak an ice-fall descended and split into
k.S two g,lt;ciera, one flowing northeast and the other southeast (Meyer, 1938,
. ol p' 222 .

Volcan Sangay 5320 m

- Sangay is an almost continucusly active volcano, detached from and
rather to the east of the main Cordillera (Moore, 1950, p. 218). It is
3 very difficult of access and was first reached by Dyott in 1925. He was

uneble to reach the sumit in two attempts for the snow became softer

and deeper as he went higher. Round the crater itself the rock was bare

(Dyott, 1926, pp. 59 and 68; 1929, pp. 58 and 67).

In 192G the mountain was climbed by Moore who, after 18 days of
constant rain at lower levels, emerged through the cloud layer into sun-
shine (Moore, 1930b, p. 229). In contrast to Dyott's experiences, hard
snovw and glare ice were encountered above 5000 m and steps had to be cut
(Moore, 1950, pp. 275-2T7). The ice on the south side of the mountain
was badly crevassed. A new cone several hundred feet high had recently
: formed and the entire rim of the main crater was sheeted with ice. Ice
patches were seen far down in the crater, and meny ice hummocks were
i . 3 near gge): sumit, perhaps formed by fumaroles (Moore, 1950, pp. 276, 277,
and 2

/. In 1946 an attempt to climb the mountain hed to be abandoned because

X . of the volcanic activity. An aerial photograph shows much of the summit
ares black with ash, with streaks of ash or lava descending far dcwn the
mountainside (lewis, 1950, pp. 119 and 138).
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. Photographs and Other Iilustratiouns

CORDILLERA OCCIDENTAL

¢ Nevado Cotacachi

: Whysper (1892)
v P. 263. E side, engraving from photograpnr.

Cerrc Pichincha

; Blomberg (1952)
! P. 1Th.

Cerro Corazén

Meyer (1907)
o Fig. 67. W side, 1872 drawing.
.. o Cerrc Iliniza
. Reiee and Stibel (1886)
Fig. 51. SE side, line dravwing from 1872
painting.
. Fig. 53. W side, line drawing from 1872
peinting.
Neyer (190T)
Fig. 65. ‘W side, monochrome reproduction
of 1872 painting.
Cerrov Carihuairazo
Reiss and Stibel (1886)
P, 21, S side, line drawing from 1872
Meyer (1907)
Pigs 3. NE side, 1872 drawing.
Mg. 33. E side, 1504 drawing,
(1908) ‘
Pl, 16. ¥B side, 19Ck painting.
Pl. 17s. ¥ 81de, 190k,
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Chimborszo .
Reiss and Stiibel (1886) \
p. 21. S side, distant, lize drawing from .
1872 peinting.
P. 25. SW side, line drawing from 1872
painting.
Whymper (1892) /Engravings from photographs teken in 1880.7
P. 24, SW side.
P. 6k, SW side, sumult ice cliffs,
: from 5300 m.
P. T6. SW side, summit ice cliffs,
from 5650 .
. P. 3T7. S side, summit ice cliffs,
: P. 320. NEW side, summit ice cliffs.
Meyer (1904)
Fig. 1. Nieve penitente, 190k,
Fig. k4. KW side, 190%,
(12907)
Figs. 16, 21, 23, 25,
26, 29, 94, and 95. Chinmborazo from various directions .
in 190%.
Fig. 19 SE side, monochrome reproduction of
1872 painting. -
Figs. 28 and 92. Ice wall on W summit, 190k,
Fig. 9l1. Part of Stubel Glacier, 1904.
Figs. 102 and 103. Nieve penitente, 1904,
(1908)
Pls. 5o, Ba, 12a, 12b,
15a, and 15b, 1904 photographs.
Pls. 4, 6, 10, 11, 13,
and 1k. 1904 paintings.

Blamberg (1952)
P. 1%0

CORDILLERA ORIENTAL

Volcln Cayambe

. Weymper (1892)
- P. 233. W 'side, 1880 engraving.

PTG
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Meyer (190T)

Fig. 113. ¥B side, 1874 drawing.
(1908)
Fl. 39b. I side, 190k,
Stabler (1917)
P. 252, Terminel aresa of a glacier.
Meyer (1938) ’
Fig. 87. HE side, 18Tk drawing [same as Meyer,
19077
Blomberg (1952) '
P. 149. ¥ [2 7 side.

Cerro Sara-urcu

Whymper (1892)
P. 2U7.

Engraving from Corredor Machai.

Cexrro Antim

Reiss and Stiibel (1886)

P. 8. W side, line drawing of 1872 peinting.
Whymper (1892)

P. 190. SW side, engraving.
wolf (1892)

P1. 4, p. 88. SW side, drawing.

Meyer (1907) /A1l of Meyer's illustrations were mede in 190k.7

Pg. TT~ 8SW side,

Fig. 9. ESE side, 1872 painting.

Mg. 80. Upper icefield Zrom 5000 m.

Fig. 81. West Glacier terminus,

Figs. 82-84, Margins of West Glacier.

Figs. 85-86. Ice features on W side of mountain,

(1908) /ALl of Meyer's illustrations were mede in 1904,/
Pis. 35b and 36. SW side, painting.

Pls. 37a and 3Tb. Iatersl ice cliffs of Wesi Glacler.
r. 3. West Glacier and mountain behind,
painting.

(1938) [A1i of Meyer's illustrations were made in 1904,/
S5W side [same as Meyer, 1907, Fig.

] L]
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Fig. 5k. Upper icefield from 5000 m /same as .
Mayer, 190T, Fig. 80/,
) Fig. 55. West Glacier termimus /same as Meyer
1907’ Fig- 8}70
o Pigs. 56-58. Margins of West Glacier /same as Meyer,
- 1907, Mgs. 82-84/.
2 Figs. 59-F0. Ice features on W side of mountain
g Em as Meyer, 1907, Figs. GS-BQ.
. Gerro Sincholagua
Reiss and Stlbel (1886)
P. T2. W side, 1584 line drawing from
i painting.
Whymper (1892) .
E - 3 P. 161, WKW side, 1880, engraving from
;3 phetograph.
Cerro Bumiffahui
- | Reiss and Stibel (1886)
Fig. 49. E side, line drawing from 1874
. 8 painting.
. / b
S Neyer (1907)
$ 3 Mg, 66. SSE side from W side of Cotopaxi,
o 190k,
: (2938)
Fig. 45, SSE_side from W side of Cotopexi, 1904

. , [same as Meyer, 1907, Fig. 66/.
“ Volcén Cotopexi

Reiss and Stiibel (1886)

Figs. k2-lk. W. E. and NW sides, 1872 sketches.
wolf (1892)
Pl. 3, p. 80. W side, 1874 painting.
Meyer (1904)
Fig. 2. Jce formation on crater rim.
— (1907}
Fig. 48. Painting of N side, 187k, -
Pig. 50. W side, 1904,
Mg. 57. S side, inner rim of crater, 190%.
Pig. 58. S side, 190k, .
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(1908)
Pl. 22a.

(1938)
T HMg. 62,

tt (1929)
e P_g. 66 and 78.

Cerxro Altar

Reiss and Stiibel (1886)
P, 43,

P. k5.
Meyer (190k)

Fig. 3.
e (1906)

P. 1ko,
P. 1l1.

— %
Fig. 40
Fig. i1
Fig. 100.

(1908)

Pl. 17b.
Ple. 18a and 18b.

Pl. 19.

. (1938)
Fig. 22.

| 31de’ 190"0

N side, 1904 /same as Meyer,
1907, Pig. 89/.

Summit area.

Pasuasu Glacier and caldera, line
drawing from 1872 peinting.

SE side, line drawing from 1872
painting.

Pasuasu Glacler,

Pasuasu Glscier, 1904,
Pasuasu Glacler and caldera, monochrome
reproduction of 1872 painting.

Pasuasu Glacier, 1904 /ecf Reiss and
Stibel, 1886, p. 43/.

Pasuasu Glacier, 1904, detail of ter-
minal area.

Panorama of Pasuasu Glacier, momochrome
copy of palnting.

Ice cover on a high point of Altar,
‘copy of a drawing.

Pasuasu Glacier, 1904,

W side, 1873 and 1903, paintings [F1.
18b is same as Meyer, 1907, Fig. 38,
but in color/.

Panorame, of Pasuasu Glacier, [same as
Meyer, 1907, Fig. ki, but in color/.

Pasuasu Glacier, 1904, detail of ter-
ningl ares /same a3 Meyer, 1907,
Pig. Lo/,
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Note:

Pig. 23.

Frig. U3.

Volchn Sangay

Dyott (1926)
P. 50.

Moore (1930a)
P. 10k,

_ (1950)
P. 217.
P. 276.
P. 27T.

lewis (1950)
P. 119.

Blomberg (1952)
P. 223.

R R VY VT T RS EE TARTST S ey T .
PO =5 = .

Ice cover on a high point of Altar,
copy of a drawing /same as Meyer,
1907, Fig. 2007.

Pasuasu Glacier, 1904 [same as Meyer,
1907, Pig. 38/.

Smooth outline of ice cover.
Iower edge of ice cover.
Entire mountain.

Mountain, much obscured.

Mountain, partly obscured.
Jce round the crater.
On the summit.

SW side, sumnit area, aerial view.

Temporary snowline below the glaciers.

According to Pan American Union (1964), aerial photographs of some

of the lce-covered mountains were taken in 1955-56 and in 1961-64; the
earlier photographs are held by the Instituto Geogrffico Militar in
Quito, and the later ones by the U, S. Air Force.
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American Geographical Society, New York, Hispanic America,

-

1:1,000,000,
N.A-18 Cali, 1958 /shows Volchn Cayambe/.
S.A-18 Iquitos, 1962 [ehows Cerro Sara-urcu/.
R.A-17 o Mira-Islas Gelfpagos, 1948 [Ehows
Cerro Cotacachi/,
S.A-1T Quito, 1948 /a1l cthers/.
Servicio GeogrBfico Militar, Quito. Mapa Topografico del Ecuador,
1:25, 000, ‘
28-11 Cotacachi (Nevado), 1936.
% 55-XVIII Corazén /undated preliminary7.
: 55-XXV Rumitfahui /undeted preliminary/.
56-XVI Sincholehua /undated preliminary/.
-V Ilitio [undated preliminary; shows

SW part of Volchn Cotopaxi/.

Stibel (1897)

Accompanying map. Das VulLangebiet von Ecuador, 1:250,000.

Meyer (1907) [Both maps were published by the Bibliogrephishes
Institut, Leipzig,/ ‘
?. 69, Spezialkerte des Chizborazo,
1:50, 000, ZAlso shows the 8 side
of Carihuairazo,/
P. 155. Die Vulkanberge von Mittelecuador,
. 1:200,000. /Shows Altar, Antisane,

Cotopaxi, Quilindefa, Rumifiahui,
and Sincholagua./

(1938)
P. 88. Same as Meyer, 1907, p. 69.7.
P.-192. Same as Meyer, 1907, p. 155.7

Note: According to Pan American Union (1964), a new series of meps on
& scale of 1:50,000 was started in 1961; some of the completed
maps include the ice~covered mountains,
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4 Wb,

e (1938)

Fig, 28,
Fig. 35.

Fig. 36.
Fig. 37.

Moore (1641)
P. Te8.

Sorensen (1948/49)
Pp, L ang 8.
P. 9.

Iewis (1950)
Pp. 124-125,

Blomberg (1952)
PO 11"00
P. 141,
Cerro Quilindafa

Meyer (1907)
Fig. 1.
Fig. 63.

— (1908)
Plo 32.

—_— (1938)
Fig. hoo

Fig. h2,

Voleén Tungurahua

Reiss and Stiibel (1886)
Figs, 25-31,

Meyer (1907)
Fig. 88.

T

Painting of N side, 1874 /mame a8
Meyer, 1904, Fig, hg} L

VW side, 1904 /same as Meyer, 1907,
Fig. 50/,

S side, inner rim of crater, 190k
[same as Meyer, 1907, Fig. 57/.

S side, 1904 /saume as Meyer, 19C7
Mg, 5§ .

Distant view.

SW side.
Crevasses.

SW side, aerial view.

W side.
Snowfields,
W side, 1874 painting,

N side, 1904,

1904 painting.,

¥ slde, 187k painting /same as Meyer,

1907, Fig. 617, .
N side, 1 Same as Meyer, 1907,
Fig. 63/.

Line drawings from reintings of the

1870's.

¥ side, 1904,

e
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GLACIERY OF PERU

el e

. The Peruvian Andes contain the most extensive tropical glaciers in
the world, meny of them in virtuslly unexplored and ummapped mountain
ranges, The best-known and best-mapped are in the Cordillers Blance and
the Cordillera Huayhuash in the northern pert of the country. Most are

3 : steep alpine glaciers in rugged mountain country, but glaciers also occur
on & few volcanic cones and one smell iceflield lies on neerly flat country.
Recession, sometimes spectacular, has preveiled in recent decades, and in

T the Cordillera Blanca the break-oul: of the resultant moraine-dammed lakes
- has taken thousands of lives. Deglaciation mey also have been responsible
~ for a great avalenche disaster in 1962.

Precipitation is derived from the Amazon Basin, end the snowline
rises to the south and west from about 4800 m to over 6000 m, being high~
est in the vicinity of Arequipe.

Scientific study of the glaciers on a smell but increasing scale has
been carried out by the Instituto Geolfgico del Perii.

There is little consistency in the literature and cartographic sources
on the generic term for mountain names. The same mountain may appear as
"Nevado," "Monte," "Cerro," "Pico," or--especially in mountaineering
literature~-~-without any denomination at all. Here, the generic names on
the American Geographical Society's 1:1,000,000 maps and on the large=
scale topographical maps of the Cordillera Blanca and Cordillera Ruayhuash
made by the Alpenverein, Innsbriick, are used, but only the first time a
peek is mentioned. No generic nsme at all is given to peaks that do not
appear on these maps.

Glaciers to the North of the Cordillera Blanca

. At the end of the nineteenth century Cerro Huailillas (T7°45'S,.
g T8°03'W) was the most northerly Peruvian mountain with permanent snow
(Broggi, 1943, p. 65). In 1909, however, Sievers (191k, p. 208) learnéd

that it had been snow-free since 1905. The next most northerly was "Nevado
de Pelagatos," said to be at 7°59'S and T7°26'W. /This may be Cerro
Ventanilla, 7°56'S, T7°23'W, or Cerro Pelagatos, 8°05'S, TT°15'W, on the
American Geogrephical Society 1:1,000,000 map./ In 1918 ice extended 200 m
below the sumnit, but probably in 1927 and mcre certainly in 19%1 the moun~
tain was ice-free (Broggi, 1943, p. 55).

B - In recent years the most northerly ice-covered mountain has been the
P southern peak of Pelagatos Meridionmal (4928 m), 8°12'S, TT°M6'W /[mot to
' be confused with Cerro Pelagatos, above/. In 1942 permanent snovw extended
about 250 m below the sumuit (Broggi, 1943, p. 65). About 1946 Heim (1948,
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" pe. 128) reported one small glacier; the snowline at 4800 m was lower than -
to the south because of greater precipitation,

Between Pelagatos Meridional and the Cordillera Blance is a range
about 12 km long, centered at 8°26'S ond TT°49'W. Sievers (1914, p. 206)
referred to it as the Cordillera de Conchucos but it is not named on
recent maps. On the Peruvian 1:200,000 map [Sheet Te, Corongo/ it contains
the Nevados Rosko Grande, Rosko Chico, Pacra, and Kaico, the maximum eleva-
tion being 5188 m. Little information is available about the mountains;
photogrephs taken in 1908 show a rugged range with cirque-type glaciers
and soue ice-covered sumnits (Schlagintweit, 1911, p. 89).

Cordillera Hianca

The Cordillera Blanca is about 180 km long, parallel to the coast
and extending from about 8°40'S to 10°S. It forms the continental water-
shed. The range was surveyed by the Osterreichischen Alpenvereins in the
course of three expeditions in 1932, 1936, and 1939, and three maps were
' published (1:100,000, north part, Kinzl, 1942; 1:100,000, south part,
Kinzl, 1949; 1:200,000, whole range, Kinzl and Schneider, 1950). Much
scientific work was carried out and fourteen peaks over 6C00 m were
climbed. The results and photographs of these expeditions, brought
together by Kinzl and Schneider (1950), constitute the best source of -
information on the area. Dwring and since the war some glaciological
observations have been made (Broggi, 1943; Oppenheim and Spann, 1945; Heim,
1948; Spann, 19492; and Smith, 19575 and climbing expeditions have taken
glacier photographs.

According to Kinzl and Schneider (1950, p. 25) the sumits of the
Cordillera Blanca rise about 1500 m above the snowline as in the Western
Alps. The glaciers are in many respects different from those in the Alps,
however. They are rarely more than It km long, the ablation areas are
steep, thin, and short, and most are so broken that travel on them is
difficult or impossible. Gigentic cornices are common on the ridges,
always overhanging to the west. Everywhere they are deceptive and danger-
ous; Matthews and Harrah (1951, p. 29) describe a near disaster after one
gave way. Hauser (19592, p. 93) reported double ~wper-thin cornices of
a type he had never seen before in the Alps or Himalayas.

Fluted név€ is common on the highest and steepest faces below the
cornices. Kinzl and Schneider (1950, p. 25) believe that it is formed
by eddy cwrrents ascending the western faces as & result of the prevail-

- ing easterly winds. Except on the south sides of the mountains the snow
9 is ugually less than 10 cm thick, probably because of solar melting and

2 . refreezing. The hot sun and cold air also result in sbundant icicle

z, formation. On the south sides of the mountains, however, snow is often

b deep and soft,
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The Cordillera Blanca is divided by deep valleys or "quebradas”
into groups of ice-covered sumits. These will be described fram north-
west to southeast,

j - Nevado Champard (5749m) _

' The main summit of Kevado Champarf is a broed, ice-covered dome of
black slate on granodiorite (Kinzl and Schneider, 1950, p. 24).

In 1909 Sievers (1914, p. 204) noted recent glacial shrinkage and the
presence of nieve penitente. Fhotographs taken in 1936, probably of the
western side of the highest point, show a flattish summit glacier ending
in cliffs above & precipice. Below the precipice a steep, broken glacier

ends at & small, recently-formed lake and an clder lake lies beyond.
(Kinzl, 1942, p. 2, Fig. 3; Kinzl and Schneider, 1950, pp. 58 and 1.02).

=Ry boaunaarettiaie

Group Between the Quebrada Quitaracsa
and the Quebrada Sante Cruz

; Four peaks rise over 6000 m between the Quebrade Quitaracsa and the
- Quebreda Santa Cruz: Quitaraju (ca. 6100 m) and the Nevados Santa Cruz
E (6259 m), Alpamayo (ca. 6000 m), and Pucahirca (6050 m). Lower peaks are
\ RN Taulliraju and the Nevados Milluacocha and Pilanco. All are rugged peaks
: .. with steep, broken glaciers around them. Alpamayo is a slender pyramid,
] ) almost campletely covered with fluted névé, and with tremendous cornices.

Huandoy Group

The Huandoy group between the Quebrada Sante Cruz and the Quebrada
Yanganuco forms a horseshoe centered on Laguna ParrSn and open to the
southivest, and consists of Aguje Nevada (5886 m), Artescmraju (6025 m),
Pyrémide or Garcilaso (5885 mz, Chacraraju (ca. 6000 m), Cerro Yanapaccha
: (5460 m), and Nevado Huandoy (6356 m). Photographs give much evidence
- for glacial recession: for instance, on the south side of Huardoy
(Ortenburger, 1955, p. 26). Glaciers near the head of Laguna Parron
shrank greatly between 1932 (Kinzl and Schneider, 1950, p. 105) and 1947
(Heim, 1948, Fig. 14k4),

Laguna Parron is 3 km long and 800 m broad and lies 4185 m above sea
level. It is dammed by a glacier on the northwest side of Huandoy, carry-
ing such a heavy load of debries in its lower reaches that it resembles a
rock glacier ‘(Heim, 1948, p. 162), It has shrunk considerably in its
middle reaches, but lower down the debris cover has protected the ice
from ablation. KFeim believes that if the ice comtinues to melt slowly,

a catastrophic draining of the lake will be avoided.

S
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Ruascaran Group

The Huascarn group, lying between the Quebrada Yanganuco and the
Quebrada Ulta, consists of Nevado Chopicalqui and the four peaks of
Nevado Huascarén (6768 m).

The sumnits of Huascaran are rounded and carry summit glaciers end-
ing in ice cliffs above precipices on the southwest side. Below the
precipices the mountainside is completely ice-covered, with short ice
tongues extending below the otherwise almost horizontal ice margin. In
1962 a mass of ice fell TOO m from the western side of the Pico Norte onto
the glacier below, incorporated part of the end moraine, and surged down
the velley, lubricated partly by meltwater produced by the heat of frice
tion (Arnao, 1960-61, p. 83). Tremendous destruction and loss of life
resulted (McDowell, 1962).

A glacier asbout 5 km long flows north from Huascaran and Chopicalqui,
its lower part almost entirely hidden by debris. According to Kinzl
(1949, p. 12), photographs of this glacier in 1904 (Enock, 1908, p. 176)
and 1932 show no appreciable change, but shrinkage was marked between
1932 and 1940,

Chopicalqui is a steep, rugged pesk, with fluted névé and large
cornices.

Contrahierbas Group

The Contrahierbas group lies at the head of the Quebrada Ulta, and
reaches an altitude of 6036 m.,

Group Between the Quebrada Ulta
and the Quebrada Honda

The group between the Quebrada Ulta and the Quebrada Honda is domie
nated by Nevado Hualcan (6150 m) and Nevado de Copa (6188 m). It aiffers
from the remeinder of the range in having extensive firn fields at high
levels (Kinzl and Schneider, 1950, p. 2i).

Atlante Glacier, on the northeast side of the group, is close to a
mine and more is known of its variations than of any other glacier in the
Cordillera Blenca. In 1909 Sievers (191k, p. 200) was told that the firn
limit on the glacier had risen about 50 m since 1895. In 1932 Kinzl
(19159 » Do 1lt) visited the glacier and learned of a small advance about
1920. The glacier has receded since, terminal recession averaging about
10 m a year from 1939 to 19148, but only 2 m a year from 1948 to 1957
(smith, 1957).
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Group between the Quebrada Honda
and the Quebrada Cayesh

] Between the Quebrada Honda and the Quebreda Cayesh are Tocliaraju
26037 m), Pelcaraju 56110 mg, and the Nevados Copap (5587 m) Ranrapalca
6162 m), Pucaranra (6147 m), Chinchey (6222 m), and Cayesh (5721 m).

A A

p o pit

_ The 1:100,000 map shows the summit area of Copep to be an extensive
: ;o ice-covered plateau; Condormina Glacier descends from the southern side
F to the head of the Quebrada Honds. Pucaranra and Pacliesh glaciers also
S flow toward the head of the Quebrada Honda from Pucaranre snd Palearaju.
All three glaciers were visited in July 1957 and their fronts were sur-
veyed for future reference. They carry much debris and have receded fram
fresh, nearly bare moraines. An older, vegetated wmoraine and & much older
vestigial moraine lie beyond. Aerial photographs were taken in 1948 and
1950 and froam then yntil 1957 Condormina end Pacliash glaclers retreated
ebout 8 m a year (Smith, 1957). Pucaranra Glacier was photographed fram
almost the same point in 1939 (Kinzl and Schneider, 1950, p. 80) and 1959
(Ortenburger and. Dingman, 1960, P1, 21), Considerable recession and
3 shrinkage of the glacler are evident, and also some decrease in the ice
. cover higher up the mountain. '

Apart from Copap, the other mountains in- this group are steep and
rugged, with cornices and fluted névé above rnd steep broken glaciers be-
low. Cayesh in particuler is spectacularly steep.

Moralne-dammed lakes have formed in firont of several receding gla-
ciers. The lake Palcacocha on the southwast side of Pucaranna burst through
its barrier in December 1941; the flood destroyed a large pert of Huarfis,

20 km awey, killing thousands of people :(Kinzl snd Schneider, 1950, p. 25;
- EcDowell, 1662, p. 870). On the southwest side of Ranrapeles the glaciers
in the Quebrada Llaca ended 500 m higher in 1942 then in 1903 (Broggi,
k. 1943, p. 67). On the southwest side of Pucaranre a glacier that calved
into the lake Bsyoccocha in 1932 EKinzl, 1949, Pl. 9) had withdrawn away
from and above the lake by 1952 (Egeler and de Booy, 1955, photo p. 180).

During the ascent of Palcarsju, snow that was “knee, hip and even'
chest-deep” was encountered by Ortenburger and Dingman (1960, p. 28).

Group Petween the Quebrads Cayesh
and Punta Yanashallash

\ Between the Quebrada Cayesh and Punta Yanashallash are Uruashrsju
§S735 mg, and the Nevados San Juan (5843 m), Huants8n (6395 m), Cashan
5723 m), and Rurec (5320 m). The ice and snow formations are typical

of the Cordillers Planca. Glaciers on the south side of Uruashraju shrank

appreciably between 1932 and 1936 (Xinzl, 1949, pp. 11 and 12). In 1936
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& glacier on the southwest side of Rurec just reached the lake; by 1939
only avalanche ice did (Kinzl, 1949, pp. 12 ard 13).

South of Punts Yenashallash

South of Punte Yansshallash are many ice-covered massifs separated
by bread ice-free gaps. The sumiis are all below about 5700 m and except
for Cavllarsju and Rajutuna have not attrected the atiention of climbers.
Thay include Kevado Yanzmarey §5262 m), Pucaraju {5346 m), Nevado Pongos

5T11 m), Nevado Raria (5590 m), Nevado Euaiacu (5460 m), Nevado Tuco
5579 m), Caullaraju (5686 m), Rejutuns (5360 m), and Nevado Pampash
5335 m).

Glacliers Bast of the Cordillera Hlanca

East of the Rfo Marsfion at about 76°55'W, 8°45'S, is Cumbre de
Acrotambo, with an altitude of 4220 m on the American Geogrephic Society
121,000,000 map., In 1909 Sievers {191%, p. 166) referred to it as Nevado
de Acrotambo, cleiming thet a small smount of permanent snow lay on the
northwest side snd rather more on the southwest, He estimated that the
mountain was less than 400 m higher thex the firn limit of 4800 m.

Cordillera Husvhussh

The Cordillera Huayhuash is a small but spectaculer range sbout 30 km
long, with six peaks over 6000 m. According to Kinzl (1955b, p. 38) it
is undoubtedly an independent mountein chain, separated from the Cordillers
Blanca by & broed unglaciated zone.

In 1909 Sievers (1914) visited the eastern side of the range and took
photographs (Kinzl, 1955b, p. 40). In 1936 Awerzger, Kinzl, end Schneider
from the Osterreichischen Alpenvereins visited the range; the most impor-
tant result of their work was the production of a topographical map of the
main concentration of glaciers on a scale of 1:50,000. In 1946 Heim took
& number of aserial photographs of the range ard in 1950 Nevado Yerupaja, .
the highest peak (6634 m), was climbed by a Harvard University expedition.
In 1954 another Osterreichischen Alpenvereins expedition visited the area.
Kinzl (1955b) has written the best general description of the area from
information up to and including this expedition. A further Alpenvereins
exp.-eition in 1957 was primerily concermed with mountaineering.

According to Kinzl (J.955b, P. 39) the glaciers of the Cordillera

Buayhuagh are more like those of the Alps than are those of any other
Peruvian mountain group. As in the Alps, long, narrow ice tongues flow
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from flat-lying fimm basins below steep rock walls., They are, however,
stesver, thinner, and much more crevassed than the Alpine glaciers and
camot be used as routes of approach. MNany have rock windows and recone
stituted glaciecs are common, the largest being 8iulf Glacier on the east
side of Yerupaj)h; it is 2 km long and entirely ccvered by rubble.

As in the Cordillera Hlance most precipitetion comes fram the east,
and cornices alwsys overhang on the western side. For reesons of topog-
raphy the largest glaci2rs are on the western flanks, where they reach
about 4 km in length, similar to the eastern Alps. Because of differing
exposures to the moisture-~bearing wind, the firn limit rises fram about
4900 m in the northeast to 5000 m in the southeast and to 5200 m in the
southwest (Kinzl, 1955b, p. 39).

In 1909 Sievers (1914, p. iT7) observed that many glaciers had receded
about 150 m from massive fresh moraines. In 1936 they were in much the
same positions es in 1909, and Kimzl (19%5b, p. 40) believes that the re-
advence that is known from the Cordillera Blanca and the Alps about 1920
may have affected the Cordillera Huayhuash also. Between 1936 and 1954
large glaciers did not change much, but swmall and medium-sized glaciers
shrank noticeably, particularly the one on the northwest side of Nevedo
Tsecra Chico and the one entering the lake Sarspocochs from the south side
of Yerupajié. The glacier on the northeast side of Yerupajé that had
changed little between 1909 and 1936 had begun to break up in its lower
perts by 195k (Kinzl, 1955b, p. 40; and compare Sievers, 191k, Pl. 12,
and Kinzl, 1955b, Pl. 52). The 1957 Austrian expedition noted that the
mountains were much more subject to avalanches then in 195k (Xlier, 19597,

P 83 )o

As in the Cordillera Hlanca, moreine-dsmmed lekes have formed as the
glaciers have receded. Many grew much larger between -936 and 1954%. In
1936 Yerushcocha on the southwest side of Nevado Sarepo was a very small
lake in front of a reconstituted glacier. It must have grown comsider-
ably in the next few years, for in 1941 the lske partielly emptied cata-
strophically, causing much damage (Kinzl, 1955b, p. 41). In 195% it was
about 400 m long and the reconstituted glacier had almost disappeared.

Hwho Ares,

East of the Cordillere Huayhuash and of the railway to Cerrc de Pasco
is a mountain range, the Cordillers Occidental of Arneo (1962/63), cone
taining the ice~-covered Cerro Huegaruncho (75°54'W, 1.0°28'S); the oaly
other glaciers in the range are two on a mountain near Horno Mackay,
sbout 75°52'W, 10°54'S (Harrisom, 1947, p. 225; 1951, p. 12).

Huagaruncho (5730 u or 5870 m) is & highly dissected mowntain; as
in the Uvordiilers to the west, there are huge cornices along the crests,
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other glaciers in the area have recdded about 100 ms The recession here,

according to Broggli (1943, p. T1), has been less than in aress to the
west and north.

“Andes Centrales"

Northeast of Lima, the ranges north and south of the trans-Andean
rajlway have been referred to as the "Andes Centrales.” Armao (1962/63)
has divided them into the Cordilliera ILa Viuda north of the railway and
the Cordilleras Central to the south, The area is notable for the spec~
tacular glacial recession that hes tsken ce. Near the source of the
Rio Rimac, Broggi (1943, p. 73, Pigs. 1-3) has estimated that the snow-
line was {5600 m in 1862, 4900 m in 1923, and 5100 m in 1942, his evidence
‘being a painting by Raimondi and two photogrephs by himself of the gla-
ciers in the Rimac velley.

Further rapid recession of the glaciers in the Rimac valley was evi~
dent in aserial photographs taken in 1950, All the glaciers are on the
vest side of the ridges because of afternoon cloudiness, and snowfall is
tume% to ice in a few days by melting snd refreezing {Dollfuss, 1959,

Pe 3T)e

Paragte nearby had smaell glaclers in 1917 -which had shrunk by 1923
and completely disappeared by 1942, according to photographs by Broggi
(1943, Pigs. 4-6). He estimated the rise in the snowline at 500 m.

Close to the railway line a glacier that existed in 1890 had virtuslly
disappeared by 1942 (Broggi, 1943, pp. 82-83). Northwest of the lake
Morococha on the north side of the railway, Hauthal (1911, p. 147) was
3 informed that the glaciers advanced briefly but sharply in 1886-87. From
R then until his visit in 1908 they had been receding., In 194l the Instituto
g Geoldgico del Perfi set up a bench mark in front of Yanasingas Glacier
(11°35'S, 76°10'W) near the reilway line. The glacier ended in a vertical
facehs)nd calved into a lake at 4838 m (Oppenheim and Spann, 1946, pp. 3
and 4).

South of the railwsy is the Toldorumi massif. In 1908 the western
side carried more ice than the east. A depression on the south side con-
tained a well-developed glacler whose tongue resched 1200 m below the
sumit (Hsuthal, 1911, pp. 158 and 160). In the same general area is
the Sierra de Tunshu, s fairly campact group of mountains centered at
about 11°55'S and T6°W, and reaching about 5800 m. In 1939 the scuth
side of Pachancoto (539 m; vas covered by an "exceptionally large gle~
cier" (Jenks, 1941, p. 17h). In 1946 Heim and Spaun visited the area snd
climbed Tuyujuto (5752 m}. Fhotographs show rugged peaks with large cor-
nices on the crests and short ice tongues below, Heim saw signs of
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considerable recent recession, and believed that if it continued at the
sameux)'a.te for another 50 years the glaciers would disappear (Heim, 1948,
Pe. 9% ).

Sierra de Huaytapayana

An ice-covered group of mountains lie northeast of Huancayc, centered
about 11°54'S, 75°05'W. It has been referred to as the "Lasontai Group"
(Jenks, 1941, p. 176), the "Sierra de Huaytapayena" (Heim, 1948, p. 84),
and the "Cordillera Husytapallana" {(Armao, 1962/63), Harrison (194T),
who surveyed the aree in 1945, used none of these names on his map, but
called the main ice-covered ares "Nevada de Chuspe."

According to Harrison {1951, p. 9) ice is almost continuous for 19
km on the western side of the range; the ice has receded go that 800 m
of bare moraine must be crossed on the west side before the ice is reeched.
The east side has much lesg ice because of its slight northerly aspect.
Northeast of the main group small summit gleciers lie on the highest peaks,
such as Condorvasha und Parsgcho Grande. All showed signs of recent re-
treat (Harrison, 1947, pp. 223-22k).

In 1946 Heim and Spann visited the arsa. A cement marker was placed
near the terminug of the small Huaytapayan: Glacier at 12°6'S, 75°10'W
(Heim, 1948, p. 85; Spann, 1949%). Heim noted considerable recession from
moraines that he believed were about & century old., He photographed a
glacier on the southeast side of Lasontai, terminating on the edge of a
moraine-dammed lske (Heim, 1948, Pl, 94); when this glacier was photo-
graphed from the air about 1932 its calving front extended halfway down
the lake (Shippee, 1933, p. 120).

In 1939 the firn limit was estimated at 4900 m to 5000 m (Kinzl and
others, 1941, p. 13).

Cordillera Occidentsl de la Costa

In the Cordillera Occidental de la Costa, glaciers are coafined to
a group of volcanic peaks northwest of Arequipa in a range that Armao
refers to as the Cordillera Ampato. Elsewhere the Cordilleras Chonta,
Huanzo, and Chila, marked as ice~-covered on many mape, in fact have no
permanent snow (Armaoc, 1962/63). Southeast of the Cordillera to toward
the Bolivian border the snowline is very high: Chachezi (6087 m) carries
some permenent snow but no gleciers, and Heim {1948, p. 61) estimated the
firn limit at 6000 m. According to Broggi {1943, p. ?1) the snow cover
has not appreciadly changed during the presemt century., Southeast of
Chechani the snowbeds on EL Misti (5842 m) apd Pichu~Fichu {5600 m) lest
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fluted névé, and very broken glaciers below. Westmacott (195927, p. 69)
reached the suwmit and remarked on the snow, which was waist-deep at
.8 5200 m and later "up to my neck" (Westmacott, p. T2); "None of us had
8 met such soft snow before, lying at such a high angle" (p. T1).

In 1945 a bench mark (a cairn) was set up by "Huagoruncho" Glacier,
10°30'S, 75°50'W, for future observations (Spann, 19492).

In October 1952 at the beginning of the accumulation season, ablation
studies were made on & small glacier on the southern side of the mountain.
This work was in connection with a power plant on a glacier-fed river.
Ablation was found to consist largely of melting from solar radiation and
smounted to between 1.0 cm and 1.5 cm of water daily, mostly before after-
3. 3 noon cloudiness set in. Evaporetion was only about 5 percent of the melt

8 (Howell, 1953, p. 888). :

Cordlllera Raurs

Southeast of the Yerupajé group lies another, less spectacular range
of ice-covered sumnits, Geographical names &re confused; Jenks (19kl1,
.3 p. 158), Kinzl, (1955b, p. 39), and Arnao (1962/63) restrict the Cordillera
k- de Husyhuash to the 30-km-long Yerupaj& group, but on the American Geo-
3 graphical Society 1:1,000,000 map it extends 120 km to beyond 11°S. On
Jenks' map are a Cordillers de Raura, & Rauras Renge, and a Cerro Raura,
-8 and his Raure Jlacier is not the seme as XKinzl's and both differ from
B Broggi's (1943, p. 69). According to Arnao (1962/63), the Cordillera
k. 4 Raura is a continuation of the Cordillera Huayhuash, from which it is
separated only by the Laguns Viconga.

e A Kinzl's Reaura Glacier is centered about 10°25'S, 76°48'W, and extends

S over at leest 16 sq. ¥m. It is a typical platesu glacier with few cre-

; vasses and little surface debris. In 1909 Sievers (1914, p. 176) noted
an outlet glacier from this icefield that ended 130 m above Laguna
Viconga; he thought that it had fairly recently receded from the lake,

In the mep from the Austrian survey of 1936 a glacier tongue is shown
203 m above the lake. '

Southeast of this large plateau glacler are severel ice-covered moun-
- tains with short, steep glaciers, meny of which end in lakes. Sievers
T (1914, pp. 171-1Th) was in the ares in 1909 and in 1927 the American Geo-
. ‘ graphical Society carried out survey work. Photographs of "Raura" Glacier
ending in Laguna Senta Ana thet were taken in 1927 and 1943 show consider-
. able thinning and recession of the lower glacier but no noticeable change
E. i in the ice cover Ligher up (Broggi, 1943, p. 69). Photographs of the mar-
o ‘ gin of the glacier taken in 1921 and 1943 show recession of about TO m;
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throughout some exceptional years but usually disappear (Johnson, 1930,
P. 23). 1In the 1820's also, according to Pentlandp?1835, P T4), E1
Misti and Chaechani were at times devoid of snow,

Glaciers in the Cordillera Ampato lie on the Nevados Sara-Sara,
Solimana, Coropuna, and Ampato.’

Sere-Sara (ca. 5530 m; 15°19's, 73°25°w3, west of Solimana, wes pho-~
tographed about 1912 by Bingham (1922, p. 78).

Solimana (6117 m) 1s & rugged mountain vith many precipices near the
sumit. Ghiglione (1953%a, p. 17h; 195%, p. 139), who ascended the north
sumnit, crossed a glacier with a surface of pinnecle ice and ascended a
difficult fifty-degree slope, part ice and part snow.

Coropuna (6425 m) is an extinct volcano. Bingham (1922, p. 36)
climbed the mountain in 1911 by & glacier with a network of NATYOW Cres
vasses. Above were uncrevassed snowfields whose surface was hard during
the morning btut very soft by mid-afternoon. Above 1000 m below the summit
& minimun tempersture of -15°C was recorded., Heim (1948, p. 60) flew
round the mountain in 1947. His photographs (Heim, 1948 Figs. 65 and 66 )
show & valley glacier of considerable length on the northeast side and
extensive flat-lying snowfields near the summit domes. Crevassing does
not appear to be excessive. In 1952 Ghiglione climbed Coropuna by a gia~
cier on the northwest side. The surface was pinnacle ice low down, and
higher up the glaciers were crevassed "in a way without comparison with
those of the Alps" (Ghiglione 1953%a, p. 175; 195k, p. 140)., He described
the sumit as being formed of six rounded, ice-covered domes. The snow
was knee-deep and as unstable as sand, The temperature on the sumit
was -23°Co

Ampato (6310 m) is & volcanic peak, probably extinct, with two sume
mits, A wniform ice cover extends down to 5000 m on the scuth side and
5500 m on the north; a map from & survey of 1937 showed ice down to 4700 m
on the south and 4900 m on the north ( elm and Spann, 1946, p. 35),

A photograph by Johnson (1930, Fig., 136) shows two short, steep, and
broken glaciers. In 1946 g marker was placed near the terminus of a-gla-
cier on the eest side (Oppenheim and Spann, 1946, p. 35; Spann, 19497 ).

Cordillers Vilcabegbe

The Cordillera Vilcabemba lies west-northwest of Cuzeo » and extends
about 150 km in an esst-west direction between latitudes 13* and 14°3,
The highest peaks, mostly of granits, reach over 6000 m, Some mountains
are in groupe and others are isclated peaks (ri2rre, 1954, p. 311).
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Many climbing parties have commented on the snow conditions. A
Franco-American expedition noted the "gigantic cornices" (Pifrre, 195k,
p. 312). A British party was struck by the size of the cornices and by
the strength of the seemingly flimsy bridges over crevasses, They also
noted soft and deep snow on south-facing slopes and the astonishing
steepniess at which powder snow was stable, as compared to the Alps
b ] (Longland, 1958, pp. 11 snd 16). A Swiss party also mentioned the huge
k. cornices and the deep snow on southern slopes and the "extremely bad ice."
E 3 They were as impressed by the steep snow=-slopes as the British had been:
"In the Andes the snow clings to gradients on which, in the Alps, only
bere rock is encountered and the ice balconies cling to small terraces

from which et home they would have thundered down much sooner" (Schatz,
1961, p. 168).

TR

SR The rainy season is from October to May, and especially from January
“? to0 March. The dry season is less pronounced than in the Cordillers Blancs;

. weather is usually fine early in the day but the mountalns scon cloud over

T and snow may fall in the evening and during the night (Piérre, 1953, pp.

F 123-124). The Franco-American expedition had to wait 22 days to get 48

hours of fine weather (Piérre, 1954, p. 31%).

3 ; . The Cordillera may be divided into a western, a central, and an east-
] ern group:. The western group consists of Safra or Choguetire §5151 m;
k- and Cerros Panta (5667 m), Soirococha (5355 m), and Pumasillo (599 m).
S In 1911 glaciers on the south side of Pante rested on terminal moraines
E 60 to 90 m high, and the glacier descending from Scirococha to the Arma
g valley had a “patch of dark green woodland right up to its border" (Bowman,
1916, p. 21k). Clark (1959, p. 112) has described a gently sloping gla-
: cier near Pumesillo Epperently on the west side and flowing south/: “a
. long ice river reminiscent of an Alpine glacier, it always seemed out of
g place. It was the only genuine velley glacier I ever saw in the Vilcabemba;
all the others were steep enough to be more accurately termed icefalls . . ."

?

E - _ The central group consists of Cerro Selcantasy (6274 m), Pico Soray or
E Unsntay (ca. 5500 m), and unnamed ice-covered peaks northeest of Salcantay.
Sk The area was visited in 1911 by the Yale University expedition and many

A glaciers were photographed. Photographs by recent climding expeditions
N . are not useful for making comparisons. About 1945, bench marks were set
B up near the termimus of Incachirisscca Glacier (13°16'S, 72°36'W) on the

; , south side of Salcantaey, and Umantay Glacier at 13°15'S, 72°35'W (Spann,

F 3 29497), Incachiriascca Glacier ended at 4595 m and was 1000 m to 1500 m
. long and up to 500 m broad. The lower part carried lititle debris dut wes
S ‘ much crevassed (Oppenheim and Spann, 1946, p. 30).

. The eastern group rises above the right bank of the Rfo Urubamba,
' and consists of Vercncia, Helancoma, Media {auma, Yucay, and Ssguaslray.

. :‘ - ’
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. Cordillera Vilcanota

L On the American Geogrephical Society 1:1,000,000 map the Cordillere
S . Vilcencta extends for 150 km, on the World Aeronautical Chart 1l:1,000,000
for about 50 km, and on the Peruvian Army 1:200,000 map the name dces not
appear. The name is here used for the mountains that extend eastward
3 frow the Nudo Ausangate and then south to the Nudo de Cunurena, overlook«
7, ol ing the Cuzco-Puno railwey,

1oz o sy et g

The highest mountain in the group is Ausangate; estimates of its
height range from 6153 m to 6550 m. It is a "great ice-clad mess with at
least four sumits” (Francis, 1955, p. 289). Other peaks in the Mudo
Ausangate are Surimani, Lampa (5400 m), Caracol (5750 m), Cerro Caysngate

, gca. 6000 m), Jatunhuma (609% m), Colque Cruz, Jatunriti, and Yayamari
’ 6007 m). The mountains are rugged and the glaciers short, steep, and
: broken. Ghiglione (1953?a, p. 178) mentions knee-deep snow on the south-
E east side of Ausangete and & "labyrinth of crevasses impossible to de-
., scribe.” A photograph on Cayangate shows men thigh-deep in snow (dauser,
i 3 1961, p. 112). The glaciers appear in photographs (e.g. Hauser, 19597,
- f Pl. 24) to have receded from fairly small morsines and to carry little
o debris. The snowline is at about 5100 m on north-facing slopes and 4800 m
] on south-facing slopes {(Ghiglione, 1953?a, p. 183). In 1945 an attempt
) by the Instituto Geoldgico del Perll to make observations on a glscier on

% . Ausangate was prevented by prolonged bad weather (Oppenpg::n and Spann,
¥ | . 1946, p. 34).

o

i

. The Kudo de Ayacachi (5U35 n), an isolated ice-covered group lying
5 north of the Nudo Ausangate, was climbed by & Spanish party in 1961 (Mendez,
X 1662). In 1945 & bench mark was set up near Paccopampa Glacier (13°26'S,
: 71°10'¥), which is about 1 km long by 400 m wide and ends at 4580 m (Spamn,
kI 19497). Two relatively recent end morsines had a lagoon beiween them and
R - two older moraines lay beyond. Immature vegetation grew on the youngest
C i ‘ moraine and in front of the glacier was a bare zone 8 m wide in 1945
1 (Oppenheim and Spann, 1946, p. 32).

East of the Nudo Aussngate the mountains turn southwerd; several .
peaks are ice-covered, the southernmost being the Nudo de Cunurana (5850 m)..

Glaciers between the Cordillera Vilcanots
- and the Rudo de Apolobeamba

R Eest and southeast of the Cordillera Vilcsnote and between this group
E and the Nudo de Apolobamba on the Bolivian border sre several groups of
E: 3 little-known ice~covered mountains: the Nudo Allinccapac (13°55'S,
Ll . TO*25'W), the Mudo de Quenamari {about 14°10'S, and 70°10' to 70° hotw),
the Fudo de Sunipant (14°30'S, TO°L0'W), and the Cordillera de Aricoma
(14°10'S, end 69°50' to T0°10'W),
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The Nudo Allinccapac containe about six ice-covered summits, the .
highest reaching nearly 5800 m. The mountains are extremely rugged, and
there appears to be one moderate-sized glacier about 2 km long and several
small ones (Mrancis, 1955, p. 286).

A The highest peak in the Nudo de Quensmari is Quensmari Grande (5850 m).
S It may be in the rain shadow of the Nudo Allinccapac, for the snowline is
very high--about 5500 m. From this peak, Katz (19557, pp. 184-185) was
astonished to see, 30 km to the east and centered sbout 14°05'S, TO°45'W,
"an extensive and very wide plateeu . . . covered by & large and coherent
. ice sheet rrom which several glaciers descend into lateral valleys." He

3 thought it closely resembled some plateau icecaps in East Greenland and

3 elsevhere. Francis (1959) has referred to this icefield as "Nevado de
. Quensmeri.” In 1956 a British party visited it; sccording to Croome
3 (1957, p. Th) "nowhere else in the tropics is an ice-cap known to exist
2 avay from peeks or ridges . « « « In the Quenamari plateau the ice, which
covers an eree of about thirty-six square miles, appears stranded in flat
. R country unconnected with sources of fresh ice.” Part of the icefield was
surveyed; it lies between 5500 m and 5800 m and is about 20 km by 5 lm,

b terminating all around in precipitous jce cliffs, Some evidence for
recession vas found (Croome, 1957, p. T4; Francis, 1959, p. 1k, quoting
Jewell, 1957).

Other peaks in the area are isolated snow cones with desert ground .
between (Frencis, 1955, p. 288). The Kudo de Sunipeni and the Cordillersa
de Aricoma are little known; the Nudo de Sunipani is an isolated mass with
several summits (Francis, 1955, p. 286).

Nudo de Apolobamba

The Nudo de Apolobemba straddles the Peru~-Bolivia frontier north of
Lago Titicaca. West of the Paso de Sina (14°39'S, 69°20'W) is a group of
ice~-covered summits that is wholly in Peru, dominated by Cerro Ananea
(5842 m). To the east of the pass, only the extreme northwestern end of &
long, heavily ice~covered range is in Peru. Much of the area was survyed
during 1912 by the Peru~Bolivia Boundary Commission, 1911-1913. A map ‘on
the scale 1:250,000 was produced and many photographs of glaciers were
obtained (Royal Geographicel Society, 1918).

The Ananea group extends about 20 km westward from the Peso de Sina.
Cerro Ananea itself supports several hanging glaciers and San Francisco
Glacier, the "remmasnts of a valley glacier,” about 1500 m long end 250 m
wide. At the beginning of the century this glacier terminr ted above a
precipice, immediately below which were the ruins of Spanish colonial
buildings. The glacier margin wae close to a lateral moraine, and sn
older moraine lay a short distance beyond (Pfordte, 1905, p. 498). At




. this time, according to Sievers (1914, p. 250), the glacier was receding
and had uncovered some ancient mine workings that had been covered up by
a previous advance. The wor s {(which are mine tunnels and not
"goldwéschen" &8s Sievers stated) are of unknown age, but they ave belleved
to have been worked by the Spaniards. A 1912 photograph shows the ice
margin some distance from an end moraine, with an older moraine beyond
{Royal Geographical Society, 1918, p. 783. Further mine workings have
been uncovered in recent years (Oppenheim and Sﬁo.nn, 1946, pp. 26-2T7).
Bench marks were placed near the terminus in 1945 ( , 19k97).

Little information is aveilable about the Peruvian mountains east
of the Paso de Sine, such as the several summits of Cerro Palomeni north
of Lago Suches, and Cerro Chupi Orco. Smme photographs, most of them
with mmch temporary snow cover, were taker by the Boundary Comaission.

39 ' Gt




References Cited

Arnao, C. M. (1961/63) Los Andes Peruanas tienen 20 Cordillerss.
Revista Peruana de Andinismo, (6): 70-78.

Arnao, F. D. (1960/61) Observaciones sobre el alud de Ranrshircs.
Revista Peruana de Andinismo, (5): 81-85.

Bell, G. I. (1951) Harvard Andean Expedition, 1950. Harverd
Mountaineering, (10): 25-39. o

Berge der Welt (1948) 3: 526 pp.
Bernays, D. (1963) Tullperaju. Amer. Alpine Jour., 13: 344-35L.
‘Bingham, H. (1913) In the Wonderland of Peru. MNat. Geog. Mag., 24:

387-5730

(1922) Inca Land. Houghton Mifflin, Boston and New York,
365 vp.

(1948) Lost City of the Incas. Duell, Sloan and Pesrce, New
York, 263 pp.

Bishop, R. H. (1943) Huagoruncho 1941, Amer. Alpine Jour., 5 (1): 81-86.

Bowmen, I. (1916) The Andes of Southern Peru. Amer. Geog. Soc., New
‘York, 336 pp.

Broggl, J. A. (1943) La desglaciacién actual de los Andes del Peri,
Boletfn de la Sociedad GeolSgica del Perd, 1% and 15: 59-90.

3 Cardich, A. (1955) E1l verdadero origen del Rfo Amazonas. Revista
Geogréfica Americena, 39 (231): 123-128. -

Carter, H. A., and J. S. Humphreys {1963) Pacchareju and Nevedo Copa.
Amer Alpine Jour., 13: 355-361.

Clark, S. (1959) The Puma's Claw. Little, Brown, Boston, 223 pp.

S Cook, O. F. (1916) Staircase Farms of the Ancients. HNat. Geog. Mag.,
. ’ 29: U7h-534,

Croome, A, (1957) The International Geophysical Year Month by Month.
Discovery, 18: Ti-7k,




. Dollfuss, M. 0. (1959) Formes glacisires et périglaciaires actuelles
autour du lac Huampar. Bull., de 1'Assoc. def'%raphea Francais,
(286-287): 32-ko,

P Y U . «*—m‘

Dunn, F. L. (1955) Some Mountsineering in Peru. Narverd Mountaineering,
{12)¢ 38-Lk,

Egeler, C. G., aud T. de Booy (1955) Challenge of the Andes: The Conguest
of Mount Huantsdn., Translated by W. B, James. David McKay, New
York, 203 pp. Published in England as: The Untrodden Andes,
Faber and Faber, London, 203 pp. i

Euock, C. R, {1908) The Andes and the Amazon. 2nd edition, 7. Fisher
Unwin, London, 379 pp.

Featin, M. (1959) La Cordigliera de Vilcabamba. Jour. Swiss Foundation
for Alpine Research, 2 {8): 212-221.

Francis, G. 31955) Invitation to the Andes, Part II. Alpine Jour., 60
(291):" “280-292.

- . (1959) El Nevado de Quenameri. Boletin de la Sociedad
S Geogrfifice de Lima, 76 (3 and 4): 12-16. . =

o Ghiglione, P. (1953%a) The South Peruvian Andes. The Mountain World,
".4 i m, pp. l'n.-1830

(1953b) Nelle Ande del Sud Perd. Garzanti, Milan, 169 pp.

(1954) The South Peruvian Andes. Himalsyan Jour,., 18: 136-149.

. § Giobbi, D. (1964) The Caullaraju System of the Cordillers BElancsa. The
D Mountain World, 1962/63, pp. 197-207,

,, Harrison, J. V. (1947) Surveying in the Bastern Andes of Central Peru.
Geog. Jour., 110: 223.225,

(1951) Geologfe de los Andes Orientales del Perd Central.

Bolet{n de la Sociedsd Geoldgice del Perf, 21: 9T pp. plus
LA rhotos and maps.

k] Hauser, .G. (1959?) In the Cordillers Hlance and Vilcanota. The Mountain
. World, 1958/59, pp. 92<105.

o (1961) Wnite Mountain and Tewny Plain, Translated by R. Ricketb.
. Allen and Unwin, London, 22K pp.

k1

K( .
P PR g ersann




Hauthal, R. (1911) Reisen in Bolivien und Peru. Wissenschaftliche
Veroffentlichungen der Gezellschaft fiir Erdkunde zu Leipzig, 7:
24T pp. plus photos.

Hearfield, B, (196%4) Climbs in the Cordillera Vilcabamba. Alpine Jours,
69, (308): ki-62,

Hechtel, R. (1962) The Swabien Andean Expedition, 1961. Amer. Alpine
JOU.I‘-, 13: lw*llS.

Heim, A. (19%8) Wunderland Peru. Hans Huber, Bern, 30L pp.

Howell, W. E. (1953) Some Measurements of Ablation, Melting, and Soler

Absorption on a Glacier in Peru. Transactions Amer. Geophys.
Union, 34 (6): 883-888.

Humphreys, J. S. (1963) Climbs in the Cordillera Blanca., Harvard
Mountaineering, (16): 10-18.

Jenks, W. F, (1941) Climbs in the High Andes of Peru. Amer. Alpine
JOUI’. ] l": 157'1760

Jervis, S. {1959) In the Cordillera Vilcanota. Alpine Jour., 64(298): 38-43.

Jewell, J. H. (1957) Exploration in the Andes Mountains. Craft, (35):

Johnson, G. R. (1930) Peru from the Air. Special Publication No. 12,
Amer. Geog. Soc., New York, 159 pp.

Katz, H. R. (1955? ) Remains of 014 Ice Sheets Constituting Plateau Gla~
ciation in the Tropics. The Mountain World, 1955, pp. 184-186.

Kinzl, H., (1937) Die Kordiilere von Huayhussh (Peru). Zeitschr. pDeutschen
und Osterreich. Alpenvereins, 68: 1-20.

{1942) Gletscherkundliche Begleitworte zur Karte der Cordillers
Tlanca (Peru). Zeitschr. fiir Gletscherkunde, 28 (1 and 2): 1-19. °

—

(1949) Die Vergletscherung in der Sudhdlft der Cordillera
Blanga (Perv). Zeitschr. fiir Gletscherkunde und Glazialgeologie,
1(1): 1-28.

{1950) Die Cordillera Blanca (Peru). Jahrbuch des Osterreich.
Alpenvereins, 75: 37-k8,

(19558) Neues von der Huayhuash~Kordillere (Peru), Jshrbuch
des Osterreich. Alpenvereins, 80: 123-131.

42




© ot s ot o 0B

héwssb) Cordillere Huayhuash, Perd., Tiroler Graphik, Innsbrilclk,
PP.

» and E, Schreider (1937) Die Kordillere von Huayhussh., Zeitschr.
Deutschen und Usterreich. Alpenvereins, 68: 1-20,

, and (1950) Cordillera Rlanca (Peri). Universititaverlag
Wegner, Innsbrilck, 167 pp.

, , 8nd F, Ebster (1942) Die Karte der Kordillere von
Huayhuash (Peru), Zeitschr. der Gesellschaft fiie Erikunde zu
Berlin, (1 and 2): T1-35 and mep.

» Ho Schweizer, W. Brecht, and K. Schmid (19%1) Die Anden~
Kundfahrt des Deutschen Alpenvereins nach Peru im Jahre 1939.
Zeitschr, des Deutschen Alpenvereins, 72: 1-2k,

Klier, H.6(1955?) Cordillera Huayhuash. The Mountain World, 1955, pp.
l 9'183'

(1959?) Nevado Jirishhanca and EL Toro. The Mountain World,
1958/59, pp. 76-91

Kogen, G., and N. Leininger (1954%) The Ascent of Al 0. Translated
by P, Thompson. Harrap, London, 13% pp.

Longland, J. H. (1958) Cambridge on Pumasillo. Alpine Jour,, 63 (296);
9-170

Mérz, F., H. Steinmetz, end J. Wellenkamp (19567) Vilcanota. Chr.
Belser, Stuttgart, 104 pp.

Matthews, W. V. G. (1957) North Americen Andean Expedition, 1956.
Hervard Mountaineering, (13): 63-69.

; and D. Harrah (1951) Up Yerupajé. Amer. Alpine Jour., 8 (25):
22-32.

McDowell, B, (1962) Avalanche! Nat. Geog. MNeg., 121: 854-880.

Mendez, F, (1962) Exiedicicn Espafiola & 1l¢s Andes del Peri 1961l. Comité
Olimpico Espafiol, id, 33 pp.

Michael, D. (1953) 1952 Internationsl Andesn Sxpedition. Harvard
Mountaineering, (11): 30-43,

(195%) 1)'he Americen Andesn Expedition, 195k. Harvard Mountaineer-
’ 12 : 9-210

)




Miller, 0. ¥, (1929) The 1927-1928 Peruvian Expedition of the American
Geogrephical Society. Q(eog. Review, 19 (1): 1-37.

Keylor, B. 519§3) The Cordillera Vilcabembe., New Zealand Alpine Jour.,
20 (50): 3-23.

oberliné J%Bc. (1955) Iavitstion to the Andes. Alpine Jour., 60 (290):
o ,

L

, and We V. G. Metthews (1953) The Pirst Ascent of Mownt
Salcartay. Amer. Alpine Jour., 8 (3): 387-396.

: Oppenheim, V., and H. S. Spann (1946) Investigaciones glaciolbgicas en
: el Perd, 194k~1945. Bolet{n, Instituto Geoldzico del Perd, (5):
70 pp.

Ortenturger, L. (1955) Ascents in tke Cordillers Hlancs. Amer. Alpine
Jour., 9 (2): 25-38,

(1959) The Rorth Americen Andean Expedition 1958, Amer. Alpine
Jour,, 11 (2): 173-183.

, and D, L. Dingman (1960) The North American Andean Expedition,
1959. Amer. Alpine Jour., 12 {1): 25.36,

Pau American Union (1964) Annotated Index of Aeriasl Photographic Coverage
and Me of T and Natursl Resources Undertaken in the
Latin American Member Countries of the OAS: Peru. Gen'l.
Secretariat, Organization of Amer. States, Dept. of Economic
Affairs, Pan Amer. Union, Washington, 26 pp. -

Pentland, J. B. (1835) On the General Outline and Physical Configura-
tions of the Bolivian Andes; with Observations on tane Line of
Perpetual Snow upon the Andes, between 15° and 20° Scuth Latitude.
Jour. of the Roy., Geog. Scc., 5: T0=89.

Pfordte, O. F. (1905) The Glaciers of Poto, Peru. Pp. 497-500 in: Report
of the Eighth International Geographical Congress Held in the '
United States 190k, U. S. Gov't. Printing Office, Washington,

1064 pp.

Pidrre, B. (1953) La_conqute de Salcantey, géant des Andes. Amiot-Dumont,
Paris, 191 pp.

(1954 ) Le Salcantay et la Cordillera de Vilcabamba. Alpine Jour.,
59 (288): 307-315.°

Lh




. Rebitsch, M. (1953) Bergfahrten in Siid-Perl, Jahrbuch des Osterreich.
Alpenvereins, 78: 79-85, .

Royal Qeographical Society, ed. {1918) Peru~-Bolivia Boundary Commsission
1911-1913, Cawmbridge Univ. Press, 242 pp.

Schatz, R. (1961) Swiss Alpine Club Andean Expedition 1959. The Mountain
World, 1960/61, pp. 163-178. o -

Schlagintweit, 0. (1911) Eine Bergfehrt im ndrdlichen Peru. Deutache
Alpenzeitung, 11: 83-89. i

Schneider, E. 8937) Die Cordillera Blanci~Expedition 1935. Die Alpen,
13: 161~1T5.

Shippee, R. (1933) Air Adventures in Peru. Nat. Geog. Mag., 63: 81-120.

Showalter, W. J. %ﬁso) The Lure of Lima, City of Kings. Nat. Geog., Mag.,
57: 727"7 .

Sievers, W. (191L) Reise in Peru und Ecuador. Wissenschaftliche
E Verdffentlichungen der Gesellschaft fiir Erdkunde zu Leipzig, 8:
v . hll PD-.

Siri, W. (1953) Cordillera Blanca Adventure. Amer. Alpine Jour., 8 (3):
439-Lk4s,

S | Smitk, C. T. (195T) Interim Report of Certain Aspects of Glaciation in

o - Yhe Cordillera Blanca by Reference to the Glaciers of Condormina,

F Pacliesh, Pucaranra and Atlante. 15 pp., typescript. On file at
World Deta Center A: Glaciology, Amer. Geog. Soc., New York.

Spenn, H. J. {19497) Report on Glacier Recession in Peru. Pp. 283-~-284
in: Assemblée Générale d'0slc, 19-28 Aout 1948. Vol. 2, Travaux

de 1la Comnigsion de le Neige et des Glaciers, 1UGG Internat.
Assoc. Sci. Hydrology, 40T pp.

Stembridge, H. L. (1964).A Journey through the Cordillera Blanca of Peru.
Alpine Jour., 6%, (308): 88-94,

Stewart, L. R. (1961) The Ascent of Cayesh and Attempt on the Virgin Eaat
Ridge of Huascaran. Alpine Jour., 66, (303): 159-208.

wall, D. (196k4) The Ascent of Romdoy. Alpine Jowr., 69, (308): 106-118.

Weaver, K. F. 6{(51961;) The Five Worlds of Peru. Net. Geog. Msg., 125:
21.2"2 s

Westumcott, M. (19597) Husgarwncho. The Mountain World, 1958/59,
. 05-75.
45

t 1

- N s naas ks e e o e n  cmbeedetn = = e '
~ - Rt O

i e o et e e e e .




Other Sources

Ayres, F. D. (1953) The Franco-American Ascent of Salcantay, Peru.
Canadien Alpine Jour., 36: 566,

Heim, A. (1947) Reconocimiento Geoldgico de la Co

rdillere Occidental s,
Regign Pamacocha~Vilca. Boletth, Instituto Geol6gico del Peru,
NO. ®

46




"
,
H
i
1

Photographic Bources

? CORDILLERA FLANCA

ot

Nevado Champard

Schneider (1937)

P. 164, Glacier ending at & lake, 1936.
) Kinzl (1942) )
[ Pl. 2, Fig. 3. Champara.

. . and Schneider (1950)
T . Pp. 58 and 102, Same glacier as Schneider, 1937, p. 16k,

“ p 1 Group Between the Quebrads Quitaracsa
T end the Quebrade Santa Cruz

Kinzl and Schuoeider {1950)
Pp. 49, 60, 61,

86, 87, and 100, Alpameyo.
s Pp. 62 and 63. Sants Cruz.
P, 59, Pucahirea,
Pp. 64 and 92, Quitsraju, ¥ side.
P. 91, Taulliraju, glacier terminus
on E side,
P. 97. Milluacocha, glacier terminua
. on S side.
A Pp. 103 and 10%, Senta Cruz, WW side, glaciers

‘entering the lake Rejucocha.

Kogan and Leininger {(195h4)
Frontispiece and

Fige. 1)" and 22. Alpwo;
Oberlin (1955)
P, T2. Tauvlliraju.
Hauser (1959?)
Bn. 23, Alpamsyo.
Ortenburger (1959)
Pls. 9 apd 10. Sants Cruz Chico.
Pl. 11, Santa Cruz and Sante Cruz
Chico, glacier terminus on E sida.
P, 12 A}pmy()o

k7




. snd Dingmsn (1960)
Piﬂo 18, 28’ and 29¢ AIWOQ
1, 2k, Senta Cruz.
Pls. 25 and 26, Quitare ju.
Stembrdidge (1964)
m. 3&'. Pucahirca.,
Huendoy Group
Schlagintweit (1911)
g P. 85, Huandoy, 1908,
g Berge der Welt (1948)
1. Fls. 57 and 60, Huandoy.
$
i Hein (1948)
Fhoto 143, Laguna Parrdn and glaciers,
? aerial view, 1947,
] Photo 1uk, Three glacier termini neur
§ the head of Leguna Farrén, 1947,
' Photo 161. 8 side of Chacraraju; reconstituted
. glaclier ending at moraine-dammed
lake, 19k7.
Kinzl and Schneider {1950)
Pp. 50-51. Buandoy group, W side, 1932.
Pp. 70, T1, 72,
A and 90, Husadoy, 1932.
E - 3 Pp. 65 and 101. Artesonrsju, 1940,
y P. 68.. Chacraraju, 1932.
3 P, 98. Terminal ares of glacier
£ . damming Iaguns Perrfn, 1532.
] P, 105. Laguna Parron, 1932.
;. T sirt (1953)
P, Wik, Pisco, sumuit area.
P. L5, Ruandoy, summit area;
‘Huandoy group, aerial view.
Micheel (1955)
P, 1. Yanapsccha, summit cornice.
P. 17. Fuandoy.
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Oberlin (12955)
P. T2.

Ortenburger (1955)
P, 26,
2. 35

- (19%9)
?1. 1k,

Stembridge (1964)
Figs. 31 and 32,

Huascarfn Grovp

Enock (1908)
P. 176.

Schlagintweit (1911)
P. 83,
P. 85.

Sievers (191%4)
Photos 49 and 50.

Heim (1948)
Photo 132.
Photo 151.

Fig. 156.

Kinsl snd Schneider {1950)

P. 52.
P, 67.
?o 690
P. 73.

Michasl (1955)
P. lh.
P. 18.

Ortenburger (1955)
P, 30.
Pe 3)‘"3

(1959)
FI. 16.

Chacrareju, Pyramide, and Husndoy.

Huandoy group, S side; Chacraraju.
Yanapeccha, W side.

Chacraraju,.

Rusndoy.

Huascarén, ¥ sice, 1904,

Chopicalqud 1 7, 1908.
Huascaren, cJer on N side, 1908.

Husscaran, gldacier on N side, 1909.

kY

Russcarfin, S side, aerial view, 1947T.
fuascarén, glacier on ¥ side, 1947

[2£ Sievers, 1914, Photo 49/,
Euvascarfn, S eide, 194T7.

Ruascaran, W side, 1932,
Buascarin, glacier on N side, 1932.
Chopicelqui, X side. .
Buascardn, W side, 1936.

Chopica}qni.
Husscaran,

Chopicalqui, BW side.
Chopicalqui, swmit aree.

Husscaran, SW side.
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Rechtel (1962)
m. 'B.

MNcDowell (1962g
Pp. 854, 856, 863,
- andl 872,

Contrahierbas Group

Sievers (192.4)
Photo U6,

Kinzl ard Schneider (1950)
P. T
P. 93.

Ortenburger (1959)
P1, 15.

Group Betweer the Quebrada Ulta
and the Quebrada Honda

Sievers (1914)
Photo 39 and 40,

Heim (1948)
Photos 152, 153,

Kinzl (1949)
Pl. 10.

and Schneider {1950)
P, 53,
Oberlin (1955)
P. T2,

Ortenburger (1959)
Pl. 13.

Chopicalqui,

Huascaran.

Glacier on Contrehierbas.,

Contrahierbas, sumit ridge.
Contrahierbas, N side.

Contrehierbas, W side,

Atlante Glacier, 1909,

Glacier terminus on Tulparaju.
Glacier on SW side of Tuiperaju.

Fanorsma of the W gside of the group
1932. .

Unnemed pesk ahove the Quebreda Ulta.

Ulta.




Hechtel (1962)

) Pls. 66, 67, and 69. Ulta,
Bernays (1963)
Pl. 29, Tulparaju,.
Carter and Humphreys (1963)
Pls. 35, 39, and ko, Paccharaju.
Pl. 36. Peak, 5460 m, and the lake
Pacchacocha,
Pls, 38 and k1. Ichic Churihusuqui,
Pl. ki, Nevado de Copa.
Humphreys (1963)
P, 10, Ichic Churihusuqui.
P, 12, Paccharseju,.
P, 16. Kevado de Copa.

Group between the Quebrada Honda
and the Quebrada Cayesh

Berge der Welt (1948)
Fi. 62, Pucaranra and glacier ending in lake,
Heim (1948)
Photo 162. Laguna Cohup /Palcacochs/; serial view,
1947, six years after the break-out.
Kinzl (2949)
Pl. 9. Glacier ending in the lake Beyocochs,
19320 "
and Schneider (1950)
P, 78. Chinchey, E side, 1936.
P. 79. Tocllaraju, sumit aree, 1939,
P. 80, Pucaranra, glacier ending in lake, 1939.
P. 81, Palcaraju, 1939. '
P, 82. Ranrapalca, 1940,
P. 95. Copep [ 2 /, W side, showing glacier
termini, 1939.
P. 96, Yanacochs Glacier, Quebrada Honda, 1936.
Pp. 106 and 107, Palcaraju and Pucaranre, with
Palcacocha before the break-out, 1939.
P, 108, Palcaraju and glacier descending to
Paioacocha, before the break-out,
1940,
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Egeler and de Booy (1955)
Pp. 166 and 173.
P. 180,

Ortenburger (1959)
R, 19.
Pi, 20,
P. 21,

Stewart (1961)
P. 2d".

Group Between the Quebrada Cayesh

and Punta Yanashallash

Kinzl (1649)
. 2

Pl. 3.

. b,

Plo So
Pl' 60
Fl. T.

and Schneider (1950)
Pp. 54=5T7.

P. 8.
Egeler and de Booy (1955)

Pp. 101, 108, 132, 11,
and 149,

’ P, 1ko.

Ortenburger (1959)
Pls. 17=19.

South of Punta Yansshallash

Kinzl and ‘Schneider (1950)
P. 8h.
P. 85.
P. 110,

Egeler and de Booy (1955)
P. 6L,

Cayesh.
Pucaranre, and glacier ending near
the lake Bayococha.

Tocllaraju.
Palcaraju.
Pucaranra.

Three photos of Cayesh.

Huentsén, E side, 1936.

Uruashraju, glacier termini, 1932.

Uruashraju, same termini as Fl, 3,
1936.

Rurec, glacier on W side, 1936.

Rurec, same glacier as Pl., 5, 1939.

Glacier on SW side of Buantsfn, 1936.

Panoremas of the group from the W,
19%0 and 1936.
Huantsfn, 1936.

Huantsén.
San Juan group.

Huantsfn.
Pongos, 1940,

Caullaraju, 1936.
Pucarsju and Yanemarey, SW sides, 1940,

Pongos, 1952.
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Giobbi (1964)
Pls., k952,

Caullaraju group.

GLACIERS EAST OF THE CORDILLEFRA ELANCA

Sievers (191%)
FPhoto 2.

CORDILLERA HUAYHUASH

Sievers (1914)
PhO'tO 11,

Photo 12.
Kinzl (1937)

Fl. 3.

Pl. k4.

Fl. 5.

Fl. 6.
Schueider (1937)

P11

P. 169.

Berge der Welt (1948)
Pl, ok,

Heim (1948)
Facing p. 88.
Photos 125, 127, 128,
129, and 131.
Photo 126,

Photo 130.
Photo 136.

Photo 139.

Bell (1951)
Pp. 33-36.

Cunbre /Nevado/ de Acrotambo,

Glaciers behind "Suirokecha," 1909
/may be glaciers behind
Quesillococha, E side of Sarapo/.

Yerupaji, NB.side,

Yerupajf, NE side.
Yerupajé, S side.
Panorana, E side of Sarapo group.

Sarapo and Juraucocha, SW sides.

Serapo vad Juraucocha [geme as Kinzl,
1927, PL. 6/.

Yerupajé.

Jirishhanca, W side.

Yerupajd fram the air, 1946,

Glacier reaching the lake
Solterahancacochs, W side of
Jirishhancf, 1946 /msy be misnamed,
cf photo 1367.

Siula from the air, 1947.

Glacier from Yerupaja, ending in
Solterahancacocha, 1947.

Yerupejé, K side.

Yerupejé.
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Matthews and Harrah (1951)
Pp. 2k and 30. Yerupa Jé.

Kinzl {1955b)
Contains over 50 photographs from 193€ and 195k.

Kiier (19557)

Pl. 53. Sarapo and Siulf.

Pl. Sk. Rasac; glacier ending in
Sarapococha.

Pl. 55. Yerupa &, XE side,

Fl. 56. Jirishhanca Chico /E1 Toro/.

Cberlin {1955)
P. T2. Jirishhanca to Siulé, aerial view.

Kier (1959%)
Pls, 18-22, Jirishhanca group.

HUAGARUNCHO AREA

Jenks (1941)
Pp. 161 and 169. Huagaruncho, S face.
P. 168. W end of main ridge.
Bishop (1943)
P. 82. Husgaruncho from Jancahuay
Peak 337,
P, 83. Jancahusy /Peak 33/ and Incatana

[Peak 32/, E sides.

Oberlin (1955)

P. T2. Huagaruncho, aerial view.
Westmacott (1959?)
Pl. 15. Huagaruncho, S face /[from seme point
as Jenks, 1941, p. 169/. '
Pl. 16, Husgaruncho, N face.
Pi. 17. Huagaruncho, summit.

CORDILLERA RAURA

Sievers (191k4)

Photo 8. Glacier terminus at the lake
Caballococha, 1909.
Photo 10. Glaciers, NE of Leguna Viconga, 1503.
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Miller (1929)
Figs. 11, 12, and 14,

Fig. 17.
Fig. 18,
Fig. 19.
e 2

Jenks (1941)
P, 160,

Broggi (1943)
P. 69,
Cardich {(1955)

P. 123,

Pp. 125 and 127.
"ANDES CENTRALES"

Small glaciers W of the lake
Acacocha (10°L7'S, 76°32'W), 1927,
Small glacier, NW side of Lago Punrim.

Glacier at Lago Potos{ (10°28's,
T8 L5},

Glacier at Lego Santa Ana
(10°26's, T6°45'W).

Glaciers above Lago Potos{,

Glaciers W of the lake Patarcocha
(10°23'8, 76°45'W).

Peak 10 (10°26'8, 76°46'W), SE side,
1939.

"Raura" Glacier, Laguna Santa Ana
[reproduction of Miller, 1929,

Fig. 19, and photo from same point
in 1943/,

Glacier, "source of the Amazon," 1953
or 195k,

Glaciers in Rawra group, 1953 or 195L.

Heuthal (1911) /Phot.3 taXeu in 1908,7

Photos T7 and 78.
Photo 81.

Photo 83.
Photo 8’"‘0

Showalter (1930)
Pls, 1, 7, and 12,

Broggi (1943)

e T5e

Pp. T6 and TT.
Pp. 78-80,
Pp. 82 and 83.

Glaciers MWW of the lake Morococha.

Toldorumi and other mountains,
distant.

Toldorumi, glacier on S side.

Glacier on Toldorumi.

Glaciers near the Central Raillwey.

Pincoyuyoe, photograph of 1862 painting.

Pincoyuyoe in 1923 and 1942,

Paregte in 1917, 1923, and 19h2,

Glaciers near Estacibn de Galers, 1890
and 1942,
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Oppenheim and Spenn (1946)
Ppo 8, 12, 17, and 19'

Berge. der Welt (1948)
Pi. o,

Heim (1948)
Photos 98, 99, and 102,

SIERRA DE HUAYTAPAYANA

Shippee (1933)
F, 111,

P. 120,

Rein { l9h8)
Photos 89-01 and 9k,

Harrison (1951)
Thotas 1, 2, 4, and S.
Yheto 7.

Dunn (1955)

?. 39.
P. 43,

’éem;ﬁ OCCIDEETAL DE LA COSTA

Cook {1516)
P. 490,

Binghsz. (1922) o
Pp. 12, 2k, and 32,
2. 78.

Johason {1930}
Pige. 123, 132, and 133.
Pige. 134 asd 136,

Heiz {19487 ,
Protss 65 and 66,
Photo 67,

Paotoe Tl.

Yanesinga Glscier.

Cerro Rajuntay, gisciers on N side
[K of reilwvay/,

Tuyujuto, 1946.
Ice~covered peaks nesar Huancayo,

aerial view,
Glacier on Lasgontai, aerial view.

Iasontai, 1946. /[Pnoto 9k is same
as Shippee, 1933, p. 1207,

"Nevados de Chuspe."
Cendorvasha,

Lesontei, HW side,
¥ansueche and Ancon.

Coropuns, from high plateen,

Coropuns.,
Sara~Sara.

Chzchani,
Aﬁg&'@ .

Corcpunm, aeriel view, 1947,
Amapate, serial view, 1947,
Chachani, aerial view, 1947,
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-Ghiglione (1953b)
Pig. L6,
Fgs. 52 and 56.

CORDILLERA VILCABAMBA

Binghem (1913)
Pp. 560 and 563-565.

Bowman (1916)
Fig. 186.

Fig. 193.

Cook {1916)
P. 477.
Pp. 480, 482, k835,
and 487.

Bingham (1922)
P. 170.

P. 210,

Shippee (1933)

L] 9.

Oppenheim and Spann (1946)
P. 51, vhoto 12,
P. 55, photo 1k,
P. 53, photo 13.
P. 59, photos 15=17.

Bingham (1948)
P. 138.

P. 23k,
Heim (19&3 )

Photos 200 end 212-215.

Phoros 210 and 211.
Photo 21k,

Ayres (1953)
Pp. 56 and 57.

Solimana, ¥ side.
Coropuna.

Glaciers on Sslcantay and in
upper Aobemba valley.

Cordillera Vilcebamba,
western group.
Panta and glacier [on SE sidet/

Veronica.

Glaciers near the Urubamba valley.

Glacier terminus between
Cuzco and Uiticos.

"Grosvenor" Glacier terminus,
Salcantay.

Sumit of Veronice, serial view.

Salcantay.
Salcantay.
Incachiriascca Glacier, Salcantay.
Incachiriascca Glacier, Salcantay.

Glacier terminus between Sorsy and
Salcantay.
Salcantay.

Salcantay.
Soray (Umantay).
Unnamed mountsin K2 of Salcantey.

Salcantay, sumit, and aerial view
from NE.
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Ghiglicne (1953b) -

2 Fig. Sk. Scray (Umantay).
Figs. 55 and 57. Salcantay.,
2 Michael (1953)
55 Pp. 33, 34, and 38. Salcantay.
E Oberlin and Matthews (1953)
E 4 P, 390 Salcantay, aerial view.
Pidrre (1953)
g Pp. 49 and 50. Panorama of the cordillers, aerial
E 3 view.
E . — (x954)
b g § Fp. 310 and 3il. Salcantay.
= | Matthews (1957)
B 3 Pp. 67 and 68. Pumasillo group.
o Longland (1958)
Pp. 14 and 15. Pumasillo.
] Clark (1959)
‘- Pp. 69, 77, 112, 160,
i 176, and 177. Pumasillo group.
L 4 Schatz (1961)
T Pls. 48-50. Pumasillo, aerial view, 1957.
3 Naylor (1963)
3 Pp. 12 and 13. Pumasillo group.
¥ Bearfield (196%)
E 3 Figs. 13-18 Upper parts of Mitre, Sacsarayoc,
g Pumasillo, and Lasonayoc,
] S CORDILLERA VILCANOTA
3 Ghiglione (1953%a)
¥4 Pls. W7-49. Ausangate.
; Pls. 50 and S1. Unnamed 6000-m peak between Ausangate
and Cayangate.
Pi. 52 Cayangate III, NE face,
(1953b)
Figs. 8 and 9. Ausangete group.
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Pigs. 10 and 14,

Figs. 12, 17, 19,
and 2k,

Fig. U43.

Rebitsch (1953)
P. 80,

Mirz and others (1956)
Pp. 8, 11, 13, 1L,
22, 23, and 2k,
P. ho.
Pp. 6k, 65, 67,

and 68.

Ausangate.

Glaciers on the S, SW sides of
Ausengate.

Cordillera Vilcanota

Ausangate,

Ausangate.
Colque Cruz.

Cayangate IIX, IV, I, and IV.

Jewell (1957) [ﬁot seen; reference from Francis,

1959, p. 1407

Hauser (19597)
Pl, 24,

Pl, 25,
Jervis (1959)

030

Hauser (1961)

Po 97.

Mendez (1962)
Pp. 17 and 18,

Weaver {1964)
Pp. 256 and 257.

NUDO DE APOLOBAMBA

"Revado de Quenamari" icefield.

Cayangate I-IV, showing glacier
termini.
Jatunhuma,

Ausangate and the renge to the KE,
aerial views, 1952,

Caracol, S side, showing glacier
termini,

Ceyangate, showing glacier termini.
Budo de Ayacachi.

Cunurana.

Royal Geographical Society (1918) /Photos teken in 1912.7
Palomani Grande.

Palomani peaks.

Sen Francisco Glacier terminus.
Calijb6n.

. 700
Po Tlo
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P. 82,
P. 83.
P. 86.

Oppenheim and Spann (1946)
P. 41, photo 1.
P. 47, photo k.

Pp. 49-50, photos 5-11.

Heim (1948)
Photos 81, 83, and 85.
Photo 82.
Photo 8k,

Ananea.
East end of Ananea group.
Glacier near Paso de Sina.

San Francisco Glacier, panorama.

San Francisco Glacier front.

San Francisco Glacier, details of
front and of uncovered mine
workings.

San Francisco Glacier,
Anane.., near summit.
Calijim.

Note: According to Pan American Unuii.. {1964), aerizl photographs of
most of ‘the country have been taken since 1953. The majority of
these photos are held by either the Instituto Geografico Militar
or the Servicio Aerofotografico Nacional, both in Lima.
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Journal, Swiss Foundation for Alpine Research (1961) Vol. 3, No. 10.
Accompenying map. Sud Peru: Carta Orografice Elaborata
Secondo le Indicaezioni di Piero Ghiglione,
1:1.,000, 000,

Cordillera Rlanca

Kinzl (1942)
Accompanying map. Cordillera Blanca y el Callején de Husilés
(Peru), 1:100,000. /Shows the N half of
the cordillera_.7

(1949)
Accampanying map. Cordillera Blanca (Perfi), Sidteil, 1:100,000.
/Shows the 5 balf of the cordillera,/

(1950)
Accompanying map. Cordillera Blanca (Perii), 1:200,000, /[Based
on 1932, 1936, and 1939 swrveys./

and Schneider (1950)
Accompanying map. /Same as Kinzl, 1950, accompanying mapj

Swiss Foundation for Alpine Research, Zurich. Anden von Peru,
Cordillera Blanca und Huayhuash, 1952, 1:300,000.

Cordillere Huayhuash

Kinzl, Schneider, and Ebster (1942)

Accompanying map. Cordillera de Huayhuash (Peri 1:50,000.
Topographic map.

Kinzl (1955b)
Accompanying map. [Same as Kinzl, Schneider, and Ebster, 1942,

accompanying map./

Huagaruncho Area

Jenks (1941)
P. 163. Map of the Hua
Elzas'o,ooo':7.
Westamacott (19597)
P. 67. Huagaruncho Massif (Peru) /1:120,000/
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-3 Cordillera Raura .

Miller (1929)
i, 1. Topographical Survey of the Sources .
of the Marafon and Mantaro Rivers
(Central Perv, 1:200,000. /[Shows
part of the Raura Cordillera and
§. 8 narrow strip of country to the

g P. 158. Map Showing the Yerupsjd, Raura and
E Gaico Ranges /1:500,000/.

E 4 P. 163. Mep of the Husgaruncho Massif
- 3 - 51:360;dd$%3

§ a Kinzl (1555b)

3 Accompanying map. Cordillera de Huayhuash (Perd),

1:50,000. /Shows pert of the
plateau glacier E of Laguna Vi‘conga_.7

"Andes Centrales"

Heim (1947) [Not seen: reference fram Heim, 1948, p. 93./
3 Accompenying map. ﬁopographic and geologlic sketch ma
of the Tuyujuto area, 1:250,000,

Sierra de Huaytapayana

E ] Harrison (1947)

A Accompanying map. The Fastern Andes of Central Peru,
SR 1945 /1:%00,000/.

“ "3 , Dunn (1955)

B 8 P. 40. The Lasontai Area, Province of Junin,

Peru /1:100,000/.

. Cordillera Occidentsl de la Costa

3 Servicio Geogrdfico del Ejército, Lima. Carta Nacional, 1:200,000.
- [After 1945 the Servicio Geogrifico del Ej€rcito became the Instituto
3 Geogréfico Militar./
1lhef Andshuaylas, 1943. 16-g Chivey, 19k2.

3 14-g Abancay, 1946. 16-1 Lampa, 1928.
E . Y 14-h Cotabambas, 1943. 17-e Areguipa, 1940,
3 15~f Alca, 1947. 17-g Ichufia, 1930. .
3 15-g Sto. Tomas, 1945, 18-d Candarave, 1938.
16-f Viracc, 1947. 19-c Pachie, 1933.
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Cordillers Vilcabamba

13¢
i3h

e 331

Oppenheim and Spann (1946)
P. 57.

Po 63.

Clark (1959)
P. 47,

P. .
Fantin (1959)

P. 213.

Hearfield (1964)

Cordillers Vilcanota

S.D=-19

143

Haueor (19597)

Jervis (1959)
P. ho.

) U. S. Air Porce, St. Louis,

Operational Ravigation Chart, 1:1,000,000,

Lake Titicaca, 1963.

Instituto Geogrffico Militar, Lima, Carts Nacional, 1:200,000,

Curahuasi, 1946,
Anta, 19%0
Cusco, 1943 [shows S edge of range/.

Situacidn de los Nevados Salcagtay
Yy Umantay, ca. 1:20,000.

Situacion del Nevado Paccopempa
y Leguna Ampatuni, ca. 1:20,000.

Vilcabamba /1:500,000-~scale given
on map is wr .

The Pumasillo Massif (Lat 13°10'S.
Long 12 52'W.) J1:200,000/.

Cordigliers. di Vilcabamba ovvero
dell 'Urubamba "Gruppo Est’
/1:300,000/. /Sketch map showing
glaciers of the E group.

Pumasillo G of the .Co
Vilcabamba 31:150,0007.

American Geographical Society, New York. Hispanic America, 1:1,000,000,

Puno~R{o Beni, 1927,

Servicio Geografico del Ejército, Lima. Carta Bacional, 1:200,000.

Sicvani, 1943,

Cordillere Vilcanota, /ca. 1:500,000/.

Cordillera Vilcanota Sketch Map
[1:90,000/.




U. S. Air Force, St. Louls. Operational Navigation Chart, 1:1,000,000. -
ONC 1136 Lake Titicaca, 1963.

Glaciers Between the Cordillers Vilcanota .

and the Nudo de Apolobamba

——n i

American Geographical Society, New York. Hispanic America, 1:1,000,000.
S5.D-19 Puno~Rio Beni, 1927.

Francis (1955)
p, 287. The Allinccapac Group /1:100,000/.

Mendez (1962)
Pp. 11-12. Nudo Ayacachi. [Large-ccale sketch
map, scale unknown.

Nudo de Apolobamba

Royal Geographical Society (1918)
Accompanying map. The Peru~Boliviac Frontier, Sheet 1:
Rio Suches to Rfo Heath, 1:250,000
/topographic map/.

Servicio Geogréficb del E:lército, Lima. Carta Nacional, 1:200,0C0, ”
15«1 Cojata, 1932,

U. S. Air Force, St. Lowis. Operational Navigation Chart, 1:1,000,000,
ONC 1136 Lake Titicaca, 1903.
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GLACIERS OF BOLIVIA
AND OF CHILE NORTH OF LATITUDE 23°S

In Bolivia and contiguous parts of Chile the Andes are at their
widest. The Cordillera Oriental overlocks the Amazon basin and the
Cordillera Occidental extends along the Chile-Bolivia border. The high,
barren Bolivian Altiplano, averaging about 3700 m sbove sea level, lies
between. The firn limit rises from abcut 4900 m in the Nudo de Apolobamba
to 5300 m in the Cordillers Real, probably because of a southward decresse
in precipitation.

The Cordillera Occidental consists of isolated volcanic cones. The
humid winds from the Amazon basin do not reach these peaks, with the
exception of the highest, Nevado SeJjama (6520 m), which has true glaciers.
On other peaks the climate is go dry that they have only inactive ice
bodies or permanent snow beds, although seversl exceed 6000 m, where the
air temperature rarely if ever rises above freezing.

The best available maps of different parts of the area vary greatly
in age and quality. There is little consistency in the usage of the
generic names "Nevado," "Pico,” "Cerro," "Monte," or even "Volcan." The
names used here are taken from the most recent sources; because large-
scale maps give no generic names for the peaks in the Nudo de Apolobemba
and the Cordillera Real, none are used here either in those ranges.

Not many scientific observations have been made on the glaciers.
Excellent cartographic work was done on par$ of the Cordillera Real by
the 1928 Alpenverein expedition, and in the Nudo de Apolobamba some
measurements of flow rates and surveys of tongues have been made by
climbing parties in recent years. A glaciologicsl progrem was planned
for the International Geophysical Year in the Cordillera Real.

Nudo de Apolobemba

The Bolivian section of the Nudo de Apolobamba extends for sbout
50 km in a socutheasteily direction and is sepereted into three ice-
covered groups by ice~free passes. Parts of the northern group were tied
in with the survey of the Peru~-Bolivia Boundary Commission of 1911-13
and same photographs were taken. Most of the range, however, remained
little known until Italian, German, and British climbing expeditions went
there in the late 1950's.

The British party worked in the northern group. The snouts of fifty-

one glaciers were surveyed, and measurements mede of flow rates. Both
retreating and advancing glaciers were found: "The fronts of many
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glaclers were reaching past old terminel moraines and covering plants .
which were at least ten years old." (Melbourne, 1960a, p. 456). Snow

conditions were epparently similar to those in the Peruvian Andes: huge

overhanging cornices on the ridges and sumits and “exasperatingly deep, .
soft snow on south-facing slopes" (Melbourne, 1960a, p. 457; see also

Melbourne, 1960b, p. 177; Bratt, 1960, p. 39). On north-facing slopes a

man could walk with crampons on the ice crust in the morning and sink up

to his knees in soft snow in the afternoon. Most mornings were clear

but nearly every afternoon clouds moved in from the Amazon lowland to the

north {Melbourne, 1960b, p. 178). The "Azucarani" Glacier was found to

have stepped crevasses every 50 m or'so, with ice cliffs 6 m to 10 m

high. The ice cover in general was very heavy (Melbourne, 1960e, p. 456).

The Germen party climbed in all parts of the range, which they have
deseribed as rugged with many large glaciers. On climbing the mountains
they were struck by the abrupt transition fram ice-free ground to complete i
ice cover. Huge icefalls were encountered, and the summit areas of :
Cololo (5915 m) and Chupi Orco (6040 m) were covered with knee-deep powder

snow (Karl, 1958, pp. 100-102). The snowline lay between 4800 m and 3
5000 m.

Between the Nudo de Apolobamba and the Cordillera Real, Retamoso =J
(1931, p. 204) reported glaciers on the Cordillera Huallpani and the

Cordillera Callinzani; these ranges appear to be north of Ancoraimes on
Lago Titicaca.

o

odikitiwd

Cordillera Real

i Ao,

The Cordillera Real falls conveniently into two sections: northwest
and southeast of the railwvay to la Paz. According to Nelson (1964, p. 217)
the only available map is largely imaccurate Eresmably Troll, 1931, and
Echerarrfa, 1959/. On the Americen Geogrephical Society 1:1,000,000 map
(Shext 'S.E-19, 1922) the Cordillera Real is shown as including the )
Cordiliera Quimsa Cruz and the Cordillera Santa Vera Cruz, but in general ;
usage today it is considered to extend only to the Rio de la Paz. The 1

firn limit is at 5300 m to 5400 m on the west, and higher on the eest
(Ahlfeld and Branisa, 1960, p. 153).

The northern section extends from near 15°50'S to 16°20'S and includes
the following peaks: Illampu (6362 m), Ancohuma (6388 m), Casiri (5828 m),
Chaeroco (6127 m), Chachacomani (6074 m), Condoriri (5656, m), Caca Aca or
Huainapotosi (6094 m), and Chacaltaya (5380 m). According to Conway
(1899b, p. 18) snow cover is almost uninterrupted throughout, though one
and perhaps two passes are free in summer. About 15 km to the north of '

this group is an isolated ice-covered peak near the village of Yani .
(Retamoso, 1931, p. 20k4),
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In 1900 Conway nearly reached the summit of Ancohuma vis the
"Haukafia" Glacier [Glacier No. 1 of the Troll and Finsterwalder map,
19327. This glacler descended in five icefalls and an abandoned gold
mine lay neer the snout. Conway remarked on the "curiously dry, stony
appearance of the ice,” which he believed was caused by the rapidity of
evaporation. He also noted that despite the overhanging serecs and the
"incredibly steep ice slopes there was . . . no sign or sound of movement;,
such as the glaciers of the Alps are aiways emitting. In all the days”
we spent among the great ice-falls of Mount Sorate /Illampu-Ancohume
massif/ I never saw or heard the fall of the least fragment of ice."
(Conwey, 1901, pp. 181 and 184). He noted enormous crevasses on the
upper glacier, but a snow bridge 3 m to 6 m below the edge was always
present (Conway, 1901, p. 189). Waist-deep snow was encountered on the
final peak and "No amount of treading would make the snow bind. I%
poured over the feet and about the legs like sand. How it meintained
its position at all on the steep incline was & mystery" (Conway, 1 ,
pp. 232-233).

Dienst (1927, p, 103) mentioned that above 5400 m on Ancohuma the
surface changed from compact snow to deep powder snow. His party was
glad to find an avalanche field where they could jump from one ice block
to another. On Caca-Aca he found a field of low ice pinnecles; higher
up the snow was almoast impassably soft except where it lay in shadow
(Dienst, 1927, p. 100).

\
1 The Illampu-Ancohuma-Casiri aree was studied and surveyed by the
| 1928 Deutsche und Jsterreichischen Alpenvereins expedition, and a topo-
| graphical map on a scale 1:50,000 was made on which the sltitudes of most
of the ice tongues were shown. End moraines lay close to the glacier
3 tongues and older ones much farther away; for exsmple, two moraines lay
. within 300 m of the margin of the glacier flowing southwest fram

Humehallanta and others were 5 km to 6 km distent (Troll and Finsterwalder
1935, p. 397). HSrtnagl (1930), who climbed Illampu and Casiri, referred
repeatedly to the deep powder snow at higher elevations.

East of Casiri the Negruni and Chkeroco valleys and their glaciers
were surveyed by a British party in 1962 and sn outline map on a scale
of about 1:35,000 was made. Considereble shrinkage was observed on all
the main glaciers, and at the head of the Chaeroco valley was a "vast
and impressive moreine" well in advance of the glacier (Hunter, 1963,
Pe 222). .

E The ice tongues in the Checaitaya area are mostly rather small,
. according to Hauthal {1911, p. 101) » but he found one extensive, nearly
E A flat firn field with a maximm elevation of 5000 m. Chacaltaya Glacier,
. 30 lon from La Paz and near the road, was selected for studies during the
R International Geophysical Year., Ice recession, erosion, and tremsport
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of material were to be studied (Escobar, 1956, p. 6). The results of -
these observatiocns are not known to the author.

The southern section of the Cordillera Real, between the railway and -
the Rio de la Paz, consists of widely-separated ice-covered summits, among
them, Huaillara, Chicani, Taquesa, Mururata (5781 m) and Illimeni (645T n).
Iittle information is svallable about any except Illimani. In 1827
Pentland (1835, p. 85) found the lowest snow patch in late December at
5140 m. The lowest glaciers, or snow in ravines, reached 5980 m. These
z.'éz;tudes can be compared with that given for the "Lake of Illimani,"
m.

Conway (1899b, p. 23) found signs of prehistoric habitation and
agriculture or. I1limani mich higher then existing villages, and one ruined
village was r.t the very edge of e small glacier., This may perhaps be
evidence for a previous warmer period in the area. In his ascent of
I11imanl. ‘Conway (1899a, p. 513) noted the huge cornices and a summit
snow plateau on which the snow was "hard as a boarg."

In 1908 the glaciers on the west side terminated at 4800 m; on the
eastern side the precipitation was heavier and they reached lower. The
ice margin had receded a considerable distance from large end moraiues,
and recession was continuing (Hauthal, 1911, p. 115).

According to Ertl {19532, p. 156) the weather on Illimeni is best
from April through June; in July and August the cold is Iintense, in
September and October sudden snowstorms are likely, and in November through -
March is the rainy season. In May he encountered powder snow a meter deep
and overhanging cornices on alternating sides of the ridge (Ertl, 1953,
p. 153). Dienst (1927, p. 96) noted meter-high ice pinnacles on Illimani
and a variety of surfaces including glare ice, soft snow, and hard crusted
snow alternating with soft snow.

Cordillera Quimsa Cruz and
Cordillera Santa Vera Cruz

Southeast of the Rfo de la Paz are the Cordillera Quimsa Cruz and
the Cordillera Santa Vera Cruz. The Cordillera Quimsa Cruz has umbroken
ice cover for about 30 km. From north to south the peaks are: Cerro
Imaculado (ca. 5600 m), Nevado Atorama (ca. 5700 m), Cerro Cigante (ca.
5800 m), Jachacunucollo (ca. 5950 m), Cerro San Juan, and Monte Blanco.
Cerro Yunque lies to the north of the main range and seversl ice-covered
peaks lie to the east of the range.

The ice cover is most extensive at the southern end of the range, -

and only in the southeast do txrue valley glaciers exist. In 1910 the
glaciers were in rapid retreat and freshly abandoned end moraines were

70

e r— = = e - T M o e < o s ot i e 0 . -
’




present everywhere. On the western side the glaciers extended to about
4800 m and the firn 1imit was at about 5300 m (Herzog, 1913a, p. 19%).

Despite the lower precipitation on the western side of the range,
the snowline and the lower limit of the glaciers lie at about the same
altitude on both sides, according to Ahlfeld (1932, p. 80). Onm Atorama
he encountered ice pinnacles a meter high, which he was told appeared
only during the winter months. He crossed the range between Gigante and
Jachacunucellio, and described the firn field as completely flat and almost
crevasse~-free, and the glacier tongues as very steep and brcken. He noted
meny signs of glacier retreat (Ahlfeld, 1932, p. 83.

The Cordillera Sante Vera Cruz is 20 Jm long, and reaches about
5600 m in "Fortuna" Peak. It carries the southernmost glaciers in the
eastern cordillera of Bolivia, mostly on the south and west sides (Prem,
1945, p. 322). In published photographs smsll, hanging glaciers can be
seen, but Prem (1945, p. 323) mentions a larger one over which he trav-
eled and which was receding.

Cordillera Occidental

The Chile-Bolivia border runs along the Cordillera Occidental.. The
firn 1imit is extremely high, at least 6000 m, and of the several peaks
exceeding this altitude only Sajame is known to carry true glaciers.

At the end of summer (March) 1827, Pentland (1835, p. 73) observed
several snow-capped pesks in the vicinity of Tacora village. On "Chipicani"
/[above the village to the northeast/, he estimated the snowline to average
5170 m, 119 m higher or the north face than on the south face (p. 85).

This, however, is rot consistent with his figure for the height of the
mountain, 5181 m, and both figures appear too low. On & recent msp of
the Institutc Geogréfico M{litar de Chile /Sheet 1770, General s/,
the village of El Tacora lies between Nevado Chupiquina (5787 m , Which
1s probsbly Pentland's "Chipicani,” and Volec@y Tacora (5988 m), where the
snowline is sbove the summit (Kessler, 1963, p. 168).

Southeast of Volc&n Tacora and about 18°10'S, 69°10'W, are the twin
peaks of the Nevedos de Payacheta: Pomarspe (6240 m) and Parinacota
(6330 m), through which the international houndary runs. According to
Prem (1931, p. 234), Fayachata Chico [Pomarape/ carries permanent snow
but no glaciers. However, a photograph by the same author (Prem, 1940,
P+ 32) of "Northexn Payachata" shows a conical mountain with vhat appear
to be o sumit glacier and thin glaciers on its flenks. Payachata Grande
[Parinacota/ appesrs snow-free on the eastern side when seen from & dis-
tance, but in fact carries ice beneath a covering of ash and sand (Prem,
1931, p. 234). The photographs by Gerstmann were unfortunately taken
when the two mountains were heavily snow-covered. According to Ahlfeld
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and Branisa (1960, p. 153) the mountains carry permanent snow Gown to

About 25 lm to the east is Sajama (6520 m), the highest mountain

in Bolivia. It has an ice-covered summit, and what Prem (1931, p. 226)
described as "true valley glaciers" on its flanks. Vincurata Glacier
on the west side ended at 5500 m, and Huchushuailla Glacier on the south-
east resched 4750 m, probebly because it was protected by debris. Accord-
ing to Ahlfeld and Branisa (1960, p. 153), however, no glacier reached
T below 5400 m. At the beginning of October, 1939, Prem reached the summit
g 3 % in a "furious west wind." On the way up he encountered nieve penitente

X and ice buried under seree. The summit was a plateau, probably an ice-
filled crater, and the surface wis covered with sastrugl (Prem, 1945, pp.
330-331). Ertl (1953%7, pr. 168 and 169), who also reached the summit,
. recorded a temperature of -26°C at about 5750 m in mid-July. Parts of
the steep ice slope round the "immense" summit plateau were covered with
R ¥ meter-high ice pinnacles.

{ South of the Payachatas, Pentland (1835, p. 72) noted a very regular
‘ volcanic cone called Gualatieri, whose summit reached about 1500 m above
the March snowline. This must have been Volcén Guallatiri (6060 m),
T situated at 18°25'S, 69°10'W, 5 km within Chile, which Ogilvie (1922,
g p. 96) claimed carried permanent snow. Immediately east of Volckn
"3 Guallatiri and on the irternational border are the Nevados de Quimsachata:
; Cerro Acotang> (6050 m) and Cerro Capusata (5990 m).

. NI
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Further south the snowline reaches its maximum elevation in the
£ 3 vicinity of Cerro Auncanquilcha (6180 m; 21°15'S, 68°30'W) which carries
e no permenent snow (Ahlfeld and Branisa, 1960, p. 153). Only a short dis-

3 tance to the south the lower summits of Volcén Uturunco (5900 m; 22°15'S,
k" 67°12'W) and Cerro Lip€z (5850 m; 21°50'S, 66°50'W) have some permenent
2 snov (Ahlfeld and Branisa, 1960). Volcan Licancdbur (5921 m) on the inter-
E 3 , national border in the extreme south of Bolivia had virtually no saow on
E 22 November 1953 (Rudolph, 1955, p. 164).
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Photographic Sources .
. Nudo de Apolobamba
¥ .4 )
o Royal Geographical Society (1918)
5 - 3 P, 91. Glaciers in Pelechuco Pass, 1911.
- P. 187. Pelomani Grande from Sina Pass, 1911.
Karl (1958) Chaupi Orco, sumit area.
. Pl. 12,
E Bratt (1960)
-3 Pls. 30 and 3%. Azucarsni, summit area.
S Pls. 31 and 32, Soral Este group.
E S Pl. 33. Matchu Sochi Conchi, S side.
: Melbourne (1960b)
S P. 180. Soral Oeste, summit; "Azucarani"
E Glacler; Soral Este.

Cordiliera Real

Comway (1899b) [Photos taken in 1898.7

P. 19. Illampu and Ancohums, W side.
- P. 21. Caca Ace, distant.
E P, 25. I1limeni, ]
Pp. 2T and 29. Il1limeni, summit area.
{(1901) /Photos teken in 1898 and 1900.7
P. 132. Glacier on Illimani.
P. 134, I1limani, summit area.
Pp. 138 and 148. I1limani.
. P, 164, "Huakana" Glacier.
: ' Po 1860 "Em" Peak'
g P. 23k, Ancohuma, sumit area.
¥ - 3 Hauthal (1911) /Photos taken in 1908.7
L § P1. Lo. I11imeni, W side.
E Pls, 47 and 48. Glaciers above Palca, in the Zora
:’ V&lle'y.
4 Pls. 51-53. I11imeni, W side.
Pi, 55. INlimani, sumnit area.
g 1 Pl. 62. Glaciers near Checaltaya.
b . § Pl. 6k, Caca Aca, SW side,
k. ; Pl. 65. Caca Aca, NW side /excellent glacier .
3 f‘ temingo
b s Pl. 66 Caca Aca, sumit area.
T |
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Dienst (1927)

P. 97.
P. %l

Gerstmann (1928)
Pls. 22, 81, and 116.
P1l. 3.
Pl. 33.

Pfann (1929)
P. 10.

Pp. 22 gnd 34.

Troll (1929a)
Figs. 36 and 37.
Figs. 38 and 42.
Fig. 39.

Fig. 43.

(1929p)
P. 39.
P. k4o,

Hortnagl (1930)
Pp. 35, 328, and 336.
Po 3290
Pp. 336-33T.

Troll aud Finsterwalder (1935)
Pl. 24, Fig. 1.
Fig. 2.
Fig. 3.

Pizzotti (1936)
Pp. 130-133.

de la Motte (1940)
P. 250.
P, 251.

Caca Aca.
Illampu, summit; ice fall on
Ancohuma .

IDlimandi,
Chacaltaya.
Caca Acae Eﬁminapotosg .

Chaeroco to Chachacomani, panorama;
Ancohuma massif glacier
termint/.

Calzada.

San Francisco valley.

Illampu.

Illampu, summit area.

Ancohuma.

Casiri-Calzada group, panorana
from NE.

Glaciers at head of the San Francisco
valley.

I1lampu; Caca Aca.
Casirl group.

I1lampu.

Ancohuma,
Caca Aca; unnamed peaks NW of
Illampu and NE of Casiri.

Ancohuma massif.
Ilampu massif, W side.
Ancohuma-Illarpu Massif, E side,

Caca Aca [Huainapotosi/.

Illimeni, W side,
Tilimani, summit.
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Kiihm (19%1)
Pp. 157, 159, and 160.

Phillips (1943)
P1. 8.
Pl. 1h.

Ertl (1953%)
Pls. 38 and 39.
Pl. k.

Hunter (1963)
Fig. 19.
Fig. 20.

Condoriri.

INlimani, distant.
Murursts and Illimani.

I1limani.
Condoriri.

Negruni range, from Chaeroco.
Chaeroco,

Cordillera Quimsa Cruz and Cordillera Santa Vera Cruz

Hoek (1905)
P, 172.
P. 181}.

Herzog (1913a)
Pl. 31.

Pl. 32, Fig. 2.
Fig. 3.

(1913v)
Fig. 80.
Figs. 85 and 86.
P. 21{'00
P. 256.

Cordillersa Santae Vera Cruz.
Small glaciers in the Viloco valley,
Cordillera Quimsa Cruz.

Several penoramas of the Cordillera
Quimsa Cruz /drawings/.

Monte Blanco group, summit area.

Jachacunucollo, W side.

Glaciers In the Pajonal valley.
Jachacunucollo /good glacier termini/.
Imaculado, swmnit area.

Cernaval [good glacier terminif.

Berry (1923) /Photographs probably from 1919./

Pc 76.
P. 79.

Gerstmann (1928)
Pl. 190
Pls. 29 and 65.
Pl. 68.
P1. 82,
Pl. 133.
Pl. 136.

Pl. 149.

Cordillera Santa Vera Cruz, small

Zlaciers.,
Jachacunucollo, from ChojRacota.

Atorama.

Glaciers in the Araca valley.

Yungue.

Chojlacota, sumeit area.

Jachacunucello, summit area.

Gigante, glacier terminus in the
Larsmcota valley on SW side.

Monte Blsnco.
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:" P, 82, Gigante, glacier terminus in the
4 . laramcota valley.
E P. 91. Scn Juan and glacier terminus in
- ) the laramcota valley.
' Prem (19%0)
P. 3. Atorama.
o (29U5)
P. 330. Husynacunucollo.
P, 331, Cordillera Quimsa Cruz.
Cordillera Occidental
Gerstmann (1928)
| Pls. 69, 70, 19, 106,
and 11k, Nevados de Payachata.
- Pls. 72 and 119. Sajame.
3 , Prem (1940)
A P. 3. "Northern Payachata,"” 1928.
P. 33. Nieve penitente on "Northern
. Payachata.
(1945)
. P, 32k, Sejama, two distant views, one in
1927.
1 P. 328. Sejama, E side.
E. - S P, 329- Sa,jmo
: P. 330. Nieve penitente on Sejama.
‘ & 2
- Rl Ert (19537)
| E | P1. Lk, Sajame /N cide?/, 1950.
E |
| Ahlfeld and Branisa (1960)
; P. 193. Sejama, serial view of summit,

Note: In Bolivia, according to Pan American Union (1964), aerial photo-
graphs of the Nudo de Apolobamba, Cordillera Real, and parts of the
Cordillera Occidental were taken by the U. S. Army Air Force in
1942-4) and are now held by the U, S. Air Force. Since 1954 further
aerial surveys have covered some mountain ranges; these photographs
are held by the Instituto Geografico Militar in Ia Puz. ‘

In Chile (Pan American Union, 1964), much of the country north of

43°S has been photographed from the air since 1955; most of these
photographs are held by the Instituto Geogréfico Militar in Sant:iego.
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1:1,000,000.
SOE-19
S.F-l9

1:250,000,
1770

. 1869
1969
2169

2268

Nudo de Apolobamba

! Accompanying map.

Karl (1958)
P. 105.

Melbourne (1960a)
P. Ls8.

U. S. Air Force, St. Louis.
1.:1,000;000.
ONC 1136.

Cordillera Real

Troll (1931)
Accompanying map.

o e i A

Royal Geographical Society (1918)

Map Sources

Armerican Geographical Society, New York. Hispanic Americs,

la Psz, 1922.
Iguique, 1927 (revised 19%3).

Instituto Geografico Militar, Sautiago. Carta Preliminar,

General lages, 1954
Rfo Lauca, 195k.
Comifia Pachica, 1954.
Oyahue, 1954,
Sapaleri, 195k,

The Peru-Bolivia Frontier, Sheet 1:
Rfo Suches to Rfo Heath, 1:250,000
[topographic map/.

Kordillere von Apolobamba /1:500,000/.

Nudo de Apolobamba, 1:100,000.
[Topographic map of the K part;
published by the Royal Geographical
Society, London,/

Operational Navigation Chart,

Leke Titicacs, 1963.

Die Cordillera Real: Nordlicher
Teil, 1:150,000. /Topographic map
surveyed and drafted by C. Troll
and E. Hein of the Deutschen und
Oesterreichischen Alpenverein

Expedition, 1928,/
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graphic map of the Illampu-Ancohume.-
Casiri group surveyed in 1928, show-
ing elevations of most glacier

.- termini; published by Justus Perthes
R Gotha.

Echevarrfa (1959)
P. k6. Cordillera Real, Bolivian Andes,
Based on works by the D. und 0. A- V.,
1925 Expe(ition with a Few Correc-
tions and Additions by E. Bchevarria

1958, 1:150,000 /scale has been
reduced, in fact, to ca. 1:300,000/,

Hunter (1963)
P. 220. Le Cordillers Real Ea. 1:35,000;

2
g E of Chaeroco, near 16°0'S, 68°20'W/
Cordillera Quimsa Cruz
Anlfeld (1932)
P. 83. Karte der Cordillera Quimsa Cruz.
. 1:350,000/
Prem (1945)
- P. 35. Sketch of Quimsa Cruz Range /T:400,000-- 1
j} . bar scale length should be 10 km, not 7
- k0 km; a close copy of Ahlfeld, 1932, 4
p. 83, but with some changed place
. names/ .
-
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. QIACIERS OF CHILE AMD ARGENTINA BETWEEN
o IATTIUDE 23°8 AND LATIIUDE 33°S

Between 23°S and about 30°S 1z a zone of extreme aridity where ice
bodies exist under peculiar conditions, confined to peaks over 6000 m in
elevation (Lliboutry, 1956, p. 305). Many but not all lie in shallow
“eirques" or nivation hollows, and few have any crevasses or other signs
of movement. They are formed from snow by refreezing and have no equi-
1librium line: the wvhole ice body has either & positive or negative bulget,
depending upon the year (Lliboutry snd others, 1958, pp. 298-299). Pinna-
cles of ice or snow are almost universsl (Lliboutry, and cthers, 1958,

p. 296; Troll, 1942, pp. 47, 48, 62, and 63).

Between 23°S and 25°S the following peaks exceed 6000 m:

Pesk Altitude, latitude S Iomtude W
Nevado de Chafii ca. 6200 24°05¢ €5°L5?
T3 Cerro Pular 6225 24°157 68°05°¢
. Volcén Socompa 6050 2423 68%15!
Nevado de Acsy 6340 24251 66°10!
o Volchn Llulleillaco 6723 24438 68°33¢*
g . Nudos de Cachi 6550 24°50¢ 66°30!

The first peaks and also the last two, rise above the snowline; the other
three also mey because of their altitude, but the author has obtained no
information.

The snowline on the Nevado de Cha®i was 5800 m to 5900 m in 1901
eccoxding to Schmieder (1923, p. 142). A photograph of the summit in
1947 shows only a few snowbeds (Luscher, 1948, p. 111). In 1952 an expanse
of smooth ice, probably permanent, was found between 5600 m and 6500 m on
the west side of Llullaillaco; the absence of ice pinnacles was exceptional G
for this area (Lliboutry, 1956 p. 305; Lliboutry and others, 1958, p. 296). 1
The Hudos de Cachli just reach the snowline and have a large permanent
snowfield near the highest point (Boucher, 1949, p. 101). ’

Between 25°S and 27°S the following peaks exceed 6000 m:

3 canatt b Wra s advdaty

i Peak - Altitude, m Latitude S Longitude W ;
- Sierrs Kevada de
} B Lagunas Bravas 6400 26°30° 68°37"
N VolcSn Antofalls 6440 25°35" 67°55* §
k. Cerro Ermita® 6187 26°L6! 68°37? ;
Cerro Pefia Blanca 6020 26°49" 68°40" a
Nevedo de
San Francisco 6020 26551 - 68°18¢
85
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- gﬁt separate ice bodies were recently found at about 5500 m on Cerro .
Blanca (Lliboutry and others, 1958, p. 297). No information has
S been obtained about the other pesks.

o Between 27°S and 29°5 the following peaks exceed 6000 m:

R Pesk Altitude, m latitude S Longitude W
2 Navado de Incaquasi 6610 27°03! 68°18°
N Nevado El Fraile 6060 27°04! 68%23!
Nevado E1 Muerto 6470 27°04! 68%29¢
3 Nevado Ojos del
Cy Salado €380 27°06° 68°33!
Nevados de
Tres Cruces 6330 27°05¢ 68°L8¢
Cerre Solo 6190 27°05¢ 68°43?
upnemed pesk 6660 27°10° 68°40°
| unnamed peak 6493 27°12!¢ 68°L40!
| Cerro de o
£ Nacimiento 6493 arar 68°33¢
I Cerro de
. los Patos 6250 27°1T7 68°50°¢
Cerrc Azufre or
Copiapo 6080 27°18¢ 69°08"
E Cerro Pissis 6780 27°ks? 68°50"
g . D Cerro Bonete 6410 27°58!¢ 68°40*
A Sierra de Famatina or . ,
Sierra de Sangasta 6250 29°00" 67°50! :

;4 El Fraile has a permanent snow patch on the northwest side just be-

E neath the sunmit, and E1 Muerto has two small "glaciers" on the south

B . 3 side almost completely debris-covered, but with firn pinnacles 5 m to i
T 8 m high in places (Lliboutry and others, 1958, pp. 296 and 298). A

. g - The weather on Ojos del Salado is almost cloudless in winter but

. 3 with constant high winds. Summer is cloudier (Carter, 1957, p. 78). The
crater is full of ice and two glaclers lie on the mountainside, ome below .

k- the other, .the upper one heading in a cirque between 5900 m and 6400 m ’ 4

E ) (Lliboutry, 1956, p. 306). According to Gejardo (1957, p. 89): ~

E The only two real glaciers on the mountain lie on this north- :
E western slope. Both end in tongues that descend to the northwest }
- and northeast . . . The steeper lower glacier probably was once \
an extension of the upper one. The penitentes rose to as much
as six feet above the surface of the glacliers. The snow-covered
crevasses of the lower glacier required care . . .
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Tres Cruces has a large embsyment on its northeast side, in which
five or six ice masses are separated by scree fans. lLarger ice masses
lie on the southern side (Lliboutry, 1956, p. 306). A comparison of
photographs taken from Ojos del Salado in 1937 and 1956 shows no appre-

. ciable changes (Lliboutry and others, 1958, p. 298).

ooy i s
. ot g 1 o

: On Cerro Solo, a patch of snow or ice was seen below the summit in
. 1937 but in 1956 the mountain wes bare. The unvamed summit of 6660 m
P probably has no ice cover (Lliboutry arnd others, 1958).

The Sierra de Anconquija for Aconquija/, reaching 5500 m, is con-
siderably to the east of the main range and receives more precipitation.
, Half a century ago the permanent snowline wes above 5000 m but below the
N sumnits which, however, carried no glaciers (Tapia, 1925, p. 316).

Cerro de Potro (28°25'S, 69°40'W) although only 5830 m in height,
carries what Brackebusch (1892, p. 323) believed to be the most northerly
glacier in the Argentine-Chilean Andes.

The Sierra de Famatina or Sierra de Sangasta (6200 m) apparently
reaches slightly above the snowline but is without glaciers. Permanent
: snow is confined to gullies on a 5800 m peak but Cerro de la Mejicana
. (6200 m) 18 snow-capped, according to Bodenbender (1922, p. 21), vhose
- . estimate of the snowline (5500 m) appears to be too low. Mo information
is available to the author about the other peaks.

g ! South of about 29°S the northern limit of the zone of Mediterrsnean
. ’ climate is reached, where winter cyclones bring considerable precipita-
; - tion; as a result the firn limit falls from the very high levels of the
arid zone to the north (Lliboutry, 1956, p. 306). The following peaks
between 29°S and 31°S may heve permanent snow or ice.

T '1 ] On or near Cerro Dofia Ava, the firn limit in 1929 was about 5000 m
‘ and some glacier tongues reached 4150 m.
bodies near 4800 m remaived (Lliboutry,

. Peak Altitude, m Latitude S Longitude W
L Cerro del Toro 6380 29°08"* 6948
K Cerxros Kevados
2 [north of Paso del
. Chivato 5458 29°25! 70°00"
e Cerro Dofla Ana 5690 29°451 T0%0T!
R Cerro de
3 \ Las T8rtolas 6332 29°56! 69°54 1
: Cerro Oliveres 6252 30°18! 69°55!
|
|

1951161 1956 3821)\y emall, stagnant ice
s D. .
Tértolas has a glacier on its southeast side, starting 3 m below the sum-
b nit and disappearing beneath debris at 5600 m (Lliboutry, 1956).

Cerro de las
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Between 31°S and 33°S the following mountains or mountain ranges :
are known to cerry glaciers:

Peak Altitude, m latitude S Longitude W -

Cordillera de

Totora 5620 31°20°* 70°10!
Cordillera de

Ansilta 5800 31°30" 69°50°

£ Cerro Mercedario 6670 31°59¢ T0°0T?

Cordillera de la

Ramads _ 6410 32°05° 70°02"
Cerro Tambillo [or

Cordillera del

Tigre/ 32°18' 69°39°
Aconcagua group 6960 32°40! TO%02¢

The cordilleras of Totora and Ansilta, Argentina, are sometimes
known as the Cordillera de San Juan (Kiihn, 1927, Figs. 64 and 67).
According to Heinsheimer (1949, p. 103), "the glaciers are small, sit-
uated at great altitudes, exposed to the evaporation and radiation of a
very dry climate, hence very cold; therefore, they supply less water than,
for instance, Alpine or Rocky Mountain glaciers of the same size would
do." Floods occurred nearily every year in the first third of the nine-
teenth century, possibly connected with a glacier maximum. Ice pinnacles
and ice walls between 10 m and 15 m high were found on Derecho Glacier,
i Cordillera de Totora (Heinsheimer, 1952). According to Sabor (1950, -
i Ppe 111) the permanent snowlire is at about 4200 m.

Photographs show that peaks to the north of Cerro Mercedario carry
smll glaciers (Daszynski, 1934, p. 218). On the north side of Mercedario
is a large glacier of low gradient with few crevasses (Daszynski, 193k,

P. 219). A photograph shows the southeast side of Mercedario to be almost
completely ice~covered, with the ice forming a valley glacier at the dase
of the mountain (Daszymski, 1934, p. 217). Nine valley glaciers, some
reaching from 8 km to 10 km in length, flow into the valley heading in
the great semicircle of mountains from Mercedario to the Cordillera de

la Ramada and facing northeast (Daszynski, 1934, p. 220). One of these
may be the glacier that was noted earlier /probably in 1911/, ending at
4000 m on Cerro Mesa (Kithn, 1918, p. 193). The Ramada group has flat-
lying summit glaciers and steep icefalls leading to much more level gla-
cier tongues below (Kihn, 1918, Pls. 8 and 9; 1927, Figs. 68 and: 70).

In the Cordillera del Tigre in Argentina a large glacier lies on

e the noriheast side of Cerro Tambillo, and two firn fields or small gla-

L - ciers lie on the east and south sides (Magnani, 1949, p. 39). The perma- .
f nent snowline in this area is at about 4600 m (Sebor, 1950, p. 111).
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Aconcagua supports several valley glaciers but none reach the size
of the larger Alpine glaciers (Reichert; 1915, p. 142). On the north
and east sides are Giissfeldt, Vacas, and Relinchos glaciers. In 1866 a

, glacier-- probably Vacas Glacier--appears as a steep ice siream that
Just reaches the valley flcor (Fitz Gerald, 1899, photo p. 38). The
northwest face of the mountain itself carries very litile ice (Reichert,
1910, p. 198; Kuhn, 1927, Fig. 63) and much debris falls onto Gussfeldt
Glacier below. The glacier terminus was at about 4000 m in 1905-06
(Reichert, 1910, p. 199). On the south and west sides are Horconss
Inferior and Eorcones Superior glaciers (Jakob, 1940, p. 97). The Horcones
Inferior is formed mainly by avalanching from the many hanging glaciars
og9;he precipitous south face and is largely debris-covered {Fitz Gereld,
1 » Po 223 .

On the south side of Cerro Tolosa, 12 km south of Aconcagua,
Reichert (1910, p. 203) noted a small glacier whose tongue reached to
about 5000 m and which still existed LO years later (Rmmons, 1945, p. 318).

The glaciers were in marked retreat in 1905-06 (Reichert, 1530, p.
203) and more recently Femons (1945, p. 318) reported that they were still
receding. He found a considerasble body of stagnant glacier ice buried
under debris; "it was apparently unconnected with its former source of
supply, the lower Horcones glacier, which has now retreated several miles
to an altitude of about 13,000 f£t. /4000 m/."




e o

References Cited

Axgentine Government, ed. (1900) Argentine-Chilian Boundary Report:
Argentine Evidence. L Vols, William Clowes, London, 1181 pp. plus
plates and maps.

Berge der Welt (1948) Vol. 3, 526 pp.

Bodenbender, G. (1922) El Nevado de Fawatina. Anales del Ministerio
de cultura de la Macibn, Seccidn Geologia, Mineralogisa y
Lﬂ.ner%, 16 (1) 66 pp.

Boucher, F. (1949) Exploracifn del Nevado de Cachi. Revista Geografica
Americana, 32: 9T-104.

Brackebusch, L. (1892) Die Kordillerenpésse zwischen der Argentinischen
Republik und Chile, vom 22.° bis 35.°S.B. Zeitschr. der Gesellschaft

flir Erdkunde zu Berlin, 27: 249-348.
Carter, H. A. (1957) Ojos del Salado. Amer. Alpine Jour., 10 (2):

7&-960

Conway, M. (1902) Aconcagua and Tierra del Fuego. Cassel, London, 252 pp.

Daszynski, S. W. (1934) A Polish Expedition to the High Andes. Geog.
JOu]’.'-, 8!"': 215"&3.

Domicelj, S. (1956) Ascensidn al Ojo del Salado. Revista Geografica
Americana, 40 (240): 258-2€8.

Dorawski, J. K. (1950) Die Polnische Anden-Expedition 193k.

Berge der
Welt, 5: 81-88.

Emmons, A. B. (1945) Aconcagua at First Glance. Amer. Alpine Jour., 5
(3): 313-31.

. (1946) Tolosa. Amer. Alpine Jour., 6 (18):

14-26.

Ferlet, R. (1955) Aconcagua, Face Sud. Alpine Jour., 60: 17-2k.

, and G. Poulet (1956) Aconcagua: South Face. Constable,
Londen, 209 pp.

Fitz Gerald, E. A. (1899) The Highest Andes. Methuen, London, 390 pp.

Gajardo, R. (1957) The Third Ascent of Ojos del Salado. Appendix 2 in:
Carter, H. A.




Heinsheimer, G. J. (1949) On the Relation of Precipitation, Accumulation
and Melting of Snow to the “tream of Fiow in the San Juan River,
Argentina. Pp. 101-108 in: General Assembly of 0sio. Vol. 2,
IUGG Internat. Assoc. Sci. Rydrology, Genmtbrugge,

(1952) pie Elspenitentes des Glaciar Derecho in der Cordillera
von San Juan (Argentinien). Zeitschkr. fiir Gletscherkunde und
Glazialgeologie, 2 (1): 14-2L.

Herold, L. M. (19%k6) Sobre la cumbre mas alia de Amfrica. Revista
Geogriifica Americana, 25: 2U41.250, :

Jakob, C. (1940) Del Aconcagus sl Tupungato. Anales de la Sociedad
Cient{fica Argentina, 130 (3): 95-105.

Kessler, A. (1963) Uber Kiime und Wasserhaushalt des Altiplano (Polivien,
Peru) wihrend des Hochstandes der letzten Vereisung. Erdkunde, 17
{3 and 4): 165-173.

Kirchhoff, H. (19497) La Argentina. 2 Vols., G. Kraft, Buenos Aires,
552 plates.

Kihn, P. (1918) Nachrichten iiber zwei Cordillerengipfel (Lenin und
Mercerderio). Zeitschr. des Deutschen Wissenschaftlichen Vereins
Zur Kultur- und Iandeskunde Argentiniens, 3: iT2-193.

(1927) Argentinien. 2 Vols. F. Hirt, Breslau, 256 pp. and
108 PP,

Lliboutry, L. (1956) Nieves y glaciares de Chile. Universidad de Chile,
Santiago, LTl pp.

0. Gonzalez, and J. Simken (1958) Les glacicrs du deeert

Chilien. Pp. 291-300 in: General Aasembg of Toronto.. Vol. k
Fublication Fo. 46, IUGG Internat. Assoc. Sci. Hydrology, Gentl:ugge.

Luscher, F, (1948) Uns ascensién al Cha¥i. Revista Geogrifica Americana,
30: 1l1-112. )

Megnani, A. E. (1949) Ascensifn al Cerro Tambillo. Revista Geograrica
_Americapa, 31: 39-4o. :

Marmillod, F. (1952) Aconcagua. Berge der Welt, T7: 261-274.

Ostrovski, V. (1554) Mas alto que los céndores. Albatros, Buenos Aires,
339 pp.

91




Pan American Union (1964) Annotated Index of Aerisl Photographic Cover- .
age and Mapping of Topo graphy and Natursl Resources Un%ertaken in
the latin American Nember Countries of the OAS: Chile, Gen'l.
Secratariat, Organization of Amer, States, Dept. of Economlc Affsirs,
Pan Amer. Union, Washington, 20 Pp.

Reichert, F. (1910) Das Gletschergebiet zwischen Aconcagua und Tupungato.
Zeitschr, fir Gletscherkunde, 4: 193-222,

(1915) Die Erschliessung der hichsten Anden. Zeitschr. des ’
Deutschen Wissenschaftlicher Vereins zur Kultur- und Landeskunde ,
o D R ARR YTTEINE Zur hultur- und Landeskunde

Argentiniens, 3: 129-152,

Sabor, J. F, (1950) Altura promedial y limite de las nieves eternss en
le Cordillera. Club Andino Bariloche, Anusrio, (18): 111-112.

. Schmieder, 0. (1923) Contribucién al conocimiento del Nevado de Chafii.
' Boletfn de 1a Academia Hacional de Cliencias (C6rdoba), 27: 135-166.

Severino, A. R. de (1953) Aconcagua. Ana Severino, Buenos Aires, T2 pp.

Strasser, F. (1935) La expedicia de este afio al Aconcagua, Revista
Geografics Americama, 3: 319-331.

Tapia, A. (1925) Apuntes sobre el glaciarismo Pleistoc&nico del Nevado
de Aconquija. Anales de la Sociedad Argentina de Estudios
Geogrfificos, 1 (k): 313-365. ' 3

Troll, C. (1942) Biisserschnee (nieve de los penitentes) in den Hochgebirgen
der Erde, Petermanns Geog. Mitteil., (240): 103 D

LA et bt

e bliana £ 2

e Ordmen a6 e i

LN L R

SRR PVESLEE UL JP I S

220 SN b AL anp L 0t A S0




.
H
5.
-3
H
.
!
1
$
i

EANLETr Nl & ooy St i § gaica o

Fits Gerald (1899)

Pp. 30, 11k, and 224,

P. 8.

P. 43,
P. 1k3.

P. 301.

Argentine Government (1900)

P. %1'

Conway (1902)
Po 630

Kihn (1918)
Pls. 8 and 9.

Bodenbender (1922)
Pls. 3, 5, and 6.

Kitm (192T)
Fig. 39.
Fig. 63.
Figs. 64 and 67.
Figs. 68 and 70.

Strasser (1935)
P. 328.

Enwmons (1945)
P. 8.

P. 319.

. (1946)
P. 17.

Hexrold (1946)

Pp. 2k2, 246, and 248,
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Photographic Sources

Aconcagua, S side,

Glecler at the head of the Vaceas
valley. ’

Aconcagua, ‘E side.

Cerro del Cuernc /XW part of
Aconcagua group/ .

Cerro Tolosa, E side.

Cerro de los Patos and Tres Cruces.

Aconcagua.

Cordillera de la Ramada, S side
[Yo1127.

Nevado de Famatina.

Nevedo de Famatina,

Atoncagua, N side.

Cordillera de San Juan.

Cordilliere de la Ramada. g

Aconcagua, N side; Cordillera de la
Ramada and Cerro Mercedario,
distant [excellemt/.

Horcones Inferior Glacier; Cerro
Tolosa.
Aconcagua, S sigde.

Tolose and Aconcegus.

Aconcagua, Horcones Superior Glacier.
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Berge der Welt (1948)
Fl. 65.
Pl. 69.

Iuscher (1948)
P. 111.

Boucher (1949}
P. 103.

Kirchhoff (1949)
Fl. 412,
Pl. 433,

!h@a;i (1949)

Dorawski (1950)
1, 21,

n. 23.
Pl, 24,

Heinsheimer (1952)
Fig. 1.
Figs. 2-80

Marmillod (1952)
Pp. 267 and 268.

Severino (1953)
&. 30'310
Pp. 36, 38, 46, sk, 58,

and 62.

Ferlet (1955)
Pp. 18, 19, 22, and 23.

Pomice1s (1956)
Pp. 259, 262, and 267.,
P. 263.

Ferlet and Poulet (1956)

Cerro Mercedario and Cordillera de

la Reamada.
Aconcagua..

Nevado de Chani, summit area.

Nudos de Cachi,

Nevado de Famatina.
Sierra de Aconquija.

Cerro Tambillo, glacier terminus.

Aconcagua group, glaciers at N end,
Cordillera de la Ramada in distance.

Cordillers de la Ramada.
Cerro Mercedario.

Derecho Glacier, Cordillera de Totora.
Ice features on Derecho Glacier,

Cordillera de Totora.

Aconcagua, Horcones Superior Glacler,

1948,

Aconcagua.

Aconcagus.

Aconcagua, S side.

Ojos del Salado.
Tres Cruces.

Eight photos of Aconcagua, S side.

Note: According to Pan American Union (1964), much of Chile north of 43°S
has beern photographed from the &ir since 1955.

are held by the Instituto Geogrffico Militar in Santiago.
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. Mep Sources

. Awerican Geogiaphical Soclety, New York. Hispanic America, 1:1,000,000.
S.F-19 Iquique, 1943,
S.G-l9 A‘b&cm, 19“'2.
S.H-19 Coquimbo-San Juan, 1942.
S.1-19 Santiago-Mendoza, 1939.

Instituto Geogrfico Militar, Santiago. Carta Preliminar, 1:250,000.

2368 Socaire Jundated/. 1

2li69 Socompa, 195k. ]

2669 Paso San Francisco, 195k4. ’:

2769 Ojos del Sslado, 195k. 3

2770 * Copiapo, 195k. ;

2870 Alto del Carmen, 1956.

2970 Bafios del Toro, 195k. ;

3070 Rfo Hurtado Alto, 195k.

3170 ¥orro Morado, 1954.

3270 Los Andes, 1954 (reprinted 195T).

Fitz Gerald (1899) .

Accompanying map. Map of Aconc and District, : ;
1:73,370. /Shaded relief map; ]
published by Methuen & Co./ ¥
Marmiliod (1952) 1
P, 263. Aconcagua /1:75,000/. ;
Lliboutry (1956)

Accompanying mep. . Andes de Chile Central, Mitad Norte, :

1:150,000 /contoured map/. :
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GLACIERS OF CHILE AND ARGENTINA BETWEEN
LATITUDE 33°S AND LATITUDE 40°S

Immediately south of the trans-Andean railway, glaciers lie in the
Nevado de la Plata in Argentina near 33°S, 69°25'W, and for about 270 km
along and near the Chile-Argentina border from 32°55'S to about 35°20'S:
the total area of ice is about 1270 sq. km (Lliboutry, 1956, pp. 307-309).
Almost 81l the precipitation falls in the winter with westerly winds. The
largest glaciers lie in Argentina on the leeward side of the mountain
massifs, not only because of smow drifting, but also because the topogra-
phy is less dissected than on the Chileen side. Another factor may be
that the sun shines upon the eastern glaciers during the cooler half of
the day, causing less ablation. As far south as 34°30'S there is as much
ice in Argentina as in Chile (Lliboutry, 1956, p. 310).

Snow and ice pinnacles--nieve peaitente--are more widespread and
better developed in this region than anywhere in the world (ILliboutry,
1954, p. 465). The glaciers differ as much from glaciers in cool temperate
regions as from those in the tropics and have been termed "subtropical"
(Llivoutry, 1958, p. 265). Because precipitation is confined to winter,
virtually all falls es snow on the glaciers (Troll, 1942, p. 46). Up to
a very high altitude the entire winter snow accumulation is changed to
ice by melting and refreezing during the dry summer, and permanent snow-
fields are thus very small or even absent. Superglacial ponds and water-
filled crevasses show that the glaciers are below freezing point through-
out the year [presumably at high altitudes/. In the ablation areas the
glaciers carry little or nc englacial or subglacial meltwater {Lliboutry,
1956, p. 312).

The equilibrium line is difficult to recognize on many glaciers for,
in a wide zone of transition between the ablation and accumulation areas,
the upper parts of the ice pinnacles may represent net accumulation while
the hollows between represent net ablation (Lliboutry, 1954, p. 486).
Temperatures at - he equilibrium line are lower than those in the Alps:
mean annual and summer temperatures in the Alps (Oberland) are 0°C and
3.5°C, respectively, and on Juncal Norte Glacier are -4.8°C, and -1°C"
(Lliboutry, 1956, p. 315).

In the southern part of the range, where winter precipitation is
greater and the summers are less arid than im the north, the glaciers
have more firn and less superimposed ice, and no pinnacles: they are
more like those of the Alps. On the western side of the range the most
northerly glacier of this type is at 34°L40'S, but "subtropical" glaciers
extend further south on the drier eastern side (Lliboutry, 1958, p. 265).

The mounteins may be divided into ten groups /modified from Lliboutry,
1956, pp. 307-309/. ‘
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Cordbn del Plata

The Cordén del Plata /also referred to as Nevado de la Plata/ extends
for about 50 km northeastward, from about 33°10'S, 69°40'W, to about
32°45tS, 69°30'W. The maximum elevation has been variously given as over
5000 m (Caretta, 1945, p. 121); 5500 m (American Geographical Soclety
1:1,000,000 map, Sheet S.1.19); 5852 m (Chilean 1:250,000 map, Sheet
3370); or 6310 m (Bertonme, 1937, p. 24l). Glaciers are short and steep
and covered with pinnacles. A long summit glacier trending north lies
at 32°57's, 69°26'W, on Cerro Rincbn (Caretta, 1945, pp. 122-123).

Cerro Juncal Gro
(32°55'S to Paso de las Pircas, 33°15'S)

The Cerro Juncal group contains Alto de los Leones (5445 m), Cerro
Juncal (6060 m), Nevado del Plomo (6050 m), and several lower peake. On
the Chilean side the main glaciers are Juncel Norte and Escondido, flow-
ing north, and Juncal Sur and Olivares Alpha, Beta, and Gamma, flowing
south. These glaciers cover what is essentially a rectangular plateau
21 km by 8 km and trending northeast (Lliboutry, 1956, p. 323).

Juncal Norte Glacier is the only one that has a permanent firn field
in dry years. Morphologically it is a valley glacier of classic alpine
type, with an icefall connecting the steep, heavily crevassed accumula-
tion area with a nearly level tongue. Below the icefall the spacing of
Forbes bands suggests an annmual velocity of 400 m. The position of the
debris-free terminus changed little between 1942 and 1955, probably be-
cause the glacier's great range of altitude renders it rather insensitive
to climatic fluctuations (Lliboutry, 1954, p. 486; 1956, p. 332).

Juncal Sur Glacier has its source on the south side of Cerro Juncal
and is about 15 km long, the largest in Chile outside Patagonia. In 1947
it advanced some 3 km, pouring over an icefall at 3500 m and spreading
out for 1 sq. km over the valley floor 600 m below (Iliboutry, 1956,
P. 231). In 1950 the tongue was still crevassed and active, but by 1953
the crevasses had almost disappeared (Lliboutry, 1956, p. 331). Lliboutry
(1956, p. 232) does not believe that the advance was caused by the ava-
lanching of banging glaciers, for the glacier consists of two branches,
one of which had no hanging ice above it, yet both advanced. He attri-
butes the advance to the heavy precipitation that is known to have fallen
in the Sanmtiago area in the period 1898-1905. Compared to its neighbors,
the glacier is favored by having much of its accumulation area at a high
level (Lliboutry, 1554, p. 493). Early in 1965 a group from the Univer-
sity of Chile studied the glacier. Movement was found to be very slow
and there was evidence that the glacier, "composed of three ice streams ,
suffers perturbations in its mode of flow at the point of union" (Miller,

1965).
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Olivares Alpha, Beta, and Gemma glaciers are of low slope, and lie
mainly between 3500 m and 4600 m. The equilibrium line, teken as the
level where moraines emerge from the ice, is at 4400 m, 300 m below the
firn linmit. In dry years, however, virtually no firn remains on the gla-
ciers (Lliboutry, 1954, pp. 487-490). They are sensitive to climatic
fluctuations because of their small altitude range, and a very clear
vegetation trimline shows that they were formerly 100 m to 150 m thicker,
and formed a single glacier. In 1935 Olivares Beta and Geamma glaciers
were still joined, but from 1943 to 1953 Olivares Beta Glacier receded
over a kilometer (Llibou’cry, 1956, p. 324).

On the Argentine side Puente del Inca Glacier, flowing northeast
from Cerro Tres Gemelos (32°52'S, T0°0L'W), was 1 km to 2 km long and
ended at 3900 m about 1906 (Reichert, 1910, p. 206). In the Rfo Blanco
valley at this time were five glaciers between one and three kilometers
long, all ending at about 3600 m; the longest was that flowing southeast
from Cerro Tres Gemelos. An end moraine lay about 300 m lower and a
kilometer in front of these glaciers (Reichert, 1910, p. 209). Forty
years later the glaciers had disappeared except for some debris-covered
ice (Domicelj, 1955, p. 229).

The topographic maps on a scale of 1:25,000 made by Helbling (1919)
from a survey of 1908 are the best that have been made of the Santiago-
Mendoze Andes (Lliboutry, 1954, p. U72). They cover the Argentine gla-
ciers in and near the valley of the Rfo Plomo from 32°57'S to 33°1k'S.
less accuracy is claimed for the sheet covering the glaciers on the north-
east side of Tupungatc. Helbling's glacier names differ slightly from
those used by Lliboutry (1956) which are followed here.

In 1908 a terminal moraine lay about half a mile in front of the
joint Juncal Segundo (Este) Glacier and Rfo Plomo Glacier (Larden, 1911,
P. 226). Between 1908 and 1912 the glaciers slowly diminished and con-
siderable changes in the distribution of clean and moraine-covered ice
took place. By 1934 the glaciers had receded over 3 km and no longer
joined (Helbling, 1935, pp. 45 and 47).

Nevado Glacier, which did not reach the valley floor between 1908
and 1912 (Helbling, 1935, p. 45), advanced 900 m between then and 1933
and dammed the Rfo Plomo. This became known in 1934 after the dam had
broken and caused floods on the Rfo Mendoza. King (1934, p. 32L) believed
that the glacier advanced catastrophically during the year 1933, but Razze
(1935, p. 222) saw no reason why it should not have advanced over a period
of many years. He claimed that seven shore levels of the drained lake
were annual, showling that the glacier had dammed the river in 1927. The
hanging glaciers on Nevado del Plomo changed little between 1910 and 1934,
but the wh ~ surface of the upper part of the main glacier sank (ct
Helbling, 1935, Pl. 5, and King, 1934, P1. 7). -
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Cerro de las Polleras Group
(Paso de las Pircas, 33°15'8, to
Paso del Tupungato, 33°18'S)

. The Cerro de las Folleras group includes Carro de las Polleras
4 (5960 m), Cerro Chimbote (5683 m), and Sierrs Bells (5340 m). In 1908

L. 3 Reichert (1910, pp. 216 sad 219) noted four glaciers, which he called
E 3 Polleras I to IV. Folleras I on the northeast side was 3 kn to 4 kn
long and ended at 3600 m, Pollecras II or the eastern side was 6 m to

i 8 Jm long and also ended at 3600 m. Folleras III on the west side was a

small ice body at about 4300 m, and Polleras IV on the south side was
about 2 km long. All the glaciers were in retreat.

o Tupungato Group
(Paso del Tupungato, 33°18'S, to
3 Paso Piuquenes, 33°38's)

The Tupungato group includes Cerro Tupungato (6550 m), Nevado
Piuquenes (6000 m), and Cerro San Juan. Four glaciers lie on the eastern
side of Cerro Tupungato, according to Jakob (1940b, p. 97). Helbling
(1919, p. 57) visited this side in 1612 and his map shows two small gla-
N clers near the Paso del Tupungatc and a larger glacier that flows north-

- ¥ east from the southeast side of the mountain and is ¢ sed of three

E - § branches. FPhotographs (Strasser, 1936, pp. 341 and 34T) show the north

. side to be almost snow-free up to the summit and the west side to support

g 3 a short, steep glacier. On the south side a glacier descends in a series
.8 of icefalls to the valley of the Ric Tunuyan, the lower part hidden by

- 3 debris. According to Jakob (1940, p. 224) the glacier extends T km to

8 km beyond ths icefalls, and on the map by Lliboutry (1956) it has & total
length of about 18 km, all in Argentina.

- % Cerro San Juan is a wvolcanic cone with its crater filled with ice,
kg and having several glaciers on its flanks (Jakob, 1940e, p. 220). A
g 3 . photograph shows a debris-covered ice tongue below an icefall (Jakob,
k. 8 1940a, p. 221). .

£ Southwest of the summit of Cerro to is the subsidiary crater
¢ of Volcén Tupungatito (5640 m). Lliboutry 21956) shows Tupungatito

Y Glacier on its western side and Azufre Glacier on its southwestern side,
both about 5 km long.

Southwest of Cerro San Juan a glacier that fiows northwest znd is
A the source of the R{o Museo advanced rapidly for about 4 km in 1935
3 (Lliboutry, 1956, p. 231).
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Cerro Marmolejo Group o

(Paso Piuquenes, 33°38'S, to
Paso Nieves Negras, 33°52'S)

The Cerro Marmolejo group congists of the Cerro Marmolejo (6100 m)
and the Volcén San José (5830 m) massif on the international border and
8 group of ice-covered summits to the west of the Portezuelo del Marmolejo.
On Lliboutry's map (1956) the summit of Volc€n San José is ice-free but
glaciers descend from all sides of the massif. A glacier on the south-
west side is said to have advanced 4 km to 5 km in 1927, reaching the
exceptionally low altitude of 2680 m (Lliboutry, 1956, p. 231).

Cerro del Castillo Group
(Paso Nieves Negras, 33 52'S,
to Paso Maipo, 34°15'S)

The Cerro del Castillo group is dominated by Cerro del Castillo
(5485 m) and Volechn Maipo (5290 m). According to Iliboutry's map, ice
cover is restricted to small glaciers, mainly on the southern sides of
the mountains.

Plicos del Barroso Group
(Paso Maipo, 36°15'S, to
Paso Molina, 34°25'S)

The Picos del Barroso group is dominated by Picos del Barroso
(5000 m) and Cerro Catedral (4770 m) /Pico de Padrones in Lliboutry,
1956/. Glaciers are mostly on the scuth sides of the peaks; the largest
is Cachapoal on the south side of Picos del Barroso, reconstituted from
a large hanging glacier and covered with debris (Lliboutry, 1956, p. 319).

Alto de los Arrieros - Cerro Sosneado Group
(Paso Moiina, 34°25'S, to
Paso Las Damas, 34°53'S)

The Alto de los Arriercs-Cerro Sosneado group containa the Alto de
los Arrieros massif (4986 m), VolcEn Tinguiririca (4130 m) and the Sierras
de Bellavista (4300 m) in Chile and some ice-bearing summits such ag Cerro
Sosneade {5189 m) and Volcén Cvero (4619 m) in Argentina. The swmmers
are less dry than in the latitude of Santimgo and the most northeriy gla-
clers of Alpine character are found with large firn areas, many crevasses
aud seracs, and abundant meltwater. They are found farther north in the
wetter western part of the area than in the drier east. Ice or snov pin-
nacles are rare and are absent from the sblation areas, which can there-
fore be easily walked upon (Lliboutry, 1956, p. 336).
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Saveral large glacliars flow from the Alto de los Arrieros-Carro el
Palomo mussif. According to Lliboutry (1956, Fig. 50), Cortaderal Gla-
cler flows east, Palomo Norte Glacier northeast, Cipreses Glacler north-
west, and Universidad Glacier south. FPhotographs of Cipreses Glacier
teken near the beginning of the cemtury (Martin, 1909, Pls. 26 and 31)
show a moderately steep valley glacier with its tongue covered with debris.
Between 1957 and 1959 it receded greatly (Gereias, 1957, p. 125).

Universidad Glacier /also_called Resurreccién (Lankensu, 1958, p. 38)
or San José (Echevarrfa, 1960)/ is about 11.5 m long. It is composed of
two branches, a west branch with a gently sloping accumulation area be-
tween 3500 m and 4300 m from which ice flows down a 600 m icefall, and
an eastern branch with a lower accumilation area. In the sumer of 194k~
L5, when the glacier was photographed during the aerial survey by the
U.S. Ay Air Force (Fl. 2, R 169-1T1), it ended in & highly crevassed
lobe a short distance from an end moraine, which Lliboutry believed was
evidence for a sudden and recent increase. By 1956 when the glacier was
visited by a group from the University of Chile, the terminus had receded
1 km and the crevasses had mostly disappeared. Lliboutry (1958, pp. 262
and 264 ) believes the advance was caused ultimately by a series of very
wet years that occurred from 1898 to 1905. Between 1905 and 1930 the
glaciers in the vicinity bad t<en receding {iszkenau. 1958, p. 38).

At the end of summer 1955-56, a normal year, the firn limit was
about 3200 m on Universidad Glacier but no small glaciers in the ares
extended below 3500 m. This was the first difference noted between these
glaciers and those near Santiago, where the firn limit wss 200 m to 500 m
above the smallest glaciers because cf the role of refrozen meltwater
(L1iboutry, 1958, p. 265).

The Volcan Tinguiririca massif (4130 m) has much more ice on the
eastern side than on the western side; the climatic causes for this sr»
uncertain (Viers, 1965, p. 100). Palacios Glacier, on the southeast. side,
ends at 2700 m (lankenau, 1958, pp. 36 and 39). The snowline on the south
side was at 2960 m at the end of summer (March) 1939, and an area that had’
been largely snow-covered in February 1861 was completely bare (Lankenau,
1958, pp. 23-2k).

" Aerisl _'ghotographs taken in 1944-45 of the Sierras de Bellavista
(34°35'S, TO°30'W) show a great number of small, steep glaciers, many
with proglacial lakes (Fl. 2, V 167-1T1).

In Argentina Volcfin Overo (4619 m; 34°34'S, T0°C0'W) has a dome-
shaped sumnit and typical velcanic cone glaciers,; lying on the surface
instead of occupying hollows (Kiihn, 1925, p. 1147,). A glacier flowing
south from the western crater has an accumulation ares covered with ice
pinnacles and contains no firn. Stakes placed across the glacier revesled
a meximum annual velocity of 4 m (Colqui, 1961, quoted by Capitanellt,
1962, pp. 23-2k).
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Hauthal (1895, p. 112) found glaciers with wall-eided termini at

the head of the Arroyo de las lAgrimas (about 34°45!'S), a tributary of

. the Rfo Atuel. At 34°50'S, "Ventisquero del Humo" was over 4 km long
and also ended ir a vertical wall 10 m to 15 m high at 3800 m. All the
glaciers in the area were receding, and some moraine-protected stranded
ice lay about 500 m in front of the "Ventisquero del Humo." In 1912
Gerth (1926, p. 121) visited the upper valley of the Rfo Atuel. Ke found
only one true valley glacier, 12 km long and occupying & right-hand tribu-
tary to the main valley, which it joined et 34°37'S, TO°08'W. The Rio
Atuel flowed beneath the ice tongue. Groeber found the ice bridge still
in existence in 191k but more recently [in the 1940's?/, when he revisited
the area, the glacier had receded 4.5 km. He estimated that over half a
cubic kilometer of ice had disappeared, probably between 1920 and 1930
(Groeber, 1947, quoted by Capitanelli, 1962, p. 10). Other glaciers in
the area have also receded greatly in recent years (Groeber, 1951, p.

348).

Volcan Peteroa Gro
(Paso Las Demas, 3%°53'S, to
Paso Deshecho, 35°18'S)

The Volcén Feteroa group contains Cerxo. Las Orejas (3960 m), Cerrc
El Horno, Cerro Santa Elena (3029 m), Volec&n Planchdn, and Volcan
Peteroa along the internmational border, and several pesks with small gla-
ciers to the east in Argentina.

About 1912 Cerro Ias Orejas had small glsciera reaching 3200 m on
both the Argentine and Chilean sides, and Cerro El Horno and Corro Santa
FElena also carried small glaciers on their western sides (Gerth, 1926,

p. 121, and P1. 7, Fig. 2). In the 194k-4S aerial photographs, however,
the western sides of these last two peaks appear to be ice-free (Fl. 2,

R 148). The eastern side of the range between Paso Las Damas and Cerro

El Horno has extemsive ice cover. Fairly clean, highly crevassed gla-
ciers descend from icefields of gemtle slope, the lowest reaching 2500 m.
They have receded greatly in recent years (Viers, 1965, pp. 98-99).
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Volcén-Peteroa is an active volcano with a rounded, ice-covered
sunmit and a crater surrcunded by thick ice walls. Some suow or ice
pinnacles develop (Gerth, 1937, Pls. 3 and 4), and et times the snow sur-
face is black with ash (Pls. 5 and 6).
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Ir Argentina several peaks west of the TOth meridian have small
glaciers. About 1912 the firnm limit on Los Dedos del Fraile (35°10'S,
70°10'W) and Cerro Risco Plateado (34°55'S, TO®00'W) was at 3600 m and
3800 m and the glaciers ended at 3550 m and 3600 m, respectively (Gerth,
1926, Pl. 6 and p. 121). In a recent aerial survey, no glaciers were
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scen on Cerro Risco Plateado, but the eastern part of the massif was not . .
seen. Twenty kilometers esst of Cerro El Hormo, seven ¢irque glaciers

1ie on the scutheast side of a 4122-m-high ridge; the largest is 600 m

1on§, and they appear to be on the verge of extinction (Viers, 1965, p. .
101). .

Nevsdos de Chillén-Volean lanfn Group
(Paso Deshecho, 35°18'S, to Latitude HO'S)

Between Volcén Peterca and 40°S only isolated summits carry glaciers.
The U. S. Army Air Force serial survey of 194k-45 (F1. 2) photographed
this area at the end of summer in 1945, and the photographs of Fiight 2
clearly show the ice cover along the western side of the Cordillera.

R | Cerro Descabezado Chico (3250 m; 35°32'S, 70°37'W) has very small
S glaciers beneath its southeast ridge (Fl. 2, R 125).

o Cerro Sen Framcisauito (3480 m; 35°40'S, T0°24'W) has no glaciers
B but probably has some permanent snow (Fl. 2, R 118).

3 Cerro Campanario (LOO2 m; 35°55'S, 70°23'W) is a slightly dissected
2y volcanic cone with & summit glacier and a small glacier on the southwest
B side (F1. 2, R 98).

T On a peak near 36°S, T1°10'W, are scme short, highly crevassed gla-
SO ciers (F1l. 2, R and V 92-94). ) .

The Nevado de Lonquen (3230 m; 36°13'S, T1°10'W) is a moderately
dissec.«2 volcanic cone with some ice bodles on and near the sumnit,
especially on the southeast side (Fl. 2, R 83).

Volcén Domuyo (4785 m; 36°37'S, TO°27'W) lies in Argentina east of
the main Cordillera. FPhotographs show smail glaciers around the summit
(villaroel, 1950; and U.S. Army Air Force Fl. 2, R T1).

The Nevados de Chillén (3169 m; 36°52'S, T1°25'W) have & steep cre-
vassed glacier on the southwest side flowing from the sumnit of the high-
est point, Cerro Blsnco. A flattish icefield extends southeastward from
Cerro Blanco to Volcan Nuevo (FlL. 2, R 50-53). A sketch map made in the
middle of tlie nineteenth century (Philippi, 1863, Fi. 8) shows a broadly
similar situgtion, but east of Volcén Viejo an extensive area of permanent
snow and ice ‘(Philip_pk 1863, p. 246} had disapp=ared by the 1940's
(Briiggen, 1948, p. 136).

Volcén Antuco {2085 m; 37°25'S, T1°20'W) 1s a fresh, undissected
volcanic cone, bare on the western side but with ice on the south and
east. Sierra Velluds n%eztéy {3355 m; 37°28°'S, T1°25'W) is a dissected
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volcanic cone with some moderately long glaciers on the south gide .
(F. 2, R 26). ' ;

Volcan Copshue (2969 m; 37°52'S, T1°10'W), Volckn Callaquén (3164 m
37°54's, T1°25'W), and Volcfir Ionquimey (2822 m; 38°22'S, T1°35'W) have
ice-covered sumits and typical volcanic cone glaciers on their flanks
(F1. 2, R 1 end 13).

Volcfn Llaims (3124 m; 38°42°S, T1°L42'W) and the very active Volcén
Villarrice (2840 m; 39°25'S, T1°55'W) have glaciers.

Volchn Lanfn (3776 m; 39°39'S, T1°30'W) 18 an extinet volcano. in
1896 Hauthal (1904, p. 53) fourd 3 ki of completely debris-covered dead
ice, forming the terminal part of a glacier on the north side. The
accumiation ares wes small and the glacier shrank appreciably in the
course of the next year. Continued great shrinkage took place from 1897
to 1909 and from 1909 to 1918 (Kihm, 1918, p. 177). A comparison of
photographs from 1896 (Heuthal, 1904, p. 54) and 1933 (de 1a Motte, 1933,
p. 328) shows no great shrinkage of the upper parts of the glacier. In .
1933 the sumit was a rounded dome of ice, estimated to be 45 m thick,
with no trace of a crater. Ice extended 90 m down the northern slopes 3
and 1200 m down the southern slopes (de la Motte, 1933, pp. 329 and 331).

Cerro Quetrupilifin (2360 m), between Volcén Villarica and Volcdn
n, mey carry glaclers (see de la Motte, 1933, photo p. 329).
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Cordén del Plata

Bertone (1937)
Pp. 242 and 243.
P. 25,

Caretta (1945)
P. 123.
Pp. 125 and 126.

__ (1946)
Pp.

Cerro_Juncal Group

Fitz Gerald (1899)
P. 252.

Reichert. (1910)
Fig. 2.
Figs. 3 and k.

Lerden (1911)
P. 224,
PO 226'

Reichert (1911)
Fig. 1.
Fig. 3.

Helbling (1919)
Fig. 5.
Fig. 6.
Fg. 7.
Pig. 8.

e (2935)
Pl. 3.

Photographic Sources

Cordén de la Jaule.
"Vallecitos" Glacier; summit of
"Bl Plata."

Cerro Rincodn.
Corddn de la Jaula.

Corddn del Plata.

Cerro Tres Gemelos.

Cerro Tres Gemelos.
Glaciers in the Rfo Blanco valley.

Nevado del Plomo and glaciers.
Glaciers at head of the Rfo Plomo
valley.

Nevado del Plomo and Rfo
Plomo glaciers.

Jurcal Segundo Este Glacier
and Rfo Plomo Glacier.

Rfo Ploamo Glacier, upper part.

Nevado del Plomo, W side.

Nevado del Plomo, E side and
Kevado Glacier.

Juncal Sur Glacier, upper part.

Terminug of R:{o Plomo and
Juncal Segundo Este Glacier,
1910.
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g - Pl. k. Nevado del Plomo, 1910.
3 F1. 5. Kevado del Plomc and Nevado
| Giscier, 1910.
. Pl. 6. Nevado Glacier, aerial view, -
. 193‘*-
: Razza (1935) '
j Eleven photos of Nevade Glacier.
= Marmillod (1940)
] Figs. 107 and 108, Cerro Juncal.
] " Fig. 110. Alto de los Leones.,
]
; Berge der Welt {19u48)
3 Pl. 69. Cerro Juncal.
Lliboutry (1954)
3 Pi. 2. Ternini of Olivares glaciers.
x Pl. lLb. -Rock glaciers.
(1956) [Poorly reproduced photos./
Figs. 32, 35, and 52. Glaciers on Cerro Juncal.
‘Flg. 55. Alto de los Leones. .
Fig. 65. Olivares Alpha Glacier, accumi-
lation area.
Fig. 69. Olivares glaciers.
- Figs. 70, T1, and T3. Juncal Sur Glacier.
| Echevarrfa (1959)
; P. 232. Alto de los Leones.
Cerro de las Polleras Group
Argentine Govermment (1900)
Pl. ko. Cerro de las Polleras. 2
& Reichert (1910)
o Figs. 6 and 7. Cerro de las Polleras. 3
. Strasser (1936) é
- P. - 347, Cerro de las Polleras. 5
'-‘. Berge der Welt (1948) . *
: | Pl. T1. Cerro de las Polleras. . :
3 i Tupungato Group ;
& f
. Fitz Gerald (1899)
. Pp. 157 and 186. Cerro Tupungsto. %
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Argentine Government (1900)
Vol. 1, frontispiece.
vol. 2’ Pl. hl.

Lazden (1911)
P. 218.

Strasser (1936)
Pp. 341 and 343.
Po %o
Jakob (1940e)
P. 221,
P, 222,

(1940b)
Figs. 4 and 6.
Fig. 5.

Magnani (1947)
Pp. 267-270.

Berge.der Welt (1948)
P

Liiboutry (1956)
Fig. 58.

Cerro Marmolejo Group

Berge der Welt (1948)
Pig. 70 and T2.

Lliboutry (1956)
Fig. Lo,

Cerro Tupungato.
Cerro Tupungato.

Cerro Tupungato, 1909.

Cerro Tupungato, W side.
Glaciers Jjust W of Tupungato.

Cerro Sar Juan.
Cerro Tupungato, S side.

Cerro Tupungato, S side,
Cerro San Juan.

Cerro Tupungato, 5 photos.

Cerro Tupungato.

Nevado Piuquenes.

Volcén San José.

Maraoiejo Norte Glacier.

Alto de los Arrieros-Cerro Sosneado Group

Hauthal (1895)
Pls. 1.5,

Argentine Government (1900)
Pl. 43.

Martin (1909)
Fls. 26 and 31.

Glaciers in the &xrroyo de las
I&grimas and the "Arroyo
del Humo."

Glaciers near Pasc Molina.

Cipres,es Glacier.
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Kiihn (1925)

Pl. 10. Volcén Overo
Pls, 11-13. Ice pinnacles on Volc&n Overo.
. Pl. 14, Ice-covered mountains W and NW
of Voledn Overo.
Gerth (1926)
Pl. 6, Fig. 2. Glacier in Rfo Atuel valiey,
Pl. 7, Fig. 1. Parorame, Cerro E1 Palomo to
Cerro Sosneado.
Kiihn (1927)
Fig. 75. Cerro Sosneado.
Fig. T6. Volcan Overo.
Gerth (1937)
Photo 7. Cerro Sosneado and ice-covered
range near by.
| Lliboutry (1956)
| Fig. 26. Universidad Glacier.
Fig. 75. Cipreses Glacier.
Lankenau (1958)
P. 20. Glaciers N of Volcan Tingulirirics. 3
’ P, 23. Volc8n Tinguiririca. 3
Lliboutry (1958) 4
Fig. 2. Uni;ﬁrsida.d Glacier frem air, .
, 1945. 3
k- § Fig. 3. Universidad Glacier and glaciers 3
g near by. ‘.
&N Fig. 5. Universidad Glacier terminus, 1956. 3
! Capitanelli (1962) :
E Fig. 10. "Atuel"” Glacter. ;
. Fig. 11. Glacier on Voleén Overo. ;
B | Volcén Peterca Group :
‘ ‘ Argentine Govermment (1900)
. Pl. b6, Volcan Peteroa group.
! Gerth (1926)
Pl. 6, Pigs. 3 and L. Volcan Peteroe, ice on summit.
Pl. 7, Fig. 2. Cerro Santa Elena and Cerro
El Horno.
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—(1937) .
Photos 1-6. Volcan Peteroa.

U. 8. Army Air Force (19U4-45)

Flight 2, R-130-140. Voleén Peteroa group.

Flight 2, R-148. Cerro Las Orejas~Cerro Ssnta Elena.
Lapkenau (1958)

P. 20. Glaciers just N of Cerro Orejos,

P, 21. Herera Glacier, Cerro Orejos.

Hevr.dos de Chillan-Volcé&n Ianfn Group
Meymrs (186G)

Fls, 37 and 38. Volcan lenfn, N side.
Argentine Government (1900)

Pl. k9. Yolcan Lanin.
Gaellois (1901.)

Pl. 13. Volcan Lanfn, W side:
Hauthal (190h)

Pp. 54 and 55. Volcén Lanin, N side.
Fitn (19187

Pls. 1 and 5. Volcan lanfn, SE and NE sides.
de la Motte (1933)

P. 328, Volc&n lanin, X side.
Kirchoff (19%9)

1. 188. Volcan Copahue.

Pl. 195. Vole&n Lanin.

Villarcel (1950) .
Two photos of Volcan Domuyo.

Note: In addition to the photographic sources listed ahove, references

are given within the text to the U. S. Army Air Force 1944-45 gerial
photographs.

According toc Pan American Union (1964), much of Chile north of

43°S has been photographed from the alr since 1955. Most of thege
photographs are held by the Imstituto Geografico Militar in Santiago.
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Map Sources

American Geographicel Society, New York. Hispanic America, 1:1,000,000.

S5.I1-19 Santiago-Mendoza, 1939. 3
5.J-18, 19 Concepcibén-Neuquén, 1956. '3
3
Instituto Geografico Militar, Santlego. Carta Preliminar, 1:250,000. 3

3270 Los Andes, 1954 (reprinted 1957). ‘

3370 Santiago, 1954, ;
3470 El Teniente, 1956 (reprinted 1958). 3
3570 Descabezado Chico, 1953 {reprinted 1955). "§f
3671 Laguna del Maule, 1951 (reprinted 1955). i
7L Laguna de la laja, 1952. N
3871 Lonquimay, 1950 (reprinted 1657). :
3873 Temico, 1951 (reprinted 1961). §
3971 Rio Curimeno, 1950.
3973 Valdivia, 1950. 4
=
Helblirg (1919) _ S
Accompanying mep. /Cordilleras de los Andes/, 1:25,000. /Colored §
contour map in 3 sheets, plus 2 maps entitled %
Bosquejo de Mapa del Cerro Tupungato and 3
Uebersichtskarte der Cordilleren zwischen \§
Aconcagua und Tupungato, both 1:250,000./ %

Gerth (1926)

Plo 6.

il

A

Der argentinische Antell der Kordillere zwischen
dem Rio Grande und dem Rio Diamante, 1:200,000.

/[Published by Justes Perthes, Gotha./

Lliboutry (1956)

Fig. 50. Punzones-Palomo-Tinguiririca /1:150,000/.
Accompanying map. Andes de Chile Central, Mitad Sur, 1:150,000.

__/Contour map./

Viers (1965) '

Fig. 5. Glaclers quaternaires et glaciers actuels dans le
haut bassin du Ric Grande 21:575:0007.

Fig. 7. Gluciers et reliefs glaciaires entre le rio Tor-

. dil'c.et )'Arroyo del Burro /1:75,000/.
Accompanying map. Reliefs volcaniques et siers Gu magsif du

Pinguirirics (Chili central) /1:28,500/.
Acccupanying map. Glaciers et modelc glaciaire entre la fromtiere

et le Rio del jgus Caliemte /1:50,000/.
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GLACIERS OF CHILE AND ARGENTINA

BETWEEN IATITUDE LO°S AND THE NORTH
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GLACIERS OF CHILE AND ARGENTINA
BETWEEN LATITUDE 40°S AND THE NORTH
PATAGONIAN ICEFIELD (ABOUT 46°S)

South of the 4Oth parallel the Sierra de Lilpela (2290 m; 40°15'S,
TL°WT'W) had small glaciers along the crest at least as late as the end
of the nineteenth century (Moreno, 1898, Pl. 36; Argentine Government,
1900, Pl. 55; Gellois, 1901, Pl. 14). Volcén Puyehue (2240 m; 40°35°S,
72°08'W) may support glaciers. Im 1912 Cerro Puntiagudo (2490 m;
40°57'S, T2°15'W) had glaciers on the south side, but the north side had
only snowbeds that Reichert believed probebly disappeared in some years
{KS11liker and others, 1917, p. 56). A photograph teken in 1937 shows the
swmmit ares thickly encrusted with ice (Henke and Hess, 1938, p. 590).
Voledn Osorno (2660 m; 41°0T'S, T2°30'W) carries glaciers and when Reichert
climbed it, the ice and snow filling the crater formed a flat plain 300 m
scross. Fumaroles issued from rock outcrops around the rim (Ko1liker and
others, 1917, p. 59). Volcén Calbuco (2015 m; 41°20'S, 72°35'W) had a
small glacier om its south side in 1912, and a large snowfield on the
north side. The mountain erupted violently shortly after these observa-
tions (K8lliker and others, 1917, p. 66).

Cerro Tronador (3460 m; 41°10'S, T1°53'W) on the Chile-Argentina
border is heavily ice-covered. The permanent snowline in the 1950's lay
at 1500 m on the west side of Cerro Tronador and 1800 m con the east side
(riivoutry, 1956, p. 345), but in mid-February, 1963, it was at 2200 m
on the southeast side (Flint and Fidalgo, 1964, p. 339). The sunmit is
surrounded by a zone of steep crevassed dice with rock outecrops, below
which is the gently sloping accumulation area. Surrounding thls are steep
cliffs down which ice avalanches or flows in icefalls. The continual
avalenches have given the mountain its name, waich means "Thunderer”

(Jaxob, 1936, p. 12).

The terminus of Frias Glacier on the northeast side of Cerro Tronador
was 200 m wide and reached an altitude of 825 m at the turn of the century.
Ir front were several regularly spaced recessional moraines. Casa Pangue
Glacier on the north is a reconstituted glacier covered with debris on
which shrubs grow. In 1911 it reached 370 m (Kd1liker and others, 1917,

p. 41) and has receded greatly since. On the southwest side of the moun-
tain is Rfo Blanco Grande Glacier, whose debris-covered tongue reached

700 m {Iliboutry, 1956, p. 345).

On the southeast is Rio Manso Glacier; its tongue is a reconstituted
glacier 5 km long with a heavy debris cover (Lliboutry, 1956, p. 342). It
is easily accessible and was studied in 1959. The results of this inves-
tigation showed that the glacier may have formed a massive end moraine
about 2250 years ago ard a much later resdvence brought the glacier once
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more up against this ¢ld moraine. A study of the growth layers of trees
affected by this advance suggeste that the glacier was in an expanded
state from the early cighteenth century to 1795, from 180G to 1821, from
1832 to 1834, end in 1847. Recently the central part of the terminus
advanced a short distance into the forest dating from the mid-1920's;
this advance wss perhaps slowly continuing in 1959 (Lawrence and Iawrence,

1959, pp. 20-25).

According to Reichert, Cerro Techado (1880 m; 41°03'S, T72°05°W)
had a small glacier on its southern side in 1910, and peaks near by of
only 1400 m had small ice bodies (KSlliker amd others, 1917, p. U49).

About 25 km east of Cerro Tronador, the mountains between Lago Nahuel
Huapi and Iago Mascardi have small glaciers (Grineisen, 1943). Flint and
Fidalgo (1964, p. 339) reported that between 39°10'S end L41°2G'S on the
eastern side of the cordillers many empty cirques appearsd to have lost
their glaciers very recer!  certainly in the last 200 years. ALl the
: cirgue glaciers that they asaw in this area were wholly below the firn
. limit in late February, 1963; one of the highest was situated at an alti-
tude of 2000 m, 20 km southeast of Cerro Tronador /probebly in the moun-
tains between Lago Nahuel Huepi and Lago Mascardl where Griineisen (1943)
had noted several glaciers/.

On Cerro Yate (2111 m; 41°k5°S, T2°20'W) Reichert estimated the per-
manent snowline at 1200 m in 1912 but he gave the altitude of the termini
E 3 of the western glacier as 1600 m and of the eastern glacier as 1500 m
3 (k51lliker and others, 1917, p. 83).

Between Cerro Yate and U6°S most of the information about the gla-
clers comes from the 19kk-LS aerial survey carried out for the Chilean
RN Governmeunt by the United States Army Air Force. Unfortunstely the flights
: were made early in the season when only the longest ice tongues resched
A3 below the snowline. Some of the Chilean 1:250,000 maps made from these
photographs give s generalized picture of the ice cover, but others omit
it alitogether as Lliboubry (1956, p. 346) has noted.

The Corddn del Pico Alto (42°15'S, T72°10'W) has many short glaciers
and at least one true valley glacier flowlng northeast toward the Arroyo
Ventisquero thet has shrupk only slightly from & large end moraine. Some
shorter glaciers flowing toward the Arroyo Alerzal have shrunk consider-
ably from récent trimlines (Fl. 400, R 4k-6). According to Rentzell {1935,
p. 156), the mountains in the Corddn del Pico Alto have much larger gla-
ciers than do mountains of the same height near Lago Nahuel Huspi.

Cerro Chato (2440 m; 42°30'S, T2°05'W) has several small glaciers
mich shrurken from recent trimiines (Fl. 400, R 16). In the 1870°s the
permonent snowline on the east side of Estero Comsu at 42°25's, 72°25'W,
was at ebout 1300 m (Marbin, 1880, p. 170).

laz




. Cerro Torrecillas (2133 m; 42°40'S, TL°55°'W) has two cirque gla-
ciers on its eastern side, the larger with an area of about 1.8 sq. km.
This glacier is reconstituted beneath a 300-m cliff but only firn, not

. glecier ice, is said to avalanche down. The tongue was 600 m long and
covered with debris in 1950 when the position of the terminus was marked.
The firn limit, extrapolated from the tree line at 1300 m, has been
estimated at 1500 m (Colqui and Madejski, 1952, pp. 211-21k).

£ A photograph taken at the twrn of the century (Kriiger, 1900, Pl. 5)
¥ shows & glacler on the southeast side of Cerro Torrecillas ending a short
distance from a grove of trees.

Voledn Minchinmivida (2470 m; 42°U45'S, T72°25'W) is an almost coi~
pletely ice-covered, little dissected cone (F1. 400, R 34%; Fl. 401, R 39).
Kruger (1900, p. 15) noted two glacier tongues. The timberline in the
vicinity he found to be at about 980 m, and the snowline at about 1410 m.

The entire area between about 43°S and Puerto Aisén at 45°20'S has
far more glacier ice than the maps indicate. Huge avalanche cones end
£ reconstituted glaciers are common. Volcfn Corcovado (2300 m; 43°10's,
k- T2°45'W) has several glaciers (Fl. 401, L 188). Cerro Cuatro Pyrémides

(2408 m; 43°08'S, 72°30'W) and Cerro Nevado (2042 m; 43°28'S, T72°50%W)
are extensive rolling ice-covered plateaus, surrounded by precipices
(F1. 401, L 188). A glacier flowing toward the Corcovade valley reached
205 m sbove sea level at the turn of the century, according to Steffen
(1919, p. 306; 194k, p. 286). A glacier forming the source of the Rfo
Corcovado near 43°31'S, T2°24'W, terminated at 590 m in 1899. Its vomgue
was about 600 m broad and appeared to have been gradually retreating for
some time (Kriger, 1909, p. 54). The mountains to the east along the
Chile~Argentina border have many short,; steep glaciers; the permanent
snowline on the peak near 43°30'S, 71°40'W was at about 1700 m at the
turn of the century (Kriiger, 1900, p. 23).

Monte Melimoyu (2379 m; 44°05'S, 72°52'W) and Monte Macé (2960 m;
45°08'S, 73°15'W) are volcanic cones with extensive glaciers (Fl. 452,
L 69; Fl. 401, L 125). An icefield of about 150 sg. km is centered on
Cerro Overo (hh°25'5, T2°25'W); the outlet glaciers have shrunk only
slightly from end moreines (¥L. %01, L 1L5).

South of Puerto Aisén the ice as shown on the maps more nearly coin-
cides with that visible in the aerial photographs. Between Puertoc Aisén
and the porth Patagonian icefield are several mountain groups with short
glaciers, and two small icefields. One icefield is at 45°55'S, T3°W.
Short outlet glaciers on the east side gll show signs of considerable
recent recession (Fl. 406, L 202), but the 12-<km-long Huemules Glacier
flowing northwest has shrurk much less (Fl. 406, L 64). The other ice-
field at 46°08'S, 73°08'W also has a long outlet glecier flowing north-
west that has shrunk little. All other glaciers in the ares have receded
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greatly from recent moraines,

The permanent snowline between 45°s ang
46°S on the west side of the ¢

ordillera is at about 1400 m (Sabor, 1950,
P. 111).
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Photographic Sources

Moreno {1898)
P1. 36.

Argentine Government (1900)

P1. 68.

Pl. T0.
P. 789.

Gallois (1901)
Pls. 17 and 18.
P, 21,

Fl. 22.
Pl. 25.

K61liker and others (1917)
Pp. 42 and L6.
P. 52.
P. 52.
P. 54,
P. 58,
P. 8.

Steffen (1919)
P' 136, Plo 3.
P. b6, P1. 25.

Rentzell (1935)

Pp. 157, 159; and 163.
Jakob (1936)

Pls. 2-5,

Pl. 190.

Pl. 1k,

7

Cordillere de Lilpels [Tpela/.

Pgnorama, N, W, and S from Cerro 30
de Marzo, 42°45'S, T2°10'W,
including Volc&n MinchimmAvida.

Panorama S and W from Portezuelo
Ravarro, 42°43's, T2°10'W.

Glaciers KW of Portezuelo ILa Cruz,
42°37%s, T2°07'W.

Cerro Tronsdor.

Panorama from Fortezuelo
Navarro [se.me as Argentine
Government, 1900, Pl. 687.

Cerro Central group, 43°4O'S,
T1°35'W.

Glaciers on and near Cerro Ap Ywan,
46°10's, T1°52'W.

Cerro Tronador, summit area.

Cerro Techado, summit.

Cerro Puntiagudo, summit.

Cerro Puntiagudo.

Volc&n Osorno, summit.

Ice: on VoleAn Calbuco before 1912
eruption; summnit of Cerro Yate.

Cerro Tronador, terminus of
Frias Glacier.
Glaciers on Nevado del Gallo.

Glaciers in the Cordén del Pico Alto.

Cerro Tronador. _

Rfo Manso Glacier /7 7 on
Cerro Tronador.

Rio Blanco Glacier.




Henke and Hess (1938)

P. 590. Cerro Puntiagudo.
Palanza (1938)
Pls, 31 and 33. Cerro Tronador, Rio Blanco Glacier.
; Pls. 34 and 35. Rfo Manso Glacier.

Grimeisen (1943)

Pls. 66 and 70. Glaciers between Lago Nahuel Huapi -
8 ; and lago Mascardi. R
i U. S. Avmy Air Force (19Ll-45) [
' Deteils of aerial photographs are glven in the text. E
i
Berge der Welt (1948)
Pi. T3. Cerro Tronador.
Pl. Tk. Cerro Puntiagudo. - -
Pi. T5. Volcan Osorno. -
i
N
Note: According to Pan American Union (1964), much of Chile north of .

L 5°S has been photographed from the air since 1955. Most of these
photographs are held by the Instituto Geografico Militar in Santiago.
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. Mep Sources

American Geographical Society, New York. Hispanic America, 1:1,400,000.

S.K-18, 19 Puerto Montt-Rfo Chubut, 1956.
S.L-18 Peninsula de Taitao, 1956.
S.L-19 Comodoro Rivadavia, 1956.
Instituto Geogrifico Militar, Santiago. Carts Preliminar, 1:250,000.
koT2 Rupameica, 1950
4073 Osorno, 1950,
ka2 Lago Vidal Gormaz, 1950.
4173 Puerto Montt /fundated/.
L2172 Rfo Puelo, 1950. 3
4273 Castro, 1950. .
k3 Palena, 1952. f
4373 Golfo Corcovado, 1950. .
473 Isla Megdalena, 1950.
4573 Puerc Ais€n, 1953 (reprinted 1957).
k672 lago .?;enos Aires, 1953 (reprinted
1956).
4673 Monte San Valentin, 1950.
Lliboutry (1956)
Fig. 51. Mapa Esquimftico del Tronador
[1:220,000/.
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. CIACIERS OF CHILE AND ARGENTINA BETWEEN
LATITUDE 46°S AND THE STRAITS OF MAGELIAN

The Andes between 46°S and the Straits of Magellan contain the two
Patagonian icefields, the most extensive glacier systems in South
America, resembling those of southeastern Alaska. The climate also is
gimilar but even more maritime; summers are rather cooler with much
stronger winds, and winters are warmer. One glacier from the northern
icefield and meny from the southern icefield reach sea level.

Bertone (1960) has listed 356 Argentine glaciers between 47°30'S
and 51°S, giving the name, position, type, behavior, altitude of terminus,
and area. Twenty-eight were stabtionary and the remainder receding. This
publication should be consulted for such details on glaclers in this area.

Northern Patagonian Icefield

The northern Patagonian icefield has a maximum north-south length
of 130 km end a maximum east-west width between glacier termini of T5 km.
Much of the information presented here has been obtained from the aerial
photographs taken for the Chilean Government by the United States Army
Air Force in 194k-h5, The glacier names follow Lliboutry (1956, Fig. 55),
and unnamed glaciers are identified by the latitudes of their termini.

The icefield may be divided into a northern, a central, and a south-
ern section. The northern section comprises the glaciers flowing from
Monte San Valentin-- 4058 m on maps but probably 3876 m sccording to
Lliboutry (1946, p. 360)-- and the entire basins of Circe, Pirdmide, and
Huata glaciers; it is rugged and very crevassed, with many nunateks
(F1.. 406; R 90-94). The central section is an undulating, little-crevassed
firn field (Reichert, 1923-24, p. 16), bounded on the south by a chain of
mountains rising sbove it and extending southeastward from the south side
of San Tadeo Glacier to the southern side of Colonia Glacier (Fl. L06;

R 97-106). Its altitude is between 1100 m and 1500 m (Club Andino |
Bariloche, 1954, p. 3), Extensive snow morasses have been enccuntered

in December at about 1100 m (Lliboutry, 1956, p. 360). The southern
section includes the mountain chain and the icefield to the south. It

is moderately rugged with many nunataks and crevasses (Fil. 406; R 1ihk-12L).
In 1964 a party crossed this part of the icefield from San Rafael Glacier
to Colonia Glacier and encountered several badly crevasesed areas (Shipton,

1964, p. 186).
A1l the outlet glaciers on the eastern side of the icefield show signs

‘ of recent shrinkage. Those originating on and near Monte Lar Valentim,
such as Circe and San Valentin Este, have a very heavy debris cover in
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their lower portions and have shrunk vertically rather than horizontally
gFl. 406, 1, 86 and 178). Leones Glacier calves into & 10-km-long lske

Fl. 406, L 98): it is very rough and crevassed and a party attempting
to go up- it was forced to turn back (Joos, 1960). The end moraine enclos-
ing the castern end of this lake is 100 m to 140 m high and Heim (1940,
p. 286) believed it was late~glacial in age. Nef, Colonia, and Pared
Norte are long valley glaciers; the first two have shrunk moderately,

the last has shrunk greatly from a recent maximum, as has neighboring
Pared Sur Glacier (Fl. 406, L 109-124). All these glaciers carry much
lese debris than do those from Monte San Valentfn.

East of the icefield several mountain groups are heavily ice-covered
all the glaciers show signs of great recent shrinkage. The Corddn
Contreras (46°50'S, 73°W) is typical (Fl. 409, R L4y-55).

On the western side of the icefieid most of the glaclers are health-
ier than on the eastern side, and their surfaces are almost free of rock
debris. Steffen Glacier has receded moderately (F1. 558, V 10) and the
glaciers at 47°20'S and 47°15'S have shrunk only slightly from recent end
moraines (Fl. 558, L 17). The glacier at 47° 13'S and Benito Glacier and
its distributaries show little sign of shrinksge (Fl. 552, L 20 and 2k,

V 26). The mountains to the west of Steffen anu :.nito glaciers have
many small glaciers not shown on the maps; they appear to have shrunk
only slightly. The lobate terminus of San Tadeo (ilacier has in places
receded from an end moraine but elsewhere is against it. An older moraine
lies beyond (F1. 456, R 175; Fl. 555, L 27-30). Puilin (1933, p. 76),

who traveled over San Tadeo Glacier in 1920, found the ice "even and of
good quality over large areas" with little debris on it. He also noted
the abundance of ice-dammed lakes in side valleys. The tongue of André
Glacier, a distributary of San Tadeo Glacier, appears to have receded
slightly since 1920, forming a small proglaciai lake,

San Rafael Glacier is the only one from the northern icefield that
has been investigated scientifically. It calves into & sea-level lake,
reaching tidewater at a lower latitude than any other glacier in the world.
Velocity measurements were made in 1921 (Reichert 1923-2k, p. 10) but the
results are not known. The lake shore is formed by an end moraine; an
older moraine lies a short distance beyond and a younger moraine, largely °
submerged, is between the lake shore and the ice front 10 km away.

Muller (1959, p. 5) has called these the Tempanos I, II, and III moraines,
in order of-decreasing age.

Rhythnically bedded deposits (rhythmites), many of them probably
formed in less than a year, suggest that the Tempanos I-II interval lasted
200 to 400 years or perhaps longer (Muller, 1959, p. 8). Organic material
from nesr the base of bottom sediments of & pond on the Tempanos I moraine
is 3610 * 400 yeers old (Heusser, 1960, p. 568). Wood in peat 35 cm
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. beneath till near the present margin of the glacier is 6850 * 200 years

S 0ld; at that time the glacier was up-valiey from its 1959 position
(Heusser, 1960, p. 570).

L

[y

; From this evidence Heusser and Muller have reached different con-

4 clusions about the glacial history. Heusser (1960, p. 570), believes

: that the glacier advanced past its present position abcut 5000 years ago
} and reached its maximum at the Tempanos I moraine about 4000 years ago;
! later readvances formed the Tempanos II and III moraines. Muiler, how-
) ever, concludes that the till overlying the 6850-year-old peat near the
present glacier margin is so unweathered that it must date from the ,
historically documented advances of the glacier. The Tempanos glacia- :
tion, he believes, is late-glacial (Muller, 1960). Both Heusser and ;
Muller admit difficulties in their interpretations: Heusser (1961, p. 15) - 3
1s puzzled that the pollen record shows no glacial conditions compatible
with the size and extent of the Tempanos moraines, and Muller (1960) is
surprised that accumilation did not start earlier in the Tempanos I pond.
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By A.D. 1675 San Rafael Glacier was probably again smaller than in

1959. In 1766 enother advance was in progress, culminating shortly before
1882. Recessional moraines were formed about 1910 and 1935, and in 1958
the glacier was advancing into terrain that had been ice-free at least
29 years. (Lawrence and Lawrence, 1959, pp. 13 and 18). In 1954 Shipton

. (2964, p. 186) reported that the glacier was still close to the forest.
The whole surface was a chaotic mass of seracs and crevasses apd the only
route to the icefield was along the narrow trough between the forest and

. the glacier. In 1921 Reichert (1923-2k, p. 10) noted thst the lateral
moraine was composed of uprooted tree-trunks; whether these dated from
the 1882 maximum or the 1910 readvance is not XKnown.

The joint glaciers Huata and Pirfmide formeriy extended: into the
Golfo Elefantes and formed moraines similar to those of San Rafael Gla-
cier (Heusser, 1961, p. 5). Huata Glacier now shows no sign of shrirhk-

age and mey be advancing (Fi. 558, R 39, V 38). Pirfmide Glacier has
shrunk slightly.

A group of peaks reaching 1562 m between Pirfmide Glacier and thé
coast carries small glaciers (Fl. 558, R 43} and at the northern end of
the Penfnsula de Taitao at 46°S, T4°35'W, some peaks reaching 1312 :m
have small ice bodies near the summits (Fl. 456, L 16). The firn limit
on the western side of the mountains between h6°S and 47°S mey therefore
be at about 1300 m, close to Sabor's estimate of 1320 m (1950, p. 11%). -

Glaciers Between lago Buenos :
Alres and Lago Sen Marcin .

Lago Buenos Aires and Lago San Martf{n are on the eastern sids of the
Cordillera but drain into the Pacific by the Rfo Baker and the Rfo Pascus,
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regpectively. Many mountains with cirque and valley glacliers are situated
between these two lakes and their river outlets.

On the southern: side of Lago Buenos Aires near h6°45'S, 72°15'W, a

group)of cirque glaciers show signs of great recent shrinkage (Fl. 409,
R 203}. ,

Cerro-Cochrane /or San Lorenzo/ (about 3700 m; M7°35'S, T2°20'W) is
heavily ice~covered with several valley glaciers radiating from the pre-
cipitous main peak. In 1940 the glacier on the northern side at the
source of the Rfo Platten ended 200 m from o moraine-dammed lake into
which it had been calving a few years previously (Agostini, 1941, p. 277).
A1) the glaciers on Cerro Cochrane appear in the aerial photogrephs to
have shrunk greatly from o recent maximum, though the lower parts of the
two longest that flow west and south. are complefelj covered by debris
that has inhibited terminal recession (Fi. 409, « )75-178). A small gla-
cier on Cerro Hermoso just east of Cerro Cochrane vas reported by Magnani
(1961, p. 10) to be against its terminal moraine.

West and southwest of the Cerro Cochrane massii are several small
ice~covered plateaus from which short valley glaciers descend. These
glaciers carry little debris in contrast to those on Cerro Cochrane, and
all show signs of considerable recent irinkage (Fl. 409, L 75-90).

The glaciers in the Gran Corddn Nevada (48°20'S, T2°45'W) have also
shrunk considerably. The. peninsula to the south, lying between the Brazo
Norte Occidente and the Brazo Norte :Oricnte of Lago San Martin, contains
many smell glaclers, most of which have lost about & third of their length
since a recent maximum (Fl. 409, L 110 and 145).

Tne Sierra de Sangra on the east side of the Brazo Norte Oriente is
heavily ice-covered. Valley glaciers radiate in all directions from a
central icefield and reach down to 1300 m (Bertone, 1960, p. 25). All
have racently receded greatly and most now terminate in proglacisl lakes.
¥hen a glacier flowing east toward the R{c Mayer was photographed in 1897,
4t was considerably thinner than it had been at a recent maximm but had
receded -only a short distance from the end moraine (Hatcher, 1903, p. 1k2
and Pls. 16 and 17). By 1945 the glacier had receded an estimated 2 km
to 3 km.and e proglacial lake extended from the ice front to the end
moraine (F1, 409, R 150). Many cirque glaciers lie on the pesks due south
of the Sierra de Sangra as. far as about 48°50'S, their termini being at
gbout 1400 m to 1500 m (Bertone, 1960, p. 29).

Southern Patagonian Icefield

The southern Patagonian icefield is 300 km long and extends through

“about. three degrees of latitude from 48%15's to 51°20'S. Its greatest
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width between glacier termini i1s 90 km in latitude 48°50'S, but for much
of its length it averages about 4O km. .Outlet glaciers réach sea level
in the fiords on the western side, many of which are choked with float-
ing ice. On the east the largest glaciers cclve into piedmont laxes at
185 m to 285 m above sea level. On the west coast the climate is ex-
tremely maritime: at Evangelistas (52°24'S, 75°06'W), for instance,
slightly to the south of the icefield, aversge monthly temperatures range
from 4.4°C to 8.7°C, and annual precipitastion averages about 262 cm
(Arroyo and Solar, 1958, pp. 20 and 27). By extrapolation Schwerdtfeger
(1956, pp. 6T and T6) has estimated that on the icefield at 2000 m the
average monthly temperatures range from -10°C to ~5°C and the precipita~-
tion is T0O cm per year. Shipton (1962s, p. 124; 1963b, pp. 160-182),
who spent severel weeks in the accumulation area of the northern part

of the icefield, has described the atrocious weather to be expected in
midsummer, including heavy drifting blizzards with winds up to 200 km per
hour. There is a great contrast between the warm northwesterlies and the
cold southwesterlies; during a midsummer cold spell snow may on occasion
lie at 500 m on the eastern side, 500 m to 600 m below the timber line.
In these latitudes the winds are strongest and most persistent in summer
(Lamb, 1959, p. 15), and in winter long calm periods are common.

Little scientific information is available about any of the glaciers
and most travelers' informetion is about the more easily accessidle east-
ern glaciers. The western glaciers and the higher parts of the icefield
remained largely unknown till the 194k-45 aerial survey. A study of the
aerisl photographs shows that the western outlet glaciers and the small
independent glaciers to the west of the icefield were then in a healthy
condition, many of them being in contact with the forest; but on the
eastern side, with few exceptions, the outlet glaciers had receded con-
siderably from recent end moraines. Small independent glaciers to the
east of the icefield had shrunk greatly, most having lost between a third
and half of their former length.

The northern part of the icefield west of Lago San Martin is an ex~
tensive unduleting plain with a few small nunataks (Fl. 556, L 126-140,
R 65-75). Cerro Melliza Sur and Cerro O'Higgins rise several hundred
meters above the eastern side of the snow plain. Further south the ice-
field is mmuch more rugged and crevassed and dominated by mountain peaks
rising through it (Fl. 560, L 27-69).

An active volcano, Cerro Pirfmide /or Lautaro/ (3380 m; 49°03'S,
T3°33'W); lies. in the northern part of the icefield. Activity in recen*
years has been slight (Shipton, 1963b, p. 181) but, as evidence for past
eruptions, large quantities of ash and pumice are reaching the surface in
the ablation areas of glaciers within about 60 km of the crater. The vol~
cano was first seen by Reichert in 1933 but Lliboutry (1957, p. 24), una-
ware of this, mistakenly located the volcanic center elsewhere (Shipton,
1960, p. 167).
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(Glaciers on the Western Side of the Icefield

Jorge Montt Glacier (Fl. $56, R 85) has receded considerably from
3 recent maximum--10 km in the last 40 years, according to Shipton
,(19631’} p. 117).

The two glaciers at 48°23'S and 48°25'S are in contact with ths
forest in places and close to it elsewhere (F1. 556, L 91 and 98).

Bernardo Glacier is near a maximwm (Fl. 556, L 98).
Tempano Glacier is in contact with the forest (Fl. 556, L 101).

The glacier at 48°50'S has receded slightly; layers of volcanic ash
are melting out in the ablation area (El. 556, V 105, L 105%).

Greve Glacier has much volcanic ash upon it. Part of the terminus
appears to be advancing, and part has receded slightly (Lliboutry, 1957,
Fig. 8; F1. 560, R 6; Fl. 556, L 64 and 105). The glaciers on the west
side of Cerro Pirdmide are very steep and crevassed (Fl. 560, L 5).

South of Greve Glacier, Brilggen Glacier [or Pio XI/ calves into
Fiordo Eyre. In 1830 H.M.S. Beagle sailed to the head of this fiord and
King (1839, p. 337) reported a river flowing through a lowland from a
large glacier, presumebly the Greve but posaibly the Briggen. He men-
tioned neither a tidewater glacier nor floating ice. In 1926 Briiggen
Glacier advanced to the opposite side of the fiord (Agostini, 1941, p.
60); when and where this advance ended is not known, but by 1945 when
the aerial survey was made the terminus was 3 km behind its 1926 posi-
tion (¥1. 560, R 21, L 10; Fl. 556, L 56 and 113). In 1962 the terminus
bad resdvanced about 5 km (Mercer, 1964). The glacier is very crevassed
and many ice-dammed lakes occupy side valleys.

The glacier at 49°32'S is very crevassed and is near a maximum
(F1. 560, L 23).

On the eastern side of Fiorde Falcon the three glaciers at 49°32'S,
49®40's, and 49°43'S, are near s.maximum but the glaciers at the head of
the fiord and along the western side have shrunk moderately from a recent
meximum. They are all very steep and broken and apparently very active,
for the fiord is choked with ice (Fl. 560, L 25).

Seno Penguin contains & great deal of floating ice but the calving
glacier was hidden by cloud in the aerial photographs (Fl. 557, R 169).
A calving glacier lies at the head of Seno Eurnpa (Fl. 557, R 163), and
Guillardi Glacier appears to be advancing {¥Fl. 557, R 159). )
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The glaciers on the western side of Seno Andrew have shrunk moder-
ately from a recent maximum but on the eastern side and on the north side
of the entrance to Fiordo Calvo are in contact with or near the forest
(F1. 560, L 42-45). These glaciers are all very steep and crevassed and
carry little debris. Tilman (1957, p. 106ff) Gescribes the difficulties
encountered in ascending the glacier at 50°38'S, which he called "Calvo"
Glacier. Of the lateral moraine he wrote, "compared with Himalayan
moraines it was despicably small and failed miserably in offering the
easy going that they generally provide. (The absence of well developed
moraines was a chavacteristic of all the glaciers we saw.)" Further up
they encountered a "frightful jumble of seracs and yYawning chasms," and
on the upper glacier they experienced extremely violent sni unpredictable
changee cf weather.

Several steep, clean, and highly crevassed glaciers calve into Fiordo
Calvo, producing large numbers of bergs. The recent behavior of the gla-
ciers could not be determined from the aerial photographs (Fl. 560, L 49)
but no marked recession is evident.

Asia Glacier is a clean, very crevassed tidewater glacier and is
apparently advancing (Fl. 560, L 55).

Amelis Glacier is also a clean and very crevassed tidewater glacier,
In the 1944-U45 aerial photographs (Fl. 560; L 58, V 59) it had receded
slightly from a recent maximum and was not far from where it had been in
1508 (Quensel, 1912, P1. k&), but ten years later the terminus had appar-
ently receded several kilometers (Tilman, 1957, p. 101, and P1, 8a).

The three glaciers at 51°05'S, 51‘68'8, and 51°11'S have shrunk
moderately from & recent maximum (F1. 560, I..63 and 64), and the glacier
at 51°18'S is near a maximm (Fl. 410, L 133).

On the peninsulas and islands to the west of the icefield are some
independent glaciers, few of which are shown on the mape. Glaciers rec-
ognizable on the photographs exist in the following places: Penfnsula
San Martfn, about 48°10'S, T4°10'W, highest point 1585 m (F1. 456, R 131
and 556, L 91); Isla Serrano, 48°22's, Th°Ls'W, highest point 1554 m .
(F1. 456, R 67); North of Seno Tempano, 48°35'S, 79°15'W, highest point
1372 m (F1. 456, R 119); Isla Wellington, at 49°S, Tu°L5'w (F1. 456,

L 83), and 49°20's, T4°LT'W, highest point 1331 m (F1. 456, L 90);
Penfnsula Exmouth, 49°25'S, T4°15'W (F1. 456, R 96); between Fiordo Falcdn
a.nd‘ssac_eno;)’enguin, aud between Seno Penguin and Fordo Eurcpa (F1. 55T,

R 158-176). v

These are mostly summit gleciers with small ice tongues descending

from them, except between Fiordo PaleSn and Seno Penguin, where several
minigture icefields lie,
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(laciers on the RBastern Side of the Idefield

On the eastern side of the southern lcefield and south of Lago
Argentino four glaclers end in proglscial lakes with Pacific drainage;
from south to north these are Balmaceds, Tyndall, Grey, and Dickson
Zlaclers,

Balmaceda Glacier is about 12 km long, and is highly crevassed near
its tongue (F1. 410, R 129). Its lobate terminus dams three proglacial
laxes (F1. 411, R 37). Tyndall Glacier is about 35 km long, of gentle
slope, and very clean; it dams two proglacial lakes, and shows signs of
moderate. recent shrinkage (F1. 411, R 33). The tongue of 30-km-long
Grey Glacier is split in two by a rock outerop (F1. 411, R 27). A com-

son of photographs shows no obvious changes between the 1890's
?:rr:entina Governwent, 1900, Pl. 134) and 1929 (Agostini, 1941, p. 103);
both branches of the termimus reached the lake, According to local re-
ports the glacier reached the forest in the mid-1920's but has been
receding since (Lliboutry, 1956, p. 401). A comspicuous patch of surface
moraine near the center moved down the ier about 4 m between 1946
and 1956, an average of 400 m per year (ILliboutry, 1956, Pig. 59).

Dickson Glacier had receded moderately from a recent moraine when
photographed in the 1890's (Gallois, 1901, Pl. 29). Nordenskjold (1907,
p. 32) descrived the calving terminus as low and the surface behind the
terminus as very crevassed in 1896. Between then and 1943 photographs
show that it receded an average of 17 m per year (Lliboutiy, 1956, p. L4O1).

‘Small independent glaciers lie on the mountains to the east of the
four glaciers just described. From Cerro Balmaceda (2035 m) two steep,
clean glaciers descend to the shores of Seno Ultima Esperanza, separated
from the water by end moraines. They show little change between 1908
(Quensei, 1912, Pls. 2 and 3), 1929 (Agostini, 1941, pp. 85 and 88), and
1945 (F1. 411, R 39). The Cerro Paine massif has several short, rather
dirty glaciers which showed signs of considerable recent recession when
photographed, probably in 1929 (Agostini, 1941, pp. 90-107).

East of Cerro Balmeceda many small glaciers and glacier remnants’
lie on the mountains in the vicinity of Cerro Teneriel (1860 m), only a
few of them showm on the Chilean 1:250,000 map. All show signs of great
recent shrinkage of about a third to half their lepgth and many no longé:
have any accumulation erea (Fl. 411, V, L, and R 37-40).

The iceshed between the Pacific and Atlantic drainage separates
Dickson Glacier from Frias Glacier, which flows toward the Brazo Sur of
1ago Argentino. Frfas Glacier was called "Richtergletscher" by Hauthal
in 1899; the debris-covered glacier terminus was in retreat and 3 km of
outwash lay between it and Laguna Frfas, wkich was separated from Lago
Argentino by some massive end moraines. These moraines, 7 km from the
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present ice front, he believed to belong to the Late-Glacial. Three
small ridges lay close to the ice tongue (Hauthal, 190k, pp. U5-46).
Hauthal's sccount hss been misinterpreted by Raffo, Colqui, and Madejski
(1953, p. 339) to imply that the glacier at the end of the nineteenth
century had receded 7 km from some very fresh moraines, Thelr erzor has
been repeated by Lliboutry (1956, p. 401); in fact according to the map
made from the 1945 aerial photographs, the width of the outwash plain and
the distance of the glacier from the Brazo Sur are sbout the same as in
1899. The glacier terminates at about 280 m (Bertone, 1960, p. 102).

Moreno Glacier /Bismarckgletscher of Hauthal and Quensel/ is a very
clean :glacier of about 200 sq. km that calves into Lago Argentino., It
has become well known because it has consistently advanced since its dis-
covery and in recent years has blocked an arm of the lake, causing severe
flooding of grazing land. It has been under observation since 1899, when
Hauthal surveyed the tongue; he repeated the survey the following year
and found that the front had advanced. By 1908 Quensel found that it had
advanced a further 100 m (Bauthal, 1904, p. 35; 1910, p. 139). In 191k
the glacier had advanced almost across the lake (Reichert, 1917, p. 229)
but not t11l 1935 was the first ice dam formed. From 1935 to 1963 the
glacier dammed the lake ten times and in October 1956, Just before the
dam broke, the water level had risen 23 m (Heinsheimer, 1956, 1958). The
dam broke again in March 1963 when the writer was in the area. The gla-
cier has been encroaching on forest hundreds of years old, according to
Nichols and Miller (1952, p. 42).

Between 1947 and 1952 the Servicio Meteorolbgico Nacional studied
Moreno Glacier. In 1948 they set out a line of stakes 5.5 km from the
terminus, extending from the northern margin two thirds of the way across.
Eighteen months later a resurvey of the stakes showed that annual move-
ment increased from 35 m two hundred meters from the margin to 965 m in
the central area (Raffo, Colqui, and Madejski, 1953, p. 328). The prime
cause of the prolonged advance was believed to be the capture of part of
the accumulation, area of adjacent Frias Glacier which they believed /mis-
takenly as shown above/ had receded 7 km in the late nineteenth century

' (Raffa, Colqui, and Madejski, 1953, p. 339).

Ameghino Glacier, about 15 km long and 52 sq. km in area, ends in
& proglacial leke at 200 .m sbove sea level, separated from Lago Argentino
by an outwash plain. Studies of tree growth layers have shown that the
glacier reached a maximum in the mid-1870's, since when it has shrunk 100 m
to 150 m vertically. Parts of the margin were advancing in 1959 (Nichols
and Miller, 1952, p. 46; Mercer, 1960, p. 2). i

Mayo Glacier impounde a lake 6 km long, the western end of which is

only 8 m from Seno Andrew, a branch of the Facific , and several steep and
parrow glaciers calve into this lake. The terminal area of Mayo Glacier
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‘- ‘ ig very crevassed and elmost impassable, and on the upper glacier there
- is an expanse of surface moraine formed by a huge landslide (Shipton,

R 1963b, pp. 52 and 58). The glacier has shrunk considerably from a maxi-
munm extent in the mid-1870's (Mercer, 1960, p. 3).

e oy AT

§ Spegrzzini Glacier is a clean, very broken glacier that calves into
i 3 Iago Argentiro. The terminus changed little between the 1920's and 1959.
' A few very small glaciers lie in the Penfnsula Avellaneda to the east.

3 Onelli and Agassiz glaciers calve into Lago Onelli only & few meters
f - above the level of ILago Argentino. Onelli Glacier has thinned moderately
: but has receded very little horizontally from a maximum that may have
been reached in the 1880's. It descends in a series of icefalls from the
B divide but the lower part is little crevassed and is easy to travel on.
‘. The tongue appears ingctive and produces few bergs. Agassiz Glacier is

S steep and crevassed and the tongue continually calves small bergs. In
1959 the margin was close to & trimline that had been formed in the mid-
1870's (Mercer, 1960, p. 4).

Ny 8 Upsala Glacier is about 60 km long and has an area of 595 sq. km

4 (Bertone, 1960, p. 78). Part of the terminus is a calving front about

3 2.5 km wide and part ends on land., Eight kilometers from the terminus

i o the glacier is 14 km wide (F1. 410, R 184). Very active and crevassed

3 tributaries descend from the mountains on the west and compose about half -
the ice reaching the celving front. The other half comes from the undu-
lating accumilation area near the head of the glacier.

ot

, : The ablation area is moderately crevassed throughout but hes been

A 4 crossed on several occasions; for example, by Agostini in 1930 in order

g 8 to reach the high snowfield overlooking Nstero Falc6bn (Agostini, 1941,

Pp. 151). The writer found traveling up the eastern margin of the glacier
easy in late summer. Above the firm 1imit (about 1200 m-in March 1958)
skis could be used. The surface gradient was very gentle near the firn
limit and the iceshed between Upsale and Viedms glaciers was only 200 m
higher,

AT
v,

i Radiocarbon dating has shown that Upsala Glacier was advancing about
E 8 350 B.C. and reached a maximm near 100 B.C. A later and less extensive
T adiance culminated about A.D. 1600, when the calving front was about 8 km
L ahead of its present position. Most of the recession must have taken

i place before the present century, for a photograph by Skottsberg (1911,
‘ P. ﬁgg; shows the front close to its present position (Mercer, 1965,
pe *

' East of Upsala Glacier the higher pre-Cordillera carry many glaciers.
A very steep glacier on the eastern side of Cerro Norte ends in a progla- -
cial lake, round which are end moraines of two different ages, the older

. . 12
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formed about A.D. 350. On the southeastern side of Cerro Norte a recon-
stituted glacier also has two end moraines, the younger dating from about
A.D. 1550 (Mercer, 1965, p. 409).

Southeast of Cerro Norte is a plateau glacier from which steep out-
let g%aciers descend to about 1000 m (Bertome, 1960, p: 65; Fl. %10,
R 191).

Viedma Glacier is the only glacier that calves into lago Viedma. A
geod account of two weeks traveling over the glacier near and above the
snowline and the weather conditions encountered is given by K8lliker and
others (1917, pp. 349-367). The glacier is composed of two branches of
about equal size from the southwest and the north, separated by a large
and conspicuous medial moraine. The total length of the glacier is about
4O km end its area about 575 sq. km (Bertone, 1960, p. 48). For about
8 kxm from the terminus the surface is impessable because of crevasses,
but becomes smoother farther up. Much pumice and rust-colored ash comes
to the surface in the ablation arees. The nunatak in the middle of the
glacier at the foot of the Corddén Mariano Moreno (Fl. 556, R 50; Fl. 410,
R 206), from which the medial moraine starts, was believed by Lliboutry
(1956, p. ¥13; 1957, p. 24) to be the volcanic source of the ash, but when
the writer visited it in 1959 he found no trace of vulcanism; the active
volcano, as has been mentioned earlier, is Cerro Pirdmide. A large ice-
dammed lake occupies the valley or the southern side of the glacier,
mistakenly shown as a glacier on most maps. Two sets of stranded end
moraines suggest that Viedma Glacier has varied in much the same way as
Upsala Glacier.

Several independent glaciers lie in the mountains ijmmediately east
of Viedma Glacier, on Cerros Huemul and Solo, and the Fitz Roy group.
The glacier on Cerrc Huemul did not change perceptibly between 1916
(KS11iker and others, 1917, p. 336) and 1945 (Fl. 409, R 130). Two
glaciers descend from the south side of Cerro Solor to the floor of the
valley of the Rfo Tinel (Fl. 556, L 50), terminating at about 800 m
(Bertone, 1960, p. 48). The western one was called De Quervain Glacier
and the eastern one Tinel Glacier by Kolliker in 1917. Both glaciers had
then receded from a recent moraine (K3lliker and others, 1917, Fig. 1k).
A photograph taken by the writer in 1959 shows little change.

In the valley of the Rfo Fitz Roy, Adela Glacier ends behind a pro-
glacial lake (Fl. 556, L k7). It is a combination of several glaciers
and the branch originating on the southern side of Cerro Fitz Roy carries
much surface debris. The terminus has changed little since 1931 (Agostini,
1941, p. 211). TFive end moraines lie in the valley and slong the lake
shore and, from a study of the vegetation, the dates of the two youngest
have been estimated at pre-1900 and about A.D. 1700. From radiocarbon
dating of a bog the third moraine is thought to date from about A.D. 1100.
The two oldest moraines are of unknown age (Mercer, 1965).
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Piedras Blancas Glacler, on the eastern side of Cerro Fitz Roy, ends
in & proglacial laske surrounded by s massive end moraine that was breached
by the laxe in 1913 (Agostini, 1941, p. 218). No appreciable change in

the glacier took place between 1937 (Agostini, 1941, p. 215) and 194
(!'1. ll»09, RZ,'"T'). ] s P 5) 945

The glacier at the head of the Rfo Eléctrico valley is composed
partly of ice from the eastern side of the Cordén Marconi and partly of
- ice from the main icefleld. It offers easy access to the icefield end
has been used by several parties. The tongue receded and the upper parts
of the glacier thinned considerably between 1938 (Agostini, 1941, p. 229)
and 1945 (Fl. 409, R 128; F1. 556, L 4k4),

Five glacliers descend from the eastern side of the Cerro Gorra Blanca
massif, all ending in proglacial lakes (Fl. 409, R 124),

Schénmeyer [E} Chic§7 Glacier carries much volcanic ash. It calves
into the head of the Brazo Sur of Lago San Martin: no changes in the
position of the front were apparent between 1937 (Agostini, 1941, p. 254)
and 1945 (F1. %09, R 119; F1. 556, L 37). All the many small independent
glaciers on the high ground immediately east of Cerro Gorra Blanca and
Schonmeyer Glacier have lost about a third of their length since a recent
maximum (Fl. 409, R 120). Slightly farther east small glaciers on and

pnear Cerro Bonnete (49°10'S, T2°55'W) have lost about half of their length
(Fi. 409, L and R 123).

O'Higgins Glacier calves into Lago San Martin on a 6-km-wide front.
It carries much volcanic ash. Its accumulation area has been estimated
at 900 sq. km, lying between 1250 m and 1600 m. In January to February
1957 the temporary snowline was at 1080 m. In 1920 the terminus just
reached a small island at the mouth of the inlet; by 1937 it had receded
800 m, by 1945 1700 m, and by 1957 6000 m (Corbella, 1957, p. 4). [The
glacier in 1937 can be seen in Agostini, 1941, p. 240, and in 1945 in
USAAF, F1. 409, R 116; F1. 556, L 34./ By 1960 Shipton (1960, p. 170)
concluded from local reports that the terminus had receded 8 km since
1933 and the surface had lowered 180 m.

North of 0'Higgins Glacier, Cerro O'Higgins (2773 m) and Cerro Melizo
Sur (3292 m) rise above the icefield to the west. Most of the glaciers
such as Oriental Glacier (Fl. 409, R 99) contain a component of ice from
the icefield but consist largely of local ice. The large glacier south-
east of Oriental Glacier, however, contains no ice from the icefield
(F1. 556, R 103). Many of these glaciers end in proglacial lakes.

Between Cerro Mellizo Sur and Brazo Norte Occidente of Lago San Martin

are many small glaciers, not shown on maps, that have shrunk a third to a
half from a recent maximum (F1. 409, R 106~110).
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Glaciers Between the Southern Patagonisn
Icefield and the Straits of Magellan

South of the southern Patagonian icefield the mountains along . 2
western side of the Fiordo de las Montafias are heavily ice-covered and
there is no icefree stretch around the head of the inlet, as is suggested
on the maps (¥l. 410, L 120-126; Fl. 411, R 47). Five very steep and
crevassed glaciers in the Corddn Sarmiento flow east and calve into the
fiord; some have receded slightly, others moderately, from a recent maxi-
mum (F1l. 410, V 111-118). Nonme of the glaciers on the western side reach
the sea. Small glaciers not shown on the map lie along the crest of the
high ground on the Penfnsula Roca on the eastern side of the Fiordo de
las Montafias (Fl. 452, R 51; Fl. 410, V 12k4),

On the Penfnsula Antonio Varas between Seno Ultima Esperanza end
Golfo Almirante Montt are many small glaciers, more than appear on the
map. All show signs of recent: shrinkage of a third to a half of their
previous length and many no longer have accumlation areas (F1. ¥11, L,
V, and R Lk3-45).

Many glaciers lie in the southern part of the Penfnsula Mufioz Gemero,
none marked on maps (Fl. 505, R 33). Shipton (1962b, p. 268) visited the
area and noted a small icecap near the southern extremity. In the north-
western part of the peninsula, Monte Burney (1750 m) is heavily ice-
covered (Shipton, 1963a, p. 233).

The island between the Penfnsula Mufioz Gemero snd Isla Riesco has
many glaciers and an icefield. The icefield, centered near 52°50's,
73°10'W, is about 20 km by 10 km and rests on a plateau; no nunataks break
the surface and the outlet glaciers are steep and clean. Slight recent
shrinkage is apparent (Fl. 505, R 29).

The western half of Isla Riesco has many ice-covered pesks and moun- -
tain groups. A small icefield is centered on Cerro Ladrillero (1665 m);
the outlet glaciers have recently receded slightly, and many end in yro-
glacial lakes. On the southern.side two reconstituted glaciers have a
heavy debris cover but the other glaciers are clean (Fl. 505, R 19).
Round Lago Riesco in the eastern half of Isla Riesco are many glacierets
on hills up to 1040 m in height (Fl. 505, R 12).

In 1881 Coppinger {1883, p. 124) visited the glacier near the head
of Bahfa Ventisquero on the west coast of Peninsula Cordova, the south-
western part of the Isla Riesco; it was then advancing into the forest
and many dead treés were incorporated into its-end moraine. By 1945 the
glacier had shrunk moderately as had other glaciers in the peninsula
(F1. 505, v 91, L 89).
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Fhotographic Sources

S Northern Patagonian Icefield

Reichert (1923-24)

F 3 Pls. 1, 2, 3, and k. San Rafael Glacier, 1921.
- Pallth (1933)
E S Pp. 65 and 68. San Tadeo Glacier.
E- 5 P. 76. Glacier in Seno Andrée.
| A Heim (1940) :
Figs. 101 and 102, Iago Ieones and glaciers.

U. S. Army Air Force (19Ul~45)
Details of aerial photographs are given in the text.

Keller (1947-48)
Reproductions of twelve of the 1944-LS U. S. Army Air Force photo-
‘graphs .of the northern icefield.

: Berge.der Welt (19u8)

- 1. 77, Monte San Valentin group, E side. -
E 3 Fl. 78. Upper Leones Glacier.
Pl. T79. Part of northern icefield.

Lliboutry (1956)

Seven 1944-45 U, S, Army Air Forceé aerial photographs; poor
reproductions.

Heusser {1960)

-3 Fig. 2. San Rafael Glacier, aerial view
- 19kk-45,
g Figs. 3, 4, and 5. San Rafael Glacier, margin.
A Shipton (1964)
4 Fig. 43. On San Rafael Glacier.
Figs. Uk and L5, On the northein icefield.
3 Glaciers Between Lago Buenos Aires
S and Lago San Martin
o Batcher (1903)
; Fig. 16 and 17. "Meyer" Glacier, ‘headwaters of Rfo
Mayer.
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Agostini (1941)

Contains many photographs taken between 1913 and 1935, especially

of the Argentine glaciers.

U. S. Army Air Force (194kh-U5)

Details of aerial photographs are given in the text.

Southern Patagonian Icefield

Agostini (2941)

Contains many photographs taken between 1913 and 1935, especially

of the Argentine glacilers.

U. S. Army Air Force (194l-L5)

Details of aerial photographs are given in the text.

Lliboutry (1956)

Six 194445 U. S. Army Air Force aerial photographs, poor

reproductions.

Tilman (1957)

Pls. 11b, 12, and 13.

Icefield between Fiordo Calvo and

Moreno Glacier,

Glaciers on the Western Side of the Icefield

Quensel (1910)
Fig. 1.

(1912)
Pl, k.

JIliboutry (1957)
P, 19.

Tilmen (1957)
Pl’ &.
Pls. 8b and 10.

Shipton (1963b)
P. 650

Amalia Glacier, Seno Peel.

Amalia Glacier, Seno Peel.

Greve Glacier; U. S. Army Air Force

194k-45 aerial photograph.

Amalia Glacier [? ] Eeversed]

Glacier on N side of entrance to

Flordo Calvo.

Cerro Pirfmide (Cerro Lautarc).

Gleciers on the Eastern Side of the Icefield

Argentine Government (1900)

M. 132.

Head of Lago Rico, Lago Argentino.
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P. 963.
Pl. 133.
Pl. 13k,

Gellois (1901)
P. 27.
Pl. 29.

Hauthal (190%)
Fig. 1.

Quensel (1910)
Fig. 8.

Skottsberg (1911)
P. 274,

Quensel (1912)
Pls. 2 and 3.

Kolliker and others (1917)
Pp. 11k, 120, 122, 132,
and 134,
Ppé 6%3‘:;53%8 ?60, 362,
Pp. 248, 26k, 336, and

372.
Pp. 250, 252, 262, 312,
and 35k.

Berge der Welt (19487
Pl. T4.

F1. 8o.

Nichols and Miller (1952)
Figs. 3, 4,5, T, and 10.

Moreno Glacier terminus.
Laguna Frias and glaciers.
Grey Glacier.

Moreno Glacier terminus.
Stokes Glacier, Lago Dickson.

Moreno Glacier, 1899.
Grey Glaciler,

Laguna Frfas; Stokes Glacier, Lago
Dickson. /Etchings and paintings./

Moreno Glacier, 1899.
Moreno Glacier, 1900.
Moreno Glacier, 1908.

Upsals Glacier.

Moreno and Upsala glaciers.
Glaciers on Cerro Balmaceda.
Moreno Glacier.

Viedma Glacier.

Glacier on Cerro Huemul.

De Quervain and Tfinel glaciers,

Iago Viedma.

Moreno Glacier.
Glacier on E side of Cerro Fitz
Roy.

Moreno Glacier.
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Lliboutry (1953a)
P. 173.

e (19530)
P. 257.

P. 258.

Raffo and others (1953)

Viedma Glacier; "Rfo Blanco"
Glacler.

Cerro Fitz Roy and Adela Glacier,
aerial view.

Piedras Blancas Glacier; Adela
Glacier /Idiboutry's Grande
Glacier/.

Seventeen photos of Moreno Glacier.

Lliboutry (1957)
PO 180

P. 19.

Tilman (1957)
Pls. 1% and 15.

Heinsheimer (1958)
Figs. 1-12.

Shipton (1963b)
Frontispiece,
P. 32.
P. 48.

Mercer (1965)
P. lwl.
P. 405.

Viedma Glacier.
Glacier north of Viedma Glacier;

U. S. Army Air Force 194k-L5
aerial photograph.

Moreno Glacier.
Moreno Glacier.

Glacier near Lago Omellil.
Upsala Glacier.
Meyo Glacier,

Upsala Glacier, 1959,
"Dos Lagos" Glacier, 1964,

Glaciers. Between the Southex~ fatagonian Icefield and the

Straits. of Magellen

Quensel (1910)
Fig.. 12,

U. S. Army Air Force (1044-45)

Glecier in Canal Gejardo, Seno

Details of aerial photogrsphs are given in the text.




Map Sources

American Geographical Society, New York. Hispanic America, 1:1,000,000.

‘ 5.L-18 Penfnsula de Taitao, 1956.

; S.M-18, 19 Isla Wellington-Santa Cruz, 1956.
K Instituto Geogrffico Militar, Santiago. Carta Preliminar, 1:250,000.
@ 4672 lago ?.)mnos Aires, 1953 (reprinted
b - .. o 195 .
k3 - 4673 Monte San Valentin, 1950.

T 4773 Rfo Baker, 1953.

! 4873 Lago -0'Higgins fundated/.
k3 4875 Caﬁalék)desier [sic/, 1953 (reprinted
B kg73 Cerro Chaltel o Fitz Roy [undated/.

T4 4975 Isla Angamos, 195k.
3 5073 Cordillerade Paine, 1953.
5075 Isla Madre de Dios, 1954.
5173 Puerto Natales, 1953.
3 5273 Penfnsula Milioz Gamero, 1954.
- 5373 Estrecho de: Magallanes, 1954,
" § U. S. Alr Force, St. ILouis. World Aeronautical Chart, 1:1,000,000.
3 WAC 1585 Taitao Peninsula, 5th ed., 1962
4 rinted in 1963/.
: WAC 1627 Rfo Chico, 6th ed., 1953 /printed
o in 1656/ .
Lliboutry (1953a)
Fig. 2. The South Patagonian Ice Field
/1:1,000,000/ .
(1953v)
5 ; Fig. 1. The Monte Fitz Roy Region /1:100,000/.
5 3 (1956)
k7 Fig. 55. Hielo Patagdnico Norte /1:500,000/.
o ' Fig. 56. Hielo Pat;.sganico Sur (Parte Norte)
E : /1:500,000/
3 Fig. 58. Hielo Patagdnico Sur (Parte Sur)
/1:500,000/
S Fig. 59. Paine /1:150,000; shows Grey Glacier
; and Cerro Peine/.
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GLACIERS OF TIERRA DEL FUEGO s {

Tierra del Fuego comprises the archipelago south of the Straits of '
Magellan but the name is also applied to the main island of the group.
Meny glaciers lie in the mountainous belt running southeast from about
53°S in Isla Desolacién to 55°30'S in Isle Hoste, the main concentra- °
tion being in the Cordillera Darwin on the main island. Except for a ¢
few cirque glaciers in Argentina, all the glaciers are in Chile. Much ‘
of the information about the glaciers has been obtained from the aerial
photographs taken in 1944-45 by the United States Army Air Force for the
Chilean Government, and from reports of climbing expeditions, for few
scientific observations have been made. Two Italian expeditions have
inciuded a glaciologist to make systematic fieid studies and the post-
humously published work of de Gasperi (1922) remains by far the fullest
written source of information on Fueglan glaciers; they are individually
described and the positions of the termini marked on several .sketch maps.

In 1956 further observations were made on many of the same glaciers and
the results are to be published in due course (Morandini, 1956 and 1957)
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The Fuegian glaclers are on the whole very free from surface dsbris. 1
Many of the lomger outlet glaciers on the windward side of the range have e
suffered little recent recession and are close to the forest. 'Some of ;
the glaciers that Conway (1899, p. 30) saw may have been advancing for i
he said that they "bulge at their snouts very differently from the gla- 4
ciers of the Alps." Outlet glaciers of the leeward side of the range ;
have mostly receded recently, and independent valley and cirgue glaciers
have shrunk considersbly. According to Sabor (1950, p. 111) the perma-

nent snowline is at 700 m on the west side of the mountains and 1000 m 3
on the east.

On Isla Desolacidn an ice-covered massif is centered on Monte Hart f
Dyke (1097 m) at about 53°S and T4°W (Fl. 505, L 69).

The glaciers of Isla Santa Inés are the least known in southern South
America, for clouds covered much.of the island at the time of the aerial
survey in 194k4-45, An icefieid covers most of the southeastern part of
the island (F1. 411, L 198). In 1964 an aerial reconnaissance was made
of the northern and eastern parts of the islend. Monte Wharton (13;7 m)
in the north had calving glaciers on both flanks, and two very crevasced
and active glaciers calved into the head: of Fiordo Helado in the south-
east. Much of the icefield appeasred suitable for travel on skis. The

glaci;rs in the island did not appear to be shrinking (Miller, 1965,
p. 26

The higher parts of Isla Clarence and Isla Capit&n Aracena support

many cirque and ridge glaciers, which appear to have shrunk moderately
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On the main island of Tisrra del Fuego, a 10-km-long plateau gla-
cier lies on the peninsula betwecn Canal Gebriel and Seno Keats. In 1913,
according to de Gasperi (1922, p. 255), some ice tongues descended to
150 m to 200 m above sea level, but for much of its length the margin was
uniform and without - ier tongues. The 19LlL-U5 aerial photographs ghow
a similar situation (F1. kll, R 143). i

The Pen{nsula Brecknock extends 90 km westward from Seno Contreal-
mirante Maxrtfnez. In the west, summits reach about 1000 m and carry
small glaciers. The peaks are not very rugged and the giaciers are rather
flat-lying (Fl. 412, R 28-36). The altitudes of the mountsins and the
extent of the ice cover increase progressively eastward, culminating in
Monte Sarmiento (2300'm). Two very steep and broken glaciers that calve
into Seno Chico have recently withdrawn moderate distances (Fl. Lll,

L 153). The peninsula between Seno Chico and Senv Negri is heavily ice-
covered (Fl. 411, L i51).

Negri Glacier descends into the head of Seno Negri and is separated
by a& lagoon from a crescentic end moraine (Fl. 412, V 17; F1l. k11, L 14k9).
In the early 1880's the glacier terminus was 40 m high and over 100 m
from the shore of the lagoon, and Bove (1883, pp. 101-102) concluded that
it was retreating rapidly. In 1913 de Gasperi (1922, p. 265) estimated
the terminus to be about 100 m from the low, comparatively recent end
moraine along the lagoon shore; a much older and more messive end moraine
lay beyond (de Gasperi, 1922, p. 237). Aerial photographs cannot easily
be compared with those taken from the ground but no change in the posi-
tion of the terminus is evident between 1913 and 1945 (F1l. 412, V 17).

Glaciers flow in all directions from Monte Sarmiento (2300 m), whose
summit, like all the higher mountains of Tierra del Fuego, is encrusted
vith ice and rime. Several expeditions have climbed on the mountain.
According to Conway (1902, p. 196) the glaciers on the western side reached
the water wher H.M.S. Beagle was there about 1830 but 70 years later had
receded behind densely wooded morsines. However, these moraines not only
supported fully grown trees, but were cqx_(eréd by a thick layer of rotting
tizber, so the Beagle's interpretation may have been wrong. The 1944-L5
aerial photographs do not show any grest recent shrinkage (Fl1. 411, L and
R 147). Agostini (1959, p. T4) referred to the northern glacier as
Schiaparelll, and the southern as Conway. His Lovisato Glacier on the
southwest side is the only one with much debris cover.

In 1956 an Italien expedition climbed Momte Sarmiento from the 2mes.
Out of 57 dsys spent in their base camp on the wacér's edge, only five
were rainless. The average daily rainfall was 12 mm which, if maintained,
would. be over 40O cm a year. The permanent snowline lay at 600 m {Agostini,
1959, pp. 16 and 118). Near the base camp were Blanca Glacier that. was
about 50 m thinner than in 1010 and Emms Glecler that had changed little
(Morandini, 1956, pp. 2963 and 2972). These and other glaciers on the
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westesi: side of Seno Contraalmirante hhxtiiez‘carry'little surface debris
(F1. 411, R 1k3; F1. 422, R 11).
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o The peninsula between Seno Contraalmirante Mart{nez and Seno Agostini
. is heavily ice-covered. Several glaciers flow toward the first inlet but
: ( do not reach the water; they appear to have receded moderately (R1. 42,

L 9, R 11). Several glaciers calve into Seno Agostini and the positions
of their termini in 1913 are shown by de Gasperi (1922, PL. 15). 1In the ;
: 1944-45 aerial photographs little change is evident except that the gla- ;
o cier at 54°29'S, 70°27'W (de Gasperi's "fourth" glacier) has receded con- 1
: siderebly (F1l. %11, I, 138; F1. 412, L, V, and R 7). All the glaciers are
very steep and crevassed. The calving glacier at the head of Seno Serrano, 3
the southexin branch of Seno Agostini, carries much debris on its- surface
(F1. %12, L 1). 'The glacier at the head of Seno Hyatt, the northern branch
of the Seno Agostini, produces many more bergs than do the other calving
glaciers (Fl. 410, 1, 93).

(g

On the northeast side of the entrance to Seno Agostini are several
small glaciers that reminded de Gasperi (1922, p. 252) of those in the
Dolomites. Considerably recent shrinkage is evident in the 19hkh.45 aer-
jal photographs (Fl. 412, R 3).

Glaciers between Seno Agostini and Bahfa Filton are clean, steep, :
- and very crevassed, and show signs of slight to moderate recession. The 3
large glacier flowing toward the head of Bah{a Filton is near a maximum :
position (Fl. 410, L 89). The small cirque glaciers between Bahfa Filton
and Bahfa Braoks show signs of considerable recession (F1. 410, L 86).

A large glacier celves into an inlet ¢n the west side of Bahfa Brooks
at 54°31's (Fl. 410, L 83). 'The inlet divides into two in its upper part,
and the steep :glacier calving into the head of the western branch was
called Finlandia Glacier by the 192829 Finnish Expedition (Kranck, 1932,
p. T75). It is clean cn its eastern side but dirty on its western gide.
Between 1929 and 1962 the glacier receded, exposing a large area of rock
at the terminus (cf Kranck, 1932, Fig. 22; Shipton, 1963, p. 193). To
the west of Finlandie Glacier, Shipton (1962, pp. 261-264) noted a lagoon
into which three large glaciers calved. From there he crossed to Behfa
Pié, Beagle :Channel, and back, experiencing very changeable weather with
gales and heavy snowfall. )

N Marinelli Glacier that calves into Bahfa Ainsworth is 25 kn long and
. B has & 5-km-wide front -(Agostini, 1959, p. 33). Apart from two conspicu-
g ous medial moraines th2 surface is clean. In the upper part of the gla-
e cier, Shipton (1962, p. 265) found enormous transverse crevasses. Some
s . - moderate recent recession is evident in the 194k-U5 serial photographs

.- (F1. 410, L 78), but the terminus is in much the same position as in 1913
(Gesperi, 1922, P1. 17).

T
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Several glaciers calve into Bahfa Parry. Della Vedove Glacier is
separated from the southeastern branch of the bay by a 3-km-wide outwash
plain. The gradient is low and the glacier carries a considerable amount
of surface debris on its eastern part. In 1913 the terminus had receded
from & recent trimline (Agostini, 1929, p. 112) and in 1945 was in much
the same position (Fi. 410, L 703.

East of Bahfa Parry the continuous ice cover of the Cordillera
Darwin ends and the mountains become progressively lower, supporting
short valley glaciers in the west and small cirque glaciers in the east.
Small glaciers lie behind Ushuaia, the easternmost about 25 km east of the
town (Fl. 507, L 50-54). In the 1890's théy ended at about 700 m
(Nbrdenskj&ld, 1907, p. 29). They are the only glaciers in Argentine
Tierra del Fuego.

The peninsula between Lago Roca and Bahfa Yendegaia contains small
glaciers, some of which were entirely below the firn limit in 1945
(F1. 507, L 40). ‘fhe peninsula between Bahfa Yende.:ia and the Beagle
Channel also contains smail glaciers iwith no accumui.ation areas, and larger
ones with signs of considerable recent shrinkage (Fl 507, L 36-38).

Steppani Glacier flowing toward .:ahfa Yendegaia ends 10 km from the
sea, further than any other outlet glacier in the Ccrdillera Darwin.
Hyades (1887, p. 150) described it as descending in two or three great
steps. The lower part is of low gradient and carries some surface debris.
The terminus appeared to be receding in 1929 (Kranck, 1932, Fig. 140) and
little change was evident in 1945 (Fl. SOT, L 35).

In 1883 a photograph that is probably of Franc8s Glacier seems to
show active ice at the terminus advancing over dead ice (Hyades, 1887,
Pl. 5). The photograph was described as showing a well-vegetated moraine
60 i high with a 50-m wall of ice on its crest (Hyades, 1887, p. 485).
In 1913 the glacier ended about 20 m above sea level, and was about 750 m
wide at the terminus (Gaesperi, 1922, p. 229). It descends in a tremen-
dous icefall and in 1945 was very close to a maximum position (Fl. 507,
V ). Shipton (1963a, p. 235), When climbing Cerro Bove ot the: head of
Francés Glacier,. roted the "remarkable asbsence of névé ev.n in the high-
est glacier basins." On the sunmit ridge he encountered “a mounting
series of huge ice bosses like gigantlc cauliflovers poised on a narrov
crest, overhanging on either side.”

Between Francés Glacier and Italia Glacier the small independent
glaciers showed signs of considerable recent shrinkage in 1944-45 (F1. 507,
L 3-33).

Italia Glacier descends in a wide icefall that narrows rapidly toward

the calving terminus at the head of & small bay. Agostini (1959, p. 163)
noted thut the terminus had advanced -about 1 km after 1914, destroying
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vegetation, and had then receded to its previous position by 1956 (gg
Agostini, 1929, p. 161; 1959, p. 149). This advance must have culminated - J
near 1945 for the aerial photographs taken then show the terminus pro- ;
truding into the Beagle Channel (Fl. 507, V 30).

Roncagli Glacier was described in 1913 as a typical alpine glacier, 3
terminating a few meters above sea level but several hundred meters from
the sea (Gasperi, 1922, p. 230). In 194L4-45 it appeared to be starting
to recede from a maximum position. Two lakes are demmed in side valleys
on the west side; the terminus of the glacier at the head of the southern
lake is completely hidden by debris and a glacier on the north side of
the northern lake is in a similar state.

In 1959 the mein part of Romanche Glacier endéd a considerable dis-
tance above sea level and a large waterfall issued from it. A narrow
tongue of ice on the eastern side reached the water (photo by E. Godley,
on file in The American Geographical Society). Descripticns of the gla-
cier in 1883 (Hyades, 1887, p. 151) and 1913 (Gasperi, 1922, p. 231),
and photographs from 1896 (Nordenskjsld, 1907, Fig. 3), probably 1913
(Agostini, 1929, p. 167), and the 1944-45 aerial photographs (Fl. 507,

L 25) show a similar -state of affairs.

Bahfa Pia is a narrow fiord about 15 km long with two branches;
about six glaciers reach the water (Fl. 507, L 22).

Oblicuo Glacier, east of Seno Garibaldi, appeared to be near a max-
imum in 1944-45 (F1. 507, L 19).

Seno Garibaldi (Fl. 507, L 16) and Seno Ventisquero (Fl. 412, L 112)
have calving gleciers at their heads. Arctowski (1908, p. 16) visited
Seno Ventisquero in 1897 and noted that the glacier was of low gradient
and extremely crevassed.

The glaciers between Seno Ventisquero and Bahfa Oc€ano have recently
suffered slight to moderate recession (Fl. 412, L 107).

South of the main island of Tierra del Fuego small glaciers exist
in islas Stewart, Londonderry, and Gordon, and more extensive glaciers
on Isla Hoste. Isla Stewart has a few very small ice bodies near its
highest point of 860 m (F1. 412, R 86). Isla Londondérry has a group of
rather flat-lying glaciers on its western peninsula, probably about 3 km
in length {Fl. 506, L.9%3 Fl. 412, R 97). In 1913 de Gasperi (1922,
P. 233) estimated that their tongues reached 400 m to 500 m above sea
level. Isla Gordon, reaching 975 m, has many short valley glaciers; most
did not reach below 600 m in 1913, according to de Gasperi (1922, p. 233),
but one extended to about 200 m. In the 194k4-k5 aerial photographs all
the glaciers appeared to have suffered slight to moderate shrinkage
(F1. 507, R 25).
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The Penfhsula Cloué in the western part of the Isla Hoste has an \
icefield about 20 km across, which was visited by the French Romanche 3
Expedition in 1883. They called the glacier on the north side, flowing :
down to the Beagle Channel, Des Moines Glacier for its profile resembled . A
a row of monks reading their breviaries (Hyades, 1887, p. 151). At the
end of the Estero Fouqué they ascended Fouqué Glacier onto the iceficld. :
Hyades considered it to be one of the most curious glaciers of the Beagle
‘Channel; its mergin formed a steep cliff 10 m to 15 m high, and where it
reached the sea it was narrow (200 m) and high (40 m to 50 m) and con-
stantly calving small bergs. The 194k-U5 aerial photographs show that
several long rock ridges break the surface of the icefield. Some outlet
glaciers, including Fouqué, are near a maximum and others have receded
slightly (Fl. 507, R 22 and 90; Fl. 506, L 118).

Glaciers are scattered throughout the rest of Isla Hoste; all are
small and all are receding. In the Peninsula Dumrs, which reaches 1097 m,
and in the Penfnsula Pasteur somé of the smaller glaciers were entirely
below the firn limit in 194L-45 (F1l. 507, R 34-44, L 66). Small shrink-
ing glaciers also lie in the Penfnsula Rous (Fl. 507, L 86) and the

Peninsula Hardy, these being southernmost in South America (Fl. 507, I 6T;
Flo 506’ R 1‘2)9
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‘Glacier in Estero Webb, Isla Hoste.
Part of Fouqué Glacier, Isla Hoste.

Isla Gordon, Bahfa Romanche
[emall glaciers/.

"Glaciar de Mont Darwin"
[Franc€s Glacier?/

Monte Sarmiento, glaciers on W side.

Glacier in Estero Webb, Isla Hoste
[same as Hyades, 1887, P1. 13].
Romanche Glacier.

Glaciers behind Ushuaia; glacier in
Seno Ventisquero.

Italia Glacier.

Negri Glacier.

Icefield between Canal Gabriel and
Seno Kests.

Front of Marinelli Glacier.

Monte Sarmiento, glaciers on SE
side.

Italis Glacier,
Monte Sarmiento, glaciers on W side.

Schiaparelli Glacier.
Negri Glacier,

Merinelll Glacier.

Seno Agostini.

Glacier in Seno Contraalmirante
Mart{nez.

Glaciers in Bahfa Parry.

Glacie:’ near Ushuaia.
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P.‘ 1630
P. 167.

Pliischow (1929)
P. 112,

PO ll"h
P. 1b5.
P. 192,

P. 257.
Kranck (1932)

Fig. 4o.

Roncagli Glacier.
Romanche Glacier.,

Seno Agostini, unnamed glacier
terminus.

Seno Agostini, two glaciers.

Seno Agostini, W side, aerial view.

Roncagli Glacier and ice-dammed
lake.

Seno Serrano, glaciers at entrance.

Glaciers at head of Bahfa Brooks.
Steppani Glacier.

Agostini é1955) [Some are the same as Agostini, 1929.7
P. 2

Pl.a. 31.4 and 36.
P. 53.
Po sho

Pp. 62 and 63.

Pp. 80 and 99.

Pp. 81, 89, and 98.
P. 143.

P. 147.

P. 153.

— (1959)
P. 12
Pp. bo, 43, 80, 90, 94, 97,
and 98.
P. 108.

P. 122,
P. 149,
P. 168.
P. 17k,
P. 188,

Shipton (1962)
P. 262.
. (1963p)
P, 193,

l% '/

Monte Sarmiento, W side.

Schiaparelll Glacier,

Negri Glacier.

Icefield between Canal Gabriel and
Seno Keats. _

Seno Agostini /same as Pliischow,
1929/,

Marinelli Glacier.

Bahfa Parry.

Oblicuo Glacier.

Roncagli and Italia glaciers.

Italia and Francés glaciers.

Roncagli -Glacier.

Blanca Glacier. -

Glacier in Bahfa Escandallo /Seno
Contraalmirante mrtineg .

Emme Glacier.

Italia Glacier.

Franc€s Glacier.

Roncagli Glacier, W side.

Monte Sarmiento, "cauliflower"
ice formation.

Marinelli Glecier.

Glacier at head of Bahfe Brooks.
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P. 208.

Miller (1965)
Pp. 23 and 25.
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Map Sources .
‘ American Geographical Society, New York. Hispanic America, 1:1,000,000,
§ & S.N-18, 19, 20 Tierra del Fuego, 1956.
‘. Instituto Geogréifico Militar, Sentlago. Carta Preliminar, 1:250,000.
X 5373 Estrecho de Magallanes, 195{».

S 5469 Canal Beagle, 1955,
z - 5470 Cordillera Derifin, 1954,
E 5473 Canal Cockburn, 1954,
) ‘5568 Isla Navarino, 1955 (reprinted 1960).
¥ 5570 Isle Hoste, 1953 (reprinted 1960).
§ - Gasperi (1922) /Based on British Admiralty charts and information about
. glacier termini obtained in 1913,7
E 3 Pl. 10. Le fronti dei principali ghiaccial
f 3 del Canale Beagle, 1:150,000.
3 y Pl. 11, Fiord Negri: Ghiacciaio e La,
. . Negri, 1:75,000.
‘- ! Pl. 14, Gru del Sarmiento 1:150,000.
S ‘ Fl. 15. Nuovi Canali in Fonda al Seno Keats
E 3 nei Canale Magdalena 1:150,000.
- 3 P1l. 17. Ghiacciaio della Baia Ainsworth

. Go Ihrinelli ) 1:25,0000
Agostini (1959) [Contour and shaded relief maps./

: P. Th, Monte Sarmiento 1:200,000/.

- 2 ; P. 116. Monte Sarmiento 1:36,500/.

' . j P, 152. Monte Italia. 1:160,000/.
3
-

fainiiity
-
- TR A g

168




Tt a3 onte s okt

T rd o

o

N ~
o mrma ME e e T

JURTRS

GLACIERS OF EAST AFRICA

Mount Kenya, the Kibo summit of Kilimanjaro, and a group of six
mountains in the Ruwenzori carry glaciers; although the latter are just
north of the equator, they are included here because they are closely
related geographically.

Mount Kenya
(5199 m; 0°10'S, 37°10'E)

Mount Kenya is a highly eroded extinct volcano that was probably
active in the late Tertiary. It is a broad dome about 90 km. i diemeter,
from near the center of which rises a rugged mass culminating in the twin
pesks Batian, 5199 m, and Nelion, 5188 m (Light, 1941, P, 181). In the
immediate vicinity of these peaks are twelve small glaciers, totaling
1.2 sq. km in area; seven glaciers occupy valleys or depressions and five
are hanging glaciers (Charnley, 1959, p. 483).

Gregory visited the mountain in 1893 and made some observations on
the moraines. Near Lewis Glacier, the largest, he noted five small,
closely spaced end moraines, the innermost of which was being breached
by a slight readvance of the glacier (Gregory, 189%%a, p. 98; 189kb,

p. 521; 189%c, p. 420). Mackinder climbed the mouniain in 1899 and from

a plane-table survey produced the first map of the glaciers (1900a, p. 564).
In & fortnight of the rainy season in 1934, Trall and Wien. {1949, p. 258)
surveyed the Lewis Glacier by terrestridl photogrammetry and' later produced
8 map contoured at 10-m intervals. As part of the program for the British
National Committee for the International Geophysical Year, the Mt. Kenya
Expedition 1957-58 studied Lewis Glacier.

The terminal area of Lewis Glacier is:steep and moderately crevassed,
and the firn area is siooth and roi¥ing (Charnley, 1959, Figs. 6 and 10;.
Dutton, 1930, Fig. 32). The terminus is now an ice .cliff behind a tarn
at 4575 m, but in 1934 the tarn did not exist gnd the terminus was at
475 m (Troll and Wien, 1949, Fig. 1).

Well-marked layering of the firn wes found in pits and in a 20-m cre-
vasse section. Two accumilation seasons were indicated, from Lb.rch to
Mey and from November to December, hut. the-extreme varia’oili.ty of the .sea~
sonal accumilation was clearly shown (Char.-iew, 1959, p. 488). Stakes set
out across the glacier about halfvey down wer: resurveyed after five
months: the meximum movement was at the rate of 4.6 m.per year (Charnley,
1959, p. 487). A tachymetric survey of the glacier was carried out and
plotted on a scale of 1:2500 with 10~m contour intervals. The results
were compared with Troll's and Wien's 193k survey and showed that the area
had decreased from 0.46 sd: ¥m to 0.36 8. <. The ablation area had
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thinned 10 m on average, and the accumulation area O m to, sk m. The total
loss was estimated at 1,800,000 cubic meters (Charnley, i959, p. 486).

Informetion about the other glaciers comes largely from a study of
photographs, many of them taken by climbers. They will be described
moving clockwise round the mountain from lewis Glacier.

Melhuish Glacier is vestiglal and occupies a niche on the mountain-
side (Charnley, 1959, p. 484, Fig. 9).

Darwin Glacier is a short glacier formed mainly by avalanching from
above. Two large avalanche cones lie at the foot of gullies (Firmin,
1946, photo p. 4O4; Howard, 1955, photo p. 27h). It receded 60 m in the
20 years before 1945 (Spink, 1945, p. 216).

Diamond Glacier is steep and ends in an ice cliff from which ava-

lanches fall to Darwin Glacier below (Dutton, 1930, Pl. 37; Howard, 1955

photo p. 274). It has changed little since 1934 (Charnley, 1959, p. h865.
Mackinder (1900a, pp. 473 and 483) found the ice intensely hard, and
named the glacler for that reason: three hours were needed for step-
cutting instead of the expected 20 minutes.

Tyndall Glacier is moderately steep and crevassed. Recent moraines
show that in the past it had a common terminus with Darwin Glacier
(Firmin, 1946, photo p. LOk). It 1s partly fed by avalanches from Forel
and Heinm glaciers above. In the late 1920's it was calving into Tyndall
Tarn (Dutton, 1930, Pls. 33 and 18), but has now withdrawn about 100 m
from the lake (Charnley, 1959, Fig. 1).

Forel and Heim glaciers cling to the steep slopes above Tyndall.
Glacier and end in vertical ice cliffs (Firmin, 1946, photo p. L4Ok; Howard,
.'!.95;;;é hoto p. 2T4). They have changed little since 1934 (Charnley, 1959,
p. 487).

Joseph Glacier is steep and its feather-edge terminus appeared to
be shrinking rapidly in 1930 (Tilman, 1938, photo p. 64). '

Northey Glacier is steep aund narrow and occupies a-cleft (Tilman,
1938, photo p. 66; Spink, 1949, photo p. 281).

alczsapf Glacier is narrow and ends above & precipice (Spink, 1949, photo
P..201).

‘Gregory Glacier was described by Mackinder (1900a, p. 483) as having
many crevasses and 'ell-developed seracs; it 13 stesp and has shrunk
greatly from a recent mmssive end moraine (Spink, 199, photo:p. 281)
that is ice-cored in places (Charnley, 1559, Dp. {&81&
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As to snow and ice conditions in general, Gregory (18%h4a, p. 102) ‘ ;
reported that snow conditions on the mountain were treacherous, very ’ 3
different to those in the Alps, with hard ice layers alternating with
soft, spongy snow. Mackinder (1900a, p. 473) found the bare ice on all
the glaciers and especially on Diamond Glacierio be exceptionally ‘hard.
Spink (1945, p. 215) has pointed out that the absence of snowdrifts prob-
ably shows that blizzards are rare. Arthur (1921, p. 18) noted that in ¢
the southern summer, south-facing glaciers had pinnacles 30 m to 45.m ) 1
high while the north-facing glaciers had none: in the northern summer, :
the position was reversed (see Dutton, 1930, Pls. 4l and 45). Spink (1949,
p. 278) has ascribed the poorer development of pinnacles compared to

Kilimanjaro to the great steepness of the glaciers, which thus receive ;
less insolation.

Kilimanjaro
(5895 m; 3%°05's, 37°21'E)

crrate

Kilimanjaro is a volcano but activity is at present confined to
fumaroles. At the 1500-m level from which the mountain rises above the
East African plateau, it is about 65 km wide from east to west (Busk,
1955a, p. 96). There are two main summits: highly dissected Mawenzi
(5150 m) and 1little dissected Kibo (5895 m). In 1889 Muwenzi was bare
during the dry season according to Meyer (1891, p. 322). A map by Xlute
(1920) from a 1912 survey marks the "Purtscheller-Firn" on the southwest
side, and on the same side Gillman (1923, p. 5) noted a small, probably
permanent snowbed. In the early 1930's Geilinger (1936, p. T) reported
a small glacier. An aerial photograph taken in 1928 by Mittelholzer
(1930, Pi. 110) shoys a large snowbed with & protalus rampart. Recently
Humphries (1959, p. 475) has described the snowbeds as' semipermanent.

The summit of Kibo consists of an outer crater about 3 km across with
a fairly level floor on which glacier remnants lie, and an inner miltiple
crater containing the recent vent. On the outer slopes of the mountain,
glaciers are best developed on the south and west sides because of greater
precipitation and cloudiness. Climatic conditions appear to be compli-
cated. Up to about LOOO m southeast tradé winds blow fron March to
Septenber, bringing the main rains between: March and May or June. A )
secondary rainy season is in November and December, and the driest months
are August to October. Above 4000 m the mountain penetretes into the
northeast antitrades, which affect the .north and east sides of the moun-
tain, but set up a large eddy current that brings up moist air from below
on the southwestern side (Geilinger, 1936, p. 8; Spink, 1945, photo
P. 210). The average precipitation on the mountain in the five years
1945-49 decreased from a maximum of about 180 em at 2850 m to about 18 cm
at 4200 m and 0.7 cm at 5800 n (Salt, 1951, p. 161). According to Wyss-
Dunant (1937, p. 223), the best weather is during December and January;
in mid-January, however, he encountered waist-deep powder snow near the
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summit (Wyss-Dunant, 1937, p. 229). Snowfall varies greatly from year to
year; in 1961-62, for example, it was six times greater than the aversge
for the previous four years (Segal, 1965, p. 126).

Meyer (1891, p. 318) noted the absence of surface moraine, and also
(Meyer, 1891, p. 146) the scarcity of snow in the dry month of October:
"What from beéneath appeared to be snow of the most. dazzling whiteness was
in reality the weathered surface of the mantle of ice." Much of the higher
parts of the glaciers were "covered with granular morsels, half-way between
ice and snow, the surface of which was slushy during the day and afforded
excellent footing" (Meyér, 1891, p. 316). When step-cutting, Meyer was
impressed by the hardness of the ice; it was ". . . as hard as glass, and
vhen broken, proved to be as clear . . . each step cost some twenty stroles
of the axe" (Meyer, 1891, p. 145).

The glaciers of Kibo have been described as the rapgged fringe of an
ice cap whose central part has largely disintegrated (Humphries, 1959,
p. 476). When the crater was first reached in 1889, no ice-free route
existed over the crater rim (Meyer, 1891, p. 153) but by 1912 three
ice-free notches had been uncovered on the southeast side (Klute; 1920,
map). Today there may be more for Ratzel Glacier appears to be disinte-
grating (Downie, 196k, Pl. 2; compare with Meyer, 1891, p. 1k1). Geilinger
(1936, p. 10) believed that disintegration began ‘about 1933 when deeply
etched patches appeared on the formerly smooth firn surface. In 1889,
however, Meyer (1891, p. 147) had crossed the upper Ratzel Glacier and
noted that the surface was "honeycombed in many places to a depth of over
six feet E 1117 and weathered into countless grooves and ruts and pointed
spikes. . « . By 1945 most of the glacier surface was affected (Spink,
1945, p. 213, photo p. 212).

On the south side of Kibo, Rebmann, Decker, Kersten, and Heim gla-
ciers fall steeply from a common accumulation aree whose upper margin is
a vertical wall of ice up to 12 m high that is receding down the mountain-
side away from the crater rim (Humphries, 1959, p. 477). The glaciers
formerly avalanched cver a precipice and formed a continuous regenerated
glacier below, terminating behind a massive end moraine (Meyer, 1900,
photo p. 222; Jaeger, 1909, Pls. 17 and 35; Klute, 1920 P1, 1 and map).
In a recent map (Reid, 1959) Rebmann and Decker glaciers are shown no
longer extending below the precipice,

Northwest of Heim Glacier is the Great West Breach, where the crater
rim is absent and the crater floor is terminated by precipices. In 1889
Meyer (1890, P1. 2; 1891, p. 155) believed that the ice flowed from the
crater floor through the notch and down the mountainside in a continuous
stream. After a visit in 1898, however, he realized that the crater ice
was separate from the glacier below (Meyer, 1900, photo p. 200 and map).
The crater ice has shrunk greatly since Meyer's visits; the remnant near
the Great West Breach is Furtwangler Glacier. Below the breach is Great
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Baranco Glacier, which was only 10 m to 15 m from its innermost end moraine
in 1912 (Klute, 1920, p. 119, Fig. 6). The clean surface mekes it unlikely
that the glacier has been fed by ice avalanching from Furtwangler Glacier
in the recent past (Mittelholzer, 1930, Pl. 112).

Northwest of the Great West Breach, Great Penck, Little Penck,
Drygalski, and Credner glaciers descend from an ice dome that smothers
the crater rim and ends in a vertical cliff 30 m to 45 m high facing the
center of the crater (Humphries, 1959, p. 477). Great Penck Glacier is
the longest, extending 2.4 km from the rim at 5800 m to about 4580 m. It
does not occupy a valley but flows down the mountainside "like a ribbon
of toothpaste” (Humphries, 1959, p. 476). From the evidence of a one-
meter-high end moraine, Klute (1920, p. 118) believed that the glacier
had been stationary or advancing slightly between 1901 and 1906. Between
1906 and 1912 it receded 9.5 m, and at the latter date was 200 m from
large, ice-cored end moraines. Since 1912 it has receded 300 m (Humphries,
1959, p. 476). Accumuletion appears to be greatest between 4500 m .and
5000 m, decreasing at higher levels (Huiphries, 1959, p. 475).

The continuous ice cover along the northern rim of the crater, from
the upper Penck glaciers to Hauns Meyer Notch, is known as Northern Gla-
cier. It extends only a short distance down the slope and ends in an
ice cliff that was an impassable barrier 30 m to 35 m high in 1889 (Meyer,
1891, p. 179). The upper mergin of the glacier is also a vertical wall
30 m to 45 m high on the crater floor. Disintegration of the surface of
the eastern part of Northern Glacier was well under way in 1928 (see

Mittell;olzer, 1930, P1. 116) and was further advanced in 1945 (Spink, 1945,
p. 212).

The ice formations in the crater are believed to be the remmants of
a formerly continuous cover (Humphries, 1959, p. 476). Observers are
struck by their unusual appearance. Hall (1936, p. 456) described them
as unlike anything he had ever seen before: "Ice-block glaciers from
100 to 200 ft. /30 m to 60 m/ thick with vertical sides stood around in
a detached array. . . ." The vertical faces of the ice bodies are fluted,
and ice pinnacles on the surface aré oriented in an east-west direction
(Humphries, 1959, p. 4¥77). Illustrations show that the disintegration
was already far advanced in 1889 when the crater was first reached (Meyer,"
1890, P1. 2; 1900, p. 14k4). At that time the crater contained several
large ice bodies. Shrinkage has apparently been uninterrupted since
Meyer's time. Photographs from the same point by Uhlig in 1904 (Jaeger,
1909, Fig. 21, lower photo) and ‘Gillman in 1921 show the "almost entire
disappearance of the last connected ice patches on the central cone"
(Gillman, 1923, pp. 12 and 19). FPhotographs of 1904 (Jaeger, 1909,
Fig. 21, upper photo) and 1943 (Spink, 1945, p. 215) show greast shrink-
age, and in the next two years Spink found the recession “startling."
Between 1953 and 1957 several small ice bodies disappeared (Humphric-a,
1959, p. 477).
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Studies of the glaciers were begun in 1953 by Sheffield University .
: and were continued in 1957 as part of the International Geophysical Yesr ’
i program. A photogrammetric survey wvas made of the southwest flank of '
Kibo (Rumphries, 1959, p. 476). If the glaciers have been receding at .
2 a constant rate from the youngest end moraines, Downie (1964, p. 1k) cal-
- culsted that recession began about 200 years ago. '

The Ruwenzori

The Ruwenzori is a mountain range extending about 120 km from tae
equator in a north-northeast direction. It rises abruptly from the equa- :
torial forest of the Congo or the west and the savannah of Uganda on the '
east. Unlike the other high mountains of Central Africa, it is of non-
volcanic origin, being composed of Precambrian gneisses and other meta-

: morphic rocks (Bergstrom 1955, p. 469). Glaciers are confined to a growp

. . of six mountains in an area 12 km long by 5 km wide, lying just north of

3 ! the equator between 0°20'N and 0°26'N; from north to south these are Mts.

| Emin, 4798 m; Gessi, UTIS m; Speke, 4530 m; Stanley, 5110 m; Baker, L4843 m;
and Luigli di Savois, 4626 m. e

For much of the time thz mountains are cloud-covered and during tbe
drier, less cloudy seasons they are barely visible from the lowlands be-
cause of smoke haze (Osmaston, 1961, p. 103). Two periods of compara-

: tively low precipitation occur in January-February and June-August: be-
-4 cause of reduced snowfall and increased radiation the glaciers have nega-
3 tive regimes at these times. Dust from the deserts and ash from the grass-
land fires accumilate on the firn rields and because fires are more exten-
3 sive in January and February, the stratification of the firn shows alter-
S nating thick and thin dirt bands. MFive air masses, some dry and others
N moist, are believed to affect the area, and to affect different altitudes
at different times (Whittow, 1960, p. T69). Precipitation is believed to
reach a maximm of about 230 cm at 3300 m, falling to 115 cm near the sum-
mits at 5000 m, many times the amount on Kilimanjaro at the same height
(Whittow and Shepherd, 1959, pp. 156-157). Many visitors bave remarked
on the prevailing lightness of the winds, but at the highest elevations
strong winds are sometimes encoumtered: Shipton (1932, p. $2) spent four
days in January on the Stanley Platesu, Mt. Stanley, and experienced high
winds most of the time accompanisd by continuous snow. Humphreys (1933, -
P. 492) had strong winds near the mummit of Mt, Iuigi di Sevols, and _
Filippi (1908, p. 27T) mentioned violent weather with winds snd lightaing,
and noted many fulgurites on the peaks. .

A A S By

The first information of glaciological value came from Stuhlmann,
vho approached the mountains from the west in 1891 but did not reach them.
He was uncertain whether he saw glaciers or Jjust heavy snow cover
(Stuhlmann, 180k, p. 293); this is surprising for his excellent photograph
of Mt. Stanley (Btuhlmenn, 180k, P1. 10; Filippi, 1908, p. 206) shows
the glaciers clearly. )
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In 1900 the glaciers were reached for the first time by Moore (1901,
pp. 301-303), who approached Mt. Baker from the south and saw "three
superbly green glaciers" [West Baker, East Baker, and Moore/. He ascended
East Beker Glacler. Later in the same year Johmston (1902, p. 180)
reached Moore Glacier.

In 1906 an Italian expedition under the Duke of the Abruzzi explored
the entire group of ice=covered mountains. Many glaciers were described
and named, photographs were taken, and maps made (Filippi, 1908).

Humphreys (1927a, 1927b, and 1933) visitei the mountains on foot
twice in 1926 and five times in 1932, In 1931 he flew over and around
the range, establishing that there were no more ice-covered peaeks than

those .already known. He obtained many aerial photographs from heights
near the tops of the mouniains

In 1932 a Belgian natural history expedition reached the Congo side
of the range. Observations on the snowline and general descriptions of
the gic,la.ciers were made and many photographs taken (Grunne and others,
1937).

In 1937-38 a group of German climbers made the first contour map of
the central part of the range (Stumpp, 1952).

Since the end of the Second World War a considerable amount of gla~
ciologlcal work has been carried out. In 1949 the first detailed survey
of a Ruwenzori glacier was made (Menzies, 1951) and in 1950 de Heinzelin
(1952 and 1953) studied glacier recession on the west side of Mt. Stanley.
In 1952 a glaciologist with the British Ruwenzori Expedition studied evi-
dence for glacier variations, mapped Elena Glacier on Mt. Stanley with
contours of 50 m, and made some meteorological studies (Bergstrom, 1955).

Osmaston (1961) visited the glaciers several times in the 1950's
and made obeservations of variations and accumilstion. In 1957 Makerere
College [Uganda/ sent an expedition to the glaciers in connection with
the International Geophysical Year, and from 1957 to 1961 five more expe-

ditions were sent. Glacier surveys were made and pits dug in the accumu~-
lation areas (Whittow and others, 1963).

Mount Euin

According to Wnittow and others (1963, p. 591) the extent of the ice
on Mt. Emin is not exactly known, but probably does not exceed 10 hectares.
Small glaciers thet lay on the esstern side of the mountain in 1906
(Filippi, 1908, photo p. 268) still existed in 1931 (Humphreys, 1933,
photo p. 491) but had disappeared by 1959 (Whittow and others, 1963,

Fig. 15. On other faces of the mountain, however, vestigial glaciers
existed in 1955 (Osmaston, 1961, p. 102) and remnants of three glaciers--
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‘Krsepelin, ‘North Kraepelin, and Emin--probably remain today (Whittow and
jothers, 1963, pp. 591-592).

Moint Ceési

Wnittow and others (1963, p. 590) have estimated the area of ice on
Mt. Gessi at about 25 hectares. A photograph taken in 1906 (Filippi,
1908, p. 270) shows the ice cover to be heaviest on Iolanda at the south-
ern end where short, steep glaciers with common firm fields descended the
‘southern and western faces. Iolanda I Glacier was described as ending in
“hroken séracs on the brow of a cliff" (Filippi, 1908, p. 268). Only
slight shrinkage was evident by 1931 (Humphreys, 1933, photo p. 491}, but
in 1959 the glaciers were dwindling fast (Whittow and others, 1963, p.
590). The number of glaciers has increased because of splitting. Gessi
II Glacier, one of four on the west side of Gessi, was surveyed in 1963:
all fﬁl;r were described as “shrinking pockets of ice" (Pasteur, 1964,
p. 194).

Mount §2eke

The ice-covered area on Mt. Speke is about 2500 m from north to south
and 1200 m from east to west and consists of five glaclers: Grant,
Vittorio Emanuele, East Johnston, Johnston, and Speke. The first two
are joined by the ice cover continuing over the summit ridge. Vittorio
Emenuele Glacier, largest in the Ruwenzori, is not a valley glacier but
is broader than it is long, and has three short tongues termineting at
a fairly uniform height on the mountainside. Like all the glaciers on
Mt. Speke it has receded greatly since 1906 (Filippi, 1908, photo pp.
268-269; Whittow and others, 1963, Fig. 2).

The front part of an evalanche cone or small regenerated glacier with
signs of considerable recent shrinkage situated below Speke Glacier can
be seen in a 1906 photograph: the glacier above is not visible (Filippi,
1908, photo pp. 142-143). A 1926 photograph shows Speke Glacier ending
in ice cliffs with an avalanche cone far below (Humphreys, 1927a, p. 521).
This cone had disappeared by 1949, for Menzies (1951, p. 511) mentions
only that no vegetation grew for 300 m below the terminus. He surveyed:
the tongue and made a map on & scale of 1:12,000, contoured at 25-foot
intervals. He noted that the stream from the glacier carried no rock
flour. The Mekerere College IGY Ruwenzori team visited the glacler six
times between January 1958 and July 1961 (Whittow and others, 1963,

P. 595). The area of the glacier was found to be. about 37.5 hectares,
and the accumilation area from the ridge at 4814 m to the firn limit near
4570 m was ebout twice the ablation area. Crevassed areas lay near the
snout and near the firm limit. The teyminal area was mapped with 50-foot
contours; part of the terminus had receded 64 m between 1950 and 1958.
The greatest forward movement in a line of stones across the glacier was
less than 1 m in 18 months (Whittow and Shepherd, 1959, pp. 156-15T).

178

S e n s i s = s B - -

- pe

P




S

Mount Stanley

Mt. Stanley carries the most ice in the Ruwenzori. The highest peaks
rise above the Stanley Plateau, a flat-lying snowfield that feeds seven
glaciers: Margherita, East Stanley, Elena, West Elena, Moebius, West
Stenley, and Alexandra. Four separate glaciers are at the southern end:
Savoia, Coronation, Elizabeth, and Philip, and at the northern end is a
cérqug %h.cier, Northeast Margherita (Whittow and others » 1963, pp.
295-587).

Margherita Glacier is very steep, with many crevasses and seracs.
In. 1960 the terminal area was about to separate from the rest of the gla-
cier (Whittow and others, 1963, p. 587).

The Italian Expedition used Elens Glacier as a route to the Stanley
Plateau in 1906, but they did not visit the terminal area. The glacier
was again visited by Humphreys in 1926 and 1927 and during a brief visit
in 1949 Menzies (1951, p. 512) set up markers near the terminus for
future measurement. In 1952 the British Ruwenzori Expedition surveyed
Elena Glacier and investigated the economy. Four pits dug at different
levels up to 4750 m revealed the alternating thick and thin dirt bande
that were thought to have formed from June to July and from January to
February, respectively. The firn limit was at about 4560 m. Above 4650 m
ablation tended to increase and accumulation to decrease probably because
of increasing radiation (BergstrSm, 1955, p. 474). During the several
Makerere College expeditions of 1957-59 pits were dug higher up at about
4635 m, 4850 m, and 4920 m, the last being just below the highest peak,
Margherita, 5110 m. The net accumulation for the year 1958 decressed
from about 122 cm at the lowest pit to 86 cm at the upper pit (Whittow,
1960, p. T6T). The thicker dirt bands were believed to be formed in
January-February, in contrast to Bergstrdm's conclusion (Whittow, 1960,
P. T69). Osmaston (1961, p. 104) has concluded that the gross accumula-

tion may total about 200 cm to 250 cm water equivalent with 1ittle decrease
with altitude.

Moebius Glacler is narrow, steep, and heavily crevassed (Whittow and
others, 1963, p. 587). .

De Grurne (1937, p. 222) in 1932 and de Heinzelin (1955, quoted by
Whittow and others, 1963, p. 585) in 1950 visited the glaciers on the
western side of Mt. Stanley-and found evidence for retreat. West Stanley
Glacier is steep and has shrunk greatly since 1932 (cf Grunne and others,
1937, Pl. T7, and Bergstrdm, 1955, Fig. 6). It shrank 245 m betwean
1940 and 1950 (Heinzelin, 1953, quoted by Whittow, 1959, p. 375).

Alexandra Glacier descends steeply in a series of steps.
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‘ Savoia Glacier, almost parallel-sided, measures gbout 600 m by 150 m il

| : and extends from 4880 m to 4550 m with & fairly low gradient. In August ‘

. 1953 the snowline was at about 4675 m.and in February 1954 at about 4750 m. :
K A band of large crevasses extends across the glacier at about 4700 m. The

: ; positions of boulders on the- surface have been surveyed: over a six-month

period, a boulder near the center moved at the rate of 21 m a year, sug~ k

gesting a complete turnover of the- glacier in about & century. The gla~

3 cier should therefore be very sensitive to changes in its economy and has

o 3 been mentioned as suitable for glaciolcgical study. Grey and turbid water

P : issues from beneath the glacier, in contrast to the clear water reported

. from other glaciers in the Ruwenzori (Osmaston, 1961, p. 100).

E Coronation Glacier is steep and héavily crevassed., In 1906 it was

_ : Jjoined to Elena Glacier (Filippi, 1908, photo p. 200; Roccati, 1909,
3 Pls. 16 and 28) and in 1938 it was st1l11 joined (Light, 1941, P1l. 198).
- In 1960 the two glaciers were separated by about 80 m (Whittow and others,
. 1963, p. 587).

Northeast Margherita Glacier was a single ice body in 1938 (Busk,

- § 195hbé)Pl. 1) but had split in two by the 1950's (Busk, 1955b, photo
p. 106).

‘ Snow conditions are variable on the Stanley Plateau. Garner (1952,
§ B P. 271) reported sinking to his knees after the sun had been out awhile,
' | but early next morning the surface was firm. Many clinmbers have remarked
] on the pecullar snow and ice formations on the ridges and peaks above the
‘Stanley Plateau. Filippi (1908, p. 225) mentioned the huge cornices, -
which were quite unlike anything in the Alps; masses of lcicles supported
them and no sign of any recent collapse was seen. Hodgkin (1942, p. 316)

referred to the "curious snow canopies of Margherita," that resembled "a
fungoid growth of wedding cake."

According to Heinzelin (1952, p. 138) the ice cover on the highest
peaks has shrunk only slightly since the 1890's. However, comparison of
photographs in 1891 (Stuhlmann, 1894, p. 288) and 1931 (Humphreys, 1933,
p. 4¥83) or 1950 (Busk, 195ka, p. 2723 shows considerable shrinkage, par-
ticularly near the summit of Elena. .

T3 Mount Baker

-

Unlike Mt. Stanley and Mt. Speke, Mt. Baker has no large glacier on
the summit, which is a narrow ridge with almost vertical cliffs on the:
. north and west. Most of the ice is on the south and east sides (Whittow
\ and others, 1963, p. 589). The Mt. Baker glaciers were the first in the
: Ruwenzori to be reached; Mcore (1901, p. 303) ascended East Baker Glacier
in 1900 and Johnston (1902, p. 152) reached Moore Glacier later the same :
year. In 1905 Freshfield (1906) reached Moore Glacier and photographed
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it, and next year the Itallan expedition, which climbed the mountain, - e
painted some rocks at the terminus (Filippi, 1908, p. 259). Earlier the : ;
.same year a British Museum party (Wollaston, 19085 had visited the moun- ' J
tain., About 1924 Thomas (1925) reached and photographed Moore Glacier.

Two short expeditions from Makerere College went to Mt. Baker in
1957 and 1958. Moore Glacier was selected for detailed study, and rocks
near the terminus were marked for reference. Considerable shrinkage of
the glacier since 1906 was noted, and the middle part had halved in width.
The upper basin was thought to lie entirely below the firn limit, so that
if conditions remained the same the glacier might disappear in 20 or 30
years (Whittow and others, 1963, p. 610). Moore and Baker glaciers, which
had a common név€ in 1906, had since separated, and Semper Glacier on the
northwest side of the mountain had disappeared.

Mount Luilgl di Savoia

In 1891 Mt. Iuigl di Savoia was photographed from the west by i
Stuhlmann (1894, Pl. 11) and in 1906 from Mt. Baker by the Italian expedi- \
tion (Filippi, 1908, pp. 246-24T7). A thin glacier then covered the flat
sumnit of Weismann, and Stairs Glacler, a small ice mass with a very
limited névé, lay between the Stairs and Stella.

In 1932 Humphreys approached the mountain from the east. Five small
glaciers were at the head of the Kurugata valley, all showing signs of
recent and rapid recession. None of the small glaciers still existing
were fed by snowfields; they appeared to be fast disappearing, and he
estimated that the mountain might be ice-free in a few.years (Humphreys,
1933, pp. 490-493). Stairs Glacier had disappeéared by 1931 (Humphreys,
1933, photo p. 490). ’

In 1934 or 1935, a British Museum party climbed Weismann, and photo-
graphs show that the sumit glacier of Weimmann still existed {Synge,
1938, Pls. 28 and 35). On the south side a glacier was visited and photo-
graphed; recent recession was evident and the glaciér was broader than
long (Synge, 1938, p: 47). 'ln coatrast to Humphreys® observation, the
glaciez)' was snow-covered almost. to its terminmus (Synge, 1938, Pls. 32
and 39).

In 1960 a party from Makerere College ascended Weismann; bad visibil-
ity prevented an accurate survey but they estimated the extent of -the ice
at no more than 4 hectares. Thomson Glacier extended eastward from the
summit glacier. The conditlon of the glacier seem by .Synge was not re-
ported (Whittow and others, 1963, p. 592).
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