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Abstract  

I111ate November1993．the surfaee elev；1tionし1f Upsala Glaぐier．southeTn PatこIgOnia．＼VaS  
remeasuredalongatransverseprofilelocatedaboutlkmfromthepresentgiacierfront．Repeated  
geodビtic111eaSurementSShowasignifieantaverilgeSurfa⊂eloweril－gOf33mduri一一gthep円Iiod1990－  
93，namelyameanthinningrateofllm／a．Theposit主onoftheglac主erterminus，CalvingiritOthe  
westernarm縛razoUpsala）ofLagoArgentino，WaSaisosurveyedinthefield．Thecomparisonwith  
thepositionin1990indicatesalargerecessionofaround1200m（400m／a），eXCeptatthewestern  
marginthatremainedaimoststationary．Thisshowsarecentacceleratedrateoftheretreatinitiated  
ir11981．  
BetweenNovember22and28，Sur払ceiceflowveiocitiesweremeasl汀edalongapproximateiytbe  

sametransverseprofile；l＝1Ourlyanddailytimeintervals・Velocitiesrangedfroml・56m／’d；1）TtleこIr  
theeastI11argin、i11CreaSingtoヰ．44m／daytowardstheglaciercentertine・Nosignifi〔；111tChangesin  
ve‡ocitieswereobserved払rtbediだereれttimeintervals．Ab王雨ionratesmeasuredduringtbesixdays  
atsevenpointsyielded ameanvalueof5．8cm／day．  

glaL：iers from19j5 til119さ6（Ani〉Tai†l（（l‥1992）・  
Moreover，theknowledgeonrun～OfffromtheSPIand  
its outlet glaeiers to the eastis essビ11tialfoT■futureL  
Water managementinthe Patagonian semトdesert  
regions．wher’epreeipitationisontheorder（一f（→】巾Ta  
few hundredmiiiimeters per year．Therefore，軌e  
contriblltionofglaciermelti11g．eStimこItedforMorビnO  
G王acieratabotltllm／ainwaterequivaient（Naruse  
ggα£，1995），is v℃ry Sign迂icantin terms of vater  
resource forthisregion．  

TheGlacioll）gicalResearclll－rojet：tinPat；1gOnia  
（GRPP），irlitiatedin1990betweenJapan，Argentina  
arld Chile（Naruse andÅniya，1992），Witb aims紬  
clarify the processes and mechanisms of temperate  
glaciervariationsinresponsetoclimaticchanges，has  
providedvaluabledatarelatedねtheabovelⅥentioned  
asped息 AspartoftheGRPP，glaciologicaまstudie＄  
began at Upsa王aG王acier（Fig，1）in November1990．  
T壬Ieglaciercaivinginto Brazo Upsaia ofLago Ar－   

1，lntroduction  

ExcludingtheAntarctiea．theSouthernPatagonia  
Icefield（SPI）is by far thelargestice bodyin the  
Sotlthern Hemispllerビ．with13．000 km3in extent  
（Al巾▼a（－Ja／．．1992l．Despite t血is fact aIld though  
these glaciers represent tbe most typica‡temperate  
glaciersintheworldduetoiargeaccumulationand  
；lblatiollt・ateS（Naruse and Aniya．1992）．the k11OWl－  
edge ofbasic glac主ologica雷featuresin Pata酢〉niais  
Sti11＼▼erl，pOOr（WaTre）1and Sl】gden，1993）．  

Thecontributionofmeltingoftemperategtaeiers  
andicecapsoricefie王dsisofimportan（：etOthee11S－  
tatic seaTlevelchange．Meier（1985）pointed out  
almost absollユtelack of ma＄S baiance data from the  
Patagonianicefields．The rnassloss from these  
ice魚eldsis w池out doubt signi重cant，COnSidering a  
decreaseof500km2in tbe SP‡area andtbe凱1rface  
loweringofmorethanl川1matablationareasofsome  
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gentino as shownin Fig．2，is a major SP‡outlet  
glacierwith870km2inthedrainageare臥 Thegla・  
ciervariationfrom1960to1990andtheircharacteris・  
ticshavebeendescribedbyAniyaandSkvarca（1992），  
and Naruse g≠ α乙（in press），SuggeSting払at tbis  
giacierisveryseIISitivetocii‡naticcila喝eSaCCOrding  
tothepresentpositionoftheequilibriumlineaItitude  
（ELA）onahypsometriccurve．  

The aim of this paper is to describe the 
glaciologicalfieldsurveycarriedoutatUpsalaGla－  
cierinlateNovember1993，andtopresenttberesults  
onsuげaceloweriIlgandgiacierretreatwbicboccur－  
red between1990and1993，aS We11as the ablation  
rates and short－termVelocity fluctuations measured  
athourlyanddailytimeintervalsduringsixdays．   

2．Field measurements  

Zj．勉励cβgわ㍑≠わ那α瑠♂J伽抑びgゐ仁清ゐ  
FieldsurveySWereCarriedoutbetween Novem－  

ber21and29，1993．Asthe weather conditionwas  
excellent on November 21，the first survey was  
devoted to remeasure tbe elevation of the glacier  
surface along the transverse line near the glacier 

Fig．1．MapofthesouthernpartoftheSouthernPatagonia   
‡cefieldandlocation（〉ftJpsala Glacier．Dottedarea   
indicatestheicefieidorolitieもgIac主ers，  

F室g．2．ObliqlユeaerialphotographofUpsaiaGlaciertakerlOrりanuary8，1993．Tbe  
tributariesfromwest（rightglaciermargin）toeast（leftmargin）are：Bertacchi  
Glacier，ConoGlacier，Mural16nGlacierandthemainiceinflowfromtheUpsala  
－Viedmadivide．VoIcanlcashbandsarevisibleontheupperrightcornerofthe  
picture．   
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front．Ofatotalofeightpoints（Ul岬U8）surveyedon  
November14，1990（Naruseg≠α£，1992），SeVenpOints  
（Ul一－U7、：ShowninFig．3）wererelocatedbyconven－  
tionalsurvey methods．Tbe measuring procedure  
andtheinstrument（EDM：TOPCONET岬2）werethe  
same asin1990．Ateamstationedwith anEDMat  
theControIStation（CS），locatedonaneasterrlhigh  
ridgeabout134111abovethepresentlakelevel，guided  
anotherteamovertheglaciertoplaceanEDMreflec－  
tor．DlユetOSeVerelybroke王Igiaciersurface（Fig．孤  
there－Settingofthe1990eoordinateswasnotaneasy  
task．When the exactlocation of the1990points  
COuld not be reached asthey werelocatedwithin  
CreVaSSeS（POintsU5’．U6’and U7’），therefleぐtOrWaS  
SetOnt‡letOpOfthecreva鍔eedgesascloseaspossil〕1e  
tothe1990position．Theheightdifferencebetween  
theedgeandthebottomofthecrevassewasestimated  
in situ．A striking feature observed was a ridge  
PrOtrudingtlleglaciersurface（Figs．4and5），thatwas  
notvisiblein1990，andwasnowfiankedonitswestern  
Sidebytheglacierand awide waterchanneldevel－   

Opedalongitseasternside．  
On November22，SeVen Stakes forvelocity and  

abhtion measurements wビreinstalled on the top of  
ridgesalongtheabovesurveyline．Despitethevery  
COmplicated terrain，the markers were visitedand  
measuredeverydayuntilNovember28，eXCeptforone  
rainy day．As a steam dri11was available，a hole  
morethan13mdeepwasdri11edonNovember24，for  
long－termablationandiceflowmeasurements．Alu－  
mintlmStakesof2▲5cmindiameter，COnneCtedin2m  
SeぐtionsandpaintediIldifferentcoIorsl＼▼ereleft at a  
StationPx（Fig．3）．   

之ゑ血∵夕汐符夏戊光♂あお和gごゐ疫雅邦ぞg羞拶轡犯砂ぁざ由  

Becauseno；lerialphotogTaphsorsatelliteirnages  
areavailablesince1986，thepresentfrontpositionwas  
measuredbymeansofaconventionalresectionsurvey  
to prominentpoint＄attheglacier terminus andthe  
eastmarginwaterchaTlnelonNovember26，27and29，  
Aiiselected features were clearlyidentifiable from  
each end of the extended base重inelocated at the  
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Fig，3，Locatiorl＄OfpTOfile st】rVeypぬ鴎S（U）きandme孜ndaiiyice八恥w veiocities  
duritlgNovenlberi！2－：きatthese＼でIIPOintstPx．PO，andPl－P5）．Theoriginof  
ぬecoordinatesi＄takeIlattbeContr（〉1Stationo王1也ele氏（eastem）barlk．  
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●  UpsalaGlacier，LeftMargln  
November16，1990  

November27，1993  

Fig．4．PhotographsofthelowerreachofUpsala GiaciertakenfromtheControI  
Stationontheeasternbankin1990and1993（PhotosbyM．Aniya）．Noteawide  
Water Channeldeveloped sirlCe1990betweentheleft glacier margin and the  
easternbank，andalsoabare仙rOCkridgeseenalongtheleftglaciermarglnin   
1993，Whichwasalmostcoveredby主cein1990．   
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redprobablyduringtheaustralwinter1992．Lucian  
Pera（perso11aicommunication），during a flight to  
EstanciaCristina，Observedbigicebergsalmosttotaily  
COVeringallBrazoUpsala．Thisinformationprompト  
edthefirstauthortomakeafieldtriptotheareain  
January1993．An attempt to enter by a boatinto  
CanaIdelas Amさricas was frustrated due to very  
heavybrokenice andicebergs，On the rleXtd野it  
WaS Only possible to reach the eastern side margln  
afterseveralattempts．OnJanuary8theaerophotoM  
graphicreconnaissancesurveyallowedtoobtainthe  
ObliquephotographsshowninFig．2．  

eastern margin along a ridge running south－nOrth  
ThetrueNortbvasobtainedbyacompassarldthe  
magneticdeclinationcorrection．Theabsoまuteposi－  
tions of the CS and two pointsalong thelobe－1ike  
WeSternmarglnWeremeaSuredonNovember29bya  
GPS，TrimblePathfinderBasicreceivers．Thesame  
receiverswereusedinthedifferentialmode（1A5m  
accuracy）tomeaslユretberelativepositionsofPx，tOp  
Oftheridge（RinFig．5）andtheice－rOCk（：OntaCtat  
the easternmost front．The WGS－84 coordinates  
weretransformedintothelocalDatumSystem．  

Asignificantretreatbetween1990and19930CCurr  

Fig．5．VerticalaerialphotographobtainedinMarch1970byInstitutoGeogr畠fico  
Militar（‡GM），Argentina．The approximate1990 terminus position wa  
obtainedinthefieldduringGRPPL1990，The1993terminusposition，thelateral  
CbannelくC壬i〉deve】opedrecerltlyalongtheeasternglacierInargi‡l，a‡1dt主Ier童dge   
（R）weres11rVeyedby軌e（：OnVentiona互me払odswitbtheaidく〉fGPSreceivers．  
Anasteriskattheborderbetweentheeasternbankandthe1970sidemarginof  
thcglacierindicatestheControIStation（CS）usedforsurveysin1990and1993．   
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よ之ダ炒扉γぬ傲め喝  
SurveyresultsofthefrontalpositionofUpsala  

Glacierweretransferredonto the1970aerialphoto・  
graph，andthefrontalfluctuationsbetween1970and  
1993areshowninFig．5．Sincethefrontalposition  
nearthewesternmarginin1990（AniyaandSkvarca，  
1992）wa＄eStimatedfromgroundphotographs，itmay  
notbeaccurateandis，therefore，Shownwithadotted  
line．Alargefrorltalretreatofaround1200m（400m／  
a）ona＼rerage＼＼▼aSfoし111dduringthelast threeyears．  
except at 払e western margin wbicb probably  
rem；li11edstationary．   

、？，3．ノhT∴／7（肌・川イ0し、／h、∫   
In Fig．7，day－by¶day variationsin horizontal  

coordinatesofthefivesurveypointsalongthetrans－  
verselineduringaperiodfromNovember22to28，  
1993 are shown．The directions of displacements  
were almost constantwith time．Daily flow veloc－  
itiesareli＄tedinTablel．ExceptforthedataatPx  
and Po with smallvelocities，and；1t P2and P4on  
November26obtained with shoT・ttime－intervals of  
twoorthreLehours．thedayLby－dilyfluctuationswere  

3．Results oImeasurements  

且上蔀‘ゆcgわ抑g廃  
The surface cross－prOfiles as measured on  

November14，1990and on November21，1993，are  
plottedin Fig．6．A dashedline of1993represents  
elevations ofthe points，Ofwhichexactrelocations  
wereimpossiblesincetheywerelocatedwithincre－  
vasses．Thereforetheirverticalcoordinatesareesti－  
mates．ThesolidliTle Of1993showselevationsmea－  
suredatcrevasseedges，WbicbwerelユSedforcalculaト  
ingtheaveragechangeofthesurfaceleveibetween  
thetwodates．Thecomparisonofthe1993and1990  
profilesindicatesmorepronouncedsurfacelowering  
（ontheorderof40m）atthepointsUl，Ul’andU2－  
U2’thatareclosetotheglaciermargin，withasteady  
decrea＄etOWardstheglaciercenterline．Thoughan  
arithmeticalmean over the seven pointsis35．5m  
differencebetweenthetwoprofiles，aWeightedmean  
withspacingsbetweenthepoint＄yieldsadecreaseof  
33．ニhllduringthreeyears．J．tT．athinningrateofll・1  
nl．／乱  

3000  2500  2000  1500  1000  
HOFtIZONTAL E）lSTANCE t rn）  

Fig．6．Changesinsurfaceelevationsatt才psalaGまacierbetweenNovember14，1990  
（SOlidcircles）andNovember21，1993（opencircIcs）．Theordinateindicatesthe  
relativeelevationtotheControIStation（CS）andthe abscissa thehorizontal  
distancefromtheCS．  
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Tablel．Ice～flowvelocitiesmeasuredatUpsalaGlacier betweenNovember22－28，1993・  

Horizontalsurねceveiocity（m／day）  

Dates（November，ユ993）   

Day  Day  Day  Day  D叩  Day  Day  Day  
Poirlt  22w23  23  23－24  24岬26  26  26－27  27－28  22－28   
Px   0．06  0，3（〉  0．19   い，い8◆   
Po   0．06  0．16  （〉．08   0．12＊   
Pl   1．46  1．53  1，59  1．58  1．51   1．61   1－49   1．56   
P2   3．18  3．44  3，32  3．35  2．71  3．35  3，08   3．26   
P3   4朋  4，42  4．21  4．29  4．08  4．19  3月6   4．18   
P4   4．16  4．46  4．89  4．37  3．68  4．36  4．07   4，30   
P5   4．24  4．57  4．44  4．52  4．42   4．44   

＊Day24－28  

払Italy during19錮一90，and at theiower part of  
Hintereis ぎ．G王acierin Austria dⅥring1979－91．  
Mostva壬uesofthemaxim11mtbinningrateforeacb  
glacier are more orlesslm／a．Considering tbese  
data，thethinningrateofllm／aatUpsalaGlacier  
maybethelargestrate recordedduringthelast30  
yearsontheearth，andisaboutoneorderofmagni－  
tudelargerthantheother，COmmOnthinningrateof  
thethinnillgglaciers．   

ぜ．之撤お昭〆娩g柁Cg邦才びαぬ如那げ娩ggぬご由㌢   
ItwasreportedrecentlythataretreatoflOOOm  

has occurred at the eastern half of Upsaia Glacier  
sometimet〉etⅥreen March1992arld1993（1Varren g才  
βgリin pres＄）．Tbe rapid recession of tIle Upsala  
calvingfrontbasinitiatedin1981（ÅniyaandSkvarca，  
1992）．Accordingtothefielddrawingin1990andthe  
topographicsurveyin1993，areCeSSionofmorethan  
1200 m on the average was obtained at almost the 
entirefront．Thisgivesaretreatrateof400m／afor  
thelastthree－yeartimeintervai．Itcanbeobserved  
thatthewesternsidehasundergonealmostnochange  
since1990（Fig．弘probably fo1lowing the general  
recessionalpatterninⅥFhicbtbewesternsectionhas  
recededatsiowerratest TheglaciernearthewestA  
ernl℃argin seems to be partially grot王nded，judged  
fromthepreseneeofeiongatedislands appearingln  
frontof払elobe－1ikemargin．  

Duetothesignificantsurfacelowering，COincident  
witharecentfastretreat，thewidth（area）ofthelower  
reachofUpsalaGlacierhasbeenalsoreducedconsid・  
erablyasshowninFig、5．AIsoanisolatedbarerock  
at仇eeasternmargin（Fig．4）hasbeenexposed血ri喝  
tbelasttbreeyears．   

folユndtobesma11，beinglessthanlO％ofthemeansof  
thevhoieperiod．Mearldaiiy幻owvelocitiesd∬ing  
thesixdaysareshownbya汀0Ⅵ7SinFig．3．   

3．4．A鋸感涙＝矧恕  
Ablationratesweremeasuredalmosteveryday  

atthesevenpointsofthevelocitysurvey．Thecumひ  
1ativeamountofablationduringthesixdaysinlate  
Novemberrangedfrom20cmto55cminicethick－  
rieSS．Ameanforthesevenpointsduringtheperiod  
amount＄tO5．8cm／day．  

4．Discussions  

l／．l、‥車一・．・′－・・き、√ －∴・′‥、∴・・′．J、・・∴・－h・∴－・  
ごお循  
AttheupperreachoftheablationareaofTyndall  

Glacier，SOuthern part of the SPI（Fig．1），thinning  
ratesoficewerealsoobtainedas4．Om／afrom1985to  
1990（Kadota gfα乙，1992），and3．1m／a h■Om1990to  
1993（N主sbida gfαg．，199乳 On洩e otber‡iand，tbe  
middlereaci10ftheabiationareaofMorenoGlacier，  
iocatedsome50kmsotぬerly，basbeeninanequiiib－  
riumstatebetween1990and1993（Naruseeiai．，1995）．  

Dataonice－thicknesscba11geSWereCOmpiiedby  
IÅHS／UNEI）／UNESCO（1993）for28g里aciersinElir－  
ope，AsiaandNorぬAmerica．Tbicknesschangesat  
intervalsoflO（）minelevationaretabuiatedforeach  
glacier．Among28glaciers，25glaciers have been  
thinningduringthelast5to29years．Thethinning  
rateaveragedovertheentireglacierrangesfromO．05  
m／atol．18m／aandameanofthe25thirmingratesis  
O．49m／a．Whenweexaminetもelocait王血n主将rate  
indetai重ateachg王acier，軌ela曙eStrateisfou11dtobe  
l．8m／aobtainedatthefrontalareaofCareserGlacier  
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J，ユ〟（・（・r〃／（、／／研（J〟（・／什仙ノ  
Tわereisnometeoro王喝主calstationintbeUpsaまa  

Glacierregion．Aneareststationwi払aio噸reCOrd  
is払eStationLagoArgentino（220ma．s．1．），about80  
kmsoutheastof琉egjacierfront．Ait‡101ユght王IeSta－  
tionislocatedinadifferentclimate（drycondition）  
from也atintbegiacierregion，meteOrOi咽icaldata  
areavaま王ab王efrom1937．   

Ibarzabai（unpubli＄hed）basrecent王yanaiygedtbe  
meteorologicaldataat39stationsinthesouthernpart  
Of Argentina．According to the work，the general  
ClimatictrendatStationLagoArgentinoisasfollows  
：duringtbelast50years，theannualmearまairtemper－  
ature（ア）basincreasedbyaboutO．50Cfrom7．20C，and  
the annuaまprecipitation（P）hasdecreased consider－  
abiyfromabout220mmto180mm．Extremevaiues  
Verefolユmdintherecentyearsas82mm／a主n1986and  
60mm／a払1988．Tbesametrendsofposi∬ve了’and  
negative㌘arealsoclearlyse珊atR壬oGa王1egく）SOnthe  
At王antic coast of sotitbernÅrgenti‡1a．However，it  
d（）eS nOとnecessarily払Iiow班at these もrends are  
dominantinthisreglOn；forcxample，pOSitive Tand  
positivePatSanJulian，andstable TandpositiveP  
atPtlertOSantaCruzarerecognized．  

Aまtho噸b也edetailedandqlユa‡1titativediscu∬ion  
eannot bcL made fいr tlle m川11ent On the rビIatiollShip  
between variations of glaeier＄and the climate，the  
rece‡1tWarmingandadecreasingtrendin precipita－  
tionobservedatLagoÅrgerltino may壬1aVeaだected  
SOmeWhattherecent thinning and retreat呈ngofUp－  
saiaG王acier．  

J．」．（「／〟JJt汀／り太症、∫（！／一ノ7lり（・J－（イ（）叫l・t川‘ノ（J抽／晶〃  
During the previous surveyin November1990，  

alsoveryhighvelocitiesof3．5m／dayand3．7m／day  
Were meaSured；lt uiand U7（Fig．3）．respeぐti＼▼帝丁  
そNaruseggβ乙，1992）．AtP5，tbec王osestpointtoU6仙  
7，aIlaVerage Value of4．4m／day（1，60（）m／a）was  
Obtairledin November1993，Wbich was abouも20％  
highertbanthe1990vaiue（3．6m／day）．Thisveiocity  
dif臨re‡lCe紀emStObesmal王，COnSideringasignificarlt  
COntraStinweatherconditionsbetweenthetwosurvey  
periods，‡n1990itⅥraS a Very Varm，eXtrenlely  
Windyandrainyweather，Whereasin1993arelatively  
COOl，Calm and sunny weatherwithlittle rain，As  
mentionedinthe section3．3，Significant daily variaY  
tio夏場i‡1払e幻ow veまociもy tbat were observed at  
MorenoGiaこier（Narll父ggα£，1995）werenoとrecog－  
nizedatUpsalaGlacier（Fig．7）．Fromtheseresults，  
WeCaninferthatUpsalaG主acierisflowingatalmost   

COnStantSpeedまnsummer，mOStlybytberapidba＄al  
Slidingduetosu雄cientwatera七飯ebedslユppliedなom  
thevastupstreamare臥  
Ameanablationrateof5．8cm／dayinicethick－  

nessmeasl汀ed血rirlgNovember22叫Y28isinagood  
agreementwith5．4cm／dayobta主nedfromtheeigbt  
points at Moreno Glacier dlⅣing馳e same period  
（1’aketlChi（／LZ［．．1995）．At Mot・eno（；la（二it）r．basedon  
theanlOunt Ofablation nleこISuI’ed duringllO daysin  
Summer，thea‡】muaまablationwasestimatedasabout  
12．5minicethicknessat350ma．s．l．（NaruSe ei．a乙，  
1995）．Hence，itis suggested that the comparable，  
王argeannualabまationratemaybeocct汀ringnearthe  
termi王IuSOfUpsaiaGlacier．   

・J．5．草川〟川J（、＝！／〃〃■J川んJぎー如才んJ（品椚■‘、J■  
Anarlnualrateoftbicknessc壬Iarlgeattheabla－  

tionarea of a giacieris given as払e remai王1derby  
Subtractingannua重netablationratefromtheannual  
e王ⅥergenCeVeiociもy，£g．tbevelocitycompo王1entnOr蠍  
maito tbe giacier surねce．Near tbe termintlS Of  
Upsala Glacier，a thinning rate ofllm／a was  
Obtained and an ablationrate of12．5m／a was esti－  
mated．Tben，if we‡1eglect tbe accumu王統io！1rate，  
払eemergenceve呈ocityisobtainedasaboutl．5m／a鎗  
This（：OmpOnentisextTemelysmailcomparedwiththe  
horizonlalconlPOnビ・tlt Ofabout150O m：／：；t．The ratio  
isabolユtlノ71000．  
Theemergenceflowis粁11eratedbrtheLILmgitudト  

nalcompressionofice，Whichi＄aCCOmpaniedbythe  
downg王acierdecreaseinvelocityforagiacier 
paraiiだま sides．For example，at So主er G王acierin  
northern Pat昭Onia，the surface flow velocity de－  
CreaSed froml．5m／day at the upper reach of the  
ablationareatoO．2m／dayneartheglacierterminus  
（Naruse，1987）．Tbemeanemerge‡1CeVelocitytbere  
VaSeStimatedasabout4．5cm葎ay，Wb童ietbe mearl  
borizontaまve王ocitywas36cm／day；tbust！1eratiois  
l／8．  
TheverysmallemergencecomponerltattJpsa！a  

Giacieri王1dicates tbat払e glacieris moving almost  
Withotltdeformat呈on；namelytheieebodyisslid主ng  
On t壬Ie bed as a rigid bodyt 8ecau既Of very bigわ  
Ve王ociとy‡1eartheterminusandnodeceierationof幻ow  
toward the terminus，an emergenCe flow may not  
OCCurin a significant degree at Upsala Glacier．If  
this dyn；lmicalcondition persists．the thiIl王Iing phe・  
momenonmayconぬue．However，洩edetaiiedmech－  
anism remains unsolved▲   
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