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Abstract   
Ice－thicknesschangewasstudiedat theablationarea ofMorenoGIacierontheeaster11Sideof  

theSouthernPatagoniaIcefield．Thethicknessremainedunchangedbetween1990and1993．With  
thedataofthefrontalfluctuations，itwasconcludedthattheglacierhasbeeninasteadystateduring  
rhelast5Oyears．IceLflowvel（－Citiesl11eaSuredatfourpoilltSWerehigheriIINovernber19‡）ニ1tha［lin  
January－February1994．AIsovelocitiesshowedcleardaiiyvariationswithmaximaintheafternoon  
andminimain払emorning．Tbesevelocityvariatio王1SCanbeatも㌻主btltedtovariat主onsiri払ebasal  
Slidingoftheglacier・Theamountofablationof6，3rninwaterequiva】entlVaSmttaSuredduringllO  
daysinsummer1993M94．Usingadegree－daymethod，anannualablationamountofaboutllm  
叫WaterWaSeStimatedatthemid－reaCh oftheablationarea，  

1．lntroduction  

InPata酢）nia，the＄OuthernpartofSouthAmerica，  
there exist two vastice－COVered areas which are  
CalledtheSouthern PatagoniaIeefield（SPl）and the  
NorthernPatagonia王cefield（NPI）．Numerousoutlet  
glaぐiersdischargerこIdia11y from theictヰields．mostly  
Calvingintofjordsonthewesternsidesandintolakes  
Ontheeasternsides（Fig．1）．ThePatagonianglaciers  
are regarded to be typiealtemperate glaciers，With  
王argeamountsofaccum涙ationandablation（meiting  
andca重ving）琉roughouttbeyear．  
Analysesofsatelliteimagesand；1ir－photographs  

taken during thelast50years revealed that most  
Patagonianglaciershavebeenretreatingconsiderably  
（Aniya，1988；1992a；1992b；Aniyaggα£，1992；A王1iya  
and Skvarca，1992；Naruse et aL，in press）．The  
maximum retreat was found as13km betweenl錮5  
and1986atO，HigginsGlaci姦r（SPI），ⅤもereasBr鰻ggen  
（Pio XI）Glacier（SPI）has advanced up to臥5km  
duringthesame4lAyearperiodandMorenoGIacier  
（SPI）hasnot fluetuated significantlY．Whenwedis－  
CuSSg王aciervariationsinrelationtoclimatic（：hanges  
Or Water C）て1es．information on changesinice vt〕ト  
umesorthicknessesisgreatlycailedfor．  

ぎig〟1・Mapoftbesoutbernpartof汰eSouもbeγnPatagonia   
‡cefieldin Soutb America．   



22  Bulletin ofGlacier Research   

CSandthebasecamp．Anelectronicdistancemeter  
（Topcon EDM－Theodolite Guppy with aminimum  
reading oflsecond）wasinstal1ed at one of these  
controIstations，andanEDMreflectorwasplacedby  
amobileteamatsurveypointsontheablationareaof  
払eglacier．   

2．j．助，殆どggJg〝αfわ乃  
MeasurementswereperformedonlO November  

1993ateightpointsalongahalftransverseline（M8  
」漬11）a‡1dalonga medianlineくMl－M4）in也emid  
－reaCboftbeab王ationarea（Fig．2）．Basedontl妃raⅥ7  
dataofthehorizontalanglesanddistancesmeasured  
intheprevioussurvey，aperSOnatthecontroIstation  
guidedamobileteamtolocatethesamesurveypoints  
asin1990．The differencein positionbetween sur－  
Ⅴ野Si‡11990and1993couldberedlユCedtosma11er払an  
l．3m，Wit‡lameanOftbeeigbtbeing8．5m．Oftbe  
elevenpointssurveyedin1990，threepointswerenot  
accessiblein1993due totheexistence ofheavycre－  
vasses orlargesupraglacialponds．Fromthe mea－  
SurementSOfslopedistanceandverticalangletothe  
eigbtslエrVeypOin晦S11rねceelevationsweremeasl汀ed，  
then the thickness changes between1990and1993  
were obtained．  

ユニ⊥（用gんリーJり7tり＝・lイ川イ阜・〟JJ‘7〟抽J抽〃川／ll  

Woodenstakesl．5mlongandaiumintlmPOles（in  
2－mSeCtions）upto14miongwere placedinboies  
withasteamdrillatfoursurveypoints（Ml，M2，M8  
and M10）onlland12November1993．Measure－  
mentsofpositionsofthefourpointsandheightsofthe  
polesaboveicesurfacewerecarriedouton12and16  
（or27）November，9December1993andlMarcb1994．  
Meteorolog王Caleleme王1tSWereCOnti王1uOtlSlymeasl汀ed  
atMSnearMll（Fig．2）andatthebasecampduring  
theperiodfrom12to27November1993（Takeuchiet  
α7．，1995a）．   

ユ．？．∫／ハけト／げIJり7淵，J－1血巾  
ÅtripodⅥritbare幻ectorwasset11pfimlyinto  

thesurfaceiceatRneartheright－Sidemarginabout  
300mapartfromthecontroIstationC2（Fig．2）．Due  
totheconvexice－Surfacealongthetransver’SeprOfile  
nearthesidemargin，theflowdirectionofthepointR  
COincidedexact王yそwitbinlminuモe）vitb払edirection  
towardC2．Furthermore，themeasurementiinefrom  
C2to R was almost horizontal：the elevation differ－  
ence between the two points wasless than2 m．  
Therefore，fortheobservationofshorトtermfluctuaT   

In summers of1983－84 and85－86，eXtenSive  
glaciological，meteOrOlogicaland geomorphologlCal  
studieswerecarriedoutintheNPIandtheSPI（Naka・  
jima，1987）．It was found that Soler Glacier（NPI）  
WaStbinni田宮atarateof5．2m／afroln1983to1985  
（ÅniyaandNaruse，1987ラ．ThisreslユitstiInulatedus  
to co11ectmoredata ontheice叩thicknesschange at  
Various typcs of glaciers．Accordingly，field  
researches were conducted at Moreno，Upsala and  
Tyndal1glaciers（SPI）insummers1990－91and93N  
94（NaruseandÅniya，1992；1995）．  

Beわre払e1970s，OnlyafeⅥrpreiiminarystudies  
hadbeenmadeontheflowofglaciersinPatagonia（e．  
g．Raffo et alり1953；Marangunic，1964；Naruseand  
Endo，1967）．In1983detai1edsurveysofflow－Velocity  
werefirstcarriedoutatSolerandSanRafael（NPI）  
giaciers桝aru紀，1985），a‡ldin1985at Soler and  
Tyndallgiaciers（Naruse，198ア；Naruse gfα£，1987）．  
Short－term Variationsin flow velocity were also  
measuredatSolerGlacierinthebothperiods．Itwas  
foundoutthatamaximumflowspeedintermsofa  
fewbour mean was about four times a minimlユm  
ValueくNaruse ggα£，1992），  

Thispaperpresentstheres111tsofaglaciological  
Study at Moreno Glacier undertakenin November  
1993，focusingontheice－thicknesschangefrom1990  
to1993，andontheshort－termandseasonalvariations  
in封01町Velocities．Moreno Giacier幻ows nortbeasモー  
Ward alonga distanceofabout25kmた0‡nt‡1eice  
divide ofthe SPI（Fig．1）．The current equilibrium  
lineisestimatedatl150ma．s．1．；theaccumulationand  
ablationareas are182km2and75km2，reSpeCtively  
（Aniya and Skvarca，1992）．The ablation areais a  
Vaileぅトtypeglacierwitbaiel唱thof15kmarldavidth  
Of about4km．Tbe terminus oftbe glacier caives  
intothesotlthwesternarmofLago（Lake）Argentino  
andtheglacier front reaches currently the opposite  
bank（PeninsulaMagal1anes）at50b30’Sand730W（Fig．  
2）．  

2．Heasurement methods  

ThesamecontroIstation（CS）andazimuthpoint  
thathadbeenestablishedintheユ990survey（Naruse  
et al，，1992）wer・e11tilized．Thestationislocated at  
about428m a，S．1．orl也esoutbern（rigbtSide〉bank  
about5kmfromthefrontofMorenoGlacier（Fig．2）．  
TheazimuthpointislocatedaboutlOOmapartfrom  
CS．FortherneasurementsofashorttermVelocity，  
anothercontroIstation（C2）wasestablishedbetween  
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Fig，2，Locationmapoftbeablation area ofM（〉renO Giacier．Solidcircies wi払   
numbers（1，2，3．．．）indicatesurveypointsMl，M2，M3．．．in1990and1993．Solid   
linesstartingfromcirclesshowsurfaceflowvelocitiesmeasuredwithaninterval   
OffourdaysinNovember1993；dottedlinesthosewithaonc－dayintervalin   
November1990．Marks十indicatecontroIstations（CSandC2），MSthemeteoト   
OlogicalstationandRasurveypointofs王10rト亡ermveiocityvar主ation．  

tionsinflowvelocity，OnlysiopedistancewasmeaT  
sured from C2atintervals of about two hoursin  
daytimeandabouteighthoursinnighttimeduringa  
periodfrom22to27November1993．  

3．Measurement resutts  

ヱJ．五官－【娩オ成形β∬C血z喝■β  
Changesin theice仙thickness during the three  

years ranged from ＋2，66m to 一－2．92 m．Annual  
tbickening rates are plotted against tbe distaTICein  
Fig．3．AIneantbickeningrateof払eeigbtpoints  
WaS Obtained as＋0．17m／a．A tendency may be  
noticedthat anarea nearthemargin（M9and MlO）  
WaS thinning while an area along the medianline  
（from M8to M4）was thickening．However，Since  
tbere are numerous crevasses，andice mollTlds and  
depressionswi払are壬iefofupto（30r）5movertbe  
glaciersurface，thethicknesschangesmallerthanca．  
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Fig・3・Distributionofannualthickeningrateofice．The  
negativesignindicatesthirming．Numbers（1，2，…and   
ll）attacムedtoso‡idcirclesindicate＄urVeypOinとSMl，   
M2，t・Iand㍍11・Pointsfro王ⅥMllto MlareaioRga   
transverseiineandpointsfromMltoM4areaionga   
longitudina11ine（seeFig．2）．   
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3mma）TberビSultedfromthelocalsurfaceuIldulation．  
Hence，We COnCiude from tbe resultin Fig．3that  
MorenoGlacierhasbeeninanequilibriumcondition  
betⅥreen199（〉and1993．  

ユニ蝕／，砧′抽〃 ¢／ガ州・～－tイ（）（、巾，（川（7 ぬ ∫L－仙1机J／  
描㌢由ぬ将  
Distribution of vectors of flow velocities mea・  

SuredwithanintervaloffourdaysinNovember1993  
isshown by straightlinesin Fig．コ．A）soshownby  
dotted lines are velocity vectDrs measured at some 
p（）intsinNovember1998（Naruse gfα£，199礼 Tbe  
flowdireetioIlateaCh pointin1993isidenticalwitll  
thatin1990．However，themagnitudeofvelocitywas  
Slightlylowerin1993thanin1990．  

Variationsin floヽ＼▼Velo（、ities from the middle of  
November1993tot王iebeginnlngOf March1994are  
Shownin Fig．4．Itis cleilrl）lreCOgnized at allthe  
払urpoi11tStilattheveiocityisiargerinlatespringOr  
earlysummerthaninmid－Summer．Thistrendindト  
CateStheseasonalvariationinglacierflow，thatcan  
beattributedtovariati〔）11SinthebasalslidiTlgSpeed，  

Surface strain of the glacier was measured at  
ar（－undMSwithareぐta11g）estraingridwiththesides  
rangiI唱from170m to320mior将．A mean strairl  

rateobtainedfrom14to16Novemberwas－3．3＼10．1  
1／daywithanerrorof30％．However，S壬ncetheice  
Surface atthegridundulateswithcrevassesand su－  
praglacialponds，WemaynOtbeabletoregardthis  
Strain rate as a reprpsentative value over the whole  
ablationareaoftheglacier．   

ヱ3．ぶゐ0わ」お門弊びαγ由gわ邦玩」侮紺びgわc卸  
Figure5showsflowvelocitymeasuredatRwith  

inteLn・als fl●om twO tO eight hours during five days  
Startingfrom22November1993．Italsoexhibitsthe  
hourlyairtemperatureobservedatMSandthedaily  
abiation rate averagt?d over the eight stakes set up 
betweenMSandR（Takeuchietal．，1995a；1995b）．  

SincetiltingoftripodsoftheEDMatC2andof  
thereflectoratRwastoosnlalltobedetectedduring  
thefive山dayperiod，anObservationerrorduetotilting  
ma）▼be neglected．As the data of horizontaland  
Verticatangleswerenotusedforobtainingvelocities．  
errorsduetotherefractionoflight（Andreasen，1985a）  
arenotcontainedinthepresentresults．Hence，the  
totalerrorinvoIvediTla Velocity（mm／hour）can be  
estimatedaslesstba‡1士2mm／hour．   

Ⅰ［wasfoundinFig．5thatthevelt）Cit）TnuCtuated  
Significantly fr（1m4mm／hour tollm／hourllrithin  
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Fig－4．Variatiorl＄insllrぬceflowvelociti鶴atfourpoints  

from12November1993toIMarch1994，   
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SeVeralbours・We can良汀也er reco卯ize tbat，in  
general．velocitieswerelargerinaftemoonsandsmaト  
1er行＝110millgS．ArelativelyhighcorT・elationcanbe  
noticedbetweenvelocitiesandairtemperatllreS．No  
remarkable correlation was observed between air  
temperature and globalradiation（Takeuchiet a［‥  
1995a）．AstoageneraltrendseeninFig．5．thefIow  
Velocitywaslargestintheaftemoonofthe24thwhen  
the ablation rate waslargest，While velocities were  
Sma11erinthe22ndM23rdandthe26th鵬27thwhenthe  
ablationratesweresmaller．Hence，WemayCOnSider  
that the velocity correlated bestwith the ablation  
l‾ate．  

ユJ．エ0乃g－J（・〃乃〟抽血）〃   
In Fig．6，the cumulative ablation amounts（in  

Waterequivalent）areshownbysolidcircles，thatwere  
ObtainedfrommeasurementsatMl、M2．M8andMlO  
around350ma．s．1．on12and27November．9Decern・  
ber1993andlMarch1994．DuringllOdaysinsum・  
mer，ameanablatio11atthefoursiteswas7．Ominice  
thickness，thatis6．3minwaterequlValentbyassum・  
ing theice density as900kg／m3．As to solid arld  
brokenlinesillFig．6，SeeSub－SeCtio114．3．  
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Fig．5．Sbort－termVariationsirlSljrfacef】owvelocity（mid－  

dle）．airtempt）rature・（Iop）anddai】〉・ablationrate（bot・  
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Fig・6・Thecumulativeamountofablationplottedagainst  
the cumulativビdaily rrtea11こIiT tenlPerature（degrel？  
－da）▼）・Theso）idli11eindieatesarelationshipobtaiIled  
d11ringaperio（王女om12NoYember1993toIMarcb1994  
：the brokenlineis an extrapolated relationship  
洩rol堵bout蛾eyear（seetext）．   
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hemisphere，in which the velocity reachesits maxi・  
muminlate May orJune（e．g．Hanson and Hooke，  
1994），nOtinJulyandAugust（e．g．Andreasen，1985b）．  
Thisphenomenoncanbeexplainedasfollows．After  
thebeginningofthemeltingseason，meitwaterstarts  
topercolatetbrougbvei11SOrChanrleistotbeglacier  
bed．Then the basaiwater pressure gradua11y  
increasessothatthebasalslidingvelocityisenhan－  
Ced，Duringthehighmeltingseason，Sincethebasal  
water network has been fully developed and more  
meltwater wouldbe drained aⅥray，thebasalwater  
PreSSure becomesiower and 払e siiding velocity  
decreases．  

From alaboratory experiment，it has been sug－  
gestedthat，WhenpurewaterofO．OOCflowsthrougha  
veinbygravity，almmwideveininicedevelopsinto  
awaterchannelofanorderoflOcmindiametera食er  
onemonthasaresultofmeltingoficeduetotheheat  
convertedfromthepotentialenergyofflowlngWater  
（Koizumiand Naruse，1994）．If the water temperaT  
tureis higher than O．00C due tothe absorption of  
globalradiation at the surface，the rate ofenlarge－  
mentofavei‡1becomes王arger．Tberefore，attemper－  
ateglaciersinPatagonia，WaternetWOrkswithinand  
under glaciers may attain such a conditioninlate  
SprlngtOearlysummerthatthebasalwaterpressure  
becomeshighest．  

Velocity variations within a few bot汀S（Fig．5）  
Sbotlld aユsobe resuited fromtbe basalslidingvaria－  
tions．Åfterthemeasurementsatfourglaciersinthe  
Alps（Iken，1978），eXtenSive studies on short－term  
Variationsinflow have been made（e．g．Iken and  
Bindschadler，1986）．In these works，the effect of  
basaiwaterpresstlreOnthesiidingvelocitywasdis－  
CuSSed．Especiaily，durillgtbemini－SurgeSOfVarie－  
gated Glacierin Alaska，StrOng COrrelations were  
ObservCdbetweenthevelocityandthepressure（Kamb  
et alリ1985；KambandEngelhardt，1987）．AtSoler  
Glacier（NPI），a gOOd correlation was obtained  
betweerltbe velocity and the amount of water dis－  
Chargefromtheglacierterminus（Naruseeial．，1992）．  
FromthepresentstudyofflowvariationsatMoreno  
Glacier，theimportanceofbasalslidingontheglacier  
dynamicshasbeenfurtherconfirmedinPatagonia．   

J．ユ．・lJ川J†（7J（J抽J／わJ7  
AnemわiricalrelationshipwasderivedatMoreno  

Glacier between the cumulative amount of ablation  
and the cumulative daily mean air temperature．A  
ratio（k）betweenthesetwoquantitieswasobtainedas   

4．Discussior1  

4．エ5ねαめト5ぬね肋柁乃∂Cわcねγ  
Although no quantitative survey of the front  

positionofMorenoGlaciervasmadeinthe1993…94  
SeaSOn，apartOftbeglacierfrontwastotlChingand  
landingontheoppositebankwith atunneldraining  
waterfromthesouth（BrazoRico）tothenorth（Canal  
delosT6mpanos）．Thisconditionwasalmostsimilar  
tothatin1990．AniyaandSkvarca（1992）summar・  
izedtbefrontalvariationsfrom1947to1990basedon  
t王ie ana王yses of aerialpbotograpbs a11d sateilite  
images．Itis shown that Moreno Glacierhasbeen  
fluctuating frequently by reaching（advancing）and  
leaving（retreating）theoppositebank．However，the  
rangeoffluctuationsduringthelast45yearsissmaト  
1ertbanseveralhundredsofmeters．Åmong22calv－  
ingglaciersintheNPIandSP王analyzed（Aniya，1992b  
；Aniyaetalリ1992），nineglaciershavebeenfluctuat・  
ingwithinlkmand12glaciershavebeenretreating  
inarangefromlkmto13km（0’HigginsGlacier）  
duringthelast50years．Consideringthesefiguresof  
thevariationratesofPatagonia‡lglaciers，tbefrontof  
MorenoGlaciercanberegardedtohavebeenalmost  
Stationaryduringthelasthalfcentury．   

Ice thickness in the ablation area of Moreno 
Glacier was found to have been unchanged during  
血reeyearsfrom1990．Ontbeotherband，dtlring払e  
same period，COnSiderable tbinning rates ofllm／a  
（SkvarcaetaL，1995）and3．1m／a（Nishidaetalリ1995）  
were obtained near the terminu＄Of Upsala Glacier  
andattheupperreachoftheablationareaofTyndall  
Glacier，reSpeCtively．Atthelatterglacier，athinning  
ratebetvee‡l1985and1990vas4．OmプaくKadotaピタα乙，  
1992），and at Soler Glacier（NPI）tbe rate between  
1983L85 was 5．2 m／a（Aniya and NaruSe，1987）．  
Frontalpositionsofthesethinningglaciershavebeen  
recedinglargely（Naruse et alリinpress；Wada and  
Aniya，1995）．  

From tbe restlユts of the frolltalvariation and  
thicknesschangeatMorenoGlacier，WeCanCOnClude  
thatthisglacier，atleastitsablationarea，iscurrently  
inasteadystate．  

・J．ユふJ‘げい〃‘7／‘川IブざJ汀げ′ん、n〃ノ7r）汀J・（7J五血けJJ  
Åsteadydecreaseintheflowvelocitywasfotlnd  

fromlatespringorearlystlmmer（November）tomid  
－Summer（January，February）atMorenoGlacier（Fig．  
4）．Thisresultisidenticalwithaseasonalvariation  
infiowreportedfrommanyglaciersinthenorthern  
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7．6＝111十Watt汀rClda〉・）duringllda）rSin Nove111ber  
1993（Takeuchig才戌£，1995b）．As払e ablatio！1WaS  
StlぐCeSSfu11y measured o＼▼er a C（）111plete summer．itis  
expectedtoderiveamore11Se灸王1reiationforalonger  
period．However，Since no temperature data are  
availableinotherperiodthanNovember1993，temper－  
ature data at the meteol’oIogicこ11statio11Lago Ar－  
gentino（LA）areutilized．  

ThestatioIll．AisIoeatedinCalzlfate（ココOma．s．  
l．），about60kmeastoft壬1efrontofMorenoGlacier．  
Firstly，a COrrelation of air temperature was  
exarnined between LA and the station MS on the 
giacier（330ma．s，l，）dlユringtheperiodfrom12to27  
November1993．A goodiinear relatio‡1Sbip was  
Obtained．inwhichthedaily111ビantt｝mPeratureatMS  
WaS SyStematicallylower than LAwith a mean of  
about4QC．Thistemperaturedifferenceismuchlar・  
gert‡lantぬatduetotIleelevationdi触rence（110m）．  
ItshouldbecatlSedbythefactthatLAissituatedin  
anaTidelimこIte＼l▼ithfewcloudLCOVerCOnditionswhile  
MSisonalarge－SCaieiceofO8Catalまthetimes．  
Secondly，uSingtheabovclinearrelationship，air  

temperaturesatLAwasrectified andconvertedinto  
t壬10SeatMSたom28・NovembertoIMarcb1994．Tbe  
cumulative daily mean air temperature wc?s thus 
Obtained and p王0杜ed on払e abscissain Fig．6．Å  
gradientoftbesolid！ineinF壬g．6givestllera貞0ゑ  
TheratioduringllOday＄insummerwasderivedas6．  
9（mm叫WaterrC・day）which was close to the short  
－termValue of7鼠  
Thirdly，alsobyrectifyingairtemperaturesatLA  

throughoutlhe〉’tlar．theanmlaleumulativetempera－  
ture at MS was calcu王ated as1630DC・day．Then，  
extrapolating the solidline up to this degree▼day  
Value，the annua王amoljnt Of abiation at350m a．sエ  
WaS eStimated at aboⅥtll．2m（±1m）in water  
equivalent，thatis12．4minice thickne＄S．Because  
Moreno Glacier主sin a steady－State COnd主tion，t壬Iis  
ablationthicknessiscompensatedby an emergence  
Velocity，thatisavelocitycomponentnormaltothe  
glacier surface，and tbe accumlユiation ofnew snov．  
Ifwecanregardthelattertobenegligiblysma11inthe  
ablationareaofthetemperateg壬acier，ameanemer－  
genceveloc絶yis estimated fromt圭一e ab如iontbick－  
ness（12．4m／a）as about35mm／day．This speed  
approximatelycoincides，aCCidenta11y，withtheemer－  
gencevelocityof40mm／dayatTyndaiiG壬acier，洩at  
WaSderivedfromaproductoftheverticalstrainrate  
alld theicethicknぐSS（Nishida tl（（Z［．．1995）．  

Asstlmingthattbeannualabiationratedecreases   

王imearlywitbtbeelevationincreaseuptotbeequilib・  
riunlline．the totalan11ualamount ofablationinthe  
Whole ablation area（75km：）of hp・loreno Glaeieris  
Caiculated as about O，59km3／a（Naruse g才α£，in  
press），Whichcorrespondstoameanablationrateof  
about8m／ainwaterequivalent・Theannualcalving  
amolユntOfthegiaciervasrougぬIyestimatedascom→  
Parablewiththeannualab王ationamountintheabla．  
【ion artゝa．Then．fro111a nlaSS－balanceconsideration  
Ofthegiacier，theannuainetaccumulationrateaveト  
agedoverthewholeaccumulationarea（182km2）is  
estimatedasfrom6m／ato9m／aiIIWaterequivaie叫  
WhichこIrenlu亡hlargerthanl．2nl，；ain＼Vaterderived  
fromananaly＄isofa13mdeepfirn仙COreObtainedat  
コ knla．S．l．npar the di＼†ide し）f the Moreno Glacier  
drainage（AristarainandDelmas，1993）．Weconsider  
thislowaccumulationratefromthefirn－COreisnot  
representativefor払eplatealユOft‡leice薫eid．   

5．Conclusions   

l）MorenoGlacierhasbeeninasteadystateduring  
thelasthalfcentury．  
2）Flowvelocityislargeriniatespringoreariysl王m・  
mer tha11mid－Sunlmer、  
3）Fiow velocity sbows a maximlユm Valuein也e  
afterl－00n a11d a mini－11umin the momiIlg．These  
flowvariations2）and3）areresultedfromvariations  
inthebasalsliding＄Peed．  
41Theamou11tOfablatiunduringllOdaysinsummer  
isabout6minwatereqtlivalentatthemiddlereachof  
the ablati〔ln areil．Th亡、armualablationisestimated  
as aboutllminwater．  
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