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Abstract  

AnewschemeofHoloceneglacialchronologywaspresentedforUpsalaGlacieroftheSouthern  
PatagoniaIcefield，SouthAmerica．Fivepeatsamplescollectedfrommorainesfor14Cdatingwere  
usedtoexaminetheHoloceneglacialchronologyestablishedbyMercerin1965．Thenewscheme  
proposedinthis study cal1s for four Neoglaciations，NeoglaciationI，Herminita，PearsonIand  
PearsonII，andthechangeintheageassignmentofthePear＄OnIglaciation．Althoughtheexistence  
ofafirstNeoglaciationatca．3600yrB．P．wasnotdirectlyconfirmedbylandformsandadditional14C  
datings，becauseitsextentwaslessthanthesecondone，the14Cdatafromotherglaciersstrongly  
suggest that there could have been aglacialadvance at this date at Upsala Glacier．A second  
Neoglaciation，Herminitaadvance，Whichwasfirstidentifiedin1990，WaSforthefirsttimedatedin  
this study to be ca．2400－2200yr B．Pリagreeing wellwith other glaciersin Patagonia．A third  
NeoglaciationrepresentedbythePearsonImoraines（withsubstages，a，b，C）occurred atleast ca．  
1600－1400yrB．P．，althoughitwaslongestablishedtobeca．2300yrB．P．byMercer．Thesedates  
areclosetoathirdNeoglaciationproposedbyClappertonandSugdenin1988fortheAndes．Since  
thereisanotherdate，Ca．900yrB．P，WhichprobablybelongstothePearsonIc，thethirdglaciation  
mayhavelastedverylong，Closeto700years，Withoscillations．Afourthone，thePearsonII，istaken  
asthesameastheMercer’sscheme，thatis，A．D．1600－1760．  

the SPI（Fig．1），is one of the few glaciers where  
glacialgeologyhasbeenstudied．Mercer（1965）has  
identified two certain and one uncertain Neoglacia－  
tionsin the Holocene．Two certain ones are called  
PearsonIandPearsonII，Whichoccurredat ca．2300  
yr BP．and during the LittleIce Age，reSpeCtively．  
The uncertain one was dated to be ca．3600 B．P．  
Recently，MalagninoandStrelin（1992）haveidentified  
anotherdistinctivesetofmorainesnearthetipofthe  
Peninsula Herminita stretching in front of Upsala 
Glacier，thatrepresents anolderglaciationthan the  
PearsonIadvance，Calling them“Herminitaglacial  
Stage”．However，nOdatewasglVen．  
Duringthefield season of1993，the authorscol－  

1ected severalpeat samples for14C dating from the  
Herminita moraines and the PearsonImoraines．  
Thesesampleshaveyieldednewdatestotheseglacia－   

1．lntroduction  

ThePatogoniaIcefield，COmprlSlngOftheNorth－  
ern PatagoniaIcefield（NPI）and the Southern  
PatagoniaIcefield（SPI），1iesnearthesouthernendof  
the Andes，South America（inset，Fig．1）．The  
PatagoniaIcefieldsoccupyanimportantplaceforthe  
Study of glaciology and glacialgeomorhology／geol－  
Ogy，because，Withthecombinedareaofabout17，200  
km2（Aniya，1988；Naruse and Aniya，1992），they  
COnSitite thelargest temperate glacier bodyinthe  
SOuthernhemisphere．However，Veryfewstudieson  
glacialgeomorphology／geologyhavebeencarriedout  
to elucidate Holoceneglacier variationsin this area  
（e．g．NichoIs and Miller，1951；Mercer，1965，1968，  
1970，1976；MalagninoandStrelin，1992）．  

Upsala Glacier，located on the mid－eaSt Side of  
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Fig・1，SoⅥ洩ernPatagon主a‡cefieidandiocationofUpsaはGlac主er・Mapmod主fied   
a鮎rI．王iboⅥtry（ユ95軋 ElevadonsofCo．MⅥr之呈lるnandCo．㌘aineGrandeare   
takem打omt（〉p（〉酢apbicmapspubIisbedl）yぉ節鵬irlean andC抽eangov訂n◆  
men隠respectiveiy．   
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runalmostNpS，Whileontheeastsidetheyrunabout  
E－Ⅶ■．Tbese moraines were firstident浦ed by  
Malagnino a‡ld St代iまn（1992きand named Heminiね  
moraines．Thisistheoldestmorainereco酢1izedon  
the Peninsula．From theirrunnlng directions and  
Characteristicsgiven below，itis certain that the  
western part was Laid down by the main body of 
UpsalaGlacierthatadvancedalongt王IepreSent‡∋razo  
Upsala，While theeasternpartwasdepositedbythe  
easternbodythatadvancedalongthepresentBahia  
Cr壬stina．  

Herminita morai‡leS 一軒est bas severalⅥreli  
鵬defined moraine ridges，COnSistinglargely of dark，  
pllltOnic〆metamorpbic rocks．Tbereis one sbarply  
defined，COntinlユOuS mOraine ridge，Wh主cぬprobabiy  
indicates a major stillStanding period（Fig．4）．  
Erratics scattered on and around these moraines are  
often gigantic，Angular erratics with diameter  
exceedi‡ユg5marenoもrareintbismorainef主eld（Fig．  
軋 They are quite angular，With no trace of edge  
roundingatall，Therefore，mOStmaterialsconstitut－  
ing也e‡ierminita morainesうガest were transported  
probablysuprag王aciallyore喝1acialiy witboutinflu≠  
enceofrunnlngWater．  
HerminitamorainesEasthasnodefinite，COntinu－  

OuSridges．T壬IemOraineぎieidiswide王ycoveredby  
SCattering huge erratics（Fig，6）whose diameter  
exceeding4T5marenotrare，1ikethoseonthewest  
Side．However，thelithoIogy of these erraticsis  
totaliydifねrentfromtbevester11COurlterpart：beilig  
mostlyslig抽1y metamorphosedm11dstone and slate．  
Amongthesescatteredhugebouldersarenumerous，  
isolated moraine mounds．．As the field goes east，  
morai‡le mOtlnds becomeless obvious a‡1d near tbe  
shoreofBahiaCristinathereareonlypilesorheapsof  
bouldersandscatterederratics，Withoutany definite  
morainemounds，  

Vegetatわnisdistinctiveiydifferentt杷tWeentile  
northandsouthoftheHerminitamoraines；thesouth  
with fairly densely，′，，pOpulatedlarge Nothofagus  
（DBH，50…60cm）whiletbeIlOrtbmostlywitho‡1iy  
grasses wbich are sporadically spotted with a毎w  
Calafate．Theeasternparthasmorevegetationthan  
thewesternpart，SuggeStingthattheeasternparthad  
been released from t‡1eice－COVer earlier thalltbe  
wesもernpart，Onthesouth，depressions，Whicbponds  
onceoccupied，havebeenfilledupwithsedimentsand  
mafly Of tbembavebecome boggy，Vbereas on tbe  
nortbmosとpondsarestiiifuliofclearwaterwitblittle  
sedimentation．   

tions，Itisthepurposeofthisstudy，Onthebasisof  
these new findings，tO prOpOSe a neW SCheme of  
Neoglacialadvances主ntheU鱒a呈aG重acierarea．   

2．StudyA帽a  

Upsala Giacieris one oftbeiargestgiaciersin  
SouthÅmerica，Witbanareaof870km2andalength  
of60km（AniyaandSkvarca，1992），ltflowssouth－  
WardfromtbeicefieldタWithits汀1ainbodyterminating  
Currentlyi托BrazoUp＄aiaofIJagOÅrgentino，atan  
eまevaも毎n of175m（measured witb a geodetic GPS，  
Trimble4000SSE，Leiva，Per．Comm．）around49059′S  
and73ウ17′1野（Fig．2）．  

Thewid払of払eglacierbodydra＄tica王Iycbanges  
about7kmupstreamofthecurrentsnout，fromabout  
3kmwidetomorethan7kmwide．Ahighridgeruns  
north－SOuth at the western edge of Peninsula Her－  
miniとちandfortbelowest7km，Oniytbewesternside  
OfthishighridgeiscurTentlyoccupiedbytheglacier，  
Whiletheeasternsidehasbecomeadryva11ey，Witha  
proglaciallake，LagoGuiliermo，inたonとOftbecl汀－  
rentsnoutoftbeeasternbody．TbePeninsu重a壬ier・  
minita stretches south of this dry valley，Separating  
Brazo Upsala to the west and王きahia Cristi王1aわr  
BrazoNorte）ねtbeeast．  
Bedrocksaremostiymudstone，Oftenwithsand－  

stoneandshaleinterbedded．Thenorthernhalfofthe  
Peninsulai＄eXtenSively covered by fresh till（dark  
areainFig．2）．Tbemiddiepartischaracterizedby  
rowsofmorainesandextensiveoutwashpiains．The  
SOuthernpartismassivebedrockhills，generallycov－  
eredwithtbintiilaIldsparsevegetatio11，   

3．Moraines  

T王Iere aretbreemajormorairleSyStemS arOtlnd  
Upsala Glacier tbatindicaもe major Neoglacial  
advances．Theyare，fromoldertonewer，‡Ierminita  
moraines，PearsonImoraines and PearsonII  
moraines（Fig．3），Aもぬougb there are moraiれeS On  
tbew鶴tfiankofCo．ぎer喝1ioandaroⅥndtbeLago  
Pearson（orAnita，SeeFig．2），descr’iptionisrestricted  
tothoseontheHerminitaPe王1insu王a．  

ユJ．〃t－〃JJ／ナノJ山ごIJり…／Jれ1ざ  
Near the southern end of the Peninsula Her－  

minita，蛮eldsofmorainesarespreadotlt，repreSe琉ing  
am毎OrNeoglacialadvalユCe OfUpsaまa Giacier，On  
thewestsideofthePeninsulatheseterminalmoraines  
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Fig．2，LandsatTM呈mage（JanⅥary14，1986）sbow主ngUpsaまaG壬aciera11dPeninstぬ  
Hermiロita．Orig妄‡1a重ilⅥageWaSprOducedusingballdi（0．45－0．52ダm）】4（0．76－ 
0．90ダm〉and5（1．55Ⅵ】1．75耳m）．The darkness of tbe‡10rtbern half of the  
Peninsula Herminitaindicatesthatthevcgetationisdevoidorsparseimplylng  
therecentdeglaciation．   
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Fig，4．Hermin主ねMorainesl野esも．Looking sく）utbward．SinuotlS mOraine crests  
andmolユndsirl払em童8dle，a11dlargeerraticsscatteredarolユndarevisib三e．  

Fig．5．GiganticerraticsatHerminitaMoraines．Thcyareinvariablyangular．   
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Fig．6．HerminitaMoraine＄East．Nodefinteridges．Afuzzybeltindicatingpiles   
Ofhugeerraticsrunsinthemiddleofthepicture，almostverticallywithslighttilt  
totbeleft．  

ヱ2．蕗αプ等0乃∫肋，Ⅶ玩gざ  
ThePearsonIterminalmorainesrunaCrOSSnear  

themiddle of the Peninsula，with a few rows of  
moraines（Fig．7）；but three distinctive rows can  
generaliyberecognized．Tbeserowsare separated  
byasmalioutwashpiainand／oradepressionwithl  
Without（dried）apond．Theyarereferredheretoas  
thePearsonIa，Ib，andIcfromtheoldertothenewer．  
ThePearsonIterminalmoraineswereformedbythe  
easterrlbody of Upsala Glacier．Their reliefsin  
generalrangeたomaboutlOmto20m．  

ThePearsonIlateralmorainesareveryconspicu－  
OuS along the western edge of the Peninsula Her－  
minita，Standingabovetheextensiveoutwashplainto  
the east（Fig．8）．They stand up about15to40m  
bigher from 払e adjacent outwas壬Ip王ain and are  
most王yco‡npOSedofrotlndgravelandboulders．One  
of the characteristics is that moraines are mostly 
double榊ridged，Oftenwithbroaddepressionsbetween  
theridges（Fig．9foreground）．Thesemoraineswere  
formedbythemainbodyoftheglacier，andarewhat  
S王IaW（1980）termed R8thlisberger－Schneebel主  
moraine．Shaw（198O）explained the formation of  
R6thlisber－ger－Schneebelimorainebyasecondary（1at・   

eralandupward）flowoftheglacierandcal1edthem  
“halffluting”．Roundgravelswerebroughtuptothe  
Surfacebyasecondaryflowgeneratedbylongitudinal  
foldingoftheglacierduetoconvergentflow．The  
dし｝ubleridgesformed、、・iththismechanismeanprob－  
ablybeinterpretedtorepresenttwodifferentgiacial  
advancesofthesimi1armagnitudes．   

鼠鼠月彿収用ム仁泌押通服  
The PearsorlIItermi‡1alrnoraines arelocated  

abotlt O．9－一▲1．4 km behind the Pearsonlterlnitlal  
moraines．ThePcarsonIIandImorainesaresepar－  
atedbyabroadbeltofoutwashplains，glaciofluvial  
Channels，and terraces，Whichis characterized by  
relativelyhighreliefsduetobedrockirregularityand  
VegetationalorlgCbamelsandmarsbes．Tbisisquite  
acontrasttotbeareasout王10f也ePearsonImoraines，  
wheretheextensive outwashhasburiedthebedrock  
r－elief，makingthesurfaceveryflatandmostlydevoid  
Ofvegetation．Ponds occupying depressions among  
the PearsonIImoraines are stillfresh，with clear  
Water andno71ittiesedimentation ofdeadplants on  
血ebottom．   
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Fig．7．PearsonIterminalmoaines．Rightis PearsonIa andleftis PearsonIb．  
Outwashplains arelo（：ated between thesemorailleS．Lookingeastward from  
nearthewesternedgeofthemorainefield，  

Fig，8．Pears（）n王Iateralmorain鶴．L（〉OkingsoⅥt‡leaStWard．Tbemoraineriく】g鴇  
areorit壬1eSilOreOfBrazotJpsala，ExtelュSiveot】tⅥ7aSbp】a主norl汰eiefts主de，Far  
back：be（】rock hi王iwhere Her汀】inita mora主nes are】ocated   
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Fig，9．The doublビ rid即S Of Ptlこ1rSOnlI；ltel‾almいraint・．Look川g tlOrthw：lrd＿  
Gravelandbouldersaremostly r（〉und／subrotユnded．Thisisw壬はtShaw（198（））  
Calied“halトfluting”．  

4．H010CeneGlacialChronology  

Weco11ectedpeatsamplesfromdryorsemi－dry  
pondslocaモed between a termi11almorai‡1e arld tbe  
bedrock billsiope or among王nOraine ridges forl塵C  
dating，Withwhichtoelucidateaglacialchronologyof  
tbeUpsalaGlacierarea（父eFig．3）．Tlle prOblems  
associated wi払theinterpretation of a14C datein  
relation to the date of tbe actual glaciation were 
discussed by Mercer（1970，p．6）．Since we cannot  
estimateboⅥrioI唱ittookぎoreacboftbepeatsampies  
todevelop，anda14Cdateislistedwithpiusandminus  
toindicatetheerrormargins，aparticulardatecorrec－  
tion was not applied to each data．Descriptions of  
thesessamplesaresummarizedinTablel．  

Åt t王Ie モierminita moraines two peat samp王es  
WereCOliected．Apeatsample（NU－629）coliectedat  
theHerminitamoraineWestisdatedtobe2360±90yr  
B，P．At tbeモ壬er王ninita moraine East，anOtber peat  
Sample（NU－630）collected from a dry po‡ldlocated  
amongmorainemound＄yieldedadateof2180±125yr  
B．P，The first sample was recovered from a semi  
仙drypondtbatwasformedaたeraNeogiacialadvar王Ce  
maximlユm，Whilethesecondoneindicatesasubstage   

Of the Herminita glacialadvance．Consequentiy，  
thesetwodatesappearcompatibletoeachother．  

AroundthePearsonImoraines，fivepeatsamples  
WereCO王ユ∝ted育omdryorsemトdryponds．Åsam－  
Pie（NU一叫635）wascoilectedfromadrypondtocated  
between the PearsonIa termina呈 moraine and the  
geiltlebedrockllilisope．Thesampiedpondliesabout  
50minfrontof払ePearsonIawitbanotまtWaShplain  
betweenthem，andbelowthepeatisaiayerofbrown  
SOi＝silt）2cmthickrestingontopoffinesand．The  
Sampleyieまdedadateof1620士90yrB．P．Becauseof  
thesamplelocationandsoi壬deveiopmentunderneath，  
theinterpretation of this date may be amgbiguous．  
Thepondmayhavebeenformedbyoutwashcoming  
from the advancing glacier（r10t yet reaChed the  
maximumextent），Orもy outwasIlafter formin宮地e  
PearsonIa（reached the maximum）．However，itis  
certain that this date is related to the readvancing 
glacieraftertbeHerminitagiaciation．Fromasemi  
－dry porldユocated betwee王1tbe Pearson‡a andIb  
moraines，a Sample（NU634）was recovered，that  
indicatedtbedateoぎasubstagedtlringt壬IePearso王1I  
advance．Itis1430士155yrB．P．TheseもWOSamples  
indicate that there were Neoglacialadvances at ca．   
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Tablel．DescriptionandDatirlgOfSamp】esatPeninsulaHerminita   

l）NU－629（Peat）  
14Cdating：2360±90BPor ca．BC410  
Site：Herminita Moraine，West．Elevation257m．Bog formed between the terminalmoraine and the  

bil！slope．  
Stratigraphyこ Peatthicknessunkr10WndⅥetOrapidwaterseepage．40cmた0Intムesurface，Beioマど：Sar主d．  

Top：darksoil，40cm．  
Significance：IndicatestheminimumageofHerminitaGlaciation．   

2）NU－630（Peat）  
14Cdating：2180±125BPorca．BC230  
Site：HerminitaMoraine，Ea＄t．Elevation297軋 Depressionamongmorainemolユnds．  
Stratigraphy：Peat5！Ⅵmtbick．22cmfrom払esl汀face，Beiov：Ciayeeso主1，6cmtbick．Tben：Sarldand  

ar）gu】argravel．Top：Clayeesoil，12cmthick．Then：humus，10cmthick  
Significance：IndicatesasubstageofHerminitaGlaciation．   

3）NU－631（Peat）  
14Cdating：650±80BPor ca．AD1300  
Site：PearsonILateralMoraine．Elevation．260m．DepressionformedbetweenPearson王LateralMoraine  

arldtbebedrock（geれtlebi王is王ope）．  
Stratigraphy：Peat5mmthick．12cmfromthestlrface．Below：SOil，5mmthick．Then：Sand．Top：dark  

SOil，12cmthick，  
Significance：SuppOSedtoindicatestheageofPearsonIGlaciation，butthedatemaybeyoungerthanthe  

Surfacebecauseofsoildevelopmentunderneath．   

4）NU－632（Peat）  
14Cdati喝：900±80BPor（道．ADlO50  
Site：PearsonILateraiMoraine．Eievation275m．Depressionamoriglateraimoraines．  
Stratigraphy：Peat2cmthick．12cmfromthesurface．Below：Siltandclaywithgravelmixed，3－4cmthick，  

Top：darksoil．  
Significancc：IndicatesasubstageofPearsonIGlaciation   

5）NU－633（peaも）  
1ヰCdati11g：590±75BPor滞竃ADユ360  
Site：PearsonIcTerminalMoraine．Elevation．205m．PeripheralofasemiLdrypondbehind（glacierside）  

PearsonIc moraine．  
Stratigraphy：Peatlcmthick．15cmfromthesurface．Below：＄andandsilt，7cmthick，Then：Siltandclay．  

Top：brownsoil，1cmthick．Then：darksoil，14cmthick．  
Significance：SuppOSedtoindicatesthelower王imitageofPearson‡c，butthedatemaybemuchyoungerthan  

tbes11rねcebeca11紀Of泌ndandsiltlayerアcm払ickundemea洩wbiciireStSOntOpOfsiltandclay  
sediments．   

6）NU－634（Peat）  
14Cdating：］430±155BPor ca．AD520  
Site：PearsonIa．Elevation，210m．Peripheralofabogwhichwasformedjustbehind（glacierside）Pearson  

Ia．  
Stratigrapby：Peat5mmtbick，15－17cmfromthesl汀ねce．Below：Silt．Top：brownsoilくsilt），5cm洩ick．  

Tben：darksoil（siit），10cmthick，  
Significance：IndicatetheageofPearsonIbTerminalMorairle（substageofPearsonI）．   

7）NU－635（Peat）  
14Cdating：1620±90BPorca．AD630  
Site：PearsonIaTerminalMoraine・Elevation・215m，Depressionformedbetweenoutwashsurface50maway  

fromaPearsonIaTerminalMorainea王Idbedrock，infrontoftbemoraine．  
Straとigrap主iy：Peaモ1cmthick．13cmfromtbesurface．Belov：brownsoii（siit），2cmtbick．Tben：findsand－  

Top：brownsoil（si鮎8cmthick．Then：darksoil（siltandclay），5cmthick．  
Significance：lndicatetheapproximateageofPearsonMoraineIa？．   
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1600－1400yr B．P．This dateis close to the third  
Neogiacialadvance wbic‡】C王apperton and Sugden  
（1988）proposed．Åsampie（NU－633）was collected  
from a semi－dry pond，that was probably formed  
duringtheretreatfromthePearsonIc，withadateof  
590±75yrB．P．orca．AD．1360．Thereisatimegap  
OfsomelO00yearsbetweenthisdatearldabovetwo  
dates．Sincebelov払epeatsample払ereisalayerof  
Sandandsilt7cmthickrestingontopofsiltandclay  
Sediments，theformationofthepeatmaynotclosely  
indicate the date when the glacier started receding  
from the PearsonIc moraine．  
TwosampksⅥFereCOiiectedatPearsonIlateral  

moraines‡1eartbenortbernend．Åsample（NU－631）  
WaSCOllected from a dry pondlocatedbetween the  
PearsonIlateralmoraine andthebedrockhillslope．  
Thedateofthissampleis650±80yrB．P．or（道．A．D．  
130O．Below this peatlayer thereis soilof5mm  
払ick．SoagainthisdatemaybemlユCbyoli喝ertba‡i  
thedateoftheglacialadvancethatformedthepond．  
From a depression among the PearsonIlateral  
morainesslightlyfurthernorththanNUw631，anOther  
peatsample（NU－632）wasco11ectedanddatedtobe  
900±80yrB・P・Thisdateisabout500yearsyounger  
than the date（）btained；1t the t亡・rl11inal111Oraille．  
う訂hetherthisdaterepresentsanotherglaciaiadvance  
OrindicatesasubstageofPearsonIsuchasPearsonIc  
CannOt be ascertained．No・peat WaS found with  
Whichto examinethedateofthePearson  

5．Discussion  

IntheUpsalaGlacierarea，apioneeringworkof  
glacialgcologywascarriedoutbyMercer（1965）who  
hadidentified two major Neoglaciations，PearsonI  
andII．Aiogembeddedく）n tbe right barlk（1ateral  
moraine）ofBrazoUpsalaisdatedtobe招．2300yr王ミ．  
P．（Fig．10）．He did not obtain samples from the  
PearsonIterminalmoraines on the Peninsula Her－  
minita．A peat sample collected at south of Lago  
Pearsonyieldedadateofm．2000yrB．P．Fromthese  
twodates，bebasassignedadateof招．2300yrB．P．to  
the PearsonIadvance．Tbe 王）earson‡ImoraiTieS  
representaLittlelceAgeadvanceandareestimated  
to have culminated at ca．A．D．1600－1760from den－  
drochronologicalanalyses．BesidestheseNeoglacial  
advance＄，hedatedanotherglacialadvanceatca．360O  
yrBtPりfromapeatsa汀Ipleobtainedatasitenearthe  
Sampiesiteofca．2000yrB．P．Hewasskepticalof  
thisNeoglacialadvance，however，Simplybecausethe   

proximity of the two sample site＄implies that the  
magnitudesofthetⅥ70giaciatio11Sbadbeenveryciose．  
RecentlyAniyaandSato（1995）identifiedaNe喝1acia－  
tionthatoccurredatca．3600yrB．P．（NU－640）inthe  
TyndallGlacierareanearthesouthernendoftheSPI，  
COnfirmlngtheexistenceofaglaciationatthisdate．  

From the results at Upsala Glacier and other  
glaciers，M二ercer（1970，1982）postuiatedascbemeof  
tbree major Neoglacialadvancesin Patagon主a．  
Later，Clapperton and Sugden（1988）suggested  
anotherat1300－1000yrB．P．，therebyproposingfour  
ma50rNeoglaciations；i．e．4500－4000yrB．P．，2700…  
2000yrB．Pり1300…1008yrB．P，andtbeLittie王ceAge．  
1ⅣbenweⅥrereCOllectiれgpeatSamplesfordating，We  
postulatedtheHerminitamorainestobeca．3600yrB．  
PリSinceitprecedesthePearsonI．However，the14C  
dates obtainedin this studyindicate quite different  
glacialchronology．The Herminita glacialadvance  
OCCu汀edaと招．2400…2200yrB．PりCOrreSpOndi喝tOa  
＄eCO‡1dⅣeoglacialadvance．Åpieceofvoodfo11nd  
OntherightbankofBrazoUpsalaanddatedtobeca．  
2300yrB．P．（Mercer，1965）perfectlyfitintotheperiod  
OftheHerminitaadvance．Sincethissamplesitewas  
COVeredduringtheHerminita，Pear＄OnIandIIglacia－  
tions，th（－COrI・el；ltion of thelaterallllOrこIine with t（、r－  
minalmoraineswasmixedupandtheconfusionofthe  
glacialstagehadoccurred．Onthebasisofthissam・  
ple，thePearsonIadvancehaslongbeenbelievedto  
haveoccurredat ca．2300yrB．P．Thedatingofthe  
PearsonIterminalmorainesindicatesthatthe Pear－  
SOnIgiacialadvancebadoccurredat招．1680－1400  
yr B．P．，a Simi1ar period to a third Neoglacial  
advance．AnotherthirdNeoglacialadvancehasbeen  
recognizedforthefirsttimeinPatagoniaatTyndall  
Glacierarea（AniyaandSato，1995）．Itisnotcertain  
WhetIlerthedate，描．900yr B．P．（or級A．D，1050），  
Obt∂inedat払e‡）earsonI王aとeraimoraineco汀eSpOnds  
to asubstageofthe PearsonIadvance（Ic），Orindト  
CateSanOtherglacialadvancebeforetheonsetofthe  
LittleIce Age advance．Since the topography and  
terrainconditiondrasticallychangenorthofthePeaト  
SOnk†nOraines，tbet‡扇rd Neogiaciationrepresented  
bytherowsofthePearsonImorainesmayhavelasted  
foralongtime，fromca．1600yrB．P．untilca．900yr  
B．P．  
One big question remains unanswered in the 

SChemepresentedabove．Whathappenedtoaglacia－  
tiondated招，3600yr8．P．？T王1erearenOmOrailleS  
Olderthan the壬ierminita moraines on the Peninsula  
Herminita．Ifwe assume that the surfacegradient   
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Fig．10．AschemeoftheHoIoceneglacialchronology ofUpsala Glacierand the   
glacierextentateachglaciation，Topha‡fwi払conとOurSWaS takerlfroma   
topograpbic map“G王aciar Upsa王a”（1：180，000w羞tb a50m contoljrinterval）   
publishcdbyInstitutoGeografico MilitarofArgentina，Whilethebottomhalf   
Withoutcontoursisdirecttracingonthe1981aerialphotograph，   
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near the glacier snout was similar during the Her－  
minita stage to that of tod野，the elevatior10f tbe  
glaciersurねceneartheLagoGuillermowolildbave  
beenaboutlOOOYllOOm，thatwouldhavecompletely  
COVeredthesiteswhereMercerrecoveredpeatsam・  
ples for dates of ca．2000yr B．P．and3600yr B．P．  
Since the Herminita advance caluminated at ca．  
2400鵬2200yr B．P．，it can be postuiated tbat wbile  
Slowly receding the glacier formed hummocky  
moraineswherethe sample of ca．2000yr BP．was  
COllected．Then，how do weinterpret the date ca．  
3600yr B．P．AlthoughMercerwasskepticalofthe  
glaciationatα言．3600yr B．Pりitappearsvaiidfrom  
data obtained at otIler glaciers．For example，at  
Tynda11Giacier，AniyaandSato（1995）identifiedtwo  
Neoglaciationsofthesimilarextentandthedate of  
theolderisca．3600yrB．P．，althoughthedateofthe  
youngercouldnotbeobtained．Otherexamplescome  
from Mercer bimse王f，Wbo has obtained a date of  
3740士110yr王‡．P．aと0モIfidro Sur Glacier（ま970）and  
3465土130yrBP．atFriasGlacier（1976）．Onlyplau－  
Sibleinterpretation seems that theglaciation at ca．  
3600yrB．P．waslessextensivethantheglaciationat  
Ca．2400M2200yr B．P．at Upsala Glacier．It seems  
Certain払attberewasaglaciaiadvanceat招．3600yr  
B，P．atsomeglaciersinPatagonia．  
From the dates discussed above and data from  

Mercer（1965），tOgetherwithaerialphotograpicinter－  
pretation oflandforms and trimlines，the glacial  
extentofeachglaciationwasinferredandaschemeof  
Ho王ocene glaciaic壬irOnOiogy of Upsala Glacieris  
Surnmarizedin FigurelO．The differences between  
Mercer’sschemeandthisstudy’sschemeisindicated  
in Table2．   

6．Conclusion  

Ånew scheme of tbe Neoglacia王advances払r  
Upsala Glacier was presented on the basis of the  
SeVeralnew14CdatesatthePeninsulaHerminita，in  
vvhich four Neoglaciations were recognized and the 
ageassignment ofthePearsonlmoraines changed．  
AsforafirstNeoglaciationvbicbissupposedtobave  
OCCurredat m．3600yr B．P．，itsexistencecannotbe  
directly confirmed bylandforms，becauseits extent  
WaSless than the＄eCOnd glaciation．However，the  
14Cdatafromotherareasstronglysuggestthatthere  
COuldhavebeenstlCh an advance at Upsala Glacier  
too．Åsecond Neoglaciaとion，repreSented by tbe  
t壬erminitamoraines，theoldestdirectlyrecognizable  
OneSinthisarea，aredatedtobeca．2400L2200yrB．  
P．This date agrees wellwith other glaciersin  
Patagonia，A third Neoglaciation，the PearsonI  
glacialadvance，badoccu汀edatieastcα．1600－1400  
yrB．PっroughiycorrespondingtoathirdNeoglaciai  
advanceproposedfortheAndes；however，Sincethere  
is another date，Ca．900yr B．P．，for the PearsonI  
lateralmoraine，the PearsonIadvance may have  
lastedverylong，Closeto700years，unti1900yrB．P．or  
斑L A．D．1050．ÅfolirtilNeoglaciation，払e Pearson  
‡Ⅰ，hadoccurredduringtheLittiekeAge，betweenA．  
D，1600－1760，aSStudiedbefore．   
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