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Abstract．MeasurementsofglacialnowweremadebyatriangulationsurveyonSolerandSanRafael  
GlaciersinthePatagoniaNorthernIcefieldduringNovemberandDeeember，1983．Surface伽）W  
VelocitiesobtainedforSolerGlacierare2．3m／dattheupperreachoftheablationareaandO．23m／d  
neartheterminusoftheglacier；thoseforSanRafaelGlacierare13m／datthepointlkmfromthe  
terminusand17m／datthet：i11vingrront，Veloeit）rdistributionsarediseussedonthebasisofthecontト  
nuityequation．DeereasillgVelodtydo＼l，n－glaeierinSolerGlacierisatypicalpatternintheablation  
a托aOfavall野感acier■IncraSingⅦi∝itydo潤一由acierinSan鮎払elGlacierisconside托dto紗  
SultmainlyfromtheinereaseinnurnberandspaeingofcreヽナaSSeS10Wardtheglaeialfront．  

1．血什OdⅦCdon  

FlowvelocitiesofPatagonianglaciersareexpectedtobemuchgreaterthanthoseofhigh  
mountahglaciersandpolarglaciers，becauseinPatagoniathewarmicetemperature，POS＄i－  
blyOOCthroughouttheyear，CauSeSahighrateofplasticden）rmationofice，andabundant  
Waterfrommeltjngandrain以1shouldacceleratethebasalsliding．Bothe蝕ctscontributeto  
rapidglacial且ow，reSultin＄inalargedischargeoficeftomtheaccumulationareaintheice一  
線eldtotheablation訂eaSOr偽¢gl誠iers．   
Forst籠diesont王妃CilaraCt訂isticsormassba王anαandgiacialv訂i離ionsinP如喝0撼a，itis  

necessa抒tOObtainⅡmChin払rmationo】1也eglacial魚0V払rtIleYarioustypesofgiaciers．  
Only籍wdataof丑owvelociti¢S血脈ebeenoもtainedinp融喝Oilianglacierstodate（e．g．  
LLIBOUTRY，1956；NARtJSE払ndENDO，1967；ENOMOTOandA聡E，1983）．Twoglacierswere  
i11VeStigatedinNovembcr－December，1983：SolerGIacierandSanRafaelGlacier．Morphol－  
0gicalfbat11reSOfSolerGlacieraredescribedinReportll．  

2．MetbodofmeasⅦremenI  

OnSoleTGlacierabas81inewasestabliぬedontherocksatt王1ele氏andrightbaI止sof蝕8  
glacierユe訂theterminn＄，aSぬdicatedもyαandβinFig払rel．ThedistanceもetweentⅥ70da－  
tはmpOintswasmea錯redほSing弧Optical－WaVedistancemeter，andco汀eCtedtく）aborizontal  
distanceor1693m．1好00dstakesvereset℃paSmarkersわr仏esurveyindrilled血01esO．5－  
0．8mdeepoverthereg10nS丘omtheterminustothe払otoftheicefall．Anglemeasurements  
WeremadewithaWildT2theodolite丘ombothdatumpointsLXandβ．Triangulations11rVeyS  
WereCarriedoutfromDeced）er13to26，1983．Toinvestigatedaybydayvariationsinthe  
魚owvelocity，anglesweremeasuredeverytwodaysfromonedatumpoint．   
OnSanRafaelGlacierabaseline296mlongwasestablishedontherightbankand  
Smal1islandneartheglacierterminus．Becauseofheavycrevassesandseracsonthesurface  
neartheterminus，itwa＄nOtPOSSibletoset11P＄takes．Thenthetopsofseveralremarkable  
SeraCSSeⅣedasmarkers董brthetriangulation＄WVeyS．Tbeme鮎urementme也odvastbe   
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Fig．1．VetocityvectorsofieefloIVOnSolerGlacierinDecember，】983・  

SameaSOnSolerGlacier．ThesurveyswerecarriedoutfromNovember25to28，1983．Since  
thesurfaceprofi1eofeacllSeraCVariesdaybydayasaresultoficemeltinganddefbrmln＄，  
anBlesweremeasuredeveryday鉦omonedatllmPOint．   
Di或ancemeasurementsonbotb尋誠ierswereca汀iedoⅥtWi也the血eIporM．A撼ya，and  
a喝1emeaswementsⅥ℃remadeⅥ亜1G．CasぉsaonSol訂GhcierandJ・Va瑠aSOnSan  
RaねelGlacier．  

3．Res鵬oim細別肌爛倒鹿  

Resurveyswereaccomplishedatfivestakesamongadozenstakesplacedonthesurfaceof  
SolerGlacier．Otherstakeswerelostbyheavymeltingofic¢andstrongwinds．Distributions  
Ofvelocityvectorsofice鮎wobtainedareshownbyarrow＄inFigurel．Theyaremeanval－  
uesovertwodays．ThevelocitydecreasesgraduallytowardthetermiIlllS，being2．3m／datthe  
fbotoftheice免．11（markedR。）andO，23m／dneartheterminus．ThevalueofO．4m／dwasob－  
tainedatthemiddlepartoftheglacierintheaustral＄ummerOf1967（NARUSEandENDO，  
1957）．TbistendencyortIほV8】ocitydecrea＄etOWardtheteminusisnorm扇intheablation  
areaorilViL11亡〉‘gli山亡r．tle…llSethedi11王lでIlしeOfdis血trヱ！＝11：L＄Sinlh亡tlPrt亡rPaTtnn（1LhiLtiTl  
也elowerpartisⅥ革籠扇1yablatedbyicenelti喝be卸een也esetvopa正吉．Tもeestimatedice  
disdlar野毛如ol噂hav訂ticalcrosssectionatR8isabolユt700kt彿ねki喝也eneanvelocityas  
2m／仕thewidthas1500m，tbemeanicet血icknessas250m（assumedたom鮎portll）and  
theicedensityas900kg／m3．ThetotalamountofmeltingestimatedoverthesurfacebelowR。  
isalsoabout700kt／d，Withthewidthof1500m，1engthof6500mandmeanSurfacemelting  
rateor70kg／m2d（Report7）．   
FIowvelocitiesobtainedinSanRafaelGlacierare＄hownwiththesllrfacepro丘Iein  
Figure2．Theyaremeanval11eSOVerthreedays．Althoughmeasurementswererestrictedto  
thelowerpartoftheglacier，漁owvelocitiesshowsuchlargevaluesas13m！datpoint（e）lkm  
たom払eterninⅥぷand17m7datthecalYingた0鵬（pointsaandりor也e由aci8r．TIlis最gh  
鮎wⅦlocitycanproもablyもe裏trib℃tedtothee蝕ctorrapidbぉ扇sliding血etoabじndant  
馳b威肛ialwater，Iti＄nOtモdt壬Iattbeveiocityincreasestowardtbetemin籠S，OppOSitetoSoler  
Glacier．   
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Fig．2．Flowvelocitiesandthesurfaceprofi1eofSanRafaelGlacierinNovember，1983．  

Observationalerrorsa鮎ctingthevelocitiesareestimatedatlessthanafbwpercentin  
SolerGlacierandlessthanaboutlOpercentinSanRafaelGlacier．  

4．DiscⅦSSions   

4．1．VelocitydistribⅦ偵onsoYe一礼gl払Cier   
Weconsiderathinprismoficeboundedontwofacesbyverticalsidewallsofaglacierand  
twootherfacesbythetopandsubglacialsurfaces，aSShowninFigure3．Thexaxisistaken  
tobethemean且owdirectionandthezaxistobethetransver＄edirectionoftheglacier．We  
neglecttheexistenceofwateronandintheglacier，a11dmeltingonsidewa11s．  
Ifthestrainrales呈3and主zdonotvarywithdepth，thecontinuitycondition（masscon－  
SerVation）requires  

βγ押切＝（r＋』F）（Ⅳ＋訓町）（ゐ＋』カ）（p＋』β）＋【d＋β＋（β＋』〆勾現（Ⅳ＋』I町2）血，  
（1）  

Wherepisthebl11kdensityoftheicebodyandVistheflowvelocity，bothbeingaveraged  

Fig．3．Aportionofaglacier．  
AandB：meltingratesatthetopandbottomsurfacesofaglacier；handW：thethicknessandthe  
widthoftheglacier；V：theBowvelocityaveragedoverthedepthandthewidth．   
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ValはeSOVert鮎vertic裏crosssection（粁桓；粁andゐaret地雨dthand払icknessor払egl誠i併，  
respectively；andAandBaremeltingratesoficeexpressedbyma＄SPerunitareaperⅦnit  
timeattbetop弧dbotモOm肌打払c¢S，reSpeCtively．Wbe且aGCumtll離ionoccws離tb¢tOp＄偲一  
弘cら洩esignordisn8g融iYe；Vhen録飴Zl王噂08mrSattheもottom，ぷisneg蛮iⅦ．Thetem  
孟indicatesthethickemigrate（negativefbrthinmi由oftheglacier．   
Normal1y，iceisregardedasincompressible，SOpistakenasconstant・ButwenowleaNe  

βaSaV訂iabl¢paraneterWi也distanceちbec飢ISet壬1eeXistenceorlar辞CreYa＄SeSSbollld  
Y紺y払ebdkd粗Sityortおicebody暮Eliminati王噂prO血8tS Oぎ弧dlqnantities，eq草紙io乱  
（1）redn∝StO   

タ㌢豊＋ゐ㌢意＋穐端）＋j＋ぷ＋声ゐニ0，  ∽  

Where孟∬ist王18lon由tlldinals血inr融e（∂吟∂カand主題istbetransⅦrSalstrain一礼隠Ⅳ也e劇a－  
Cierwidthisconstant，£E＝0．Sinc¢theamountofAisusual1ymuchlargerthanB，WePt  
ぷ＝＝0．   
勒nove鵠mine也esi騨10fe肛hterminequ．ation（礼ぬrSolerGl∝ierandSanRa払81  

Glacierins11mmer．   
ForSolerGlacier：itisconsideredapproximatelythat£z＝0，andpisconstant・∬w℃  

as＄Ⅵnet】1eice汰icknessゐisconstant扇0喝也e威acier，it払Ilowst壬1融，   
声量ガ＋j＋pゐ＝0・  P）  

鎚nceノ4＞Oin馳mmer，equatjon（3）gives  
ゐ毒∬＋轟＜0．  担）  

Thus，；3＜0，namelytheveloeityshoulddecreasewithxdown－glacier，iftheg払eierisa＄－  
SⅧ£dtobe払a＄teadystぬe（ゐこり．   
ForSanRぬelGlacier：£屠＝0，d＞0，and也eめt扇nedres籠1tsboved主∬＞0（inc托aSingof  

Velocitywithx）．Then，equation（2）gives，  

クー窓＋ゐ痩ヰβ軌  （5）  

T鮎srelationimplie＄地雨t鮎icet最cbess群t鮎b山女den＄itydecreaseswithぷ，Or汰¢glか  
Cie∫is也in扇ngintbisoもs¢ⅣatioIldpedod．Themostproも油1ec飢ISe＄eemStOb¢de¢reaSl喝  
加温Sity；nam¢iy，n㍑mbersandsp肛in野OrCreYaS＄¢Sincre溢¢tOV甜d沈etemim＄Ortお頭8・  
¢iersot壬1at仏ebulkdensityd∝代aS¢StOn吐血lovertぬn900kg7m8叩pr（〉誠最ngt鮎cdvi喝  
丘011t．  

4．2．Gla⊂i山Y乱ri8dons   
Freqnent鮎c細雨ionsorthefiomtorSanR孔ぬelGl誠ier血訓eb¢enrepOrted（¢．g．M臨C馳，  
1962）．Thepresentauthorobservedaretreatofaboutl．5kmffom1967to1984．Frequent  
VariationsarealsoobservedatPioXIGlacieronthewestemsideoftheSo11themIce点¢ld  
（LL王事OmY，1956；IwA，壬983）．As払rSolerand純一Glac料s，払野＄eemtOもe扇most  
stable．   
Weshouldcare餌1ydis¢籠SSt始giacialv甜iationstaki‡噂aCCOⅦltOft量1edi蝕rentmechか  

Ili川11bct、、－et：Tlヽ山nJこLrJ、●i11lc）’きlこLLliじrSくuLlhこISSolerGlこIeiビrこItlde；Il、iTlgぎl批ierゝSuChusSiLn  
Ra鮎1andpioXIGlacier＄．Irtheclinatechanges，也esぬem舶Sも裏ance（totalam（〉Wnt  
Of肛Cunulationandmeltin由wi11血狐ge；tbentbeshapeor也egねcj訂邸a血濾yappTOaC地温   
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anewsteadystatetaki喝atimeoft壬建OrderoflOし10芝野訂S払raYdl野gl批ier．Con＄e－  
quently，bo也洩¢t最ckne＄Sandたontdpo由tionor払ev扇l野塵1㍍i訂S壬10dd血an騨．   
Foraglaciercalvingintoa巧ordorlake，the鉦ontalpositionoftheglacierisdetermin¢dby  

thebalanceoftheamountsofthefbllowingparametersneartheglacierterminllS：tOtalice  
dischargeffomup－glaciertotheterminus（denotedbyQ），icemeltingonthetopsurface，and  
Onthesideand魚・OntWallsoftheterminus（d），ic¢meltingonthebottomsurfaceofthe  
glacier（B），andcalvin＄Oficeblocks（C）．Theheightofthe什ontofSanRafaelGlacierwas  
measuredasabout60mabovethewaterlevelofLagoonSanRafael，aSShowninFigure2．  
Thentheffontmu＄tbegroundedatprese】1t，Sincethedepthofthelagoonisnotmuchdeeper  
t壬1anaboⅦtlOOm．Irtbeglacierterminus負0融Sinthe恥rdoriake，i．e，1ikeanic¢Sh¢lちth¢  
a¶l…lnt川「（」）こInしIr〟＝－亡亡いnlegr亡ユーerdu亡l（11helこIrき亡こInlml∫ll、ヽ＝leこItlrこlIIS付一山It■r川11tlle  
W奴eror駆Ⅶra‡d¢伊eeSi‡lCentigrade桓eeRepo琉15）．T毎amoⅦ戎OrくC）m野becontro11¢d  
by＄混血me血弧icalpropertiesoriceashovbigor壬10ⅥrmanyCraCk＄andcreⅧS紙StOもe  
fbrmedinthevicinityoftheghcierterminus，andalsobythee蝕ctsof（d）and（∬）．Ifwe  
SuPPOSethatcalvingdoesnottakeplace，the丘ontofSanRafaelGlaciershouldadvanceon  
theorderofahundredmetersallnually．IfcalvingoflargelCemaSSeSOCCurSfromtheiceshelf；  
the丘ontmayberecognizedtohaveretreatedgreatly．   
Hence，anObvious瓜ⅦCtuationofacalvingglacier，intermSOfadvanceorretreatofthe  
glacialfront，Can皿Otbeautomatieallyconsideredtobetheresultofdirectresponsetorecent  
dimaticcba喝e．Tbereremainmorecomplexmedla扇＄m＄tObe＄01vedonthemassbalan辞  
andthedynamicsorさIac重訂S．  
））ayt（一du）■、●こ1riilliol11iIl111亡恥w、●L：loc恒●orLtlleO－1山rof、ie＼PCTalten～TICre川t V”：rCOb－  

SerVCdinSoler（iliLLtier、anJorse、・CTulpereentinSiLtlRi瓜ctGlこteier．TtleSCTeSult”rじ10bc  
prese鵬ediェasepar威令paper．  
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deO，5一刀，8mdeprofundidadenunareacercanaal丘enteglaciaryhastaelpiedelsaltode  
最eiotSe鮎zomedicionesde血g山oco】11mteOdolitoWildT2desdelosdospⅦ1tOSOrigen．   
もad短豆ih虻iぬdevectoresdeYeloci血dde魚房od8bieloobt孤idosa血扇esdeDicie血奴e  

SeヱmeStraCO乳鮎血senlaFig．l．Esdenotarqw払Ⅶlocidaddec托C母野a血dm孤teha血  
¢l鉦entちSiendode2，3m／ddpi¢delsdtodebielomarcadoR伽yO，23画denlacerc弧ia  
del舟ente．Estatendenciaeslausualqueseobs¢rVaenelareadeablaci6ndeunglaciarde  
Vaue，dadoqueelexcesodema＄adedescargaenlazonasllPeriorconrespectoaaquellade  
lazonai娩rior，d¢befiaelinin紺SepOr餌si血d¢belo．Seestimdladescargadebieloatrav由  
delm辻SeeCiLh11m－1S、でrSalellR．i叩TOXinlこ止L111entL）iguali17（MILt．dahnse山＼、atOrCSJc  
Vdoci血dⅡ蛤di払de2m揮，an血ode1500皿，e＄peSOrmedio餌p籠eStOdebielodβ250my  
densidaddehielode900kg／m8；mientrasquelafusi6ntotal＄ObrelasllPerficieb再oR。Se  
estim6tambiinaproximadamenteiguala700kt／dapartirdeunvalorde1500mdeancho，  
6500mdel鋸苫Oy70k感m2ddetasasllper丘cialde餌sidn．   
EncIGheiaTS；LTIR：lたICい爪Llincilt－aSedL：コリblll血hrgotl】e血tiLlこIdLl柑l－rCelbordc  

dcrecl10）lunilisbcerじarLaillfrL：．1tL：dclghciar．Nos亡11udoinstiLtiLr（lingullこIbilli／；lLIcbidou  
lagrancantidaddegrietasysgraesensuper鮎iecercadelfrente．Consecuentemente，la＄  
血spidesdevariossiracsprominentessirvieroncomomarcasparaellevantamientopor  
trian辞11aci6n．La＄Velocidadesde愈ttio obtenidasa丘nesdeNoviembresemuestranenla  
Fig．2．Apesarqu・elasmedicionesselimitarons6loalsectorin鎚riordelglaciar，SeObt11VO  
ViL］orcseortsiしIer州t：nlentealtoゝ山v亡locidlLdquc月uctuこIrOn川Ire13）・17nlLl．Eili＝山a  
Veloci血d血魚頑odebelop偲des訂銭plicadapore良ctod守山tasYe王ocidadesen払basede－  
bidoalaexistenciadegrancantidaddeaguaentreelglaciarylarocasubyacente．   
Latendenciaobservadadeuna11mentOdevelocidadhaciaelf陀ntePuedeserproducida  
POrunmenOreSPeSOrO11nangO＄tamientodelglaciaramedidaq11eelhielo伽yehaciael  
翫nte・Enelc舶OdelG】aciarS払Rぬelsinemba曙0，SeCOn＄id8raqlleladktriも籠Cidnde  
Ⅶlocidade＄eS騨inCipal王ⅣnteprO血ctode℃nmayOreSpaCiamie雨Oe王11as夢ietasaⅡ好dida  
q11eelhielodelglaciarseaproximaal丘ente；aSi，ladensidadaparentedelc11erPOdehielono  
esconstantealolargodeladirecci6ndelfl両0，yPuededisminuiraunvalormuGhomenor  
qⅦe900kg／mきcercadel丘ente．   


