
創始  Bul王etirlOfGlacierResearch7（1989）1αヲー110  
◎DataCenterforGlacierRcsearch，JapaneseSocietyofSnowandIce  

Perrnafrostandgroundwateronthesouthern s（opeofWestKunlun MoLJntains   

YasusMAOKI，TetsuoOHATAandKeijiHJGUC川  
WaterResearchInstitute，NagoyaUniversity，Nagoya，464Japan  

モReceivedI）∝eInber27，1988；Revi父dmanu父riptreceivedJanllary23，1989ラ  

Abstract  

ConditionofpermafrostandgrotlndwaterwasinvestigatedinthesouthernslopeofWestKunlun  
Mo11nとains，nOrtbofGozbaCo．Therewasdif短renceinaltitudinaldistributionofthawillgdepthabove  
andbelow5600ma．s．LThegroundconditionattwoobservationsiteBConthegrasslandandABC  
justbelowtheglacierterminuswasquitedifferent，althoughheightdifferencewasonly600m・Soil  
moisturewashighanddepthofpermafrosttablewassha1lowatABC．Thevolumetricwatercontent  
ofpermafrostatBCwasonly18％．Thisdifferenceisthoughttoarisefromthedifferenceinair  
tem鱒rature，SOiltextl汀eandrelativedista王ICefrom払elargewatersource，thatis，g王acier・An  
interestingphenomerlaWaSfoundonthenon－uniformwaterdischargesysteminthesortedground  
area near ABC．  

（5805ma，S．l，）showninFig，1．1nclirlationoftbeslope  
WaSabout6degreesonanaverage，anditwasclearly  
divided by the surface state．Below5400m，it was  
COVered with sparse grass of Kobresia species，and  
VerylargesortedstripeSWerewidespread withrare  
vegetationabove5550m．BCⅥraSatypicalsiteintbe  
gTaSSland area，andABCinthelargesorted stripes  
area．1tiswidelyconsideredthatpermafrostunderlies  
thewholeslopeexceptnearGozhaCo（Li，1987）．  

1．lntrodu亡tion  

The West Kunlun Mountaihins arelocatedin a  
dryclimate，butmanyglaciersandlakesexist．One  
big problem is how the water balance and water 
circulationaremaintainedinthisregion．Toconsider  
tbis problem，SOilmoisture a王Id subsurねce water  
movemehtareverylmpOrtant．Becausenotonlythese  
givethequantityofsubsurfacewateritself，butthese  
affectthewaterbalance，energy balance and water  
CirculationthroughevaporationandrunOff．Asperma－  
たosti＄Widespreadinthisregion，it may affect tbe  
water circulation by regulating subsurface water  
movement．So soiimoisture and subsurface water  
movement must beknown，but no observation had  
beendone fromthispoint ofview．This report des－  
cribes the foundamentalsoilwater conditionin the  
activelayer onthesouth slope oftbel好est Kt】nlun  
Mountainsinsummer1987．  

3．Observation methods  

Observations were carried out from middle of  
JulytotheendofAugust，1987．Thawingdepthwas  
determinedbymeasurementofthepenetratingdepth  
Ofasteelrod，andwasconfirmedbytheOOCtempera－  
tl汀emeaSuredbythermister tilemOmeter Stick．Aと  
somesitestbisdepthⅥ7aSObtainedbyextrapolating  
the ground temperature at two different depths at  
whichdailytemperaturefluctuationcanbeneglected，  
Surface flow and suprapermafrost water table were 
investigatedtogether．Soilmoisturetensionwasmea－  
Stlred by mercury manometer tensiometer witb ac－  
curacyoflmm‡‡g（1．5H20cm）att‡lreedept壬1S（10，40   

2．Sitedescription  

ぎieldinvestigationswereconductedontheslope  
betweenBC（35ウ10’N，81010’E，5260m乱S．i．）andABC  
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and80cmbelowsurface）at BC．Thismeasurement  
WaSmade5times，tbatis，8：00，11：00，14：00，17：00and  
20：00intbedaytime．MoisturecorltentWaSdetermined  
by taking core samples and measuring by oven…  
dryinggravimetricmethodatBCandABC．Apitwas  
dugtothedepthofthepermafrosttable at BC，and  
Samples were also obtained fromit．Particle size  
distribution and bydratl王ic coTlductivity vere deter－  
minedinthelaboratory．Soi王temperatureⅥ7ereCOntin－  
uouslymonitored，uSingthermister and platinumre・  
SistorprobesatthedepthofO，5，10，20and40cmat  
BCandABC．Surfacetemperaturewasmeasuredby  
probescoveredwithaverythinlayersoil．Thetime  
usedintbepresentreportis BeijingStandardTime  
（GMT＋8bours）．  

4．Resultanddiscussion  

イ．JT山JJぐ血g（7ゆ抽  
Figure2showsthechangeofthawingdepthatBC  

andABC．AttheendofAugustitreachedabout2mat  
BCandl．3matABC．Inspiteofthelowairtempera－  
ture，eSpeCially at ABC where the daily mean air  
temperature dropped beiow zero almost every day  
（Oilata gg援£，1989），tilis vaiueis not sma王1．Dtle tO  
StrOnginsolationthewarmingandmeltingofground  
directly by radiationis moreintensein this region  
thanin Arctic tundra．This effectis also seenin soil  
temperaturedata，andisimportantinhydrologyand  
geomorpbology．Tbawingdepthcanbeexpresedby  
tbeね1lowingequation．  

Z＝αノ言古  （1）  

Z：thawingdepth（cm）  
ぽ：COefficient  
QT：aCCumulateddailyInean Sl汀face tempera－  

ture（degreedays）  
Coefficient a depends on surface condition and  

SOiltype．As surface temperature was not observed  
beforeJuly14，QT WaStranSformedtoflT＋b，and a  
andbwasobtainedfromregressionanalysisbetween  
Zand蔦Ta食erJuly14．TbevaluesofαandあforBC  
Were6．8and343，andforÅBCtheywere7．3and18，  
andisshowninFig．3．Fromthisequation，thebegin－  
ningofthawing（thedayonwhichZ＝0）iscalculated．  
Assumingthatthesurfacetemperaturebeforeobser－  
VationwasthesameasinJuly17－25（snowfellevery  
day）手紙estartingdateofthawi王唱WaSeariyJuneat  
BCandearlyJulyatABC．Theactualdate，however，   

Fig．1．Mapoftheobservationarea．  
▲；Mainobservat呈orlSitesBCar王dABC，  
●；Minorobservationsites．  
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Fig．2．Cbangeoぎ払a甘言ng8epthofper王nafrostlayeratBCand  
ABCfortbeobservationperiod．  
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shouldbeearlieratBC，becausesurfacetemperature  
shouldbelowerinJune．Altitlユdinalvariationoftha－  
wingdep払aと払efourdatesissboⅥⅥinFig・4，This  
suggeststhatthawingdepthdependonaltitudebelow  
5600m，butdoesnotdependonaltitudeabove5600m  
intheareaoflargesortedstripes．  

COnductivityforBCandABCsoilsareshowninFig．  
5．Texturalmultilayering was not evident at ABC．  
ThetextじreOf＜2．Ommfractionaだectswaterbold－  
1ngCapaCity，flowrateandfrostheavingforce．The  
differencebetweenBCandABCisapparentprincipaト  
Iyinthelayer nearthe surface．Soils at ABC have  
Slgnificantcomponentsofsilt．Thismay cause such  
la曙eSOrtedstripeswitht‡1eCapaCityofsiltforfrost  
beaving．Soilatモ主Cismucbcoarser．Ånorganiclayer  
wasnotseen at either site．  
Observed variation of soilmoisture tensionis  

graphedforBCsiteinFig．6withprecipitationdata．  
AtlO cm depth，mOistureincreased under rather  
heavy rain（July24－26）and after that rapidly de－  
CreaSedduetoevaporat主on．OnAugustl，SOilmoisture  
COntent Ofthecore samplereachedO．3％atO－5cm  
and5％at5鵬】5cm（volumetric water content），the  
minimum value during the observation period．In  
August，SOilmoisturetensionchangedlittle；itsvalue，  
however，WaS maintainedilュa range betweenllO  
mmIig and120mm‡ig（6 － 8％volumetric water  
COntent）．At40cmdepth，perCOlationofprecipitation  
（July24－26）was clear with some timelag．Andin  
August，datashowthatmoisturewasgradt！allylost・  
Åt80cm depth，inJuiy moisture change was not  
evidenta王1dinÅu酢IStmOist11re訂adua11ydecreased，  

Figure7showschangesofsoilmoistureforO p  
45 cm depth at BC during a rather dry period by 
volumetricwatercontentew．Lossofmoisturereached  
to about40cmdueto evaporation．UntilAugust7，  
moisturemainlydecreasedi11tbeupper15cm王ayer；  
aftertbatthemainmoisttlrelossoccurredat15鵬35  
Cmdepth，andattheendofAu酢ISt，thesoilwasdrier  
nearthesurface．Thesemoisturechangesagreewith  
soilmoisturetensiondata．  

Soil moisture near the surface affects actual 
evaporatio11，Fi郡re8shows the relatioIlbetween  
daily evaporaとioriくTakailaShiggαg．，1989）and soil  
moistureatO w5cmdepthat BC．Thisshowsthat  
actual evaporation depends strongly on surface soil 
moisture．InthisreglOnpOtentialevaporationishigh，  
so actualevaporationis mainly determined by the  
quantity of water which is available for evaporation 
SoilmoistureintheBCpitandatÅBCisshown  

inFigs．9andlO．ThenotationP．T．standsforperma・  
frosttable．OnJuly28，Sampleofthefreezinglayerat  
130cmdepthwasobtainedfromtheBCpit．Moisture  
content was18％（voltlmetric water content），about  
halftbevalue ofsaturated water content，a！衰ice－  
rich condition was not observed．AtÅBC，loss of   
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Particlesizedistributionandsaturatedhydra111ic  

∴一・8モー∴－，‾lll‾  
皿
 
 

エ
ー
d
O
凸
】
○
ト
疇
」
○
之
l
O
V
 
 

′1   

● J  
●′  

〆
 
 

800  400  ¢00  
爪T  ℃・day   

0  200  

Fig．3．Relation betweenthawingdepth（Z）and accumulated  
dailymeansurfaceとemperature（ぬT）atBCa！1dA】∋C．  
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Fig・5・Particlesizedistributionandsaturatedhydraulicconduc・   
tivityforBCandABC．  

…Hg  Ow   
O．10  0．20  

恥
・
i
触
 
 

D
 
 

Fig．6．Varia貞onofsoi王moisturetensiく〉nandprecipitationくP）at  
BC．  

moisturewasapparentatalmostalldepthsincluding  
disappearence of the water table．ln fact，aS the  
grolmdsllrねcehad玩碧nVeryWetuntiitbemiddleof  
Julyintheareaoflargesortedstripes，OurautOtruCk  
to ABC was oftenstuck．   

In the area oflarge sorted stripes，the ground  
surface where soilconsisted of fine materials was  
moistoneverymorningⅥ7ithoutnigbttimepr∝ipita－  
tion，Åndintbedaytimetbismoistcondまtiondisap－  
peared due to evaporation．Itis thought that the  

Fig．7．Soimoistureinvolumeconte王1t眈）ねrO－45cmdeptb   
（D）atBC．  

moisture moves from subsurface to the surface with 
freezingoftheslユrfaceatnight．Thistypeofmoisttlre  
COnCentrationoccursmosteasilyinsi晦soilsliketbat  
atABC．Includingthiseffect，aCtualevaporation女●Om  
soiloffinematerialsatABCwashigherthanatBC  
（Takahashietalリ1989）．Butdeterminingactualevap・  
Orationisdifficultintheareaoflargesortedstripes，  
becatlSeeVapOrationofacoarsematerialsurfaceis  
difficult．   
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attheupperlimitofgrassland（5380m）．Itisasstlmed  
that water movement on and thro噸h the thawing  
laytIristlOtinlPOrtantinthisareaduringtheobserva・  
tionperiod．AtABCsite，aWatertabiewasseenat  
depthoflON20cmabovethepermafrosttableuntil  
July22，andthendisappeared．OnAugust19，however，  
itappearedagainandincreasedto20cmabovethe  
permafrosttableonAugust24．   

In ttle area Ofiarge sorted stripes，tbere were  
surfacenowsinallareasof或OnebotlldersonJuly13．  
ThisflowdisappearedafterJuly20，untiltheendof  
Augustwhenmeltingwaterfromsnowpatchesarld  
glacierswassupplied．Watertablewasobservedinthe  
wholearea above5550molりuly18，Wbentbedeptb  
wasl－40cmabove払epermaなosttable．Itgradlユaト  
Iydisappeared，andinAugustrarelyexistedexcept  
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Fig．8tRelationbe知eendaily即apOrat主onくE）andsoilmo主sture   
（β拶）atO－5cmdeptb．  
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FigLlO．Soi！moistureobservedbypitatABConJuly22and31，   
andÅugusと17．P・T・Standsforper汀IafrosttaもIe・  
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Fig．9．Soiimo三成ure observedby p主t at BC onJuly28and   
Alユ那St24．P．T．stands払rpermafrosttable・   

4．35ゆれ砂g〃ゆざ才紺αおγ由∂わα乃♂s〟痴cβJ仙郷  
Suprapermafrost water table and surface flow  

couldnotbeobservedinBCandtheareaofgrassland  
ofKobresiasp．excepti‡llar嘗erivers，TtlereVaSOnly  
onesitewherespringwaterexisteduntilearlyAugust，  

1盟  

F竜g・11・Surfaceflow，andwatertableandpermafrosttablefoT   
払eexperimentalcrosssectioT－，nearABConAugustlナi3：  
30－14：30．Sl－S6showssectionsofstoneboulder，   



BulletinofGlacier Researc王1  封昭  

arotlndsurfacethe封owmentionedbefore．OnAugust  
l，therunoffofsurfaceflowsinthestonebouldersand  
watertableunder軌emwasobserved．Anexperimen－  
talcrosssectionwasestablid了edatarigbトarlgle亡O  
tlleSlopedirectionat5760m（Fig・11）・Surねceflow  
nuxis determined by the velocity－CrOSS SeCtiorl  
method and direct meas11ment by a bucket，Total  
flowwasO．5－1．0×103cm3／s，Whilethetotalsubsuト  
faceflowintbeⅥrholecross一党Ctionwasl．5cm3／S，  
whicbwascalculated缶・Om軌eねIlowingDarcy’slaⅥ㌢．  

5．Conc山dingremarks  

TilepreSerltObservationfocussedontheⅥrarmeSt  
summerseasonwhenwaterismostavailable．Charac－  
teristic processes can be understood by comparing 
COndition＄atSitesBCandABC．Althotlghthealtitude  
dif毎rencewaslesstban600mもetⅥ7eerlBCa†ldÅBC，  
the surface ground layers at the two sites showed 
qtユitedifferenttendenciesinsoilmoistureandperma－  
frostdepth．Thisisduetothefo1lowingfacts，   
1）Thesetwositesareindifferentstagesofpeト  
maなost汰awingi王1theannualcycle．  

2）Differenceinsoiltextureisquiteprominent．  
3）Different di或ancesfrom the o‡lelargeⅥrater  
SOurCe，tbatis，theglacier，  

GroundconditionsatBCmaybemorerepresenta－  
tiveofthisarea，aSABCwasveryclosetotheglacier  
a涙＝tsaltitlユdewasbigb．  

Fromtheseobservations，SOmeinterestingfindN  
ingswererevealed．Afewofthemarea）differencein  
altitudinaldistrit〉ution of thawing depth above and  
below5600m（Fig．4）；b）non－uniform water dis・  
Chargesysteminthesortedgroundarea，The＄ephe欄  
nomena were disctlSSed more deeplyin Aoki（198軌  
andwi11beanalyzedfurther．  

（2）  ¢ニ甜．   

where K：Saturatedwaterconductivity  
J：hydraulicgradie‡1t  
A：area Ofcross－SeCtion  

Tbese parametersintbe present case took tbe  
vaiues∬ニ1．3×10－4cm／s，才＝0．1，A＝1．3×】．05cm2，  
respective】y．だvasobとaiIledたompumpi喝teStinthe  
laboratory；Iwas assumed to be equivalent to the  
inclinationofgroundsurface；andAwasobtainedby  
assⅥmingtbataq11iferwas60c王ndeep，The鋼ux of  
surface flowsinstonebouldersis2M30rderslarger  
than that of subsurface flowin the whole cross sec－  
tion．Thissuggests汰atthesectionofstonebouldersis  
very efficient sectionin carrying melted snow and  
glacierwater，Especia勒at a time ofmeltingsnov  
coverandwもerltbeactiveiayeristbirl，tbesef王ows  
haveamoreimporはntroleinrunoffofmeltingwater，  
becausebouidersin the area oflarge sorted stripes  
contribute to rlユnOff，Structl汀aicharacteristics of  
periglaciallandformsareveryimportantforconsid－  
eringmovementofmeltedsnowandglacierwater・  
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J．イ（；川〟机′／√〃小一＝／JJ汀  
AtBCminimtlmSurfacetemperaturewasaboutOO  

CtintilJuly25becauseoftheeffectofsnowfaualmost  
everynig‡1t，InÅugust，mirlimumsurねcetemperatl汀e  
droppedbelowげCandtbemaximtlmbecamehigher  
comparedwithperiodbeforeJuly25becatlSeOfless  
snoⅥ7COVer andless moisture．Tbe mearlValue of  
Surfacetemperaturewas8ぷC（July17－25）and9．8QC  
（Augustll…23）．Thisis5．2OCand7．6OChigherthanair  
temperature，and this difぎerenceislarger tbanin  
Arctictundra．ThiseffectwasalsomentionedinSec．  
4．1．Thetemperatureat5cmdepthdroppedbelowOO  
Conlyもwiceduring洩eoも父rVationperiod（July17－  
25，A喝uStll－2礼  
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