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Abstract  

Glacierdrillingwasconductedfortbeがrsttimetothedepthof37．6mintheaccumulationareaofSanRafael  
Glac主er（46色44′S，73り32′1Ⅳ，1296ma．s．l．）intheNor払ernPatagonia‡cefield（HieioPatag6nicoNorte）intheend  
OfNovember，1985．Snowar雨firnconsistedofwetgranularsnowwithabundanticecrustsandicelayers．Dry  
dLlnSit）・ptlこ1ndtheratビいf和itleremHlttOdビPthincremenr（dpJ：・dzlgT－adua11）li］lCreaSed＼＼rithiIl汀ビ；lSingdepthこtm【i】  
around19．7mindepth．‡nthefirnbetweenthedepthsof19．7m and26，7m，thedrydensitywaskeptfairlyatthe  
COnStantValueofO，75Mg／m含．Atthedepthof26．7恥firnabrtlptlytransformedintoice．Tbeuncorlfinedaquifer  
WaS found with the thickness ofl．8m at depthsfrom26．7m to24．9m on the firn－iceinterface．This singular  
dens浦cationprocessisattributabletotheeffectofwateTPerCOlatedintofirn．Theannuallayerwasnotidentified  
bystraもigraphまcobservatk椚Sbecauseofnovisib王edirtiayersarldnoseasorlaivariat主onsirlSi10ⅥFもexture，density  
amdchemicalcharacteristics．Butdiscontinuitiesintherelationbetweendensityanddepthapparent‡ysuggestthe  
existe‡1CeOftbeanTluallayerboundary，g．g．，Sum汀把rStlrねces，W京ぬtheslユppOrtOftbevariationtrerldin∂i詩O  
PrOfile，Wherefrom，theannualnetaceumulationin1984wasderivedas3450mm．Permeabilitycoefficientofthe  
aqtliferwasreveaiedas4Ⅹ10m7m／sbymeansoどtbea11gerholemethod．  

1．lntroduction  

The PatagoniaIcefield，locatedin the range of  
latitudes，46030rS¶51030′S，Onthesouthernpartof  
SoutbÅmericaまscoveredbyla曙eicemassesovertあe  
areaofsomeほ，000km2，Wbichrankstbir（董insizeof  
軌e area covered withicein軌e wor王d foliowing  
Antarct壬ca and Greeniand．The giaciologicaland  
meteorologicalconditions of this reglOn，how絆er，  
haveremainedunknownyetbecauseofthedifficulty  
inaccessibility・Tbus払eregionha＄a杜ractedpeopie  
余汀mOuntaineerl喝arldexpまorationactiviもies如a  
longtime．   
Recentiy，We Organized the first systematic  

glaciologicalexpedition to San RafaelGlacier and  
SoまerGlacier，reSpeCtivelyonthewesternandeastern  
SidesoftheNor乞berrlPatagon主a‡cefieid（‡‡ie主oPata一  
宮6nico No托e）（Nakajima，1985）．Om軌ebasisof軌e  
reconnaissancesinthisresearchexpedition，thefirst  
attemptofglacierdri11ingⅥraSplannedtornakeclear  

111ビamOLlnt Ofこ1nIlし1こIlnet aL・rumLllこItion．strurturt・Of  
icemasses，dens汀icationprocessfrom舅rntoiceand  
Othergeneralcharacteristicsoftheaccumulationarea  
intheNorthernPatagoniaIcefield．   
TわedrillingoperatiolュWaSSuCCeSSfuliycompまeted  
totbedeptbof37．6mtbroughfirntoiceintheerldof  
Nove汀Iber，1985．The払iiowirlg Weremadeニa）ob－  
SerVations of stratigraphy and snow temperatllre  
throu廓firn toice；b）meastlrementS Of density  
profiie；C）observationsofgrainsizeandshapeby  
photographsof払insectionstaken吉昭ぶぬ；d）mea～  
SurementSOfp王i，DC鵬electricconduct主vityanddensity  
Ofwatertakenfromcores；e）pumpingtestsofthee椚－  
gはciaiunconfinedaquiね㌻．Foranaiyzin宮Stabieox－  
ygenisotoperatiosandchemicalcompositions，Sam・  
p王esⅥrere Obtained from tbe cores and the surねce  
SnOWiayers・Thewatersampleswerebro喝htbackto  
抽e】aboratoryinJaparl★   
Presentedinthispaperarethepreままminaryresuits  

Ofarlalysesoftheglaciologicalcharacteristicsinthe   
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accumも11ationareaof払eNortberrlPatagon主aIce重eは．  
Atechnicalreportofthedrillingoperationisgivenby  
Yamada et al．（1987）inthesameissueasthispaper．  
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＼  
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2．Dri＝ngsite  

Thedrillingsiteissituatedattheaccumulationarea  
OfSanRafaeiGlacier，arelativelyflatsnowfield（46O  
44′S，73¢32′1Ⅳ，1296ma．s，1，），SOme25kminstraight  
distancefromtheg王acierter‡ⅥinusasshownbyDSin  
Map2（foldedin）．Asseeninthemap，thedrainage  
basinofSanRafaelGlacierismostlycoveredbyice  
masses，aCCOuntingforin91％ofthetotalareaof804．  
3km2．Theglacieroverflowsfromtheicefieldintothe  
Sealevel，LagoonSanRafaelbeingattheendofFjord  
Elefantes，andcalvingsoccurfrequerltlyatthetermi－  
nus，Whilethehighestpointofthedrainageis3970m  
inMt．SanValentin．Meanannualairtemperatureand  
annualprecipitationatthedrillingsiteareestimated  
as…mO．2¢Cand7，500－10，000mm，reSPeCtively，Onthe  
basis of altittdinaliapse rate of air temperatl汀e  
（‡nolユe gf 戊乙，1987）and a王titudinaldistrib11tion of  
precipitationくF房iyoshigfα乙，1987）observedin tbe  
CurTent glaciologicalexpedition，and7．6OC and3，700  
mmofthe血obtainedneartheglacierterminus，Where  
Surfacemeteorologicalobservationshavebeenmade  
bytheChilianAirForce（BHinMap2）since1981．  

Fig．1．Outlineofstructureinsnow andice ofaccumulation  
areaintheNorthemPatagoniaIcefield．  

∵
 
 

3．Structuraf characteristics  

T‡le OutiiTle Of structurein t壬1e SnOⅥ7 COVer and  
giaciericeisil壬ustratedinぎig，1．Tわestlrねcelayerto  
軌edepthof50cmconsistedofnewsnoⅥ7Whicbbad  
depositedjtlStbeforewereachedthesite．Belowthis  
layer，SnOWteXtureChangeddiscontinuouslyintowet  
granularsnow．Aswillbementionedlater，firntrans－  
formedintoice atthedepth of26．7m．Immediately  
abovethefirn－iceinterface，anunCOnfinedaquiferwas  
foundoutandtheboreholewasfilledwithwater，the  
Waterheadcominguptothedepthof24．9m．More－  
0Ver，thefirnlayerbetweendepthsof19．7mand24．9  
mlVaSSOakedwithwater，Whichwasrecognizedby  
SPiiiiれg Water fromcoresi11thel〕arrelimmediately  
a鮎㌻払e core vaslifted upなom tbe bole．It m野  
COrreSpO11d to a capillary water zorlein soil，The  
meltingpointremainedthesameata11depthsinspite  
ofaccumulation ar・ea．   
The stratlgraphic profile of a core37．6mlongis  

b口Un〔】dry  
b：1Ce⊂ruSt   
or iaver 

C：P8rtlる11y   l⊂1nq  layer  35   
Fig．2．Stratigraphyofacore37．6－mlong．   
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Fig．3，HorizontalthinsectiollSOfthecoreatdepthsof16．5m（a）and32．3m（軋  

6180（per mう1）  
－16  －14  －1Z  －10  －8  

ShowninFig．2．Thesnowcoverwasco汀IpOSedofwet  
granularsnowexceptthesurfacesnow王ayer．Inthe  
granularsnovlayer，anumberoficecrustsandice  
layersabundantlyexistedwiththethicknessof8，5州  
35mm．Visibleicecrusts／layerstendto decreasein  
numberastheydensifywithincreasingdepthThrough－  
Outtbeentiredeptb，Wefoundnodirtlayerandno  
cyclicvariationinfirntexture◆Ånattempttodecide  
the annual layer only by stratigraphic observations 
resultedinfailure．AIsowefoundnolineationsandno  
foliationsofsr10WCryStalsaTldbubbies；itsuggests王10  
activeglaciernowilltllissite．Thecrystalsizeoffirrl  
andiceshowednoremarkablegrowthwithincreasing  
depthbutshowedthealmostconstantsizeofトー5mm  
asshownillFig．3，Åsaresult，thesnowcoverintbe  
accumtllationareaoftheicefieldischaracterizedby  
wetgranularsnowcontainingmanyicecrusts／1ayers  
withoutdirtlayers．  
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4・Resultsofcore analyses   

イ・J・77～＝・け／／川り／・り／丁ん、＝イ仙：曙川ふり／小・…〟‖′／．  
♪〃一川／仙＼J札、（l（りJ√ノJJ（、／／J有1，√川（／〃W／け（／‘〃∫小・  
For obtain主nginformation on the geochemical  

backgroundandtheseasona＝luctuationof血edepos呈－  
tionaierlV汀orlmentOntheicefie‡d，thewatersampies  
takerlfrom cores were examinedin thelaboratory．  
0Ⅹygenisotope content was analyzedin Water Re－  
SearCh‡nstitute，Nagoya Univers主ty，Wi班the error  
Of士0．2permii，and otber tわree kirlds ofmeaslユre－  
mentswerecarriedoutintheroomtemperattlreOf20缶  
CinGeophysicalResearchStation，KyotoUniversity．  
1Ⅳaterdensityiscor主Sideredtodependontbeamount  
Ofstableisotope（H2a‡1dO王8）arlddissolvedsubstance  

Fig・4・Profileofoxygenisotopeconte隠   

itlⅥ・こl†tll－．  
The verticalprofiles ofoxygenisotopecontent，  

pH－Value，DC conductivity andⅥ7ater deriSity are  
respectively preseritedin Figs－4，5，6arld7，Tbe   
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DC conductjvjty（uび／cm）  
0  2  4  6  8  10  

6  pH  7  8  

Fig，6．ProfileofDCelectriccon8uctivity・   

positionmayhavebeendisturbedandhomogenizedby  
theinfiltrationofabundantmeltwaterandrainwater，  
asisdiscussedin section5．  

1J．ユJ九リノ∫小♪J〃7／t、  
Density was measuredby means ofthe weight－  

volume method．Snow contained meltwaterinits  
framework after coring．The wet density profileis  
shownbycrossesinFig．8withtheprofileofcumu－  
lativemassbyasolidline，Thewetdensityprofileis  
mucbdif毎rentfromthatinp（）larglaciers．Intbepoiar  
giaciers，theincreasingrateofdensitygradualiyde－  
creaseswithincreasingdepth，andalsofirngradua11y  
transformsintoice．The densification rate of wet  
snowintheicefield，Onthecontrary，apparentlyin・  
creaseswitbiilCreaSingdepthtlntiltheievelapprox－  
imately19．7mdeepandthedensityoffirndeeperthan  
itiskeptfairlyconstantataroundO．85Mg／m3asseen   

Fig．5，ProfiieofpH 

oxygenisotope content givenin6180notationis  
Characterized by a relativelylargefluctuation from  
－17permi1to－8permilintheupperlayerabovethe  
levelaround6mdeepandfairiyconstantatsome－10  
permilintbelowerlayerbeioviと．Tbisdisc（〉mtirluity  
WaSnOtfoundintheprofilesofpH，DCconductivity  
andwaterdensity，butanothercommonlevclofdis－  
COntinuity was found at thclevelaround2m deep，  
above which values of pH and water density are  
王argerandbeloⅥ7Whichtbey aresmaller．Thei‡lter－  
pretationofthisdisco一三tintlityisstillpending．  
Accordingtotheresu圧srevealedfroma Hima－  

1ayancore（Watanabeet al．，1984），theprofilesof618  
0，pHandDCconductivityshowedarelativelysmall  
scale oscillation and had no relation to the seasonal  
Variatiorl．Theprofilesbeiowtheleve12mdeepintムe  
figuresalsoshowtlleSametre‡ldastheglacierint‡1e  
Himaiaya．Theoriginaldistributionofchemica王com－  
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軸terdensうtyく銅g細3）  
18  20  22  24  

∴こ二二二、二・・・ 
ニ  ∴ ゴ 0．8   1．0  

て  2  
F圭g・8・prOfileofwetsnowd飴S軸彙  ぎig．7．Dens主モyprofiまeo宮野aterme揉edなonltbecore．   

inぎig，S、Cumuまat主vemassca重clユIatedぎromthewet  
densitypromesbowsarapidincreasewi軌increasing  
dep軋tbeimcrea＄ingraもebeingla摺erthan蝕atina  
tlStlこIIp（－l；lrg加i灯．  

Wもen軌edensityprofi主eiscarefu王まyexamiれed，  
disr川1tilltlitit：S こIrビ foundin tllビ rビlこItiし）n beh＼・しTe11  
densityanddepthatまevelsaround6．8恥12．3mand  
19，7m deep as shown by arrowsi㌍Fig－8．The能  
discontinu主t主eswilまbediscussediater．  

りくirkhil11l．195Jl．Ⅰ－er111eat）il恒▼CいP抒icie11t舟Ⅵ丁こISdぐt什  
111itlビ（1ft‘いnlth（、叫しlこIti（111：   

ゑニ0▼6i7，  

＼VllPlで ざis a gビいnlビい‾icこ11ftl11ぐtiいn（SPビ p，83in  
lくirkhこII11、1！）5▲l）．Thぐl・こl（lit］Sいrdri11i115Ihole t・W；lS三i．i  
Cmandtbethicknessofaqui毎r♂was176cminthe  
pumpingtesも．Me見開redwastbeieveまofwaterわeadあ  
illt、tlしゝholビnSafしulぐtiし）tltlftitlleこIfterbaili帽1＼「こIterOut  
of洩e boie to32．45mlevelof the waterilead◆The  
＼・こlItle（1一人－ ⅥてIS C；lIctllこ1t亡、（Irrし）nltinlビ△／11ビPded for  
waterto rise adistan（：e OfÅあinthehole．  

′1、11e rt】Stlltいf thtlLlbsし、l・＼・；ltionissh…＼11iIIFig，tl．  
Tbe waterlevelrose up almost加earまy w氾＝血眠  
血ringsome500m主nutesa鮎㌻払es毛artofmeasure〟  
me王1t．Asthewaもer呈eveまpassedⅥp軌rou薫かt壬Ie26．㌢椚  
deeplevel，汰e rising rate began to decrease exp（〉ニ  
nentia里Iy．Then血efirn－iceinterfaceexisti喝atthis   

5・Observation ofaquifer  

Ånaquiferfoundout血ringtbedrillingoperat呈on  
WaSanapparentiyunconぎ払edonebecauseoぎno吏m≠  
P＝11一ビ；1bltllこ1）でr OVerit．ドorいbtこIining fhe匹rmeこl－  
bil晦coefficienモOf洩eaquiねr，apumpi噌teSもWaS  
COnducted by mean＄ Of 血e au酢r hoie metbod   
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ficientexperimentalstudieshavebeenmade，1eaving  
itaimostlユnknown．  
For making clear the actual state of the 

densificationprocess，drydensitypdlSCalculatedfrom  
themeasuredwetdensitypwandtheestimatedrange  
Ofpossiblewatercontentl弟usingthesimpleequaN  
tlOn：  

p．′ 主11t■1pい   

Becauseofnomeasurement ofthe watercontent玩  
Situ，apprOXimation was made by measurlng Water  
COntentSOfwetsnowintheperennialsnowpatch，in  
Which an aquifer cxisted，in the Daisetsu mountain  
range，Japan，durirlg the ablatio11SeaSOIlin1986，  
MaximumandIⅥinimumvaluesoflVaterCOntentWere  
assumedas4to8％intheupperwetfirnlayertothe  
depthof19．6m，aSlOto15％inthefirnlayerofwater  
SOakedandtheaquiferof19．7to26．7mindepthand  
asalmostO％inthcicebodybelowit．Thecalculated  

Fig．9．Recoveryofwaterheadir】theborebole．   

levelwas decided．Permeability coefficienもWaS de－  
rivedas4Ⅹ10▲7m／sorO．035m／day，Whichcorresponds  
to that of silt or sandstone．The valueis one order  
greater than those obtair）edin the ablation area of  
Mendenha11Glacierin Alaska，6．0×108m／s（Takar  
basbiarldWakahama，1970）a‡ldin洩eaccumulation  
areaofYalaGlacierinNepalHimalaya，3．5×108m7  
S（Iida et al．，1984）．  

Dry dens沌yく河g／m3）  
0．2  0．4  0．6  0．8  0
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6．Discussion  

Theconspicuousandimportantcharacteristicsof  
the accunrulation area oi the Northern Patagonia 
Icefield are the existence of abundant water in firn 
and glacierice．The contained water may remain  
therethrot感101ユttheyearexcepti11tbesurねcelayer，  
becausemontわ1ymeanairtemperattlretbereisesti－  
mated as approximately M60C evenin the coldest  
monthsfromthealtitudinallapserateofairtempera－  
ture（Inoueet al．，1987）anddataobtainedatChilian  
AirForceMeteorologicalStation（BHinMap2），and  
itmaybedifficult女汀WiriterCOidtopenetratethe  
deeperlayer，  
As seenin the prcvious section 4．2・，the  

densificationprocess ofwct snowismuch different  
fromthatofpolarsnow．Sincecompactiveviscosityof  
polarsnowisexpressedbythepositiveexpoIlentialof  
de11Sity（Koii‡na，1964），tbe deIISificatio‡1rate de－  
creaseswith童ncreasingdensity．However，thedensity  
profileinFig．8suggeststhatthedensificationprocess  
inthePatagoniaIcefieldmustbecontrolledgreatlyby  
stress，i．e．，0VerburdenpressureandthatitsdepenL  
dence on densityis rather minor，Altholユgh the  
densificatiorlprOCeSSOfwetsnowbasparぬIlybeen  
investigated（Ohmae and■Wakabama，1980），nO Suf－  
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Fig†10，Profiies of dry snow density calculated（horizontal  
bar）alldOxygenisotopecontent．   
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drydensityprofileispresentedbythehorizontalbar  
inFig．10witbが革OprofilealreadyshoⅥminFig．4，  
Discontinuities呈nde王1Sificationprocessarerecognized  
in乞わeprof…呈e．Upper汰reedi斑Onぬui七重esare洩esa汀ie  
asthoseofwetdensityprofiieinFig．8．  

Firnisdividedintofourlayersdenotedbylayers  
I，‡Ⅰ，lIlandlVinrespectofthedensificationprocess．  
Density seems toincreaselinearly withincreasing  
depthirleaChlayerasshownbythick solidlinesin  
Fig．10．ThedensityprofileinuppermostlayerIlooks  
Similartothatoftheseasonaisnowcoverconsisting  
Ofwetgranularsnowinthemeltingseason．1tiswell  
knownthatalargefluctuationinthedensityprofilein  
thewintersflOWCOVerdecreasesdrastica11yandcon－  
VergeStOthereiativeiyconstantdensityofO．45鮒0，55  
Mg／mきthrougb払eentiredep軋dueto wetmetよ－  
morphism・The density profiie oflayerIsuggests  
StrOnglythatthelayershouldbedepositeddurirlgthe  
australwinter of1985．This fairly constant density  
layerwi11bedensifiedasthesamedensityprofileas  
thatoflayerIIduetothesuccessivewirlteraCCumula・  
tion mass、  

Furthermore，the oxygenisotope content fluc・  
tuatesbetween▲－17and r8permi1inlayer‡and  
thislarge魚uctuationdecreasesdrasticauyinlayerII， I  
Sbowingtbeねirlyco王ISta‡ltVai11eOf－10．2permii，‡n  
general，thevalueofざ180inprecipitationissmailerin  
Wir豆erthanirlSlユmmer；thatis，tileamOu‡1tOfO王きin  
precipitationisricherinsummerthaninwinter．When  
O18～rich summer waterperCOlatesinto an O柑」poor  
winter＄nOWlayer，the value of6180graduallyin－  
CreaSeSwithtime，aSiswellknown．Itisassumedthat  
theG180wprofilein1ayerIstillkeptthesmallwinter  
ValuebecauseitwasmeasuredinNovember1985，the  
beginningofaustralsummer．Aremarkableamountof  
Waterinfiltratesduringthesummerinthisregionasis  
discussedlater．Due to 也einfiltration of O18－ricb  
Slユmmer Water SuCh as rainwater and me】tw－ater Of  
SlュOW tempOrariiy depositedin summer，the small  
WintervaltleOflayerIshouldbeshiftedtothealmost  
COnStantValueofabotlt－10permilasseeninlayer  
Il，Whichmaybetheannualmeanvalueof6180inthis  
reglOn．  

Astheconclusionoftheabovearguments，itcan  
bepredictedthatdiscontinuitylevelsof6．8and12，3m  
indepthimpliessummersurfacesintheendof1984～  
85arld1983－84australsummers，reSpeCtively，and  
王8yer‡isdepos豆eda食er1984¶85slim汀Ier，え♂リi王1  
tbewinterseasonof1985．TlュuslayerIIstandsfor払e  
an‡1uallayer duri王喝tbe above two slユmmerS，fr（〉m   

Which3450mmiscalculatedasanannualnetaccumu柵  
1ationin1984，  

TberelativeconstantdensityprofileinlayerIV  
mayt憂eprOducedbytムerisingupoftbeⅥFaterievelof  
tbeaquiferorthewatersoakedl野ertO19＿7mdeep  
levelintheprevioussummer．ThenlayerⅣmightbe  
entirely soaked with water∴h general，if the snow  
layerisfilledwithwater，buoyancyisgeneratedinthe  
SnOWmaSSduetoadifferenceindensitybetweenice  
and water，Which resultsin almost the same stress  
COnditions through the snowlayer＿When the same  
StreSSCOnditionscontinueforafairlylongtime，the  
equilibriumdensitytothestressisrealizedinthesnow  
laver．A necessary amount of water for filling the  
SpaCeSinlayerI￥isevaluatedoniyas1350mm，ifthe  
en一宮王acial幻owis negiigibiy smail．In tIlis area，tbe  
amountofpercoiated waterisestimatedatieast as  
OVer3000mmin the summer season（Kondo and  
Yamada，1987）．ThereforelayerlV may be entirely  
SOaked with water．ThenlayerIIImay not be an  
arlnuallayerbccausetheboundaryoflayersIIIarldlV  
at the discontinuitylevelof19．7m may not be the  
Summer Surfacebuttheexpectedupperlevelofthe  
aquifer or water soakedlayerin1984－85 austral  
Summer．  

Tbesuddentransformationfromfirntoiceattbe  
bottomofanaquifersbouldbeessentiallyimportamt  
to aniceわmatiorlprOCe＄in temperate g壬aciers．  
Val王0‡1gfαg．（1976）observedaniceformatio11prOCeSS  
from firn toicein an aquifer foundin an Alpine  
glacier，repOrting that about 3 m thick firn  
transformedintoiceintheaquiferduringthesummer．  
Wakahama（1975）also found outthat water soaked  
SnOWWiththedensityofOA6Mg／m3transformedvcry  
quicklyintoiceduringonlyoneweekunderafairly  
low stress ofsomelOOO kg／m2．Ⅰalso attempted to  
Observeadensificationprocessintheaquiferfoundin  
盗epere王iniaまsrlOWpatCわinMt．Daiseと5日血ringとわe  
SummerSeaSOれOf1986；ⅠvasIlOtabletorecognize  
trans払rmation from重rn toice，however，Observing  
Onlyahighrateofdensificationthere，despitethatthe  
StreSSWaSSufficientlylarge．  

Transformation from firn toice under the con－  
dition of submersion may depend on density，0Ver・  
burdenpressurc andtime．Quantitativerelationships  
betweenthernarestillunknown．Theprocessshould  
beexperimentallyinvestigatedinfuture．   
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Resumen  

Caracteristicas glacioI6gicas reveladas porla per・  
forac拍n a 37，6 m de profundidad en eI畠rea de  
acumulaci6n de（Glaciar San RafaeI．HieIo Patag6－  
nico Norte（HPN）  

Afinesde Noviembrede1985sellevるa cabola  
primera perforaci6n glaciar］en elHPN hasta una  
profundidadde37，6m．Losobjetivoseranconocerla  
acumtllaciるn neta antlal，la estruct11ra delc11erpO de  
hielo，elprocesodedensificaci8ndenevizaahieloy  
OtraS Cara（：ter壬stic筏S generales del孟rea de  
acumulaci6ndelHPN，EIsitiodeperforaci6n（DSen  
elMapa2aIleXOaeStapublicaci6n）fueubicadoenel  
乏readeacumulaciぬdelGlaciarSanRaねel（46044’S，  
73032’1野，1296乱S．n．m．），aunOS25kmenl壬nearecta  
delfrente delglaciar，SObre elrelativamente plano  
CampOdebieio．  

San Rafaeles unt宴pico giaciar temperado y el  
hielo se encuentra alpunto de fusi6n en todo sll  
espesor，Elestratodenieveconsisteennievegranular  
h屯medaconuntama煎Odegranodeト5mm（Fig，3），el  
Cualno tiende a aumentar canla profundidad．Se  
encontr6numerososまer鹿S y COStraS de bielo de un  
espesordeO，5a35mm，eXCeptOenlacapasuperficial  
denieve recientemente depos主tada（Figs．1y2）．La  
Capa a‡lua王no pudo ser reconocida por observaci8n  
estratigr孟ficadebido a quenoexist言anestratosvisi・  
b王esdeimpurezasnitampocovariaciるnelllatextl汀a，  
densidadocaracter宣Sticasqu王micasdeianieve（Fi終  
2，4，5，6，7，y8）．  

La densidad seca pd Se Calcu16a partir dela  
densidad汀1edidain situ（Fig，8）y es丘maciones del  
COntenido de agua minimo y mまⅩimo posible．La  
densidadseca aument8gradtlalmenteconlaprofun・  
didadhastalos19，7m，yluegolaneviza mostr6un  
valorconstantedealrededordeO，75Mg／m3hastalos  
26，7m（Fig．18）．Elgrad主el確edメ）d／dz atlmeIlta CO！11a  
profundidadalcontrariodelosglaciarespolares．La   
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ざ180．As吉SeenCOntr6unaacumulaciるna王ュua王netade  
3．450mmparalacapade1984．  

En elcontacto neviza－bielo，Se enCOntrる un  
acuぎferonocon如adodeunespesordel，8mentreios  
26，7my24，9mdeprofundidad，Masa伽1，SeenCOntr6  
unacapasaturadasobreimptleStaalacu‡毎roentreios  
24，9my19，6mdeprofundidad（Fig．1）．Pormediodel  
m芭todo de perforaci如A噸er Se determ主nO que ei  
coefic主eれtedepermeabiiidaddeまact貰i短roesde4・10M7  
mノrs．   

nevizasetra‡1S払rmades蔦bitoenh主eloapartirdela  
Superficiedecontactoneviza－b呈eloaまos26，7汀l，T裏  
PrOCeSOdedensificaci如caracterizaalcampodebieユo  
Pataがnicoysedebealefectodeal）uれdanteaguaqlje  
percolaatravさsdelarlieveyneViz軋eStim急ndoseun  
toねianuaide3．000mmprodliCとOdea糾aSまiuviasy  
derretimienぬ Se cons言der6 quelas dos discon－  
七重nuidadesst王periores（】elastreseれtOta】er支COntraぬs  
erllanieveynevizacorresporldenalastlperficiedei  
Ve柑nO auStralde1984【・H85 y1983－・84，POr Simple  
a爵al主sisc（）napOyOdedatosdevariaci6ndeiperfi＝始  


