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Abstract  

Terminatingcurrentlyaround500Sand73¢WoftheSouthernPatagoniaIcefield，UpsalaGlacier  
hasadrainageareaof870km2，thelargestinSouthAmerica，withanAAR（AceumulationAreaRatio）  
OfO・63，WhiieMorenoGlacierhasadrainageareaof257km2withanAARofO．71．Bothglaciersare  
Calvinginalake．  
Utilizingaerialphotographsandsate11iteimagesofmultiyearsandfieldobservation，thevaria・  

tionofUpsalaGlacierbetweerlearly1960＄tO1990waselueidated．LikewisethevariationofMoreno  
Glacierwasobtainedforaperiodfrom1947to1990，AtUpsalaGlacier，between1968and1970，the  
easternpartadvarlCedabout15Omwhilethewesternpartretreated250L350rn，Between1970and  
1978，theeasternparthadadvancedupto400m，Whilethewesternpartshowedalittleretreat．After  
1978，theglaciぎbasstart感retreatingandala曙ereCeSSiorlわadoccu汀感between1981and1984，  
duringthattimeamaximumof2100mbreak～upOCCurredattheeasternmargin．Sincethenthe  
glacierhasretreatedsteadilyatac研1SiderablyねstrateofaboⅥt200mプato1990．  

MorenoGlacierhasstartedadvancingattheendofthelastcenturyandisnotedfortherepeated  
dam－11ing upし）ftht｝BrazoRic（一OfLago（Lake）Argentinobyreachingtheopp（）Sitpbank（t｝eninsula  
Magal1anes）．Sincethevariation ofthesnoutinrecentyearsisoscillating，Withoutconsecutive，  
yeariy凱汀Ⅵ痛Iancefromairorground，it∧isdiffictllttoobtaintbemeaniTlgfuiinterpretationoftbe  
Changeinthesnoutpositionasrevealedinthisstudy．Thecomparisonofthemultidatedimages  
revealedthattbea王ⅥOuntOftわes‡10utfluctuationwasuptoontbeorderof500mduriⅥgthelast48  
years・Thehypsometric curveindicatesthat the glacier may not be so susceptible to climatic  
Variations・Consequently，tb訂eisapossibilitytbattbeglacierhasbeenmoreorlessinequiiibrium  
andtheoscil王ationofthesnouthasbeenlargelycontrolledbycaivingwhichi＄inturnaffectedbylake  
COnditions．  

1．tntroduction  

Inlightofanapparentglobalwarmingtrendin  
recentyears，theworid－Widebehaviorofglaciershas  
attracted attention and the world glacier inventory 
basbeenrecen晦plユbHshed（1ÅHS－UNE‡）－UNESCO，  
1989）・‡nthisinventory，dataorlPatagonianglaciers  
arenotablylacking，despitethe fact that the Pata－  
goniaicefields are one of tbe mo＄もimpo托antice  
bodiesintheworldfromaglaciologicalpointofview，  
Witb acombinedarea ofmoret払an17000km2．Tbe  
PatagoniaicefieldsconsistoftheNorthernandSouth－  
er†licefields，eaCbwithanareaofabout4280km2ar箋d   

13000km2，reSpeCtively．FortheNorthernPatagonia  
Icefield，Aniya（1988）completed aninventory of22  
0utletglaciersandelucidatedtheirvariationsbetween  
1944／45and1985／86．He now updates their varia“  
tions to1990／91（Aniya，1992）．As for the reeent  
Var主ationofoutletgbciersintheSotr払αnPatagonia  
Icefkld（Fig．1），Very壬ittlestudieshavebeenca汀ied  
Out，eXCept for few glaciers such as Moreno（e思，  
NicboisandMi11er，1952；Rafねg≠α£，1953；Mercer，  
1962，1968；Denisovβ≠dエ，1987），Brtiggen（orI）ioX王，  
e．臥Mercer，1％4；Ⅰvaとa，1983），Tyndaii（Naruseg才  
ai．，1987；Aniya et al，，1991），Aniya and Naruse  
（1991）studi感recent variations of Briiggen，Jorge   



BuiletinofGlacier Research  イープ  

Fig．1．MapoftheSouthernPatagonialcefieldandlocationofUpsalaandMoreno   
glaciers，based on Lliboutry（1956）and elevations modified after Argentine  
topograpbicmapsp11blishedby王nst如toGeogr盟ficoMilitaT．   
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ma鱒，Wemea＄urdsomedrainageparameterswitha  
digitalplanimビter tO Obtain the characteristics of  
theseglaciers．F（1rト・1oren（1Gtacier，；lfractionofthe  
S（1utherTlend of the drainageiさnOt eOヽ▼ered．The  
divide therビ＼＼－aSIocated fTOl11inteTprtltati川1Of the  
しhilビ；t11こIet■ialph（1tOgT；lPhstこ1ke11inl鋸札andse＼・eral  
C（｝ntOurSWeredrawninf（一「（het－1ビaSuremtmtOfh）・P－  
SOmetry．  

Tablellistst虹sour亡ビOfinformationemploITed  
tostudytherecenもVar主atぬn ofUpsa王a and Moreno  
d；leiers，Wem（一Stl〉，uSedve11iぐalaeriaTphotographs  
With nomin；1lsealesofl：65，000■1：析，000．supple・  
mtlntedbysatellitビiTrtageLSandfieldobs（汀Vations．In  
Ordertomapaccura【el〉TthビSnOLltP（1Sitionofglaciers  
usinどaerialphotogTaphsorfromfipldobservatiollS．it  
is essentialtoIlaVe aiarge scaまe t（〉P（）許a！熱ic map  
Showing sufficient details of the area＼＼・ith which to  
COrrelatethビPhoto卯●aphiぐfeatures．  

The oldestimageI’ビCOTd of Upsala Glaeier we  
e111ployedis an oblique photograph tこIken from the  
right bank（WビStern Sid（、）and shoⅥT11in a一号ビl・tOntIIs  
t）OOk（1972，P．111）．a】thoughwithotltthビphotograph・  
ingdilte．A ver）一Similar photogTaPhisshoⅥ・tlin an  
articlebyMercer（1965，P．401）．a11d frot11theexperト  

Montt and O－Higgins glaciers by t：Omparing digital  
t．aIldsat MSS（19761a11dl．andsat TM（19さ61data．   
InadditiontotheL1986LandsこItTMdatacovering  

Ut）SalこIa】ldMorenogla〔TiersandfiビIdobser、rationin  
1990，WeObtainedaser主esof紀rial‡ぬoto餅aphscover廿  
ingthe snoⅥt area Of Upsa王為amd More110glac呈ers  
taken b〉・Argentinぐand Chilean agetncies．and s（一mtl  
o軌ersaもeiiitedat乱 A重sotopo餅aめicmapscoveri喝  
tbese glaciers bave jusとb∝Ome aVailabie recer呈t拉，  
from whit：h we can deri＼でSOmP Statistil：S about thビ  
drainaぎeare乱 王tis払epurposeofthispaper，fir慮，tO  
describetぬedrainagecbaracteristicsof払彷eglac主ers，  
andsecond，tOPrビSビIltthevariationofUpsi－laLilacitl’  
fmmeariy1960sto1990and払atoぎMorenoGiacier  
fromlt＝7to19t）（1，  

2．Source and method  

TheTnstittltし1Geo打舗cし）h1ilitarofArgentinahas  
毎洩pub呈isb感もOpO騨apbicmapsatascaieofl：100，  
Ot糊1＼うthacontourilltt：r＼Talof50mf〔lrhrLIorenoGlヱICit：r  
（quadrangle：Giaciar壬〉eritoMoreno主n1989）andfor  
U膵ala Giacier（qt追dra王1gkこGlac責ar Viedma，1989  
；1nd（；1aci；lrUpsala，1991）．しTsi咽thesetopograt）hic  

■l’ablビl、Listいf さし）tllてぐSビn叩l町fdlいStしId〉Lth（、Flこ1亡ier＼一ariatiⅢ1  

UpsaiaG王acier   
DこIte  

early 1960s 
lp6S（Nl汀．1封  
1970（Mar．11）  
1978（Jan．1）  
1979（Mar．8）  
1‡1811F亡It）、コJ）  
1則り（1）ビC．11）  
1郎潜りa11．111  
1990（Nov．16）   

MorenoGlacier   
Date  

i947桓8date）  
19郎tNし1＼▲．18）  
197n（ト1こIr．11）  
19751れ1ar．111  
19鋸（Dee．20）  
l知略しh11．‖）  
1990（Nov．29）  

St）し1rC〔■  

ObIiquビphl－tOgTaph（Bertone，19721  
＼’et■tieal；leTialphl心肝aPh11：7l．0帆1G爪11－．Argenti11a）  
＼＝◆ビrticalaビriこIIphいtU主汀aPh11二75朋0．IG入1．Ar打nlti11al  
Saiyuト6spa（：e頭10紬酢apb（ま：320，000，USSR）  
LandsatR8V（1：125，000）  
Vertic；11atlri；11ph〔一tOgTこIPh（1ニホ7．OOO．1（iヽ1．Al．gビntina）  
＼Tel－tiralae†■iall）IlOh一打aPh（l：75．州軋FACIド．しhilビ）  
Ⅰ．a11dsこIt TヽJl  
in situいbsゼrYatiし1n  

＼：’erticalaerialphいfo辞■aph（1：38．00O．1GM．Argentitla）  
VビrticalaeriI11phott一灯；lPhり二65．OOO．1GM．Argpntinal  
Venir；IT aビri；llptlOtO打；lPh（1ニ70．OOO，lGM，Arglletin；11  
Ve托室calaer主a重photo許ap王l（1：80，000，FAC‡i，Cbile）  
＼’ビrtica】aeTi；11ph（）t（）粁；lph（1二70．OO（）．F＾C11．ChilcI  
Land＄a七TM  
imsitu observaもion  

Scalesofimagesarenominal．  
1）‡nstit漉OGeogr猶coMiiitar．  
コ1Sビn・iciし）AビrOfLltOgrarnさtrico．Fuerz；lAiTビOChileno．   
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Fig．2，T！ledrainageareaofU‘psalaGlac壬er（sotlrCe：quadra喝1eG】aciarViedma   
andGlaciarUpsala，bothatascaleofl：100，000）、Co．（Cerro）meanspeakor   
mountain．Thehighestpeak（3180m）islistedasCo．Agassizonthetopographic   
map；however，Webelievethatitiserroneouslylocated．AccordingtoLliboutry   
（1956）thisisCo．Roma，andCo．Agassizisgiventoapeaklocatedduesouth．Co・  
R〈）maisrenamedasCo．Vivodin1969byJ．王，Skvarcaa鮎rtbefirstascent．For  
払e麗reaSOnS Wele免out tbe name，Å1洩ough翰e topographic maps do not  
di董ferentiate media王moraines from ash bands，Ve；ndicated them父parately   
もecatlSetbeycotlldbeeasiiyidentifiedontbeaerialpboto訂apbs・Asモi王ayersare   
believedtohavebeendepositedbyeTuptionsofVoIcarlLautaro，aboutllOkmto   
thenorth．Patternsofash bands vary siightly onthe aerialphotographs of  
different dates．   
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from theicefield，terminating curr・entlyin Braz  
U鱒ala ofLago Argentino（or Babia Upsala），at an  
elevatio‡10fabotlt18（）ma．s．l，arO11nd 49859’Sand730  
17’W．Theheightofthecalvingfrontisprdbablyon  
the order ofseveraltens ofmeters．There are two  
big medialmoraines（actually consisting of several  
Closely－SpaCedmoraines＝ocatednearthemedianof  
theglacier．Theeasternpa豆isfed byicecoIⅥing  
fromtheicefieldsouthoftheUpsala岬Viedmadivide，  
While the western partis fed mainly by Bertacchi  
Glacierdrainingpart ofAltiplanoItalia andjoining  
from the western side．lce bodies from Cono and  
Muraii6nglaciers，joinirlgalsofromtheⅥFeSternSide，  
aresqueez感verytightastbemairlgiacierbody幻ows  
down and occupythewidth of only severaltens of  
meters near the snout．The height of the divide  
bctweenUpsalaGlacierand Viedma Glacieris only  
1300－1350m，While thesurroundingmountains and  
ridgesaregenerally2000－2200m‡ligh，T壬Iebigbest  
peakinthe印tiredrainageareais3188mattbebead  
of BertacchiGlacier andiocated almost due west of  
thesnout．  

Theequilibriumlinealtitude（ELA）wasestimaト  
edin the following way，On thetopographic map，  
mediaimoraines（actua王1y tbey are voicanic－aSh  
bands）aresbowbたomtbeelevationofaboutl158m  
down，Whichemergeduetosnow－COVermelting．The  
Chilean aerialphotogra画IS，taken on December14，  
1984，indicatethattheglaciersurfaceconditions（bare  
ice or sr10W COVer）changed aroundllOO m．From  
these two data．thビELAis taken at about115（1min  
thisarea．Thenthedrainageareacanbebrokeninto  
the accumulation area of545km2and the ablation  
area of325km2，with an AAR（Accumulation Area  
Ratio）of O．63．A glacier response to a climatic  
Changeisrevealedasachangeinthesnoutposition，  
Stlげaceieveland／OrELÅ．Sincethebypsometryof  
thedrainageareaisimportanttothelong－termStabiト  
ityoftheglacierasafrontalchangcandashiftinthe  
ELA arein什uencedby thegeometry of theglacier  
drainage area（Furbish and Andrew＄，1984），a hyp－  
SOmetric curveⅥraS CO11StrtlCted from the area mea－  
SurementSateVery58mcく〉ntOurOnthetopograpbic  
map（Fig．3）．Thefigureindicatesthataslightupor  
down shift in the ELA would cause a substantial  
Changein the AAR，SuggeSting that the glacieris  
SuSCeptibletoclimaticvariations，  
Ontheaeriaiphoto許a由stakenonNovember18，  

1968aIldMarcbll，1970，theidenticallumpofdebris  
Canbe recognized onthe medialmoraine about4〟5   

enceofoneoftheauthors（Skvarca）whohadcrossed  
tbisareainFebruary1966，Weinfe汀edthedateofthe  
photogTaphtobeearly196Os．Thesnoutpositionon  
this oblique photograph was drawn onto the 1968 
verticalaerialphotographusingtheconfigurationof  
islands，andit was then transferred onto the topo－  
graphic map，Theeastern two－thirds of thesnout  
position wasthusねirly co汀鑑tlyiocated；but the  
western one－tbird could not posibly be delineated  
Withthesameaccuracy．  

TheSalyut6spacephotographwastakenwitha  
Hasselblad500EL／Mcamera（Williams，1987）atan  
approximatescaleofl：1，600，008．Weenlargeditin  
order t（1e（ヽmpare With the197O aerialphotLlgraph、  
Thesnout position marked on the1970photogra由  
wastransferredontothetopographicmap．Thusthe  
snoutpositionisnotasaccurateasthosedetermined  
fromaerialphotographs．TheLandsat RBVimage  
wasenlal嘗edandt壬1eSnOutWaSdraⅥ汀iOntOthe1981  
aerialpboto許a丸Whichwastbentransferred onto  
thetopogra由icmap．  

The Argentine aerial photographs were taken 
withasuperwideanglelens（focallength85－88mm）  
andthosebytheChilean agency weretakenwith a  
wide arlgleiens（f．lり152mm）．CollSeql】ently，they  
containla！官ereliefdisplacementsdueto（：OnSiderable  
reliefs（1500－2000m）within a single photograph．  
Therefore the simple sketch of a single photograph  
ontothetopographicmapmaynotshowthecorrect  
position．For this reason，eXCept for the Chilean  
photo訂a由s and汰e satelliteimages vbicb do‡－Ot  
covertheareainastereopa汀，aStereOZOOmtranSfer－  
scopewasusedtoalignthestereo－pairofthephoto－  
graphsontothemap（enlargedtol：50，000）anddraw  
inthesnoutposition．  
ThesnoutpositionofUpsalaGlacierin1990was  

drawnかomgroundol）SeⅣat圭ons，Witbsomebearings  
to prominent points ofgiaciers fromlocationsthat  
could beidentified on the aerialphotograph Al・  
though an aerial survey was planned，inclement  
weatherpreventedit．Thusthepositionisnaturally  
thebest estimate．  

3．Characteristicsof glaciers  

3．J．物5αねGんzcねγ  
UpsalaGlacierisabout60kmlongand4kmwide  

neartbesnoutⅥ7it壬Iadrainagearea of870km2（ex－  
cludingbedr∝kexposl汀eSin払eablationarea），tbe  
largestinSouthAmerica（Fig．2）．Itflowssouthward  
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HypsornetricCurve  

UpsalaGlacier   

O  一事 暮0  100    書00  事00 ●00 さ00    T00  ●▼○  
血11h呵   

kmupfromthesnout（seeFig．6，A，B）．Thisfeature  
WaS plotted on the topographic map enlarged to a  
SCaleofl：50，000andthedistancewasmeasuredtobe  
about900m．Sincethetimeintervalbetweenthetwo  
datesis about16months，the mean annualsurface  
flowvelocitywouldbe675m，OrrOugh1ytakentobe  
around700m．  

ヱま肋柁乃O G血cわγ  
Moreno（official1ycalledPeritoMoreno，butcus－  

tomarily called simply Moreno）Glacier occupies an  
areaofabout257km2，Withalengthof30kmfromthe  
SOutherndivide and a width of4kmin the va11ey  
COnfined area（Fig．4）．The generalheight of the  
divideis around2000mwith the highest peak of  
2950m．Theglaciercurrentlyterminatesinachannel  
Of Lago Argentino at an elevation of about180m，  
dividingthechannelintotheCanaldelosTさmpanos  

Fig．3．ThehypsometriccurveofUpsalaGlacier．TheX  
axisisdrawnonascaleofsquarerootofthearea so   
thatthecurveindicates a hypotheticalprofile ofthe  
drainage area when allthe contours are drawnin  
COnCentriccirclesproportionaltotherespectiveareas．  
Since theslopeofthe curve aroundl150m（ELA）is   
gentle，a SmallshiftoftheELAwouldcause alarge   
Changeintheaccumulation／ablationarea．  

Fig．4．Thedrainage area of Moreno Glacier（sourceニquadrange Glaciar Perito  
Morenoatascaleofl：100，000andChileanaerialphotographstakenin1984）．   
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4．Glacier variation  

4．エ乙伽αぬCんzcfgγ  
Thesnoutpositionsasappearedontheimages  

are洩owninFig．6，andthevariationisindicatedin  
Fig，7withaslmmaryinTabie2．Tberecessionof  
t壬IeW盗ternparヒdtlri‡唱tbe1960sisiarge，amOunti喝  
toamaximumofaboutlO00m．Ontheotherhand，  
the eastern olle←third had advanced about15（）m  
between1968and1970．It wasinteresting to have  
わundthattわemiddiepa托Oft‡1eglacierhadadvanced  
uptoabout400mbetween1970and1978，Whilethe  
WeSternpartShowedalittleretreat・inthesameperi－  
Od．AcomparisonoftheSalyut－6imageof1978and  
the Landsat RBVimage of1979indicates that the  
glacierhasstartedretreatingduringthisperiod，  
Tbelargestrecessionoccu汀ed娠tveen19斜and  

1984，With a maximum of2100m break】up aも払e  
easternmargln，WhileattbewesternbalfitⅥ㌻aSOnly  
about150乱 Arapidrecessionprobablyocclユ汀edil1  
1981－82，becauselateHerbertMastersofEstanciatモLa  
Cristina”，Wもic‡1WaSiocatedaとtheheadoftheBrazo  
No正e，LagoArge王1tirlO，tOまdりanuary，1982）oneoftbe  
authors（Skvarca）thatthereweremanylargcicebergs  
inthelake and the summer then was one of the  
WarmeSthecouldremember．From19840nWard，the  
glacier has receded at a considerably fast rate of  
about200m／a・For example，hrgeicebe曙S Were  
again observedi‡1a tすS Space SIluttle photo許a頭I  
takeninOctober1985（1有毒Iiiams，1987）．‡n1990，al王  
Sma11islands，partSOfwhichwerestillburied under  
theglacier主n1986，areCOmpleteiyexposed and the  
g王aciers‡101ユtisca王vingintbelakeacrosstbeentire  
front（Fig．8）．  

Retreatingpatternsaredifferentforthewestern  
and eastern parts of the gIacier，Up to1984，the  
WeSternparthadretreatedsteadilyatarateofabout  
60m／a，While theeastern part showed an advance  
between1968and1978，beforeturn主ngintoaretreat  
phasew主払averyrapidrecessio王1育om1981柏1984．  
Between1984and1990，汰erecessionoccu汀edfairly  
evenlyacrosstheentirefront．Theseretreatingpat－  
ternsareprobablyinfluencedbyislandslocatedatthe  
WeSternOne－thirdoftbel∋razoUpsala．   

4．之励柁邦¢Gぬr蕗ア   
SinceaccesstoMorenoGlacierisrelativeiyeasy，  

thereareanumberofreportsonthevariationsince  
1899，Which NichoIsand Miller（1952）and Mercer  
（1962，1968）summarized as fo1lows，Withtheir own   

to the north and the Brazo Rico to the south．The  
location of the snoutis around50O28’S and73QO2，W．  
Theglacierisnotedfortherepeateddamming－upOf  
theBrazoRicobyreachingtheoppositebank（Penfnp  
Sula Magallanes）inthiscentury．Theheightofthe  
Caivingたonとisontheorderofseveraitensofmeters．  
Tbegiaciersuガaceisveryciearl，alldmeく箋ialmoraines  
CannOtbetrackedorltbeground．Thereis，hoⅥ7eVer，  
Orle medialmorail肥Which can be recognized and  
tracedonaerialphotographsalongthemedianofthe  
giacierailtbewaydownneartbesnout．  

AsfortheELAat Moreno Glacier，theChilean  
aerialphotograbhs，takenonDecember20，1984，WaS  
theonlysourcetolocateit，aSthereis noashbandon  
thisglacier．ThephotograIぬsindicatethatthegla－  
Ciersurfaceconditiondrasticallychangedattheelep  
Vation of arourldl100m．Since tbe photographing  
dateiseariysummer，tbezorleOftIleCbangei‡lt‡1e  
Sl】げaceco‡1dition wouidgoup ast壬1eSummerprOg－  
re＄ed．TakingtbeELÅatUpsaiaGiacier壬ntocorl－  
Sideration，tbeELAatMorenoGlacierwasalsotaken  
to bel150m．T壬Ien the accuml11ation and ablatio‡1  
areasare182kmヱand75km2，reSpeCtively，with an  
AAR of O，71．Figure5indicates a hypsometry of  
MorenoGlacier，Whichshowsthatslightchangesin  
theELAwouldnotcausesignificantchangesinthe  
area of accumulation；thereby su館eSting that the  
glacier岳ho111dbefairlystable．  

Fig．5．ThehypsometriccurveofMorenoGlacier．TheX  
axisisthesameastheUpsala’s．Thecurveindicates  
that slight variations ofthe ELA would not cause a  
SlgnificantChangeintheAAR．Intheablation area，  
therearetwosteepportionsat800mand500m，  
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Fig．6．SnoutpositionsofUpsalaGlacierinrespectiveyears．A，B，E，Argentine（lGM）  
photographs：C，Salyuト6spacephotograph：D，LandsatRBV二F，Chilean（FACH）  
ph（）tOgraph：G，Landsat TM．Since theseimages are not rectified，SCales are  
naturallyapproximate，and northisapproximatelytop（壬irection．Ascanbeseen，   
islandsaregoodreferencefeaturestocompare血esno11tPOSitions．InAandB，魚e  
Samelumpcanbeciearlyrecognizedontbeme（】ialmoraine，育0汀1WbicharlaVerage  
a11nualslユ㌻ねce－幻owve】ocitywas（】erived．   
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Fig・7・SnouとVar夏ationofUpsalaGlacier，ear】y196飴to1998．TvFOislal適spart三y   
COVeredwitbtbeg‡acieri111984bavehadc（）mpletelyemerge（j，aSOfNovemもer   
1990・TbeirshapescolユIdnotbeaccllratelydrawnintbe貢eid払ough．  
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1’ablpユ1ごーいnta卜rこ汀iati小nα仁Upsala（；ねぐiel■．Parl〉・19甜s▼1990   

Period  
eariy1968stoユ粥8   

1968197（1  

川7什l！汀8a  

Variatiofi 
2紳－7¢Omretreatatt‡leeaS毛ern2／3．  
WeSternl／31inkrlOⅥrn．  
2劉【350m（63岬250）retreat．  
about150m（107）advance孜t洩eea或emma曙irl．  
111aXimum ofl100111（501；ldvance；1t jL）SIwest of thビ nledial  
mOra王ne．  
WeStempa沈someretreat．  
1州一3州nlgeIlet・alrptrpat．  
こlIllilヽimunl（1f3帥nl（15小）reけeat†1earlhe me（lialnlnrこIiIle．  
a【11a＼il¶lllⅥいfコ1㈲口115コ5）丁（ltrビご1t；ltt†1ePaStenlnlargiIl．  
abotlt150111（3ホIrctrビat at th（〕Ⅵ・ぐSt｛－nlllこl】f＿  
1帥300Tll（136q273）retrpatごIt theeasternhalL  
We或e和もalflittlecba喝e．  
丁机ト1（柑（1Ill114（12い川generalr（ltlで；l【．  

1野8鵬ヱ9ア9  
1町91錮1  
ユ98ト198ヰ  

198ヰ血1986  

1986－1998  
Thenulれberinparen蛾e＄eSindicatesanaVerageannuairate．  

bt）r197軋they f（一und that thビtip（一f the gla亡ier had  
reこICtledthe叩I）OSi【eba11k thpm   

l、hesmutpositionsas appeared on t壬Ie言mages  
こIreSho≠’nin Fig．9and the＼▼こ1riatiollisindicこIt亡ditl  
Fig．1O．Sint：Pthesnout areahasbectl10SCillatingill  
Sh（一rt periods oftime and．irlthesame peri（d．some  
pこItl．softhesllOut；ldvancedv；hileotherpartsretTeatA  
edasi伽stra転dinFig．9，itsbehaviorwassummariz－  
Pd asin Tat））e3．For Moreno Glacier1．thtゝOldest  
il〔・rialph〔1tOgrapha＼▼ailablビW；lStakeninl机7．at】dthe  
ShapビOftlleSnOut thビn≠・aStrianどu】arⅥ・ith the tip  
reacbing汰eoppositeb抑k．ÅccordiれgtO Raf払ど才  
（7I．（1953．l）．33コ1．thisphotogrこIPh wastakeninsome－  
timebetweenja11uaryarldMarc王11947．‡n軌esame  

illfol111ationadded．M（1T・en11GlaL：ieTStartedad＼Tこ1nCitlg  
inl押9こInd t・ttaChed thビOPPO5ite t）こInk for the first  
ti‡Ⅵetわisce一雨ryin1917，arldimpoundedthe‡きrazo  
tli（・O tO the south．Sincぐ then．iee｛l；1111medlakt：S  
＼＼丁仁・lでfりrnlビd se＼rel・al†inleS、i11用ふト苅．19：ミP・軋l射l－一  
連2，1946竃D蹴．），1錮7そNov），19魂8（Apr豆トDec．き，1951剛5冨，  
19525ニi、1954－56，thellatleas仁 tllree OCCaSi川1S f（lr  
111Orethan tWO）・（1arduration（datesul－k【”Wn．九■ler－  
cer，1968）and1964w66．Ra翫β才α乙（1953）made  
d洩aiied trian郡1ation鎚rVeyS Of蝕e舗Otlt area at  
aboutoneyearintervalbe抽eenNovember1947and  
Marcb1952．Thereseemsr10dat筏On払evariation  
；tftt）rh・1erぐer（19681tl＼L：er）t（lnCLb）▼1）円1isov（1f（tI．（1別号l．  
Uti‡壷咽Salyuト60rbitaIphoto餅a頭stake一隻illOcto▲  

F涙．さ．S－－いutl－ft了psalaしうInciピーi－11刷INm▼・17l．taken【rいm－thplピーtbank・The  
nortllerriendofislarid＄Canbeseenorl血e‡eft．   
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Fig・9・SnoutpositionsofMorenoGlacierinrespec如eyears．Å，B，C，Årgent主ne   
く王GM）頭otograpわ＄：D，E，Cbilean（FAC王i）photo許aPhs：ぎ，LandsatTM．Since   
theseirnagesarenotrectified，SCalesarenaturaily approximate，and northis  
approximatelytopdirecモねn．  
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Fig．10．SnoutvariationofMorenoGlacier，1947to1986、  

Table3．FrontalvariationofMorenoGlacier，1947－1990  

Tip（－fTlleSIlいu（＝＼’aS  
l射7：rea亡hil唱  
1948：reaChing●  
195ま仙52：reaC王Iillg＊  
1952鵬53：reaCbing拳  
1954P56：reaChillg●  
Atieast汰reeoccationsfor王nOretbantwo－yearduration  
Ofreachil唱♯  
1964－66：reaChil喝＊  
1968こaWay  
1970：reaChing  

1975：aWay  
1978：reaChing（Denisovg£戎g．，1987）  
1984：reaChirlg  
1986：aWay  
1990：reaChing   

＊Mercer（1962）  
reacbing：reaChingtbeopp（）感tebank（Pellin甜iaMagaト  
1anes）  
away：aWayfr・OmtheoppositeBank  

figmで．the・）L ShいⅥ・that the p〔）Sition of tlle SllOutitl  
November1947was王正江ゎざadvarlCedsincethephotot  
許a頭1重昭date．Accordingly，itseemsprobabletbat  
仇esI10uthad鮎enreaching（advancing）theopposite  

bこInkfr川1りnntlar）▼L＼1archthrouどhN爪でmber．rヱIthビr  
也anjlユStNovemberonly asiistedbyMercer（1962）．  
Orit couid be that thedamming startedI）ecember  
1946andlasted untilNovember1947．王n1968，the   
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generalpositionofthesnoutismoreadvancedthanin snoutareatothenorthofthemedialmoraineretreaト  
1947；howeverラthereisalongchannelbetweenthetip edlittlesince1968▲ ThisisbecatlSethatthetouching  
Oftbesnoutandtheoppositebank・In1970，血etipof parヒOftbeglacier（advancingpaれ）isfedbyiceなom  
thesnoutwastouchingtheoppositebankalthoughthe thesouthernpartofthedrainagearea，Whileiceofthe  

Fig．11．SllOutareaOfMore椚OGlac…eri‡lNovember2も1990，育omsou洩abく）℃t588  
mhigh．ThenearandねrsidesoftIleSnO11taretheBrazoRicく）andCanaldelos  
T卓mpanos，reSpeCtively．Thewatermark，about20mhigh，OntheBrazoRic  
sideofthePenfnsulaMaga11anes hasbeencausedbyrepeatedimpoundingbythe  
glacier．  

Fig・12・AtunnelatぬesnoutofMorenoGlacierasseen缶・omNE，COnneCtingtもe   
BrazoRico（1eft）andCanaldelosTempanos（right）．   
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leftbank area（retreatedpa拇comesformtbedrai－  
nageareaまocatedtotbewest，Tもege‡－eraまsbape（〉f  
tileSnOutir11974isverysimilarto沌atin1968，Wi洩  
along charlnelbetween the front and the opposite  
bank．In1984，thetipofthesnoutisagainreaching  
the oppositebank．Generalfrontalposition of the  
glacierin1984wasmoreadvancedthanin1974．In  
1986，therewasanarrowchannelbetweerlthetipof  
the snout and the oppositebank，indicating a small  
retreatsince1984．However，theflanksofthesnout  
tip had advanced upto200min the Canaldelos  
T¢mpanosandslightlyintheBrazoRico．   
InNovember1990tileglacierwasobservedfrom  

とheobservationdeckandapointabout500m‡lighto  
thesoutb（Fig．11）；howevertbesnoutpositioncould  
not be mappedⅥFith a su抗cient accuracyねr tI妃  
comparisonwithotheryears．Thetipwastouching  
the opposite bank with a tunnelof the connecting  
Chanrlel（Fig．12）anditseemsthattheglaciercondi－  
tion was similar to thatin1947，Pablo Kuntzle，a  
parkrangerinthisarea，tOldus（November29，1991）  
thattheglacierconditionhadbeenlikethisforthe  
last2w3years．   

5．Discussion  

TheretreatofUpsaまaGlaciersince1984atarate  
Ofabout200m／aisco誓parabletothatofSanRafael  
Glacierin the NortherTIPatagoniaIcefield（NPI）  
between1974／75and1985／86，Whichwasbyfar the  
fastestamongoutletglaciersintheNPI（Aniya，1988）．  
However，San RafaelGlacier had retreated since  
1985／86atacceleratedratesof190冊300m／a．Outlet  
glaciersintheSouthernPatagoniaIcefield（SPI），Of  
whichthevariationinthecomparableperiodisknown  
areTyndallGlacier（Naruse eiaiリ1987），Briiggen，  
JoI嘗e Montt and O’Higgi‡lS glaciers（Åniya and  
Naruse，1991）．Oftbese亨theno琉bernbalfofO’Hig－  
ginsGiacierbadretreatedatveryfastratesof200」  
300m／a鉦om1976to19酪 Duri11gt‡1eSameperiod，  
JorgeMonttGlacierretreatedatamuchsma11errate  
of40m／a，While at Brtiggen Glacier，the northern  
tongueadvancedatratesofupto140m／a andthe  
southerntongueretreatedatratesof60m／a．Tyn・  
dallGlacierretreatedatarateofabout64m／afrom  
1975to1986．0’Higgins Glacier，Which showed a  
comparablewithorfasterrecessionratethanthatof  
UpsalaGlacier，isIocatedontheeasternsideofthe  
S‡）Ⅰ，tbe same side as and120km nor払of Upsala  
Glacier．Betweenthesetwogiaciers，ViedmaGlacier  

islocated．Acursory comparison of1968and1981  
aeriaipboto訂aphs（‡GM，如gentina）covering tbe  
s‡10ut areaindicates tbat Vie血a Glacier had not  
鮎ctuatedsi卯ificant重y．Theicebodytotheeastof  
themedialmoraineofUpsalaGlacier，Whichshares  
thecommonacctlmulationregionwithViedmaGla・  
cier，had beerlalso fairly stable during the same  
period．Theadvancebetween1970and19780CCurred  
just west ofthemedialmoraine，wi1ichwasfedby  
BertacchiGlacier．ThelocationofthepresentELA  
onthehypsometriccurvesuggeststhatUpsalaGlacier  
issusceptibletotheclimaticvariation・Anadvance  
observedbetween1968and1978badoccu汀edatthe  
eas短rnもaまf andtbemi血ieく〉fぬeglacier，aて衰tbe  
samepartaisosbowdaveryrapidrecessionbetween  
1981and1984．Tbu＄the恥ctuationisvery quick．  
MorenoGlacierhasthelargeAARofO．71，and  

theshapeofthehypsometriccurveandthelocationof  
thepresentELAonitsuggestthatthesupplyoficeis  
morestablethanatUpsalaGlacier．Throughoutthis  
century，theglaciersnouthasbeen oscillating，and  
periodicallyreachingtheoppositebankandimpound－  
ingthelaketothesouth・Theamountofthevaria・  
tionisupto500mduringthelast40years・Sincethe  
s‡1011tis calvingln alake，the snout variaもionis  
af良℃ted by cbang襟nOt Onlyin precipitation and  
temperaturewhichwotlldreflectonti－eELÅ，butalso  
inlakeconditionssuch as watertemperature，Water  
circulation，and rou感IneSS Of the water surface・  
Thereforeitseemspossiblethattheglacieritselfhas  
been more orlessin a steady state and the rccent  
variation has been mostly controlled by the lake 
conditions，  
The nearest meteoroIogicalstation with along  

recordislocatedinPuntaArenas，abotlt390kmtothe  
soutbof琉岱eglaciers．EndlicherandAguila（1988）  
ptわIish東tI－epreCipitaとionandtemperaとurerecords・  
Accordingtotb餌edata，tbeamount oftile a‡1nual  
precipitationwaslargerbetⅥ7een1935and1960，and  
thetemperaturewa＄10Werbetweenmid1960sandmid  
1970s．These trends would seemingly explain the  
advance of Upsala Glacier between1968and1978・  
However，thestationislocatedfarawayinadifferent  
climaticzone，andwedonotknowthemassbalance  
of Upsala Glacier yet，it maybe premature to con・  
clude as such．   
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