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Abstract  

PrecipitationinsummeratTyndallG王acier，SOu漁ernPatagonia，WaSanaiyzedform毎orsolub王e  
Chemicaicompounds．ThepHvalueswereaimost6．Oandtheconcentrationsofanionsandcations，  
especiallynitrate，Wererelativelylow．ThemeanconcentrationsofCIM，NO㌻，SO㌃，Na十，NH。＋，K＋，  
Ca2＋andMg2＋are20．9，0．4，8．0，0．9，10．6，7．6，2．3，3．8and3．5FLeq／1，reSpeCtively．Itisalsonoticedthat  
theconcentrationsofnonSea－Saltpotassiumandcalciumwerehigher，COmparedwiththoseofthe  
Otherions・Theycouidbelinkedtoeithercontributionbyvegetationorlocalcrustalsource．  

l．tntr（Iduction  

TheSouthern PatagoniaIcefieldhasanarea of  
13080km2andstretcbesfor350km丘om48Q38′Sto510  
38’S．Inspiteofitsiargeextentandimportanceas  
physicaland chemicalparameters relevant to the  
environmentalchange，ithasbeenpoorly studiedin  
thepast．  

Recentlyextensivedatasetshavebeenobtained  
for tbe PaねgorliaIcefield by tbe Giacioiogical  
ResearchPro5ectinPatagonia（GRPP）during1983to  
1990（Nakajima，1985，1987；NaruseandAniya，1992）．  
Nevertheless，1ittleisknownofchemicalcharacteris－  
ticsofsnowandiceoftheglaciersandprecipitation  
aroundtheicefield．Thechemicalcompositionofthe  
王ocaiprecipiねtionhasnotbeendeterminedyet．The  
relatinginvestigationsonchemicaicompositionhave  
been published on firn core studies（Yamada，1987；  
AristarainandDelmas，1993），andchemicalfeaturesof  
river discharge fromglaciers（Saito and Kobayashi，  
1985；FlユkamiandEscobar，1987〉．   
Sampleswereobtained如）mthesuぬceglacier  

ice，riverwaterandtheprecipitationatthebasecamp  
OfTyndallGlacieratthesouthernedgeoftheSouth，  
ernPatagoniaIcefield（Fig．1），inDecember1993．   

2．Methods and mater〒aIs  

Thesamplingoftheprecipitationwasconducted   

atthebasecamp（about360mabovesealevel），nOt  
COVeredwithsnowandice．SitesMlandM2inFig．  
1arethemeteorologlCalobservationstationssetupon  
tbegiacier and on tbeiateralmoraine c王ose to t‡le  
g王acier margin，reSpeCtive王y．T王Ie Samples of the  
glacierice near site MIwere also obtained．River  
Water，Originatingfromtheglacier，WaS Sampled at  
SiteM2andtheba＄eCamp．Thesesampleswerekept  
in pre→Cleaned airwtight polyethylene bottles，being  
keptfrozeI用ntiiぬechemicalanaiysesaたersending  
backtoJapan．  

The pH value＄Were meaSured by a pH meter  
（COM－11，DENKIKAGAKUKEIKICo．，Ltd．）．The  
measurement of electricaI eonductivity was carried 
OutⅥ7ith an eiectricalconductivity meter（DS－15，  
HOR‡BÅLtd，）．Majorionsweredeterminedbytbe  
ion chromatographic method（using modelHIC－6A  
andLCrlO，SHIMADZU Ltd．）．  

The glacio－meteOrOlogicalobservations at sites  
Ml，M2andbasecampweremadeinthesameperiod  
（TakeliChig£鐙乙，1995a，1995b）．   

3．R¢Sults and discussjon  

Thereweremanyrainydaysduringtheobserva・  
tionperiodanditsnowedonDecember7and18，1993．  
Fまgure2sbows the daily precipitation at the base  
Camp，Withits pH and eiectric conductivity（EC）  
Values．ItisseenthatpHvaluesinprecipitationarc   
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Fig．1．Map ofTyndal王G】acierinSoutbernPatagonia fcefield．Mland M2are  
meteorologicaioもservationsites．  

almostuniform（cf．Fig．7too）andtheaverageofpHis  
6．0，WhiletheECvaluesarebetween2．3andlO．8JLS／  
Cm．   

In Fig．3，the temporalvariations of majorion  
concentrationsinprecipitationareshownduringthe  
observationperiod．Figures4and5showthemean  
concentrationsofanionsandcationsinprecipitation，  
andtheircompositions，reSpeCtively．Thesecon（：en－  
trati（）nievels are relativelyiow or near王y equalto  
也oseoffirnontbeÅntarcticicesbeetくKamiyamaβ才  
鐙£，198乳 ThemajorionsinprecipitationatTyrldali  
GlacierareCl欄，Na十，SO喜一andNHIinthisorder．The  
H＋concentration，however，ismuchlower，COmpared  
with those of firn on the Antarctic ice sheet 
（Kamiyamaet al．，1989）．  
Figure6shows the relationships between the  

concentrationofNa＋，thatisregardedtobe mostly  
originatedinseasalt，andtheconcentrationofother  
ions．Somestraightlinesexpressthe ratios of the  
concentrationofNa＋tothatoftheotherionsofsea  
sait．AsisevidentinFig，6，tberelationsofCl－and  
Mg2＋toNa＋arerougblysiIⅥilartotbeseasalト王ine－   
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Fig．2．Dailyprecipitation，pHandel∝け毒cco－－ducGvityof   
iもSpreCipitationinD∝e汀ぬer1993aとtbebasecamp，  
Tynda！iGlacier．  
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On the otber hand，SO書‾concentrations show wide  
SCaもters．Bo鴎 K＋ and Ca2＋ir主CreaSe aS Na＋  
主ncreases，butconもainalargevolumeofnon－Sea－Salt－  
SuchexcessK十andCa2十couidbeattributedtoeither  
iocalcrlユStalsource or corltribtltiorlby vegetatiorl．  
AristarainandDelmas（1993）reportedon汰econcenサ  
trationsofmaj（〉rSOまubまeionsbya如ncoreanalysisat  
MorenoG王acier（seeFig．1）．Tbeirresl点tsindicated  
thatNO言COnCentratioIIWaSVeryioworequaltotbat  
Ofmywork，buttheconcentrationlevelsoftbe（y払er  
maJOrionswereonefourthtoonetenthofmyresult＄．  
Thismaybe due to the differenceinthe methodin  
Whicb払e cor主Centratio‡1ValtまeS at Moreno Giac主er  
Were Calculated by averaging six sampies for one  
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Fig▲3◆ Co11Cerltrat主orlSOf宙emajorionsinprecipまta如nat  
Tyndai王Giacieri王1December1993．  

AN10N  cAT旧N   

Fig．4．Meanconce11けa如nsofarlionsandcationsintbe  
precミpitatio11atTyr18al王G王acierinDecember1993．  

ぎ短↓5・Ratiosof耽anCOnCentrationsofanions（Å）andcatior呈S（B）iれtbeprecipitation  
離TyndaliG王ac主erinDecember1993．   
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year．On theotherhand，thepreserltWOrkresulted  
from 払e precipitation analyses on！yin slユmlⅥer．  
Ånotherreasonistbeねcとthatchemicalspeciesirltbe  
firn atMoreno Glaciermayhavebeensignificantly  
disturbed by melt water percolation in summer and 
SOmeionsmaybepreferentiallyeluted．  
Tablelgivesthemeanvalues（M），thestandard  

deviations（グ）andtbecoefficientsofvariatio11S（ざ／M）  
OfpH，eiectric conductivities（E）and the concentra－  
tionsofmajorionsinprecipitationinDecember1993  
atTyndaIIGiacier．Judgingfrom q／Mvalues，itis  
recognizedthatthevariationsofNO；，SO…‾，Mg2十and  
NH；concentrationsarerelativelylarge，  
Figure7showstherelationshipsbetweenpHand  
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Fig．7．RelationshipsbetweenpHandelectricconductivity  
Ofa王isa三np主esatTyndaliG】acier▲  
DataA：preCipitatiolュ．B：Sl汀ねceglacierice．C   

：riverwaterontheglacier．D：riverwaterjustbelow   
thesidemarglnOftheglacier．E：riverwateratthe  
basecamp．  

Fig．6，Rei離ionsbips t〉etWeen the concerl汀atio‡1S Of Na十  
羞飛d otberm8jorio罰Sin precipita扇on atTyndailGla・   
cier．Straigbtli王IeSSbowtheratjosofNa＋toeacbio王10f  
sea salt．  

Tablcl，Mean vaiues（M），Standard deviations（0・）and coefficients of variations（q／M）of pH，electric conductivities（EC）and   
COnCentrationsofanionsandcationsinprecipitationatTyndallGlacierinDecember1993．Units（EC：pS／cm，anionsand  
Cations：JLeq／1）．  

pH EC Cl▼ NO言 SO≡ H十  Sa＋ NH‡ K十 Ca2＋ Mg2す  

Meamvalue（M）  
Standarddeviation（q）  
Coefficiestofvariation（5／M）  
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EC of allthe datain the neighborhood of Tyndall  
Glacier．Comparedwitbtbedataofprecipitation，EC  
valuesirlriverwateroutside払eglacier（DataDand  
EinFig，7）aremuchhigherthanthoseinprecipitation．  
A tendency can be also found that the EC value of  
riverwateratthebase campishigherthanthat of  
riverwater atsite M2．1材hileboth riversoriginate  
fromtbegiacier，払ebasecampis fartber from tbe  
glacier than site M2．The difference of EC vaiues  
betweeninprecipitation（DataAinFig．7）andinriver  
Water（Data D and Ein Fig．7）indicates that the  
COmpOSition ofdissolved substancesin precipitation  
bas been a圧ered by tbe subglaciaisystems or the  
influenceofcrustandvegetationintbisarea．   

4．Concludingremarks  

Chemicalanalysisoftheprecipitationinsummer  
atTyndallGlaぐierwascarried out．ThtlPH values  
were aimost 6．8 and the concentrations of sol11ble  
majorions（especial1ynitrate）wererelativelylow．It  
isrecognizedthattheconcentrationsofnon↑Sea－Salt  
K＋andCa2＋werehigher，COmparedwiththoseofthe  
Otherions．Thesenon～Sea∵Saltionsmaybeattribut－  
edとOe独erlocaicrustalso11rCeOrVegetationorigi】1．   

Inthispaper，theauthordidnotdiscussaboutthe  
characteristics of other samples such as glacier ice 
and river water near the glacier．Thesewi11be  
presentedinanotherpaper．Firncoreanalyses，tObe  
drilled on the声CCumulation area of thisicefieldin  
future．willgive us more usビfuliIlf川‾mation ofenvi－  
ronmentalhistory at midMSOuthernlatitudes of the  
SouthernHemisphere．  
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