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Abstract  

Samplesofsurfacemud鵬1ikematerial（cryoconite）anddirtlayerparticlesfromtheChongceIce  
CapandGozhaGlacierintheWestKunlunMountainswereanalyzedforthemineraトandmicrobiota  
COntellt．  
Mud・－1ike‡Ⅵaterial（cryoconiとe）coveringtbesurねceoftheablationareao書抜eGozhaGlacierwas  

mainlycomposedofgrantllaraggregationsoffilamentotlSblue肌greenalgae（mainlyOcil毎io㌢由2spp．），  
bacteriaandmineralgrains．ItcontainedlO．6FLg／gchlorophyllaand4．8to14Apercentoforganic  
matter，mOSt Of which was found to be microorganisms，in dry weight，This suggested that the  
productionofthesemicroorganismsformedagreatpartofthemud－1ikematcrialinwetmassonthis  
glacier，andacceleratedsurfacemeltingoftheablationareabyabsorbingthesolarradiationmore  
effectiveiytbaTISI10W，icearさdairbornemineralgrains．Btlt，theperce王ュtageOf払emicrobialproduction  
inthemudJikematerialofthisglacierwassmallertharlthoseofHimalayanandGreenlandgla（票ers．  
DirtlayerparticlesintheicecoresamplesboredintheaccumulationareaoftheChongceIceCap  

（6，130ma．s．1．），COntainedmanygranularcoloniesofbacteriawithoccasionalblue山greenalgae，besides  
Veryfinemineralgrains，pOSSiblyloess．Thepresenceoftheseorganismsstronglysuggestedthatthose  
layersexperiencedmeltingormelトwaterpercolationwhichisessentialfortheirgrowth．Afterfurther  
WOrks，themicrobialcorltentSCOuldbeaneⅥ7informationsourcei王1icecoreanalysisfort‡leStudies  
OnpaStenVironmentalchangeofthisarea．  

1．Introduction  

Mud－1ikematerialcoveringglaciersurfacesarld  
Smallparticlesformingvisibledirtlayersinglacial  
Strata are Often observedin many types ofglacier．  
But，Si王ュCetbeglacierわaslo喝beerlbel主evedtobean  
almost‡10n－bioiogicale王1Vironme吼mostglacioiogists  
appear to have unanimously believed them to be  
airborne acctlmulations（Grove，1960；Orheim，1975）  
andca11edthern”mud”or”dust”．However，aSforthe  
Surfacem11d－1ikematerial，SeVeralbiologistsalready  
reporとedinear王ystudiesontheGreeniaIld王ceCaptbaと  
themateriai，depositedat洩ebottomsofcbaracteris帆  
ticcylindricalholesinthesurfaceiceoftheicecap，  
COntainedalargeamountofmicroorganismssuchas  

blue【許eerlaigae，andapp王iedt壬iename”cryoconite”  
to the material（Steirlb6ck，1936；Gerdel＆Drouet，  
1960）・And，KolandPeterson（1976）studiedthealgae  
inthemud－1ikematerialoftheNewGuineanglaciers，  
anddiscussedtheeffectoftheirgrowthontheglacier  
ab王ationprocess，  

Recerltiy，thepresentalj血orsbowedorla Hima－  
1ayan glacier（the Yala Glacier，Langtang region，  
Nepal）thatnotonlythemud肌1ikematerialbutthedirt  
layerparticles，COllectedbyafulldepthboringof60m  
attheaccumulationarea，Wereaisomainlycomposed  
Of許a－1ular aggregatiollS Of biuegreen aigae and  
bacteria，bothwerefeedingnewlyfoundcoidNtOlerant  
animals（insects andcopepods）livingintheglacier  
（Kohshima，1984a and b，1987，1988），and suggested   
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thatthegrowth ofthesemicro－plantsformedadirt  
layerannuallyandacceleratedablationratebycover～  
ingtheglaciersurface（Kohshima1984b，1987）．  
Thesestudiesindicatedtheglaciologicalimpor－  

tance of these microorganisms，eSPeCiallyin mass  
仲balancestt壬dyandicecoreanalysis．  
Fromtbisviewpoint，払isstudyaimedtoclari毎  

払econtentsoftbesurfacemud－iikematerial（cryo－  
eonite）andthedirtlayerparticlesofglaciersirlthe  
lⅣestKlユnlunmountairlS，anddiscusst‡1eiroriginalld  
glaciologicaiimplicationsbycomparingⅥrit壬Ithoseof  
Otherglaciers．  
Thisst11dywasapartoftheresearchbytheSino  

－JapaneSeJointGlaciologicalExpeditionintheWest  
KunlunMountainsin1987．  

TheChongceIceCap（6，530－5，800ma．s．i．）isthe  
SeCOndlargesticecapinthisareawithtwonoticeable  
Peaks（6，530mand6，374m乱Sl）andagentleslope，  
extending over an area of16Akm2（Zhang＆Jiao，  
1987），Theicesamples whichenclose thedirtlayer  
particleswereco11ectedintbeaccumiationareaofthe  
icecap（6，130ma．s．1一）byrnecbanicaldrilling（Nakawo  
gfαgリ1989）．  
TheGozbaGiac毒erispartlyfedby血ewestern  

partoftbeChongce‡ceCapatthepointabout5，900nュ  
a．s．1．andtbetermi王1uSlocatesat5，400minaぷエThis  
glacier，eSpeCiauyitswesternha払hadaveryrough  
Surfacewith many crevasses andice seracs．The  
Surface mud鵬1ike materials were observed and col－  
1ectedontheeasternhalfoftheglacier，Whichwasfed  
bytheChongceIceCap．   

Theglaciersofthisareaareof”cont主nentaltype”  
WitbaridciimateaIldiowicetemberature（Zhangg才  
戎g・，1989）and”summer－aCCumⅥ王ationtype”inwhich  
botht‡1emainacctlmtiiationandablationoccurdt汀ing  
St】mmer（A酢ヰa＆Higuchi，1984，Ageta g才αg．，1989）．  
ThefieldresearchperiodwasJuly15toAugtlSt28，  
1987・‡nthisperiod，tbeareaaboveabotlt5，900ma息1．  
Ofthesetwog！acierswerealwayscoveredwithnew  

2．Fielddescription  

TberesearchwascarriedotiとOntheCbongceIce  
Cap（35014′N，81007℃）aIld Gozha Glacieriocated on  
the southern slope of the West Ktlnlun Mountains  
bTinginthenorthernpartofXizang（Tibet）plateatlOf  
China（Fig．1）．  

Figtlrel：Map of the ChongceIce Cap and Gozha Glacier，  
Showlngthesamplingsiteanddistributionofsurfacemud  
叫1ike material（dark colored area）．BS：boring site．SS：  
Samplingsiteofsurfacemud－1ikematerial．   
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Figure2：Cryoconite holes（cylindl’ica王 hole）with mud一王ike  
mater；al（cryoconite）atthebott（）m，ObservedtindertIleneW  
snoⅥrCOVerOntbeGozhaGlacier．  

SnOWbyfrequentsnowfa11．  

Figure3：Mud－1主kegranule（cryoconite）withmuchfilamentous  
b王uegreenaigae．  

COVeringthesurface．Itseemedthattheholestended  
tobelargerattheplacewithmuchstablewater．  

Samples of these mud1ike materials，COllectcd  
andpreservedin3％formalinor70％ethanoisolution，  
Wereanalyzed．  

．‘i．ユ∫／川（、／／′J＝川（ノ‘、り〃ん〃／Jり／■ナノ〃〃ト／軋・川′／／りム7／  
Allsamples ofthemud山Iikc rnaterialfromvar－  

iolユSStruCtureSOfice，Showed a similarmicroscopic  
Str11Ctl汀e aTid contents＿ Tbey mainly consisted of  
brown colored sphericaigranules ranging from O．1  
mmto2．Ommindiameter．Thegranuleswerespher－  
icalaggregationsoffilamentousblueqgreenalgaeand  
bacteria，withsomefinemineralgrainstightlybound  
bythelongalgaefilaments（Fig．3）＿Themostabun－  
dant algae were tbe following fotir SpeCies of創a－  
mentousblue－greenalgae（Cyanophyceae）；Ocilhlわr由  
2spp，，Schizo肋rir sp．and5i）hanocatsa sp．，and the  
followingunicellulargreenalgaespecies（Chlorophy・  
Ceae），freefloatinginthewater ormiⅩedwithm11d  
椚1ikegralMies，Wereaisofound；ダれ）如βrrお吉Sp．，Cy壷－  
め靴野森sp．and r和Cぉごあぁsp．  
The amount and Iong filaments of the algae 

Clearlyindicatedtheiractivegrowth ontheglacier，  
andthetight aggregation ofthe algaeand bacteria  
Seemed to suggest thatthegranuleswere symbiotic  
COloniesof洩esemicroorganis王℃Sinwbichthe algae  
PrOt〉at〉lydependingonthebacteriaねrnitrogenand  
Carbondioxide，andbacteriadependingonalgaefor  
their nutrients．  

ThestruCtureandsizeofthematerialwerevery  
Similartothoseofthemud－1ikemateriaiona Hima－  
layangiacier（Kobsbima198姐but軌e幻oraofdo汀1ト  
nantfilamentousblue－greenalgaewasquitedifferent．   

3．Surface mudlike materials  
ユJ．／／）ふ／′砧／／／り〃fイ川JJ（7／軋IJ削／げ畠／＝7JJ－ノ（ソ「－州りJ高1  
／Jり／ll∫  

Duringthestudyperiod，almostallofthesurface  
OftheChongceIceCapwascoveredwithnewsnow  
and only the area near the termims（5，800m a．s⊥  
OCCaSionailyshowedcieanandsmootわbareicewith儀  
Out debris．However，On the stlrfaceice of the area  
lowerthanabout5，750ma，S．1．whereapartoftheice  
CapbrarlChesastheeastcrnhalfoftheGozhaGlacier  
（Fig．1），darkcoloredmud－1ikematerialwasobserved  
tlnderthenewsnowcover（Fig．2）．Itmairllyconsisted  
Ofsmalibrowngranulesra喝il唱たomO．1mmto2，O  
mmindiameteranddepositedontheflatbottomsof  
Verticalcylindricalholes（cryoconiteholes）withsome  
Water．The holes ranged from a few millimeter to  
about30cmin diameter andin depth．Eachminute  
holeofafewmiiiimeterindiametercontaiれedasingle  
mud…likegra‡luleatthet〉OttOm，and払elargerboies  
COntaincdmanygranulesformingasinglelayeronthe  
flatbottombeneaththewater，Thesizeoftheseholes  
increased as altitude or inclination of the surface 
decreased．lnaslightlylowerareaabout5，700ma．s．  
l．marlylargecryoconiteboleswereobserved．In抜is  
areamanymeltWaterdrainagechannels，pOOIsand  
Waterイilled crevasses wcre also observed among  
SeraCSandcrevasses．Thebottomsofthesestructures  
beneath the water，Were Characterized with closely  
SpaCed，manylargecryoconiteholes．And，theslanting  
Stlrfaceoftheseracswereslightlytintedbrowndueto  
the mudvlike granulesin mintite CryOCOnite hoies  
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Tablelshows the results of the measurements  
with those of other glaciers for comparison．The  
SampleofthisglaciercontainedlO．6／‘gChlorophylla  
perl．Ogindryweight．Organicmatter，mOStOfwhich  
WaSfoundtobemicroorganisms，COmprisedfrom4．8  
to14Apercentoftheovendrysamplesindryweight．  
Sincealgaeandbacteriacontainmuchwaterandtheir  
SpeCificgravityismuchsmallerthanthoseofmineral  
grains，the volume of the microOrganismsin wet  
granulesis accordingly muchlarger than that of  
mineralgrains．Forexample，GerderandDrouet（1960）  
analyzedthemud－1ikematerialoftheGreenlandIce  
Capandreportedthattheorganicmatter，Whichwas  
foundto belargely bluegreen algae and comprised  
13・9－20percent oftheovendrysamples（Tablel），  
OCCupiedabout95percentofthewetmass．Thus，the  
results suggests that a great part of the mud－1ike  
materialon the Gozha Glacieris also formed by  
growthofthemicroorganisms．But，Tablelindicates  
thatthepercentageofthemicrobialproductioninthe  
mud1ikematerialonthisglacierissmallerthanthose  
OfHimalayanandGreenlandglaciers．   

t？．t？．刀／＝：項、Jバー！／一仙JJJん、川晶／♪／川7／′（イムりJ．りJg山（け  
（Jわ／／～／んりJ  

Themicroorganismsinthemud1ikematerialof  
thisglacierseemtoacceleratesurfacemeltingofthe  
ablation area by producing darkCOlored materials  
Whichabsorbthesolarradiationmoreeffectivelythan  
SnOW，ice and pale－COlored airborne mineralgrains．  
On a Himalayanglacier，Kohshima（1987）observed  
thataplotoftheglaciersurfacecoveredwiththemud  
1ikematerialwasablatedfasterthanaplotexperi－  

In addition to these microplants，One SpeCies of  
brown colored waterbear（Tardigrada），a kind of  
microscopicanimal（0．4mminbodylength）wasfound  
inthe samplesfrom the meltWater StreamS，butin－  
SeCtS Which were populerin the Himalayanglaciers  
were not found．  

Mineralmaterials observedin the samples con－  
Sisted of clear，tranSparent grains of quartz，SOme  
OrangeStainedgrains，yellowishbrownstainedgrains，  
a few bluish green stained grains and black grains，  
possiblymica，ThegralnSrangedfromlessthanO．05  
mmtol，2mmindiameter，andmanylargegrains（0．5  
Al．2mmindiameter）with sharp edges andlittle  
evidenceofweatheringorsurfaceerosion，WereCOnT  
tained besides very fine grains，pOSSiblyloess．Such  
largegrainswereneverseeninthedirtlayerparticles  
intheiceoftheaccumulationarea．Theymighthave  
beenwind－tranSpOrtedoverashortdistancefromthe  
adjacentmorainesandpermafrostareas，anditisvery  
probable that the”seed”algae are also transported  
fromtheseenvironmentsand”re－Seed”thelowerpart  
Oftheglacier．  

To know the contribution of the micro－plant  
productioninformationofthemud－1ikematerial，the  
amounts ofchlorophylla and organic matter ofthe  
mud1ike materialwere measured．The amount of  
Chlorophy11a was measured by absorption spectro－  
photometry，andtheorganicmatterwasmeasuredby  
a followlng Simple gravimetric analysis．After oven  
－drying（70OC，6hours），afewdropsofnitricacidwere  
addedandtheashingcompletedoveraBunsenburner．  
Thepercentageofweightreductionbythismanupila－  
tion was measured．  

Tablel．Amount of organic matter and chlorophyllain cryoconite（mud1ike material）oftheglaciers．  

Altitude of  Organic matter Chlorophyll a 
Name of Glacier Sample site  sample site  ％indry weight FLg／gin  
anditslocation  （a．s．1，）  （mean value）  dry weight  

surface of  
lCe SeraCS  

Bottoms of  
melt-waters 

5，700 m  14．4％  
Gozha Glacier  
West Kunlun Mountains  

4．811．0％  
（8．6％）  

5，700 m  10．6  

Yala Glacer  Bottoms of  5，100m  6．322．0％  21．6  
Nepal Himalaya meltWaterS  （14．4％）  

CeCap  f  

t  

（from R．Gerder  holes  
and F．Drouet，1960）  

1，700m  15．7％  
1，900m  19．2％  
2，000m  20．1％   
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mentallyclearedofthematerial，byabout6cmper  
dayinSeptember．  

h pa‡1icular，biue肌green algaら軌e most domト  
nantaigaeintbemtid血1ikematerial，SeemtOhavean  
importantroleinthiseffect，becatlSethealgaetlSethe  
radiation wavelength primarilyin the blue region  
b戎weerlO．40and（き，65m，Wheresnowand主cehavethe  
greatesとtransmi∬ivityくGerderalュdDrolietナ1968）．Kol  
andPeterson（1976）st11diedthemud」沈ematerialon  
the New Guinean glaciers and reported that the  
material，Whichwasfoundtocontainmuchblue－green  
algae，Selectivelyabsorbedmoststronglyintheblue  
－greenreglOn，andanincreaseintemperatureofthe  
materialover the surroundingice and water，under  
uninte汀mpedsuniigbt，WaSたoml＿2DCto7．5℃．  

Since，eVeninthemid¶Stlmmer，thesl汀faceofthe  

I   －  NUMBER OF COしONl∈S  

ablationareaofthisglacierwasusuallycoveredwith  
a new snowlayer，throughwhi（：h only the diffused  
Sunlight withshortwaveiength（：Ouldreach theice  
Slユ㌻ねce，absorptionbytheblue鵬greenalgaeilltbemljd  
－1ikematerialistboughttobaveanimporta‡1trOlein  
Surfacemeltingintheablationarea Oftbisgiacier．  
Ma叩Cyiindricaiboieswitbthemud叩Iikema短rialat  
tbebotもOm，Observedintheicesurねcelユndertbenew  
SnOWCOVer，SeemtOSuppOrtthisassumption．   

4．DirtlayersandthedirtIayerparticles  
・J．ノ．ハJJナん小一JドナJJ仙、／（、＝、刷、  
Dirtlayersobservedinthestrata ofthisglacier  

WerenOtSOCOnSpicuousasthosereportedfromYa壬a  
Glaeier，a Himalayan glacier（Kohshima，1987）．In  
manycases，tbeywereonlyvaguesnoⅥFOrice王ayers  
dimiy tinted yel‡owisb brown wit‡10ut C量ear bound－  
aries，btlt SOme Were mOre COnSplCuOtlSlayers with  
darker coiorandclearboundaries，  

The samples of the dirt layer particles were 
CO11ected from the32nトlonglCe COre boredirithe  
accumlationareaoftheChongceIceCap（6，130ma．s．  
l．）bymechanicaldrillinginAugust，1987（Nakawoet  
al．，1989）．Thirtysevenvisibledirtlayerswereobserv－  
edinthisicecore（Han eial．，1989）and220fthem  
WereSampledforthisstudy（Fig．姐  
Thepa托softbeicecorecorltainingdirtiayers  

Weremeitedincieanpoiyethylenebagsandpreserved  
as3％ねrma王insolutionincieanpolyet‡1yle11ebottles．  
T‡leSeOperationsⅥrereCOmpletedonthegraciersi略  
arldthesamplesⅥ7ere analyzedirltbelaboratory of  
KyototJniversity，KyotoJapan．   

イ．ユ（、り〃存〃か‘イ抽l，／〃／ナん町、J’♪（J／症／l、さ  
All samples analyzed were composed of many 

finemineralgralnS，SOmegranularbacterialcolonies  
（Fig．5）andsma1lorganicdebris（mainiymimltefrag－  
mentsofpianttissue）．  

Tbe m玩eraigrainsinciude（董ma叩Clear，汀ans－  
parentgrainsofquartz，SOmeyeiioⅥrishbrownstai‡1ed  
gralnS and a few black許aiIIS，pOSSibiy mica，Tbe  
grains werevery smail，Most oftbe mineralgrainS  
WerelesstbanO．2mmindia汀1eter；Veryfinequart芸  
grainslesst圭IanO．05mmindiameterwerepredomi－  
nant．Thosemineralgrainsseemedtobeloessdeposi－  
tion（Watanabe＆Zheng，1987）．Aloessfallassociated  
withnortheasterlywindwasobservedtoslightlytint  
the surface snow yellow on Au糾1St13，19870n the  
CbongceIceCap．   
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Figure4：Dirtlayersin the jce core from ChongceIce Cap．   
（modifiedfromHanetalリ1989）Sedimentsofeachsamples  
werewellstirredin20mlwaterandthenumberofbacterial  
COloniesinaviewfieldofxlOOmicros（：Ope WereCOunted．   
も‡ackiirleSirlCOiumns：dirtlayers．  

＊：dirtiayersⅥ㌢itha‡gae  
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0．1mm  

melトwaterpercolationatthedepthsonearthesur－  
facethatenoughamountofsunlightforalgalgrowth  
collldreachthe汀‡．   

InaHimaiayanglacier（t‡ieYaiaGiacier）wbich  
aisobelo喝StOthe”sum汀1eraCCumuiationtype”，btlt  
isarl”marinetype”glacierwithwetterandwarmer  
climate aIld high主ce temperature，the蛮rtiayers  
containedfarmoreamollntOffilamentotiSblue【green  
algae（f現∂γ研ぬ桝Spp．）associated w触許anulollS  
bacterialcolonies，Whichwasalmostthesamebtruc・  
ture、andcontentsasthesurfacemud－1ikegranuleon  
theablationarea（Kohshima1984，1987）．Thediffer－  
enceinthealgalgrowthbetweenthesetwoglaciers  
seemstocomefromthedif托rencesillSOmeCOndition  
払rthea呈gai酢OWtbint壬1eglacialstrata ofti－eaC－  
cumulatio‡1area；ねrexampie，amOuntOfmelt【Water，  
thesunlightand／orir10rgarlicnutrientst‡lealgaecan  
uSe．  

After fⅥでtもer works，tbe micでObiota－CO頭ents  
suc‡laSbacteriaaれdalgaecouldbeanewsourceoぎ  
informationinicecoreanalysisforthestudiesonpast  
envirorlmentalchangeofthisare乱Forexample，the  
amountofbacterialgrowthseemedtobeapossible  
indexof”warmness”ofpastclimateofthisregion．   

5．Conc山dingremarks  

Thisreportpointedotitt‡1egiacioまoglCalimpor・  
tance ofthe microorganismsin tbe glaciers of the  
Kunlun Motlntains，irlpartictllar，tbe effect of tbe  
microbialproduction on払e surねce meltingin払e  
abiationareaandtbemeaningoftbebacterial許OWth  
intheglaciaistrataoftheaccumulationarea－How－  
ever，tOClarifythe”biologicaleffect”onglaciermass  
肌balance andto obtain moreinformationinice core  
analysisfromthemicr・Obialcontents，furtherworksbn  
thegrowthcorlditionandproduct主vityoftheseorgan－  
ismareneeded．Morebasicstudiesonthebioまogyof  
theseorga‡1ismsandcomparativestudieson封oraand  
ねurはOfvariotlStypeSOfgiaciers，Willalsoexpa‡－d  
olユrtinderstandingofthegiacier．  

Figure5：Abacterialeolonywithashortfragmentofblue山green   
algae，Observedinasampleofthedirtiayerpartides 

・f．、7．仙（イり血／ぎ八川朝／′J／ん‥浩ナん叫りご・  
Thebacteriaicolonies（unidenti舅ed）inthesam－  

plestookasphericalformandblackishcoIor（Fig・5）・  
Tbesizeoft壬IeCOloniesraⅥged育omO．02mmtoQ．2  
m王Ⅵirldiameter．Tbe壬arge colonies occasiona11y  
assoく：iated with a sma11amount of filamentousblue  
瑠reen algae，pOSSibly Sbhizothrir sp．or unicellular  
algae，pOSSiblysomespeciesofsnowalgae・  

Thesphericalformofthegranularaggregations  
ofbacteriaindicatesthat they arenever・aCCidental  
ag酢egationsofair－bornebacteriaねiie首idnthegla－  
cier，rather，that they are払e coloniesねmed by  
proiiferationoHheairborne”seedbacteria”deposited  
int‡1eglacier．   

Jご「′・ ．，・ハー・・－ ∵－′  ・∴ ご．・・∴、・′‥・  
Since∬quidwaterandorganicma江erareessen－  

tialfor bacterialgrowth，the presence of bacteriai  
coloniesin dirtlayersindicates that theseiayers  
experienced melting or percolation of melトwater  
fromthe upper strata，and contained some organic  
matter．  
T壬Ierlumberofcoioniess主gnificalltiyvaried among  
layers（Fig．4）．Because，eVeninmid【Summer，meiting  
andperco王ationcanoccuronlyina王ayerverynearthe  
surface（withinafewtensofcmindepth）attheborirlg  
site毒鼠130ma．s．l．，Ageta gfα7．，1989），thevarietyin  
bacterial酢OW払amorlgthelayersisthol唱httocor－  
respondwitbtbatoftheextentanddurationofsuト  
face melting during some period after the particle  
deposition，and／OramOuntOfairborneorganicmatter  
depositedin thoselayers嶋And，Since the sunlaylS  
essentialforalgalgrowth，OCCaSionalassociationof  
algae with bacterialcoloniesstronglysuggeststhat  
tbeiayersⅥ7itbslユChparticlesexperie王1Cedme王tingor  
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