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Abstract  

Post－depositionallossofnitratefromstlrfacesnowiayershasbeenexaminedwithsamplesfrom  
DomeFl毎iareaineasternÅntarc邑ca．Nitrateconce王ItrationdecreasedⅥ㌢ithdepthveryrapidlywitbin  
thesurfacesnowiayersbetweenOtolmindepth．Averagesnowparticiesize，Orltheotberhand，  
i王1CreaSedgraduaiまywit壬Idep漁，altho㍑gh the size distribution pattern8id not cbaⅥge．Tbe s壬Iarp  
decreaseofnitrateconcentrationwasexplainedintermsofgraingrowthofsnowparticles，aSSuming  
thatnitratedistributcdhomogeneouslywithinorlglnalsnowparticlesisemittedfromsublimatedpart  
Ofsr10ⅥFCryStaisinassociationvithtモIegraingrowtb．Tbetempora‡decreaseofnitrateconcer主tration  
WaSthusevaltlatedquantitativeiy，and蝕ecalc111ationresultagreedwitbtheobservedverticalprofile  
oぎnitrateconcentratio王1．  

1．lntroduction  

Rapid decrease of nitrate concentrat払n witb  
deptbbasbeenfoundinst汀facesnovlayersatvariot王S  
sitesin Antarcti占a．Mayewskiand L喝rand（1990）  
SuggeStedthattheprofileofnitrateconcentrationat  
Vostok and Dome C must be treated with caution  
becauseoftbepossibilityofposモーdepositionaまaltera－  
tionbutmightlinkmainlytochangesofnitratecon－  
Cenもrationin 洩e atmospbere嘉 However，父Veraま  
researcher－S have suggested that the decrease of  
nitrateconcentrationwithdepthisnotcausedbythe  
recentincreaseofnitrateintheatmosphere，butbythe  
posトdeposi浸onalcbange wi払in tile Suγface snov  
layersinAntarctic乱  
NelぬauerandHeumann（1988）andMuivan野g才  

al．（1993）reportedthattheconcentrationofnitratein  
freshsurfacesnowishigherthaninoldsurfacesnow  

andagedfirncoreoficeshelvesinAntarctica．They  
c（〉nCludedtbat払edecrease oftもe王iitrate corlCentra－  
tioninthe surface snowiayerswouldbe due to the  
posトdepositionallossofHNOきfromtbesnowもOthe  
atmosp壬Iere．NeuもauerandHelまmann（1988）suggested  
that evaporation or photolysis causes nitrateloss．  
M混vaney and Wolff（1994）reported that posトde－  
positionallossofNO3¶isimportantaもまow－aCCum111a－  
tion sites（e、＆Vostok and Dome C）bythe reまiable  
dataacrossÅnねrctica－DeA王1gelisa王IdLegrand（1995）  
SuggeStedthat HNO。lossor atieastremobilization  
COuld have occurredin surface firnlayers at South  
Pole，aitbougbtoamlユCb王esserextentt壬IanDomeCor  
Vostok．Dibbandl河bitlow（1996）concludedaisothat  
posトdepositionalio泌OfNO言isoccurri重唱inupperO．  
5叫1．O mfirnlayersatSoutb Pole，bycomparingthe  
depthprofileofNO言COnCentrationin1994pitswith  
theprofilein1988pit．Bales（1995）andWolff（1995）  
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ConcelltrationsofCト，NO言andSO…‾were王nea－  
SuredⅥ7itb anion cbromatograp壬i（Dionex DX－100），  
and6180withamassspectrometer（VarianMAT250）．  
Thediameterofsnowcrystalswasmeasuredwitha  
digitizerconnectedwithapersonalcomputerbydigit－  
izi了唱也e snoⅥr CryStalsize from photograpbs of  
ioose11edsriOWCryStalsforeachsampie．Dens揉ywas  
measuredbymeasuringthemassinacertainvolume  
withasnowsamplerforeachsnowlayer．  

3．ResuIts and discussion  

Figurels壬10WStheverticalprofi王esoftbemea－  
Suredparametersforboththesurfacesample（0山1．5m  
indepth）and the shallowsample（8－10min depth）．  
Nitrateconcentrationdecreasesrapidlyfromthesur－  
facetoaboutlmindepth，andkeepsthelowlevelat  
lowerdeptbs（8－10mindeptb）．Tbec壬1araCteristicof  
tbe profileis different from tbose of c壬1ior呈de and  
Sulfate，Whichkeepacertainlevelwithchangeslike  
SeaSOnalvariations．Averagediameter ofsnowcrys－  
tals，Ontheotherhand，increasesalmostlinearlyfrom  
the surface to aboutlmin depth．Density also  
i王1CreaSeS gradually witb dep払．The value of♂180  
Sbowschangesvitbaiar酢amplittldefromsurfaceto  
lmindepth．A developmentofdepthhoar crystals  
Canbeseeninthestratigraphy，SuggeStingatempera－  
turegradientwithinsurfacesnowlayers：SnOWCryS－  
talswouldgrowbysublimation／condensationthrough  
themove‡nentOfwatervaporinporespacesたomtbe  
Surfacetoaboutlmindepthmainly．  
Raymond andTusima（1979）examinedindetail  

the evolution of particle size distribution of water  
－Saturatedsnow．Theyshowedthattheaveragediam－  
eter ofsnow crystalsincreases al加OStlinearly witb  
time，W払iie the number of relatively s‡naiiparticle  
decreases and that of big particleincreases．They  
proposed the following equation to represent the  
Cumulativefrequencycurveforthesizedistributionof  
SnOW CryStals during the grain coarsenlng Of wet  
SnOW．  

釘＊（意）＝（l一意）去…（1）  

where，g＊iscumulativefrequency，Uisparticle  
VOl11me，リmis median vohlme and a and b are con－  
StalltS．IntbeexperimentofvaterSaモロratedsnowby  
RaymondandTusima（1979），itⅥ7aSfoundtilata＝0．23  
andb＝1．55．Equation（1）indicatesthatsnowparticle  
sizedistributionpatterndoesnotchangewithtimeif   

disctlSSedaboⅥtthecauseofthe王iNO3lossindetail．  
Legrand et ait（1996）reviewedice core data and  
discussedaboutairMSnOWrelationshipsofHNO3．  

The quantitative assessment of the posトde・  
positionalloss，however，hasnotbeenmadesofar，and  
thepresentpaperdiscussestheprocessquantitatively  
basedonthegralnCOarSe王血gofs‡10Wparticleswithin  
Slユrfacesnowlayers．   

2．Samplingandanalysis  

Samplesforぬepresentanalysisweretakenfrom  
DomeF房iarea，inlandineasternAntarctica，Vberea  
deepice core was retrieved（Dome－F Deep Coring  
Group，1998；Dome鵬FIceCoreResearchGroup，199軋  
Mean annualnet accumulationis 3．2 cm of water  
equivalent at Dome Camp（77000′01′′S，35000′00′′E；  
3761m a息1，）（Karniyama g≠α乙，1989；Ageta gオαg．，  
1989），Vhicbisiocated120km west－nOrt壬lⅦeSt Of  
Dome FujiStation（77019′01f／S，39042′12′′E；3810m  
a．s．1．），andbetween2．5and3．Ocmofwaterequivalent  
atDomeFujiStation（Watanabeetal．，1997b）．Annual  
meanlOmsnowtemperatureis NR57．30C（Kameda ei  
α£，1997）andannualaveragewindspeedisabolユt5．4  
m／satDomeFujiStation（FujiiandKawada，1999）．  
Thesnowlayerstructuresarerathersimplewithout  
SaStrugiin the Dome Fujiarea（Watanabe et alリ  
1997a）．  
Thestlrfacesample担」．5mindepth）usedforour  

Sttldywastakerlin1992もytbe33rdJapaneseAnねrc－  
ticResearchExpedition（JARE）．Thesamplingpoint  
WaSSiteDS40（77044′08′′S，39QO7r78′′E；3770m a．s．り，  
whichislocated about 50 km south－SOuthwest of  
DomeFujiStation．Anothershallowsample（8rlOmin  
dep払），WbichwastakenatI）omeCampin1985もytbe  
26thJARE，WaS aisolユSed，in order to co王Ⅵpare tbe  
Surfacesamplewiththeshallowone．Itisconsidered  
that the sample transport／storage would not have  
affectedthesequentresultsofanalysisbecausethese  
Sampleswerekeptcleanandingoodconditionwitha  
prudentatte雨ionduringtransportandsto】－age．  

Thesesamplesweresubjectedtochemicalanaly－  
Sisinassociationwithmeasurementsofdensity，が80  
andsnowcrystalsize．The visible stratigraphy was  
recordedatthesamplingsites．Chemicalcomposition，  
SnOWCryStalsize and8180were measured atlcm  
intervaisofdept圭Iinordertoobservedetailsofposと  
－depositionalchanges，becauseaverageannlialsnow  
accumulationislow，about8．8cm ofsnow at Dome  
FujiStation（Kamedaetal．，1997）．  
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Vd五meレ～is王10rmalizedwitbmedianvoiumeぇノ郡，Wbicb  
主s alinearfunction oftime．  

On the basis of this statisticaifact a王one，  
Raymond and Tusima（1979）developed many useful  
equationsfor snow particles．Furthermore，Nakawo  
gfα乙（1993）sbowed払emel血g／freezingfractionねr  
thei王1i震alvolumeofwetsnow，byusingequationsof  
R抑mOnd and TtlSima（1979）．Ifconstants（a ar主d b）  
from tbe meast汀eme‡1t reSl裏tsねr Dome Flユjiare  
adjustedto fit Equatio‡1（1），their equationsねr wet  
SnOW Can be applied to tbose for dry snoⅥ㌻in the  
Surfaceiayer atDome Fuji，becatlSetbeir equatio王IS  
depend on the statisticalresult from Equa七重on（1）  
alone．  

Particle sizedistributionforoursurfacesample  
fromDomeFujiareshowninFig．2，Wherethecumuu  
lativefrequency W＊ispiottedasafunctionofL）／u掛王t  
Shows洩attbedisもrib雨ionforanydepthisexpressed  
Witbafunctionaiformofジル帯．Åieastsquarefitof  
Equation（1）res111tedina＝0．135arldb＝1，55asshown  
WitbasoiidiineinFig．2．Thisre＄uitiridicatesthat  
SnOⅥ7particiesizedistribl止ionpattern，atDomeF房i，  
呈snotdependentontime（depth）aswasfoundwithwet  
SnOW．   

Wbere，tistiille－  
Nakawo eial．（1993）showedfurtherthattherateof  
increasein freezing fraction for the totalof snow  
particlescanbegivenby  

普二幸／：：：；三十α） 碑）ザ（意）・恥砂・・・（4）  

Wbere，yistbetotalicevoまumeforagiVeSySそem，ガ  
istIlerlumberofsllOⅥFparticlesintbesystem，andメ■is  
thefreezingfraction．Inourstudy，fisthestiblimaL  
tion／condensation fractioれ，Whic壬ICan be estimated  
WithEquation（4），Since¢＊and S（y，i）aregivenby  
Equations（2）arld（3）respectively，andN（t）isgivenby  
（1＋a）V／（bl㍍）（Raymond and Tusima，1979）．The  
graincoarseningtakesplaceonlyforparticleslarger  
thanthe averagegrain volumegivenby bLJm／（1＋a）  
（Raymond and Tusima，1979）and sma11er than the  
biggestgrainvolume，bi／，nh．Theintegra畠on，there－  
fore，is toもe made from∂ジ彿／（1＋戊）toあン潤み．The  
integrationresu托edin  

′＝β王n（汗意才ト（5）  

Where，βご（1賞1＋β））1用，γ＝ぬ椚ノ肋，and抽主stbei‡1はa王  
medianvolume（Nakawoβgαgり1993）．  

Figure3showsthemedianvolumeforsamplesof  
the surface snowlayer at Dome Fujiagainst time  
（age），Whichwasestimatedwiththe average annual  
net accumulation of 3．2 cmin water equivalent  
Obtained at Do汀1e Camp nearI）ome F房iStation  
（Kamiyamaぞぎα～．，1989；Ågeta e才αgリ1989）．Roughly  
85cmdeepsrlOⅥ7COrreSpOrldstot壬1etimeof8years．  
The figureindicates that average grain volume  
increasesalmostlineariy，aStheregressionlineshows  
in the figure：di［m康can be ass11med constant．The  
Vaiue offwasthuscalcu王atedby Equation（5）with  
these data，  
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Fig．2 A11eXampleofcumu壬ativedistribt‡tねnofparticle  
VOiumesofdrysnowplottedasafunctionofV／Vmat  
DomeFuji．  

Thefrequencycurve¢＊，differentialformofg＊，  
is given by tbe following equation as suggested by  
RaymondandTusimaく1979）．  

∴（2）  ¢希（意）＝よ（1一意）き義堂  

RaymoTidandTusima（1979）aisoderivedtbe虫■eeziI唱  
rateS（v，t）foraparticiewiththevo王umev．  

恥糎普（（1十α）忠一叫】みト（3）  
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Fig．3 Medianvoiumeversu＄ageforsamplesofthesur－  
facesn（）WlayeratDomeFuji．   
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Figure4shows sublimation／condensation frac－  
tionasafunctionofageatDomeFuji，‡tindicates払at  
about8（〉％of洩esolidiceconsistingofsnowparticles  
Subiimatestobecomewatervaporandthencondenses  
inthefirst7yearsafterdepositionatthesurface．The  
amount ofwater vapor movedvia sublimation／con－  
densationwasthusestimatedwithdataofthedistribu－  
tionofsnowcrystalsize．  
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Fig．5 MeasⅥredandcaiculatednitrateprofiles鼠tDome  
Ftlji、  

lowtemp8ratUrl∋Side  

0  2  4  6  8  

Estimat鹸dさge（year）   
Fig．4 Sublimation／condensation fraction for theinitial  

VOlumeofthesnowonthesurfaceplotteda＄afunction  
OfageatDomeFuji．  

‡twas assumedbere払r si‡npiicity払aもnitrate  
exists homogeneouslyin originalsnow crystals de－  
positedatthesurfaceandthatalinitrateinciudedin  
Sublimati耶再wldHISatio†lfractionis re－ビI11itted．for  
S（一111ereaSしm．itltOtheatmosphcrビ．Thenitl‾こ1reeOnCen－  
trationremainedinsnowparticlesisthenexpressed  
by the following equation，Since condensed portion  
WaSaSSumednitratefree，i．e．onlywatervaporcon－  
denses．  

C＝Gx臣イ）…（6）  
where，Cisnjtrateconcenl11atioTl，〔、oisinitiatnilrate  
COnCentTationatthesnowsurface andfiss11blima－  
tion／condensationfraction．Substitutingthemeasured  
Va呈ueoftbesba王loⅥ7eStSampieねr Cも，Cwascalcu－  
iatedfortime，≠，Wi払Equati（）nS（5）and（鍬  

ぎigure5虞犯WS tbe caicl王1ated rlitrate profiie  
compared with the measured concentration profile 
foundatDomeFuji．The actualnitrateloss andthe  
Calculatedoneagreefairlywell，althoughthe actual  
Oneis alittle steeper than the calculated one．This  
may be dtle tO theinhomoge王1eOtlS distributio‡10f  
nitrateintlleSnOWParticltl．beL：auSeitisthoughtt11aL  
the soluble gas such as HNO, absorbs to the outer 
part＄Of the snowflakesin the atmosphere，mainly，  
Therefore血epost－deposiモiona壬lossofnitratecanbe  
expla呈ned w撤 tbe process（）f graln gr（〉Vtbin  
払esudacesnowlaye指．Tbeprocessof涙なateio法in払e  
SurfacesnoⅥrlayersisscbematicallysbowninFig．6．   

SnowCryst■l  

hightemperatureside  

●：N町麒ぬ   

ぎig．6 N如ateiossduringtもegrowtbofsnowcry＄tai＄by  
Sub】i111ation∫－＝－rldぐ【lSOtiいnこItl）（－nlぐFllji．  

AcircleinFig．6showsanindividualsnowparti－  
Cle，and the shaded partindicates the presence of  
nitrate，Whereas the non－Shaded partindicates the  
absence of nitratetWhen new snow particles have  
fallen on tbe snoⅥ㌢Stlrねce，nitrateis distriblユted  
払rougぬouttbeparticles．Thesnovlayer，bowever，is  
Sub3ectedtoatemperaturegradientovertime．With  
tiletemperaturegradient，thesnoⅥrparticlestendto  
Sl血Iima略inpart呈cularatra也ersmaiipar仁icies．Tbe  
Water VapOr WOlユid tbe王了COndeIISe at C（）1der sites，  
especialiytoratぬeriargeparticles．ÅsareslユiもSmall  
particieswoulddecreaseinnumber，andaccordingly   
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nary discu∬io110f pbysicaiproperties of tbe Dome Fuji  
Sba王lowice corein1993，Antarctica，Proc－N王PR Symp．  
PolarMeteorol．Giaciol．，11，1－8．  

WatanabeO．，Y．Fujii，H．Motoyama，T．Furukawa，H．Shoji，H．  
Enomoto，T．Kameda，H．Narita，R．Naruse，T．Hondo，S．  
Fujita，S．Nae，N．Azuma，S．Kobayashi，M，Nakawo，andY．  
Ageta（1997b）：Apreliminarystudyoficecorechronology  
atDomeFujistation，Antarctica，Proc．NIPRSymp．Polar  
Meteorol．Glaciol，，1l，9L－13．  

WolffE，W．（1995）：Nitrateinpolarice，inIcecorestudiesof   
globalbiogeochemicaicycles，edited by R，J．Delma＄，  
NATO ÅSISeri岱 Vo王，I3（〉，SpringerVeriag，Berlまn  
Heidelberg，195”223．   

the average particle size wouldincrease with time  
（withdepth）．Nitrateincludedinthesublimatedpart  
wouldt）ere仙emitted asgas（e．g．NO20r HNO3），by  
SOme reaSOn（g．爵photolysis，VOlatilization，Or reaC－  
tio‡lVithotわerstぬstances，Ontbesurねceofslぬ1imat－  
edsnowcrystals），tOtheatmosphere．   

4．Conclu＄ion  

From the analysis of snow samples，the nitrate  
COnCentration was found to have decreased rapidly  
With depthinthe surfacelayers of theice sheet at  
Dome Fuji，Antarctica．The decreasewasexplained  
qlユantitat主velyintermsofgraingrowthofsnowparti・  
Cles：nitrateco王1tainedintbesublimatedpartofsnov  
CryStals，Vitb tbe process of sublimation／condensa－  
tion，isemittedfromthesurfaceofsnowcrystalsto  
the atmosphere as gas血ring the snow metamor・  
phism．   
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