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Abstract  

HorizontalsurfacevelocitiesoficeMflowwereobtainedatTyndallGlacier，Patagonia，duringa  
periodfromDecember7to15in1990．Thevelocitiesalongatran評erSelinevariedfromO．07m／d  
nearthele免margintoO，51mプdatapoint2．5kmfromtbemargin．Vel∝itiesateac‡1pOintincreased  
byabotltO．1m／dduringseveraldays．Thisisinterpretedtobeduetotheacceleratedbasa‡sliding  
Oftbeglacier．  

Thesurfaceeievationoftheglacierwasmeasuredalongatransverselinestretchingover5km  
fromtheleftmargin，andtheelevationswerecomparedwiththoseobtainedinDecember1985，The  
glaciersurfacehasloweredbyabolユt20m，thatisatarateofabout4．Om／aduringthefive－year  
period，  

1．lntroduction  

The Southern Patagonia tceficld tHielし1P；ltこlが－  
nicoSur）stretchesfor350kmfrom48O30’St（）51030’S  
Wi魚anareaof13000k汀12．Inspiteofitspotential  
importancetotheglobalenvir（mment，flut：tuationsof  
Patagonianglaciershavenotbeenmonitoredsystem・  
atically．Furthermore，glaciological and meteoro－  
logi（：aldataintilePatagoniaregionaretooscarceto  
Study the relationship between glacier fiuctuations  
a王扇climaticchanges．  
For thisreason，intbeaustralsummer of1990，  

glaciological，meteOrOlogicaland geomorphoIoglCal  
investigatiorlSWereCarriedoutatTynda11GlacieriTi  
tbe S（）uthern PatagoniaIce嘉eid，TyndaiiGlacier  
flowssouthwardfromtheicefieldandterminatesina  
pro抽ICiall；lktI（See Fig．11．TheIビ11glh arld areこIOf  
theglacierareestimatedtobeabout40kmand355  
km2，reSpeCtively（Naruse et al．，1987）．Amassifof  
ntlnataksislocated near tbe equilibriumlineinthe  
Tyndalldrainage basin．A medialmoraineis well  
developed from tbe‡1unataks to t壬Ie glacier snout．  
Thewidthoftheヽ▼alle）－glaL：ier（こIblationこ11・ealis；lbout   

10kmintheupperpartandabout3．5kminthelower  
part．  
王nDecember1985，meaSurementS Of tbe surねce  

fiowweremadealongatransverseprofi‡eintheupper  
partof払eabまationarea，apprOXimately13kmぎrom  
the snout（Naruseゼ才αg．，1987）．Measurements of  
Surfaceelevation，iceMflowandradio〉q“eChosoundings  
WereCarriedoutinDecember1990almostalongthe  
SarnetranSVerSeiine．Thisrepo豆presentstilereSu㍑s  
Offlowvelocitymeasurementsandsurfacelowermg  
fr（〉m1985to1990atTyndallGiacier．   

2．州¢thods  

Åcontroistatiollαanda‡1aZimtl洩pointβwere  
銭tabii洩donbare－r∝kattbeleftbankof也eglか  
Cier．AIlelectrい11icdistatlCemビtビⅠ・（王DnI：′1’Ol）CON  
ETk2，minimum readingl”）was set at the controI  
Station，Amobile team dri11ed holesontheglacier  
Surface and placed stakes，at tbe topく〉f vhich a  
reflector was set tlp for the EDM measurement．  
FromthecontroIstat主on，distance，Verticalangieand  
aziml∫払weremeas11redねreacbsurveypointuptoa   
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Fig．1．MapofTyndallGlacier（modifieda氏erNarⅥSeetal．，1987）．Surねcelevel  
meas㍊rementSW訂eCarriedat洩edく）ttedpく〉i戒S（）nthegiacier、   
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inflowdireetionscanberecognizedbetweenstations  
TトT3andT4－T6．Theformerstationsflowtoward  
thelateralmarginwhilethelatterflowsalmostparal・  
1eltothemargin．Thetransverseprofile ofglacier  
Surfaceisconvexupward（seeFig．3），andthedirec・  
tionofthemaximumsurfaceslopeisapproximately  
northeastin the region near thelateralmargin（see  
Fig．4）．Sothatthedirectionsofice…幻owatTl－T3  
Canberegardedasalmostcoincidingwiththoseofthe  
glacier surface．The bedrock profile derived from  
radio－eChosoundingsalsoshowsconsiderablevaria・  
tionsintheregionfromT2toT4，namelyicethick－  
nessesaresmall（lessthan250m）atTlandT2and  
large（morethan450m）inthe area from T4toT7  
（Casassa，1992）．  

Fig．2（b）and（c）sbowthemeanvelocitiesdlユring  
three days from December7tolO（period山1）and  
duringfivedaysfromDecemberlOto15（period－2〉，  

〆  

distance of2．5kmなomtbele魚margin．Tbree di－  
mensionalcoordinatesofthepointcanbedetermined  
from these measurements．Repeated measurements  
ofsomesurveypointsenabledustocalculate surface  
ice－flow velocities．These measurements were perL  
formedatsixpointsonDecember7，10and15in1990・  
AtraversesurveyOfthesurfaceelevationwasalso  
carriedoutonDecember13，tOapOint5kmfromthe  
leftmarginoftheglacier（Fig．1）．   

3．Resultsand discu朗両川  

3．1．友g．伽抑  
Themeanice岬flowvelocities during eight days  

（December7q15）wereobtainedatsixpoints（Tl－  
T6）．Asexpected，Velocityincreasedgraduallyfrom  
O．07m／dneartbemargintoO．51m／datapoint2．5km  
たomthemargin（Fig．2（a））．Åremarkabledif短rence  
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Fig．3．（a）AplarlViewofsurveypointsir11985and19弧（b）Comparisonofthe   
surfaceprofilesbetween1985and199Oalongsurveylines・Thedottedlineshows   
anadjustedprofileofthe1985surveyline（seetext）．  
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respectively．Velocities at T4－T6 showed anin－  
CreaSeOfO．10toO．12m／dfro‡nperiod≠1toperiod－2．  
Tbe（：Ondition of払e glacier sl汀ねce was di汗erent  
between the two periods，In period－1theglacier  
Surfacewasstillcoveredwithnewlydepositedsnow，  
Whilein period－2the snow had melted away and  
ablationofbare－icestarted．Therefore，in period－2  
ablユndarltmeltwatersupposedlyreacbedthebottom  
Of払eglacier，CauSinganincreasedbasal＄1idi！唱．  

Fig．2（d）shows the mean surface velocitiesin  
1985withanintervaloftwodaysfromNovember30  
toDecember2（Naruse et al．，1987）．Thevelocities  
indicatelargervaluesthanthosein1990讐Whichmay  
beattributedtothedi拝ererlCeinbasalslidingvelocity．  
Inthesurveyperiodin1985thewaterchannelswithin  
andbeneaththeglaciermayhavealreadydeveloped，  
Whereasin1990theyhadjuststartedtodevelopsince  
itwasstillcoldintheearlysummer．Atpresent，itis  
diffictlittoestimatethemeanannualfiowvelocity，aS  
vehavenoinformation onitsseasonalvariation．   

且2，5〟痴αゐ紺g廃〆娩g g払c衰γ＿面）雛了ご裾拶わ  
ノ三井社）  

Tbesudaceelevationoft壬Iegiacierwasobtairled  
ateightpointsin1985（NaruSe・eial．，1987）andat13  
pointsin1990．Crossprofilesofeachyearareshown  
in Fig．3（b）．A direct comparison yielded a mean  
differenceof17．3mbetweenthetwoprofiles．How・  
ever，Sincetbetraverseii‡－ein1990islocatedslightly  
upglacierasshowninFig．3（a），Weadjustedthe1985  
profile based onthe surface slope．Assuming the  
meansurfaceslopeatthesurveylinetorangefrom6／  
1000to30／1000asderivedfromthetopographicmap  
（Fig．4），WeCOrreCtedthesurfaceheight ofthe1985  
SuⅣeylinetotbebei室かtalo重唱tbe1990suⅣ野Iine，  
Whichis shownin Fig．3（b）by a dottediine．A  
Surfaceloweringof20mwasobtainedforthefiveq  
year period from1985to1990，Which resultsin at a  
rateof4．Om／a．   
Fig，4representsapartofal：25，000topographic  

l－1aPSh（川・i11gthearpaaroundthesurveypoints．Thp  

Fig．4．Topographicmaporlglnallyatal：25，000scaleproducedfromverticalaerial   
photo訂aphstakeninMar’Ch1975bytheChileanAirForce．Digitalmappingat   
COntOurintervals oflO．25and50m was done with a Zeiss planicomp P3，   
CorltOuriinesareshownwiもbaninとervalof50m．ControlpoirltSWeretakenfrom  
tbel：100，00Otopo訂aPhicmaptモRioSerraT】0”p11bl主sh∝重byInまitl淡OGeogr孟fico   
MilitaT，Chile（1986）．Somesurveypointsin1985areshownbyopencircies．   
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thinningoficecausesadecreaseinicemowveまocity  
SOthatitreducestheicenuxdischargビ．thisphビIIOme－  
non洩olユIdstronglyaffecttbemassbaianceand血e  
conditionofaglacier，   

In ordビr tO elarify the t：atlSe Of thi11ning of a  
glこlぐier．moredetailedstudiesonthemassbal；lneP，the  
heatbalaneビandthed）11；lmit：SOfl）atこIgOnianglaciers  
areneeded．  
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nlapWこISprOduced forthe present Patagonia projeet  
with a eontourlineinterヽ・alof5O mbasedo11＼rertical  
aeria王 pboto妄汀apbs takeni‡1Marcb1975．Survey  
pointsfromtltot4in1985wereplottedonF料4，and  
the eleviltion of eaぐh point was roughl）・eStimated  
育omtbeco血Ouriines．Bycomparingtheelevations  
in1975 with thosぞin19R5．we obtained a stlrfa（：e  
lowerirlgOfabout19m（】．7m／ainaverage）かom1975  
to1985．Thisrateofloweringisles＄thanonehalfof  
that from1985tl）1990．  

At SolerGlacierin the Northern Patag（〕niこlIee－  
field，Aniyaa†idNamse（1987）shoⅥredtbatthesurface  
Oftheablationarealowered；ltarate（1f5．2m：：afrom  
1983to1985．TllisrateismuehlargeT－than therate  
Ofl．O tol．8m／a obtained near the snout of Soler  
Glacier for thepericd from1944to19封（AI巾▼a and  
Enomoto，ま98乳 Based on the data co‡npiled by  
lA11S：’UNESCO（198軋sixglaciersinthe AIpswere  
foundtoshowthi11ningfromthe194Ostothe1980sこIt  
ratesfromO．1m／atoO．3m／a asanaverageforthe  
Whole glacier．However，the maximum thinrling of  
thest｝SixglaciersinthビAIpsforaltitude・intervalsof  
50toIOO mll▼aS O．5m．／’a tol．1m！・′a．Ani）rこIand  
Enomoto（1986）summarized thinning rate of three  
alpine glaciersin Franee．New Zealand and Canada  
Showvaluesthat rangefromコm，！’ato4．5Ill．／a．The  
thin11ingrateofTyndallandSolerglaciersliesinthe  
uppert－aI唱ビOfthevaltleSOf（〕ther alpi11eglaciビrSOf  
the world，   

Ifagla亡iビrisina steady statビ．thesurfacelevel  
Shouはbeco‡1StantWithtime，becauseirlanabiation  
areatheemergenceflowofice（upwardrelativetothe  
glaciersurfa（：e）compensates払rtheablationofsuf叫  
ねceice，Tbe餌rfacelower呈ngresuits from an主n・  
Crea艶inablaもionrateand／oradecreaseintheemer－  
genceiee flo＼＼7．Bee；lUSe the surfa亡elowpring oT’  


