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Abstract  

Hydro王ogiealobserv誠ons were carr主ed outinthe So重er Glac呈er draina終eaStern Side of the Northern  
Patagonia‡cefieid．The discharge arnount，Water temperature，electricalconductivity and concentrat主ons of  
dissolvedsubstancesweremeasuredintberunofぎriver（tbeCacboRiver）fromSolerGlacier，鉦omOctober20to  
December8，1985．TbereslユitsshowedthattheCachoRiverdiscbargeⅥraSgreatlyaffecte（まbyt壬1eiceablationon  
SolerGlacier，TheconcerltratiorlSOfdissoIvedstlbstancesinproglacialwater＄yStemSWere meaSuredinSoler  
Glacierdrainage．Tbesechemicalanaly紀SSug貰eSted払aとthesubglacialsystemwasi‡罰pOrとant払rrecognizingtbe  
compositionratioofdi岱01vedsub或ancesまn洩eCacboRiver．  

1．lntroduction  

SolerG呈acierisa‡10Ⅵ洪etvaiieygiacier，Ontbe  
easternsideoftheNorthernPatagorliaice鮎Id，Tile  
totalareaofSolerGlacierisabout50．9km2；theareas  
oftbeaccumulationaIldat〉lationzonesareabout36．4  
kmZ andま4．5km2respectivelyそArliya and Naruse，  
1987〉．ÅboⅥt50％oftbesuぬceintbeablationzone  
wascoveredもydebris．TbeCachoRiv訂runSOut払）m  
tbeglacierterminus，CO里まectingnotody漁eglacier  
waterbutalsowater・fromtheicefr・eeare乱  

PreliminaryhydrologlCalobservationsweremade  
intheCachoRiverfromthemiddleofDecember1983  
to eariyJalluary1984（Saito and Kobayashi，1985ラ・  
Hydrolo感calまn払rmationinmid－SummerⅥ7aSCOlie正一  
ed．Longer・iermhydrologicalobservationswerecaト  
ried outiれ 汰e Ca（：bo River from October 20 to  
D∝ember8，ま985，irlCiudingchemicalanalysesoftI－e  
proglacialwatersarou‡1dSolerGlacier・  

ぎig．1－ Locationofobservationsite．  
H：discharge measurementsite．SO：Waそer temperature and  
el鑑モricaiconductiv注ymeasuremeliとSite．S8－S7：WaterSamp－  
1主三唱Site．Aユ：aもiaもion汀把a＄urementSiteindebris－COVeredzorle虞  
G王ノ（A2）：abiation measuremeIit S主短in bareice zone．BC：  
precipitationmeasurementsite，   

rock（NaruseandEndo，1967）．Morainedepositsexist  
imfroIltOfとheteminusofSo王erGlacier，The釣atarea  
where tlle Cacbo壬モiver floⅥ㌻Sis the outwash piane  
（Aniya，1985）．   

2．Observation sites and rnethod  

Figurelisa mapofSolerGlacier aridits sur・  
roundings．Graniticrockco11Stitutest‡lemajorrock  
type arotlnd Soler Glacier．The mountairlS On the  
easterrlSideofLagoonSolercoTISistmainlyof∝ぬistic  
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ObservationsitesarealsoindicatedinFig＿1，Tbe  
CacboRiverdiscbargewasmeasuredatsite王i，ab（）ut  
l．3km downstream fromthe glacier terminus．The  
catchmentareaoftheCachoRiveratHisabout8l．O  
km2，about64％ofwbichisice－COVeredarea，Å幻oaモー  
type water gauge was set up at H for continuous  
measurement ofi：iver waterlevei，The river cross  
SeCtion and verticalmean flow velocity were mea－  
Suredbycurrenトmeteratintervalsoflm，Wbe11We  
COuldcrosstberiver．Ⅵ徹entbewater wasbigb，tbe  
Surfaceflowvelocitywasmeasuredbyfloatatinter・  
Valsoflmacrosstheriver，T壬1eSl汀faceveiocitywas  
COrreCtedtothedepth－mearlfl耶ⅤVelocitybytlS壬れgtIle  
resultsofcurrent－metermeaSlユremerrtS．Theobtained  
discharge，Q，WaSrelatedtotheriverwaterlevel，h，aS  
ShowninF短．2．  

Sites ofillletriversto Soier Glacier；S3and S4，tbe  
upstreamanddovnstreampartsoftbesmailstreamin  
the terminalmoraine，reSpCCtively；S5，the main  
branch oftheCacho Riverwhichrunsfrom Lagoon   
Solera‡ldtbesc‡ユisticrock area；andS6and S7，もbe  
inletandoutletofLagoonSoler，reSpeCtively．1野ater  
temperature and electricalconductivity were also  
measuredatthetimeofsampling．ThepHandHCO√   
corlCentrationweremeasured玩ざぬ，T‡1eWaterSam－  
ples were keptin pre－Cleaned air－tight polyethylene  
bottles，and sent toJapan．rrhe remaining analyses  
（Na十，K＋，Ca2十，Mg2＋，Cl叫，SO42【、andSiO2）wereco‡1－   
ductedin汰eiabolatory．Theanalysismetbodforeach   
dissoIvedslユbstancewasiistedinTablel．  

Tablel．Dissolved substance arld method of arla！vsis  

Na十，K＋   ぎial℃eSpeCtrOphotometr   
Ca2＋，MgZ＋   Atomic absorption meth 
Cl‾，SO42▼   Ionchromatographyme 
HCO3【   Brく）mOCreSOIplⅣp】ealkz   
SoulbleSiO2  Colorimetricanaまysisもy  

l  

ThemeteorologlCalobservationsandtheablation  
measurementsorlSo壬erGlacierweremadeinthesame  
period》Thedetailedresu王tsarepreseIl短dbyFukami  
etal．（1987），andFukamiandNaruse（1987）．  

3．Results  

3．プ．1布γ由ぬ乃〆ゐcゐα才芸狩わ2≠ゐg（返cゐ0忍ねgγ  
yigⅥre3sbovs汰evariationofdaiiy meandis－  

ChargeintheCachoRiverfromOctober20toI）ecem－  
ber7，1985，tOgetherwiththedailyiceablationonthe  
glacier抑d precipitatio王1．F；酢1re4shoⅥrS3－hol汀1y  
variations ofthe disc壬Iarge，Water temPerature and  
electricalconductivityin血eriver．  
AsnotedinFigs．3and4，thedischargevariation  

canbelargelydividedintotwoperiods，Thefirsthalf  
periodwascharacterizedbysma11discわargeamo11nt  
andsmalldiurnaivariation，andthesecondhalfperiod  
bylargedischarge amount andlarge diurnalvaria－  
tion．The ablation amourlt also becamelargein the  
琵COndhalfくseeFig．3ラ．  

Theinfluenceofprecipitationonthedischargeis  
notclear主nFig．3．Ourobservationsweremadefrom  
late sprii唱tO eariy slimmer－Air temperature was  
relativelylow，SO that precipita琉onat bigb altitude  
becamesnow．Ontheotherhand，SaitoandKobayadli  
（1985）showedthatthedischargeamountwasgreatly   

暮．0  2．0  
Fig．2▲ Re加ion of di＄Charge to river waterlevel（stage－dis－  
Cbargecurve）  

Measurementsofwatertemperatureandelectri≠  
CalconductivityoftheCachoRiverweremadeatSO  
Site，aboutl，Okmdownstreamfromtheglaciertermi－  
nus．Water temperature was measured continuously  
byathermistorthermometer．Watersamplingforthe  
Cacho RiverⅥ7aSdone at SO．  
Torecognizetbebydrolog主calcbaracteristicsof  

the Soler Glacier drainage，WaterS Were Sampled at  
SitesfromSlto S7（seeFig．1）．Both Sland S2are  



Fukamiand Escobar  曳ヲ  

20  30  10  20  30  
Fig．3．Variationofdailymeandischargei11汰eCachoRiver，dailytotalablatioI10nSoierGlacierar】ddailytotai  
precipitationatBC．  

（‘店／亡1†   

て・‥● ・・・ ■l■  ・・ ！・ ●・・  要 EleetricC。nduc  ■■   
t   

（伽）OCT・  

l  ●  l  l  l   

F呈g．4．3－hourlyvariationofdischarge，Watertemperatureandelectricalconductivityin払eCachoRiver．  

became smailin tbe second baif of tIle Observatioll  
period．1t suggeststhattherate ofthe supraglacial  
meltwatertotheCachoRiverdischargeincreasedin  
the second half．  

Therewasatimelagbetweeniceablationonthe  
giacier andthe river discbarge．Measurements on a  
SupraglacialstreamweremadenearGL（Å2）inFig．1，  
to examine the timelagin the discharge．Figure6  
Shows the hourly variations of waterlevelsin two  
bore holes measured from theice surface，and the  
dischargeinthesupraglacialstream，tOgetherwiththe  
discbargeirltbeCachoRiver．TIieCatChmentareaof  
thesupraglacialstreamisabout4OOOm2．Theweather  
WaS fine for the whole observation period，and the  
daily maximumvalues ofglobalradiation were ob－   

affected by precipitation．T‡1is may be due to tbe  
higher airtemperatureinmid・Summer，andthe pre－  
cipitation might be supplied by rain even at higher 
altitude．  
TheelectricalcondtlCtivityshouldbeaffectedby  

払ediscムargevariationミFig．4）．Then，払ereiatiorlOf  
血e discharge amo11nt tO the electricaicondtlCtivity  
WaS eXamined，aS Shownin Fig．5．The electr・ical  
COnductivityis almostinversely propotionalto the  
discharge．Since the electricalconductivity of the  
supraglacialwaterwasO，00βS／Cm，也isi王ⅣerSereia－  
tionco111dbecalユSedbyanincreaseofsⅥ野aglacial  
meltwaterinthedischarge．Diurnalvariationofthe  
dischargeintheCachoRivercouldbecausedbyice  
ablationonSolerGlacier．Theelectricalconductivity  
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served at about14：00L．S．T．  
TbeⅥ7aterlevelsinboreilOlesandthedischarge  

inthesupraglacialstreamstartedincreasingat7こ00－  
8：08L－S－Tりimmediatelytbeg王obalradia如ninsolated  
Ontheicesurface．Themaximumdischargeamo11ntS  
in the supraglacialstream wa＄Seen at12：00N15：00  
LSユ；after t壬Iat the（王iscbarge amount decreased  
rapidlywitbt主me．Tiieicebodykepttbebigherwater  
levelintbe afternoon，Tbe variations of the supra－  
g三aciajsモrea王罰disc壬1argeandtbewaとerieve！aimost  
foliowed the variation of ice ablation without time 
lagt On the other hand，the Cacho River discharge  
Startedincreasingatabolユt12：00L．S．T．，anditsmax－  
imumⅥraSSeenat18：00－22：00‡。．S．T．Tbetimelagof  
洩e max妄mum betⅥreenice ablation and tbe Cacho  
River discharge at H was estimated to be about 6 
hoursonfinedays．  
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Fig・6・Hourlyvariationofwater！eveiinsurfaceicebody，dischargeinsupraglacialstreamon  
So王erGiac主era王1ddiscbargei！1t‡leCac‡‡ORiver，NovelⅥber2530，1985．  

intheSolerGlacierdrainagecouldbeclassifiedinto  
Carbonate‡‡ar血eぉtypes．T壬ie COmPOner主t ratio oぎ  
dissolvedsubstancesinthemainbranchoftheCacho  
River（S5）was found to be diだerent from t‡10Sein  
o汰erwatersystemsbythekeydiagram．Tbiscanbe  
ascribedtothedifferentrocktypeinthemountainson  
theeastsideofLag（）OnSoler．  

Tbecomponent ratio ofdissolved substallCeSin  
theCachoRiver（SO）alsodifferedfromthoseinthe  
SurrOundingwatersわeds、Si‡1Cetbesupraglacialriver   

．？．エ／フふ∫り／J・t・－／∫／／ん両肌・l・∫J●／JJ（V∧ソ・  
Theresultsofchemicalanalysesaresummarized  

inTable2．T壬IeCOnCen仁rationsofd主ssolvedsubstarlCeS  
Werehigherirlthestreamintheterminaimoraine（S3  
and S4），andlowerinthe Cacho River（SO）and the  
inietrivertoSoierGlacier（SlandS2）．Tbeco‡ⅥpOSi－  
tionratiosofthedissolved substances weredifferent  
fromsite to site，aS Shownin Fig，7．Fromthe key  
diagra‡nOfFig、7，itwasfotlndtbatailoftbewaters  
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Tabie2．MeaTlValue of dissolved substance離eacb site．  
Valuein（）indicates standard deviation，  

K†   

Ca2十 弓 Mg2＋  HCO3－】  C「  壁  
0，52  
0．31  
0．33  Naキ                 （mgパ）    （mg／l〉 喜（mg7三）  （mgパ）  （mg／1）  田 ロ  41 4  6．5－6．8  0，38   ！1．59   0，19  7．5ユ   0．26       6．6－6．7  （．077）  し123）  し287）（．030）  （ユ、27）  （、054）     ’0．40  0．24  1，63   0．11  7．93  0．44  田 田 田 J 田 日  2  6．7－6．8  0．46  0．24  2．51  （），15  9．46  0．39   5  6，7－6．8  0．84  1，78  6，85 邑 0，49  － 21．7  0．50   5  7．47．6  2．20  2，56  11．36   1．92  45．0     田  7．07．1  0．53  1．04  6．20   0．81  18．7     ロ  7．1  0．49  1．38  5．18   0，53  17．1     2  7．0－7．1  0．44  1十†小  4．31   0，58  15．9  0．41  042，’■  SiO2  ECw258C  ∑＋   

唱／1）  くmg／王）  （声S／cm）  （epm）   

137）  ）．71  ）、30  ‡2．51 （．365） 2．21  17．40  ◆15ユ    15－46  ．114  〉，24  2．22  19．70  ．163  ～．31  8．21  46．08  ．464  i．22  7．42  83．55  ．886  ；．89  2．20  44．62  ．425  ‥17  2．04  40．38  ．358  ト．29  2，23  34．82  ．310   

Fig．7．重〉iper｝sdiagraTnOfSoierGiacierdrainage．  

badpractica11ynodissolvedsubstances，theⅥraterin  
theCacboRivercolユidnotbecomposedofoniypro－  
glacialandsupraglacialwatersystems－Thecomposi・  
tionratioofdissolvedsじb或ance＄in魚eCacbo River  
wascharacterizedbyrichK＋，COmparedwiththosein  
other water systems（see Table2and the triliner  
diagram ofcationsinFig．7）．Itisinferredthatthe  
SubglacialsystemcalユSed th主sby affec如gthe com－  
positionraもio of dissolved substancesi‡1the Cacho  
River．  

4．ConcludingRemarks  

HydroIogicalobservationswerecarriedoutfrom  
October20t（〉Decernber8，1985，iTltheSoierGlacier  
drainage．Thedischargeamolint，Watertemperatlユre，  
electricalconductivityandconcentrationsofdissoIved  
substancesweremeasuredintheCachoRiver，Which  
runs out from Soler Glacier．Tbe coriCentrationsく〉f  
diss（）ivedsub或ances主ntheproglacialwater野StemS  
werealsomeasuredintheSolerGiacierdrainage．   

Tiledischargeamounta王1ddiurnalvariationbe】  
camelargein the second baほof tぬe observation   
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period，OWlngtOthelargeiceablationontheglacier・  
ThedischargevariationintheCachoRivercouldbe  
cau紀dbyiceablationonSolerGiacier．Tbeel∝trical  
conductivityvariationoftheCacho Riversupported  
this，because the electricalconductivity was almost  
inverselypropotionaltothedischarge．Thetimelagof  
the maximum betweenice ablation and the Cacho  
Riverdischargewasestimatedtobeabout6hotlrSOn  
fineday．  

Theresultsofchemicalanalysesofwatersindi－  
cated that the watersinthe Soler Glacier drainage  
couldbe classifiedinto carbonate hardnesstypes．It  
wasinfferedthatthecompositionratio ofdissoIved  
stlbstancesin the Cacho River was affected by the  
Subglacialsystems．   

Inthispaper，Wedidnotdiscussaboutthewater  
balanceofthedrainageandtheseparationofglacier  
waterfromtheCachoRiverdischarge．Thesewillbe  
presentedinanotherpaper．Somehydrologicalchar－  
aこteristicsoftheSo重erGlacierdrainagewererevealed  
by two studies．Ånnllalhydrologicalmeasurements  
Willgiveusmoreusefulinformation．  

Fukami，H．and Naruse，R（1987）：Ablation ofice and heat  
ba】anceonSolerGla（：ier，Patagonia．妨諺．，4，37－42．  

Nar11Se，R．a†】dEndo，T．（1967〉：Glaciologicalまnvestigation＆of  
nor也訂nPatagoniarlglaciers，C王1ile，Seppyo，29，167176．  

Saito，T．andKobaya魂i，S．（1985）：Hydrologicalobservations  
atSolerGlacier．GlaciologicalStudiesinPatagoniaNorth  
ernIcefield，1983血1984．Data Center for Glacier Research，   
JapaneseSocietyofSnowandIce，167〟176．  

Resumen  

Caracteristicas hidro16gicas delescurrimiento del  
GlaciarSoler，Patagonia  

Desdee120deOctubrea18deDiciembrede1985  
Se11ev6acaboobservacioneshidro16離casenlazona  
de desagtie delGlaciar Soler，margen Orientaldel  
Hielo Patag6nico Norte．Loslugaresdeobservaci6n  
SemueStranenlaFig，ltEnlaestaci6nHsemidi6el  
gastodelR手OCacho．EnSOsemidi6latemperattlra  
delaguayconduc貢vidadelさctr呈cadelr更0．Paraindト  
Vidualizarlassustanciasque se encuentrasdisueltas  
enaguaenlazona，SereCOlect6muestrasdeaguaen  
lasestaciones SO a S7．  

La Figura3muestrala variaci6n delcaudal  
mediodiario eneiRfo Cacho，jtl‡1tO（：Onla ablaci6n  
diariadehielosobreelglaciarylaprecipitaci6n．La  
Figura4muestralosvalorescadatreshorasdelgasto，  
temperatura del agua y conductividad electrica del 
rio．La relaci6n entrc elgasto yla conductividad  
elむtrica seexaminaenla Fig．5．Alobservaresta  
figurassesl喝ierequelavariaci6ndelgastodelR壬o  
Cachodeperldeengranmedidadelaablaci6ndehielo  
delGlaciarSoler，Eltiempodedesfaseentrem孟Ⅹimos  
deablaci6ndehieloygastodelrfoseestim6enunas  
6horas（Fig．6）．  
Enla Tabla2se presentalユn reSumen delos  

resultadosdelosan畠Iisisqu亨micos．Laraz6ndecom－  
posici6ndesustanciasdisueitasfuedifcrenteencada  
estaci6n，talcomosemuestraenlaFig．7．Estaraz6n  
tambi蔓ndifiri6entreelR‡oCachoyelsistemahfdrico  
Circundante，eStim急ndose que elefecto delsistema  
Sut〉glacia王記rfaimportantealrespecto．   
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