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Abstract  

AtSolerGlacierinnorthernPatagonia，iceavalancheswereobservedindaytimeduring13days  
using video camera recorder．Analysis of frequency and relative size of659avalanches recorded  
indicate＄thatthedurationtimeofalmostalltheavalanchesdidnotexceed30secondsandthenumber  
Ofavalanchesdecreasedsharplywiththeavalanchesize（alotofsmalトsizeandafewoflargeNSize  
avalanches）．Itwasalsoindicatedthatsmallavalanchesoftenoccurredafterreceivingstrongsolar  
radiation，While王argeavalanchesseemedtooccurduetotheplentysupplyofmeltwatertothebase  
Ofglaciericevitbatimelagfromtbemeitingpeak．  

1．Jntroduction  

SolerGlacierisavalleytypeOutletglacierfrom  
the easternpart ofthe Northern PatagoniaIcefield，  
Chile．Theablationareaoftheglacierisabout7km  
longand2kmwide（Fig．1）．Thesouthernhalfofthe  
ablation area consists ofcleanice whichis supplied  
fromtheicefieldthroughanicefall，700mhigh，Whiie  
tbenort王Iernhalf，Whichisfedmainiybyiceavalan－  
Chesfromthesoutheastel．nSlopeofhIt．H）▼ades（3O7ざ  
ma．s．1．），iscoveredbydebris（ÅniyaandNaruse，1987；  
Naruseetal．，2000）．Thereforetheavalanchingofice  
isoneofthepredominantwaysoficesupplyfromthe  
accumulation area to the ablation area of Soler Gla－   

Cier．However，abouticeavalancheactivitiesonSoler  
Glacier，thereis only one observation made by  
Kobayashiand Naruse（1987）for four daysin1984  
r1985．For furtherinvestigationintoice avalanches，  
SuCCeSSiveobservationfrom26Novemberto9Decemq  
berin1998was carried out using a video camera  
recorderneartheterminusoftheglacier．   

2．Method of observation  

IceavalanclleSStarti‡唱from也ebang主ngglacier  
aboverockcliffs（Fig．2）wererecordedinthedaytime  
during13daysusingan8－mmVideocamerarecorder  
fromthemeteorologicalstation（298ma．s．l．）nearthe  

terminusoftheglacier（Fig．1）．The  
videocamerawassetupabout8km  
downstreamoftheobservedareafor  
iceavalanchesneartheicefall（Fig．  
2）．Å1tbougbthevideocameracotlld  
recordonan8－mmVideotapeforsix  
hoursbytbelongplaymode，itcould 
not recordice avalancbesin the  
nighttime and under low visibility 
duetocloudorfog．Averagerecord－  
ingtimewasabouttenhoursaday  
for13days．  

The inclinations of rock cliffs 
and hangingglacier surfaces above  
themwereabout5060O and30AOO，  
respectiveiy（Kol）ayaShiandNaruse，  
1987）．Tbe occurrence and duration  
timeoficeavalanchesweredetected  
at the lower edge of the hanging 
glacier．   

Fig．1．MapofSolerGlacierwitblocatioTISOftbeobserved  
area andavideocamera，  
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Fig．2．ViewofthesoutheasternSlopeofMt．Hyadesfrom  
the meteorologicalstation．Polygonalsolidlineindi－  
CateStheobservedareaoficeavalanches，Whichcorre－  
SpOndstothatinFig．1．  

duration time is similar to the result obtained by 
KobayashiandNaruse（1987）．  
Thedurationtimedoesnotnecessarilycorrelate  

with the size ofice avalanche．Then the size ofice  
avalanche was classified into three relative grades 
（small，middleandlarge）takingaccountofitswidth  
at the edge ofthehangingglacier，itsspread at the  
bottomofrockcliff，andsnowcloudassociatingwith  
it．However，iceavalanchesdeviatedfromthesethree  
grades could be observed occasionally．Oneis the  
extrasmallavalanche，aSlightfallingofasnoworice  
block，Whichfallstopiecesanddisappearsontheway  
Ofitsfallingontherockcliff．Theotheristheextra  
largeavalanchewhichhasawidthoveronehundred  
meterattheedgeofthehangingglacier，COVerSridges  
ontherockcliffandblowsupsnowcloudextremely  
afterfalling．Therefore，thesizeoficeavalanchewas  
classifiedfinallyintofivegrades；SizeA（extrasmall），  
B（small），C（middle），D（1arge）andE（extralarge）．An  
example of size E avalanche due to falling of wide  
edgeofglaciericeisshowninFig．4．  

3．FrequencyandrelativesizeoficeavaIanche  

Thetotalnumberoficeavalanchesobservedwas  
659in13days．Thefrequencydistributionofduration  
time of those avalanchesis shownin Fig．3，The  
maximumfrequencywasobservedin5－10secondsof  
durationtime andnoice avalanches with a duration  
time over one minute occurred．This distribution of   
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Fig．3．Frequency distribution of duration time ofice  
avalanches．  

Fig．4．Anextralargeavalanche（arrow）occurredat12：29  
0n28December1998．   
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The size distribution of observed659ice avalan－  
ChesisshowninFig．5．Smaliiceavalanches（sizeB）  
OCCurred most frequently．Extra smailavaia‡1Cbes  
（size Å）mtiSt OCCur mOre frequently than srna11  
avalanches，buttheycanbedetectedonvideorecord－  
ingonlyundergoodvisibility．Therefore，itisconsid－  
eredthattherealfrequencyofsizcAishigherthan  
tbat ofsize B．  
Fi卯re6sbowsbolユrlyoccurrence ofice avalan－  

Chesfrom26Novemberto9December．Inthisfigure  
OpenbarsindicatethenumberofsizeAandBavalanr  
Ches，WhilesolidbarsindicatethenumberofC，Dand  
Eavalanches，Wecouldobserveiceavalanchesonlyin  
tbehoursbetweenverticalseg王Ⅵe‡1tSOnt壬1etimeaxis  
Owingtoweatherconditionsordarkness．  
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Fig．5．Sizedistribt止ionoficeavalar血es，Å：eXtraSmali，   
B：Sma11，C：middie，D：large，E：eXtralarge  
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Fig．6．Hourlyoccurrenceoficeavalanchesfrom26Novemberto9December1998．   
Open barsindicate size A and B，and solid barsindicate size C，D and E、  
Observations were possible between verticalshortlines across time axis．   
（Weather；○：Clear，①：fair，◎：0VerCaSt，●：rain）   
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The occurrence of ice avalanches 
Variesgreatlywithtime．Weexamine  
thisfitlCt11ationon琉ebasisく）fmeteor－  
Oiogicaldata（Fig．7）thatwereobser－  
Vedatthemeteorologicalstation（Mat－  
SumOtOetal．，2001）．Ingeneral，anum－  
ber ofsmallavalanches（size A or B）  
teIlded to occ∬just a兵er recelVing  
StrOng SOlar radiation．For example，  
SmaliavalanChes occurredintensively  
at six or seven o’clockin the fine  
mornlngOn29and30November．AIso，  
t‡le nlユmber of smaliavaiancbesin－  
creased after soiar radiation became  
StrOng due to the recovery of bad  
Weather．Evenatsevenoreighto’clock  
in the evenlng，a Certain number of  
small avalanches occurred because 
SOmepart Ofthe glacier facingwest－  
wardreceivedsolarradiationfromthe  
Settingsun．Apossiblesignificantcause  
Ofice avalanches洩ould be weakening  
Ofice due mainly toinfiltration of  
vaterintocracksoro也ervoidsinice．   
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Fig．7．Variationsinmeteorologicalelementsobservedat  
themeteoroIogicalstation（Matsumotoet al．，2001），  

Large avalancbes（size C，D and E）occurred  
frequentlyfrom28untilthemorningof30，November．  
We had alot of rain（4mm／hr at most）near the  
meteorologicalstationfrom26to27November．This  
rainprecipitatedassnowathighaltitudes．Afterthis  
precipitatiollairtemperattireincreasedupto190C on  
29Novemberatthemeteorologicaistation．‡tiscon－  
Sideredthatsnowmeltingproceededonthehanging  
glaciersurfaceandalotofmeltwaterwassuppliedto  
thebaseoftheglacier．Infact，SeVeralwatercurrents  
幻0ViIlgOutfromtbebangingglacierwerefotlndori  
rock cliffs．Ab11ndant water fromice melting may  
acceleratethebasalslidingofaglacier（Naruse，1987）．  
Itisconsideredthatthis abundant melt water at the  
base ofthehangingglacier causedlargeice avalan－  
Chesattheedgeoftheglacierice．  
However，沈eocct汀re王1CeOflargeavalanchesbad  

atimelagfromthepeakofsnow／icemelting．Some  
largeice avalanches occurred evenin eight o’clock  
p．m，Or thereabout of the daywith much snow／ice  
meltingduringdaytime．Thetimelagissupposedto  
be about6to8bol汀S．  

4．Other features ofice avaJanches  

Wefoundthefollowingfeaturesabouttheoccur－  
rence ofice avalanches．Before and a食er alarge  
avalanchehappened，Smallavalanches fellfromthe  
SamepOintwherethelargeavalancheoccurred．This  
is the similar tendency with snow avalanches that  
Smallsnowslidesoftenprecedealargeavalanche．We  
maypredicttheoccurrenceofalargeiceavalancheby  
monitori王唱tbeprecedirigSIna11iceavalancもe§．   

1野ben tbe activity ofice avalanches was‡1igb，  
manyiceavalanchesoccurredatthesameplace．And  
thehighlyactiveplaceoficeavalanchesmovedocca－  
Siona11y on the edge of the hanglng glacier．Itis  
Sug嘗eStedthattheflowconditionsofthegiacierare  
differentinplacesく）ntberockcliffs．   
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