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Abstract  

Surfacedustonglacierscansignificantlyaffectsurfacealbedoandsubsequentlythemassbalance  
Oftheglaciers．Thecharacteristicsofsurfacedust（cryoconite）wereinvestigatedinSeptember20020n  
theJulylstGlacier（QiyiGlacier）intheQilianMountains，China．Thebareicesurfaceoftheglacier  
wasmostlycoveredbyfinebrowndust．Theamountofthesurfacedust（dryweight）rangedfrom30．4  
to873gm2（mean：292gm2，Standard deviation：196），Whichis significantly higher than that on  
glaciersinotherpartsoftheworld，andisequivalenttothatonHimalayanglaciersonwhichthelarge  
amountsofdusthavebeenreported．Ananalysisoforganicmatterandmicroscopyofthesurfacedust  
revealedthatthedustcontained highlevelsoforganicmatter，includinglivingcyanobacteria．This  
suggeststhatthedustconsistsnotonlyofdepositofwind－blowndesertsand，butisalsoaproductof  
microbialactivity on the glacier．Measurements of surface albedo showed that the mean surface  
albedointheiceareawassmallerthanthatoftheclean bareicesurface，SuggeStingthatthealbedo  
wassignificantlyreducedbythesurfacedust．Largeamountsofsurfacedustmaybeduetoabundant  
windblowndepositsofdesertsandandhighbiologicalproductivityontheglacialsurface，PrObablya  
COmmOnCharacteristicofAsianglaciers．  

and bacteria．They are specialized species that have  
adapted to extremely cold environments and spend  
their wholelives on glaciers（e．g．Hoham and Duval，  
2001；Kohshima，1987）．Surfacedustcontainsproducts  
SuChastheorganismsthemselves，theirdeadremains  
and decomposed organic matter（humic substances）．  
Since these organicparticlesin dustareusuallydar－  
kly colored andlargein volume，Organic matterin  
dustisoptica11yeffectiveonthesurfacealbedo   

（Takeuchi，2002b；Takeuchietal．，2001b）．  
Both the quantity and characteristicsofduston  

the glacialsurface vary from glacier to glacier．On  
glaciersinPatagoniaandtheArctic，effectofduston  
Surface albedoisinsignificant due to the smallamoT  
untsaccumulatingthere（Takeuchietal．，2001a；2001c）．  
Incontrast，1argeramountsofsurfacedusthavebeen  
reportedonsomeAsianglaciers．Thewind－blownde－  
SertSanddepositedonaTibetanglacier（theTanggula  
Mountains）has substantially reduced the surface aト  
bedo，thus affecting the mass balance of the glacier  
（Fujita，2002）．On some Himalayan glaciers，a dark  
biogenicdust（cryoconite）thatcoverstheglacialsurT  
facesignificantly reduced thesurfacealbedo（Takeu－  
Chietal．，2001a；Kohshimaetal．，1993）．This biogenic   

1．lntroduction  

SurfacedustisoneofthemaJOrfactorsaffecting  
the surface albedo of glaciers（e．g Brock etal．，2000；  
Cutler and Munro，1996）．The reduction of albedo by  
Surfacedustresultsin moremeltingofsnow andice．  
Thus，thequantityandcharacteristicsofsurfacedust  
are important parameters for the mass balance of 
glaciers．Recentinvestigations have revealed a sub－  
Stantialthinning and terminus retreat of glaciersin  
many parts of the world（IPCC，2001）．Although cliT  
mate change such as globalwarming usually ac－  
COuntSfortherecentglacialshrinkage，thevariations  
insurfacedustarealsoapossiblecauseofshrinkage．  

Surfacedustusuallyconsistsofmineralparticles  
and organic matter（e．g．Takeuchietal．，2001a）．The  
mineralparticlesin the dust usually orlglnate from  
basaltilland／orwind－blownsands，Whiletheorganic  
portion of dust orlglnateS from wind－blown organic  
matter（e．g．pollen，plantfragmentsandsoilparticles）  
and from biologicalactivity on the glacialsurface．  
TherearediverseorganismslivingontheglacialsurT  
face，SuChassnowalgae，insects，iceworms，prOtOZOa  
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dustisderivedfromsnowalgaeandbacterialivingon  
theglaciers．Thus，SurfacedusthasamaJOrinfluence  
On the glacialmass balance，particularly on Asian  
glaciers．However，Ourinformationaboutsurfacedust  
remainslimited．Inordertounderstand the variations  
in the recent changein glacialmass balance，itis  
importanttostudythecharacteristicsofsurfacedust  
Onglaciers．  

This paper aims to describe the quantity and  
Characteristicsofsurfaceduston theJulylstGlacier  
（QiyiGlacier）in the Qilian Mountains，China．After  
Surface dust was collected from various parts of the  
glacierin September2002，it was quantified and ana－  
1yzed biologlCa11yln alaboratory．Its characteristics  
WereCOmparedwiththoseonotherglaciersacrossthe  
WOrld．The spatialvariationsin surface albedo were  
also measured on theJulylstglacier，and theeffects  
Of surface dust on the surface albedo are discussed．  

2．Studysiteand methods  

OurinvestigationwascarriedoutontheJulylst  
Glacier（orQiyiGlacier，39015′N，97045′E）intheQilian  
MountainsofChinafromlOJuneto7September，2002．  
The Qilian Mountains，located along the northeast  
margin of the Tibetan Plateau，eXtend from east to  
WeStforadistanceofapproximately500kmalongthe  
border between Gansu and Qinhaiprovinces（Fig．1）．  
Glaciersin theQilian Mountainssupply waterto the  
Heife River Basin，Whichis one of the majOr OaSis  
regionsin western China．The study of glacialvari－  

ationsinthisreglOnisimportantforresearchintothe  
long human history as well as the future water re- 
SOurCeSaVailabletothepresenthumanpopulationin  
this basin．The glacierflows south to north from a  
mountain peak（5159ma．s．1．）down toits terminus at  
anelevationof4305ma．s．1．（Fig．1）．Thisglacierisone  
Of the most easily accessiblein China，and has been  
Studiedintermittentlysince1958bytheColdandArid  
Regions Environmental and Engineering Research 
InstituteoftheChineseAcademyofScience．Theglacier  
hasreportedlyretreatedlr2metersperyearonaver－  
ageinthe1970sand80s（Xieetal．，1985；Liuetal．1992）．  
Remote－SenSingstudiesalsoshowedthattheareaand  
VOlumeofglaciersin theQilian Mountains havegen－  
erallydecreased（Liuetal．2003）．Mostofthesurfaceof  
theglacierisbareiceorsnowdevoidofrockorstone  
debris．Thelengthandareaoftheglacierareapproxi－  
mately3kmand3．04km2，reSPeCtively．Thesnowline  
in our study period（early September）was approxi－  
mately4900ma．s．1．，andwaslocatedbetweensitesSlO  
and Sll．Meteorologicaland glaciologicaldata col－  
lected in the study period have been published by 
Matsudaetal．（2004）．   

In order to quantify the amount of dust on the  
glacialsurface andits organic－matter COntent，ice／  
SnOW On thesurfacelayerwascollected withastain－  
less－Steelscoop（approximately15×15cminareaand  
卜3cmindepth）at5sitesinthebareicearea（S2，S4，S  
6，S8，and SlO）andlsitein thesnow area（Sll）．Five  
Samples were collected from randomly selected sur－  
faces at each study site．The co11ection area on the  
Surfacewasmeasured tocalculatethe amountofdust  
per unit area．To arrest the biologlCalactivity，the  
COllectedsamplesweremeltedandpreservedasa3％  
formalinsolutionincleanlOOmlpolyethylenebottles．  
All samples were transported for analysis to the Re- 
SearChInstitute for Humanity and Naturelocatedin  
Kyoto，Japan．In thelaboratory，the samples were  
dried（600c，24hours）in pre－Weighed crucibles．The  
amount of dust per unit area of the glacier was ob－  
tainedfrom measurementsofthedryweightandthe  
Sampling area．The dried samples were then com－  
bustedforlhouratlOOOOcinanelectricfurnace，and  
Weighed again．The amount of organic matter was  
Calculated from thedifferenceinweightbetweenthe  
driedandcombustedsamples．Aftercombustion，Only  
mineralparticlesremained．Inordertoinvestigatethe  
COmpOSitionofthesurfacedust，Othersamplesofsur－  
faceice／snowwerecollectedandexaminedin alabo－  
ratorywithopticalmicroscopes（NikonSMZ800andE  
600）．  

The surface albedo was measured manually on 
August18witha portable albedo meter（Model：MR－  
40，EikoSeiki，Japan）atthirteensitesbetween4200m  
and5000ma．s．1．along alongitudinalline（Sl・S14ex－  
CePt Sll，Fig．1）．These sites wereselected becauseof  
their safe and easy accessibility．Moreover，the sites   

Fig．1．Locationand mapoftheJulylstGlacierin the  
Qilian Mountains，China．Study sites areshown on  
themap．  
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Tablel．Surfaceslopeanglesforsitesinthisstudy，  

Site SI S2  S3  S4  S5  S6  S7  S8  S9  SlO S12 S13  

1012 514 816141411121410  （）  

Were Visibly representative of the surface conditions  
around each site in terms of surface roughness and 
amounts of dust．The measurements were madein a  
horizontalplanelmabovethesurfacewithin3hours  
oflocalsolar noon and under stable weather condi－  
tions，irrespective of cloudiness．The albedo was ob－  
tained from the mean of3－8measurements taken at  
eachsite，Witheachmeasurementrequiring approxi－  
mately three minutes．Since surface slopes varied  
amongthestudysites（Tablel），theobservedhorizon－  
talalbedoinvolvedanerrorduetotheslope（Jonsellet  
al．，2003）．Theerroneouslyobservedalbedos werecor－  
rectedtomatchalbedospara11eltothesloplngSurface  
usingthefollowingequationintroduced byJonsellet  
αJ．（200乳  

月わ  
COSβcosZ＋sinβsinZcos（E2－㊥）  

cosZ  
（1）   

Whereαtisthealbedoparalleltotheslopingsurface，  
Rhisthereflectedshortwaveradiationonahorizontal  
plane，Ghis the globalradiation，dis the diffuse porT  
tion of Gh，Zis the solar zenith angle，E2is the solar  
azimuthangle，andβistheslopeangleofthesurface  
with an azimuth angle O．In this study，the diffuse  
portionis equated with zero to simplify the calcula－  
tions．Inaddition，30degrees，Whichisthezenithangle  
Oflocalnoononthedayofobservation（August18），is  
applied toZ．E？and elare180and Odegrees，reSpeC－  
tively．  

3． Results  

Most of the glacialsurface of theice area was  
COVeredwithfinebrowndust（Fig．2，3）．Theamounts  
Ofdustonthebareicesurfacerangedfrom30．4to873  
gm2（mean：292gm2，Standarddeviation（SD）＝196）  
indryweight．Thealtitudinalprofileofthoseamounts  
of dust showed that the amount at thelowest eleva－  
tionsite（S2）wasrelativelysmallerthan thoseatthe  
othersites（76．7versus236536gm2，Fig．4）．Thelarg－  
estamountofdustwasatsiteSlO（4827ma．s．1．），Which  
WaS the highest elevationin theice area．At each  
Study site，dust was not uniformly distributed．In  
Particular，dust on theice surface tended to concen－  
trate alonglongitudinallines（Fig．3a）that formed  
longitudinalstripes50rlOOcm wide on the bareice  
Surface．In some areas，dust had accumulated up to  
SeVeralcentimetersin thickness．Dust also deposited  
atthebottomofcryoconiteholes（Fig．3b）．Relatively   

Fig．2．Pictures of the surface ofJulylst Glacier   
（toward top of the glacier from site S8）．（a）Bare   
ice surface covered with fine brown dust（cryo－  
COnite）（5September，2002）．（b）Fine brown colored  
dust on the bareice surface．Scale barisIcm．  

highernumbersofcryoconite holeswereobserved at  
SiteS2，WhereasonlyafewwereobservedfromsitesS  
4to S6．In thesnowarea，thedustamountwasmuch  
Smallerthanthatintheicearea，ranglngfrom21to31  
gm 2（mean：24Agm2，SD＝4，SiteSll）．  

Thesurfacedustcontainedlevelsoforganicmat－  
terrangingfrom4．1to12．6％（mean：8．6％，SD＝1．9）in  
dryweight（Fig．5）．Thepercentagewashighestatsite  
S4（11．1±1．8％，mean±SD），and gradually decreased  
down to site SlO（7．3±0．37％）as the elevationin－  
CreaSed．The organic－matter COntentin dust on the  
snow surface wassmallerthan thaton theicesurface  
（site Sllin Fig．1），ranging from4．9to5．3％（mean：  
5．0％，SD＝0．14）．  

The amount of organic matter per unit area on  
theglacialsurfacerangedfrom2．1to64．Ogm2（mean：  
25．4gm2，SD＝16．5）ontheicesurface，andfroml．1to  
l．6（mean：1．23gm2，SD＝0．22）on the snow surface  
（Fig．6）．Theamountwasrelativelyloweratthelowest  
site（6．2±3．7gm2，S2）and higheratsitesS4andSlO   
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Fig．4．Altitudinaldistribution of amounts of surface  
dust onJulylst Glacier．Error barsindicate stand－  
ard deviation．  
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Fig．5．Altitudinaldistribution of organic matter con－  
tentsin surfacedustonJulylstGlacier．Errorbars   
indicate standard deviation．  

Fig．3．SpecificfeaturesofthebareicesurfaceonJuly   
lst Glacier．（a）Dust was concentrated along a   
longitudinalline．（toward upper stream at site S6  
0n4September，2002）．（b）Cryoconite holes．Surface  
Out Of the holesis white weatheredice，（site S20n  
4September，2002）．  

（37．9±18．5and38．5±12．4gm2，reSPeCtively）．  
The surface dust microscoplCally revealed min－  

eralparticles，amOrphous organic matter，andliving  
CyanObacteria（Fig．7）．Althoughthepercentageofor－  
ganic matter was not largely different between the 
dustin snow andice areas（8．6％versus5．0％），their  
COmpOnentS aS Observed by microscopy clearly diff－  
ered（Fig．7）．Brown organic granules were the main  
COmPOnentindustfromtheicearea（S2－SlO），Whereas，  
mineralparticles were the main componentin the  
SnOWareadust（Sll，Fig．7）．Thebrown organicgran－  
ulesindustfrom theiceareaweresphericalinshape  
and contained abundant filamentous cyanobacteria 
andmineralparticles．Thesizeoftheorganicgranules  

ranged from O．13to2．7mm（mean：0．55mm，SD＝0．27）．  
Observation with afluorescence microscoperevealed  
atleasttwospeciesoffilamentouscyanobacteriawith  
autofluorescence densely covering the surface of the 
granules．One was3．9±1．0〃m（mean±SD）in celldi－  
ameterwithasheath（Fig．7c），andtheotherwas2．3±  
0．37pmincelldiameterwithoutasheath（Fig．7d）．The  
mineralparticlesin the dust were brown，White，Or  
transparent．Thesizeoftheparticlesobservedwitha  
microscoperangedfrom25to165FLm（mean：69FLm，SD  
＝25）in diameter．  

The observed horizontal albedos on the glacier 
ranged from O．10to O．41（mean：0．21）in theice area  
（Fig．8）．The albedos corrected for a sloping surface   
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Fig．6．Altitudinaldistribution of amounts of organic  Fig，8．Altitudinalprofi1e of horizontalalbedo obserL  
matter on the surface ofJulylst Glacier．Error  
barsindicate standard deviation．  

Ved on18August，2002and the corrected albedos  
for the sloplng Surface．The corrected albedo still  
has errors of diffusion，SOlar zenith and azimuth  
angle at observed time．True albedo should be  
SOmeWhat between the two values．Allstudied  
sites were bare ice surface without snow on the 
day ofmeasurement．  

Fig．7．Microscopicview ofsurfacedustontheJulylstGlacier．（a）Dust（cryoconite）ontheicesurfacecollectedfromsite  
S20n4September，2002．DustCOnSisted mainlyofsmallbrowngranulescontainingcyanobacteriaandorganicmatter．   
（b）Thedustcollected on thesnowsurfacefrom Sllon5September，2002consisted mainlyofmineralparticles．（C）（d）  
Twodifferentspeciesofcyanobacteriacontainedin thedust．Scalebarsarelmm for（a）and（b），10pm for（c）and（d）．   
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Were higher than the measured horizontalalbedos．  
The difference between before and after the correc－  
tion ofthealbedosranged from O．01toO．06．Thecor－  
rectedalbedosstillcontainederrorsduetotheeffects  
Ofdiffuseradiationandtheactualsolarangleateach  
measurement．Accordingtoequation（1），thetruealbeT  
dos without these errors should be somewhere be－  
tween the observed and corrected values．The cor－  
rected albedos without the slope effect varied from  
O．11toO．46（mean：0．23，SD：0．10）．Thelongitudinalpro－  
fi1eshowsthatthealbedoswererelativelyhigher（0．27  
－0．46）atthelowersites（sitesSl－S3），atOnemiddlesite  
（S7）andatthehighestsite（S14）．Albedosattheother  
Siteswassma11erthanO．25．ThelowestalbedowasO．14  
at site9．  

4．Discussion  

ThebareicesurfaceontheJulylstGlaciercanbe  
Characterizedaslowalbedoduetothelargeamounts  
Of surface dust．Surface albedos of snow andice are  
negatively correlated with amounts ofimpuritiesin  
the snow andice（e．BIAokietalり2003）．There was a  
COnSistentlyweakcorrelationbetweentheamountof  
dustandsurfacealbedointheiceareaofthisglacier  
（Fig．9）．Asurfacewithasmalleramountofdust（e．g．  
Site Sl）was higher albedo（0．30），Whereasone witha  
larger amount（e．g．site S5）waslower albedo（0．17）．  
This correlation suggests that variationsin the sur－  
face albedoin theice area were mainly due to the  
amountof the duston the surface，indicating，there－  
fore，thatdustsubstantiallyaffectsthesurfacealbedo  
in theice area．The mean albedoin theice area was  
O．23，Whichislower than that of a clean bareice  
Surface．Forexample，the mean bareicealbedofora  
Cleansurface hasbeenreportedtobeO．380nglaciers  
in western China（Baiand Yu，1985）．The difference  
between the bareice albedo on theJulylst Glacier  
and the albedo on a clean surfaceis O．15，Whichis  
likelydue totheeffectofsurfaceduston thesurface  
albedo．  

Thehigheralbedoandsmalleramountsofsurface  
dustneartheterminusoftheglacieraretheopposite  
Ofthoseon othermountainglaciers．Dustanddebris  
usually accumulate in the tongue of a glacier since 
theyaresuppliedfromabovebyglacialfloworfrom  
thebasalbedbymarglnalshearing．Forexample，the  
albedoonaglacierintheAustrianAlpswasfoundto  
belower at the terminus（0．10－0．16）compared with  
middle region（0．2rO．4）due to the accumulated dust  
andthepresenceofabundantmeltwater（VandeWal  
etal．，1992）．Alower albedo at the terminus has been  
alsoreportedintheSwitssAlps，Alaska，andwestern  
China（Brocketal．，2000；Takeuchi，2002a；BaiandYu，  
1985）．  

The smaller amount of dust in the area near the 
terminus of the glacier may be due to the develop－  

0  200  400  600  800  
Amountofdust（gm－2）   

Fig．9．Relationship between dust amounts and sur－  
face albedosin theice area．Error barsindicate  
standard deviation．  

ment of weatheredice and cryoconite holes．White  
Weatheredice（or weathering crust）is a porousice  
Withlooselyinterlockingcrystalsonthesurfacelayer  
Ofaglacier（e．g．MtillerandKeeler，1969）．Basedonfield  
Observations，Weatheredice was particularly abun－  
dant in the tongue of a glacier compared with the 
middle or upper part．The sma11er dust amounts on  
Weatheredicemayresultfromdustsinkingbelowthe  
Surface．Thesurfacedustcouldsinkthroughgapsin  
the porousice，thus reducing the amountofduston  
thesurfacelayer（1r3cmindepthasobservedbythe  
Samplingprocedureinthisstudy）．Inaddition，CryOCOnite  
holes，Which were ubiquitousin this area（Fig．3），  
maylowerthedustconcentrationontheicesurface．  
Since thecryoconite holestrap thedustattheirbot－  
tom，theice surface around the holes wasless dust  
COnCentration．  

The mechanism underlying the development of  
weathered ice and cryoconite holes at the area near 
theterminusisunclear．Apossibleexplanationforthe  
formationofthesestructureisthatdryer，1esshumid  
airisblownfromthedesertextendingdownstreamof  
theglacier．Suchdryaircouldcauseasublimationof  
theglacialsurface，particularlyattheterminusareaof  
the glacier，and could then cooltheicesurface．That  
may preventthedisappearanceofweatherediceand  
CryOCOniteholestructures，Sincethesestructuresusu－  
allydecayunderconditionsofpositivelatentorsensi－  
bleheatdominance（e．g．Takeuchietal．，2000）．Further  
Studyoftheformationprocessofthesesurfacestruc－  
turesisnecessaryforenhancingourunderstandingof  
thespatialvariationsofsurfacealbedoontheglacier．  

The amount ofsurface dust on theicesurfaceof  
theJulylstGlacierismarkedlygreaterthanongla－  
Ciersin otherpartsoftheworld．Accordingtoprevi－  
OuSStudies，theamountsofsurfacedustarelessthan   
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analgalrnatgrowingontheglacialsurface（Takeuchi  
ggαg．，2001a），Thus，thesegranulesarelikelytobethe  
productsofbiologicalactivity on theglacialsurface．  
Themassfractionoforganicmatterinthedustisonly  
8．6％indryweigbt，SuggeStingthatmineralparticles  
seem to be the main component（more than90％）．  
However，microscopy showed that organic matter  
WaSCOmparable to the mineralcomponentsin terms  
Of particle volume．The smaller mass fraction of or・  
ganic matterislikely due to thelower density of  
Organic mattercompared with thatofmineralparti・  
Cles．Thus，Organiccomponentsalsoappeartoexerta  
majOrirl点uenceon tbesurfacealbedo．Å1thot唱hthe  
quantitative contribution of each component to aト  
bedo reductionis uncertain，both organic andinor－  
ganiccomponentsarelikely to beeffectiveinreduc－  
ingthesurfacealbedoonthisglacier．  
ComparisonsofdlユStCOmpOnentSamOnganum－  

ber of glaciers showed that both organic andinor－  
ganiccomponentswerehigherontheJulylstglacier  
COmpared with those o‡lthe other glaciersくFまg．10）．  
Theamountofmineralparticleson theJulylstgla・  
Cierwasapproximately13－foldhigherthanthemean  
Of thoseon tbe Patagorlian，Å1askan andÅrcticgla－  
ciers（266versus20．3gm¶2），While the amount of or－  
ganic matter was approximately38－fold higher（25．4  
versus O．67gm山2）．The higher amount ofinorganic  
COmpOnentSOntheJulylstglacierisprobablydueto  
itsexposliretOablユndantwind－blowndepositsofde－  
SertSand，Whilethehigheramountoforganiccompo・  
nentsmaybetheresultofhighbiologicalproductiv－  
ityon theglacialsurface．  

Because of the notable difference in the albedo 
between a snow surface and a dust coveredice sur－  
face，the frequency ofsnowfaliin summer may sig－  
nificantlyaffectthemassbalanceofthisglacier．New  
SnOⅥrCOVeredtheentireglacialsurねceseveraltimes  
duringthesummerofthisstudy（Matsudaetal．．2004）．  
AsFujitaandAgeta（2000）havesuggested，SnOWfa11in  
slユmmerincreasesthesurfacealbedoandreducesheat  
incometotheglacialsurface．Duetothisalbedoeffect，  
Asian glaciers are more sensitive to climate change  
COmPared with winter－aCCumulation－type glaciers．  
SincethealbedoontheJulylstGlacierisparticularly  
lowduetosomuchduston theicestlrface，thediffe－  
rencein the albedo between new snow and the dust－  
COVeredicesurfaceisgreaterthanthatcleanicesur－  
faceⅥ7ithoutdust．Thus，thereductioninheatirlCOme  
totheglacialsurfacebysnowfallislikelytobemore  
Slgnificantonthisglaciercomparedtothatonglacier  
Witbacleanbareicesurface．Thisstudyshowedthat  
the factors affecting surface albedo on theJulylst  
Glacier are wind・blown deposits，bio10gicalactivity  
and the development of weatheredice．Flユrther re－  
SearChintoeachoftheseprocessesisimportantfora  
moreaccurateassessmentofthemassbalanceofthis  
glacier．   
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Fig．10．Comparison of amounts of surface dust and  
their components among various glaciers around  
the world．Error barsindicatestandard deviation．  

100gm20nglaciersintheArctic，AlaskaandPatagonia  
（Takeuchi，2002a；Takeuchi留吉αg．，2001b；Takeuchi  
etal．，2001c；Fig．10），WhereastheamountontheJulyl  
stGまacierwasasignはcantlyhigher292gmm2（mean）．  
On theother hand，theamo11ntOfdustrecordedona  
Himalayanglacierwas225gm▼2（Takeuchietal．，2000  
andunpublisheddata〉，Whichisrotlghiyequivalentto  
thaton theJulylstGlacier（Fig．10）．Moreover，amO－  
untsofsurfacedustabovelOOgm2wereobservedon  
tvootherHirnalayanglaciersinNepaiandoneTibetarl  
glacierin China（Takeuchi，unpublished data）．Thus，  
greater amounts of surface dust may be a common  
CharacteristicofAsianglaciers．  

The composition of surface dust suggests that  
dustin theice area consists not only of deposits of  
wind・blowndesertsand，butthatitisalsoaproductof  
microbialactivityontheglacier．Thedesertsurround・  
i王1gtheglacierisoneofthemajOrSOurCeSOfairborne  
desert sand．This kind ofsand has been reported to  
accumulateonthesnowandiceofglaciersinwestern  
Chinaくe．爵Wake and Mayewski，1994）．Since the mi－  
CrOSCOPyOfdustonthesnowsurface（sitell）showed  
thatitconsistedmainlyof魚nemineralparticles（Fig．  
7），itislikely to be mostlywindTblown desert sand．  
However，the composition of dust on the bareice  
surface was different from that of dust on the snow  
Surface．Dustintheice areacontained highlevelsof  
organicmatterandcyanobacteria．Themassfraction  
Oforganicmatterindustontheicesurねceく8．6％）was  
larger than thaton the snow surface（5．0％）．Micros・  
COpyShowedthatsuchdustconsistedmainlyofsmall  
brown granules，Which were not observed on the  
SnOW Surface（Fig．7），Inaddition，theirsize，COmpOSi－  
tion，and structt汀e agree With those of cryoconite  
granules，alreadyreportedonaHimalayanglacieras  
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