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Abstract  

TheGlacierResearchProjectinPatagoniawithathemeof“CharacteristicsofRecentGlacier  
VariationsinPatagonia，SouthernAndes”wascarriedoutinthefieldduringtheaustralsummerof  
1993／94：from9Novemberto28December1993at and around Upsala，Ameghino，Moreno and  
Tyndallglaciers，Outlet glaciers from the Southern PatagoniaIcefield，and around the Northern  
PatagoniaIcefieid．Theresearcbtopicsaccomplis壬1edinclude：1）ice鵬tbicknesschangesbetween1990  
and1993，2）flow ofgiaciers，3）meteoroiogicalconditions and heat balance，4〉morphoiogy and  
thicknessofglaciers，5）landformsaroundglaciers and Holoceneglaciervariations，and6）aerial  
photographicsurvey（NorthernPatagoniaIcefield）．Asancillaryprojects，thefollowingtopicswere  
alsostudied：7）1ake－andglacier・MSediments，dendrochronologyandglacierfluctuations，8）recent  
ClimaticchangesinthePatagoniaregiOn，Olユtlineoftheprojectandstlmmariesoftheresultsare  
presented．  

1．lntroduction  

Avastice－COVeredarea，Whicbrankstbetbirdin  
theworldatpresent，eXistsinPatagonia，thesotlthern  
part of South America，Theice masses are com－  
posed of two separateicefields：thelarger oneis  
Called Southern PatagoniaIcefield（SPI，Hielo  
Patag6nico Sur）and the sma11er one Northem  
Patago王ぬ‡cefield（NPI，Hielo Patag6nico Norte〉．  
TbeS‡＞‡stretc壬IeSfor350km缶・0‡n48820′Sto51038′S，  
with an area of13，00O km2（Fig．1）and the NPIis  
Centeredaround47OSand73O30’W，Withanareaof4，  
200 km2（Aniya，1988）．Numerous outlet glaciers  
dischargefromtheicefieldsin alldirections．Most  
glacierscalveinto董jords ont‡leWeSternSide oftbe  
icefieldsandintolakesontheeasternside．Because  
Oflargeamountsofprecipitation，andicemeltingand  
Calvingthroughouttheyear，Patagonianglaciersare  
regardedasrepresentingtypicaltemperatecharacter・  
istics，   

InvelltOryⅥ70rks of glaciersin Patagonia vere  
firstiy undertaken by uiboutry（1956）and Bertone  
（1960）．Holocene glacier variationsin southern  

Patagonia werestudiedby Mercer（1965，1968，1970，  
1976）andgeographi甲1features oftheSPIwasde－  
SCribedbyMartinic（1982）．Between1983and1990，  
detailed glac王0logical，meteOrOloglCaiaIld geomor－  
pbological studies were carried out three times as 
jointprdjectsofJapanwithChileandArgentina（Gla・  
Cier Research Projectin Patagonia：GRPP）．At  
glaciersofSoler，SanRafael（NPI），Upsala，Moreno  
and Tyndall（SP‡），abu王1dant knowiedge and basic  
databa∇ebeenaccumulated，翁peく：iallyo王了theたontal  
Variations，icefiow，ice－thickness，meteOrOlogicalfea・  
tures，heat balance，and alsolandforms around gla－  
Ciers（Nakajima，1987；NaruseandAniya，1992）．  

TheGRPPshaverevealedthattheablationarea  
OfSolerGlacierba（まthi王1nedatarateof5．2Inプafrom  
1983to1985（Åniya and Naruse，1987）and tbat of  
TyndallGlacieratarateof4．Om／afrom1985to1990  
（Kadota et al．，1992）．AIso，by analyzing satellite  
data and air photographs，mOSt Outlet glaciersin  
Patagoniawerefoundtohavebeenretreatingconsid岬  
erablyduringtbeまastbalfcentury（Åれiya，1988；1992a；  
1992b；Aniya et al．，1992；Naruse eial．，inpress）．  
Forexample，SanRafaelandCachetglaciers（NPI），   
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Fig．l竃 MapoftbeSoutbernPatagonia‡cefieldモSP王〉，Showi噌Shldiedgiaciers・   
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and Tynda11，Upsala and O’Higgins glaciers（SPI）  
retreatedmoretban3km血ring41yearsfrom1945．  
Ontheotherh；lnd．Briiggen（orPio XI）Glacier（SPl）  
hasadvancedupto8．5kmduringthesameperiod，and  
MorenoGlacierhasbeenalmostinasteadystate．  

FoctlSユngparとicuiariyonastudyoftbickeni喝Or  
払inningofglaciers，t！1eGRPP－93wascon血ctedi11  
tbe australsummer of1993／94 at 払ur glaciers：  
UpsalIl．Ampghino，Moreno and Tynda11iIlthe Sl－1  
（Fig．1）．Thisreportpresentstheframeworkoftbe  
GRPP”93andoutlinesoftberestlitsobtained．  

2．Researchtopics  

Åresearchprojecte11titled“ASttldyofCharac－  
teristics of Recent Glacier Variationsin Patagonia，  
SouthernAndes”aimsatclarifyingtheprocessesand  
met：hanisms of vこIriations of Patagonian glaciprsin  
response tog王obaiorre鮮0‡la王c王imatic（：han酢S．In  
ordt？rtOObtaincharaeteristiesoftherecentbehaviors  
Ofglaciers，也e緑lowingresearcheswerecarriedol丑  
in sou払ern Patagoniain November and December  
1993：  
1）Ice－t‡licknesscbangesbetween1990aIld1993，   
2）F王owofgiaciers，   
3）Mビteし）rOIogieこilcoTlditionsand heat balance．   
4）Morpi10lc慣yandtbicknessofglaciers，   
5）Landform＄arOundglaciersandHoloceneglacier  

Variations，and   
6）Åerialp壬拍t喝rapbicsurvey（NorthermPatagonia  

王cef主eは：NPI），  
Asanci11aryprojeets．thefollowingtopieswere  

als（1Stlldied：   
7）Lake－andgiacier叩Sediments，dendrochronoiogy   

andglacier幻ucとuati（〉nS，and   
8）RecentciimaticchangesinPatagonia．   

3．Characteristics oIresearch areas  

TabielsummarizesmorphoioglCalpara汀1eterSOf  
Upsala，Åm喝hino，Moreno and Tyndallgiaciers，  
Wberetbefieidresearchesマ軒ereCOIlducted重n1993／94，  
asweilasB摘ggenG】acierofwhicbgまacierfiuctuむ  
tions werestudie（葺．  

11しTpsal；lGlこ汀ierげig．封  
丁壬Ie glacier封ows soutbward from汰e eastern  

par仁Of洩e SP‡，andis calvingint（）Laiie Brazo  
Upsaia，aVeSternChannelofLake（Lago）A稽enぬ0，  
Twoclearmedialmorainescanberecognizedonthe  
ablation area，4kmwideneartheglacier terminus．  
Tぬe eastern part of theice bodyis fedなom the  
icefie王dsol沈bofthetJpsala－Viedmad圭vide，Ⅶhic重Ilies  
at1300－1350minaititude（Åniyaa王1dSkvarca，1992），  
Wbiletbewesternpartismostly短dかom Bertaccbi  
Gまacier，The surねceis heavily creva＄SediIlthe  
abiationare乱  
2）AmeghinoGlacier（F主g。3）  

Tbe g量acieris cu汀endy ca王Ⅴ主ngiTltO Lake  
（Laguna）Amegbino，abo11t7kmなomもbe wester王1  
ShoreofLagoArgentino．Theaccumulationareais  
borderedtothewestbyMayoGlacierwithadistinc｝  
tiveridgeabout1500血2008minaititlユde，andtot‡le  
SOuth t〉y MorerlO G重acier w壬血a va郡eice divide  
くAれiya amd Sato，ま995a）．Tbe王Ⅵajor direct主ons of  
g王acier£王owareeastwar（王a‡idnortbwardin払eaccq－  
mulation area，and the flowdirectioniseastwardin  
tbevaiiey－COnfinedablationarea．  

Tablel。払ventoryoffiveolユtieとgまaciersintbeSoutbemPaモa卯nia王cefeld．  

GlacierName  PositionofTermintlS   Leng払  Årea（km2）   ÅÅR  
堰m）  

Latitude（S）  Ⅰ．ongit11de（W）  Equilibrium   HighestTerminus  Line   Ablation   

Upsaial）   49059′   73e17′   60  318¢   175  1150   
Åm噂bino2〉   50や26′   73010′   19  22鮒  2榊   1000   
Morenol）   50030′   73bOO′   30  2950   175   1150   182   

Tyndall串   51015′   73015′   32  50   900   
Br萬ggeが〉   490ま3′   74¢00′   64  338（）   0  545  325  軋63                33  崩  0，43                  75  0．71                219  118  0．65                1024  251  0．80   
（Note）AÅR：Acctlmulationarearatio．“鵬”indicaとes“uncertainサー．  

DatasoⅥrCe：1）ÅniyaandSkvarca（1992），2）ÅniyaandSato（1995a），3）SatoandÅn主yaくunpubiishe貌   
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ぎig．2．Calviれg打onとofUpsaiaGlacierinNovember1993，Viewed女■Om汰erigbt   
（western）bank（PhotobyK．Satowき．  

Fig．3．AmeghinoGlaciercalvingintoLake（Laguna）AmeghinoinNovember1993，  
viewedfromtheterminalmoraine（PhotobyH．Sato）．   
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Fig．4．FrontalpartofMorenoGlacierinNovember1993，Viewedfromthesouthern  
beachofLakeBrazoRico．Thetipoftheglaciercurrentlytouchestheopposite  
bank（Pen富nsulaMagallanes）witha drairlagetunnelfromLakeBrazoRicoto  
LakeくLagoきÅrge王1七重no．  

3）MorenoGlacier（Fig．4）  
Theglacier（also called Glaciar Perito Moreno）  

flowsoutnortheastwardfromtheeasternpartofthe  
SPIandcl汀rentiyterminatesinasoutbwesterncban－  
nelofLagoArgentin0，dividingthechannelintothe  
CanaldelosTempanostothenorthandLakeBrazo  
Ricotothesouth．Theglacieriswell－knownforthe  
repeated damming－up Of Lake Brazo Rico due to  
reachingtheoppositebank（PeninsulaMagailanes）in  
thiscentury．Theheightsofthecalvingfrontwere  
meastlred as55－70m（Naruse et aL，1992）．The  
glacier surfaceis very clean，and medialmoraines  
CannOtbetrackedontheglaciersurface．  
4）TyndallGlacier（Fig．5）  

Theglacier，也esolガぬernmostmajor olまtletgia－  
CierintheSPI，幻owssotltbwardfromtbeicefieidand  
Currentlycalvesintoaproglacial1ake．Theablation  
areaismostlyvalley－COnfined，about16－22kmlong  
and 3．5M10 km wide．Thereis a nunatakin the  
middleoftheglacier，fromwhichadistinctivemedial  
morairle Can be traced toward tbe terminus．The  
giaciersurfaceoftheupperablationarea，Wherethe  
SurVeyWaSmade，isrelativelyflatwithfewcrevasses．   

Fig．5．SurveyedareaofTynda11Glaciercoveredwithnew   
SnOWOn18December1993（PhotobyKSatow）．   
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UNESCO，1993），thethinningrateofUpsalaGlacieris  
amongtbelargest．Toge払erwi払tbefrontaifluctua・  
tiondata（AniyaandSkvarca，1992），MorenoGiacier  
isconsideredtohavebeeninasteadystateduringthe  
last50years．   

尋．之ダ毎郷（ダgあご姦巧  
Dis打iblユtions of員ow velocities vere meas11red  

along the above survey lines at the three gfaciers. 
Considerablyrapidflowof4．4m／dwasobservednear  
the mediallir）e Of Upsala Glacier（Skvarca eialり  
1995）．Seasonalanddailyvariationsiniceflowwere  
also obtainedatMoreno Glacier．Itvas fol王ndtbat  
velocitieswerelargerinlatesprlngOrearlysurnmer  
（November）than mid－Summer（January－February），  
andlargerintheafternoonandsmallerinthemornlng  
（Naruseetal．，1995）．Theseseasonalandshort－term  
fltlCtuationsiniceflowcanbeattributedtovariations  
払 払e basaisiiding velocity whic王1is strongiy  
controlled by the stlbglacialwater network．From  
the measurement of surface strain rate at Tyndall  
Glacier，anemergenCeVelocitywasestimatedatlOm／  
a（Nishida et alリ1995）．   

▲J．JJ∴り【イl、一冊ん画、（～／川〃（〟〟り〃∫‘7Ⅲブ／れ17J如山タ汀i、  
Meteoroiogicalconditionsandheatbalancecharq  

acteristicsonicewerestudiedatMorenoGlacier（Fig．  
6）from12to 27November1993and at Tyndall  
Glacierfrom9to17December．A F6hnJike risein  
air temperature accompanied by 払e wind－Speed  
increase was observed at Moreno Giacier．Correla礪  
tionsbetweenairtempera－ture andglobalradiation  
orwindspeedwerefoundtobedifferentbetweenthe  
two glaciers（Takeuchiet alリ1995a）．The heat  
sourceforicemeltil唱COnSistedmostlyofnetradia－  
tio‡land sensible壬1eat fiux at botb glaciers．王ま0V・  
ever，themeansensibieheatfluxatMorenoGlacier  
wasslightlylargerthanthatatTyndallGlacier，and  
CVapOrationpredominated at Moreno Glacier，While  
condensation at Tyndal1Glacier（Takeuchiet al．，  
1995b）．AtMorenoGiacier，theamountofablationof  
6．3miIIWaterequivaie‡ltWaSmeaStlredinllOdays  
duringtbesummer桝aruseg≠αg．，1995），  

Chemicalcompositionsofprecipitationwereanal・  
yzedatTynda11Glacier．ThepHvalueswerearound  
6．O and the concentrations of anions and cations，  
especiallynitrate，Wererelativelylow（Satow，1995）．  
Experimentsontbesinkingofstonesintotbes11rねce  
iceduetothedifferentiaimeltingwerecarriedoutat  
MorenoandTynda11glaciers（Matsuokaetalリ1995）．   

5）Norther11PatagoniaIce貞eld（NPI）  
TheNPIisal）OtltlOO kmiongand45kmwideき  

withabout280tltletglaciers．Abouthaまfofthemhad  
beencalvinginto fjordsorlakesintheearly1940s，  
howeversomeglaciershaveretreatedsince and are  
currently terminating onland，apart from water・  
Monte（ヱ渚t．）San Valerltin（3910m），located at tbe  
nortbeastcornerof汰earea，ist壬Iehighestmot王ntain  
in theentirePatagonia reglOn．Aiarge part ofthe  
icefieldliesfromlOOOmonthewesternsideto1500m  
on the eastern side．  

4．Out‖ne ofresearchtopicsandtheirresu暮ts  

Researches were carried out at Moreno Glacier  
from9to29November1993，attheAmeghinoGlacier  
regionfrom9to16Novcmber，attheUpsalaGlacier  
region（in the NationalPark Los Glaciares，Ar－  
ge王Itina）たom19to29No∇e‡nber，arldattheTyndall  
Glacierregion（intheNationalParkTorresdelPaine，  
Chile）from5to19December．   

J．J．J（1上〟沃、山汀∫J（、／J‘川g‘l、JれイJ＝－Jト〃折り〟≠イブ雄心  
Fortheprofilesurveysatthreeglaciersin1993，  

洩e same co11豆01stations and azimutb points vere  
utilizedasthosesetupinthe1990surveys；namely，On  
theleft（eastern）bank near the terminus of Upsala  
Glacier，Ontheright（southern）bankinthemid－reaCh  
oftheablationareaofMorenoGlacier，andontheleft  
（eastern）bankinthelユpperabiationareaofTynda王1  
Glacier．  
Anelectronicdistancemeter（EDM）wasinstalled  

at the controIstation ofeach glacier，and an EDM  
reflectorwasplacedatsurveypOintsontheglacier．  
Guidedbytheoriginaldata（1990）ofhorizontalangles  
anddista！1CeS，meaSure王nentSCOuldbemadeatalmost  
the same points（within a few meters）asin1990．  
From the differencein the surface elevations ofice  
between1990and1993，theice－thicknesschangedur・  
ingthrecyearswasobtained．  

AtlJpsa王aG王acieramearltbinni】1grateOfllIn／  
awasobtainedfromsevenpoi11tSalonga2kmlong  
transverse profile（Skvarca ef ai．，1995），and at  
TyndallGlacierameanthinningrateof3．1m／awas  
obtainedfromtwelvepointsalonga5kmlongtrans・  
verse profile（Nishida et al”1995）．On the other  
hand，atMorenoGlacier，themeanthicknessofeight  
pointshasuncbangedalonga3kmsl汀Veyii王ュe（Nar－  
use et al”1995）．Compared with the thickness  
changes at42glaciersin the world（IAHS／UNEP／  
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Fig．6．MeteorologicalstationatMoreno Glacierin November1993．（A）A three  
－CupanemOmeter（left）andahygro－thermometercoveredwithaventilationpipe   
（right）．（B）Analbedometer（left）andanetradiometer（right）．  
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FluctuationsofBr噸gen（Pio XI）Glacierduring  
thelastseveraldecadeswererevealedindetailfrom  
analyses ofsatelliteimages and aerialphotographs，  
Sediments on the glacier，and dendrochronology  
aroundtheglacier．Theglacierhasbeeninanadvan－  
C王ng Stage SiIICe1945．Tbe advancユng rateSⅥrere  
Obtainedasfoliows：750m／abetween1945－51，142  
m，r／a between1951－69，345m／：abetween1969－76．60  
m／abetween1976－92，and400m／abetweenFebruary  
1992andNovember1993（RiveraandAravena，unpubL  
li洩ed）．   

4．＆虎gcg雅子亡友閻α掠c如雛  
Climatologicaldata，preCipitationandairtemper－  

ature，fromthesouthernpartsofArgentinaandChile  
Wereanalyzedtodetecttrendsintheclimaticchange  
in払ePatagoniaregion．Themajorityofstationsill  
the Santa Cruz province show a fong term positive 
trendsinbothprecipitationandtemperattlre．How－  
ever，atStationLagoArgentino，Whichisthenearest  
meteoroiogicalstationtotheeasternoutletglaciersin  
the SP王，the precipitation has decreased while air  
temperaturehasrisensignifican員yduringthe王asthalf  
Century（Ib孟rzabal，unpublished）．  

Between the1950s and1970s，temperature data  
Showatrendofsurfacecoolingat410and42OS，While  
thetroposphereshowsawarmingtrend abovethe2  
kmievel．Duri喝tbiscentury，払esurねceとempera－  
tureindicatesnosi即1ifit：anttTeIldbetween43Ca11d45P  
SonthewesternsideofthePatagotliaAtldes，Whereas  
inthesouthof468S，thesurfacewaswarmirlgbyO．40  
tol．4dC（Rosenbltitbぞgα£，1995）．   
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∂密〟砂£揖（お㌢  
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Gino Casassa：Dr．（Glaciologist），Director，Centro   
AustralAnt急rtico，Universidad de Magallanes，   

4．4．肋ゆ如g脚α乃♂娩ム戒乃蒔ざ〆g由cゐ柁  
Morphology of Ameghino Glacier was firstly  

Studiedandba＄icparametersareshownin Tablel．  
Fromthenumberofogivewavesintheupperablation  
area．flowvelocitywasestimatedatabout200m／a．  
The glaeiビr reLreated at a rate of152m／■a between  
1970and1993（ÅniyaandSato，1995a）．   
‡ce thicknesses were measured witb a digital  

radioLeChosounderalongthesametransverseiineas  
tbegiaciersurfaceprofiiingint王Ielユpperab王ationarea  
OfTynda王1Glacier．Amaxim11mtbicknessof569m  
WaSObtainedat about2．5kmfromtheleft margin▲  
Noreturnechocouldbereceivedbeyonda3kmpoint  
（CasassaandRivera，unpublished）．   

4，まエα乃（紗那α和紀邦dg加如＝批＝動ぬ彿相加如  
紹夕滋zぬ乃ぶ  

Geomorp壬10logicalresearclle＄Wereperfomedat  
PビninsLlla Her111inita near the terminus of Upsala  
Giacier，theÅmeghinoValleyintheproglacialareaof  
Ameghino Glacier，and the eastern side of Tyndall  
Giacier．Based on thelヰC dating and feaもures of  
iandfoms，ねurIioiocenegiaciervariatio‡1SWerefor  
thefirsttime recognizedin Patagonia．Namely，at  
theUpsala andTyndallregions，thefirst Neoglacia－  
tionoccurredca．3600yrB．Pリthesecondca．2400M  
2200yrB．Pリthethirdca．16OO－1400yrB．P．andthe  
ねurthc乱A．D，1600】1760（Aniya and Sato，1995b；  
1995c）．   

イ．丘ノ1り血／♪／山ん官用囲ん・∫JJJ†，（こl㌧玩〟げ∧ワY  
AnaerialsurveyarOundtheNorthernPatagonia  

Icefieidwassuccessfuliyaccomplishedon27Decem－  
ber1993．Utilizing the oblique aerialpbotograpbs  
taken，thefrontalvariationsof180utietglacierswere  
elucidated between1990／91and1993／94．Although  
mostglaciershaveretreatedduringthis3－yearperiod，  
the recession rates of most glaciers have genera11y  
dedinedwhencomparedwith抽eperiodof1985－90  
（1好adaandÅniya，199払   

・／．∴ん止い 一川‘Jg揖【イぐr－∫山〟川r〃か．（J川d肌、JJれ）机）ん脚t  
〟〃‘／ギ血（ゾけ．ガタ打加7／わJJ∫  
Four piston cores（tbe重ongest one：13m）were  

recoveredfromLakeBrazoSur，thesotlthernchannei  
OfLakeBrazoRicoinDecember1993．Sedimentary  
SignalsindicaterepeatedfloodsduetoiceTdamming  
byMorenoGlacierinthiscentury．AIsopyroclastic  
depositsassignedto threemajorLate Holocenevol・  
Caniceventswereidentified（Valleet al．，1995）．  
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