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Abstract  

Thesnoutvariationsof180utletglaciersdistributedintheNorthernPatagoniaIcefieldbetween  
1990／91and1993／1994wereelucidatedbyusingobliqueaerialphotographstakenbyhandpheld35mm  
CameraS．Althoughitwasrecognizedthatmostglaciersshowedretreats，therecessionratesofmost  
glaciers have generally declined when compared with the period from1985／86to1990／91．For  
example，SanRafaelGlacierhadbeenretreatingatamaximumrateof300m／aduringthe1985／86－  
90／91period，butbetween1990／91and93／94，theleftside（smallpart）ofthesnouthasrecededata  
rateofonly20m／a，Whiletherightside（smal1part）hasadvancedatarateof17m／a．Ontheother  
hand，ReicherGlaciershowedthefastestrecessionrate ofl，183m／a due to breakingup ofthe  
disintegratingsnoutintheproglaciallake．Ingeneral，therecessionratesoftheglaciersonthewest  
Side oftheicefieldwerelarger than those oftheglaciers on theeast side，a Similartrend to the  
previousperiods；however，thedifferencesweresmallerthanthepreviousperiods．  

1．lntroduction  

TheNorthernPatagoniaIcefield（NPI），Whichlies  
inthesouthernpartofChile，islocatedaround470S  
and73030’W，anditslength，width，and area are  
approximatelylOO km，40－45km，and4，200km2，  
respectively．The NPIhas the highest mountain，  
Monte San Valentin（3，910m）inPatagonia and the  
elevationoftheicefieldgenerallyrangesfroml，000to  
l，500m．There are many outletglacierswhich are  
distributedallaroundtheicefield（Fig．1）．Aspartof  
the GRPP（Glacier Research Projectin Patagonia）  
1993，Weflewoverthe NPIonDecember26and27，  
1993for aerialsurvey．On the26th，We COuld take  
photographsofonlyExploradoresGlacierbecauseof  
thebadweather．Thenextday，Wemanagedtotake  
Obliqueaerialphotographsofthesnoutareasof180ut  
Of2loutlet glaciers，that were previously studied，  
with handheld cameras despite the inclement 
Weather conditions．However，it was difficult to  
exactly locate the snout positions of some glaciers 
fromthesephotographs，becausetheyweretaken at  
lowaltitudesduetolowcloudceilings．  

Thepurposeofthisstudyistoelucidateglacier  
Variationsbetween1990／91and1993／94，andtocom－  
pare them with the results of the previous studies 
（AniyaandEnomoto，1986；Aniya，1988，1992）．   

2．Method  

The snout positions were drawn on the topo－  
graphicmapswhichwerepublishedbyInstitutoGeo－  
grまficoMilitarofChilein1982．Thesetopographic  
maps，ataSCaleofl：50，000withacontourintervalof  
50m，WereprOducedfromverticalaerialphotographs  
takenin1974．DuetothedifficultyofdirectcompariT  
son between topographic maps and oblique aerial 
photographs taken with a hand－held camera，the  
Obliqueaerialphotographstakenin1990and93were  
first compared with the verticalaerialphotographs  
takenin1974．Thenbycomparlngtheverticalaerial  
photographswith the topographic maps，it was posT  
Sibletodrawthesnoutpositionsontothetopographic  
mapS．   
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Figtl・TbeNorthemPatagon言a‡cefieidan80utまetgiac主ers．G】acierswriモモenvitb   
Sma‡1】etter＄（HPⅣ2，HPN3，andArco）arenot董ncludedin也isstudy．Locations  
OfFigs▲3，4，and5areindicated、   
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fortheperiodof1990／91－93／94andmanyhugeice－  
bergsbavecalvedinaprog王aciaiiake，王eavingIligbice  
eliffs at the snout．Apparentl）T．the snout had been  
disintegratingintheproglaciallake，andthisunusu・  
allylargerecessionwascausedbybreakingupofthe  
SnOut．ThenorthernfrontofGualasGlaciershowed  
arecessionrateof67m／abetween1990／91and93／94，  
Wbicムwaseff∝もedbybreakingawayofalargepiece  
Ofice at the frontin a proglacia11ake．Steffen  
Glaciershowedalargerecessionrateof333m／aatits  
frontbetween1990／91and93／94，duetodisintegration  
arldbreakingaway ofalargepleCC Oficeina pro－  
giaciallake．  

Grosse，払esoutbernfront ofG11alas，and Piscis  
glaciers retreated 23m／a，30m／a，and13m／a，re－  
SpeCtivly during the period of1990／91－93／94．  
Althoughtheseratesaresmall，the＄eglaciersshowed  
no substantialchanges between1985／86and90／91．  
GrosseGlacierhavebeenleavirlgSOmepOrldsnearthe  
SnOllt．  

且茸．5玩扇ゐγ省融郡  
TherecessionratesofParedSur，Nef，Soler，and  

Exploradores glaciers between1990／91and 93／94  
Weregenerallysimilartotboseofthepreviousperiod  
Of1985／86－90／91．  

NefGlacier，Whichextendeditsslendersnoutinto  
aproglaciallake，retreatedatarateoflOm／aatits  
frontandnarrowedbyratesof13－117m／abetween  
1990／91and93／94．Thegiaciersnouthadbeenpro一  
宮ressivelybecomlngmOrepOintedsince1944，ÅSAR  
image taken byJERS（Japanese Earth Resources  
Satellite）－lonMaylO，1994showsthatthepointed  
SnOutinthe proglacia11ake had been broken up，  
CauSingasuddenlargeretreat（Fig．5）similartothat  
observedatReicberGlacier．  
Exploradore＄andParedSurglaciersareknown  

asdebris－COVeredglaciers，andthereforeitwashard  
to distinguish their real snouts from the appearent 
SnOutS．These glaciers have probably showed n  
Substantialchanges．The surface topography near  
tbesllOt王tOftbesegiaciersispitteddlユetOdif毎reIlぬ1  
me王ting ofthe stagnantice under漣e debris cover．  
ThesnoutpositionofExploradoresGlacierprobably  
didnotchangebetween1990and93；however，SOme  
pondsbecamelarger，indicatingthatgradualwasting  
istakinganeffect．ParedSurGlacierdidnotshow  
Si訂Iificantrecession血ringtbisstlユdyperiod．王tbad  
Showedarecessionrateof3Om／abetween19掴and  
85，andnosubstantialchangeswerefoundafter1985．   

3．Resu暮ts  

Figtlre2iilustratesvariationsof180utletglaciers  
duringtheperiodof1990／91L93／94andTablelsum－  
marizesthevariationsoftheseglaciersbetween1944／  
45and93／94，Whichisbrokendownintofourperiods．  
Thedatabetween1944／45and90／91weTetakenfrom  
Åniya and Enomoto（1986），a‡ldÅniya（1988，1992），  
On the basis of the trendin the rate of recession，  
glaciersaregroupedintothreecategoriesfordescrip－  
tion；decreased，increased，andlittle change．The  
followlngparagraphsbricflydescribecharacteristics  
Ofglaciersineachcategory．   

ユヱ．〃（丁（ソ〔（びl、dJ〝／ぐ  
The followingglaciers showed decreased reces－  

Sion rates between1990／91and93／94 from those  
between1985／86and90／91；thenortheasttongueof  
Reicher，San Rafael，San Quintin，Be‡1ito，HPNl，  
easternsideofSteffen，ParedNorte，Colonia，Cachet，  
Le6n，andFieroglaciers．  
San RafaelGlacier（Fig，3），a tidewaterglacier  

andoneofthelargestintheNPIwiththesimi1arsize  
totheneighboringSanQl血tinGlacier，SeemStOhave  
StOppeditsretreatsince1990．王とisveryinterestirlgtO  
notethattheglaciersbowedo王11ya20m／arecession  
rateata smallpart oftheleft side while a17m／a  
advanCe WaS Observed at a spot on the right side．  
Theglacierhadshownthefastestrecessionratesof  
200m／abetween1974／75and85／86，and190－300m／a  
between1985and針＝lltllビNPl．aIthotlghduringtht：  
periodof1944／45－74／75，itretreatedatarateofon王y  
13－30m／乱  
Anotherexample，ColoniaGlacier（Fig．4）showed  

arecessionrateof53m／a duringthisstudyperiod．  
ThisrateisnearlyahalfofthepreviousrateoflOO  
m／a dtlring tbe1985786岬90／91per童od．Due to tbe  
rapidrecessionduring1985／86－90／91，manymOraines  
Wereformedaroundthesnout，andanewlineofshear  
moraines has appeared due to the recession during  
1990／91…93／94．  

ユニ ム汀／▲t‘－（び（rrブ ナT7Jと，  
The following glaciers showedincreased reces－  

Sion rates between1990／91and 93／94 from those  
between1985／86and90／91；Grosse，SOuthwesttongue  
Of Reicher，nOrthern and southern fronts of Gualas，  
frontofStefkn，andPis（：isglaciers．  

At Reicber Glacier，tbe soutbwest toTlg11eilad  
retreatedatarateofl，183m／a，themostintheNPI  
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Fig．2，Glaciervariationsbe掬een1990／91and1993／94（fromsummertosummer，  
threeyearperiod）．   
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Fig、5．SARimagesofNefGlaciersnouttakenwithJERS山1（A：December29，1993．  
B：MaylO，1994）．C：ObliqueaerialphotographofthesnouttakenonDecember   
27，1993．Arrowsi王1AandBindicatethe＄nOutWhichwasbrokenupduringthe  
period December1993－May1994．A broken】inein C主ndicates tbe snout  
positiorla托erbreak言ngup．   
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Carlos LTDA”basedin Coyhaique，Chile，for his  
Skiufulflight over the trecherous glacier areas．  
Another pilot，Hugo Rosas，tried to fly despite the  
inclementweatheronthe26th；however，itwasabort－  
ed for the safety．SARimages were provided by  
NASDAofJapan．  
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4．Discussion andconcludingremarks  

Althoughingeneralthegradualincreaseinthe  
rateoftherecessionduringtheperiodof1944－90was  
observed，the trend of18majorglaciersinthe NPI  
duringthe1990－93periodisfoundtobeadecreasing  
rateoftherecession，Withafewexceptionsofdebris  
COVeredglaciers．However，thesouthwesttongueof  
Reicher Glacier and the front of Steffen Glacier  
showed considerably faster recessions compared to  
thepreviousperiod of1985r90．Sincethese snouts  
are terminatinglnprOglaciallakes，1arge recessions  
wereeffectedbybreakingupofthesnoutinthewater・  
AsdramaticallyillustratedinthecaseofNefGlacier  
（seeFig．5），breakingawayofalargepieceofthefront  
in a proglaciallakeis probably sudden，CauSlng an  
apparant large retreat not directly related to the 
climaticchanges．However，unlesswehavefrequent  
remotely－SenSeddatasuchasthecasewithNefGla－  
cier，WeCannOtdetectsuchachangeatthesnoutin  
the proglaciallake．Therefore，Caution must be  
takenwheninterpretingthe average annualrate of  
recessionofcalvingglaciers．WherealargepleCeOf  
icebrokeaway，arOugh1y－Straighticefrontwithcliffs  
cangenerallybeseen，SuggeStingthattheicebroke  
awayatsomelarge，mOreOrlesscontinuouscrevasses  
atwhichroughwaterattacked．  
According to the previous studies（Aniya，1988，  

1992），theglacierslocatedonthewestshowedhigher  
rates oftherecession thanthoselocated onthe east．  
Resultsobtainedinthisstudyshowthattherecession  
ofglacierslocatedonthewestsidehaveslowedby  
aboutone－thirdoftheirpreviousrates；yettheyare  
still higher than the recession rates of the eastern 
glaciers．ReicherGlacieronthewestside，Wherethe  
recessionincreaseddramaticallyduetoabreakupof  
the southwest snout，is the exceptlOn，though．It  
should be pointed out that glaciers with only slight 
changes usuallyhave debris－COVered snouts，anddo  
nothaveproglaciallakes．Slightchangesareprob－  
ablyduetotheinsulatingeffectofthedebris，andno  
wastingbycalvinginproglacia11akes．   
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