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Abstract  

Variations of2loutletglaciers distributedin the Northern PatagoniaIcefield，Chile，Were  
elucidatedforaperiodfrom1985／86to1990／91，utilizingobliqueaerialphotographstakenwitha  
hand－held35mmcamera．Itwasfound，ingeneral，thatmostglaciershavebeenretreatingduring  
thelastfiveyearsatmuchmoreacceleratedratesofupto300m／a．Glacierswhichdonotshow  
Significantretreatsinthisperiodaremostlydebris－COVered．Athickcoverofdebrisnearthesnout  
hasaninsulationeffect ontheice underneath．Glacierslocated onthe western side oftheicefield  
haveretreatedgenerallyatfasterratesthanthoselocatedontheeasternside．SanRafaelGlacier，  
Whichisthetidewaterglacierlocatedatthelowestlatitudeintheworld，hasrecededatvery fast，  
acceleratedratesof190－300m／a，aSCOmparedtoarateof200m／abetween1974／75and1985／86．  

2．Method  

Thetopographicmapsonwhichthesnout posi－  
tionwaslocatedwereproducedatascaleofl：50，000  
With a contourintervalof50m from the vertical  
aerialphotographs takenin1974．Sinceit was al－  
mostimpossible to correlate terrain featuresin the，  
Oblique aerialphotographs taken with a hand－held  
Camera directly with thetopographic maps，the obT  
liqueaerialphotographswerefirstcorrelatedwiththe  
Verticalaerialphotographs．Inthisprocess，the1990  
photographswerealsocomparedwiththe1986photo－  
graphstodetectanychangeinfiveyears．Thenthe  
SnOutpOSitionwasdrawnofltOthemap，Whichwasin  
turncomparedwiththe1986mapofsnoutpositions．  

Because the photographs were oblique and the  
imagequalitywasverypoor，theleveloftheglacier  
Surfacecouldnotexactlybelocatedagainstthevalley  
Wal1for the comparison with the other years，and  
information on thickness changes could not be ob－  
tained．In the future we have to concernWith the  
thicknesschange，fromwhichwecanderivethevol－  
umeoficelost／added．Thedetailedcharacteristics  
Ofeachoutletglacier（Fig．1）aregiveninaprevious  
Study（Aniya，1988）．   

1．lntroduction  

TheNorthernPatagoniaIcefield（NPI）islocated  
inthesouthernpartofChile，arOund470Sand73030’W  
（Fig．1，inset）．ItisaboutlOOkmlongand45kmwide  
andoccupiesanareaofabout4200km2withnumerous  
Outlet glaciers．The author had previously studied  
Variationsof220utletglaciersintheNPIfrom1944／  
45to1985／86（AniyaandEnomoto，1986；Aniya，1988），  
AspartoftheGRPP（GlacierResearchProjectin  

Patagonia）1990，theauthorcouldsuccessfu1yflyover  
theNPIonDecember23，1990andtookobliqueaerial  
photographsofthesnoutareaofoutletglacierswith  
a hand－held 35 mm camera．Due to some trouble  
Withthecameraexposuresystem，mOStphotographs  
WereOVereXpOSedunfortunately；however，theycould  
beusedforlocatingthesnoutontotopographicmaps  
publishedbyInstitutoGeograficoMilitarofChile．   

Itisthepurposeofthisstudytoelucidateglacier  
Variationsfrom1985／86to1990／91andcomparethem  
withtheresultsof thepreviousstudies．  
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Fig．1．TheNortbernPatagoniaIcefie王dandout】etglaciers．   
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thatitaioneshowedanetadvancebetween1944and  
1985，althoughin which period the giacier tongtle  
retreatedatarateof25m／asince1974．Thistimeit  
retreatedatarateof170m／a andtheton卯enar－  
rowedby300mintheproglaciallake．GualasGla＿  
Cieralsohastwofrontsandtherecessionoccurredat  
the northfront withmoderate ratesof20M30m／a，  
Whileatthesouthfrontnosubstantialchangewas  
detected・Therateattbenorthfrontisverysimilar  
to tムe妄把riod of1974－1985く23rn／a）．On the o血er  
band，the soutb熟）戒receded at arate of32m7a  
durirlgthatperiod．   
SanRafaelGlacier，atidewaterglac主erandone  

OfthetwolargestintheNPI，hasretreatedatratesof  
190H300m／a between198590，Whichisby far the  
fastestinthisarea．Theglacierhadretreatedfrom  
1974to1985atarateof200m／awhichwasalsothe  
fastest ratein the NPIduring that period．These  

3．Results  

Variationsof2loutletglaciersareillustratedin  
Fig．2andsummarizedinTablel．Thecharacteristics  
ofvariationsofeachglacierarebrieflygiveninthe  
followingparagraphs，Withthecomparisontothosein  
the previousperiods，1974／75鵬85／86（11years，here・  
afterwritten as1974－85），1944／45－74／75（30years，  
hereafterwTittenas1944－74）and／or1944i45L85／86（41  
years，bereafterwTittenas19440085）．   

ヱj．紺おお㌢狩ざあ忽  
ReicherGlacerhastwotonguesandboth洩owed  

a considerable recession．The northeast tongue re－  
cededatratesof60－100m／a，Whichwasmuchsmaller  
thantherateof195m／ainthepreviousperiodof1974  
M85．However，itshowednoretreatbetween1944and  
1974．Thesouthwestton糾1eisunlqueintheNPI，in  

Tablel．GlaL、it）rヽ・ariatioIISin the Northern Pat哨Oni；11L：efiぐId betl＼▼etlnl射持：ti6and   
199¢／91．  

Glacier Name  
Nor払ernSide  

Retreat（m）   

Nosubstantialfrontalchange，butthinning   

300－500（60－100）  
850（170）．Tonguenarrowedby300（60）  
100【150（20－30）  
Nosubstantialchange．  
900－1500（190300）  
200（40）arldcorlSiderabietllinning  
300（601  
450押印  
600－1200く128－240ラ  
1350（27（〉ラ  

750－950（150－190）  

350（70）  
400（80）   

Nosubstantialchange  
400（80）  
No substantial change 
Nosubstantia】change  
508（100）  
400－95（）（80－190き  
PTObabl〉▼nいSllbstantialfT（一ntalrELtreat．but calving frontiさ  
breakingaway．Na汀OWedもyaもo11t600（120）．  
13¢一240ミ2648）  
120－2（事0（24－40）  

400（80）  
Nosubstantialfrontalchange，butconsiderablethinning  

Grosse  
WesternSide  

Reicher：NE  
：SW  

Gualas ：N  
：S  

San Rafae！  
SanQuirltin：front  

：SidtI  
Benit（）  

HPNI  
HPN2  
HPN：i  

Southern Side  
Steffen：front  

：Side（E）  
Eastern Side 

Pared Sur  
Pared Norte  
Piscis  
Arco  
Colonia  
Cacもet  
Nef  

Soler  
Le6n  
Fiero  
Exploradores  
乃J＝…川ん1IJIJ♪‘肌、〃〃汀∫‘－∫／IJ‘れ、′J／‘－∫√〃ワ√〃・川抑‘川〃榊J川／∴   
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Fig，2，Glaciervariationsbetween1985／86and1990／91（fromsljmmer tO S11Inmer，  
缶ve year period）．Scaleis tbe same for allgla（：iers to accommodate easy  
COmparisonsofthechanges，eXCeptforSanQl血tinGlacierwhichistwotimes  
Sma11erthantherest，Thestippledpatterndenotestheareadiminishedinfive  
years，andthchorizontalstripesindicatealakeexceptforLaguna SanRafael  
Whichisactuallysea，theheadofafjord．   
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Fig・3・Photographs showing thelarge recession of San RafaelGlacier．Top；   
November15，1983：middle；January13，1986：bottom；December23，1990．Note   
thechangeofthesnoutattheleftmargin：in1983，therewasadirtband；in1986   
thelengthofthedirtbandbecameaboutthreerforth；andin1990itwasgone．   
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has receded to the arcuate Iine of shear moraines 
Whichwasformedsometimebetween1983and1985  
duetothestagnationofice（Aniya，1987）．Theheavi－  
1y debriswcovered area between the1985front and  
1990fronthasbecomepittedduetoslowdifferential  
decayoftheice．Thisglacierhasretreatedatrates  
Of5－15mfortheperiodof197485and3」Omforthe  
periodbetween1944and1974．Thustheretreatrate  
has t）een Si即汀icantlyincreasedin rece11t yearS．  
Le6nG王acierreceded120200mi11払eperiodoffive  
yearssince1985【86，Ⅶもereasithadretreatedonly208  
m between1944and1985．Near t‡le Center Of tbe  
SnOut，We Can nOW See SOme bedrocks between the  
proglaciallake．Fiero Glacier has retreated400m  
between1985and1990，Whereasithadretreatedonly  
300mbetween1944and1985，Ofwhichnoretreatwas  
observedbetween1974and1985．  
Thoseglacierswithextensivedebriscovernear  

thesnoutdonotappeartohavechangedsubstantially  
during the stlユdy period．Tobeginwith，itis very  
d主だicuittolocatethereal育onto‡1tbedebriswcovered  
Stlげace糟 Forexmaple，atExpioradoresGiacier，the  
SuppO紀dly【realsnout紆ontofactiveまce）waslocated  
betweentheareaswiththepittedtopographyandthe  
SmOOth surface・The pitted topography was sup－  
posed to be caused by differential melting of the 
StagTlantice under the debris cover．The similar  
SituationcanbefoundforGrosseGlacier，1ocatedeast  
Of Exploradores Glacier，Arco Glacier which has  
ShownnosigTlificantretreatsince1944，andParedSur  
Glacier．Forthisreason，attheseglaciersthcfrontal  
reeessionisnot apparent；btltice has been slowly  
WaSti11gaWaybysurfaceioweri‡lg．   

4．Discussion  

Itisdistinctivelyclear nowthat as a whoiethe  
Outlet glaciersin the NPIhave been retreating at  
much fasterrates duringtheperiod of1985M90than  
thepreviousperiods of197485and1944・■■74．Those  
glaciers which did not show significant recession  
during this period are heavi1y covered with debris  
near the snout area，Whichinsulates theice underr  
neath．OrllyexceptionisPiscisG王acier，Whichdidnot  
retreat si釘Iificant毎aithoughits s11rfaceis debris－  
free．   

Ingeneral，glacierslocatedoIlthewesterrlSideof  
the NP王have receded at faster rates than thoselo－  
Catedontheeasternside，aSwiththepreviousperiods  
Of1974／75¶85／86（Aniya，1988）．This tendcncyis   

dataindicatethattherateoftheretreathasacceleratT  
edsignificantlyinrecentyears．Fig．3showsthesnout  
COndition at three periods since1983．If this trend  
COntinuesinthefuture，theglacierwillceasetotermi－  
natein theLaguna（Lagoon）SanRafael，SanQuin－  
tinGlacier，theother ofthetwolargest andlocated  
immediately south of San RafaelGlacier，Showed a  
littleretreat at the front and r10rthern and southern  
Sides．Althol唱h thinning away seems more promir  
nerlttbarl洩esnoutretreatingfromaeriaisurve11ailCe，  
itisimpo＄ible to quantitativeユy assess tIle Surねce  
loⅥ7eri羽gWithoutprecisegroundsurveys，beca11Seit  
terminates on a flat area near the sealevelwithout  
Va11ey－COnfining．Thesnoutareawasthinlycovered  
Withdebrisandthesurfacewasslushywithabundant  
WaterinDecember1990．  
Benito，HPNl，HPN2，andHPN3arelocatedat  

thelower western side of the NPIand allshowed  
StrOnglyacceleratedrecessionratesrangmgfrom90  
m／a to27Om／a．Theseglaciershadrecededinthe  
prev主ousperiods（194474and19ア4w85）atratesra11g－  
ing from very slight to a maximum of77m／a．  
Steffen Glacier shows large accelerated recession 
ratesof70m／aatthefrontand80m／aattheeastern  
Side．Itsrecessionratesatthefrontwere14m／afor  
1974－85and30m／afor1944－74．  

且2．肋才gγ犯5g（お  
ParedNorteGlacierhasretreatedatarateof80  

m／a，althoughithadretreatedonlyslightlybetween  
1974and1985，andatarateof43m／abetween1944  
and1974．PiscisGlaciershowsnosubstantiaichange  
inthefiveyearperiod．Sodidinthepreviousperiod  
Of1974－85．However，ithadretreatedatarateof25  
m／abetween1944and1974．C（）loniaGlacierretreat・  
edataconsiderablyfastrateof100m／aduringthe  
Studyperiod，COmparedtotheperiodof1974L85when  
itretreatedverylittle．Before，thee（短eofthesnout  
WaSCliffinaproglaciallake，butinDecember1990it  
WaSSlopeandgaveanappearanceofdisintegration．  
NefGlacier terminatesin a proglaciallake and the  
SnOuthasbeensteadily wastingaway，byretreating  
and narrowing．This time，however，WaSting was  
e穐ctedprimarilybynarroⅥring，CachetG王acier壬IaS  
bee11retreati‡唱at a Veryねst rate of64m／a since  
1944，Ⅵ壷icbis only secoIld to that of San Rafaei  
Glacier，andcontinuestoreeedeat acceleratedrates  
Of80－190m／asince1985．  

Soler Glacier has retreated at rates of2648m  
duringthestudyperiodandthepositionofthefront  
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flightoverthetrecherousglacierareas・This＄tudy  
WaSSuppOrtedbyagrantoftheInternationalScien＿  
tificResearchProgram，SpOnSOredbytheMimistryof  
Education，Science and Culture ofJapan（no．  
0204100礼  
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（AniyaandNaruSe，1991）．Duetorapidrecessionsin  
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