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Abstract  

The rビSearCh projeぐt eIltitled’tA Study of ChこIraLlteT，isties（〕f Reccnt Glaeier Variationsin  
Patagonia，SouthernAndes”wascarriedoutinPatagoniaduringtheperiodfrom9Novemberto27  
December1990．Theprojectaimsatinvestigatingtheprocessesandmechanismsofvariationsof  
temperateglaciersirlreSpOnSe tOClimaticchanges．Study areasare Upsala andMorenoglaciers，  
Whiこh are eastern outiet glaciers from the Soutbern PatagoniaIce茄eld，and TyndallGlacier，a  
SOuthern o血1et glacier from theicefieid．Tbe researcb topics accomp王ishedinclude：l）surface  
Plevati（一11Ofthtさglaciers．？1ヽ▼ariこIti（）nSintheglacierfronts，3）flowofthビglaciers，l）icethicknessand  
glaciersurfacestruCture，5）meteorologicalconditionsandablationofice，6）geomorphologyaround  
theglaciers，and7）aerialphotogTaphicsurvey．Outlineoftheproject，theresearchprocedureand  
briefnotesabotlttheresultsarepresented．  

1．1ntroduction  

lnPatagonia，thesouthernpartofSouthAmerica，  
血ereisavastice－COVeredareacalledtbe‡）atagonia  
Icefield（HieloPatag6nico）．Theicefieldiscomposed  
Oftwo詑parateicema繋eS：t‡lelarger（）ne（Sou払ern  
PatagoniaIcefieid：SPI）stretchesfor350kmfrom48B  
20’Sto5r30’S，itsareabeing13000km2（Figs．land2）；  
Whilethesmallerone（NorthernPatagoniaIcefield：  
NPI）is centered arotlnd470S arld73038’W，its area  
being4200km2（Aniya，198乳Intermsofthetotai  
area or thevolume．the Patagonialct？field ranks tht】  
thirdin the globe at preserlt．Ånumber of outlet  
glaciersdischargefromtheicefieldsina11directions．  
Thefrontsoftheglaciersreachclosetosealevelon  
tbewesternside，andtoabout150－400ma息l．onthe  
easternside，  

ThePatagonia‡cefieldisiocatedintbeモ†Roaring  
Forties”，thatis a reglOn With strong westerlies  
throughouttheyear．Becausemuchwatervaporis  
trarlSPOrとe（まfromtIlePacificOceantotbePatagonia11  
Åndes，aiargeamotlntOfprecipitation（mostlysnoⅥr）  
issuppliedtotheicefiel（箋s，Whichisest主matedatmore  
tilar15000mmプa（Direcci6nGeneraldeAguas，1987ラ．   

OtletO theT’elatiヽでl）▼Warm airtempeTlatureinI）ata－  
gonia，theannualamount of ablatiorlis also very  
large．Therefore，Patagonianglacierscanbecharae－  
terizedbytbemosttypiく：altemperateconditionintbe  
一軒Orld．  

MapsofdistributionofPatagonianglaeit｝rSWere  
firstcompiledby Lliboutry（195軋and aIlinventory  
WOrkofglaciersintheArgentinesidewasmadeby  
Bertone（1960）．Geo訂aphicaldescriptionsandexplo－  
rationhistl）ryOftheSPIwerepublishedby Martinic  
（198礼 From1983to柑86，deもaiiedglaciologicaland  
meteoroIogicalstudiesweTeearried outby theJapa－  
nese GlaciologicalResearch Projectin Patagonia  
（GRPP－83／84and岬85／86）．Theprojectconcentrated  
itsresearcbsitesatSoierGlacierontbeeasternside  
OftbeNPI，SanRafaeiGlacieronthew鶴ternSideof  
theNPL and T〉▼ndallGlこICieronthesouthernsideof  
theSr）t．Abundant knけⅥ・1edgeandfeLatureSOnthese  
glacierswereobtained（Nakajimaed，1985；Bul1etin  
OfGlacierResearchNoA，1987），including，1）contribuv  
tionofbeatbaiancetoablation，2）cbaracteristi（：S（〉f  
glaく：主erwinds and F8hn，3）iceMflow veiocities and  
血eirvariatio‡1SⅥritbi‡lShortti汀把intervals，4）bydro－  
iogicalcbaracteristics of waとer discbarge，and5）   
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一 1  

Fig．1．LandsatTMmosaicoftheSouthernPatagoniaIcefield（14January1986）・Threeconsecutivesceneswere   
piecedtogether，tOWhichageometriccorrectionwasappliedusingCartaPreliminarofChile・Bandl（0・45－0・   
52JLm，Blue），band4（0．76－0．90JLm，Green）andband5（1．55－1．75J‘m，Red）wereusedtogeneratethisimage・Band   
5clearlyseparatesicersnowfromclouds．Theblueareaistheicefield，WherelightblueismostlysnowLCOVered   
areaanddarkerblueismostlybareice．Whitepatchesareclouds．Landwithbarerock／soilisindicatedwith   
redandthegreentinteastoftheicefieldindicatesvegetation（forest）．Darknavyblueislake，Whiledarkchannels   
tothewestoftheicefieldarefjords（sea）．BasedonthisLandsatimage，theareaoftheSouthernIcefieldwas  
measured asabout13000km2．   
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Fig．2、Map of tbe Sol血ern Patago†iiaIcefield，based on Liiboutry（19騒〉a－－d   
eievations mod豆ied a食er Argentirie tOpOgrapllic‡ⅥapS pub】isbed by王n或ituto   
Geogr魚ficoMilitar．  
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Glacierjoirling転）mtbewestermside．Theheigbtof  
tiledividebetⅥ7eeIIUpsalaGiacierandViedmaGla－  
Cieris only1300…1350m，While the surrounding  
mounta主nsarldridgesaregeneraily2000－2200mbigh．  
Tbehigbestpeakin払eentiredrainageareais3180m  
attheheadof BertacchiGiacierandlocated almost  
due、、でStOftheSnOut．Theequilibriunllinビaltihlde  
（ELA）isestimatedataroundl150m，Whichgivesan  
AAR（AccumulationAreaRatio）ofO．63．   

ユ2．肋柁乃O Gねごねγ  

Moreno（officiallycalledPeritoMoreno，butcus・  
tomarilycaliedsimply Moreno）Glacieroccllpiesan  
areaofabout257km2，Withalengthof30kmfromthe  
SOutherndivide and awidth of4kmin the va11ey  
COn重nedarea．TbegeTieraiheightoft‡ledivideis  
around2000mwiththehighestpeakof2950m．The  
glacierf】0Ⅵ7SOl沈n（）れheastwardandcurrentlytermi－  
natesinachannelofLagoArgentinoatanelevation  
Ofabout180m，dividingthechannelintotheCanalde  
losTきmpall（）St（1thenorthandtheBrazo Ricotothtl  
SOuth．Thelocation of the snoutis around50O28，S  
and73802’1野．Tbegまacierisnotedfortherepeated  
dammingupOfthe王きrazoRicobyreachi咽t‡妃OppO－  
Site bank（Pen壬nsula Magailanes）in this century．  
Tぬeheightsof琉ecalving如ntare50－70m．The  
glacier swぬceis very clean，and mediaimoraines  
CannOtbetrackedonthegrolユnd．TheELAisalso  
takentobeaboutl150m，andtbeÅARisO．71．   

ユユ71・J7血／／Gん（「ふり・  

Tyndai王Glacier，鮎wingsouthward缶・Omtbeice－  
fieldandcurrentlyterminatinglnaprOglacia11akeat  
anelevationofabout50maround51e15’Sa‡ld73915，W，  
isthesouthernmostmajoroutletglacierinthe SPI．  
Theareaisestimatedatabout355km2，anditisabout  
40kmlong．Theelevationoftheaccumulationarea  
intheicefieldisaround1500m．Theablationareais  
most‡yvalley－COnfined，abotlt16－22kmior噂aれd3．5  
－10km wide．IthastwosmaIIsidelobes ontheleft  
bankabout17kmand20kmfrornthepresentsnout．  
Thereis one big cluster of ntlnataks（1400】1600m  
high）inthemiddleoftheglacier，fromwhichadistinc－  
tivemedialmorainecanbetracedalitheⅥ7aydovnto  
thesnout．TheELAisestimatedtoliearoundlOOO  
m，givinganAARofaboutO．59．   

ヱ4．肋才塊eナ邪餓卸邦由ゐ官馳寝間   
TileNo豆bernPatagoniaIcefieldisabouも100km   

distrib11tions and fea短resく）f moraiれeS arOund gla－  
Ciers．Especiaiiy，it was revealed that most outlet  
glaciersaroundthePatagoniaice荘eldshaveretreated  
extensivelyinrecentyears；na汀iely，200m7aatSan  
RaねeiGiacierfrom1974to1986（Aniya，1988），and85  
m／aatTynda11Glacierfrom1975to1985くNarusegg  
αg．，1987）．ItマFaSalsoねⅥndt‡lattheablationareaof  
SolerGlacierthinnedatarateof5．2m／afrom1983to  
1985（Åniya a‡ld Naruse，1987）．Ål鉛，by analyzing  
Landsat MSS（1976）and TM（1986）data，reCent re－  
markable variations ofJorge Montt，Brtまgge11，0’  
H圭ggi‡lSandothergiaciersirltbeSPIく璧eFigs†1and  
2）werestudiedindetail（AniyaandNaruSe，1991）．  

Tbese reslユ王ts motivated us to commence a re一  
＄earChproject’tAStudyofCharacteristicsofRecent  
GlaeierVariationsinPatagonia，SouthernAndes”in  
the atlStralsummer of1990／91at three glaciers：  
Upsala，Moreno and Tyndallglaciers，The present  
report裏vestheo11tlirleOftheproject（GRPP－90）．   

2．Objectives  

The project aims ultimately at clarifying the  
processesandmecIlanismsofvariationsoftemperate  
giaciersirlreSpOnSetOClimaticchal唱餞．Inorderto  
Obtain tbebasicinfomation on班erecentbehaviors  
OfPatagoniangiaciers，itwaspla11nedtoca汀yOutthe  
followingresearchtopics：   

1）Surねceelevationofglaciers，  
2）Variationsinglacierfr（〉ntS，  
3）Flowofgiaciers，  
4）Icetbickrle∬al適glaciersurfacestructure，  
5）Meteoroio蛮calconditionsandab王ationofice，  
6）GeomoTphologyaroundghciers，and  
7）Åerialphoto餅apbicsurvey．   

3．Chara⊂teristics of research areas  

且J．乙砂淵由Gんzcねγ  
Up＄alaGlacierisabout68kmlongarld4kmvide  

nearthesnoutwithadrainagearea of870km2（ex－  
Cludingbedrockexposuresintheab王ationarea），tbe  
largestin SouthAmerica．It flowssouthwardfrorn  
theicefield，terminatingcurrentlyinBrazo（orBahfa）  
UpsalaofLago（Lake）Argentil10，atarleievationof  
about180ma．s．l．鱒rOund49e59’Sand73017’W．There  
aretwobigmedialmora主neslocated‡1eartbemedian  
Oftheglac主er，Theeasternpa托isfedbyicecom主唱  
fromtheicefieldsouthoftheUpsaia－Viedmadivide，  
Wbile tbe wester11partis短d mai‡1iy by Bertaccili  



35  Naruse and Aniya 

i4NovemberateightpoifltSinadistanceofabotltl．  
8km alonganapproximatetransverse profilefrom  
tbe vicinity（point tト1）of theie食margin of tbe  
glacier to tbe rigbトhand edge（poi‡漉U－8）of tbe  
medialmoraine．Surfaceelevationswereobtainedas  
52lmatpointU仙1，551mattheleft－handedgeofthe  
med主almoraine，and563matpointtJ－8，a＄uming払e  
elevationofthecontroIstationontheleftbanktobe  
（ミ州tllこl．S．l．  

MorenoGlacier：Twosurveylinesintheformof  

longand45kmvide，Witbmore tban20temperate  
Outietglaciers．Monte（Mt．）SanValent軋locatedat  
tbeI10rtheastcorrlerOftbearea，istbebi威l鶴tmOun－  
tainin軌isareaⅥritbanelevationof391（）m，Whic壬Iis  
alsohighestintheentirePatagoniaregion．Alarge  
partoftheicefieldliesbetweenlOOOmonthewestern  
side and1500m（）n tbe eastem side．The eastern  
（1eeward）sideisrelativeiydry，Whereasthewestern  
Sideis veryⅥ把t血e to tbe prevailing we或eri主es．  
Reflectingtheseclimaticconditionsandthelocation  
Ofthedivide（totheeastofthecenter），WeSternOutlet  
glaciersaregenerallylargeraれdmoreactivethanthe  
eastern ones．  

4，Outline of fietd research  

Researches were made at the Upsala Glacier  
regiolてintbeNationalParkIノOSGlaciares，Argentina，  
丘om9to19November1990，att壬IeMoreno Giacier  
regioninthesameParkfrom21to29November，and  
attheTynda11Glaci訂reg10n，inthe NationalPark  
Torres delPaine，Chile，from 5 to19 December．  
Outlinesoffieldresearchesaregiveninthefollowing  
SeCtions．  

▲J．J．∫J′巾t、（・tイ州、JJムりJさ（！／▲g石（、んリy  
TheprlmaryObjectiveofthisprojectistoobねin  

thickening orthinning rates ofglaciers by repeated  
geodeticsurveySWithanintervaloffewyears．Asthe  
firstsurvey oft壬Ie prOject，meaSurementS Ofsl汀face  
elevationsweremadeatUpsa呈a，MorenoandTyndall  
glaciers．ÅcoれtrOistatio‡1alld an azimut‡】pOirlt  
WereeStablishedonbare仙rOCksatthesidemarglnln  
the ablation area of each glacier．Anelectronic  
distarlCemeter（TopcorlEDM【Gl埠py）wassetatthe  
COr注roIstation，and a mめile team placed an EDM  
reflector on the giacier surface．At each survey  
point，adistance，aVerとicalanglea王扇anazimu払were  
measuredfromthecontroIstation．Threcdimension－  
alcoordinatesofeachpointcanbedeterminedfrom  
thesemeasl汀eme‡1tS．  

UpsaまaGlacier：Åimostaiiovertbeablationarea  
Oftheglacier，thereexistedntlmerOuSlargecrevasses  
andseracsofseveralmetersIligb．Therewerewater  
StreamSandlakesalongtheborderbetweenthegla－  
Cier and the eastern（1efトSide）bank，and aline of  
SurVeypOintswereselectedatabout2．5kmfromthe  
present glacier front，Where we could reach easiiy．  
Aitbo喝h 偽e survey wasimpeded sornet…mes by  
StrOngWinds，rainsandfogs，itwasaccompiishedon  

acrossweresetupinthemiddlereachoftheablation  
areaarotlnd5kmfromthepresentglacierfront，along  
alon感知dina＝壷eatthecentervherea洩inmedial  
morainestretchesandalongatransverselinefromthe  
SOutbern（dg毎鵬band）marginto払emedianline．Each  
SurVeylineconsistsofsixsurveyPOintsinadistance  
Ofl．5km．Therewerenolargecrevas＄eSalongthe  
SurVeyiines，butexistedseveraliargeⅥraterpOndson  
theiee surface．SurveyS Were made on25and26  
November－ Along tbeiongittldinalprofile the sur・  
ねceelevationdecreasedgently鉦om368汀itO352m，  
andalongthetransver＄elineitdecreasedfrom362m  
near the medianlirle tO355m at the closest survey  
poirlttOt壬Ierigbtmargin，aSSlユmingtheelevationof  
thecontroIstationattherightbankt（）be420m乱S．l．  
MorenoGiacierextrじdesitston卯eabo11t2kmin  

重enがhinto tIle Brazo Ricoくor Lago Rico），a SOutb｝  
westernarmofLago Argentino．No detailedinforw  
mationontheheightoftheicecliffattheglacierfront  
badbeenobtainedbefore．Åshortbaseline，160m  
lorlg，WaS eStablished on thelake beach，and the  
S11rfaceprofileoftbeかonねIportionof偽eg王acierwas  
measuredbythetrianguiationmetbodon28Novem欄  
ber．The height of theglacier surface above the  
presentlakelevelwasfoundtobe55mattbeeaster‡l  
edgeofthecalvingfrontalid77matabolユtlkmfrom  
thefront，aSSho耶IinFig．3．  

T印dallGlacier：Åtransversesumylinewass成  
up along the almost sameline asin the previous  
Survey（Naruseet al．．1987）．Fromtheeastern（1efト  
balld）marginintbe汀1iddlereachoftbeablationarea，  
13pointsalonga5kmiongprofileweresubjectedfor  
measurements on7，10，13and15December199O．  
SurねceelevationsⅥrere637mat魚esurveypointT山1  
neartotheleftmargin，673matthemedialmoraine  
（T‖hlO），and690matpointT－12（640mwestofT－10），  
assumlngtheeievation ofthe corltrOIsta如n at tbe  
leftbank tobe678m a．s．i．  

By compar王ng the surface profile obtainedin  
December1990with tbatin December1985，it was   
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Fig．3▲ Photographshowingtbefror托alpa托OfMorenoGlaciertaker10†128Novem－   
ber19開かomtbesol逢ぬernbeacllOftheBrazoRico－ Numbersintbephoto訂apb   
indicateheights（m）abovethepresentlakelevel．  

foundthattheglaciersurfaceinthisareahaslowered  
byabotlt20m，OratarateOfabout4．Omねdliring  
these five years，a COnSiderablylarge汰inninぎrate  
（Kadota gfαgり1992）．  
Resurveysofthesuげaceelevationsatthesethree  

glaciersareplannedin1993／94．   

尋．まγおプ庖fあ雅言ぎ乃gぬぐ衰㌢カ℃乃怨  
FrontalpositionsofUpsalaandMorenoglaciers  

Weremappedbyfieidobservations．Byusingaeriai  
Photographsandsate11iteimagesavailable，thevaria－  
tionofUpsalaGlacierduringaperiodfromtheeariy  
1960sto1990andthatofMorenoGlacierfrom1947to  
1990 were studied．It became clear that Upsaia  
Glacierhasbeeninareeessivestage，partictllarlythe  
easternpartofthefront，Whichhasretreatedabout5  
km during thelastlO years．On the other hand，  
More‡10Glacierisconsideredtobavebeennearlyin  
theequilibriumconditionandonlythefronta王parthas  
beerlOSCi11ating転句uently（AniyaandSkvarca，1992）．   

4．3．鞘）仰げgぬcぁ行  
Dtiring our sねysi王1tb腎e払ree glacier areas，  

remeasurements of some survey points described  
above4．j．weresuccessfuilycarriedotlとandsu豆ace  
ice一鮎w velociti銭Were Obtairled．At Upsala Gla－  
Cier，a COnSiderablyrapidvelocity ofabout3．6m／d  
averagedoverわurdayswasobtainednearthemedial  
moraine．AtMorenoGlacier，Velocitieswereobtain－  

edatllpointswithanintervalofoneday．Therate  
主ncreased from O，38m／d near払e right margin to  
about2m／datthecenter，Nosignificar】tCbangesin  
Velocitieswereobservedatpoints aligned alongthe  
media111ir妃，Wit‡lValuesran由ngfroml．9to2．1m／d  
（Naruse et al．，1992）．AtTyndallGlacier，thedistrト  
btltion of velocities aio喝a tra‡lSVerSeiine ranged  
fromO．07m／dllear洩eleft】ateralmargirltOO．51m／  
datapoint2．5kmfromtbemargin．Velocityvalueat  
eacわpointimcreasedbyaboutO．1mノdwithinseveral  
days（Kadota efαJリ1992）．   

・トノ，ム、l、／ノ高、わJ－－∫ざ‘川（7g／J甘ん，J’∫JJ巾（・l，∫／川（イJ〃γ  
AtTy‡1dailGiacier，tⅥrOtypeSOfimplilseradars  

WitbfreqtierlCiesof2．5arldl．25MHz weretriedfor  
thefirsttimeinPatagoniatomeasurethethicknessof  
temperateice．Measurements were successfully  
madeatsevenpointsalongthetransverselineinthe  
abiationareainDecember1990．Aparabolicprofile  
OfthebedwasdedlユCed，WitllamaXimumthickrleSSOf  
about600m at a point3km from theleft margin  
（Casassa，1992a）．  

Di或ributionofねIiationpatternsintileSurfaceice  
WaSinvestigatedatTyndallGlacier（Casassa，1992b）．  
TopographicalcIlaraCteristicsofdrainagesofUpsala  
a王1d Moreno glaciers，ard the surface pattern of  
medialmoraines were also analyzed using aerial  
photograpbsandLandsatimagesくAniyaandSkvarcaブ  
1992；Naruse gfαJ．，199礼   
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ence，HokkaidoUniversity，Sapporo，Japan，  

ShujiYamada：（Geomorphologist），GraduateStudent   
（Master Course），Graduate Schoolof Environ・  
mentalScierlCe，UniversityofTsukuba．Ibaraki，   
Japan．   
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■J．5鮎一山岬／（函、√J／‘、（りJ㌦／んけJJ〟〃（J‘J裾J／山〃り／－ん、t－  
Measl汀e‡nentSWere made at an observationsite  

installed on tbe bare－ice（in tbe ablation area）of  
Tynda11Glacier，duringaperiodfrom8to18Decem－  
ber1990．Meteorologicalelementsmeasuredinclude  
（a）airtemperature，（b）windspeed，（c）solarradiation，  
（d）alトwaveradiationbalance，（e）surfacealbedoand  
くやablation rate．In spite of the sbort period of  
observation，SOmeCharacteristicswereobtainedabout  
a relation between the surface ablation and air tem－  
perature，and the heat balance which caused the  
ablationinsummer（KoizumiandNaruse，1992）．   

イム（てil（け〃りゆん）わ鱒，〟r仰〃JJg五甘んリy  
Geomorphologicalresearchwasmadeattheleft  

bankofUpsalaGlacierand attheHerminita Penin－  
Sula，Based on the glacialdeposits and three main  
moraine systems recognized，Variation of Upsala  
Glacier since thelateIiolocene to tbe presentⅥ7aS  
elucidated（Malagnino and Strelin，1992）．Åiso gla－  
Cialgeomorphologywasstudiedintherightbankarea  
near the snout of Moreno Glacier．  
Distributionsofmorainesandice－SCOuredtopog－  

raphywereinvestigatedintheeasternareaofTynda11  
Giacier．Morainesverecは慧ifiedintothreegroups  
based mainly on the degree（）f vegetation covers  
（Yamada，1992）．   

4．7Agナ鹿J♪ゐ∂物γ砂カブ亡ぶ祝相即  
AnaerialsurveyaroundtheNorthemPatagonia  

Icefieidwassuccess魚illyaccomplishedon23Decem－  
ber．Utilizingtheobliqueaerialphotographstaken，  
thevariationsof2loutletglacierswereelucidatedfor  
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