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BSTRACT, There is a n as ymmetri c pa ttern response o f g lac iers in Darwin 
Cordill era (54-55° S, 69- 71 ° \ \') to the clim a te o f th e 20 th cen t ur )" This asymmetry is 
suggested here as a ca use of a n increased wind ac ti\'ity II'hi c h has a pronounced 
OJ'ographi c effec t. Althoug h clim a ti c reco rd s for th e las t 50 yea rs show a warming 
trend , as we ll as no trend in prec ipitation in th e a rea, some glac iers a re ad\ 'ancing , Th e 
a rea is cha rac teri zed by stro ng clim a ti c gradi e nts, with hi gh ra tes o f prec ipita tion on 
the southwes tern side of the ra nge a nd dry conditio ns on the north e rn side, Glaciers on 
th e north ern a nd eas tern sid es shO\\' a ge nera l trend of receding fro nts, " ' ith a few 
exceptions, th ese g lac iers ha\'e g raduall y a nd uninterruptedl y been shrinking since th e 
turn of th e century, On th e south ern rim, th e present extents o f some glaciers are 
simil ar to th eir 20th century m ax imum extents, Th ese a re, in turn , simila r or close to 

th e H olocene maximum, Th e m os t extreme sites a re th e g lac iers on either sid e of 
:do unt D a r\\'in , II'hich is 2469 m hig h, The north -fac ing glacier V enti squero :'1a rinelli 
has retrea ted se\ 'e ra l hundred m etres per yea r o \,er the las t twO d ecades, \\'hile th e 
so uth-fac ing g lac iers in th e Pa hi a Pi a bas in ha \'e ach'a nced during th e same peri od , 

In thi s stud y, th e fronta l ch a nges o\'e r th e las t 50 years of 20 g laciers ha\'e been 
a na lysed , Aeri a l photogra phs (\'e rti ca ls) from 1943 a nd 1984 ha ve been used , as well 
as obliqu e aeri a l photogra phs from ]993 , Th e ge neral res ult is th a t glac iers with 
acc umula ti o n a reas fac ing so uth a ndll'es t sho\\' so me\\'ha t sta bl e fronts, \\'hil e g lacie rs 
fac ing eas t a nd north sho\\' receding front, 

INTRODUCTION 

In ord er to d e tec t a nd to modcl a future g lo ba l \\'a rming , 
lI'e need to a na l), 'C paleod a ta in addition to present d a ta 
in ord er to be a ble to se pa ra te na tura l cha nges from 
a nthropoge ni c cha nges , In th e Northern H e misphere, 
th ere is a dense net of clima te sta ti ons but in th e So uthern 
Hemisph ere there a re fa r fewer o bsen'ation po i n ts, Th e 
need for clim a ti c d a ta from th e So uth ern H emisph ere has 
been stressed by m a n)' auth ors (Bradl ey andjo nes, ]993), 
Glac iers and g lac ier en\'iro nm ents are well suited for 
paleoc lima ti c studies, as glac iers respond sensiti\'e l" to 

cha nges in clim a te, 

a nnu al up to decad a l tim e-sca le, But a consistent pa tte rn 
of the reac ti ons o f Ill a n y glac iers is a good indica tio n o f a 
clilll a te cha nge, 

Th e glaciers in southern Pa tago nia ha\'e no t bee n \ 'e ry 
well studi ed, Llibo utry has m ad e a n invento ry o f g laciers 
in Chi le based o n ae rial pho tographs ta ken in th e ]940s 
(Lliboutry, 1956 ) a nd rece I1ll y Aniya (1992) a nd W arren 
a nd Sugd en ( 1993 ) ha, 'e mad e g lacier-im'en to ry compil
a ti ons of the la rge north ern a nd so uth ern Pa tagonian ice 
fi elds (Fig , I ) , 

Data on cha nges in th e position of glacie r fronts 
pro"id e inform a ti on on clim a ti c cha nges, integra ted OHr 
a ce rtain peri od, The res ponse tim e for \'all ey g lac iers is 
normally decad es to centuri e , The reac ti o n o f a sing le 
glacier front is th erefore in acc urate, as proxy d a ta is on a n 

Chil e is pa rti cul a rl y suited to clim a te studi es with its 
length of 4000 km be tween the so uth ern la titud es o[ 17° 
a nd 56° (exc luding th e Chil ean clailll to the Antarcti c 
Peninsula ), The la rge ice fi elds in th e so uth are a ll 
situ a ted \\'ithin the belt domina ted by the Wes terli es, 
th o ug h th e north ern Pa tago nia n ice fi e lds a re sOllle times 
a pproached by the southwes tern P acifi c subtropi ca l 
a nti cyclone, These events may block th e Westerli es [rolll 
a pproaching th e And es a t mid-l a titud es , ca using wa rm 
sunn y \\'eath er a t the Pa tagoni a n ice fi elds a nd storlll Y 
weath er in the so uth ernmost area , 

Th e topogra ph y a nd the climate o f so uthern Patag
onia and Tierra d el Fu ego sho\\' great simil ariti es with th e 
to pogra plw a nd clilllate of th e Scandina\'ia n mounta in 
ra nges , These similarities ha\'e been studied by Ljung ne r 
( 1949 ) in ord er to find a n a nalogue to Sca ndina\'ia, wh il e 
stud ying the initiatio n o f the Ice Ages (Ljungner, 1949 ) , 

In thi s pa per , we use climati c d a ta a nd da ta on 
c h a nges in g lac ie r exlent to an a lyse th e clilll a ti c 
d e\'e lo pm ent during th e las t 50 year, The clima te o f 
Chile is innuenccd b y th e slopes of the Andes, whi c h 
produ ce steep clim a ti c gradi ents a nd g rea t \'ari a bility 
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Fig. 1. Location map showing the Patagonian iceJields, as well as a map of Darwin CordiLLera. T he numbers on the map 
refer to the text and to T able I. 

between different climati c sta tions. Over short distances, 
one may move from a continental to a ma ritime clim ate. 
Glaciers loca ted in such different environments are 
sensitive to different cl im a tic parameters, a consideration 
which is a lso in agreement with observa tions fro m 
Scandinavia (H olmlund, 1993) . 

On a short-term time-scale, the reac tion of calving 
glaciers to clima ti c signals is non-linear (Warren, 1993 ). 
Howeve r, ""h en both calving a nd non-calving glaciers 
react in a simila r way and th ere is a geogra phical pattern 
in these respo nses, there is no reason to exclude the 
cah-ing glaciers from consideration. 

We have focused our study on Darwin Cordi ll era of 
Tierra del Fuego. The glaciers in the Cordill era were 
briefl y described by L1ibou try (1956). H e noted that, 
prior to 1956, there were no obvious cha nges in glacier 
extents during the 20 th century. Aeri al photographs are 
availa ble fro m 1943- 44, 1960 and 1984-85 . W e visited 
the area in 1993 and 1994. The fi eld study in 1994 
included coring trees in order to determine the minimum 
age of ice uncoverage a t si tes close to the presen t glacier 
fronts. In this paper, changes in the extent of th e glaciers 
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since 1943 are in terpreted fro m a clima tic poin t of view 
using adjacent clima tic stations. 

Despite the reaso n, there is a clear geogra phical 
asymmetry in th e responses o f glaciers in D a rwin 
Cordill era. In thi s part of South America, the clima tic 
sta tions are sparsely distributed a nd additiona l clima ti c 
information from , for example, glaciers is need ed to 

d escribe the 20th century clima te. In this paper , we 
d escribe what has happened during thi s century as well as 
sugges t an expla na tion why it ha ppened. 

PHYSICAL SETTINGS 

D a rwin Cordillera (54° 20'- 50' S, 68° 45'- 7\ ° 20' W) is the 
south wes tern p a rt of Tierra del Fuego. The mountain 
range is almos t 50% glacierized. The highest summit 
reaches 2469 m a.s .l. and there a re about ten summits 
exceedi ng 2000 m in altitude in a distance of 120 km . The 
sou thern rim, facing th e Beagle Cha nnel, is charac terized 
by deep fj ords in a north- south ori en ta tion , with glaciers 
calving in to the fj ords. The north ern side is charac teri zed 
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by broad er bays and a drye r clima te. On th e northern 
side of Seno Almiran ta xgo there a re rock glaciers, 
indica ting dry el1\·ironments. 

Th e a rea is cha rac te ri zed by ex posed bedroc k 
outcrops of metasediments and metavolca nics a nd some 
deform ed a nd undeformed granitic rocks (D alziel and 
Cones, 1972 ) . The soil cover is sparse and ofte n limited to 
mora ini c fea tures and sedim enta ry d epositi on. Th e 
vegetation is dominated b y fores ts of YothoJaglls betllLoides 
with mino r sta nds of S othoJagus antarcticus a nd D I)'mis 
willteri (Canelo) . 

Th e winter season in thi s a rea ex tends from June to 
O cto be r ( .S . .'\ av)', 1965 ) and sn ow fa ll com es 
predomin a ntl y with winds from the third quadrant 
(south to wes t) (U.S. ~avy, 1965 ). During th e winter, 
the stronges t winds com e from the west bu t the co ldes t 
air masses come from the so u th. Cyclon ic d epressions 
cross Dra ke P assage from the north wes t towa rds the 
southeas t (U .S. Na\'y, 1965; Am eri can Geogra phica l 
Society , 1967 ) a nd th eir fronta l ac tivit y is mainly 
respons ibl e fo r the precipitation, although there is a 
signifi ca nt orographic influ e nce. This is illustrated bv the 
a nnu al prec ipita tion sums fo r both sides o f th e Andean 
summits. F o r instance, the western isla nd s facing the 
Pacifi c O cean a nnua ll y receive se\'e ra l th o usand milli
metres of prec ipita tion , w hil e locations on the lee side 
receive on ly a few hundred mi lli me tres (Liljequi st, 
1970 ). Thus, the ma ritim e c lim ate O\'e r th e wes tern 
islands is replaced by a steppe clim a te no rth eas t of th e 
summits. The prec ipitatio n di stribution O\'e r th e yea r is 
fairl y eve n w ith sma ll re la ti ve variations a nd no 
pronoun ced dry season (Lilj equist, 1970 ) . 

Clim a te sta tions in south ernmost South America are 
sca nt y a nd o nl y a few h ave long reco rds. Among these 
a re Fa ro Eva ngeli stas (52 .5° S, 75 .1 ° \\' ) , Ba hi a Felix 
(52.9° S, 74.6° \IV ), Punta Arenas (53 .0° S , 7 1. 0° " ') and 
Us hua ia (54.7 ° S, 68 .2° W ) (Fig. I ). Th e clim ate sta tion 
F a ro E\'ange li stas is located a t a lighth ouse on a small 
rocky isla nd at the western entrance of th e Straits of 
M age ll a n. Ba hi a Felix is a lso a t th e stra it entra nce but in 
a sma ll bay open to th e n o rtheas t on th e lee side of 
summits 700 m high running from northwe t to south
eas t. Th e clim ate sta tion at Punra Aren as is loca ted a t 
th e airport situ a ted about 15 km north of th e city, in an 
open a rea close to the sho re o f the Straits o f l\I agellan. 
Th e station a t Us huaia is located at the a irport, close to 
the Beagle C h annel. North of the city, the re a re summits 
over 1000 III high. (The climate data in this paper have 
been co ll ec ted by the Chi lean Nation a l W ea ther Servi ce 
(Direcc i6n M e teo rol6gica d e C hil e).) 

GLACIERS AND CLIMATE 

Th e dri\ 'ing fo rces in glac ie rs a re the mass bal ance and 
the force of gra\· ity. The degree of cha nge in net mass 
bal a nce as a funct ion of th e a lti tude may be d esc ribed as 
the net-ba la nce grad ient. In continenta l areas, we may 
expec t gradi ents lower than 0.5m per 100 m ; in ma ritim e 
a reas the g radi ent exceeds 1. 5 m per 100 m. Th e melting is 
controll ed primaril y by th e ad iaba ti c la pse ra te, Th e rate 
of sub li m a ti on is governed by th e a ir humidity and the 
rate of incoming so lar radi a tion. Exc luding ca lving as an 

ab lat ion process, melting a nd sublim a ti on are th e 
important a bl a tion parameters. 

Though th e dry adiaba ti c lapse rate is higher th a n the 
co rresponding wet adiabatic lapse ra te. the sublima tion 
a nd transport o f sensible heat by ka tabat ic winds in dry 
a reas give onl y littl e change in a bl a ti on as a fun c tion of 
th e altitud e, In ma ritime a reas, a blation is prima ril y 
governed by me lting. 

The acc umu la tion pa ttern a nd th e leng th of th e 
acc umul a ti on season differ signifi ca ntl y between m a l' itim e 
and continen ta l a reas. In ma ri tim e a reas , snowfa ll is 
rela ti\'ely e'enl y distributed but it \ 'a ri es as a function of 
the a ltitud e. Th e lengths of th e acc umul a tio n a nd 
a bl at ion per iods a re significantl y d ifferent a t th e top 
a nd a t th e front of a glac ier. I n an ex treme case, a 
maritime g l a~ i er m ay ha\'e net acc umulation a ll the year 
round at the head of th e glac ier, w hereas at th e sa m e tim e 
th ere is yea r-round melting at th e (i'o lll. In a continenta l 
environment , snowdrift is importa nt , gi\'ing a n uneven 
snoll" distributio n , which is to a hig h degree gO\'e rned by 
th e loca l topography. In compa rison with maritime a reas, 
th e seasona l cha nges a re sha rp a nd there is lit tle d elay 
between th e initi a ti on of the melt season at the front a nd 
at the to p of a g lac ier. 

CLIMA TIC DEVELOPMENT DURING THE LAST 
CENTURY 

La rge-sca le weather patte rns in Ch il e a re gove rn ed by th e 
pos i ti on of th e su btrop ica l southwes tern Pacifi c a n ti cy lone 
and thc occ urre nce of El :'\i no (Aceituno , 1988 ) . Air
pres ure reco rd s that may ind ica te th e position of th e 
su btropica l a n ticyclone are too sho rt to tell \"he th er th ere 
has been any cha nge in the freq uency of so uth-going 
e\'ents and El N illo is not ta ke n in to account in this 
cOlllex t. as it innu ences clim a te o n a n annual time-sca le. 

H owever, th e loca l clim a te may be described as 
follows: 

The prec ipita ti on 111 the so uth ernmos t region has a 
cycloni c fronta l o ri gin assoc ia ted w ith depressions moving 
from th e northwes t to"'a rds th e southeas t. \·,·ith centres 
crossing Drake Passage towards th e \\'eddell Sea where 
th ey fill. \\' hil e a pproaching sou thern Chil e, th ey a re 
norma lly at a ra ther ad\'anced stage in th eir e \ 'o luti on 
a nd co rres pond to occ lud ed sys tems. Ass uming a cold 
type of occl usion, prec ipitat ion must occur with so uthwes t 
a nd wes t wind s, favou ring acc umul at ion of snow on slopes 
facing in th ese direc ti ons and [o hn-type conditions on the 
lee-side of th e summits. 

H owe\'er , th e cycloni c fron ts a rc mos t ac tive furth er 
north where th e cl im atologica l prec ipitation maxim a, as 
well as the la rge P aragon ian ice fi e lds, are loca ted. Thus, 
in f aro E\'a ngelistas and in Ba hi a Feli x, ra infa ll m ax im a 
occ ur in .\la rch (Fig. 2), when wea th er sys tem s a re 
beco ming more act ive a nd a re stil l close to th eir 
so uthernmos t la titud e. l\linim a, howe\'er, occ ur in th e 
ea rl y winter, a fact proba bly du e to the northwa rd drift of 
th e weather sys tems but a lso to th e d efi cient reco rd ing of 
snow. 

Ann ua l sums of precipita tion a t Ba hia Feli x a nd Punta 
A renas, whe n properl y smoo th ed , ex hibit a downward 
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Fig . 2. Annual temperatures and precipitation at Faro 
Evangelista and Punta Arenas. Both stations show a 
positive trend in the annual temperature . The negative trend 
in the precipitation in the record from Faro Evangelista is 
striking, though there are many gaps in the record. The 
trend is not clear for the entire Punta Arenas record but it is 
significantly negative from 1950 until the jJ1'esent . ( Data 
from Direccion M eteorologica de Chile.) 

trend aft er 1920 (Fig. 2). This trend is less clear in th e 
winter sums but rain y winters have become unusual since 
th e 1950s. At U shuaia, there is no trend at all in the 
winter precipitation fi gures . Th erefore, it seems th a t, 
a lth ough annual sums show a dec rease during thi s 
century, th ere is no signifi cant trend in th e winter 
precipitation in southernm os t South America. 

Monthl y mean tempera tures of the southern part of 
South America h ave increased by about 0.5° since the 
1930s (Rosenbluth and Fuenzalid a, 1991 ). O ve r thi s time 
period , daily minimum temperatures have increased, 
wh ile max imum temperatures remain almost invaria ble. 
Such warming becomes bette r d efin ed from latitudes 48° 
to 63° S and might be res ponsible for the general glacier 
retrea t O\'er the Patagonian ice fi elds. Beca use of the 
topographi c obstacle formed by the Andes, large local 
dev ia tions would be expec ted between nea rby sites (Peii a 
and Gu tierrez, 1992). 

Th ere is one important disc repa ncy during the 1960s 
between the data record used in this paper and some 
form er publishcd vers ions (VVarren and Sugden , 1993 ). In 
the la tter record , there is a co ld period during th e 1960s. 
This co ld period is not shown in the original se ries of 
nearby climatic stations; it is present onl y in the Punta 
Arenas record , which during th is period was collec ted a t a 
si te located 25 m higher th an before and after the 1960s. 
The climate record of Punt a Arenas has been the object of 
a special anal ysis in order to adjust for changes in the 
environment , and changes in instrument elevation and 
cha nge in the observation site. According to thi s a nalysis, 
th e reco rd is most reliable from 1905 to th e present, 
Therefore, we feel th a t our correc tion is in order for this 
period . 
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CHANGES IN THE EXTENT OF GLACIERS 
1943-93 

According to Aniya ( 1992 ), the outl e t glaciers of th e 
north ern Pa tago ni a n ice fi eld show an in creased recessio n 
ra te during the last d ecad e, especiall y the glaciers facing 
west. Glaciers orien tcd towards the east show less 
dra m a ti c changes, thoug h they are genera ll y retrea ting . 
In the so uthern Pa tago ni a n ice field the situa ti on is th e 
opposite, with increased recession ra tes on the easte rn side 
and onl y a little cha nge on the weste rn side (Warren a nd 
Sugden , 1993 ). H owever, there a re some anomalous 
reactions, such as th a t of :'{oreno Glacier, orienta ted 
towards the eas t. It has bccn stable during most of th is 
century, a peculiarity whi ch has been sugges ted by Aniya 
and Skva rca (1992 ) to have been caused by the steep 
surface topograph y of th e glacier at its equi librium-lin e 
a ltitude (ELA ). 

For this stud y, a number of glac iers were selected on 
different sides of th e mo untain range, with different 
ori enta tions and of different sizes . Accessibility and th e 
qua ntity of information ava il able from aerial photogra phs 
also influenced th e selec tion. This sampling was based o n 
ae ri a l photographs ta ken in 1943 and 1984. The rate of 
recession was meas ured in the aerial photographs, which 
were scaled using the Instituto Geografi co :vJ.ilita r d e 
Ch ile (1984a, b) maps. Pri or to the first fi eld season, 20 
glaciers were selec ted , of wh ich 16 we re studied in th e 
fi eld during the seasons 1993 and 1994. The glaciers 
examined in the field are shown in T a ble I. 

I n general, the ex ten ts of the glacier fronts in D arwin 
Cordi llera have changed as foll ows: prior to 1943 there 
was a slight retrea t of glaciers along th e north ern sid e of 
th e Cordi ll era, especia ll y in the northwest where the 
cl im a te condition s a re ra th er continental. In the south 
there a re also indica tions of a slight retreat of the glacie rs. 
Th e ex treme reac tion o f V entisquero :vIa rinelli (Figs I 
and 3; Table I) is only partly a response to climatic 
changes . The warm 20th century may have caused a 
significant thinning of the tongue but the main reason for 
the dra matic recession is the local topograp hy. Th e 
glacie r is situa ted in a Gord and , from the turn of the 
century until at leas t 1943, the glacier reached a fron tal 
moraine where the ice was ground ed. The trim line a long 
the valley sides sho ws a signifi cant slope, which may 
indi ca te that th e entire glac ier tongue was ground ed 
during its maximum. "Vhile thinning, the basal shear 
stress decreased owing to a decreased basal fri cti on and 
th e ve locity of the ice could remain high , providing a 
la rge m ass flux towa rds the ex tensive front. The relatively 
high velociti es could dra in mass effi cientl y from the upper 
pa rt of the glacier, such as ice streams can dra in th e m ass 
from ice shee ts (Hughes, 1992). ntil at leas t the mid 
1960s, the glacier-fron t position remained stable close to 
the old frontal mora ine (Fig. 3). The frontal moraine may 
have acted like a dam , preven ting a too ex tensi\'e rate of 
calving . Finally, when the glacier front became ra th er 
thin , it broke up ve ry qui ckl y. This seems to be a pl ausibl e 
ex plana tion as to wh y the glacier did not retrea t during 
the first half of th is century but then re treated ex tremely 
fast during the second ha lf of the century. 

A few kilomet res east of Ventisquero :vIarinelli the re 
is a glacier referred to as No. 4 in Fig ure I and Tabl e I 

https://doi.org/10.3189/S0022143000034808 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000034808


Holmlund and Fuenzalida : GLacier responses to 20th century climatic changes in D arwin Cordillem 

T able I. ResuLts of glacier mapping in Darwin Cordillem. Glaciers numbers refer to Figure 1. T he maximum extent is 
determined by trim lines alld moraines visible in aeriaL photographs taken in 1943. However, the date oJ this maximum 
is not possible to state but, as these }i'onts are surrounded by Jast-growing N othofag us trees, the observed trim lines are 
not likely to be older than 50- JOO years . The ph),sicaL data on the glaciers are detemzinedJrom aerial photographs taken 
in 1984 and have been scaled by the use of Carta Preliminar ( Instituto Geogrdjico M iLitar de Chile, 1984a, b) 

Glacier 

Bahia Broken I 
2 

V en tisq uera M arinelli 3 
4 

Cordon Cen tra l 
V en tisq u era 5 

S toppani 6 

7 

Pico Fra nces 8 

V . Hola ndia 9 

V . Romanch e 10 

Bahia Pia 11 
12 
13 
14 
15 
16 

Area orientation 
Ace. 

52 1'\\\' 

69 1'\\ \' 

142 N 
17 ~ 

3 S 

75 E 

26 l'\E 

16 E 

15 S 

24 S 

I I SW 
23 SW 
13 SW 
24 SW 

7 SE 
28 S 

AbL. 

~ 

~ 

N 
N 

S 

SE 

N E 

E 

S 

S 

NW 
SW 
\IV 
S 

SW 
SE 

Change in Length 
Max-43 43- 60 

- 0.5 
+ 1.5 

0.0 - 0.2 
- 1.4 - 0.4 

- 0.7 - 0.3 

- 0.5 - 0.2 

- 0. 1 - 0 .1 

0.0 - 0.6' 

0.0 - 0.3 

0.0 
0.0 

- 0.4 
0.0 

- 0. 1 0.0 
- 0.2 - 0.3 

60- 93 

- 0.2 
0.0 

- 5.0 
- 0.8 

- 0 .7 

- 0 .3 

- 0 .1 

- 0 .5 

+0 .2 
+ 0 .4 

0 .0 
+0 .4 

0.0 
0 .0 

• Glacier 1'\0 . 8 has retrea ted 600 m be twee n 1943 and 1993. 

(Fig . 3 ) . In contras t to its neighbo ur, thi s glacier h as 
been steadil y receding since 1943 . H owever, between 
1984 a nd 1994, som e nuna taks have a ppea red 3-4 km 
from th e fron t. Th eir sizes ha\'e g rown d rama ticall y as a 
consequ ence of thinning of the glac ie r surface and th e 
presen t ice Dux passing th em is yery littl e. Thus, i t is 
likely th a t the recession ra te will increase during th e 
coming years and th e tongue will p ro b a bl y melt as d ead 
Ice. 

For th e glaciers loca ted nea rb y in Ba hi a Broken , th e 
condi lio ns a re somewh a t different. Glacie r No. 2 (Fig . I ; 
T a b le I ) advanced be tween 1960 a nd 1993 . The clima ti c 
reason w hy thi s glac ie r h as not been retrea ting, as o th e r 
north-o ri ented glaciers h ave been, m ay be the fac t tha t 
ils accumuLatioll area is oriented to w a rds the wes t . A 
nea rb y g lac ier, glacie r ~o . I , has ex p e rienced a slig ht 
reces io n d uring th e sa me pe ri o d. Th e differ e nt 
beha \ 'io ur of these two glaciers ca n m os t proba bl y b e 
expl a in ed by differe n ces in the to pogra phy a t their 
fronts. Th e to pogra phi c co ndi t io n s h ave been un
cha n ged a t glacier N o . I but the fj o rd where glacier 
No. 2 ends has been infilled by ediments from the 
glac ier . In 1993, th ere was a delta a nd some moraines in 
front o f the present to ngue whi ch a re no t yisible on 
prev io us ae ri a l photogra phs. As the sh o reline progresses 
down-fjo rd by sedimenta tion, the g lacie r front adva n ces 

as a consequ ence of the reduced calving ra te, such as 
descri bed b y A ll ey (1991 ) . 

In th e Cordon Centra l area. there a re a number of 
small a l pin e g laciers. All o f them ha\'e becom e significan tly 
sma ll er during th is century. The large l one is at present 
3 km2 (Fig . 4 ) . A clear trim lin e indicates a n areal ex tent a t 
the turn of the centurv th a t wa about twice as g rea t as the 
preset1l on e . The recession rate seems to have been more or 
less consla nt , at 10- 15 m year I during thi s century. T here 
is no indi ca tion of a declining recession ra te . 

Ventisqu ero Stoppani (N o. 6 in Fig. I a nd T a ble I) is 
situated o n th e northeas t slope of Pico Fra n ces (2150 m) 
and Pi co I ta li a (2360 m ) . It is a la rge g lacier with a 
di vided acc umulation a rea. Its earli er la rger extent is 
manifes ted by la rge fronta l moraines . A slight recession 
has been o bser\"ed for th e las t 50 yea rs. 

Just so uth of Ventisque ro Stoppani , the re is a glacier 
ca ll ed 7 in T a ble I and Fig u re I . I t is heavil y loaded with 
sediments a t its fro nt, whi ch is in a tributa ry va ll ey to the 
one where V e n tisq uero Stoppa ni ends. Alth o ugh the fro n t 
of glacier 7 sh ows no sign of recession, the ra te of thinning 
is su bsta n tia !' 

Eas l o f Pi co F rances, there is a glacier w hi ch shows a 
more or les constant rate of recession (No . 8 in Fig. I and 
T able J) . The total recessio n ove r the 50 year peri od is 
600 m. 
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Fig . 3. Ventisquero MarineLLI ( right ) on the northern side of Mount D arwin . Until the 1970s, the glacier reached Its 
outermosl jrontal moraine ( iI1 ) . The rapid retreat during the /980s Is mainly a topographic Wect , as the gLacier has 
rell·ealed over a deej)Jjord. However, the sjJectawlar 5 km recessioll qf r ·en tisquero .\4 arlneLli contrasts with the advancing 
glaciers 011 the southem side of M ounl D arwin. ( PhotograjJh taken ]rom the north 011 /8 AjJriL 1994 b)' P. HoLmlund.) 

Venti squero H ola ndi a (t\o. 9 in Fig . 1 and T able 1) 
ca h·es into a lake which is d ammed by th e former front a l 
mora ine of the glacier. The lake has formed since 1943 a nd 
its present size is approx im a te ly 500 m x 500 m. As long as 
th e glac ier is caking in to th e lake, clim a ti c interpreta tion is 
diffi cult. The ra te of recess ion has gradua ll y increased since 
1943. Whether this is climatica ll y induced or is caused by 
topograp hy is not ye t known . 

Venti quero R omanch e ( ~o. 10 in Fig . I and T able I ) 
terminates in an icefall into Beagle Channel. It is orien ted 
towards the sou th and its presen t size is close to its 
H olocene max imum , though there h as been a slig ht 
recess ion during the las t d ecade. However, from 1943 to 
1984, th e front seems to have been more or less stab le, 
with onl y minor flu ctuations occurring . 

The Bah ia Pia area i · cha rac terized b y a deep GOI-d 
with ca lving glaciers . Glaciers 11 and 12 show no sign of 
cha nge in ex tent during thi peri od. H owever, in 1943, 
glacie r 12 partially covered the peninsula a t the northern 
sid e of th e tongue with a bra nch-like remnant ofa form er , 
sli g htl y larger extension . Th e north e rn sid e of th e 
peninsul a was cove red by a forest a t tha t time and th e 
south ern sid e showed ex posed bedrock with no sign o f 
vege ta tion. Along th e so uth ern shore, there was sti ll a 
signifi cant cover of crevassed glac ier ice. 

In 1994, th e boundary between th e old fores t and th e 
a rea new ly exposed in 1943 was still \·isibl e but the who le 
peninsul a is now cove red by a foresr. Thirty trce rings 
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could be coun ted in a co re ta ken from one of th e largest 
.. ", ·othojaglls betuloides found , situ ated at a site that was ice
cove red in 1943, ind ica ting a rap id coloniza tion in th e 
a rea . Th e front of glacier 12 is g rounded on b edrock but it 
is acti\·e ly calving into t he Gord . Whether this ca lving 
indicates a r eactivati on o f th e front or not is not possible 
to conclud e from the data avai la ble. 

Glac iers 13 and 14 show a slightly different situa ti on 
(Fig. 5) . Glacier 13 re trea ted a few hundred metres 
between 1943 and 1984 a nd has sho\\·n no change over 
I h" las t d ecade. Glacier 14, on the other h a nd , gives 
evidence of a signifi cant advance; tree co res only 20 m 
from th e sn ou t (.iVotlzojaglls bell/ Loides) give ages of at leas t 
92 and 93 yea rs, res pec ti ve ly, indica ting that the glacier is 
now at its 20th century m aximum. Th e tree rings a lso 
indica te a sign ificant drop in tree-ring width 20- 30 yea rs 
ago, which may indica te a n ad va nce of th e g lacier to th e 
prese lll position. 

Trim lin es a long th e sid es of glaciers 15 and 16 
indica te that there was a slig ht retreat prior to 1943 and 
there has been no signifi cant ch ange in extent or thi ckn ess 
of these (WO g laciers since that yea r. 

DISCUSSION 

On the no rth ern sid e of D a rwin Cordillera , g laciers seem 
to ha\·e ret rea ted continu o usly during th e 20th century. 
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1I011II11I l/d al/d Fllel/::.alida : Gla(ier resjJOIlSe,) 10 2011i CeI// III} clilllalic clzal/ge:, ill /) (/I'1l' i ll Cardillera 

FI~S'" "" T ite hl/Rl'sl glacier (p,/a{ier , \ '0 , 5 ) ill /ite Cordo l/ Cm/ralllla,\:, !;: T lii,) glacier ha,\ itad all almos/ com/alll 1"fC{':, ,)ioll 
rale duril/g lite la,\150),l'ar,\, , 11 abollllite IlIm o//ite (el/IIII)" lite n/I'II/ cif/lie gla(ier z('(/\ .\illli/ar 10 lit I' 11"1111 lilll', It l 1985, 
llie /1l'0 IOllglle,\ war j /ill joilled as (1111' 10llglll' alld a jJroglacia/ lake fO rtlled, ( Pit%gra/JIi I({km ,[rOIll /lie ,\oll/Ii 011 // 

Februa lJ 1993 kJ' p, H ollIIllIl/d,) 

L1ibo utry 1956 sta ted th a t there w e re o nl \' mino r 

changes in g lac ier-f'ront pos iti o ns pri o r to 19+3 , mea nin g 

th a t ill ge neral th e re w as littl e change , alth oug h so m e 

g lac iers h a d ex pcri e n ced a recess io n , \ 'e nti squ e ro 

.\l ar ine lli is a majo r exce pti on to a n y kind or gene ra l 

patte rn , I ts dram a ti ca ll y increased rec ess io n ra te is o n'" 

pa rti a l ly du e to c lim a ti c c ha nges : it IS in pa rt a 

topogra phi ca l ph eno m e n o n, 

T he g lac iers a lo ng th e sO llth el'll sid e a rc e ith er in a 

sla ble s ta te o r an ack a nc i ng sta te, . \ c ri a l pho tog ra ph s 

since th e 19+0s sho\\' a r e m a rkabh- s ta ble situa ti on , Lt is 

interes tin g to no te th a t th e m os t ex tre m e rean io ns in th is 

area ca n be obs('J'\ 'C'ci o n eith er s iel e or th e hig hes t 

mount a in in the a rea , l\ ]OUllt D a rw in (2,1,69 m a ,s ,I. ) , 

Th e g lac ie rs facin g south a rc ach-an c ing a nd the glac ie rs 

hl cin g ll o rth a rc ra pidly receding Figs I. 3 a nd 5 ) , 

SC\T ra l o f th ese g lac iers e nd a t shores o r in l.l o rd s, Il,hi c h 

m a kes se \ '(' r a l a uth o rs di squaliry th e m as clim ate 

indi cat o rs (Tra bant a nd o th ers, 199 1; W arren, 1993 ) , 

H o\\' ('\'C' r, ca ll-ing a nd no n-cah-ing g lac ie rs in thi s a rea a rc 

reacting cons i s t e ntl~ ' , in a geogra phi ca l p a ll e rn , Th e re

fo re, in thi s compil a ti o n th e re is no reason to trea t caking 

g lac ie rs d iffe renth- fro m g lac iers ('l1ding o n la nd , 

During th e last .30 yea rs, th e climate in th e a rea has 

sholl' n a sig nili ca n t increase in te mpera ture but no c hange 

or a decrease in prec ipitati o n, Such a clim a ti c scenario is 

exp ec ted to cause recess io n o n bo th m a ritim e a nd 

cont inent a l g lac iers, \I,ith a s t ro nger rean io n a ll the 

lalle l'. Thi s sce na rio is \IT II in acco rd \I,ith \I'ha l is 

o iJst')'n' c1 o n th e north e rn a nd lI'es tern p a n s o r th e 

C:ordillcra but it is not in a g reem ent Il,it h th e o bser

I'a tio ns frum th e sOllth ern r im , E\"C' n if' th ese g lac ie rs a rc 

situa ted in a ma ri time ell\ ,ironm ent a ncl a rc thus red by 
hi gh a m o un ts o f prec ipi La ti o n , the o \)se rl 'Cd ciim a ti c 

cha nge sho ulcl sholl' a te nd c ncy fo r recess io n , as a 

co nsequ e n cc or an increaseci a bl a ti o n ra te, H o w c\'l'l', th e 

tll 'O d a ta se ts wo uld fit eac h o th e r if there lIT re ind ica ti o ns 

or ill c reased \I,ind an i\'it y ill th e a rea, T h is II'o ul cl ca use 

orograp hi c prec ipit a ti o n o n th e winchl'a rcl s id e and d r\' 

fc)hn \\' incl s o n th e !ee ll'a rcl s id e o f' th e C: o rdill cra , 

1-\ o lI'e \'C 1' , th e re a rc no s ig ns 01' in creascd cycl o ni c 

C\c ti\ 'ity, a s it II'o uld be d etectecl as a change in th e rat e 

or prec ip ita ti o n a t th e clim a le s ta t io ns, I n additi o n , th e 

Il,ind inf()J'Jna ti o n fi 'o m th e cl im a ti c sta ti o ns is sp a rse a nd 

is inn ue nced lOO llluch b y th e local to pogra ph y to be 
reli a bl e, 
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JOllrnaL q/ CI{tciology 

FI~S; . 5. Claciers originatingfrol71 tlte slope oj.llollnl D arlcill endillg illllteJJord Bahia Pia (glaciers <\"05 13 (left) alld 14 
( right ) ill Figure I and T able 1) 011 llle SOli them side of Darwin CordiLLera . Dendro .lam/lIes taken o1l0' 20171 frOIl1 the 
present front indicate that lhe glacier is IIOW al ifs IIW \ inl1llJl extent jar this cell tlll)'. ( B) 011 glacier 13 indicates a bedrock 
obstacle. separating the t[l'O glacierfrollts . ( PllOtogra/lh taken I I Feb nta I)) 1993 U)' P. Holmlul/d. ) 

Altho ugh reli a ble clim ate d ata a rc a bsent, th ere is 
indirec t inform a tion supporting til e id ca that th e wind 
acti\ 'it y has c ha nged. During occas ions \I·he n th e 
subtropi ca l a nti cyclon e extends far south . it blocks th e 
\·\·est \I'inds from approaching the \I'es t coas t where th e 
Patago nia n ice fi e lds a rc situated. At th e same tim e, th e 
cyclones a rc forced soutll\\'a rd in to Dra ke Stra it , whi c h 
would a lso g i\'e less prec ipitat ion in th e so uth. But , a t the 
sam e time. the tempera ture gradi ent is streng th e ned 
betwee n the H adlev ce ll a nd the po la r cell , which m ay 
cause hig her wind ac tiviti es and speed s. A tendency fo r a 
southward mig ration of the subtropi ca l cOIwergence zo ne, 
in addition to the ge nera l warm ing or thi s century. co uld 
explain the odd res ponse of th e m a ritime glaciers of' 
southernmost Chile. 

I n north ern Scandinavia. wc ha \'e ex peri enced a 
temperature increase in th e beginning of thi s century 
(Alexand ersson and Eriksson. 1989 ) a nd a sli ght inc rease 
in prec ipit a ti on in th e mo untain a rea durin g th e last 
d ecad e (H olmlund . in press ). In Scandina\' ia, most 
glacier fron ts now have reached a close to stead y-s tate 
position or a t leas t a d ec linin g recess io n rate (Holmlund . 
1993 ) . The las t yea rs' surplus of mass has not ye t led to 

ad\'ances of glacier fronts. The patte rn of reac ti o n IS 

th erefo re some\l·hat diffe relll in Darwin Cordill era a nd 111 

the Sca ndin avian mounta ins. 

CONCLUSION 

There is a clear diffe rence in behavi o ur o f the glac ie rs on 
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eith er sid e of Da rwin Cord ill e ra which is sugges ted here to 

bc exp la ined by an in creased orogra phi c effecl. Th e 
so uthern slopes \\'ou ld recei\"e high rates of prec ipitation 
\\'ith occluded fi·on ts. This increase in precipitation wou ld 
balan ce tbe increased m e lting ra te as a conseq uence of 
warmer summers. On th e north ern sid e, th e situat ion 
wou ld be different, lVith no in crease in precipitation but 
hi gher te mpera tures a nd dri e r a ir gi\'in g an increased 
ablat io n ra te; ab la ti o n by bo th melting a nd sublima tion. 

This stud y sho\\'5 th a t ca uti on should be used when 
interpre ting glacier reac tions in a reas with spa rse cli matic 
information. Glac iers m ay be hi ghl y influenced by local 
conditi o ns. such as is th e case at \ 'enti squero .\Ja rinelli . 
H owe\'e r , \\hil e using a large number of g lac iers, 
in clu ding a nomal ously react ing ones, n ew clim a ti c 
info rm a tion which may not be clearly seen in clim a ti c 
reco rd s can be a tta ined . 
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