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Abstract  

Glaciologicalandgeomor‡ぬologicalobservationswerecarriedot珪in払eEastKunlun，Tan紗Ia  
andNyainqentanglhaMountains，aSapartOftheChinaJapanJointGlaciologicalExpeditionto  
QingzangPlateau，1989．Themainobjectiveoftheglacierresearchistocomparethecharacter・  
isticsofglaciersindifferentclimates，namelythecontinentalandthemaritimeones．Preliminary  
results oftheresearch aredescribed．  

1，lntroduction  

TheChinaJapanJointGlaciologicalExpedition  
toQingzangPlateau，1989，aimedtostudythecharac・  
teristicsofglaciersindifferentclimates，theevolution  
history oftheeryosphere and the role of theぐryOS－  
phereinmeteorologicalandhydrologicalproces＄eSOn  
the plateau．An outline of the project and basic  
resultsofthemeteorologicalandhydrologicalobser・  
Vations are reportedin Partland Part30f this  
expeditionreport，reSpeCtively．  

OnQingzangPlateau．theT・eisl11uChdiEferencein  
precipitationbetweenthenorthernandthesouthern  
parts．Thisclimaticdifferenceseparatestheglaciers  
Ontheplateauintotwo types：＜thecontinentaトtype’  
withlittleannualwaterexchangeandてthemaritime  
Ttypt？’withmuchannualwaterexchange．Compari－  
SOnOfthecharacteristicsofthebothgiaciertypesis  
important to understand Ihe water cycie in Asian 
high1andreglO  
Thefieldresearchesoftheexpeditionwerecarrト  

edoutinaridEastKunlun，SemiMaridTanggulaand  
humidNl，ainqentanglha．Thisreportdescribespreト  
iminaryresultsoftheobservationsduringtheexpedi－  
tion．  

2．Observationsin East Kunlun Hountains  

GlaciologicalobserlVations were carried out on  
MeikuangGlacieratadistanceofabout20kmeast  
from Kunlun Pass on the north slope of the East  
Kunlun Mountains．This glaeier was selected as a  
representative giacier in Xidatan area for study of 
glaciermassbalanceandotherglaciologlCalcharac－  
teristics under a dry climate．Meikuang Glacier  
flowstonorth，andthehighestandthelowestaltitudes  
are552（〉mand4790m，reSpeCtiveiy．Theleng払and  
tbeareaofthegiacierareabol止1．8kmandl．1km2，  
respectively（Fig．1）．  

Snow stakes were set on May6and7，and  
measuredagainonSeptember7．Thechangeofthe  
glacier surfacelevels during4summer monthsis  
Sh〔川11inFig．2．Sincethealtitllderangeofthestake  
positiorlSOntbeglacierwasiimitedtot‡1elover3（〉％  
Oftheglacierinaltitude，a11datainthefigureshow  
Surfacelowering due to negative mass balancein  
Summer．Since precipitationis relativelylargein  
Summerbutlittleinwinterinthisregion，theaccumu－  
lationarea（）ntheupperpartoftheglacierisassumed  
tobavepositivebalanceduringthis4months．Evi－  
denceofavalanchesdebrisfallenfromtheupperslope  
WaSfoundaroundthehighestzoneofthestakeline．   



Bulietin of Glacier Research 題  

DENSITY g／cc  

閣  
√′′0 0／。。  

－15  －10  －5  

（
∈
U
）
エ
ト
d
山
凸
‡
O
N
S
 
 

-5 Icelayel（Ihinn）  
クアろIcelay叫thick）  

‾－－‥  tayerbollndarv   

ミミ：∴三三 Dill  

＋ 十 New snOW   

O o Se川ed snow   

● ● Granurar snow   

＜．∧ D¢Pthhoar  Fig．1．Map ofMeiknangGlacierin the East Kunlun Moun－  
tains．（temporarymapping）  
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Fig．3．StratigraphyandoxygenisotopiccompositionatSt．ET  
－1（5248ma．sふ）oFMeikuarlgGiaこieronSeptemkr8，ま989．  

analtitudeofaround5250minMayandSeptember．  
The snow／ice stratigraphyin early Septemberis  
Shownwith oxygenisotopic compositionin Fig．3．  
Thestlrfacelevelatthissitedidnotchangebetween  
early May and early September．However，maSS  
balance during this period was positive，Since the  
Surface ofloose superimposedicein snow rose ap・  
proximately20cmhigher．  

Theaccessiblepartoftheaccumulationarea of  
thisg量acierisiimiteddtletOaVaiancbesandcreva岱eS．  
Weareconsideringehangingtheglaciertobeobserv－  
edcontinuouslyinthisarea，tOanOtherone．Duril咽  
the2days stay，eaChin May and September，for  
glaciologicalobservationsandacclimatizationaround  
Meiktlang Glacier，geOmOrphologicalobservations  
ⅥrerealsocarriedoutintbeXidatanarea．  

3．ObservationsinTangguJa Mountains  

AttheheadofDongkemadiValleyintheTanggu－  
la Mountains，there are two glaciers，namely，Donr  
gkemadiandXiaoDongkeInadiGlaciers．Dongkem－  
adiGlacier flowssouthward；its highest andlowest   
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Fig，2．Change of sr10W andice surfacelevels of Meikuang  
GlacierfromMay6－7toSeptember7，1989．Opencirclesand  
SOlidcirclesindicatechangeofsnowsurfacelevelandice  
Surfacelevelbeneathsnowcoverfromtheglaciersurface   
】evelonMay67，reSpeCtミvely，  

Forexample，theupperpartofstakeVト2wasbroken  
duringthisperiod．Thelarge differenceinthesur－  
faceloweringindicatedbystakesVト1andVト2（Fig．  
2）seemstoshowtheeffectoftheavalanches．  
ObservatiorlSOntbetlpperpartOf払eglacierwere  

madebrieflyonlyonthewesternpartoftheglacierat  
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a王titudesare6100mand5270m，reSp∝tively，T壬Ie  
lengthandtheareaoftheglacierareabout5．4kmand  
16．4km2，reSpeCtively．XiaoDongkemadiGlacieris  
locatedeastofDongkemadiGlacierandflowssouth－  
westward．Thehighestandthelowestaltitudes，the  
lengthandtheareaoftheglacierare5930m，5400m，  
2．8 km andl．8 km2，reSpeCtively（Fig．4）．Since  
DongkemadiGlacierhasaterminalcliffthatishard  
toclimbandistoolargetoobservethewholeglacier  
Onfoot，glaciologicalobservationswerecarriedouton  
XiaoDongkemadiGiacierasarepresentativeglacier  
intheTanggllla Mountainsina s円11i－aridelimate．  

AsdescriもedinPartl，ShalloⅥ7icecoredrilling  
wascarriedolユtinMayintheaccumulationarea of  
XiaoDongkemadiGlacierbyChinesemembers．Ice  
cores17mand14mlongwereobtainedat2sites；the  
latter，Obtained at an altitude of5700m，Were ana－  
1yzedintensivelyin Lanzhou for oxygenisotopes，  
conductivity，PH，anions and cations．The Chinese  
grouplSuSingtheseresultstostudyclimaticwarming  
andenvironmentalchangeoftheQingzangPlateau．  
SnoⅥFStakesweresetonMay13，16and170nthe  

glacierand‡neaSured aga主n on September13・The  
Cbangeof払eglaciersurfaceleveisduri‡lg4summer  
monthsis shownin Fig、5．As seenin Fig．5，the  
glaciersurfaceroseduringsummerexceptthelowest  
part，  
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Fig．5▲ Changeofsnowandicesurfacelevels ofXiaoDonq   
gkemadiGlacierfrom May1317to September13，1989・   
Open circles arld solid circlesindicate change of snow  
surfacelevelandicesurfacelevelbeneathsnowcoverfrom   
theglaciersurfacelevelonMay13－17，reSpeCtively・The  
dasbedarroⅥrindicatestheriseofsuperimposedicesリーface  
fromMay28．  

OntbeupperpartoftbeglacierinSeptember，tbe  
Stlrねceofsuperimposedicebeneatbsnowcoverbe－  
Camehigherthanthesnowsurfacein May（Fig．5）．  
Snow／ice stratigraphy on the upper plateau of the  
glacierin the middle of Septemberis shownwith  
OXygenisotopiccompositioninFig．6．OnSeptember  
13，the glacier surface was78cm higher and the  
Surfaceofsuperimposedicebeneathsnowcoverwas  
18cmhigherthantheglaciersurfaceonMay13．As  
awhole，themassbalaneeoftheglacierduringthis  
periodwaspositive，andtIlegrOⅥヰbofthes11perimpos－  
edicelVaSremarkable．  

AselfYreCOrdingsnow－depthgaugewassetatan  
altitudeof5570m（Station3－2）鱒Oundtheeqlユ1ibrium  
line of the glacier on May27．This gauge detects  
SnOWSurfacelevelfromthelightthatentersitsfiber  
glass sensor．The recorder paper was replaced on  
September13．The recordingis stillcontinuing．  
Thechangeofglaciersurfacelevelobtainedbyuseof  
the gaugeis shownin Fig．7．The surface rosein  
early summer and descendedin mid－Summer，then  
keptsteadyinlatestlmmert Atthisaltitude，almost  
allprecipitation，eVenin theIniddle of summer，is  
COnSideredtobesnow，Thestlperimposed主ceatthis  
Sitegrewremarkablyintbissummer，arlditssurねce  
beneathsnowcoverrose49cmduringthisperiodas  
ShowninFig．5．Therefore，themassbalanceduring   

Fig．4．Map of Xiao DongkemadiGlaciersin the Tanggula  
Mountains．（temporarymapping）  
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China－－JapanJoitlt GlacioIogicalExpeditiontoQillg－  
ZangPlateauvisitedtheNyainqentanglhaMountains．  
andmadetheresearchontheexistingglaciers．geoL  
morpbologyandQuaternarygiaciat主onattheheadof  
BoduiZangbu andYigongZangbuRivers，Thisre－  
gionisonthe southslope ofthemiddle Nyainqent・  
anglhaMountainswhichfacethet†GreatBent”ofthe  
YaluZangbuRiver．Thist†GreatBent”isgenerally  
COnSidered as a main eorridor thT－Ough which rnoist  
monsoon airpenetratesintotheinland part ofQing・  
ZatlgPlateau Becauseofthehightopogl’aPhieT・elief  
eombinedll▼iththemoistmonsoonairmass．thestudiL  
edregionhashighprecipitationatldhumid恒・．reSult－  
ingin tJle developmeIlt（一flarge glae主ers．During  
Quaternaryglacialages，glaciers were muci11arger  
thanth0＄eatpreSent．TheNyainqentanglharegion  
isanidealreglOntOStudynotonlyexistingglacier＄，  
butalsoQuaternaryglaciations．  

凱由肌用㈹＝淵町舶用叩頭Ⅷ博卯鹿桓呵  

Fig．6．Stratigraphyandoxygeni＄OtOpiccompositionatSt．7－1   
（5650ma．s．1．）ofXiaoDongkemadiGlacieronSeptember13，   
1989．（Legend：SameaSShowninFig．3）   

Summeratthissitewaspositive．Growthofsuper－  
i一丁lpOSedicein the nlelting seasonisimportant for  
massbalanceofthesub－pOlartypeglacierinthissemi  
叫aridarea．  

AObservationsin the Nyainqentang川a Hountains  

Asatypicalmaritimeglacierregion，the Nyain・  
qentanglhawasobservedmanytimes，Inthe1930s，  
F．K．Wardwenttotheregionmanytimesandreport－  
edonhisexpeditions．Inthe1960s，Chinesescientists  
Studiedseveralcirqueandhangingglaciersindetail  
duringtheirobservationsofglaぐialdebrisnowaround  
Guxiang．At the sametime、they also observedgla－  
Ciers at the head of Lequ Zangbu River．Durillg  
Chinesescientificexpeditionsinthe1970s，theNyain－  
qentanglha wasanimportant region studied．The  
glaciersinvestigated were RogtlO．Zhuxi，Kajia and  
ZepuGlaciers．  

tn mid－September and early October，1989，the  

JUNE  JUしY  AUGUST  
十S柑紬r閃din9   

Fig，7▲ Cbange（〉fgiacier鞘r伝celeve重atSt，31－2（55アOma・＄エ〉   
orlXiaoDongkemadiGlacierot〉tぬ1edbyaselfwrecordまng   
snow－depthgaugefromtbeendofMaytotbebe由nningof  
September，1989．  
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F主g．8．王ceflowvelocitiesreconstructed fro王苅Observation of  
OgivesonZepuGiacierintheNyainqentar頑haMountai11S．   
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J．J．動画＝げ細雨庵g山（雨s   
a）Glacierdistribution  
Thereare1269glacierswithatotalareaof3，589  

km2intheBoduiZangbuandYigongZangbuRivers  
WaterSheds．Theseaccountfor44％and61％，re－  
SpeCtively．ofthetotalnumberandareaofg］aciersin  
the Nyainqentanglha Mountains．Almost allof the  
glacierslongerthanlOkmonQingzangPlateauare  
COnCentratedin the Nyainqentanglha Mountains．  
ThelongestglacieronQingzangPlateau，theKaqin  
Glacier（35kmlongwithanareaof151．5km2），isat  
theheadoftheYigongZangbu River．Thedistribu・  
tionpatternoftheglaciersinthemountainsreflects  
theprecipitationdistribution，withover80％onthe  
SOuthslope．Thisisoppositeto thegeneralglacier  
distributioninthenorthernhemisphere．   
b）Glaciertypesandsnowlinedistribution  
Beeauseoftheintensiveuplift ofthemountains，  

thereisnoplacesuitablefordevelopmentoficビCaPS．  
ButallothertypesofglacierexistintheNyainqen・  
tanglha Mountains．Hanging glaciers are the most  
numerous，aCCOuntingfor53％，Whileonly8．3％are  
Valleyglaciers．Butva王1eyglaciersoccupy43％of  
the totalglacier area．hangingglaciers only10．1？ム．  
ThelowestsnowlineappearsonGongpuGlacierwith  
analtitudeof4，200m．Thehighestsnowline（5，700m）  
appearSOnXibuGlacierlocatedinthesouthernpart  
Ofthemountains．Thesnowlinedistributionreflects  
the transport diTeCtion of water vapor、The differ・  
ence of snowline altitlldeislargest near the”Great  
Bent”oftheYaluZanghuRiver．Thesnowiinealti・  
tudenearTongmeiis4，300m；itincreasesnorthward  
to5，100mtothenorthslopeoftheNyainqentanglha．  
NeartheridgeoftheNyainqentanglhaMountains，the  
SnOWlineonthenorths】opeis300mhigherthanthat  
OnthesouthsIope．Thisdifferenceindicatesthatthe  
ridgemakesanimportantclimaticboundary．   
C）Recentglacierfluctuation  
Theglacierfluctuationherehasbeenobservedin  

thelast20yearsorso．Duringthe1989expedition，  
WeOb父rⅥ衰ZepuandKaqinGlaciers． 
obseT・Vation of neLW mOrainesleft at the ter111illuS Of  
KaqinGlacier，retreatisobviou鼠 Sincetheterminus  
OfZepuGlacierreachesintotheforest，itwasdifficult  
toseethefluctuationoftheterminus．Onthesurface  
OfZepuGlacier，therewasmuchvegetationwhenwe  
Observedtheglacierin1989．Buttherewasnovege・  
tationin the1970s according to LiJijutl（PeT・S（1nal  
COmmunication）．This suggest＄that the glacieris  
retreatingorstable，allowingthestabilizationofsuト   

facemorainesandgrowth ofvegetation．Muchevi－  
denceincludingair－photointerpretationindicatesthat  
thesetwoglaciersareretreating．   
d）Glacierogive   
In expeditions during the1970s，glacialogives  

VerefoundonAzba，Table，Ruo許10，KajiaandZepu  
Giaciers．mring tbe1989ex鱒dition，We‡nainiy  
COnCentratedogivestudyonZepuGlaeier．Theogi－  
VeSOfZepuGlacieraredevelopedbelowtheicefall．  
0gives were separated by white and black colors．  
Duringthe1989expedition，Wedidsomefieidworkto  
reconstructthefluctuatjonhistoryoficeflowvelocity．  
On ZepuGlacier，thereareatleast3sets ofogives  
Whichformedbelowtheieefallsofthreebranchgla－  
Ciers；tWO Of them were measured．The basis for  
reconstructingtheannualvelocityofaglacieristhat  
thewidth of an ogive band represents one year’s  
movement．Fig．8sl10WStheresults．Thefirstsetof  
Ogivemeasurementsincludes15yearslannualmove－  
ments（1975－1989）；the annualmovements fluctuate  
between77m and189mwith anaverageofl19m．  
Thesecondsetincludes12years’annualmovements  
（197819脚）which fluetuate between90m and182m  
With an average of125m．The annualvelocities  
打om both of these two sets showed an obviolユS de．  
CreaSingtrend（Fig．8．）．Thistrendcoincideswiththe  
retreatingtendencyoftheterminusofZepuGlacier．   

広之5助成ぬqデQ閲お和甜γ威抜海蕗構   
a）Glacier advances  
BasedonthestudiesinttGlaciersinXizang”（Liet  

al．，1986），thereappearedtwoglacieradvancesinthe  
Bomiregion ofthe southeastern Tibet．These two  
areca11ed＜ttheGuxiangStage”andlttheBaiyuStage”．  
Dt汀ing the Guxiang Stage，tbe glaciersin Bodui  
Zangblland Yalotlg Zangbu formedinto an Lmited  
glacialsystem．Atthat time，thelength ofthemain  
glacierwasuptolOOkm，andtheterminusreachedto  
analtitudeof2，600ma．s．l．DuringtheBaiyuStage，  
theglaciersintheBoduiZangbuandYalongZangbu  
WereCOmpletely separat〔・d．The】ength ofthe main  
glacier was88km and t‡le termiIluS reaChed to an  
altitudeof2，900ma．s．l．IntheHolocene，therewere  
twoglacieradvanceswhichcanbedistinguishedfrom  
theglacieradvanceintheLittleIceAge．   
b）Glacialevolutionsince払elastglacialmaximum  
After thelast glacialnlaXimum（19．7OO±300  

～24，390士7，500 BP．），glaciers began to retreat．  
Somefeaturesduri咽theglacialretreatare：（1）Two  
glacialretreatstages，theLinqongandtheYuren，Can   
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berecognized．（2）A氏ertbeLirlqOngglacialretreat  
Stage，manyrOundedmoraineswithheightsbetween  
40mand60mwereformedinthefluvioglacialplain．  
（3）AftertheYurenglacialretreat＄tage，themainand  
tributary glaciers were separated and formed many 
mOralneS．  
TheNeoglacialadvanceofZepuGlacierissepa－  

ratedirltOtWOObviousstages：theDanaandBaitong  
glacialadvances．Theformerappearedin3，242±101  
B．Pり and tbelatter giaciaiadvance appearedin  
l．056±115B．P．The LittleIce Age maximum ap－  
pearedi‡1197±80B，P，   
C）Variation of snowline alモ嘉udes since tilelast  
giacialmaximum  
Basedoncalculations，thesnowiinealtitudeswere  

lowerthanthatatpresent，700mMl，000mlowerinthe  
LastIceAge，461mintheYurenglacialretreatstage，  
157m－217mintheNeoglacialDanaglacialadvance，  
90mintheBaitongglacialadvance and40－100min  
theLittleIceAge．  

5．Concludingremarks  

At present，data analysisisin process．Stake  
Observationsandtheself－reCOrdingofsr10Wdepthon  
XiaoDongkemadiGlacierintheTang糾11a，andstake  
ObservationsonMeikuangGlacierintheEastKunlun，  
arebeimgcontinued，In1991－93，neWintensivestudy  
intheTanggulaisplannedaspartoftheInternational  
HydrologicalProgramme－PhaseIV．Although the  
massbaianceofthemaritime－typeglaciercouidI10t  
be measurediIlthe field work of1989．it w川 btI  
estimated fromclimatologicaldatainthat area and  
Otherinformation．Tbe results of fur払er aTlaly㌍S，  
includingthenewdata，wi11bepublishedinthenear  
future．  
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