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Abstract  

GlacialflowwasmeasuredforthreedaysfromNovember30toDecember2，1985，alongatransverseline  
extendinghalfwayacrossthe8－km山widcupperablationareaofTyndallGlacier，OneOftheoutletsoftheSouthern  
PatagoniaIcefield．ThcflowvelocityofO．1m／dobservedneartheleftlatcralmarginincreasedwiththedistance  
awayfromittol．9m／dnearthemedialmorainewhichconstitutedthecentralaxisoftheglacier．Characteristics  
ofthesurfacestrtlCtureandtherecentglaciervariationwerealsodiscussedfromtheresuitsofthefieldobser一  
vationsandanalysesofairphotographstakenin1944／5，1975and1985．  

Casassa，1985）．Lliboutry（1986）studiedthesatellite  
imagery of the Chilean Andes，in particlユ1ar，Of the  
SOuthernPatagoniaarea－  
Withrespecttoresearchonglacialflow，alsofew  

data have been obtainedinsouthern Patagonia．A  
flowvelocityof450m／awasdeducedfromairphoto・  
graphsatthemiddlepartofGreyGlacier（Lliboutry，  
1956），and745m／awasestimatedatthefrontofPio  
X王Glacier and70m7a near the front（）f Colorlia  
Glacier（Marangunie，1964）．  

Detailed study on the dynamics of Patagonian  
glaciershasbeenrequiredtomakeclearthecharac－  
teristics of mass balance and variation ofglaciers．  
AccuratemeastlrementS Ofice flow werecarried out  
inlateNovemberandearlyI）ecember，1985，bymeans  
OfatraversesurveyatTyndallGlacierinthesouthcrn  
partoftheSouthernPatagoniaIcefield．Thepresent  
report gives the results of the survey and sorne 
glaciologicalfeaturesandvariationsofTyndallGla－  
cier．  

1．1ntroduction  

TbeSou払ernPatagoniaIcefield（HieまoPatag6ni－  
co Sur）stretchesfor35O kmfrom48020Sto51る30S．  
Thearea oftheicefieldis13，500km2，Withitsmean  
elevation at1500m▲山 2000m．From theicefield a  
numberofoutletglaciersdischargetowardalldirec－  
tions，  

Explorations of the Sou汰ern王cefield andits  
outletglacierswerestartedfromtheendofthe19th  
century．However，Verylittleglaciologicalworkhas  
beendone．Marangunie（1964）obtainedsomeglacio－  
logicalandmeteorologicalinformationfromtheaccu－  
mulationarea oft‡leicefieid．MorenoGlacierⅥ7hic壬I  
causedice－dammingand subseqlユent floodingdue to  
itsco11apsehasbeenstudiedextensively（e．g．NichoIs  
andMiller，1952；Lliboutry，1953；Liss，1970）．Very  
active advances and retreats，reSembling a surge  
phenomenon，Of Pio Xl（or Brtiggen）Glacier were  
aIlalyzed and reported byI。Iibout巧（1956），Mercer  
（1964）alldIwata（1983）．Inoueく1983）madeaprelimi－  
naryheatbalanCemeaSurementOnHPS－10Glacierin  
1969．Pe負a and Escobar（1983）examined  
CataStrOphicrunOfffromDicksonGlacierinthePaine  
reglOn．Reconnaissance surveys ofglaciology were  
made atJorge M血tt GlacierくEnomoto andÅbe，  
1983），andatGreyandAmaliaGlaciers（Naruseand  

2．CharacteristicsofthesurfacestructureofTynda”  
Glacier  

TyIldallGlacier恥vssouthwardfro王ntheSoutb－  
ernIcefield（seeFig．1）；theterminusoftheglacieris   
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Patago11iaIcefield．  
Nunataksarelocated almostatthecentralpart  

oftheTyndalldrainage（Fig．礼 Frombothsidesof  
thenunatakarea，icedischargestowardtheablation  
areatkoughsteepstreamswithnumerouscrevasses・  
Two bodies of ice merge at the lowest end of the 
nunataks，becoming a single valley glacier with  
medialmorainealongthecenterline．Thewidthof  
thevalleyglacierchangesfromapproximatelylOkm   

Fig．1．Mapoft王1eSotltberrl  
locatedat51015S，73O15rW，Accordingtotheprelimi－  
narylistofPatagonianglacierscompiledbyLliboutry  
（1956），TyndallGlacierrankseighthintermsofappro－  
Ⅹima短dimensi（）namOngtbo光点owir噂Outfromtbe  
NortbernandSolithern‡cefields．Utiiizingairp壬10tO－  
graphstakeninMarch1975，aStrtlCtur・almapshown  
in Fig．2was obtained for the surface of Tyndall  
Glacier．  
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Fig．2．StructureofTyndallGlacier．Mapbased onverticaiaerialphotographs takenin March，1975．  
Crevassesandotherfeaturesareshownonlywherenosnowcoveredtheglaciersurface．  
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Fig．3．PhotographofnunatakslocatedatthecentralpartofTyndallGlacier．Takenfromnear  
station T3．  

scalesrangingfroml：85，000tol：90，000，andthe  
ObliquephotographstakenonDecember31，1985，the  
glacierterminiwerelocatedandcompared（Fig・2）・  
From1945to1975（30summers）the southern  

terminuswasfoundtohaveretreateduptoabout3．5  
km（120m／a），andthesoutheasterntermintlSretreated  
abotltl，7km（57m／a），Wbileatthe王eftmarginabotiモ  
20kmfromt‡leterminuswheretwoiobesarespiliing  
intosidevalleys，theretreatwas500900m（17－30m／  
a）．Between1975and1985（10．5summers），theretreat  
wasabout900m（85m／a）atthesouthernterminus，  
whereasitwasamaximumof900m（85m／a）atthe  
southeastern terminus（Fig，4）．At theleft margin，  
thenorthernlobehasretreatedupto500m（48m／a），  
whilethere seems to be no change at the southe  
lobe．Theretreatrateswere，therefore，Slightlyfasト  
erdl汀ingtbeearlier period since1945at払emain  
ter王ⅥintlSくsouthern o王1e），While at tile Oだ血00t ter－  
minus（southeastern orle）and sidelobes，rateS Were  
variabie＿  

intheupperreachto3．5kminthelowerreach；the  
lengthofthevalleyglacierisabout20kmlong．The  
drainageboundariesintheicefieldweredelimitedby  
StereOSCOplC analyses of verticalaerialphotographs  
andthetotalarea wasmeas11redtobe355km2．By  
exami‡血gtbesurfaceconditionappearirlgOrlpboto～  
grapIIS，the position of the equilibriumiirle WaS  
i‡lferred as shownin theiliSet Of Fig．2，and tbe  
acclユmulation and ablation areas were estimated at  
210km2and145km2，reSpeCtively．  
Generally a number ofcrevassesaredistributed  

OVertheglaciersurface．Inthecrevasseqfrecareas，  
Supraglacialwater streams were developed、The  
Surfacestructureoffoliationswasrecognized，butno  
Ogiveswereobserved．て’Grooves”（calledbyAniyaand  
Naruse，1987），Wbichs汀etcbparalle王toeachotherand  
run across the crevasses at angles of about several  
te‡1SOfdegrees，Verealsofo11ndi壬ュmanyareaS＿ Tbe  
grooveswereapproxirnateiy afeⅥ7meterSdeep and  
aboutlOmwide，Thisstructuremaybeconsidered  
asarelic ofold crevasseswhichhavebeendeformed  
duetovelocitygradientintheglaciersurfaceflowand  
meltingofsurfaceice．  4，Distribution of f10W Ve10Cities  

Measurementsoftheglacierflowweremadein  
theupperpartoftheablationareaalongthedotted  
lineshowninFig．2．Thesurveyedareawasgently  
slopingwithfewcrevasses．Two controlpointsくα  
andβ〉wereestablishedonthele氏barlkoftもeglacier，  
witbthebase－iinedistarlCeOf196．Om．Eigbt stakes   

3．Recentvariationsoftheglacjer  

Tynda11Glacierhasbeenretreatinglately，Utili－  
zing tbe trimetrogon pbotograpbsとaken主n1944／45，  
tbe verticaiphotoき汀apbs takenin Marcわ1975，aと  
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FigJ．Obliquぐair photograph（1f the soutllt－こ1St（1T・n ter雨111）さこItld fhL、…1【ralnunこItこIkゞい1■  
Tyrlda】lGlacier．TakenonDeceml）er3i，1985．  

3  2  1   

Uista11Ce． km  
5  ん  

Fig．5．Surねceprofileaiong払esurveyline董n洩eupperpartoftbeaもiat…onareaof  
TyndallGlac主er．  

Witbred封ags，TlぬroughT8，WereSetl叩half－Way  
acrossthe8叩、km肌Wideglacierfromtheleftbarlk．  

The metbod ofmeasurement was a traversestlr－  
Vey．At eacb station on the giacier，軌e horizontal  
arldverticalanglesbeとweenneighl）Ouringまationsand  
tbe distance to t‡le neXt Station were measured both  
Witbanelectronicdistancemeもer（TopconEDM・1、he欄  
OdoliteGlまpPyGTS…2：aminimumreadilュgOfangieis  
18secoIlds）．Tbe first survey was carried out on  
November30andtbesecondonDecember2，1985．  

A（：rOSSwSeCtionalprofilealorlgtbetraverselineis  
illustratedin Fig．5．ElevatioTISOfallstations were   

determまnedonthebasisof659ma．s．l．atStationβ，  
which was estimated from a barometric elevation  
differerlCe 鉦om tbat orlLake Grey．Tbe profile  
Sbowsaconvexupward，Wbichis洩egeneralfeatlユre  
Oftbe ablationarea ofglaciers．Thes11rface eleva－  
ti（）nhasamaximumnearStationT6，丘omwbichthe  
elevatiorldecreasesgraduallytowardtherighとmargln  
Oftheglacier．  

TlleObとained豊10rizorltalvelocitiesoftbeまceflow  
are sム0Ⅵrn by a汀OWSin Fig．6竃 Tbe velocityin－  
CreaSed rapidiy from O．1m7d at Tlnear tbeleft  
margiritOl．9m／d at T80n tbe centerline of the   
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Fig．6．DistributionofhorizontalvectorsofthesurfaceflowvelocityatTyndallGlacier・  

glacier．Altbougb no meas猥ementS Were madein  
tIle right ha王f of t壬Ie g王acier，tbe velocity at T7¶T8  
near the medialmoraineis considered to be the  
maximumvaluealongthistransverseline．   

If we would make a roughestimate underthe  
assumptionofaconstantflowvelocitythroughoutthe  
year，ぬevelocitynearthecenterlineoftheglacier  
co汀eSpOnds to7糾トm／a．This valueis aimost the  
sameorderofmagnitudeas300500m／afortheupper  
parl of the ablation area of Soler Glacier in the 
NorthernPatagonia‡cefield（Naruse，1987）．  
Meandailyablationratesduringthe2dayswere  

obtainedas2．5to3．Ocm／daloIlgtbestlrVeyline．  
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5．Concludingremarks  

Velocitiesoficeflowwereobtainedbytheground  
s11rVeyinTyIldaliGlacier．Generaliyitisく王ifficultto  
carryoutatriangulationsurveyinsuchalargeglacier  
asTyndall，Sinceanglemeasurementsforamarkerof  
stakewithflagareusuallyrestrictedwithinseveral  
kilometersevenundertheconditionofgoodvisibility，  
Atraversesurv野Shouldbeamorestユitablemethod．  
However，muCh effortis needed to keep a tripod  
uprightontheicesurfaceduringthemeasurement・  
AIso made were preliminary mcasurements of  

watertemperatureofstreamsandponds，andageo・  
morphologicalreconnaissancesurveyaroundTyndall  
Gia（：ierirlNovemt〉er－December1985．T‡le reSults  
willcontributetofuturestudiesinthisregion．  
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Appendix   

Flow and ablation of HPS－10GIacier  

Prei主minarysurveysofice封owarldabiationwere  
madeatHPS仙10GlacierinJanuary1969bythescien－  
tific expedition oぎt‡le KyoモO tJniversity Exploril唱  
Clじb196S鵬69，in which one of the authorsけnoue〉  
participated．HPS－10Glacierisiocatedatthevesモー  
ernsideOfthemiddlepartoftheSouthernPatagonia  
Icefield（see Fig．1）；it dischargesfrom theicefield  
towardaprog呈aciallakeatt主Ieter王ninus，aSShownin  
Fig－7．A simpie tIleOdoま壬te wasseもup on tねeieft  
bankoftheglacierandthebaselinewasfixedacross  
the gtこICiビr about2k111tlPStrtlam fr川11the【t・rmiTluS．  
wberethegiacierwidtbisaboutlkm．Fivestakes  
fortheglacierflowandabiationmeasurementswere  
seta重ongtわeba＄eline．Thedistancesofthedevia－  
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tionsfrom洩ebaselirleWeremeaSuredafterfivedays．  
Theresultsare showninl、ablel．  

Tablel．Resultsoffl（）W and ablation meast】rementS Of HPS－、10  
GlacierduriI唱thefivedaysfromJarluary22to27，l粥9．ttDis－  
tance”indicatespく）dtion of払e stakes measlired from tbe撒e－  
odolite position on thelefとbank．  

quedesde1945a1975dfre‡1temeridionalbaretroce－  
didounos3，5km（120m／a），mientrasqueaunos20km  
delfrenteelretrocesodeimargenizqlユierdofuede500  
－900m（17【30m／a）ゥ Elretrocesoentre1975y1985  
fuede900m（85mプa）eneifrentemeridi（）mal，mierかas  
queenelmargenizquierdoseha observadounm畠一  
Ⅹi‡ⅥOretrOCeSOde5（〉Om（48m／a）．  
Serealiz6medicionesde幻ujogまaciarenlaparte  

Superiordel急readeablaci6n，alolargodelalinea  
punteadaquese‡ⅥueStraenlaFig．2．Eほreふestudia・  
datenfaunapendientesuaveconpocasgrietas．Se  
estableciる血）SplユntOSdecontrolelュelmargenizquier－  
do delgiaciar，iⅥStal触dose ocbo ba王izas，Tla T8，  
hasta重ai富nea（：entraldelglaciar、quetieneunancilO  
totalde8km．Se reaまiz6una poligona王de enlace，  
midiendoencadaestaci6nlos＆nguloshorizontalesy  
verticaまesbacialasestacior主eSVeCinasypormediode  
und主stanci（imetroelectr6nicosemid泊1a distancia a  
王as唱uierlteeSta（：i6n．  
EnlaFig．5semlleStraelperfiltransversaldel  

glaciar．La cota en 餌perficie alcanza un valor  
m畠ⅩimocercadelaestaciくうnT6，desdedondedecrece  
gradualmentehaciaelmargenderechodelglaciar．  

Za velocidad horizontat obtenida se indica por 
medio de 幻echas er11a Fig，6．Dまcba veiocidad  
aument6略PidarneれtedesdeO，1m／denTIcercadei  
margenizquierdohastal，9m／denT8sobrelal亨nea  
centraidelgiaciar－ A pesar que no＄ereaまiz6me－  
dicionesenlamitadizquierdadelgはciar，SeCOnSider6  
queまavelocidadenT7肌T8cercadeまalⅥOrre王1amediaま  
repre紀ntaelva王orm急Ⅹimoaiolargodeestalinea  
transversal＿  
Tambiぬ se presentan en elÅp蝕dicelos  

resultadosdeestudiospreliminaresdeflujodehieloy  
abiaci6n柁aiizadosenEnerode1969，enelfre雨ede呈  
GlaciarHPS叫10，ubicadoeneまmargen occidentalde  
王asecci蝕mediadelHPS（Tablal，Ap如dice）．   
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Resumen  

FIujoyestructuradesuperficiedelGlaciarTyndatI，  
Hielo Patag6nicoSur（HPS）  

EntrefinesdeNoviembreyprincipiosdeDiciem－  
brede1985sellev6acabomedicionesdefll王joenel  
G王aciarTyrldalま，elcual幻uye主IaCiaelsurerllaparte  
meridionaidelHieloPatag6nicoSur（IiPS）（verFig．  
1）；e王frentedelglaciaresと急ubicadoa51015′S，73や15′  
W．La zor）a de drenaje en elcampo de hielo fue  
delimitada por medio delan点！壬sis estereo紅るpi（ニO de  
foto妄汀af夏as a芭reas verticales，reSultando en un畠rea  
totalde355km2－ Se supuso queはposiこi6n dela  
l紬eadeequilibr主0餌eaquellamostradaeneirecuadro  
dela Fig．2，y Se eStim6畠reas de acumulaci触y  
ablaciぬde2】〉Okm2y145km2，reSpeCtivamente，  

Ultimamente elGlaciar Tynda11ha estado  
retrocediendo．Laposici6ndelたentedelglaciarfue  
ubicadaycomparadapormediodefotogra髭asaをreas  
tomadasen19舶／45，1975y1985くF主g，礼 Seencorltr＄  


