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Abstract  

Tyndal1GlacierofSouthernPatagoniaIcefield，iocatedat5lO16rSand73015′W，isthe8thlongest  
glacierinPatagonia，Withanestimatedareaof355km2andalengthof38km．Intheside－Ⅴal1eyon  
theleftbankofthisglacier，fourHoloceneglaciervariationsarerecognizedforthefirsttimein  
Patagonia．AfirstNeoglacialadvanceoccurredatca．3600yrB．P．，Whichformedterminalmoraines  
perchedonasteepwailoftheside－Valleyanddistinctivelateralmorainesontheflatgroundinthe  
SOu払ern area・A secorld Neoglacialadvance occlⅣred presumably at（憲．2300yr重き．Pりandis  
representedbyaconspicuoustrimlineonthewal王oftheside－Valleyandaverydistinctivetrimiine  
markedontheflank ofthelateralmoraine of NeoglacialadvanceIin thesouthern area．Both  
trimiinesarelocatedjustseveralmetersbelowthemoraineridges／crestsofNeoglacialadvanceI，  
indicatingthe similarmagnitudesofNeoglaciationIandI王．Athird Neoglacialadvance，distin一  
郡is壬1dbytbedifferentco王orandsurficialmateriaisoftbeterrain，OCC11rredat招．1400yr昆P．Å  
fourthNeoglacialadvance，theLittleIceAgeadvance，Cl11minatedatca．Å．D．1700，  

1．lntroduction  

L）Ting at the sotlthern e11d of the Andes，the  
PatagoniaIcefieidiscomprisedoftheNorthernand  
Southernicefields withan area of about4，200km2  
（Aniya，1988）and13，000km2（NaruSeandAniya，1992），  
respectively（inset，Fig．1）．Althoughthey occupy  
Veryimportantiocationfor洩eunderstandingofthe  
Holoceneg王aciervariationsattheg王oba王紀a王e，On王y  
Veryfewfieldworksonthissub5ecthavebecncarried  
Out（e．g．NichoIs and Miller，1951；Malagnino and  
Strelin，1992，Marden，1993）．AlthoughMercer（1965，  
1968，1970，1976，1982），after extensive collection of  
Samples for radiocarborldatiIlg，bas estab王ished a  
SCheme of 払e Holocene glacialchronologァ of  
Patagonia，inwhichthreeNeoglaciations，4500q4000  
yrB．P．，2700～2000yr B．P．and18thL19thcenturies，  
areidentified，fewstudie＄havetestedthevalidityof  
this scheme．As recent variations of Patagonian  
giaciersslユg嘗eSt払aとtbeyare‡ligb王ylocalizeddueto  
topo－Climatic ef毎ct（Aniya and Enomoぬ1986；  
Aniya，1988；AniyaandSkvarca，1992；Aniyaetal．，   

1992；WarrenandSugden，1993），theearlierHolocene  
Variationmayalsohavebeenverylocalized．Conse〃  
quently，itisstii王n既eSSarytOStudyglacialiandforms  
afound each majof glacier and collect samptes for 
dating from which to establishlocalglaciations．  
Onlyaftertheaccumulationofsuch＄tudies，itwould  
becomepossibletoeltlCidateawholepicture ofthe  
glacialchronoiogyinPatagonia．  
Tynda11Giacierisoneof汰em毎oroutletglaciers  

Of the Southern PatagoniaIcefield（SPI，Hielo  
Patag6nico Sur，Fig．1）．In order to elucidate the  
HolocenevariationofTyndallGlacier，WeCOllected  
WOOdandorganicsamplesforradiocarbondatingin  
1990and1993intbevaiieylocatedont！1eeaStSideof  
払eglacier，intowhichtwoside－lobesoncespiliedout  
extensively．Thesesampleshavegivenabsoluteages  
toepisodesintheglacialchronologywhicharehitherM  
tototallyunknowninthesouthernpartoftheSPI．In  
theはboratory，digitalpbotogrammetricmappi‡1gⅥ7aS  
Cardedoutusingaerialpbotographstopro血celayers  
Ofcontoursandotherimportantgeomorphicfeatures，  
OnWhichfielddatawereplotted．Theobjectivesof   
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Fig．1，SouthernPatagoniaIcefieldandlocationofTyndallGlacier・Mapmodified   
aft占rLliboutry（1956）．ElevationsofCo．Mura116nandCo・PaineGrandeare   
taken from topographic maps published by Argentinean and Chilean Govern- 
ments，reSpeCtively．   
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seasonin1993．Due to the nature of the control  
poまnts，absoltlteaCClユraCymaynOtbegoodそprobabiy  
Orl払e order of a few meters）；bowever，relative  
accuracyismuchmoreimportantforthisstudy．At  
the same time of the contour mapplng，photointerv  
pretationwas also carried outfortrimlines，distinc・  
tivemoraines，lineations，terraCeS and other distinc－  
tivefeatures，Ⅶbichwerestoredasseparateoverlays  
indigitalforms．Usingthismapasabase，detailed  
landformswereplottedtogetherwiththeresultsofthe  
fieldsurveytOprOduceageomorphologicalmapofthe  
area（Fig．6）．   

4．Glaciat暮andforms  

Sincethe area north ofl125m peak has been  
mappedandstudiedingreatdetail，thedescriptionof  
theglaciallandformsisdividedintotheareasnorth  
andsolユtbofl125mpeak．   

・／．ノ‥ごl／Ⅲ〃〝抽吋‘〃ごう研♪‘、‘止  
Moraines，trimlines，OutWaSh flats，prOglacial  

lake¶Sedimentflats，andlakestrandlinesarefeatures  
associatedwithglaciation（Fig．6）．On thebasis of  
tbesurficialcbaracteristics，thevalieycanbediv主ded  
into two areas，prObablycorrespondingto thelobes  
（northern or southern）that covered the area．The  
areaprobablyoccupiedbythenorthernlobeisgener－  
allycoveredbythick sediments／depositswithsma11  
Shearmoraines（Bishop，1956）ontopofthem，Topog－  
rapby hereis best described as step－iike．On tbe  
other hand，in the area supposedly covered by the  
SOuthernlobe，thebedrockis widely exposed with a  
VeneerOflodgementtillanderratics，andtherearea  
few distinctive moraine ridges，SOme COmprised of  
boulderswithdiametersintherangeofl－2m．They  
are mostiy sbear moraines as rocks are round to  
Subround．Bouldersandgravelinmosttillsaretypト  
Callysubround，indicatingstronginfluenceofrunning  
water．Where the valley becomes confined toward  
thesouth（NEofl125mpeak），aSeriesofproglacial  
lake－Sedime11亡鮎ts／terraces abllt mOraine mollnds  
andaresometimestoppedwitbmoraineridges，SO汀ie≠  
whatsimi1artotheareacoveredbythenorthernlobe．  

The northern part is characlerized by stepped 
topography，in which three maJOrlevels of flat sur－  
facesandfourmajormoraineridgesarelocated，with  
StepSaTld王eveiscomposedofmorainesandoutwasb／  
iake sediments，reSpeCtively（Figs．6and7）．This  
StCppedtopographywasproducedbytheintermittent   

thisstudyare，therefore，firsttodescribeglacia＝andL  
formsingeneralusing geomorpbologicalmaps and  
secondtopostulatetheglaciervariationbasedonthe  
radioca沌ondata．  

2．Studyarea  

Located at tbe soutbern end of tbe Soutbern  
PatagoniaIcefieid，TyndallGlacier主sc11rrently ter－  
minatingataround51016′Sand73C15′W．Itisthe8th  
longestglacierinthePatagoniaIcefields（Lliboutry，  
1956），Withanareaofabout355km2andalengthof  
some38km（Naruse β≠ αgリ1987）．About18km  
upstreamたomtbeclユ汀eれtSnO11t，tWOSmallside－lobes  
ontheleftbankareslightlyspi11ingintotheeastern  
side valley．This side鵬Va11eyis a through valley，  
runningalmostparalleltotheglacierflowdirection  
andopeningnorthintothefloodplainofRio（River）  
Pingoandsou也toLaguna（Lake）Ferrierthro11g‡lan  
almostimpercept主bledivide．Tbe areabetwee王－tbe  
RioPingofloodplainandLagunaFerrierwasinves－  
tigated，withdetai1edworkintheareanorthofl125m  
peak（Figs．2and3）．Infrontofthelobesarelocated  
numerous terminalmoraineswith relatively fresh  
appearance，andぬe areavest ofLaguna Ferrieris  
艮ned by severalrovs oflateralm（）raines．A very  
distinctivecharacteristic oftheareaisthatthereare  
veryclear，distinctivetrimlinesontheflankofmoun－  
tains（Fig．4，indicatedwitha）andmoraineridges（Fig．  
5）．  

Rocksinthis area are mostiyinterbedded sba王e  
－mudstonepsandstone of Cretaceous age（Servicio  
NacionaldeGeolog壬ayMineria，1982）．Infewparts  
theyaremetamorphosedtophyllite．Asimplemono－  
clinalstructure，dippingslightlytotheeast，dominates  
thisarea．JointsrunningrotlghlyW－E，NE－SWand  
NW－SEarewelトdeveioped，Wbicbvereexploitedby  
theglaciersandbecame玩placesdeepravines・   

3．Digitalphotogrammetricmapplng  

Utilizing verticalaerialphotograpbs takenin  
1975atanominalscaleofaboutl：87，000，andcontrol  
pointstakenfromthetopographicmap（Quadrangle，  
Rio Serrano），digitalphotogrammetric mapping was  
carriedoutonaZeissPlanicompP3equippedwitha  
modified AtltOCADprogram at a scale ofl：25，000，  
withaco如Ot汀i‡1terValofユ00r25ildependingtlpOn  
tberuggednessof払eterrain．Ontbismapgeomor－  
phic features were plotted during the second field  
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Fig．2．Sモudy area at 琉e TyrldallGlac毎r area，Map  
basedonl：100，000topograpbic汀ほp（箋uadrang王e“Rio  
Serra王10”publisbedbyInst主tutoGeogr急fico Militar of  
Cムiie．Pbotograp‡licpointsofFigs．4，5，8andlOare   
indicated，Thetoprectangle呈stlleeXtentOfFig．6．  

Fig．3．Uncontrolledmosaic ofaerialphotographs（1975）  
Showing TyndallGlacier and the study area．Note：  
deartrimlinesrunnlngOnthenorthwestflank oflO85  
mpeakandontbewestofl125王npeak．LiIlearfeature  
On払esoutモ1WeStfまankoflO85mpeakisar10王dstrarld  
i室ne，   
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ぎig．4．Triml呈ne（a）ontbe王】Ortbwest幻ankoflO85mpeak，andtもeterrai！lCOiora－  
donliTle（b）wheretbe壬】il王siopemeeモStbevaileyboモモom．  

Fig．5，Trirn王ine（a）and王ateralmorai王IeS，SOutb ofユ125mpeak－J11Stbe王owtbe  
tパmlineetcbedontbeflankof汰eiateralmoraまne，terrai11COloration匝）canbe  
discerrlil）ie．  
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F壬g．6．Geomorphologicalmap ofthe area，nOrth ofl125m peak．Locations of  
profilesshowninFigs．7andllindicated．   
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Fig．7．SchematicprofileofthesteppedtopographyalonglineA－BinFig．6．Vertical  
exaggeration：1．6Ⅹ．  

indicatedwi払b）．BecauseoftIledifferentlitbologie＄  
oferraticsandtiu，theupperpartislightwhilethe  
lowerpartisdark．Thisdemarcationlinecontinues  
to another trimline and also to relativelylevelsur岬  
facestothenorth，indicatingthatthislinerepresents  
anotberglaciaililnit．  
Averydistinctivestrandline／terraceislocatedat  

anelevationofabout600montheeasternside－Wallof  
thevalleyforabout3kmnearthesouthernend（Figs．  
3and6，SWoflO85mpeak）．Herethevalleybottom  
isabolitlevelatelevationsof545N550m．Thevalley  
bottomisunderlainbyciayeyandsiltysediIⅥentSup  
to a few meter thick．Tbe terraced areais very  
soggywithseeplngWaterandthevegetationisnotice－  
ablydifferentbetweenaboveandbclowthisterrace．  
Onthewesternsidewa11，thereisnoterrace；however，  
noticeablechangesinvegetationcanberecognizedat  
tbe similar elevation of about600m．From these  
features，it seems certain that this area was once  
COVeredbystandingwater．  

Twolarge moraines（1abeled soin Fig．6）once  
dclimited the northern end of this once water  
仙impou一重dedbasin．Tbey are about50m bigh arld  
270－470mwide，andarecomposedofroundgravel  
andboulders，Itis certain that these two moraines  
were original1ya singleridge，butsubsequently was  
Cutintotwobyanoverflowingstream．Thismoraine  
wasformedinthevalley wheretwoglaciertongues  
orlCe met；0王IefromtbeCo，（Mt．）Ferrierarea，a‡1d  
another from TyndallGlacier．1貯hen tbe climate  
ameliorated，thealpineglaciersnourishedontheCo．   

retreat of tbe nor払ern 壬obe of TyndaiiGlacier．  
Moraine ridges are comprised of welトsorted，Su－  
bround／roundboulders，graVeland sand ofplutonic  
rocks，indicating strong work by runnlng Water．  
TheyaredistinguishedfromyoungertoolderasMl，  
M2，M3and M4for tbe sake of description．Tbe  
topmost M4consists of granitic graveland a few  
boulders，Whichhavebeendepositedontopoftilland  
onbedrock，TheoutwashplainbetweenM4andM3，  
thethirdlevel，iswideandtheeasternhalfiscovered  
byastarldofNbih廊Whoseagesareuptoabout  
50years土 Tbeoutwashpiainbetwee王1M3andM2is  
generallynarrow，prObablyduetoasmalまamounとof  
the recession．The plain between M2 and Mlis  
comprised of threeminorlevels with severalsmall  
moraines orltOp，indicatingminor halts during the  
reCeSSlOn．   

In tbe southernpart，aⅥFeli－markedけimiiileis  
locatedonthenorthwestflankoflO85mpeak（Figs．  
3and礼 0nly severalmeters above this trimline，  
patchesofmoraineridge＄areperChedonthehillslope  
whicharegenerallycoveredwithsoilandthickfor－  
ests oflarge Noih廠iS．The depressions between  
tbesemorai王1eridgesandtbebiilslopeare2w4mdeep  
and11ptOSeVeralmeterswide．Belowthistrimiineis  
barebedrock（shale，mudstone，Sandstone）withheav・  
ilyfrosトShatteredsurfaces，On Whichstriationsrun・  
ningabout75－2558arestillvisible．  

Ar10tber demarcatior11ine can be recognized  
abolユtlOO m or so below tIl主s trimline，Where tbe  
hillslopemeetswiththevalleybottomsurface（Fig．4，  
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COVeredwithsoilsandthickvegetation．Onthegia－  
Ciersideofthesemorainesisiocatedaverydistinctive  
trimline about 10 m below the moraine crest and 
below thi＄ trimlineis a belt of white erratics of  
plutonic rocks（see Fig．5）．This trimline continues  
towardtheglaciersnoutandcanbeseenontheflank  
Oftheterminalmorainessemi－Circlingtheproglacial  
1akeGeikie．Onthewesternside－Walloftheglacier  
thistrimlinecanalsobeconspicuouslyrecognized．   

5．H0lo亡eneglaciervariations  

Asdiscussedabovethreedistinctivedemarcation  
features，arOWOfmoraineridges，trimlineandterrain  
COlorationline，Canberecognizedinthisarea along  
withnumeroussmallmoraines．Onthebasisofthese  
geomorphicfeaturesandradiocarbondatesofseveral  
Samples obtainedin this study，reCOnStruCtion of  
glaciationsinthisareacanbeattempted（Fig．9）．  

Twolarge terminalmoraineslocated near the  
SOuthernendoftbeval王eyandstrandline／terraceat  
aneievationofabout608mwereprobablyprodⅥCed  
during洩elastPleistoceneglacia浸on．Åsample（NU  
－639）ofwoodpiecewascoiiectedfromapitdtlgOn  
thetopsurfaceoftheeasternmOraineandityielded  
anageof980±120yrB．P．Thisdateiswidelyoffthe  
timeinferred from the circumstantialevidence of  
mol・aineformation，andbecauseitisapieceofwood，  
thissamplemayberegardedasreworkedone，  
Thefirstneoglacialadvanceismarkedbytermト  

nalmoraineridgesperched atspotsorlthehillslope  

Ferrier area quickiy disappeared，While theicefield  
イedglaciersdecayedslowly．Asa result，the area  
OnCe OCCupied by the alpine－fed glaciers became a  
lake，Whose north end was blocked by the southern  
lobeofTyndallGlacier，drainingtothesouththrough  
adivide（elevationabout600m）inthethroughvalley．  
During this period the strandline／terrace on the  
Valleysideandthestrandflatatthetopoftheeastern  
b短morainewere formed．With contiれuedclimatic  
ameiiora貞on，thesl王rfaceoft‡1egiacieriobebecaIⅥe  
lowertban608m；however，t‡ielakevasretai王Iedfor  
aⅥrbileby払e terminalmorairle．Sllbsequent over－  
flowinitiatedastreamwhicheventuallydrainedthe  
lake，1eavingtwoseparatedterminalmoraines．   

4．之A7マαSO〟fゐqrヱヱガ雛カgα烏  
Glaciallandforms discussedin this section were  

allproducedbyandarelocatedatthesideofthemain  
bodyofTyndallGlacier．Onthewestsideofl125m  
peakislocatedatrimlineatelevationsofabout750－  
600m．Åbout15－20m beiov tbistrimlineis a c王ear  
demarcationlineofdiffere‡1t（：Oloroferratic7ti王王，Witb  
theupperpartmucbligbter（ぎig．乳 丁壬1ebeltofligbt  
color is composed of whitish plutonic rocks with 
reddishweatheringrindoflmm or so，andsoilhas  
formedatplaceswithmoss／grasses on．Belowthis  
demarcationline there are severalrows of smalllat－  
eralmorainesandaconspicuousbreakofslope．  

TothewestofLakeFerrierthereisarowofvery  
distinctivelateralmorainesofaboutlOmhighfrom  
thesurfacelevelofthelakeside．Thesemorainesare  

Fig．乳 Verydistincitivetrimline（a）andterraincolorationline（b），Onthewestflank  
Ofl125mpcak．Vegetationliningabovethetrimlineindicatestheexistenceof   
lateralmoraines．   
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Fig・9・DetailedmapofHoiocenegiaciervariat童onsaと払e TyndaliG】acier area，  
northofl125王Ⅵpeak．  
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（area north ofl125m peak），a COntinuouslateral  
moraiIleridgeiocatedtotbewestofLagunaFe汀ier  
（areasoutbofl125mpeak）andasemトcirculartermi－  
nalmoraineridgearoundthepresentproglacialLake  
Geikie，Thesemoraineridgesarecoveredwithwell  
－devclopedsoilsandvegetation，Anorganic（peat？）  
Sample（NU640）was recovered from a depression  
locatedbetween tbeterminai王ⅥOrairle ridge and tbe  
northwesternhillslopeoflO85mpeakanditisdated  
to bc3630±95yr B．P．Since this depression was  
formedduetothemorainebanking，thisdateindicates  
aminimumageofNeoglaciationI．  

The second Neoglaciation is indicated by the 
consplC110uS trimlines observed allover tbe are乱  
The trimlineislocated only severalto ten meters  
below the moraine ridges／CreStS Of NeoglaciationI，  
indicatingthesimilarmagnitudes oftwo Neoglacia・  
tions．WestofLakeFerrier，thistrimlineisetchedon  
t壬1eSide ofthe NeoglaciationIiateralmoraine（see  
Fig．5），SOisatLakeGeikie．Infrontofthesoutbern  
lobe，thistrimlineismarkedonthebedrockhillslope  
Of1085m peak．Such twoglacialadvances of the  
SimilarmagnitudeswerereportedatUpsalaGlacier，  
Which occurred at ca．3600yr B．P，and2300yr B．P．  
（Mercer，1965，p．411）．Åit‡10ughMercerⅥ7aSSkepti－  
Calof the eariier advance of the two，the data at  
Tyndall Glacier confirms two such neoglacial 
advancesoftheverysimilarmagnitudes．Thereisno  
dating for NeoglaciationIIin the TyndallGlacier  
area；bowever，there＄embia王1CeOftbesetwoglacia一  
唇onsirltbetwoareasstronglyimpiiestbatNeogiaciむ  
tionI‡intheTyndallareaalsooccurredatca．2300yr  

BP．asdidintheUpsalaGlacierarea．  
T壬Ie date of tbe tbird Neogiaciation，arOund  

1370±80yrl∋．PリWaSObtainedfromapieceofwood  
（NU－356）collectedfroma Nフih廟standingdead  
OnaneXhumedsurfaceinthesteppedtopographyarea  
ofthenorthernpartofthestudyarea．Thissurface  
WaSOnCeCOVeredbysandwhichdepositedinaprog・  
1aciailakeandwassubsequeIltlyexbumedbysとream  
erosion．Onthissurfaceandeveninthestream，there  
are a few broken but standing Noth廊StumpS  
whoseDBH（Diameterat Breast Height）isupto60  
Cm，indicating thattherewas oncea stand oflarge  
Noihq勉鱒．1twasstlbseq11entlyburiedandkilledby  
Sed壬mentsinaproglacialiakeformedbyanadvancing  
glacier．Thesurfaceievelof thelake sedimentsis  
associatedwiththelowertrimline（Fig．10）thatcon・  
tinuestothethirddistinctivedemarcationline（terTain  
COloration）．Another，Simi1ardate，1330±80yrRP．，  
WaSObtairledfromasampieくNU¶638〉collectedfrom  
adepressiく〉nbetweenMlandM2（seeFig，7）；bow－  
ever，thesurfaceofthesamplingsiteismuchyounger．  
Sincethissampleisfragmentsofwoodthereisagood  
possibilitythatthissamplewasreworkedfromatree  
killed by the NeoglaciationIIIadvance．In the  
Åndesプ払egiacia王advanceduringt壬Iisperiodisreport－  
ed onlyin Peru（Clapperton and Sugden，1988）．A  
Sample（NU－636）collectedfromadepressionbetween  
NeoglaciationIIandIIImorainesonthenorthsideof  
l125mpeakgivesanageof950士110yryrB．P．This  
dateisincongruentwith the other date．Since the  
Samp王eisfragmentsofwood，tbisisprobabiydueto  
rework．However，thesimi王ardatesjOfsamples NU  

Fig．18．ProfileaioIlgiiIleC－D呈nFig．6．Deadbutstarlding幼君あ函arescbemaモー   
icallydepictedontheexhumedsurfaceandintheriver．Brokenlinesupposedly   
indicatesthesurfacelevelbeforestreamerosion．Verticalexaggeration：1．25Ⅹ．   
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6．Discussion  

For the SPI，Mercer（1982）identified three  
Neoglacialadvancesatca．4500－4000yrB．P．，2700－  
2000yrB．P．，andA．D．1750－1800，fromglacierslocat－  
ed onthe northwesternside ofthe SPI．Clapperton  
and Sugden（1988）suggested a Third Neoglacial  
advance at1300－1000yr B．P．，On the basis of data  
from the subrAntarcticislands，thereby proposlng  
fourmajorNeoglacialadvancesfortheAndes．The  
dates，1370±180yrB．P．，and1330±80yrBP．obtained  
inthisstudyarethefirstonesinPatagoniawhichfit  
into this postulated third Neoglacialadvance．The  
glacialadvance dated ca．3600yr B．P．inthis study  
supportsthedatethatMercer（1965）obtainedbutwas  
SkepticalofforUpsalaGlacier．  

For the first timein Patagonia，four NeoglaciaT  
tionarerecognizedattheTyndallGlacierarea，COn－  
firming the modelClapperton and Sugden（1988）  
proposed for the Andes．However，the date of the  
FirstNeoglacialadvanceisdifferent．Thereareno  
OtherglaciersinPatagoniaatwhichmorethanthree  

－639and NUL636suggest that some environmental  
ChangesoccurredaroundA．D．1000．  

AfourthNeoglacialadvanceduringtheLittleIce  
Age culminated at ca．A．D．1700（NU－637）．At the  
northsideofl125mpeak，thisglacialadvancelefta  
moraineridgeveryclosetothelimitofNeoglaciation  
III，0nlyuptoseveraltensofmetersaway．Atone  
pointitabutstheNeoglaciationIImoraines，breach－  
ingtheNeoglaciationIIImoraines．Anorganicsam－  
ple（NU－637）wascollectedfromadepressionformed  
betweenthemorainesofNeoglaciationIIandIV，that  
yieldedanageofyoungerthan290yrB．P（Figs．9and  
ll）．It seems that thisglacialadvance did notlast  
long，becausewhilethemainbodyoftheglacierhad  
thickenedtoreachnearlythesamelevelasNeoglacia－  
tionIII，thedurationwasnotsufficientforthespilling  
lobestoreachclosetothemaximumextentofNeog－  
1aciationIIIonthebottomoftheside－Valley．MIisa  
single moraine ridge standing above the outwash  
plain，anditmayrepresenttheglacialadvanceduring  
the LittleIce Age．Figure12 summarizes those  
NeoglaciationsaroundTyndallGlacier．  

Fig．11．Samplingsite（NU637，Ca．A．D．1700）ofNeoglaciationIV，Whichbreached  
the moraine of NeoglaciationIII（right，dark till）and abuts the moraine of  
NeoglaciationII（1eft，redstainedtill）．Justnorthofl125mpeakatanelevation  
of around750m．   
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Imoraine，thereisanothersetoftermina卜moraines，  
Which三沌alagninoandStrei主n（1992）namedHerminita  
moraine．The ages of the Herminita moraines are  
datedtobe2360±90yr B．P．（NUm629）and2180±125  
yr B，P．（NU－630）；thefirstdate obtainedby a peat  
Sample recovered from a depression between the  
hilislopeandamoraineridgeandtheseconddateby  
arlO也er peat sampie coilected from a depression  
among moraines．These dates are the same as the  
ageMercer（1965）hasgiventoPearsonI，Whichcorre・  
SpOnds to the Second Neoglaciationin Patagonia，  
On the basis of these and other new datings，the  
Hoiocene variation of Upsala GiacierⅥ7aS reVised  
（AniyaandSatく），1995），Conseq㍑erltly，itappearstbat  
alsoattheUpsalaGlacierarea，fourglaciaiadvances  
OCCurred．Itisinterestingto notcthatthe two gla・  
Ciers，UpsalaandTyndall，Whicharelocatedwidely  
apart，fluctuated almost simultaneously during the  
HoioceIle，However，aと Upsala Giacier，仏e first  
Neogiacialadvanceatc戊．3600yr8，P．vaslessexten－  
Sivethanthesecondadvanceatca．2300yrB．P．At  
MorenoGlacier，WhichislocatedbetweenUpsalaand  
Tyndallglaciers，Mercer（1968）reported thatit  
remained smaller thanitis today during the entire  
intervalafとerlO，000yrB．P．However，也eageofthe  
trimlineatMorenoGiacierobtainedinthisstudywas  
datedtobe820士90yrB．P．（NUM355），indicatingthat  
theglacier had reachedits recent maximum around  
12th century．This dateis close to A．D．1300±190  
0btained for theinitialstage of the LittleIce Age  
advanceatO魚idroNorteGlacier（Mercer，1970）．   

7．Conc山sion  

Fromthedetailedstudyofglacia‖andformsand  
radiocarbondates，theIioioceneglaciervariationsat  
TyndaliGlacierin tbe SoⅥtbern Patagonia王cefield  
WaS pOStulated．Thisis the first such data from the  
SOuthernhalfoftheSPI．FourNeoglacialadvanCeS  
atca．3600yrB．P，，Ca．2300yr B．PリCa．1400yrB．P．  
and ca．A．D．1700arerecognized．Theresultatthe  
TyndallGiacier area，StlppOrted by new data from  
Upsala Glacier，SuggeStS that four Neogla（：ial  
advances may have occurred at otherglaciersin  
Patagonia，thatcanberevealedonlybydetailedfield  
Studiesandextensiveradiocarbondatings．Thedata  
fromthe PatagoniaIcefieldarestillscarce，and we  
needIna王Iy mOre data from various parts of tbe  
icefieldsbeforefirmiyestabiish主ngtheglaciervaria・  
tionsinPatagonia．   

Fig．12．HoloceneglaciervariationsaroundTyndaliGla－  
cier．  

Neoglaciations have been recognized，eXCept for  
Upsala Giacier vbere Mercerミ1965）identified two  
Certa払（ca．2300yrB．P．andÅ．D．1600）arldoneuncer－  
tain（ca．3600yr B．P．）glaciations．In the Upsala  
Glacier area，Mercer did not recognlZe a glacial  
advanceofca．1400yrB．P．；however，tWOpeatSam－  
ples collected around PearsonImoraines of Upsala  
Glacierin1993yieldeddatesof1430±155yrB▲P．（NU  
634）and162O±90yrB．P．（NU635＝AniyaandSato，  
1995）．FewkilometersfurtherdownsouthofPearson  
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