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EFFECTS　OF　LANDSLII）ES　ON　LANDSCAPE　EVOLUTION。

IN　ALPINE　ZONE　OF　MOUNT　SHIROUMA－1）AKE，

NORTHERN　JAPANESE　ALPS

Yoshihiko　KARIYA＊，　G（）SATO““－and　Shinjiro　KURODA

ノlbs〃’act　This　paper　describes　the　characteristics　of　landslide　topographies　in　the　alphle　zone　of

Mount　Shirouma－dake　based　on　aerial　photo　inteq）retation　as　well　as　on－site　geologicaV

geomorphological　investigations．　A　comparison　between　a　geomorphological　map　and　a

physiographic　vegetation　map　has　helped　to　reveal　the　relationship　between　landslide　topographies

εmd　vegetation　pattems．　Landslide　topographies　coincide　with　vegetation　mosaics　on　and　around

the　landslide　masses．　It　appears　that　landslide　topographies　and　their　development　have　controlled

the　microenvironmentS　on　and　near止e　ground　surfa6e　conditions血ou帥snow　dep血，　soil

moisture，　slope　processes，　and　other　factors．　The　importance　of　landslide　activities　on　landscape

development　should　be　studied　in　greater　detail　in　the　Japanese　alpine　zone．
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1。Introduction

　Landslide　activities（hl　t㎞s　p騨，　the㎞‘‘landslid6”旭used　to　desc【ibe　Iて）伽onal　or　trans］㎞onal

mov㎝㎝鱈of　I㏄kおweU　as㎜r㏄k（脚）coUld　influenoe　the　surfate　or　nearrsurtiiCe　natural

㎝応o㎜㎝偲ofsl（脚1urough　the　development　oftopographi（烈伽幡s㏄h　as㎜，　ri（tges，（lqpressions，

ponds，　and　d面nage　channels．　The　developm㎝nt　of　such　fea加res　may　in　tum　induce　changes　in　the　slope

pocess，　soil　stratigraphy，　mieroclimate，　and即）undtwater　conditions．　Myagi（2002）repom　d　im◎onΨlex

伽姻㎝血）㎜㎝曲㎜（Xi　in　and　around　1andSlide　tOpOgraphies　or叩oduce　rich　biodiversity血low

㈹hef　moun㎞s　and㎜s．　Ih　his　p騨，　he　p【esented　gθomo仙ologi（）al　and　vege励㎝遡ps　of　the

large－scale　landghde杖）pQgraphies　in　the　montane　z）ne　in　the　TohokU　District，　Japan」He　also　discussed　the

血蜘on　bdween　landshde　t（）pQg町）hies　and　landε膿s血1（血皿es．　The　effects　of　land呂hde　aedvities　on

landscape　evolution　in　the　alpine　zone　ofJapanese　high　mountt血s　have　not　yet　been　invesdg綱ahhou暮h

acUve　and㎞蜘ve㎞dShde奴）pqgraphies　have　developed　in出ese　legions（Shirnizu　et　al．1980；Nadonal

Resea1℃h　Ihstitute　for　Ear出Science　and　Disaster　Preventtion　2000；Sa重o　and　Kariya　2005）．

　lh　this　papeC，　we　descdbe　examples　of　larg〔〉紋）middl←scale　landshde　k）pographies　in　the　alpine　znne

ofMount　Shirournadake（2，932　m　ASL），㎝d㎞e踊㎜血e　relationShips　betwer舳e　development　of
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1andSlide　tOpQgraPhies　and　landscaPe　evolUion．

2．StUdy　Area

　　　Shirouma－dake　is　situated　in出e　nonhern　Japanese　Alps（also　called　as血e　Hi（ねMoun旙，

Fig．1）．　The　ma血hdge㎜s丘om血e　sα曲to出e　nonh　and　bifUrcates　to出e　no曲east　and血e

no血west翫Sango㎞蜘i　Co11㎞no曲of　Sl血o㎜a－dake．　A　major　spur　is　derived　from

Shirouma－（lake　to血e　west．　Nagaike－（laira　is　surrounded　by血ese　ridges　and　the　spur　Miniature

c辻ques　and　U－shaped　vaUeys，　formed　du血g　MIS4　and　2　or　before，　as　well　as　active　or　relict

periglacial　forms　are　also　pres㎝（Koaze　et　al．1974；Iwata　l　983）．　This　area　comprises

Paleozoic－Mesozoic　sedimentary　and　metamony）hic　rocks　as　well　as　Neogene　igneous　rocks　and

Quaternary　unconsoli（lated　deposits（Nakano　et　al．2002）．　C㎜ent1蜘e　climate　of面s膿a　is

characterized　by　abundant　snow　and　rain，　and　approximately　half　the　annual　precipitation　falls　as

snow．　Except　fbr　the　ridges，　snow　is　generally　severa1　meters　thicK　and　may　be　as　deep　as　30　m　on

slopes　that　are　leeward　of　the　westerlies　prevailing　hl　the　winter　Late－lying　snow　disappears　in

mid　June　to　early　August．　ne　me㎝㎜曲ir　temperature　and　preciphatio－d　the　summit　of

ShirDuma－dake　are　estimated　to　be　O℃and＞4，000㎜，　respectively（The　Research　Group　for

Alpine　Geomo叩hology　l　978；Iwa産a　1983）．　It　would　appear　that　no　mountain　pemlafヒost　exists　in

the　present　climate，　as　indicated　by　our　unpublished　rock　temperature　data．　The　tree　line　of　the

fbrest　consisting　of．41nus〃lczκiMowたzii　and　Betula　ermanii　ends　at　2，300「2，400　m　ASL　Above

the　tree　line，　an　alp㎞e　landscape　comprising　rubble　slopes，　grasslands，　and　dwarf　tree

co㎜皿ities（e．9．，Pinuspumila）is　dominant　（Fig．2）．

’

F聴．1　（a）Japanese　Alps（north，　central　and　south　sectors）il　central　Honshu　lsland．（b）Location　of

　　　　　　Shrouma－dake，　Nagaike－daira　and　their　surrounding　mountajns．　A：Mt．　Koasashi－dake（2，636

　　　　　mASL），　S：Mt．　Shirouma－（lake（2，932　m），　G：Sango㎞蜘i　Col（2，751　m），　N：Nagaike－（laira，

　　　　　K：Mt．　Korenge－yama（2，769　m），　H：Mt．　Hachigatake（2，563　m）．　A　closed　diamond　shows　a

　　　　　possible　glacial　cirque．　Contour　illterval　is　50　m．　A　shaderelief　map　was　generated　from　10　m

　　　　　DEM　by曲g漁S㎜
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Fig．2　Landscape　of　Nagaike－dair窺viewed　fヒom　EES．　H：Mt　Hachigatake，　N：Nagaike　pond。

　　　　　　（photographed　by　YK　on　Sep．272004）

3．Methods 卿

　　Aerial　photo　inteq）retation　and　on－site　geologicaレgeomorphological　hwestigations　were

carried　out　to　defhle　landslide　topographies，　especially　fbr　detecting　scars，　ridges，　depressions，

valley－side　bulges，　and　msteady（irainage　netWorl（s．　Buried　soil　was　e）cplored　f（）r　its　chronology

The　landScape　ofthe　stUdy　area　was　partly　referred　to丘om　the　work　by　lwata（1986）．　　　　　　「

4．Results

Landslide　topographies
　　Figure　3　shows　the　distribution　of　landSlide　topographies　in　and　around　Shirouma－dake．　Most

of　the　topographies　are　of　a　rotational　slide　type　or　mass　rock　ereep　type．　Although　some　landslide

topographies　are　considered　to　originate丘om　the　mass　wasting　of　moraines，　many　are　considered

to　odgina睡om　be（irock　deformations．

　　　Based　on　the　latest　geological　map（1：50，000；Nakanoθ’al．2002）of　this　are亀slipping

surfaces　of　some　landSlide　topog卑phies　．are　considered　to　coincide　With　distinctive　geologic　faU　ltS

and／or　bedding　planes　of　sandstone　or　shale．　Although　landSlide　topographies　have　a　tendency　to

：器i翼ζ、畿欝麟，lr窟灘i躍離畿舗。離，欝1捧
m3　is　present　in　Nagaike－daira　and　Mou血t　Koasahi－dake．　lh　particular，　the　Nagail（e－daira　landslide
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complex（NLC）has　a　dist㎞ct　westing　landslide　body　Landslide－induced　topographies　such　as

co即ressive　ridges　and　tensional　depressions　are　common血出e　NLC．加m画cal　esti甑ion　of

the　relationship　between　the　topographic　dimensions（輌dth，　are鶴and　length）and　depth　of

slipping　sur　face　by　Ueno（2001）revealed　that　the　average　depth　of　a　slipping　surface　wi廿血the

underlyjng　bedrock　and　the　volume　ofthe　landslide　mass　of　the　NLC　were　110　m　and　7．5×107　m3，

respectively　It　could　be　considered　that　the　westward　migration　of　the　landslide　body　of　the　NLC

血（luced　the　occurrence　of　o出er　1舳lides　on止e　no血ern　slopes　of　Shrouma－（滋e　and血e

southem　slopes　of　Mount　Hachigatake．　Although　the　age　of　Iandslide　activities　in　the　NLC　is　less，

f（）lded　buried　soil　fbund　in　the　northem　shore　of　Nagaike　Pond（Loc．1；Fig．3）indicates　a　date　of

7433cal　BP（at　a　tWo　sigma　confidence　error　level　calculated　by　CALB牛IhtCalO4），　suggesting

landslide　activity血the　early　Holocene　epoch．
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fig．3　Geomorphological　map　of　landSlide　and　glacial　topographies　in　and　around　Mt．　S㎞o㎜a－dake

　　　　and　Nagaike－daira．　NLC：Nagaike－daira　LandSlide　Complex．

Landsc叩e　of　Nagaike－daira

　　Figure　2　shows　the　landseape　ofthe　alp血e　zone　of　S｝血ouma－（iake，　taking　Nagaike－daira　as　an

example．　A　mosaic　texture　comprising　wind－blown　or　snow－induced　vegetation一廿ee　mbble　slopes，
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舳d－blown　or　sno噸ch　meadows，　P禰朗綱ches，　dwarfed　broadleaf　tree　communities
（e．9．，z霊〃zus〃1exiMO・1・t・7たzii），　and　sparse　stands　of　sul）alpine　conifbrs（e．9．，14bies〃lariesii）is　evider賦．

Koaze　et　a1．（1974），　Iwata（1974，1986）and　the　Research　Group　fbr　Alpine　Geomorphology

（1978）repo丘ed　the　distdbution　ofpedglacial卿emed　grom（IS　and　related　vegetation　mosaics　in

Nagaike－daira（Fig．4）．　Koazeθ’al．（1974）and　Iwata（1974，1986）also　suggested　that　the

physiographic　differences　in　snow　depth，　rate　and　type　of　slope　processes，　lithology，　and

microclimates　on　any　given　slopes　were　one　of血e　primary　causes　ofmosaic　formation．

5．DiScussion

　　　lh　order　to　examine　the　relationship　betWeen　landSlide　topographies　and　the　pesent　landscape，

apart　of　the　landslide　bodies　and　landslide－induced　scaips　shown　in　Fig．3was　superimposed　on

the　physiognomic　vegetation　map　prepared　by　Iwata（1986）（Fig．4）．　This　superimposed　chart

indicates　that　the　landslide　topographies　and　vegetation　mosaics　exhibit　good　agreeme飢with

some　of　the　parts　wilh　a　linear　or　curved　pattem（e．g．，　sou重h　of　Nagaike　pond　norlhwest　of

Sangokuzakai　Col），　while　vegetation　mosaics　were　fbund　to　be　related　to　non－landslide

topogr3phies　such　as　gullies　and　ridges（e．g．，　nolth　of　Hachigatake）．　The　mechanisms　of　this

agreement　between　the　topographies　and　vegetation　mosaics　can　be　explained　in　that　the　landslide

topographies　accompanied　by　a　convexo－concave　surface　primarily　control　the　snow

accumulation　and　microclimate　on　slopes．　in　turn，止ese　factors　affect血e　soil止ermal　regime，　soil

moisture，　and　properties　of　slope　materials．　Finall》～these　factors　decide　the　types　and　rates　of

slope　processes　and　soil面c㎞ess，　Furthermore，　the　presence　or　absence　of　landslide　slip　su血ces

could　affect　the　mobility　of　groundwater　and　the　depth　of　the　groundwater　table．　The　presence　of

landslide　topographies　and　their　importance　in　the　development　of　the　landscape　hl

Shirouma－dake　and　Nagaike－daira　has　hardly　been　s加died．　However，　it　is　evident　that　landSlide

topographies　determine止e　surface　and　near－surface　environmentS　of　slopes，　as　discussed　above．

皿豆salso　suggests幅血e　，landScape　evolution　in　Shirouma一酬（e　and　Nagaike－daira　has　been

affected　not　only　by　global　or　semiglobal　changes　in　climate　but　also　by　local　to　site

environmenta1　changes　induced　by　past　or　ongo血g　landslide　activities．

　　hl　addition，　the　geomoq）hic　cor血ibution　of　landslide　activities　to　slope　evolution　appears　to　be

more　important　than　those　of　periglacial　processes　in　many　locations　of　Nagaike－daira．　Given　that

the　main　landslide　body　of　the　NLC　has　moved　westward　by　300　m　parallel　to　the　ground　su血ce

and　it　has　a　slip　su血ce　that　is　110　m　deep，　the　estimated　value　of　the　long－term　average　of　the

㎜ual　ve丘ical　mass㎞s色r（Rapp　1960）is　1．7x106　ton　m㎞㌔一1．　Ths　is伽e　ordeおof

magnitude　higher　than　the　evaluated　ranges　fbr　the　periglacial　domain　hlcluding　a　nivation　hollow

（0．6－12．8×103ton　m㎞㌔』1，　The　Research（iroup　for　Alpine　Geomorphology　1978；Iwata　1983）

aromd　Nagaike－daira．
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Fig．4　Landscape　structures　and　landslide　topographies　in　and　around　Naga氾（e－daha（rgproduced

　　　　partly丘om　Iwa砥1986）．1：Landslide　bodies，2：Movement　dir・㏄吐on　of　landslides，3：scarps

　　　　related　to　landslide　activities，4：Hachigatake，5：Nagaike　pon¢6：Sangokuzakai　col，7：

　　　　Shirouma－dake，8：Sorted　net，9：Sorted　stdpes，10：Sorted　lobes（stone－banked　lobes），11：

　　　　vegetation◎overed　lobes，12：turf－banked　tenaces，13：tu㎡一banked　lobes，14：alp血e　meadow，

　　　　15：broad－1eaved　shmb，16：1）inus　pu〃iila　shmb，17：f（）rest．　Keys丘om　8　to　17were　cited　and

　　　　partly　toned　from　the　figure　by　lwata（1986）．　The　area　ofthis　map　is　shown　in　Fig．2．
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6．Concluding　Remarks

Unlike山e　case　of　other　areas　such　as血e　Himalayas　and　the　Karakoram　（Jlewitt　1999），

landslide　activities　and　the廿causal　effectS　on　landscape　evolution　in　the　alpine　zone　have　not　been

investigated　in　Japan．　The　landscape　evolution　ofthe　alpine　zone　has　been　mainly　discussed丘om

the　vieWpoint　of　climatic　geomorphology．　However，　landSlide　topographies　and　their　development

cause　local　environmenta1　changes，　and出ey　are　considered　to　be　an　important　factor　in　the

development　of　landscape　mosaics．　Landslide　topographies　and　their　development　should　be

studied　in　greater　detail　in　order　to　consider　the　overall　scheme　of　landscape　development　in　high

mountains　in　Japan．
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