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Abstract  

InDece王Ⅵber1993，WeIⅥeaSl汀edsurねceeIevationsa‡idice幻0V－Veiocitiesintbeupperpartoftbe  
abla扇onareaofTynda壬IGlacier，SOutilernPatagonia．Tbemeastiri喝pOintswerealmostsameas  
thoseinpreviousmeasurementsin1990．Comparingtherestlltswiththosein1990andin1985，We  
estimatedaverageannualchangeofthestlrfaceelevationbetween1990and1993tobe M3．1m／a，  
Whichwasclosetothatbetween1985and19900f鵬4．Om／a．Therefore，WeSeethatthispartofthe  
glacierhasbeen伽nningcontinuouslyduringthelasteightyears．Therateislargecomparedto  
Otherretreatingglaciersintheworld．Flowvelocitiesobtainedbythemeasurementsataninterval  
OfninedayswereORO65m／daytoO．61m／dayneartheeasternmargin．Theywerelargerthanthose  
Oもtai聡diI－December1990，Dispiacementsofpaintedstoneswhichwereleftontbeglaciersl汀ねce  
in1990gaveannlユalfioⅥ㌢Velocitiesof16．6m／ato47．3mプa．Frommeast汀ementSOfastraingrid，  
anrltlalemergencevelocitywasestimatedtobeaboutlOmandabriefdisclユSSiononmassbalaneewas  
made．  

1．lntroduction  

PatagoniaIcefieldinSouthAmericaisthethird  
largesticeサCOVeredarea ontheearthandis consid・  
eredtoplayanimportantroleintheglobalclimate  
and environment．However，feⅥr glaciolo酢Cal  
Studieshadbeenmadeintbisareauntileariy1980s．  
Our許Otlpbasbeenstudyingtbegiaciologicalandtbe  
meteorological aspects of Patagonian glaciers since 
1983（Nakajima，1985；1987；NaruseandAniya，1992  
；1995）．As a part of the stud〉T．SurVe）TS at Tyndall  
Giacierwerecarriedoutin1985（Naruseg才α£，1987）  
andin1990（Kadotaetal．，1992）．TyndallGlacieris  
locatedatthesouthernendoftheSouthernPatagonia  
Icefieldandflowssouthwardfromtheicefield（Fig．1）．   

InDecember1993，WeCarriedoutafieldsurveyin  
OrdertoinvestigatethevariationofTynda11Glacier  
puttingtbemaininterestontbickIleSSCbang鶴Of也e  
glacier．Tothisend，WeChosealmostthesamesur－  

Vey pOints as tho＄e uSedin1990and measured the  
S11rfaceelevationsatthosepoints．Surfaceiceflow  
≠Velocitiesforninedaysweremeasuredthereaswe11．  
BesidesIongrtermflowvelocitieswereobtainedfrom  
thedisplacementsofpaintedstoneswhichwere王eftat  
tbesurveypointsi王11990．Emergenceveiocity，01ュeOf  
theimporとantfactorstoexplaintbeioweringoftbe  
Surねce，WaSObtainedthroughtbemeasurementsofa  
Straingrid．   

乙 Hethods  

Except for some measurements of the painted  
StOneS，the measurements were carried outwith an  
electronic distance meter（EDM：TOPCON ET－2，  
minimumreadingl”）．  
Weuti王izedthesamecorltrOipoirltαandazimuth  

POintβcstablished on theleft bankin199OlFig．2）．  
InordertoobtainsurねceelevationcIlangeS打om1990   
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to1993，WerereStablisbedaboutthesamemeasuring  
pointsof1990namedTOtoTll．Theyweresetona  
transverseline from theleft margin to the medial  
moraineintheupperablationareaoftheglacier，and  
Wereabout13kmawayfromthesnout．  

By measuring distances，horizontalangles and  
Verticalanglesofthemeasuringpoint＄fromtheconT  
trolpoint，WeObtainedhorizontalpositionsandeleva－  
tions of TO to T6on December9，1993．Since the  
Other points．TT throuFh Tll．1＼・ere too far to b（、  
directly mビこISuTビd frし一111the contro】pointillbad  
Weather co‡ldition as occurredin也at period，tbe  
relativepositionsofthemweremeasuredwithatra－  
VerSeSurVeymethodstartingfrom T60n December  
ll．ThehorizontalerrorofthepositionsofTOtoTll  
between1990and1993was mostlyless than a few  
meters．The error of the elevation caused by the  
horizontal error of positions were considered to be 
neglected，forthesurfaceoftheglacierwassoflat．  

AfterthemeasurementoftheelevationofTOto  
Tll，amarkingflagwassettlpateaChpointinorder  
to obtain surねce鮎w一Veiocities．Tbe positions of  
幻agsatTO，TlandT2w訂ere－meaStユ代don汰cem－  
berユ臥Unfortunately，neW SnOⅥ7COVered over cre－  
VaSSeSbetweenT2andT3andpreventedustogoT3  
andfurtherthanT3，thusonlyvariationsofthehori－  
ZOntalanglesweremeasuredatT3arldT5fromthe  
COntrOlpoint．The flags at T4，T6and the points  
further than T6could not be found out．Assuming  
thattheflowdirectionswerealmostthesameasthose  
in1990，thesurfacef王ow－Ve董ocitiesatT3，T5a王IdT6  
Were eStimated from tbe variation of tbe‡10rizontal  
angles．  
Webadp王acedapaintedstonewi払adiameterof  

abouと30cmateacわmeasuringpo主彊intねeprev主01王S  
Surveyin1990．InthesurveyOf1993，WeCOuldfind  
Out SOme Of them and re－meaSured their positions．  
However，preCisemeasurementswiththeEDMwere  
doneonlyforthestonesplacedatTlandT2．Dueto  
bad weather，pOSitions of stonesleft at T3and T4  
were simply measured with a rope and a compass 
fromthecorresponding1993points．  

Ⅵreestabiisムedtria王1gli】arstraingridsaroundT2  
（StrainGridl）andT6（StrainGrid2）soastoestimate  
emergenceveiocity，Wもicbis払eflowvelocityperpe王l－  
dicular to tbe surface．Because of tbe nev－SnOW  
COVer，棚Iy Strain Gridiwas successfuliy Te－mea，  
Sured．ThisgridconsistedofthesurveypointTl，T2  
andspeciallyestablishedpoint’H’（Fig，2）．Relative  
positions of H andTIweremeasuredfromT2with   

Fig．1．Map of PatagoniaIcefield and TyndallGlacier   
（modifiedafterNaruseetal．，1987）．Surfaceelevations  
Were meaSured at the dotted points on the glacier．  
NPI and SPI mean Northern Patagonia Icefield and 
SouthernPatagoniaIcefield，reSpeCtively．  

Fig．2．Mapindicating the points at which surface flow  
MVelocities were measured（modified after Kadota ei  
al．，1992）．StrainGridlisalsoshown．  
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theEDMandtheareaofthetrianglewascakulated  
onDecemberlland18．  

Fromr10VOn，WepreSe王ュta毛虫eoreti（：alproce血托  
toderivetheemergencevelocityfromthedataofthe  
Straingrid．LetAlandA2bethemeasuredareasof  
the strairlgrid at the beginning and the end of the  
measl汀ement，reSpeCtively．Taking t壬1e Cartesian  
coordinateswithaズーaXisno‡・maltothesurねceof払e  
glacier，a Plane which contains x州aXis and yLaXis  
COmeS tO be parailelto the glacier surface．Rea王  
directionsoftbeズーaXまsandダーaXisontbeplaneare  
notimportantintbeね1lowingcalculation．btどズ，∈ヅ  
andむbe the normalstrain ratesinガ，γ，and z  
directions，reSpeCtively．Assumimg theincompres－  
Sibil主tyofthegiacierice，t‡letOtalstrainrate，だズ＋gy  
十ez，muStbezero．Hence，  

time．Ifthetopographyofbedrockdoesnotchange  
mucbalongthe鮎w，integrationofどgfromtbeboト  
tomtothesu豆aceg主vestbee王nergenCeVe王ocitylダ．  
Further，ifweassumethatEzdoesnotchangewithz  
within the glacier，theintegration comes to EEh．  
Here，histheicethickness．Accordingly，  

ll‾＝どごん．  （1）   

Therefore，theemergeneevelocity canbe estimated  
fromtbe measl汀emerltS Of Al，A2，βg，a‡1dゐby the  
folloⅥriilgequationderivedたom血eequa寝ons（1），（3），  
（4）．  

1I’＝－んhlりコ∴11）リ′  （5）  

3，Results and discussion  

Figure3shoⅥrStbechangesirlthesl汀ねceeieva－  
tio‡lSalongTOtoTllsince1985．TbelowerlrlgOfthe  
Surfacebetween1990and1993rangesfrom8．6mat  
T7to、14m at TO．Averagl喝tbese values wi血  
Wdghts of positiorlintervals，an aVerageloverlng  
during these three years was calculated as9A m，  
WhichisequlValenttotheannualloweringof3．1m．  
S吏ncetbeaverageannuaまioweringbe抽eeIl1985and  

（1）  亡きニ…（ぎズ十Eッ）   

Fronl  

d4ニ（だズ十Eヅ）A動  

ご，＋ど．、・＝l11り∴・＝′’」／   

canbecalculatedfrom the measurementsofAland  
A2．Here∠プ才indicatesaninterva王oftbemeasuring  
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Fig．3．Crosswsectionof汰eg】aciersl汀ねcesbowir噂Cbanges言neievatまonsa】ol唱ぬe  
measuredp（〉皇nモSbetweer11985and1993くnewdataaddedtothosebyKadotaぞf戌g，，   
1992）．   
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Fig，4．Distributionofsurfaceflow－VelocitiesmeasuredduringearlyDecember1990，   
mid－December1990，mid－December1993，andthreeyearsfrom1990to1993．The   
directionsoftheflowatT5andT6duringDecember9and18，1993weresupposed   
（（一betheaverageoftwosetsofthedatain19g（1．   
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1990wa＄4．Om（Kadota et alリ1990），thispartofthe  
glaeierhasbeenthinningcし一ntinuouslyduringthelast  
eightyears．Therateislargecomparedtothoseof  
Otherretreatingglaciersintheworld（Skvarcaetal．，  
1995）．  

Mean surface flow鵬Velocities measured between  
Decernber9arld18in1993（short－termVelocities）ar  
SbowninFig，4，tOgetberwitIltbose王ⅥeaStlredin1990，  
ThesolidarrowsinFig．4showthemeannowveioc－  
ities obtainedfromthedisplacements ofthepainted  
StOneSforthreeyears（long－termVelocities）whichcan  
beregardedtorepresenttheannualmeanflow－Veloc・  
ities．Figure4indicatestbattheanntは1幻0ⅥトVeloc－  
ities atTl，T2，arld T3arewitbin t壬ユe rar噂e Oftbe  
Short－termflow－VelocitiesinearlyDecemberandin  
mid－I）ecember1990．TheshortLtermflow－Velocities  
inDecember1993exceedthosein1990at allpoints  
except for Tl．This suggests that the shorトterm  
fiow～Ve‡ocitiesincreaserapidlyandexceedtheannual  
velocitiesi‡lDece王Ⅵber．  
The meanstrainratein z－direction鮎between  

Decemberlland18atStrainGridlwascalculatedto  
be －2．0士0．6×10J4／day．On the other hand，radio  
-echo sounding shows the average ice thickness 
aroundthegr主dwas208m（Casassa，1992〉，Hence，  
using the equation（5），We eStimate the emergence  
Velocityas4cm／dayor15m／a However，theannual  
flowLVelocitiesatTlandT2are65％and70％ofthe  
Shorトtermflow－Velocitiesmeasuredin1993，reSpeC－  
tively，Ifthe strainincreaseslinearly with surface  
flow veiocity，the aIlnualmean emergence velocity  
WOuldbealso65％or70％oftheshorトtermemer－  
gencevelocity，thatisaboutlOm／a．Soitisreason－  
abletoestimatethattheprecisevalueof Wshouldbe  
betweenthesetwovalues，10m／aand15m／a．  

Now we make a brief discussion on the mass  
balanceatStl・ainGridユ．Totlnderstandthemecba－  
nismofrapidthinningofTyndal1Glacier，knowiedge  
Of the mass balanceisimportant．The average  
annualchangeinthesurfaceelevationatTlandT2  
0f －3．8m shotlld be equalto sum of the armual  
emergenceoflOmalュdannuaibalance．Accordingly，  
theannualbalancewo111dbeabo11t－3．8m…10m＝－  
14mor M3．8m－15m＝＝－－19minicethickness（Fig．  
5）．Ityieldsthedailyiceablationaveragedthorough  
anyeartobe4．7cm／day．Wemeasuredaniceabla－  
tionrateof6．9cm／dayatT2withanablatio‡1Stake  
betweenDecember9and17．Tbediだerenceisprob－  
ablyduetoacceierationoftheablationrateinsum－  
mer time or melting of newly accumulated snow．   

Fig．5．MassbalancediagramattheStrainGridl．  

Theamountoftheannuaiabiationcannotbedirectly  
estimated here，because the annualsnow accumula≠  
tionisunknown．   

In the followmg，We COmpare these results on  
massbaiancewitIltboseinMorenoGlacier（NarlユSegg  
αま，1995〉，WhicIlisiocated at eastern side of払e  
Southern PatagoniaIcefield．At a pointwith the  
elevation ofabout350m above sealevelon Moreno  
Glacier，theannualablationisroughlyestimatedbya  
degree－day method asllminice thickness．Itis  
Ciose to tbe esti汀王ated an‡1uaibalarlCe at Tyndail  
GlacierbymeastlrementSOfthestrairiandtbesurねce  
levelchange．However，the estimated annualabla・  
tioninMoreno Glaciercontains the melting of new  
SnOWandcannOtbepreciselyequaltoannualbalance．  
MeasurementonanntlalsnoⅥFaCCumulationorannual  
abiation on TyndailGiacieris n∝e∬aryねr more  
precisecompar主son．   

Inordertofu11yunderstandthethinningmecha－  
nism，allvalues discussed here should be measured  
duringmorethana year．Measurementsatvarious  
partsontheglacier also shouldbecarriedoutfrom  
【1tl＼＼’（1Il．   
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