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Abstract  

Pistoncoresrecoveredfromthesou蝕westernarm（50832▲5′S，72052′W）ofl－agOArgentinoal王owed  
tostudythebehaviorandtimingofrecentMorenoGlaciersnoutoscillations，Sedimentarysignals  
WerereCOgnized，indicatingfioodsⅥ7hicbwererelaとedtoice－dammingintbebasinsirlCe1917dl妃tO  
SmaiichangesinthepositionofMorenoGlacierterminus．AIsopyroclasticdepositsassignedtothree  
majorLateHoiocencvoIcaniceventswereidentified．Inspiteofthepreiiminarysampling，thereis  
palynologicevidenceintherecentsediments，SuggeStingthelateexpansionofthelacustrinesystem  
andthedeclineoftheforestduringthccurrentcentury．  

1．lntroduction  

This research projectisねcused onthe oscilla－  
tionsofMorenoGlaciersnoutbymeansofthesedi－  
meれtarySignaisobservedintIle Brazo（Lago）R主co  
－BrazoSur（BR劇BS〉1acustrinesystem，thesouthwest－  
ern brancb of Lago Argentino（50015′S，72030′1Ⅳ），  
southernAndeanPatagonia（Fig．1）．LagoArgentino  
isalargeglacierfedlakelocatedontheeastsideof  
theSouthernPatagoniaIcefield（SPI），atanelevation  
ofabout180ma．s．1．ItdrainsintotheSouthAtlantic  
Ocean through the Santa Cruz River．The BR－BS  
SyStemis a relatively minoriacustrine basin，COn－  
neeted to the mainlake bodyby a rlarrOW Charlnel，  
Whichis fomedintermitte‡1t王y beとween the Magaト  
王anesPeninsulaandMorenoGiacier（Fig，1），aCCOrd－  
ingtotbepositiolュOftbeglacierfront．  
MorenoGlacier，Calvinginto LagoArgentino，is  

OneOfthemajorSPIoutletglaciers．Itiswellknown  
forrepeatedimpoundment ofthe BR－BS system by  
ClosingthechannelbetweentheBrazoRicoandCanal  
delosT昌mpanos．Thehigherwaterlevelduetothe  
ice－damminghadcausedfloodsinthecatehmentarea  
Of BR山BS，Whicb were welldoctlmerlted since tbe  
begi11ningOfthe20払cenとury．  

Fig．1．LagoArge‡lti110：BrazoRico－BrazoSurlactlStri！le  
SyStem．   
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OStraCOda，Chironomids，Chrysophytae，diatoms and  
actinomycetes analyses are currently being perfor－  
med．Fotlr Sampまes Ⅵrere Selected to ca汀y Out  
radiocarbon（1ヰC）dating．ThesampiesⅥrereSenttOa  
COnVentionalradiocarbonlaboratory（Teledyne  
BroⅥ7n Engineering）．HoⅥ7eVer，due to the sma11  
amotlntOfcarbonintbesamples，ぬeÅMSmetbodis  
recommended．  
Photographicclose－upSOfthecoreswereenlar・  

gedto13．5cmx23．5cmprintsthatwere utilized to  
count varveS and to measure their thickness．The  
Claylayerswereutilized to define thevarve bound－  
aries．AdditionalmeasurementsusingX－rayimages  
of core sections were carried out．For statisticai  
studies，tbemearlValuesofthelユpperpartinCoresI王  
andIV，Where thelamirlation was best preserved，  
wereused．  

The finalreLSulls＼＼・illbe publishELditlrhe near  
future．L：oneerningthe10Picsmentiolledaboヽ▼eLOl巾  
thepreliminaryresultsaregiveninthispaper．   

3．Generatdescr拍tionofcores  

Theidentificationofthesedimentarysignalinthe  
upperpartofthecores，indicatingrecentfloodsdueto  
ice－dammhg，isanimportantstepforthispre王imiれary  
Stlユdy（Fig．2）▲ Thetentativecorreiationbetweenthe  
SequenCe Of fioods and tbe 叩PermOSt Se【まime‡1t  
Seq11erlCeOfthecoresⅥraSeXamined，inordertoideロー  
tifytbediffereritSedimentaryprocessestbatocctl汀ed  
duri‡1g洩enormalandfloodperiods（Fig，3）．T壬1elefと  
PartOfFig．3showstheverticaidistributionofsediA  
mentsaccumulatedapproximatelyduringthelast77  
years；thethin（1mm）1ightAgreenishlayersintercalat－  
edwith the normalrhythmites probably depict the  
Sedimentationd11etOthemajorflooding．Theser主es  
（Fig．3）recordonlythemajorevents；SOmepartia重  
and／or mi王10rimpoundments oぎshort duration（i．e．  
between1966．1970）werecausedbyslightreadvances  
OfMorer10Glaeier，Withnosignificantfloods（Chiesa，  
1994）．  
Sixpalynoiogicsamplesfromtheupper60cmof  

In1899thegiacierfrontwaslocatedsome750m  
OfftheMaga11anesPeninsuia（Heim，1951；NichoIsand  
Miiler，1952）．Thenthegiacierstartedadvancingand  
itwas191アwhenthefirstiee－damminginthepresent  
CenturyWaSreCOrded．Since1917，theflucttはtionsof  
MorenoGlacier terminushavecausedimpoundment  
Of the B良一BSlacustrine system atleast16times  
（Nicho王sandMilier，1952；Raffogfα乙，1953；Cb主esa，  
199姐 RecentlyAniyaandSkvarca（1992）described  
in detail the variation of the glacier front between 
1947…1986，basedonaerialphotographsandsatellite  
imageries，COnCluding that the maximum terminus  
fluctuationsduringthis40yearperiodwereabout500  
m．Tal）1ellists the rece‡1t main mpとures ofice  
－dams．  
TbeilOrmalsedimentary processes occurringln  

theBR－BSbasindtlringtbeIJatef‡oiocenewereinter－  
mitte†ltlyintermpted duripg fioods，prOducing a  
SequenCe Ofaiternatingnormai－m11d and幻00dルSedi－  
mentsⅥrith fine grains．Additiona11y，the sedimen－  
tary sequence accumulated in the BR-BS basin 
recordsthe main changes that occurredin the Late  
Pleistocene scenario．The sediments contain also  
valuable information on the early formation of the 
王ake，COi王1Cident wi怯the mai‡1degiaciationin tbe  
region，and theI。ate Pieistocene－Holocene posトgla－  
cialfluctuatioTiSOfMoreno Giacier，  

2．Methods  

ぎourpistoncoresfrom王ミrazo Sur（50◎32．5′S，720  
527W）wererecoveredduringaperiodfromDecember  
5to8，1993．Ofthese，theCoresII（about13mlong）  
andIVwereselectedtoperformpreliminaryanalyses．  

The grainsize and organic matter content are  
Stillbeinganalyzedinordertocharacterizeindetail  
thesedirnents．Searchingforal主therelevantgeologト  
Ca王andbiologicaleviderlCe，geOChrono王ogiCa王metbods  
incltlding paleomagnetism，tephrachronology，ther－  
moltlminiscenseandradiocarbondatingareused；also  
geochemicalandmicropaleontologicaimethodssuch  
as detailed palinologic sttldies asⅥre王1as pigments，   

Tablel．Rupturesofice鵬damsinBR－BSlacustrinebasin＊  

1917：Firstdocumentedice－dammingandrupture（Fig－3）  
1935，1940，1942，1947，1952，1953，1956：GROtJP2（Fig．3）  
1966，1970，1972，1975，ま977，1980，1984，1988，1990？持ast？ice¶damm童ng）：GROUP3（Fig．3）  

寧Compile（】fromNicho王sa王IdMilier（1952），Raffog≠αg．（1953），Aniyaa王1dSkvarca（1992），arldCbie㍑（1994）．   
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Fig．3．Co汀e】at主onbetween幻00dlayersandsequeIICeOf  
eventsbyCore‡Ⅰ．   

孔StratigraphyofCoreTt  

CoreIIwasselectedasthereferencecoreforthe  
area，Sinceitshowslongerandmorecompletestratト  
gTこ1Ptlic stlqueIl亡e（Fig．1）than亡oreI＼丁・Fourl11ain  
units were recognizedin the core げrom top to  
bottom）：   

1）Unitl（0－6．82m）：Rhythmites  
Thビr恒・thI11itesformi岬mOStし）flhisLtnitarethin  

（3．5－7．1mm），reguiariybeddedandcontainnocu汀erlt  
StruCtureS．Regularly alternatinglight green silty  
Claybeds（3mminmeanthickness）anddarkgree  
Claylaminae（＞1mminthickness），formthebulkof  
this section．Atleast ten thin（1mm）layers com－  
posed ofiigbt greenis王ICiay areintercalatedin血e  
upper36cm of the“normal”rbythmic sequence．  
Threethin（0．5N12cm）gradedtephrabedsareinteト   

Fig．2．UpperpartofCore‡Ⅰ育omBrazoSur，LagoAr・  
ge†1ぬ0，   

the Unitl（Fig．4）representing a period of ca．120  
yearswereanalyzed；lowtomoderatepollinicconcen－  
trationswerefound andevidences ofreworking are  
shownbymostofthegrains．Thepo11inicspectraare  
dominatedt〉yAも娩頑脚，indicatingtbeabundanceof  
thisgentlSintheregion．TwopalynologlCZOneSare  
beingdeterminedfromtheseanalyses：1）Theupper  
20cmaredominatedby Nothqhqus（20…30％）and  
jわaceae（upto25％）．Other frequent taxa are gお－  
き如蕗ぬぐ滞gand劫ガC蕗g，VbicIlrepreSenttbevegeta－  
tionabotlndinginthecu汀entgramineoussteppewi洩  
patchybushes．Rumexisalsopresent（15％）jointly  
withBrassicaceaeintheuppersample（10cm）indicat－  
ing that the sediments had beendisturbed．2）Noth・  
q毎搾岱increases（upto84％）andfもaceaedeclines（14  
％）betⅥ㌢een30－50cm，SlユggeStingtbat theforestwas  
con血uousintheregionduringtbeend of19thcen－  
tury．  
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Fig．4．StratigraphyofCoreIIfromBrazoSur．  
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calatedwitht壬1erbythmitesat2m（TepbraI），2．63m  
（TephraII）and4．24m（TephraIII）．Thegrainsizeof  
thepyroclasticfragmentsformingTephraIand Te－  
phraIIvary between O．5mm and the silt fraction，  
whilein TephraIIIthe silt fractionis dominant．  
Occasionallylightbrownclayrichlaminae（weather－  
edtephrae）arealsopresent（i．e．at18，19and210cm）．  
Therearenootherconspicuoustephralayersinthe  
COre．  

2）Unit2ミ6．82－11t62m）：Liきかトgraysi旺yclay／Green－   
isbclay行arves）  
Thick（mean：3．5cm）1ightMgraySiltyciaylayers  

（97beds）irregularlyalternatedwithalsothick（mean  
：2．5cm）greenishclaylayers（78beds）formthisunit  
ofclassicvarvedappearance．Leben＄Spurenabound  
inboththelight andthedarklayers；irregular and  
inclined small（0．3mmin diameter）empty burrows  
meanderwithinthesiltylight－graylayers，beinghori－  
zontalattheupper part ofthegreenlayers．Addir  
tionallyin t‡1e uPper払ird oftheligbトgray mtlddy  
iayers，CaStSOfsma11bivaivesareaisoprese‡1t．The  
existence of wbite calcareotlS minutelaminae（14in  
total），boundedbYgrayClaylayers，isanotherconspicT  
uousfeatureinthelowerpartofthisUnit．  

Between6．82－7．31m，aStruCturelesszone，entire－  
1ycomposedofdarkgrayclay，indicatesthetransition  
between Unitland Unit2．  

3）Unit3（11．62，11．88m）：Darkgrayclays  
Darkgrayclayswhicharevirtuallystructtlreless  

formthistlnit．Occasionalandisolatedpebbles（upto  
O，5cminiong diameter）grading to gra王Iuies are  
presentin洩e王ower part（11．76…11．88m）of tbis  
section；buttheyareratberscarcein払eupperilalf  
（11．62－11．76m），Whichisconsideredasthetransition  
between Unit3and Unit2．  

4）Unit4（11．88－12．38m）：Till   
Angular pebblesand cobbles（up tolO cmin  

diameter）in a very poorly sorted sandy－peIitic  
matrixformthismatrixsupportedgravel．   

5．Preliminary resultsanddis⊂uSSion  

Tbe persistence of払e similar sedimentary fea－  
turesin the rhythmitesin Unitlsuggests that the  
present environmental conditions have been atmost 
COntinuous during most of the Holocene．Virtually  
noturbiditeswereaccumulatedinthesamplingsites   

duringthisperiod．   

5．了．∬わodわ曙  
Tenthin（1mm）conspicuouslightgreenishclay  

layersalternatingwithrhythmitesreprescntsedimen－  
taryeventsrelatingtotheintermittentflood＄．Inthe  
BR仙BS basin，the firstice－dam was formedin1917  
andthelastoneduring1990，withalmo＄timmediate  
formationoftheiceLtunnelthroughwhich water of  
tbeBSwasdrained．Since1917，也reemainperiods  
offloods（Fig，3）canberecognized（Table‡）．Tllis  
記quenCeOfeventsmaybecorrelatedwitbtbevertical  
distributionofthetenthinlayerswhichweretakenas  
Sediments due to the flooding as shownin Fig．3．  
Mostoftheweaksedimentarysignalsproducedbythe  
minorflood＄WerenOtidentifiedinthecoresduetothe  
preliminarystageoftheresearch．   

5，Z7抄如闇  
ThreemajorvoIcanicepisodesarerecordedinthe  

Unitl（Fig．姐 Tbeoldereruptionねmed a single  
t王Iin（0．5cm）fine grai王1ed野rOClasticlayer（Tepbra  
III）．Tbreet壬Iin（く5cmきpyociasticbeds（TephraI王）  
alternatedwithiacustrinerhythmiteswereaccumulat－  
edduringthesecondvoIcanicepisode，andduringthe  
youngervoIcanicevent a coarsegrainedpyroclastic  
sequence（TephraI）wasformed，SuggeStingrelatively  
long rangeintermittent eruptions．ThelithologlCal  
COmpOSitionofthebulkofthepyroclasticmaterialsis  
dominatedbydarkbasalticglass，indicatingthesub－  
Siliciccharacteroftheeruptions．Animportantlith－  
0loglCalcbangeoccursintheiowerpartofTepbraI，  
WbereacollSplCuOuSⅥ7hitepyroclasticlaぅ7erispres－  
e王1t．Themineralogicalcompositionofthis王ayer主s  
dominatedbycrystalline shards（amphiboles，pyrOX－  
enes，feldspars）andaccidentairockfragments，mainly  
metamorphics，with smallamounts ofwhite pumice  
pyroclasts．Allthese characteriticsindicate explo－  
sive eruptions producing large amounts of basaltic 
ash．  

Threeashbandsmeltingoutontheablationareas  
attheicemarglnSOfsomeglaciersareaverydistincL  
tivefeatureoftheSP王．Satelliteimagesshowthese  
asbbandsorlalmostailmajorol止Ieとglaciersdraining  
tbenortberrlSPI．Tothesou也tbeyarestiiiclearly  
Visible even on Upsala Glacier．These bands were  
describedbyLliboutry（1956，1957）asmeitbordersof  
voIcanic ash and aredue to thevoIcanic activity of  
VoIc良nLautaro（3380m），locatedonthenorthwestern  
part ofthe SPI，at490S；73030′W．The ashlayers，   
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glacierdefinitelyrecededfromtheBRpBSareaduring  
thepostgiacialtimes．  

AglaeialenvironmentisinfeT－redfr（1IlltllelいWer－  
mostpartofthecores（Unit4）．Thetransitionzone  
（11．62－11て6m）betweentheUllit2andUrlit3indi・  
catestheendofthegiacialaccumulationinthe BR  
…BSareaandt‡lebeginningof魚elacustrineenviron－  
me‡l短．Tbe degiaciation，indicated by 縫e sharp  
bolユndary between till（Unit4），and tbe proglaciai  
Clays（Unit3），WaSrapid．SincetheretreatofMoreno  
Glacier，theice has never reached again the Brazo  
Surarea，  
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buriedintheaccumulationareasoftheicefieldrepre・  
sentimportant reference horizonsまor any future  
stratigraphicstlユdies（Skvarca，1993）．  

Tbe tbree unique，disti】1Ctive pyrociastic beds  
preserltin tbe Unitlcouid be attributed to the  
Lauはro vo王canic events．Ⅵ徹etber or not tbese te－  
phralayerscorrespo†ldtotheasbbandson払egla－  
ciersis a matter of furtber researcb，Tbe geo－  
chemicalanalysesofsamplescoilectedrecentlyfrom  
the three ash bands on Viedma Glacier may help to 
soIvethisquestionwhencomparedwiththeanalyses  
ofthecoretephras．Theradiocarbondatingofthe  
core samples taken immediately below each tephra 
layer wilialso provide a valuab壬ei‡豆ormation o王i  
establiぬingthechronologyofthesevoIcaniceverltS，   

言．こ7．抽小J（－／哩二l，  
Tbecompieteperiod（1917｛1990？）offloodsim偽e  

BR一巻S basi‡1WaS COVered by the prelirninary mi－  
cropaieo王豆0logic study of cores．Thereis no evi－  
dencein the palynologic spectra，indicating fluctuか  
tionsinthelakelevelexceptfortheincreasingC炒er－  
aceaeand月フaCeaeintheupper（10cm）sample．Since  
thesetaxaarerelatedtothepresentpeatbogslocated  
nearthelake，theincreaseofbothofthemintheupper  
part ofthe coressuggeststhelateexpansionofthe  
lacustrinesystem．Thisevidenceisaccompaniedby  
a significantincrea＄ein7滋～如才砕ね招¢and助郎C〟g，  
whichrepresentsthebushesgrowinginthestlrrOunふ  
ings．The decline of t壬Ie forest dt汀ing tbe cu汀ent  
CenturyprObablyrelatestothe‡lumanCOion主zationin  
thereg10n；boⅥ㌻eVertheinf王uenceofe11Vironmental  
Changescannotbeexcluded．   

5．4．陥椚暦  
ThelayersintheUnit2areunlikethoseofthe  

Unitl．Thedif毎rencesin洩ickness oflayers，beふ  
ding，bioturbation，paleonto王ogy，g紋，S喝geSt that  
theywereaccum111atedunderdifねrenterlVironmentai  
conditions．The sediments forming the U‡1it2are  
Clasticvarvespoorir10rganicmatter（abol丑2％）独at  
aretboughttobeaccumu王atedinproglaciailactlStrine  
environmentsduringtheEarly Holocene andior the  
LatePleistocenepostglacialtimes．   

5．5．薫）γ削α才わ乃qデ娩g離一息S耶ね椚  
ThegrayclaysformlngtheUnit3weredeposited  

duringthebeginning（LatePleistocene？）ofthelacus－  
trine en扇ronment（progiacia重Iake）in t重Ie BR－BS  
area．Theearlyproglaciallakewasformedwhenthe  


