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Abstract  

Fora－－iIlquiryint（〉tbecharacteristicsof払ea王titudina重disけ主butio†主Ofalpineglaciers，tberatio  
Ofglac主erizedareatointer肌CO‡虞Ourarea（GAR）wasderivedlユSingtopo許ap壬IicmapsofvoIcaniccones  
intheCascadeRange，NorthAmerica．TherelationshipbetweentheGARandaltitudeindicatedwas  
approximatedbyacumulativecurveOfnormaldistributionexceptonthehigherpartofthevoIcanic  
COne，andthe authorsuggeststhat the altittlde of50percent GAR and the negative（downward）  
＄tandarddeviationontbere酢eおioncuryemigbtbeapplicabietospeci短t壬IeCbaracteristicsofthe  
altitudinaldistribution onanindividualmountainormassif．  

cbaracteristics of altitudinaldistrib11tio‡10fgiaciers  
onsomelargestratowvoIcanicconeswithsimpletopo－  
graphic絶atures．   

2．Data sources and methods  

Nine glacierized strato一VOIcanic cones of the  
CascadeRarlge，Nort‡lAmerica，WereChosenぬrtbe  
research（Fig．1）．They rise singularly above the  
surroundingmountainsandthedistributionofglaciers  
arelittiein恥enced by complicated topograpbies．  
Topo≦汀aphicmapsbyU．S．Geolo裏CalSurveyol一班e  
scaleoflto24，0000rlto62，500wereu獣道toobtain  
data on altitudinaldistribution of glaciers onthese  
VOIcar虚co†leS；theareaofglaciers（i11Ci涙重ingperen“  
nialsnowpatcIleS）shovnoll払emap（ormaps）was  
mesuredusinganinter－COntOurareaOf200feet（ona  
l：24，000map），400feetor500feet（onal：62，500map）  
foreveryvoIcaniccone．ForMt．St．Helens，thel：  
62，500mapcompiiedbeねretbeerじptionin1980was  
used．Fig．2showsthedistributionofglaciersonMt．  
St，Helensforevery400feetofcontotlr．Thr（）ughthe  
measurementoftbeseareastherelatioilSbipbetⅥ7een  
glacierized area and altitude，andねぬer，geI紀ral  
tendenciesofaltitudinaldistributionofalpineglaciers  
were studied－   

1．lntroduction  

ManydisctlSSionsoTl血eaititⅥdina呈distribl由ons  
botbofprese王Itandpastくespecially，lateP王eistocene）  
alpineglaciershavebeendoneby onvarious alpine  
regions throughout the world．In these di駅uSSions，  
thealtitudeofてtsnowline”，ttglaciationlimit”，Or”gla－  
C室ationtわresbold”haveo食enmnintoprobiemsくe老．  
AndrewsandMIiler，1972；Kobayashiand Hoshiai，  
1955；Pstrem，1966；Porter，1977）．However，itseems  
thatiittiebasickilOW】edgeわasbeencompil感concerrト  
ing bow the altitudinaldistriblユtion of glaciers童s  
relatedtotbe†’snowiine”，モモglaciationiimiと”e虹 The  
authordesignedaprojecttodeteminthecharacter・  
istics oぞthe altitt感れaidistriblユtionofgiaciersin a  
reiat主velysmallareasuchasanirldividualmountain  
Or a maSSifor a smallriverbasin．  
Thedistributionofglaciersinanyspecifiedalpine  

regionisso complicated that ttthe actualsnowlir妃”  
（Nogami，1970）appearsunevenandrugged．Thisis  
CatlSedbylocalvariationofsnowfaliandit＄ablation  
duetotopographicinfluencewithinthe alpinezone．  
Therfore，itis tbougbt t‡1at tbe above mentiolュed  
researcbofsmallSizedareaswouldbemeaninがulとO  
discuss what manner the t’snowline〃is related with  
thealtitu曲1aldistributionofalpirleglaciers．  

Fr（〉mtbispoint（〉fview，汰epresentpaperaims，  
as a preliminary researcb project，at Showing the  
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AsfoTtherplationshipbetwビellaltitudeandgla・  
Cierizedare孔thビhighビrtheformeris，thelargerthe  
latterisin theiower part of any specific vokano．  
But，thegiacierizedareadecreasesintbehigherpart  
Of every voIcarlic corle．Let us refer to Mt．St、  
Helens，WhosemapisshowninFig，2．Therelation－  
shipisshowninFig．3．Thedecreaseofglacierized  
areainhig‡1erPartiseasilyexplainedbytbedecrease  
いfintt：rCOIltOur area On the voIcanic cone．There－  
fore，inter00COれtOurareaCOll打01sglacierizedarea．   

ln ordビr t（〕eliminatビthe effet二t Of theinter－C（ln－  
tour area，Wee王Ⅵploy tberatio（expres父dasaper岬  
Centage）of glaciarized area tointer－COlltOur area  
（refe汀edtobereafterasGAR）．AsshoⅥⅥinFig．4，  
theGARincreaseswithaltitude，makingafairlyneat  
rlSlngCurVeWithinthelowerpartofeveryvoIcanic  
COne．  

Fig．1．Locationmapofinvesti卵tedvo】caniccorle＄・  

0  1m＝e  いkm  
Fig．2．Distributio口Ofglaciers（iriSideofb】oken王ine）on  

Mt．Sも．He】erlSbefore tbe1980erupt毒（）n（elevationill  
飴et）．  

ALTITUDE  
Fig．3．Å】titudinaivariations ofinter－CO鵡Our area（tbin   

l…ne）andglaci餅izedarea（tb主ck】ine）onMも．St、㍍elens  
beforethe1980ert】ption．   
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Fig．l．Altitudinal＼▲ariこIti（一nSOfドIat：ieTiztdintビrt：Ontt－urnreこlr；l【io（GAR）．A二11t．   
Adams，8：Mt．Baker，G：GiacierPeak，H：Mt．Hood，J：Mt．Jefferson，R：Mt．  
Rainicr，S：Mt．Shasta，SH：Mt．St．Helens and TSニMt，Three Sisters．The   
Verticallinescro＄SingoverthecurveofMt．BakerandGlacierPeakrepresentthe   
貞rn】i11ealtitlユdesofglaciersonMt．BakerarldGlacierPeak（Po＄tgfαgリ1971）．   
BO：遊ou主derGlacier，C：C（〉OiGlacier，C‡i：CbocolateGまacier、CM：ColemaII   
Glacier，D：DustyG王acier，E：Eastor箋G】acieT，ER：ErminGiacier，M：Mazama   
Giacier，NG：NorぬG℃ardianG王acier，RO：RooseveまtG！蹴ier†SL：ltSboles，タ  
GlacierandV：VistaGlacier．   
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Ifwe assume that the ciimatic conditionsわr g  
accumulationarldablatio†10ficeandsnowisa如nc－   100  
tionofaltitudealone，thedepthoficeandsnowwould  
alsobeafunctionofthealtitudealone．Consequentr  
ly，the GAR would change from O％tolOO％at a  
CertainaltitudeoneveryvoIcaniccone．   

Inreality，thelowerlimitofglaciersaredispersed  
higherandlower，Centeringaroundacertainaltitude．  
The firnline altitudes shownin the figure are dis－  
persed，tOO．This＄howsthatalocalvarietyofmass  
budget oficeandsnow，dependingonlocalclimatic  
COnditions，WOuldresultindcviationsofthealtitudinal  
distributionofglaciersevenonsuch a simpletopog－  
rapyasavoIcaniccone．  

Thealtitudeof50％GARisthealtitudeonwhich  
massbudget ofice and snowbalances fromspacial  
pointview，UTlderfavorableconditions，glaciersmay  
extendbeloⅥr也isaltitude．Thetendencyistbatthe  
lover tbe altitude，theless the G員R．Tbisis con・  
Sideredtosbowaprevailingpatternofspacialdiだu－  
Sionort壬Iedecreaseofprobability．  

HoⅥFeVer，tbe GAR鵬aititude relationshipin a  
higberpart主squitedef短rentfromthoseinmid－level  
andlowerlevelparts．ThecasesofMt．Jeffersonar主d  
Mt．Shastashowextremeexamples，lntheirhighest  
parts，theareawithoutglacierssurpassesthatcovered  
byglaciers，Then，the GARs ofMt．St．Helens，di－  
vidingthevoIcanicconeinto4parts，eaStern，nOrth－  
ern，WeSternandsouthernsectorsweremeasured（see  
Fig．2）．The resultis shownin Fig．5．Here，the  
arrangementoftheGARwaltitudecurveSareremarka・  
blydisturbedespeciallyinhigherpartsofthewestern  
and southern sectors．And，the differences of the  
GARbetweennorthern／easternsectorsandsouthern／  
WeStern SeCtOrS are great．The difference between  
the northernSeCtOr and thc southern sectorinlower  
parts resuls mainly from the difference ofablation，  
but the disturbed distribution of glaciersinhigher  
parts must be caused by some other factors．We，  
here，Only would tike to point out that wind＋blown  
SnOVarOundthesummitmaybeitsmajorcause，  

Nowagain，nOtetberisirlgCurVeWithinthelower  
parとOfeveryvoIcaniccone．TbeG泉R－aitittldecurve  
父emStOamOunttOtbeshapeofacumuiativecurve．  
So，Wefita cumtllativecur・VeOfnormaldistribution  
Withmeanβandstandarddeviatiorlす．Fig．6sbows  
plotsofa11theGARdataorlnOrmalprobabilitygraph  
paper，takingeachvoIcaniccone asa regionalunit．  
ThisindicatesthattheGAR皿altituderelationshipcarl  
beapproximatedbyacumulativecurve（alineinFig．  

lSOO  ユ000  ユ500  nl  

ALTITUDE   
Fig．5．Altitudinalvariations of GAR，dividing Mt．St．  

Helensbeforethe1980eruptioninto4directionsectors．   

6）ofnormaldistributionexceptthehigherpartofa  
VOIcanic cone．For Mt．Rainicr，however，the plots  
SeemStObedividedintotwogroupsasiftheplotsof  
thehigher parts above1800m were adjusted to the  
CurVeforMt．St．Helens，Itisthoughtthattheinflu－  
enceofthetopographyasidefromthevoIcaniccone  
appearsbecauseMt．Rainierisadjacentto non－VOl－  
Canic mountainsin thelower region below about  
1700m・Thescatteringofplotsinthehigherpartis  
noticeableoneveryvoIcaniccone．   
1好benwefitacumulativecurveofnormald呈strト  

bu如ntoaGAR－altituderelationship，tbeestimated  
altitudeof50％G兵R毎）arldnegativestalldarddevia－  
ti（）n，－す，mightbeapplicabletospecifytbecbaracter－  
isticsoftbealtitudinaldistribution ofgiaciers on a  
givenindividuaimountain or mas＄if．Tbe fomer  
meansthemean altitude ofiower王imitsofglaciers  
andthelattershowsaparameterofdownwarddevia－  
tionsofthedistributionofglaciersfromtheformer．  
These values for each voIcanic cone are shownin   
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Fig、6．Pl（注S Of G桑Rs and cai主汝atioIICurVeわr eacb voIcan芸c cone on normal   
probabiiitygraphpaper．A二Mt．Adams，B：Mt．BakeT，G：GlacierPeak，H‥Mt・   
Hood，J：Mt．Jefferson，R：Mt．Rainier，S：Mt．Shasta，SH：Mt．St．Helensand  
TS：Mt．Three Sisters，  

RainierismucblargerthantbatonMt．Adams，tOO．  
Suchdifferencesamongmountainsareconsideredto  
betheresultofclimaticconditionssuch as wind and  
SOlar radiation，and topographic conditions such as  
thcslope－gradientanddegreeofroughness．Furthur  
investigations into this matter are the subject for 
futurestudies，  

Tablel．1．et us eornpat・e－0・for Mt．RainieT’＼Vith  
that of Mt．ÅdaInS．Tbe absolute value of－すfor  
Mt．RainierisclearlylargerthanthatforMt．Adams．  
Thismeansthatthedownwarddispersionofglaciers  
onMt．RainierismuchlargerthanthatonMt．Adams．  
In this connection，the verticaldistance from the  
estimatedaltitlldeof50％G桑Rtotムeiowe或Iimitof  
glaciers（shownasdownwardrangeinTablel）onMt・  

Tablel，C‡laraCteris裏cs of  thei17Ver扇gated vo】can童c cones a‡適al扇tuぷnaidistr鋸on ofg】aciers pre＄eれL  
Distribuもions of Glaciers  

Altittlde of Estimated Altitude of DoⅥrnWard Downward  
Name of Voicano  Latitude the sumrnit altitude  thelowcst  range standard  

Of50％GAR limt  deviation  
（m）  〃（m）  （m）  （m）  －J（m）  

Mt．Baker  
Giacier Peak  
Mt．Railュier  
Mt．St．Helens  
Mt．Adams  
Mt．Hood  
Mt．Jefferson  
Mt．Tbree Sisters  
Mt．Shasta  

48b46′N  3285  
48007′N  3213  
46d51′N  4392  
46812′N  2950  
46D12′N  3751  
45022′N  3424  
44820′N  3199  
44806′N  3074  
4lO25′N  4317  

1940  1340  
2300  1680  
2140  1020  
2130  1440  
2450  1970  
2120  1340  
2450  1870  
2650  2250  
3480  2780  

600  －200  
620  －270  
1120  －37（〉  

690  －230  
480  －190  
780  －240  
580  －280  
1川1  ごごり  
700  －250   
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