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Abstract  

Twosnowpitsweresuccessivelysampledatthes鼠meSpOtOntheNo．1GlacierattheheadofUrumqiRiver，  
TianShan．China．onJtlneland17．1996．resIだぐtivelr．Throughcomparisonofthe♂吊Oandio11icprofilesofthe  
twosnowpit＄，WeSuggeStthatchangesofstratigraphic6180variationsaswaterpercolatedthroughthesnowpack  
arelesssignificantthanthoseofionicconcentrations．Therefore，iti＄neCeSSarytOdistinguishhowmuchthesnow  
Chemicalrecordscanreflecttheoriginalclimaticandenvironmentalconditionsduri喝preCipitationbeforewecan  
usetheicecorerecordsforpaleoclimatereconstructionwithhighcon嘉dence．  

1．lntroduction  

Over the past few years，there has been a gTOWing  
interest for extracting paleoclimatic information from 
isotopic andionic profiles measuredin higblati餌deice  
t：OreS．Such valuableice core reeords，however．ust】ally  
experiencedoccasionaltomoderatemeit，Whichlimitsthe  
application ofice core for paleoclimatic reconstruction．  
SeveralicecoresrecentlydrilledfromtheQinghai－Tibetan  
Plateaunecessitateabetterunderstandingoftheeffect of  
summersnowmelt otltheisotopic andionicprofilesinthe  
snowandfinllayers（Thompson（t aI．．1989，1997）．  
Recentworksuggeststhatthe6180valuesofprecipita・  

tion samples collected on the northern Qinghai－Tibeta  
Plateau during the period of1991－1994are positi＼Tely c（一r－  
reiatedtocontemporaneous surface air temperature，With  
s！opesoflinearfitrangingfromO．29toO．67‰rC（Zhang  
ai．，1995）．However，30岬yrreCOrdsofannuauyaveragedが80  
fromthreedifferenticecoringsitesinthisregion are not  
COrreiatedsignificantlywiththecontemporaneousairtem－  
peratllrereCOrdsfromtheircorrespondingclosestmeteoro鵬  
logical或ations，150to200kmavayfrom也ecoringsites  
（Yao（l（lL．1996l．Similar result was also achieved with  
regardtotheprecipitationandicecoresamplescollectedat  
theheadofUriimqiRiver（HouetaL，1999a）．  

Meltingcausesleachingofionsin thesnowpack．This  
posトdepositionaleffect homogenizes the snow chemistry，  
therebyredueingtheseasonalvariationsoftenusedtodetect  
annuallayering and to date the core．Furthermore，SOnle  
ions，SuChasSO≡L，arepreferentiallyleachedfromthesnow．  
Thustheionratiosperpetuallypreservedinicecorescannot  
reflect theiroriginillfraetiollduringprecipitation．  
OnJune4and17，1996，a3msnowpitandanother2．3m  

SnOWpitweresuccessivelysampledatthesamespot（4230m  
abovesealevel）attheWestBranchoftheNo．1Glacierat  
theheadofモJriimqiRiver（shownas”SP”inFig．1）．For  
convenience，Wenamethe3mand2．3msnowpitsasSnow  
pit”AいandSnowpit”B’1．respectivビIy．Herewecomparethe  
61SOandionicprofilesofthetwosnowpitstoidentifythe  

Fig．1．Åmapoftbebeadof持撤nqiRiver，TianShan，Cbina，  
ミぬowi王1g偽esamplingspot．SP：払esnowp主tsamplingsite；  
DMS：払eDaxigolユMeteoroiogica】Station．Insetmapsbows   
漁elocat主onofTianS壬Ianinrelatio11tOgeO羞汀apbic短atl汀e  
ofno血westernCbina，  

effeetofthepost－depositionalprot：eSSeSOnthesnowchellli－  
calreeords．  

2．Methodotogy  

Both of the snow pits were sampled at exactlO cm  
intervals．Samplingwa＄madebyperson11elwearingdispos－  
ablepolyethyieneglovestominimize（：Ontamination．After  
SamPlingthesnowpitwaspartiallyrefi11pd，a11dsamplingon  
SuCCeSSive da）▼Sinvolヽ▼ed diggingit out and reLLfaeing the  
Samplingsurfacebyatleastlm．Thesamestratawerere  
－Sampledoneachoccasionaftera王lowingforaccumulation  
Orablati（一n．SllOWSamplesweretrこ111Sferredint｛）Pre－Cleaned  
polyethylenebagswithplasticscoops，thentran＄ferredinto  
aprereleanedpolyethylenecontaineraftermelting．  

BottledsampleswerereturnedfrozentotheLaboratory  
OfIceCoreandColdR曙ionsEnvironmentinLanzhou，and  
keptinacoldroomat仙200Cuntilmeasurementwasperfor・  
medinaClasslOOCleanRoom．The6180wasdeterminedby  
a FinniganMAT－252SpectrometerfprecisionO．05‰，and   
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tbea‡lionsbyaDionexDX岬100ioncbromatograpllyuSing  
IonPac AS4A－SC column system and anisocratic carbon・  
ate7bicarbo王1ate eluent．Precisionis estimatedbetter tban  
5％withadetectionlimitof5ngg－1（Huangetalり1998）．   

3．Resu暮ts  

Tbe♂1＄0，Cl‾，NO；a王1dSO喜一pro錯esofthetwosnow  
pitsareshowninFig，2．Severalfeaturesareapparent：（a）  
Tbeが80profiles oft王Ie S王10Vpits arevery similar，eSpe－  
ciallyforthe6180troughsasindicatedbythedashedlinesof  
②and⑤．くb）TheC卜andSO㌃peaksofSnowpit“A”as  
indicatedbythedashedlinesof①and②almostdisappear  
intheircorrespondingpositionsinSnowpit“B”・（c）Theion  
peaksasindicatedbythedashedlinesof③and④remain  
relativelystableinSnowpit“A”andSnowpit“B”．（d）All  
theCIL，NO訂andSO呈～peaksofSnowpit“A”asindicatedby  
thedashedlinesofG）movedO．1LO．2mdownwardscompared  
wi也払eircorrespondingionpeaksinSnowpit“B”，and払e  
Cl－，NO言and SO雲．peak concentrationsincreased signifi－  
Cantly from O．48メ噌gWlto O．74メJgg－1，from O．23メJgg‾1to軋  
46pggrl，andfromO．58JLgg■1tol，2毎gg‾l，reSpeCtiveiy．（e）  
No apparentionpeaksexistedintheposition ofSnowpit  
‘‘Å”asindicatedbythedashedlinesof⑥，Whereashighion  
peaksappearedinthecorrespondingposition ofSnowpit  
“8”，eSpeCially払r C「aIld SO…‾as tbeir corresponding  

maximaoftbewboleST10Wpit“B”．HeretbeCi‾，NO訂and  
SO㌣peak concentrationsincreased from OA3JLggNltol．  
11ガgg－1，fr（〉mO▲03メigg－1toO．44メ‘gg‾1，arldfromO．45メJgg‾1to  
l．77JLgg▲1，reSpeCtively．   

4．Discussion and conclusions  

The s‡10W pits verelocatedin the typical舅m zone，  
Thoughtheuppersnowlayerswererelativelywet，nOliquid  
snowmeltwasdetectedin払efield．However，icelensesand  
thinicelayers tended to develop at stratum boundaries  
withinthesnowpackMoreover，loosecoarsefirnstillexisト  
edbelow3mindepthasobservedinthefield，Infact，atOur  
snowpitsamplingsite，Wang et al．（1986）foundfirnlayer  
evenat26mindepthbyboreholeobservation．  

Comparedtotheionprofiles，the6180profilesofthetwo  
snoⅥrpitsremainedquitestat〉leくFig．2）．ÅslユmmaryOftbe  
characteristic6180andanion（SO≡J，NO；，andCl）valuesof  
thesnowpitsispresentedinTablel．Forbettercomparison，  
weseparatetheupper2．3mportionoftheSnowpit“A’’as  
snow pit“Al”，Whose corresponding characteristic values  
arealsogiveninTablel．Clearly，nOSignificantchangeis  
observedforthemean，minimumandmaximum6180values  
inthesnowpits．Infact，RabenandTheakstone（1998）also  
obsented that the isotopic composition of the snowpack 
remainedreユativelylユnCbangedat也eGlacierAl】StreOkstirl－  
dbreen，Norway，aSthefirstmeltwaterpercolatedfromtop  
of the snowpack，Which eluviated most of theions to a  
greaterdepth．However，the61象Ostabilityinthesnowpackis  
stillquitefrangible，andtheoriginal6180profilesmightbe  
destroyedbyheavysnowmelt（RabenandTheakstone，1998；  
Houetal．，1999a），COnSequentlytheisotopicoscillationsare  
rapidly reducedin也e presence of percolatirlgl苅eltwater  
（Arnason，1969；Buason，1972），  
Onlyalittlecha王唱eisobservedfor仇eC「meanconcen・  

trationsofthesnowpits，buttheNO訂and，tOalessdegree，  
SO㌃concentrationsincreasedconsiderably（Tablel）．Previp  
OtlSreSearChindicatesthatNO；CarlbeacqlliredfromanthY  
ropogenic emissions，biomass burning，and soilemissions  
resulti叩from the use of nitrogttn fertilizers（Sun（f〟／．，  
1998），anditis co－deposited with terrestrialdusts by dry  
pT・ocesseS（Hou（f El／‥1999b）．These pr（一CeSSeS may also  
contributetotheincrease，mOreOVer，thefollowingchemical  
reactionsinpresenceofmeltwatermayhavealsoplayeda  
important role：4FeS2（pyrite）＋1502十8H20＝2Fe203十  
8SO雲‾＋16H＋（Wi11iams et al．，1995）；Or4FeS2（pyrite）＋  
16CaCO3＋1502十14H20＝16Ca2＋十16HCO；十8SO雲‾＋  
4Fe（OH），（Hasnain and Thayyen，1999）．Nevertheless，the  
maiIlreaSOnfor沈emodificationo書抜eionprofilesisstill  
theeluviationprocess，Whichleachesmostoftheionsfrom  
the uppemost part of the snowpack．The coneentrated  
meltwatermovesdownwards，thenrefreezes on the under－  
1yinglCelayers，Which act as physicalobstacles against  
me粍water pereolation．The temperature within the  
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Fig▲2． T王妃が80，C巨，NO；alldSO呈－pro邑l鵡OfSnowpit‘‘A”   
（June4：SOiid】ine）andSnowpit‘‘B”（June17：dashedline）．  
ThestraightdashedlinesofG）－（診indicatethecomparative  
ねaturesoft王IetWOSnOWpits．  

TaもIel．C壬IaraCteristicざ180andanionva王uesofthesnoⅥrpi短  

Meanandstandarddeviation  Valuerange  
SnoⅥ㌢pit“Å”  Snovpit“Å1”  Snovpit“B”  Snowpit“A”  Snowpit”Al”  Snowpit“B”   

♂180（‰）   岬11．01±3．83   －11．91±3．93   州11．15±3．82  －22．12－一7．23  w22．12～－7．37  －21〝27～－7．18   
SO雲‾毎g／g）   0．52±8．48   0．59士0．51   0．62±0．45   0．10－2．30   0．19～2．30   0．18～1．77   
NO言毎g／g）   0．15±0．21   0．19±0．23   0．30±0．20   0～8．75   0～0．75   ． 0．08～0・85   
Cl‾－レg／g）   0．33±仇22   0．37±0．24   0．35±仇23   0．09～1．08   0．10～1．08  0．06－1．1l  



Wou and Qin 之Z  

Tabie2．Tbecorrelatio‡lCOef缶c主entsamongtbeanions  
SO慧…  C卜  

Snowpiと“Å”  Snowpit“Å1”  Snowpit“B’’  Snowpit“Å”  Snovpi乞’’Å1”  Snowpit‘‘B”   
NO言   0。48   0．42   0．81ヰ   0．05   －0．09   0．45   
C「   0．67＊   0．63拳   仕出◆  

＊Significa鵬attbep＝＝0．001confidencelevel．  

S王10WpaCkisusuallybelowzero，Whichprovidestheneces・  
sa叩COnditio‡1forたeezing．T壬10ug王ITranter（1991）indicated  
thこIt SO‡．iⅢd NO；might be prefet－e71tiall）・elu＼riilted tllan  
Cト，t最spre毎rentiallyeluv主ationisnoもapparentsinceailtbe  
threeionsbebavedinasimilarway．Moreover，也eeluvia－  
tionprocessisnotonlyrelatedwiththespecialpropertiesof  
eachiorl，itisalsore＄trictedbyairaTldsnowtemperature，  
snoⅥr Sもratigrapby，aCCumu呈ation and abla雨on proces＄eS  
（Hl〕しl（イ（J／．．1996）．  

Tb訂eisevidence洩at払e♂180peaksco汀eSpOIldw池  
the highi州COnCetltrati（mSin the DasllOpuice川re Of  
Xixiabangma，Himalayas，Whichprovidesthebasisforice  
core dating（Huang tl（．）／‥19‡）軋Though such eorrビSPOn－  
denceis a王so observed foT theice core from the Far East  
Rongbuk Gl：1L：ier．Mt．Q川110langma（Everest），a Certain  
pbasicdiscrepancygenerallyexistedbetweentbe∂ユ80and  
theionpeaks（Houetalリ2000）．Yaoeia乙（1990）alsonoticed  
thephasicdiscrepancybetweenthe6180andthedustconcen－  
tration（oreiectricconductivity）peaksoftbeI）undeicecore  
on山enorlhertlTibetanr｝1ateこIll．andilttributedrhediscrep－  
ancyto“higbが80vaiuesoccurringintbewinterprecipita｝  
tion．＼＼－hilehighdtlStぐ（一ntentOCCllrringmail巾▼inthespriI－g  
and summer seasons”．However，Subsequent researchindト  
catestbattbeが80composition ofprecipitationfailing at  
tbis site reflects seasonalvariationsirlnear－Surface ai‡一  
te111peratureS．i．e．high61さOヾこ11tleSShouldoぐ⊂urinthビSul汁  
111et・（Yao tl（（ti．．1996）．Tllビrefore．さimilat●pllaSe tllight be  
expectedぎortbeが80andthedustconcentration（orelectric  
conductivity）peaksoftheDundeicecore．Astoourcurrent  
under＄tandi喝，餌Cbpbasicdiscrepancys‡101ユ1dbepri‡Ⅵarily  
causedbytheposトdepositionalprocesses，inotherwords，  
tbeoriginaipositions of洩e♂1さO andion（or血st）peaks  
Cba罰geもO diだerent de宮ree＄due to tbe主r varied stabi壬ity  
againstmeltpercolation，aSSboⅥrnbytbepeaksremarkedby  
the⑤dashedlineinFig．2．  

TheeorrelこItioneoビffieientsamongtheani川1SOftlltItWO  
snowpitsareshowninTable2．TheeorrelatiいnOftheatlions  
ofSnowpiも“B”ismoresignificantt壬はntbatofSnowp紘  
“Å汁．Tbereforeラ血eice core records and tbe re王ationsbip  
amongthemisnotonlyaffectedbytheclimaticandenviron－  
mentalconditionsduringprecipitation，butalsoaffectedby  
thepost－depositionalprocesses．Beforeweusetheicecoresy  
especia‖r t．hosビdrilled fl●OrnlぐSS thこlIlidealen＼TirotlIlleIltS．  
forpaleoelimatereconstructionwithmuchconfidence，呈tis  
11伴eSSnT－y tO disti11gllish hいヽ・mueh thビreeOrds callrefleet  
the climatic and environmentalconditions，and which  
recordsis毎sttbemodifiedresu王tsoftheposトdepo＄itional  
prOCeSSeS．  
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