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Abstract  

DownstreamfromthesnoutareaofSolerGlacier，threeglaciofluvialzones，namelymorainefield，OutWaSh  
p】ainandinwasbplairlWerereCOg11izedaiongtbevall野bottomof軌eCachoRiver．As払enameimp王言estbe  
morainfieldretainedmorainesandmany othergeomorphologicalfeaturesleftbehindbytherctreating Soler  
Glacier．Torevealthisdeglaciationprocessadetailedtopographicmapofthemorainefieldwasreproducedfrom  
asetofverticalairphotostakenbytheU．S・AirForcein1974．Arlanaly＄isofthismapalongwiththepreceding  
fieldobservationsdisclosedsixdiffercntterminalmorainesofdifferentagesinthemorainefield．Ofthesesix  
moraines，thefotlrmOStreCentOneSWeredatedinthedecadesofthe1940s，1910s，1890sand1850sTeSpeCtivelyby  
usingtreesgrowinginthearea．Thi＄eStimationwasobtainedbyallowing50yearsforthetimeneccessarybefore  
treescouldirlVadeanewiy－degiaciatedarea，andaddingittothenumbersofannualringscountedintheoldesttrees  
oneac壬ImOraine．  

1．GIaciofluvialzoningofthe CachoRiverVeLley  

TheCachoRiveroriginatesfromtheterminusof  
SoierGiacieratanaltitudeof380ma．s，1．andruns  
forelevenkilometcrsbeforeitjoinstheSolerRiverat  
210m a，S．1．（Map3and Fig．1）．Alongthevalley  
bottoInOftbeCachoRiver，adistirlCtiveg王aciof王uvia王  
zonmgwasrecognizedwhichmarkedoffthevalley  
bottominto tbree zones，namely moraille fie軋ouト  
wasbp量aillandi王1WaShplainfromtbeheadvaterarea  
downstreamtothejunction．  

This glaciofluvialzonlng WaS also reflected on  
vegetationcoverasamarke（まcha‡唱eaCrOSS払ezo‡l，  
ing．Siltydepositsintheinwashplainatthcdown－  
stream end ofthe glaciofluvialspectrum hadgiven  
rise tolusb anddense forests of♪わgゐ画材猥SpeCies  
intermingledwith marshy vcgetation，both of them  
disturbed by cattle grazing and man－CallSed茄re to  
someextent．Ontheotherhandthecoarsedeposits  
ontheotltWaSh plain，COnSistingofcoarsesand and  
酢aVel，WereSO permeable arld dry抽融tI－ey C｛柑Id  
hardlysupportaTlyOtbervegetationtbansbabbygrass  
SpeCiesanddwarfwoodyperennials．Sofarasper－  
meability or corlVerSeiy moisttlre－holding capacity  
wasconcerned，themorainefieldcamebetweenthese  

two extremes．It seemed that tbe morai11eS bad a  
higberloa（iofsiltydepositsthandidtheotitWaSbpiain  
butlowerthandidtheinwashplainsothattreesw？re  
fo11ndintbiszonetoanexterltaSもObecalledanopen  
WOOdlandbutnotaforest．Themajorspeciesfound  
inthiswoodlandwasNoth廊betuloides（Coigue），  
With sporadic TⅥixture of 館 き鋸研ぎgあ（Nirre）and  
Jご川わりJ／げ／J…＝・（－（、（イJJi〟川INし1汀（11．   

‡nspiteoftheirsteepness，theslopesflankingthe  
Valley vere（：0Vere（iby thick and tallforest even  
beyondtheteminusofSolerGiacierupstream，andto  
analtittlde ofaboutl，200m a．s．1．uphillexcept on  
rockycliffsandspottysbieid－Sbaped（）utCrOpSOf∝his汀  
tousbedrock．Havingbeenfreefromthelatestglaci－  
ation，SOils coverlng the flanking slopes were far  
better deveioped and ml】C‡1mOre fertile tban tl10Se  
coverlngthevalleybottom．Theseforestedbcltson  
bothsidesof也evali野COnSistedofAわ娩‡承好鮎夕録掴み  
gわexclusively on tbe upperbaif of t‡1e Siopes，and  
mixedⅥ7ithincreasingindividuals of凡 ぁだ飯わ房由  
toⅥrard tbe vall野bott（）m．A considerable part of  
汰isforesとedareabadbeeildestroyedbythefirewbicb  
alsoaffectedpartsoftheinwashplainandthewood．  
1andofthemorainefield．Accordingtolocalpioneer  
settlerstheareawassetaflamesometimeinthe1940s   



Bulletin ofGiacier Researcb  i20  

topographicmapwasproducedfromasetofvertical  
air photos takenin1974by the United States Air  
Force．  

The original photographs used for the present 
mapplng Were230by230mmtakenwitha151．446  
－mmfocallengthlensatanaveragescaleofl：58，400  
ascalculatedatthevallleybottom．Ordinarypaper  
positive prints were purchased from the Military  
GeograficInstitute伽stituto Geogr孟fico Militar）in  
Santiago and diapositives were made from themin  
Japan．Usingthesediapositives，aCOntOurmapWaS  
plotted stereoscopicallywith a Wild A7Autograph  
installed at Tamano Consulting Co．Ltd．，Nagoya．  
Theresuitingtopograpbicmapofthemorai†le貞eidis  
sbovnin Fig．2．Co†ltOurS aregiverlforevery5m  
（thinline）onthevalleybottomincludingtheglacier  
surfaceandforevery25m（thickline）ontheslopes  
flankingthevalley．Sincetherewasnodefinitecon－  
trolpointagainstwhichtheabsoluteheightcouldbe  
ch∝ked，tbecor托OurSareOnlyreiative．Itsufficesto  
indicatethatthebasecampwasapproximatelyat277  
m乱S，1．Thesameistruewiththehorizontalscaling  
；thus，the scaling glVeninFig．2is approximate，  
reducedfromacomparisionwiththel：50，000topo山  
graphicmappublishedby the Military Geographgic  
l11Stitし1tビ．  

Theboundarybetweentbeglacialbody and払e  
iceHfree areainfront ofitis also approximate since  
themajorpartoftheglaciersnoutwasblanketedwith  
ablationdriftwhichwasratherdifficulttodistinguish  
from glacialtillsprayed over a seeminglyice－free  
area、It sbould be remembered that the terminus  
showninFig．2representsthestateasof1974，andthe  
present（1986）terminuswas50to150m further up－  
stream（AniyaandNaruse，1987）．  

Fig．1．GlaciofuluvialzoningalongtheCachoRiverValley▼   

intbeirattempttoopenupagrazinggrou‡1dforもheir  
sheepfiock．Whenwevisitedthevaileyin1985the  
devastatingeffectofthefirewasstillvisible40years  
afterthefire．Owinglargelytoslowdecomposition  
underthedryandcooIclimate，manyCharredsnagsof  
beightllptO20mandbreast－beigbtdiameter50cmor  
more were stillstaIlding upright．Underneath tbe  
snags，however，yOung Nothq鹿us seedlings were  
regenerating．  

3．Characteristicsofthe moraine fieJd  

Although the self疇braiding of the waterways  
makesthemappearcomplicatedinFig．2，there are  
only threema50rChannelsrunningthrough thismov  
rainefieid，Tbe汀10Stimportantinrelat主ontoSoler  
Glacieristheonethatoriginatesasstlbglaciatstreams  
andcmergesfromtheiceatthesoutheastendofthe  
glacierterminus．Hinderedby aseries ofterminal  
moraines，thechannelfirstweavesitswayeastward  
and then follows the axial line of the vatIey to the 
soutわ，So far as tムe flow rateis collCerned tbis  
channelmakest王妃greateStCOntributionoftbethree   

2．Topographicmapofthemoraine zone  

Onthespotthetopographyofthemorainefield  
was very complicatedwith anintricate system of  
moraineridges，hummocks，grOOVeSand depressions  
intermingledwitheachother，andsplitupbyacom－  
plexsystemofbraidedwaterchannels．ToshoⅥr洩e  
topographicfeaturesofthemorainefield，adetailed  
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Fig、2．MorainefieidinfrontofSolerGlacier．ContotlrSaregivenforevery5m（thinlines）andforevery25m（thicklines），  
Tllemir10rCOntO11rSareOmittedontbeslopesflankingthevalley．BasecampatapproxilⅥately277mat〉0VeSealevel．  

Vialdebrisイユowcau紀dbydammingofLakeSolerby  
lateralmoraきnesanditssubsequentoutburstasp（）Stu－  
1atedbyAniya（1985）．AscanbeclearlyseeninFig．  
2，therearethreecorlSpicuotlSmOrainesectionsonthe  
rightbankoftheGlacierCbarlne箋arldanothert‡lreein  
thetriangularpieceoflanddelineatedbytheGlacier  
and SeepageC】ユa‡ineis－ Tbough notaswelトdef払ed  
as those above，there are three more elongated  
mounds on thelcft bank of the Seepage Channel，  
Whichseemstobetheremnantsofmoraineserodedby  
thedebrisイlow．  

Thotlgbtbeyarethuscl丑i11tOpiecesbytbecIian－  
nels，anObservationたomvantagepoまnts王Iigbupon  
thevalleywallandsubsequentanalysisofairphotos  
madeit possible to putthese separate sections of  
morailleStOge洩erasinFig．3，inwhicilWhatseemed  
tobetheoriginallinesofmoraineridgesareshown．  
T‡1erearealt喝ethersixdi独rentmoraiIleridgesof   

totbeCachoRiver．T壬IeSeCOndgreateまC（）ntribl珪ion  
ismadebythecbannelfedbyLakeSolerandrunning  
alongthenorthernmarglnOfthevalley．Thesmalト  
esteontributorseepsotitfromthenorthernhalfofthe  
glacier termin11S and rlユnS between tbe otber tⅥrO．  
SeepagethroughthedebrisbeingtheoTllysource，the  
幻owis almost negligibie 主n comparison witb the  
Others．However，thischannelisimportantbecause  
it marks the boundary between the debris－flow一  
点00dedareatoitsnorthandthetlnSCat壬Iedareatotbe  
SOuth．Thesethreechanneisaretentativelyreferred  
tobyt‡1eprefixesGiac主er，LakearldSeepagehence－  
fortb．  

Thetopographicrelicfshowsamarkedcontrast  
acrossthe SeepageChannel．Moraines are ta11and  
Weiipre諾rVed on tbe right bank of the c壬Iannel，  
Whereastheyaremoduiatedintoalowprofileonthe  
le魚bank．Thisismostprobaも1yduetothegla（：iofllト  
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Wbere払efloodbadenha†lCedsoiipermeability．0†l  
the other harld，Wet depres＄ions and grooves were  
morecommonintheareatothesouthoftheSeepage  
Channelwherenear－StagnantWaterhadlodgedsilty  
Sediments．  

4．Datingmoraines  

Thecompleteabscenceofsnagswhichhaddiedof  
Old age or their remnantsin the moraine fieldindi－  
Catedtbattheexistingtreesweretilefirstgeneration  
irlVadingthedegiaciatedarea．Thisinturnsugg鴇tS  
thattheagesofthemorainescanbedeterminedby  
datingtheexistingtrees，andassessingtheleadtime  
thetreeshadto waitbeforeinvadinganareanewly  
Setfreeofice．Accordinglythetreeagesandthelead  
timevereestimatedasfoiiows．  
Thesampii11gわrdetermlnlngtbetreeagesⅥraS  

Carriedoutbythemoraine－CreSCentCOmplex，anareal  
Samplingunitbetweentwosuccessivemorair）eridges  
Whichincluded the hind slope of agiven moraine，  
CreSCent area behindit and the frontalsIope ofthe  
nextrnoraine，andide王1tifiedbyt壬1emOraine／cre鑑ent  
number＿ Tbisdemarcationwasbesedontheprelimi－  
naryobservationthatthedegrceofplantcolonization  
Changeddrasticallyacrossthemoraineridgebutnot  
as much across the crescent between two successive  
mOralneS，  

TenindividualtreesweresampiedfromeacIlOf  
the moraine・CreSCent eOmplexesIIthrough V．As  
mentionedearliernotreehadbeenestablishedyetin  
thecrescentbehindmoraineI．Samplingfromcres－  
CentVIwas abandonedduetolimitationsonaccessi－  
bility and time，In eac壬ICre蹴ent，apparently払e  
Oldestarld／orlargesti11dividuaisweresampledrather  
thanchoosingthemrandomly．Apreliminarysurvey  
hadindicatedthatwithinanygivencrescentthercwas  
acertainvariationintreeageandsize，indicatingthat  
trees were stiliin theirinvading stage evenirlthe  
Oidestcrescent，and払ereforetぬeselectivesampling  
Of the oldestindividualsis more representative of  
moraineagethanrandomsampling．  
Foreachtreesampled，tOtalheightanddiameter  

atbreastheight（I）．B．H．）weremeasuredrespectively  
with a Blumeleiss hypsometer and diameter tape．  
The ages of tbe trees vere determi王Ied by colユnting  
an11ua王rings onincreme11t COreS eXtraCted with an  
incrementborerfromthelowest possible portion of  
thetrunk．Theabsoluteageatthebaseofthctrunk   

Fig・3．Recor王Strl】Cted morair主e ridges，Itbrollg壬lVIin the  
increasingorderofdistanceawayfromSolerGlaciersnout，i．e．  
inincreasingorderofage．  

differentages，numbcredIthrough VIinincreasing  
Orderofage．Crescentgrooveareasbetweenanytwo  
SuC（：eSSiveIⅥOrairleS Can beide‡ltified also by the  
numberofthemoraineontheirdownstreamside．  

Althoughnumerous factors such aslodgement  
SequCnCe，CurVature，tints，etC．Weretakenintoconsidq  
eration inconnecting moraine sections across the ●  
Channels，thismatching was stlbjective and differed  
from払eoneproposedbyÅniya（ゆ．c藷．），1VitilOl汀  
present knowiedge，however，itis not possible to  
determinewhosematchingisbetter．Amoredetailed  
description of thelandforms appearingin this area  
WaSalsoglVenbythesameauthor，andthusisomitted  
here．  

ぎromt壬IeVegetatioIlpO主nt ofview，mOSt Ofthe  
moraine areais characterized as open woodlandin  
Whichrelativelyyoungandsmall－Sizedtreesaregrow－  
ingverysparsely，buttherewereseveralareasdevoid  
Of trees．The most conspicuous was the recentlyq  
deglaciatedstripofiarldaiongtbesnout．Thesecond  
mostconspictlOtlSWaStheburrl主nthecentraipartof  
CreSCentlVresultinきざfromtheman－CauSedfireofthe  
1940s．  
Therewasatendencyfortreestobemoreabun－  

dant on the moraines than on the level ground or 
depressions surro11ndirlg tbem．Field observatio‡1S  
revealedthattheselowTlyinglocalitieswereeithertoo  
dryortoowetfortrees．Drysiteswerecommonin  
thefloodedareatothenorthoftheSeepageChannel  
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WaS eStimated by simply extrapolating the mean  
heightgrowthrateobtaimedfromtheringcountonthe  
COreandthehightabovetheboringscar，Sincethe  
heigbtgrow払isgenerallysloweri王1theseedlingstage  
thanihlaterstages，theestimatcdabsoluteagestend  
tobelesstllanWhattheyreallyare．  
Theresu王tsofthesamplingaresboⅥ7ninTab】el，  

inwhichthemaximum，meanandstandar・ddeviation  
Ofthe observed beight and（璽iameter as wellas the  
estimated absoltlte age are given for each moraine－  
CreSCent COmplex．Exceptforcrescent V，bothtree  
agearldsizedecrease（】withi11CreaSlngprOXimityto  
tbegiaciersnotれindicatingthe reまative serliority of  
therespectivemoraine・CreSCentCOmplex．  

Tbisresuits噸geStStbattheirlVaSionbytreesof  
a far less fertile degIaciated area would certainly 
requiremuchmoreleadtime．Asamatteroffact，in  
spite of；1thorouHh cheでk throughout the siInil；lTl）▼  
burnedareaincr・eSCentIIIandIVontherightbankof  
the SeepageChannel，nO traCe Ofregeneratingseed－  
1ingswasfotlnd，meani11gthattheleadtimeherewill  
Certainlyexceed40years．  
Taking也ese results and otber detailed field  

ObservatiorlSintoaccount，theleadtimefortreeinva－  
Sionofanewly－degiaciatedareawasestimatedhere  
rather subjectively at50years．Ådding this to払e  
ages ofthe oldest trees，the ages of70，90a11d138  
yearswereobtainedformoraine・CreSCentCOmplexes  

Tabiel．Åge arld size of trees on wood涙Imoraines．  
Moraine Major  Height（m）  D．B．H．（cm）  Absolute Age（yr）  
（Crescent） Species Max． Mean S．D． Max． Mean S．D．Max． Mean S．D．  
Ⅱ  入場   2．66  2．35  0．19  
Ⅲ  ∧格   6．80  5．01 1．14  
Ⅳ  ♪蕗   9．50  7，62  0．93  
＼’  ．＼’♪   6．伸 ・ト丁ご 1．討  

6，7   4，3   ユ．4  20．7 19．3 1．46  
22．0  13．7   5．0  40．5  34．8  4▲19  
43．6  22．6   8．8  80，9  60．5 10．36  
23．1 14．4   5．4  59．2  42．5 10．64  

．＼’ト▲＼11ルり／東根＜血石高一メ  

FortheratberincoれSistentresuitofcre鑑印t V，  
thereare two possiblecauses，both arisingfrom the  
fact that the samples were taken from the flooded  
areatotheno托hoftheSeepageCharlne王．Onepossト  
bilityisthattheywerenottheoriglnalsettlersbutthe  
SeCOndary regeneration after the flooding．The  
otherpossibilityisthattheywereorlgmalsettlersbut  
theirinvasionwasretardedduetothedrierandmor・e  
permeablesoilconditionsofthefloodedarea．Iftbe  
ねrmeristhecaseitispo＄Sibletodatethedebris一封ow  
aswell．  
Theleadtimeforthetreeinvas主onwasestimated  

fromtheregenerationprocessfolloⅥrir噂thefireoftbe  
1940’ssincetherewasnowayofdeterminingitdirecト  
Iyintbedeglaciatedare乱 Twosmallsamplingplots，  
eachcontainingtenseedlings，WereeStablishedinthe  
burnon thenorthernflankingslope ofthevalley at  
altitudesof600arld880ma．s．1．，arldthenthesizeand  
the absolute agc of the seedlings were measured．  
These20sampleseedlingsshowedavariationof90to  
209cminbeigわ㌔1．3to4，9cminbasestemdiameter  
andlOto16yearsinabsoluteagecountedatthebas  
Of the stem．Assuming that t‡1e fire took placein  
1945，t‡le aboveagedistribution mean＄that紘elead  
time was24to30years even on the flankingslope  
Where soils were better developed and more fertile  
thanthevai王eybotわm、  

‡‡，ⅠⅠ王andIVrespectiveiy、Assessi喝fromthestate  
Ofcolonizationbylichens，mOSSeS，graSSeSanddwarf  
WOOdy bushes on moraine ridgeI，it was estimated  
that it would take another decade or so before trees 
COuldinvadehere，WhichmakestheageofmoraineI  
SOme40years，Assumi‡1ga5－yearallowanceonboth  
Sideofthesepointestimates，itmaybeconcludedthat  
thesefourmoraineswereformedinthedecadesofthe  
1940s，1910s，189（）sand1850s．Sofarasmorai‡leIis  
COnCerned，thevalidityoftheaboveestimationcanbe  
COnfirmed through old air photos takenini944．  
Using洩ese air pbotos，Åniya and Enomoto（1986）  
deli‡leatedthegia（：iaifrontofthetime，aCCOrdingto  
whichtheterminuswasindirectcontactwithmoraine  
Iin1944，圭n good agreeme11t With tbe present esti・  
matlOn．  

5．Concludingremarks  

Tbougbnotveryaccurate，theapproximateages  
ofthefourrecentmorainesweredeterminedfromthe  
agesoftheoldesttreesandtheassessmentofthetree  
iriVaSiorlprOCeSS．Si汀Iilar metbodology of dating  
moraines would certainly apply to the neighbouring 
glaciers in which a series of wooded moraines are 
follndintheirprogiacialarea．Åccu‡Ⅵulatior10fstユCh   
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datingresultswillnotonlyimprovetheconsistcncyof  
datesobtainedbutalsoclarifytheprocessofrecent  
deglaciationof払ePatagorliaIcefields．  

Resumen  

RetrocesorecientedeLGlaciarS0lerbajoelpuntode  
Vista dela recuperaci6n dela vegetaci6n en  
Patagonia  

Alolargodelva11edelRioCachosereconoci6  
treszonas‰viogiaciaiesaguas abajo delfrente del  
Glaciar Soler：CampOmOrrさnico，planiciefllユViogla－  
cialconrocasysedimentosgruesosyplaniciefluvio・  
glacialconsedimentosfinos．Talcomoelnombrelo  
indica，elcampo morrむ1ico ha retenido morrenas y  
muchosotrosrasgosgeomorfo16gicosqlユehade5adoel  
GlaciarSolerd11ranteSuretrOCeSO．Pararevelareste  
procesodedegiaciaci6nsereprodujounacartatopo－  
gr畠ficadetalladadelcampomorrenicoapartirdeuna  
Seriedefotograffasaereasverticalestomadasporla  
USAFen1974．Apartirdelanま1isisdeestacartay  
las observaciones de terreno se diferenciaron seis  
morrenas terminales distintas de diferentes edades．  
Deestasseis，1aformaci6ndelascuatrom畠srecientes  
Se dat6enlas dさcadas de1940，1910，1890y1850  
respectivamente，bas盆ndoseenelcrecimientoarb6reo  
en cada zona．Para e1lo se consider6que desde el  
momentodelretrocesodelgiaciarsenecesitan50a爺os  
paraelcoInienzodelcrecimientoarb6reo，agregando  
estelapsodetiempoalndmerodeanillosregistrados  
enel孟rbolm孟santiguodecadamorrena．   
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