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1. INTitOl[>UCrciON

    Usu volcano is sl,ti.iated a't a dista.nee o/f about 30 kilon}e'ters NNW

of Muroran city in Hokkaicl6, Japan, between Funka Bay (meaning
Erupt{on Bay> an[l [I]6ya ]lake. (IJiigure 1') It belongs to the Nasu

voleanie zone, and is one of the no'ted active volcanoes in Japan. It's

}'ieight is only 725 meters above sea-Ievel. Remavl<able eruptions have

occurre(l in the past, of which the most reeent exploslon was in 1910.

Sinee then, no notieeab]e change has been obse]rved until the present

ergptlon of 1943-1945. The new aetivity commenced at the encl of

Deeember, 1943, aeeomp.anied by strong ear£hqual<es, and ended in
September, l945, with eomple£ion of a dome fonnation at tke east foot
of the voleano, The newly formed mountain was n.ained Sh6wa-Shinzan
<meaning new mountain :,n the Sh6wa era). Ii"his type of volcanic
ergp'tion is eonsiderecl to be extremely yaye, not only in Japan, but

also in other parts of the 'vvorlcl.
J'ouvn, Fae. Sei., llokka:ao Univ,, ser. Iv, vol, vll, No, :], igi]e
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      FIGURE l. Wopogvaphieal map o'£ Usii volcano prior to the ]O･t3-t15 activity.
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    At t}ie time o£ aetivity, investigatioiis were made from va.rious
 standpoints, some of whieh have been eompletecl and published,('`S>"("")

 Members of the Eaythquake Research Institute, T6ky6 University, were
 among the flrst to vlsit the scene o.f activity in 1944, DT. [V. MiNit!{.,N>fi

 observed the topography, volcanic earthqzu'l<es, and eruption in
 general.(5]),('5'`),<`"L') Dr. T. N,･L{i,v.irty's geoni-agnetie sutrvey, Dr. S. OJfe'rie's

 leveling,C'5]) S. Mi.yt!}iuiuN's obse±'vation of grovtnd icleformation,(5;) A,
 Jirvsm{,"vA's observat･ioi'i of topof-.Traplkieal ehangesC"'i) were also made at

 around 'the same time. I)v. [l], }FTiTi{v'rom, Illow [l]emperature Reseai'eh

 Institute, llokl<aid6 Unive}'sity, Rieastu'ed the s'ubterranean tem.pera-

 ture dis'tribution in 'this area in 1944, deteymliied the height ancl

 growth of the dome, and also completed a topographieal Riap of. the
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new voleano in 194Ei.<{"')'C5'> }ill. [[iANAi<Amx'riL", £ormer Professor oii [IIS6hol<u

University, obse)rved the eyuption in 194tl, ancl iiwestigated tJhe eom-

pleted dome in 1947.`"''' Assiseai'i't-Professoy K. Ytx(}i. T6hol<u Unive}'sity,

made a pei'rologieal study of this nevvr dome aitd ehemieal analysis of

tke new dome lava in 1947.("')'(''i') Iii the same year, a g'eoehemieal

study of the voleanie ash .froni Sh6vvra-Shinzan was ui}clertal<en by Dy.

Y. UziT>t:xstL and Y. KiFr,xNo, bept. of Chemis'try, Hol<kaid6 University.`5')

}.'rofessoy S. NAK.tMiTRA, Dept. 'of Geophysies, [I]6hoku Univeysity, is

eng'aged in a geomag'netie study o£' Sh6wa-Shinzan sinee 1946, and has
aiso measured the temperature of 'the new lava in 1947,";{') Professer

Y. K,vv6 and assistant Professov R. Sil6,ii. Dept. of Geophysies, T6hoku

University, under'took seismie prospeeting on Sh6"ra-Shinzan in 1947,(SD

J'. Oi<,worro, student in t･he Dept. o£ Geogvaphy, T6hoku Uiiiversity,
prepared a detailed topograpltieal map by t,he plane table methocl
c{uring 194,6--194'7.(5')

   It should also be ael<nowledg'ed tha.t ]Nff. Mi>rfv:si', I'ostmaster of

S6betsii village, Hokl<aid6, niade exeel]ent deseriptive sketehes of the

meyphologieal developmeiit of the mouR"cain in eonsiclerable detail
throughout the periocl of activit,y.<S)'i<J'`)･C35) {.I]'ig. 11)

   [l]he author mac!e investig'at'ions in the area of the newT voleano

several times cluring its activity and a£ter its subsideiiee fro}'n the
morphological, geologieal, ancl petyologicai staltdpoints.('">i`"5) The deve-s

lopment oS the aetivity of Sh6wa-Shinzan is only briefiy treated in this

paper, as there are Aiany points still requiring elarifieation.

   [I'he author wishes to express his grati{utde to Dr. J. Su･z{.Tm an(l Dr,

Z. HARADA, Dept, of Geology and Mineralogy, Kokl<aid6 I.]rniversity, for

their kind eneouragement, and also to assistant Professors M. FvNA'Bttsm

and S, H,xsi-iuio[ro t'or their assistanee iR the investi.ffatioii during 1945.

Much of the effort in obtaining essential data should be credited to
Messrs Arf. M'[]rtxfrsv, H. TfyNAi{Ai)ttrric, [IT. Fi'n<vrro>fi and T, MiNtxK'A'i{i, tio

whoni the author is gratei'ul £or their t'in)ely adviees in prepayat//on
olLth'ls veport.

     z. rrcIE{}:･ GvaOLOGY AND GffOIJOGICAL 1{ISTORY OF
          rrHE FORMATIeN OF rl"H'E VSU VOI.CANO

   'Il]ke g'eiieval geo}ogy o'f this distylet, ineluding Usu voleano, was first

studied by Dr. [t'. 'KA'r6,(`:) ajid lat,er by Z. }I,･xRitD,N ancl S. SAstu<i.('")'(''t])

'Ili'he g'eQlogieal inap ol' th{s vole.ano shown in l]iigvtre 2 was prepared

by the latte.y 'two geologists.`'"' Tthe geologieal hi's'toryll of distyiet i's as
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follows ;

   Among
fO1'111atiOI}

ring this faet with oth

exise abundant
ca'i de ras

  iiellllSSIOII

a. Effusion of rhyolite in Miocene or pre-Mioeene.

b. Deposition of froyoura tbormation in Mioeene.
c. Ef'i"usion o.f andesites in I'lioeene.

d, Deposition of gravel bed ancl Rusuttsu formatioi) in ea,rlier

   Diiuvium.
e. Uplifting of t･he land in Diluvium.

f. bepression of the T6ya ealdera in late Diluvium,

g. B"ormation o£ thLwo voleanoes o/f T6ya,-nalcajima and I.Isu
   sinee t･he end of the Diluvium until t･he present day.

   the sedimentary formations mentioned above, the Rusuttsu

 is mostly' eomposed of voleanie ashes and pumiees. Conside-

           er examples of ealdera £ormatioit, there g'enerally
      mud fiows or explosion ejeeta as ash or pumiee.m'ounc'l

 whieh have been eaused by depression in Japan., The
of abundan't explosion ejeeta is theyeli'ore eonsideyed as an
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knpore'tait't; faetoy in eausing the ealdeyca depz'essiori 'hi t･his ease.

Cornpensating; 'kh{,s clie]pression,, iJwo new voleaiioes･, t,l-ie [i]6ya-nakajiyt}a

and 'the I.)gu xxrei･-e, forrned c),.'t "iihe een.4L'ey anfi on tlhe. s;outt.i'ieyn Lva" of

'the e.m..ldeya :respee'tive]y iri :,i. i'],o:,tt'h-sot.ith di}'ee't,1/on, xx'hich nearly

pai.}alle'ls i;he tJyend o/ff t,he ).STasi.'z volc}sLnie zoi')e.

    'T'he Usti voleano is eonsidev{tc'i 't,o have 'l)een /fon}iecl ,l]'i the iiollovLJin,o.'

sequel}ee o/f evellts:

    Il., Foiaiv,a'ti;oii oft' tTl.op,nna: 'I[ehe goin'g)ria is eoinposecl o£ lava flows

ap-d fragineRtal ejcn.eta. Roel<s :-.ye ttwo pyi'ox.ene.ai)cles'ites with o`y

withou"L oliviiie, soinei'iines wiih larg-e ery.st,als of anor+,iiite,<:''> 'ltl'ie

slliea conteri.t ranges ehei"iea-tlly freiii 51.3-i4 to trr')2.40 'pereen't.C';">iG;)

    2. Fo}'niation oE een'tLral eo2ies: '1'hese are t,wo clon).es, t･he 6usLi

and the K.o'usu, ip. t,he eentva,l eyater on t,op o/f the soni]na, ffthhhe}r wre

both eoinposec-t o'{i hypei'sLLheiie anc'lesitie lavas, somse'{;:,pnes vsrith a lit'tle

quartz and honiblethde. 'Iihe tt)usti iava lias a sHl,ev. (:onten't oii 68.26

p.e lla eent.( "''

    3. }i]xplosion at the £oot of t.he e){.istz doine, Aecronipanying thig

exploslon, tlie tvIinainl-by6buyan'ia inu<'{ "toNv vv'as einl't;i'ed.

    4. Il)xplosl,on att the 't`oot o't' the Koustt dome iB 1822. ()n this oeeas･-

slon, two eratei's xvei'e f'onned a"i'id the Bunsei nizicl tlow was not'ed.

                                        A    5. ,Explosion at t,he eastern p:u't o±' the Ottsu cloine in l853. A part;
       AX(utdhefioO")tSC(;a.CslOiliioCl'e)IXaS blat;/te{l Off by this explosion, aRcl the Tate!vga

    6. A }'einavkable explosion at the north '[/'oot of tl-ie voleaito iii l910.

A(jeol)ILpallLied by t}lis exl)lo$ioll, the `'S}lil)zal)" {.l}leEll).illE).' llciv.r ]MQ].lll-'tg.il))

was built.

    IJastly, the yecent .aetlvity of 1943)-l94cV) eaused fomnstijion of `'Sh6Nva-

Shiiizan" vneanin,ty nexv n}ount:-tin oi' S}tf)wa ei±a) at the east, 1'oot of. 'the

origlnal Usu volca,no. .
        3. RECORX}EII> EftUPTIONS OF USU V()Y"CANO,

    Well kiiowyi erupttio'nts o£ the Usa vo'leaiio o/f whiek the.ve are veeords,
nuinber five sir2ee 1663, and t.tre listed as follo"rs{'>,,s'')]cis>i{iw)ic!")i(s,:

        August 16, l663 (.KEanbull era)/ ･
        January 23, 1768 (.Meiwa eya')

        Mareh 9-J'aly, i82El (.Bunsei era)

        April 13-twIay, 'i'853 <K,"ve.i era)

        [l''uly l9-October, l.9.10 (jXiTieijii era')

    No i'eeords have 'l:Jeeii cliseove}ied so/ilav yeg'a].'cling em.iptioRs ppior
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to 1663, as Hol<'k"aic'le) was seareely populated in those ages. I't is

possible to assLime that um'ecorcled e]rptions or some ofeolder eruptions .

ma･y have been niore violei'it ancl eausing ex'tensive des'trki,e'tioit 'than

'{ihe recent e]r'tiption. Ikn 1822, abundaAt mucl fiow conipletely destroye(l

the vHlage of Abu'ta (.Pisesent loeatio" oi' Wokotan.),

    A. fairl.v･ eoi'nprehensive stucly･ o£ 't,hei1910 e}'uption was made Tv'y
JNpanese seientists.(")-"'`) In this evuption, a violent explosion oecured

at the i'}orth tj'oo't ogi 'th.e voleEmo, 'th.at is, at the slCle of lake 7"6ya, s'ix

days aftey earthqual<es were fel't. Il]xplosions weye repeated from July

to Oetober, and Aum･tt) erateirlets weye formed alivied in 'the direction

pa'trallel to the /t'oot ]ine of 't,he voleano. A new ]noui}taill of 211 R'ieters

height above se･ a-･level was ]oviilt by about li50 meters elevatio'n ot' the

g-roui)cl duy'ing the ei'tiptioB, It is not an aeem'nulatecl mottntain, but

a root] inounta,ii'i('`> eleva'teel b' y an up.clergi'ouncl eryp£odonie. No Iava

from the new magma was observed, t･hough mucl fiows ancl fragmental
ejeeta･ were proclueecl in abundance.
    Also in othei" pasJL' erup'tions, sk'ong explosions oeeurred at the .foot

or on the sEcites ot' the two domes in the ee}'itral erater, aeeompanied

by a large amouiit of muc£ fiows, The com.rno],i ehai'aeteyistie phenomena
in pastt eyupt･ions a}'e the frequer!ey of eathquakes preeeeding ait
eruption, 't,he rel)eat.ed vio}en.t explosions, aiid the eoniparatively loi'ig

cltu"atioi} o/f voleallie a.etivity in gereiial.

                         '
              4e MTe VSU Ek"{UPTION OI? 1943'194.3'"e
                                        '
    'l"he ei"rk'I]fe proeess of the j'eeent e']rup'tion o'f Mt, Usu may be

eonvc}.n'iep-'t]y ciividec'l into 'th.e 'ffollowing' thi'ee stages of aetiivi'ty:

    A. Eax'thqtiake stage: <Fron'i t,he tin}e o£' oeetu']=enee ot' the first
earthqual<e to 'the clay preeeecllngt the first ex''piosion) Deeeinber 28,

119t13-J''u.ine 22, 1944-.

    B. Explosion stag'e: CFrom the !2irst to tke last explosion) June

2f')-Oetober 31f 1944.

    C. 1[)onie b'tiilding stag"e: (Froni the clay cUi'ec'tly aftei' t5e iast;

explosioil until eoi)}pletion o'fi the donie> Noveinl.)ev 1, 19t14-Approxi-

ina'tely Se.l/)teniber, l945.

                     A, EART}IQUAI<ESTAG-E

   'Vhe fh･st iridieatio)i of the new ei'uption vvas,the series of strong

eai'thc{uake,s i;elt in the entire aiiea aibound the Usu volctano oii i)eeein-

bey 28, 19ttS. Ancl eavthqual<es ii)ei:easecl in fi=ecluen{/ty and int,ensity
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till beeembey 31 of the sa･me year, oeeurri.ng as maiiy as 200 per day

at maximum. The fvequeney of the earthclttakes cleereased abruptly
after this periocl in all a,reas except hi the neighboi.irhood of 'Yaikagi-

wara and Kamiosarut villages at the eas'L' foo't o£ ehe voleaiko, where no
}axation in the ftiequency and inteiisity of earthquakes was notecl.
Tremblings aeeompaiiiecl by earthquakes were firse bnaginecl to origi-
nate ae the deep voleanic eenteis, })ttt w-ltieh gra,dually shifted to direetly

beneath the above two villages. Simukaneously, vertieal Lvrembles
aceompanie6{ by earthc{ualces were expeyieneGcl.

    I.t is assumed that the iiew magma t.ried at first to advai)ce threugh

th.e eentral crater veBt, eausiitg s£ron.cr earthquakes to be felt in the
area all arowid the volea･no. The magma, hewevey, soon moved towards

the weak zone at the east foot of the voleano, or the interseetioii o£
    Athe Ousu--Kousu line with the peripheral teetonie zone, as the two
domes plugging 'the erater vent pyeventecl the upwar(l advai?eemeikt

o£ the magma. This was followecl by elevatioit of the ground, opei}ing"
of craeks in the ground, and a deerease in the watey level of wells in

the Yanagiwara and Kamiosayii villages, These 'phenomena fiiially
eu]minatetl in eattsing. clesti"uctioR ot+ iyrigat//on clitehes, hoiises, eritieal

lael< of drinki!)g wa･ter and clamages to other property. The watek' of

the sp)rings at Fukaba to the noyth otf this area, ineL'easecl twiee irk
volume. This is prestimably clue to changes in 'the ur}clerg'roimcl water

system aeeompa)nying elevation of the grotmd aRci o/penillg of eraeks

in the earth.

    The ground was elevated foy a distance of about 3 k'ilometers along

t,lie road k'om Kamiosayu to Yaiiag'iwara, 30 centiineters a day in
height at maximum and averaging abotW 24 centime'ters per day. The

total amount off eievation at the eeRtev o£ the eievat･ed a.rea atta.inecl
'l6 meteirs by the beginRin.cr of. A'pril, 1944,`5i'""5" Bu't 'the center of the

elevated area shifted northwax'cl iJoNvak"ds Ful<aba froni the miclclle of

April. Befoye the fiL's"v explosion, corn fieicls v,ear }l"ul<aba were elevatecl

aff, high as 50 meters above theiy i)ormal hel,cr.ht of 130 to 160 meters

above se,a-level. (.Poin't 1 in Ii'ig'. 3> Numero'tis extael<s of vai'ious slzes

a'nd forms, sutch as /£aults, s'tel,).s, ]rou.nd hoies or roofed tiles originatecl

at yandom. (Fig. 3) Earthquakes were usually ey.peyiep,cecl more 'than

a hunclred times a clay at Fukaba vlllage aroui'icl iche rnic'{d.Ie o£ June,
and .250 times a day pyeceecling' the fii'st ex}plosioii. fXihe ra"ce of

eleva'tion was mGre 't'han 2e eenrmLime'ters pei.' clay a't £he' beg.'imilng o/f
Juiie and nearly 150 eentiineters a clay by the inicldle o.fl 'the inoikth.`-5i'

    The shift of the eenter ot' eleva'tion is eonsidered as having beei}
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  FIGVRE 3. Ma.D incll,c:atincr 'the eyacks caused
                     /h              i'  by land up}).eaval in the ne,is.rhbourhvod of Fukaba

     village a.t the begl/.nning oti ,June, 1`.)t(s!.･

                             '
                      B, EXPI.OSION

    `The fivsiL' sign olr smoke xvek'e

8,30 a,]n., Ja,pa.i'.xese stai'idaycl tii'].ie. on "

ii.rst see)n .irisln,g 'fron]. corn fields 'to

no'ise,lessly a'B.d eoyisicleyed t.o be vv･atek'

in 'the grouncl. 'Vloleiit exp].os:,ons were

October 31. '[{];iie exploslo)n s'tag'e ot'

divi(Jled in'[o 'thvee st"tb-stage.s: <.a)

kb) ash ancl watev val,or explosion s'u

su.b-st,ag;e.

   <a) VVatejr val)er exploslon sLzb-vrst,a2'q:

q.uanti'ty, a,B.c"t inv.cl ashes and bloeks vv'ere

10 a.n). en j'une itl/3. At{ucl f'//ows al,c),o were

'whieh clini-･ens{･ons were 50 by 35 r,iietL')rs iii

sn}-ol{e was eo]n.pos'ed only o/f' w,a'te]r vap.oit

±'ullles･

   Explosl,ops oc:(;umred "Intei'nylttently, anf:l

new eiia'tei,' subsi(ie(l ii'ite a. calri}, sm.okeless

    SX'A.GE

observe cl

    '}' 1] 1Ie

    the
    va.por
     re/pea'ted

    ae'twi'ty
  "r atfv,i lL'

  b-st,a.cre :

 eaused by tke movement
 of new magma through the
 wea,l< zone at the peripher'y

 oE 'v'he voleano. II)his rare

 phenomenum in the present
 new eruptioi'i suggests tha,t

 the px'esent positioi7 of the

 oid roo.f rnoun"tains at the

 foot ofi t- his volcano may be

 ioea'tecl quite distant froin

 the poin'L' wheye iliagjna first

 intk'ucled. Also the linear

 a･k'rangmellt o£ the 45 era-
 terlets on ``Shizan" at the

 ir,o]rth f'oot of the voleano,

 sugges't-s that･ iR the 19jO

 er(iption t.he pia,g'ma moved

 'throu.gh 't･'he wea.k zone at

 the perip. ht?.ry oE 'the volcano,

 nott be.S.ore, but af''ter the

 first explosion. ,

 by loeai villagers at abou･t

 23, 1944-, The sn)ol(e was
  souith c.S.t Matsumotoyama

  eseapl'ng tkrough fissures

. sl,nee this tinie until
'' mcny be convenieittly
 vapov explosion substage;
  , and {.e) styoiitg explosion

srmoke .p..'rancltia}ly inereased

higrled ul.) at approxkna,te!y

pou}'ecl out /h:oni the eyat:e]',

 t.'he two diameters. The
ancl clicl not eoi/t't･a,in sul}i}l:tuy

  at.'ttr.ty eaeh explosion the

  state, w:/th only muddy
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water remainiiig at; the bottom of the erater, After a few hours,

water vapor eommeneed to rise again, followed by spouting o£ niudcly
watez' like a geyser, <.II'late 1, li"ig. 2> This grew strongey with eaeh

suecessive cletonation, ai}cl bloek･s wei'e throwx} up to,a is.aximum of

300 meters above the cya'ter rim aecompaikied by ikiuddy watev. (Plate

1, Fig. 1) 'Xhe eol]isioii oie bloeks in midair resounded Iike thui3cler.

Thc iRtensity of the aetivit,y st'ibsided rapidly af'ter reaehetng the climax,

al'ter which a calm, sinokr.e]ess state was assumecl. I"u is interesting to

note that thfts phenomenum. coulcl be observed from a position as near

as 3eO me'cers Erom the active erater l]oy a period of a haif to one

   rcx}.)losi'ons of the type related above oeemrrecl intermitteiit}y for

9 days from June 23 to Jijtl}r 1. (Fig. 4) The largest explosioii oeeurrecl

on the morning oifi Jime 27, wh.en t,he second crater (Fig. 8, B) was

formeci near the furst. "-/"his typ6 ot- ex}.]losion resembles the geyser

type but oii a }arger acale: that is, it is not eaused clirect-Iy by tlte

pressure of the gas fyom the nevv inagma, but by the pressure off the

water vapor eonverteci ft'om imcleygi-oi.md watey by the tremendogs
heat emanated from the new magma,, Aeeordiiig'lsi as soon as the

a,eeumulated water vapor is exhausted, the explosion eeases. When the

vapor pressure attalns suMeiev,t pressui'e as,'ain, an explosion immeclia-

ti,ely. oeeurs, As :,t tal<es se'v'eral hou{rs for 'this vapor to aecumulate,

the exp}osions also oeeuy at correspondin.g intervals of time.

      ",ge e,?if ' 6,?s 6,ees s,u't e.2fi 6,?s e,30 f･f

          FIGURE 4. 0ceurrence of explosions duvinf.)' the wnttw,v-vapor

           explosion stib-stage of the explosion st,a.cre, The height o/f the

             lines indicate the relative intensities of the explosions,

   ¥Ve now need to de'u'eyinine the souyce of the andeyground water

related to the carren't e"uption. There formerly existed a group of
springs at Yubal<a vil]age, which water was onee used. for saimolt aiicl

trout hatehlng because of its eonstant temperatuite ancl abundant supply,

The village riame '`Fvil<aba" means "hatchery stationf' There was also

a spring arnidst the eorn fields, supplykig driitkk'kg xxrater to tlie
farmeys. It is eoiicludecnyt 'ghat tl']e uiic{erg'rou'syl water souree exists in

this ayea. rlE]he first explosion was ea'used b:y this vmdergrouncl water

vapourized by the lteat of the app.k'oaehing mag'ma. It can be dedueed

£hat the $ouree of the explosive foyee exists at a compaxatively shallow

dihaaf kualitiuigu]MALvrsa."
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   FIGU'RE S. Map indicatin.tr thedistribution of
    eject･a in the water-vapor exp}osion subst･age
      of the explosion stage, (point･s ], 2, and 3

         correspond to those in Fig. 3)

vapor explosion sub-stage : A tremei}dous explosion

at e.30 a.m. on July 2, A ]ayge amount of
to the north east of the aetive erater. (Figs.

covering the S6betsut village. Ashes were
nieters thiel{ness at Fukaba, aiid reachecl

village. The total amount of ejeeta was
enez'gy of the explosion being estimated at
to [I]. MiNA.i<,xtsm(S') This explosion is eleayly gas
presstiye energy of t-he itew ma,g'ina, indieating t}.rat its souree lies

deeper than in the }pi"eeeedii'ig sub-s'tage. La,rger b}oel<s were also

seattered iR the neighbourhoocl o£ the erater. Sulphur-eontained a.shes
yendered eonsiderable damage to eorn Emd potato fields, altd forests

neay Matsumotoyama.
   No signifieant erater was erea'tecl by tke explosi'on on July 2,

meanlng 'tha£ e.xhaustion o£ the aeeumutlated gas was probabiy not eom-
plete. A.s a xesult, another severe explosion oceuryed a't 8.30 a,m. on

the next morning, throwiRg ashes over a large ayea, maiiily towards

 clepth in this sub-stage of

 aetivity. The smail seale

 of the explosions and also

 the na,rrow distribution
 of ejeeta also eoi'}fivm this

 point, (Fig'. 5>

    The small sea}e of the

 eyaters, ancl the soft, loose,

 and brittle geologieal for-

 matioii around tlie eraters,

 often hindey the passage

 ef Iayge amounts of water

 vapor, eausing th.e vapor

 to aecumvilate slowly

 again a£ter subsidenee of
 eaeh explosion, Earth-
 quakes decyeasecl abrup-
 tly from 250 times a clay

 on Ju ne 22 to 11e 't Un e.s

 aiicl 20 times a day on
 June 23 ancl 24 respee-
 tively.

    (b) Ash and water
       suddenly oceurred
ash avzs.xeKteg,hesc82S.ilY,

deposiSt'ed up to 30 centi-

as far as ll]okushunbe'tsu

2,OeO,OOO me'trie tons, the

 1,4 × 10u'`' ergs aeeorclinfts

   a,ttributed to the



New Eruption of (Jsu Voleano, wrokkaido, Ja})an, "uring 194r,-394trv')

     ¢"ma11,iiXl･,i･,il..,L-i,･,,t,,i-i

 be ..,l:-/Iiilli.l'L:';:'

       tttt .t+    ,i･1'1/'[･iSlii.IJ･':ic'1'

   ./-,:,..t.,: t-tl:.t,. t,
t tt t/'tt//'/' ttt t'/ttt/ttt tt't t t

       '

247

xu- 6･i
9

mb-. Z 2
 xv-ww Ot

- ll
   I5

  ee
  8. I
   s

 26

9, 9

 23
 27
IO l

 i6

 3i

 geXGVIIE. 6.

Dates of main
e]<plosions during

 t;1)e explosion

   stage,

the southeast

iiot observed

   Smol<es
IJ'uly 2 akd 3,

600 degrees

two
iii the ei'atei'

v

tw

<･//
   Ndi /- a' ettikt

 ge

ak &k,

r fpx

gew,k"ssNN.
...

ms..lilisi

sgisillillllilllllllxi:gg..

$

  ssgl
imi bcvxtri

V6tedino L'sv

fous r..?.ess.

 ''t: ''

1,, Kctiniose

 ttt tfi
'ii :
l'･, /. I

   '

  f:twh'}s6:i;,fps.xgN.6tg/ist,/h.l.,i.si.ii;i,I$igessyi

/pa,,//k'ig",s"t//1ee,iz?llee'g,/tt/?

SilllillSj$vess{`gge;k'"KYX/ilg.iillll,,.,...X

yan,il;ii" si"

tt.t t//t tt/ t

ss
       'r'. '
E,li;'i,'i'fe,.¢'eveZ.,,&Oxsatri.

falting ash en Juty 2n･d

D,'stribuficy) ev'eev ciE

fatting .ash on Juty at･d

es iliSi

   zz

K

                 FIGCJRE 7. Mapindicatingthedistribution
                  of ejee'ta iR the explosion s'tage, Numerical
                    numbers indicate thiel<ness of ash.

         ,side of the cratey. It seems that these two explosions
praetiea}ly exh.auste(l the explosive energy, as large explosions weife

         un£il July IO exeept .for small seale inter}nittent water
vapor explosions. di"ig. 6)

        from the new ez'aters aseended as high as 1,OOO meteys on

          and the t'emperatuye o£ the e3'ee'ta rakged from 500 to
         eentigrade,`5'' The clistr･ibution of ashes was far more
extensive in area thc"tn in the preeeeding sub-stage. (F;'g. 5 and 7) The

   violent explosions and also watey vapor explosions ali originated

         /£ermed in the fiTst sub-stagye, however the type o/f ex-
plos'ioi'i elearly clistioguishes tiiis sub-stag`e fvoin tlxe preeeecling, a propey
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iiaine for it being "the ash aiid watey vapor explosion sub-stage."
Villagerg oti Ful<aba weye eompelled to aba･Bdori iuheir abodes aitd take

refuge with the danger inci`easing aeeumula.tively in this periocl.

   (.e) Styong explosion svtb-stage : A tyemeRdous explosl.on finally

opened a new }arge era'tei" oR JTv{ly 12, t"rom whieh eolum-ns o.f smoke

mixed with ashes staining it brownish blael<, were contilluously expeiled.

Violent explosions repeatec{ly oceux'red until the last main explosion on

Oetober 31, and five new era'tei's weve ±"omned before Oetober, iiamet>r
(IFigs, 8, 9 and Plate 2, Fig. 2), crater ``A" eit June 2,",, "B" oii Jv;fte 2,7,

"C"o?'i July 11, "D" oit Septembei" 19, and "E" on Augas't 26. In
Oetober, two o'ther eraters were p.exvly acldec{ 'to the gt'oup, namely, one

'to the iiorth of "B" eyat･ei' on Oe't-ober i, alid anot･her nemr or insicle

"C" eirater, finally to'tallii}g seven evateys.

   Most ot- fallkig ash was distributed winclely to the east $icle ef the

                                  `                               aetwe eentey 7) 't}}is --rv-

lli<4//,ittEi,

co"teupune evevy 2omeLep･s9 ,-Lnd

Q
k
.
,  Fklkatba

(

5eota

wht
FIGURE 8. Sket:hshoxvings evater for-
 mations on September 23', 194.4. The
   altitudes of the craters were
    n)easured with a baroillete]r.

"tutee,,i£zvlauaKks'/k'-

eges,, ,,xS'ig igge

        FIGVRE 9.

            ,ptvttlyflilllive.

illg'N'[
}',frij.i'ua",es,afiglg-l.,{tKt:i;i41eeM

             '             ･-/1/･ ag

       Craters ske'te}ied £rom the east somma wall of
Usu voleano oii SeptLeniber L)X'

  Y. . S,s frAy,t from the author's origcinal slgeteh.

            (Fig. dru'iiig
explosion stage. It is hiteresting

to note t･hat Nu6e ard6ntes or
horizontal blas'ts were projeetecl

several 'times to tiie noi"th, throagk

Nishlkohan <soiith side of Lal<e)

aRd [l'6ya-nakajima to Mutkai-t6ya.

Sueeessive Nu6e arC{6ntes broke
winclowpanes, blew off roof tops

and also totally desh"oyed the
potario fields a･t Nishil<ohan. ffo-

wever, the heat of the falliRg
2shes was insuft'icient to burn
anything in it's pat.h. 'N'Vell l<novvn

exa.mples o/C Nu6e erd6Rtes are

 '                '         '                '

, l94,4. Re'izouehed by
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ehose of Mt, IPelee in 19e2, Lgsse" Pea]c in 3915, Komag'atake iix i942

ancl Sal<urajima k"i 1939.. ,The eause of nv.6e avCl<ini;es gs eensic'leyed as

most yelated wit･h the existenee o£ belonit-e cr eyyptodome, altho℃t,o.`'h 'ths.
clireetion ef gas einissioik ft"oill 'tl/ie erat,ey vent aiid the eoneei'itra'tioii

ancl property of gas may also be yelated faeto?s. -
    In the stz'ong exploslon sub-s'tag[e, the iiexv inagma ad'N,,aikeed

yipwards aeeompa･nied by a gyadual inerease in tl}e height of 'the
upliEted grouii･cl oi' the roo'E mouT.itain with ].`epea'tecl strong eLfNrup!osioiis,

The rate ef elevati'oii avevagecl 25 to 20 centimeteys a day, attainiikg

maximum o±' 2 metek's a c'{ay. rXShe totai elevation diJnTizi.cr j"uly-in'ictclle

of August, 194-5 was 100 meters,"5i"･"';t) <?late 2, i}1?ig. 1) E･ar'thqual<Gs,

wkieh hacl subsicled abrtmptiy diree'tly aftey the fu`st explosloi), gveatly

ineyeased ki frequeney agairi on an average oi" aboz'tt 500 tinkes 'per clay,

ai}d atta:ming a uiaximum of leOO tirnes pei' c{ay at li"'ul<aba vi'llage

around 'the niiddle oi]i J'･uly"si),(oLb ,
    T}'ie depth ot' the souz?ee of earthqual<es was estimat,ec{ at 500 meters

at the tiine.`"i"t';L') Near the end o'f Setol]ey, eorn fie]cis "rhieh we}se

nonnally Z30 to 160meters above sea-level, were eleva'eec{ to ikearly

300 rne'ters a. s, l. to for･m a fiat dome-shw.}ed voleano, O.5 square l<ilo-

meters ki ayea. The heig'ht o'f the new mountaill eventuially exeeedecl

that of Matsumotoyama (239 meters) and the a,mount of eleva'tion is
nearly eomparable wi'th tha"u of ``Shinzan" built i'ii 1910, It is assumed

'that a similar pyoeess of moupt･alii formation also oeeuyred ki the 1910

aebivity.

    A phenomenum o£ speeial int.erest in the present eruption is the

ayrangement of the eraters in the t`orin of a hal£ ring. (.Fig. 8) These
eraters were situated at the peripheiry o.f ihe base of "the d.o}ne, whlch

}ater ap'peared above the earth's st"trfaee. As the explosions usual}>r

oeeur at the lioot of t',he dome, so k'i t"ne ease of a eryptoclome existing`

undeyground, tlie explosions }iiay be expee'ted to oeeuz" most frequent･]y

on the side faee of the eyyptodome. This nteavis that the explosion
ez･aters would lie on the per!phery of a eirele or ellipse eneiyelirig t.]')e

dome. Bloek ejeeta ancl f'aliing ash aeattei'ec! by the explosion.s in this

sub-stage caused severe damage to con'i aiicl r,otato Iielcls, d":orests and

houses in the vieiBity. biukaba vj.IIage was ir"ined by the ci'itieal

uplifting o'E the g'z'ound rather 'than from fal]ing ejeeta, vgrhieh also

severed the puHblic road at [F'k'ikal,/)a leadk)g f.rom Date-mae,hi (town) and

S6betsu village. The Ibuyi line railway ]rw'ming along tln-e east foot o.f

'the voleaiio was cleifomned conside}sably by v.plife o.E the gwovtn(i aiicl

iater by tl'te late}'al 'pvessku'e fyoiii the aetive eentey, whieh eoffipeiied
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the railroad liikes to be traps£ered towaycls th.e east.

                   C. DOME B'VILI)ING S"YAGEt

    No no'tieeable explosion ooeuyred after Novembey 1, 1944,'howevey,

a biaek mass was pei'c'eivecl in 'the v'ieirrv,ity of the erateys from Nisll'}il<ohan

iri the ini<'ldle ef Novenibei', micl a '.p. ee}k ot'i pyrarnic{ shape ¥vas olr}sev'ved

ev'eii fi'oi}n SC)betsu arou.i"td the inictclle o/f l)eeeniber, i't is coikeluded

tl'iat soon a'l'tey tlne l.ftst exp}osion on Oetobeir eOl, 'the solidif]ed lava

ii"tass coi'ni'neneed ex'h'uslon above t,}'ie ea]rth-stu,･t'aee. It eon'tinued to

c{evelop both in l'ieig"ht anntcl inass v.nti! SepiL'eillbey, j945, Miinatsut

relates that tl'}ere were oftei'i spoizt'aneovts ti#}li£ts ot/' £}'ie don}e d'Lwjmg

this period. It is hlg'hly possibie 'that, ea]･t'hqual<es aeeompaniec{ these

i'}.ioven'ients. Z`he la.va inass soon dev･e' lov)eti in'to a doi"e vtJith ?. steepei'

sl ope on the so u. +.h si de.

   Egc}'i o/E 'the c]'c"t'teys /t'omnecl in 'the preeeecling sub-stage were either

'totally or pt･tr'tially eelipsec-t i.",y the growirig dom-e aRd iifs talus cleposi'tS･

Xihe pm'ely yeniain.illg e}tateys were o'bservecl only oii the southwest aiiCl

east foo(;s of 'the clome. (.Fig. Ze> Smoke yising Erom the eBtire surface,

espeeial2y £i"om fissui'es o.f "thmv clome ancl rem-aining craters ustisily
envelopecl the clopne urriil la'te in Juiie. 19`i6., so that the profile and

detd'ils ott the en:uire tlome eouid only be ol3sevved few times a mont}i･
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   lt is woreh ineneioning that Mr, MitsiA'rsu, SC]betsLi village i)ost-i

masteif, yeeordecl the inoy.phologieai developmexxe of the new volcano in

eensiderable detail by a continuo'tts sex'ies of deseriptive sl<e£ehes k'om
the beginning of the aetivi".r, ancl thus ey.pressing the line of gyowth

of the dome by his e'inarae'terisc;ie me£hocl. (.Fig. 11) Measuyemene ofi
the height a,lt(il area of the new ]'.rnti.ntain was aeeoinplis}'tec'i by ]N([i)T2yi"su

and ]F"ui{urvo)fi. [l]he inaxkiriu].'n heigh't of'. tl'}e Clonite was a.÷.taineCl in

September Z94.5, tha't' is 4e4 inebers abcve sea-level, or ZIO meteys higher

than the roof mortn'tain. Tike rate of elevation averagec{ O,6 ineters

per day. The diameter of' the dome's base was appyoJximaeely 300
meters.`5i) Sinee the dome stavted to appeay, the aet'uai elevation of

the roof mountain was not notieeably acee]eratect, though the slopes of

the roof mounta-lii l)ecame s"t'eeper due to the latera,l pressuye exeyiecl

by tlke movement of the ultdek'grouncl' lava mass,
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      FIGURE 1 l. Y"igure iiidieating the line of growth oli the Sh6wa-SE'iinzan
        dome as drawn by M. Mi}f,yrsu. M, Mi}T,x'rsii's origiRal drawings of tiie

         }ine o£ growth are far much shovter intervags. Only the main Iines
            of ,growth have been selected by the autho.v in this figure,

   7I`he do}ne brought u.p varieus; k'ock fyag'ianen'ts, gvavelg, and bov.iclers,

whieh consti'ki'te the 'ba,sementt ofi £'he volea.no and the 11owej.' volea'nic

body. Soiinma lava. 'fiows, whieh /C'ormerly eove}/'ec-t thi:s a,rea, were

alreacly broken up into niunerous bloeks by the upl.iii'tin."rg of the
eryptodon}e. Cla,>rey anc'{ t,'a{'Ei-'Lteeous roel<s wei'e sintered into i}atural

briek threugh eontact･ wi'th tlte hot lava, a,nd f'ound overlayb.ftg the

entire surfaee ot' the new lay'a donie in thiekness yari,cg'Ing f'ron'i 3 to

10 iii'ietJers. Clear stria･t･ions we}'e ol)se}rvecl on 'i:he s,tir'ft"iee of this

everlying layer due 'to /frie't'i,o/nal /'novenient d7tu'inf.?rl the clon.i.e';')' ex'pa'n--

sion. (P. lats 3, }3"ig. 1) Juclging S`rom the clireetion o±" these sti'iations
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ancl Mnf.ttvsu's observations, ehe movem.ent of t}ie dome was Rot oitly

in the vertieal sense, but aiso a series of expallsions iri eonvtzlsive steps.

DiffGreiit":al .inovements of parts of the clome weye aiso oi]ten notieecl,

fer instanee, the proieetiok o£ a layge byai]eh bocly on the south-west
side of the clome, (.Fig. 10 and Plate 3, Fig. 2)

   Though £he'new lava is eiivelop£:)cl with a eovering layer as i'elated
above, red-hoe lava coujcl he seeii glowi;}g t].i].'oug'h la]i'ge eraeks in this

Iayer. Nuiyne℃ous spo£s of' fiye ancl emissioi} oi" fiery eolumns o.f smolte

p}'esent aik iitteresting speetae]e at Rigk'e. The ftew lava, though

solidified Reay £he top, is probably still eoimeeted to 'the molteiG ma.crma
at lowei" deipths. Beiiig eove]red wisti a thiek overlying' Iayer, the lava

eoo}s slowly, ehus leiigthening ii]s ciuration oin" inove]nent. The teixtpe-

ratuye o.f the giowing lava was measuned at 980"C at its maximum in

Sep£ember, 19<g7 by N,"{2xAfu"k.("") Iri "L'htrs respeet, it cliffevs eoitsidera,bly

from the dome of the Ta,rumai voleaRo, wh･ere the lava h'm.nedia'tely
solidifiecl tt]pon eff'usion above the e2,yth's szurfaee tlirough the cratey

veitt ii} a molteii state.

                5. N'EW Vel.CA'NiC X}RODWCTS

    SeHd material･s pyodiicecl ki the present nexv eruption are elassified

 'lnt,o 'f'ra,o.'mental ejeeta, mucl fiow, dome lava and it's eovering roek.

 Amoilg these, £he dome lava is evidently juvenil, The other prociucts
 eonsist of roeks foyming the basement of the voleai)o and the lower
 volcanie bocly, whiek were hurled i'tp by lr,he explosio]ns, Gyavel, ancl

 othev yoeks eoveying' the (lome. were broggkt up £rom the grave} beds
 and se{limentaries eoiistitutip.g t-ne basement of 'the voicaRo, by the

 elevatiofi action of t}ie C{ome, No ehemiea} o}･ r)etrologieal studiGs have

 beeR made sofar ozi the mucl fiows ai)cit ga,s. The getie}.'a} properties

 of the various pyocluets are briefiy describecl below, being elassified

 illto fouy grogps.

            (A) Ash

            (B) Coa}'ser £ragmenta,1 ejeeta
            (C) Roel< eovering the dome
            (D) Dome lava
    (A) Ash: A grea"v' amoun.t of ask x･vas scatteyed mainly on t･he east

 side of the i'iew aetive eenter p]rimayiily durilig 'ehe expiosion stage,

 'thoi#..".h some asli+ x･vas also e,ieeted iii t',he clome builcling stag"e, Ash

･emitte(l ii} the wate)i va/por explosion $u-b-stage was muddy, though
 practiecaily clk'y after 'the explosieit oik July 2, 'u{E.944-, The dir.y ash is g!'ay
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in eolor and extremely fine, most of the grain size being tmder O.Ol

milimeters, though sizes up te a maximuin o£ O.2 iinilimeters could
also be found, Under the microsco.pe, the ash usually kontains glass,

plagioclase, quaytz, augite, hyperstheike, soinet･imes hornblende and'

olMne, A close ehem2cal study on ash scattered oR July 2 and 3 was
undertaken by Vzu}fAstL and KniA/xo,(5") II]he silica content of these

samp.les o£ ash ranges between 57.18 and 57.36 pereeltt, and differs
from the eomposition of the new,dome lava, It is consequently assumed

that this ash originates ehiefly froin pre-existing voleanic matter, though

part o£ it may be juvenil £rom the new magma.
    (B) Coarser fragmental ejeeear Explosion ejeeea are considered to

be mostly £ragments of roeks £orming the base of the voicano and the
olcl voleanic body, They vary in slze and form, and are distinguishable

into certaSn types. It seemed to the aueher that there were no bombs

nor other ejeeta which eoulcl be ,iudged as being ,iuvenil. Coarser

Eragmental ejeeta, ranging £ro]n small lapilli to bloel{s exceeding Z
meters in diameter, are elassified petrologieally as fol･iows:

       (a) Volcanie roeks:
           Two pyroxene daeite
           Augite daelte
           Quartz bearing hyperstheiie andesite
           Two pyroxene andesite (groundniass, glassy)

             ,, ,, ,, (groundinass, hya}opiritie')
             ,, ,, ,, (groundmass pifotaxieie)
             ,, ,, ,, (groundmass

-

(C)

                                      eryptocyystalline)

      ,, ,, ,, (groundmass microerystaliine>
    Azigite andesite (Compact)

       ,, ,, (Pumieeous)
    Oiivine two pyroxene andesite
                            .    OIivine augite andesite

    Olivine andesite

(.b) Dyke rock: rl)wo pyroxene porphyrite

(e) Plutonic rock: Granite
(ci) Sedimentary roel< :

    Tufil (glass, quartz, horniende, ?lagioelase, augite)

    Tufli (glass, quartz, plagioelase, homblende, augite,

         hyperethene, olivine)
    Tufii breeeia (glass, quartz, plagioclase, hypersthene)

(e) Metamorphle roc}<: Biotite-plagioelase-quartz hornfels

Roeks eovering the dome: CIayey and tuffaeeous roeks whieh
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had existecl zznder this voleano, were sinteyed mosely into naeural briel<s

by eontaet with the hot lava. Vnder the mieroseope, some of these
yoeks eontain "glass, quartz, plagioelase, augite, and hypersthene. The

pebbles apd boulders scatteyed througltout the erust eoveving' the dome

originate frem the gravei bed eonstituting a membey of the basement
of the voleano,

    (D) Dome la-va: A speeimeik from the new clome Iava eould llot be
eakeR for several months after eompletien of the dome due to the thiek

Iayer covering the dome, the high eemperatuye of the lava, and smoke

emission fvom the entire suyfaee of the dome. [I)he aut}}or was able

£o colleet a few specimens of the new lava on ,June 2, 1946 from the
wes't slde of the dome through byeaks in the do]ne-eoveriiig crust.

This lava is hypersthene andesite eontaining plagioelase and hyper-
sehene phenoerysts, no glass in its grounclmass, and is similar to the
6usu dome lava in appeaz'ance and ln mineral composition, The com-

position of the zoned plagioeiase is Ans, in the inner, and An,, in the

outer zones.

    Oi{Aifor:e was the first to climb the new clome on August i8, 1946.

Samples o£ the new Iava ?)rosecz{red by hirn on September 19 in the
neighbouyhood of one of the old eraters at the south-west foot of the
doine, were analyzed and miereseopical]y examiiiecl by Y,t{ii.("'>,("';) The

ehemieal eomposition of the new lava together with that of the Ousu
dome aye shown ir} the f'ollowing table:

         'SiOL,

         Ti02
         AlzO:s
         Fe20:i
         FeO
         MnO
         MgO

      .l2/

    It is '
AOu.su dome,
silica eontent.

Kousu, and the
and that dlffey

with or

Wt- iO'a"

69.74,

 O.4.5

11 5.5e

 ILi)2

 k,.59

 o.es

 O.85

t

 bl
wL-I %

68.,.)6

 e.tt6

15.77

 ll,.91L

 2,15

 U.31

 O,99

    CaO
    Na.20
    K,,O
    H,O (-t-)

    H,}e (--)
    P,,Os

    Total

I{eil.(r)' '),t's{)

wt. .o･5

 3.6;),

 3,4.3

 'l .36

 O,67)
 O.`2:3Jf

 O.'2L} .

IOO,:,6

 .b-1

Wt･ %
 4..37

 ;',.s;s

 l,2t}

 O,51

99,93

  New lava analyzed by 'Y.xcif, .l9,i7,

  Ousti dome lava analyzed by Geologieal Suvvey of Japa.n in l92S, Ref.(i'")

 mteresting to note that the new dome lava resembles the
    lava in ehemieal composit･ion and that both are high in
                                                    A       It should also be noted that the ehree domes of Ousu,

       new dome aye all eomposec'i off hypeysthene andeslte,

        from the somma lavas which are pyroxene andesi'te
without olivine, ancl eon'taining between 51.,34 and 52.40 pe}'eei'it
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of si'lica.(:'"> The new lava eontains quaytz and eristobaii'te in lts
                         AgrouRdmass(""7)･(`T:i), while 'the Ousu dome vai'ely eontains eorroded quaytz

 aRd hornblende, Sueh a eontent ot' siliea is similar to that of daeite

or rhyodacite. [rhe ehemiea} eharaeteristie' o'E andesite iR Japan eom-

payed to that of Ameriea er Europe, is that the £ormer is gene}ially
rieh in Aii pereeBta.cre of normative feldspar, poor in "fo pereentage of

normative pyyexene, rieh in nomnative quartz, and rieh in aj-alk, poor

ift e-(al-alk), rieh iii qz of Niggli's value. These ehemiea] properties

are aiso indieated in the mineyalogieai eompositions of the lava, as the

plagioelase is basie, the rhon}bie pyroxene abzmdant, aiid that siliea

minerals az'e often found in the groundmass. Sueh petrologieal eharae-

teyisties are elearly observed in this new lava as well as that of the
AOusuL dome. As SiO, an{il Al,Q, are eonsidered as being elosely relatecl

to the viscoelty of the magma, an extraordinary adclition of SiO,, and

A},O,, in the primayy n'iagma, may be one of eauses in volcanie fomhations

sueh as a dome or a spine.

         6. TYPES OF ERUP'II"IeNS OF VSU VOX£ANO

 ･ The meehanism o/f various types of eruptioRs of Usu voleano are
diseussed here i'n order to furni'sh a basis for the observations aved

eonel'tisions in the preeeeding paragyaplns regarding' the euri'ent volcanie

aetivity of Mt, UsLi. .
    IViaRy volcanoes are known to have their own eliaraeteristic form o.f

eyziption. For example, the Shiretoko Sulphur mouiitain has eiiormous

fiows ot' native sulphur in eaeh eruption, 'rhe Usu voleaBo also 1'ias
its typieal form of aetivity ever si;iee the oi'igin of th'e voleano itself,

The geology o£ Mt. Usu ancl its past ei'uptioiis elearly indieate that eaeh
  ,eruption is charaeterised by foi'mation of a dome (.genetieail' y beionite),
'the emission of mud flows, repetitioR of violent earthqual<es preeeeding

violent explosiens, aiid the comparatively loiig duratloii ol' activity.

All of these phenoinena have been exhibited ln the present eruption.
                                     A    The existenee o.f the tvLro domes, the Ousu ancl the Kousu, in the

top crater eleavty indieate that 'L'he same type of eruption oeeuri'ed

'twiee in the past, X'he present new eruption ereated the 'third dome

at 'the east foot of the voieai}o, IThe process of clome builcling may be

analyzed as follows,

   [l]he upper part of the voleanie magma may soirnetimes solidify
while unclerground, especially "' any aeci(/lent oeeurs during the rise

o±' the magma. [l]he so}idMed 'uppey payt of the magma may eheR be
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heaved upwards by the rising thrust of the moken magma, "Thieh
upheaval may evelt appear on the surface ot' the grouitd in extreme
          Aease. The Ousu and Kousu domes are assumed as having been formed
in this manner, aRd may therefore be termed belonites or spines in
the genetieal sense, or thololdes oy domes from a morphologieal stand-

point, where 'the diameters of the base of the lava mass exeeed the
heigcrht of it, li. TANAi<ADATiil uses the term "Pseudo-belonites" foi･

the Mt, Usu dome fomnatiozis.`!`i>

    Before the new magma ean rise, the overhead erust ls generally
blown away by a series of explosions, whieh further faeilitates the

advanee of the magma. However, when the upper part of the risirig
magma are more oy less in a solidified sta'te, the magma brings along

with it pre-existing materia}s whieh are elleountered on its path, either

on top of the solict2fied magma, ox' on its side sw'faee. In 'the ease
of 6usu and Koustt, gravel, bm'nt elay, ituff, and other roek fraginents

aite found distributed on the surfaee of the domes. The dome or spine

obstrueting the crater vent, eauses gas to aeeumulate altd leads to
violent exp}osioRs. When the gas pyessure ls not reasonably high,
fissures originate on the main body of the dome or spine, and explosion

craterlets ai'e formed at t}ie foot of the dome, as ls observed i'n the

cases of 6usu and Kousu clomes, Aeeumulation of high gas pyessure

is suMeient to blast the entire dome in some cases.

    Thozigh voleanie magrna usually issues through the centrai erater

vent, it may sometimes invade a･teetonically weak zone either on the

side or the [foot of the voleano, especially when the cei}h-al erater vent

is elosed by a dome or spine as it is in this ease. In 1910, magma
intrvided at the'north foot of the Usvt volcaRo. Sometimes, and more

o£ten when the upper part o£ the magma is solidified, the magma
may not show itself above ground. Sueh a mass is termed a crypto-
dome, and the upheaved overhead is ealled a i'oof mountain. "Shinzan"

(meaning new mountain), whieh was buiit in 1910, is a typieal roof

       .
 ･ There exist several other eone or' dome shaped minor masses around

the foot of this voleano;(Biig. 2) Konpii'asan ("A" in Fig. 2) on the

north-west side, Nishimaruyama ("B") to the noyth, Higashi}naruyama

("C") and Matsumotoyama ("D") (239imeters height) to the east ave
sueh examples. Among these, Konpirasan and Higashimaruyama are
yegavded as roof mountains or eryptodomes by Omori. These masses

are nearly arrangecl on the peyiphery o£ a elrele having a eenter at
the top erater. "Shinzan" ("F"> is also loeated on this pevipheral zone,



          New Ermption of Usn Volcano, Hokkaido, Japan, Durin.tr l9ij･3-l945 257

indicatii}g that this zone is teetonically wea}<. "Shinzan" may be
defined as a eryptoclome vgrhieh intruded throug'h this weal< zone into

a gap between pre-existliig masses, as has been alreacly related.

    It should a]so be observed that the first explosion in 1910 oecui'red

in the N-15e-E zone eonneeting the centers o£ 'the Usu and T6ya-
nakajima voleanoes, and that the 245 me'ters high mass <1"E") is also

loeated within this zone. The direetion of this zofte is nearly parallel

to the trend of the Nasu voleanie zone. This tectonically weak zone
has beeR terined the Usu-Nakajima tectonie line by the author.

    The Yanagiwara village, where land upheaval was first observed
in the pyeseltt aetivity, lies in a N-75"-W zone eonneeting the 6usu ancl

Kousu domes, whieh is nearly perpendievtlai' to the Usu-Nakajinia
tectonie line. Ogariyama "G" to the virest of the Kousix dome, another
                             AOgariyama ("I}l") between the Ousu aRd Kouisu domes, and the lmoe-
like mass ("I" in Fig. 2) on the east somma wall are ali arranged in

this zone, Ogariyan)a is a loeal name meanillg "growing mountain."

Thls phenomenum iiiay })e interpreted as being a chaiige in the height

of the roof mountain eaused by movemen't ot) the unclerlying' eryptodome,

The fact that even the movement of a solidified Iava mass ean last for

considerab}e long period, is ciearly deteeted in the growth of the 6usu

dome in the historieal age.<'5) [I]hough it may be that the 6ttsu dome

was fomned in a pre-historieal age of this district, sketches of the

volcano as viewed from the south side of the top erater by a paiiiter
in the Kansei era (1780-1800) clo fiot show the top part of the 6usu

dome projeeting over the somma wall, whieh proves that growth of
    Athe Ousu dome still eontinued a£ter that era. This helps te describe
the faet that the movement of the undevgrouncl igneous mass may
eontinue for a loRg period, provided tha't the lower parts of the mass

are still in a mo}ten state. [t]he growth of Ogariyama may be eonsidered

in this light, The arrangement of domes aRd eryptodemes in the same
zone suppo.rts the assu]nption that this zone is teetonieally weal<, which

                                         Azone the av.thor has arbit･arilly named the Ousu-Kousu teetonic iine.

Tsuya pointed out in 1943, that the parasitle cones of the Fuji voleano

are arranged mostly in a zone parallel to the voleanie zone, and that

another series of eoiies are ai'ranged in a zone perpeRdieular to the

former. These two lines or directions of a voleano represent the main

teetonic lines, through which volcanic magma inerudes ii} most eases.

The existenee of severai dome or eone shaped masses at the £oot of the
Usu voleano as l}as beeit already related, suggests that the peripheral

zone is teetonieally weal<. The faet that the first movement was
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ebserved a't ¥anagiwara, ancl wh:/eh gr'adua]Iy slkifted nortkward along

this zone towarcls the eenter of the present aetivity, and also the fact

that 45 ez'aterle'ts weye fomnecl in sueeession along this peiripheral zone

in 'the erupt'ion of i9iO, are woyth a;ttention.

    This peeulia.rity iii the voleanic ei'uptions of'i Mt, Usu ls ofteii the

eause f'or formatio33 of a dome oy eryptodome. Also in the ease of Usu,

new magma is a/p't 'to seleet new eow'ses other than those of past
eru.ptions, especially when 'the formey eratey vent is obstyueted by
previous dome oy cryptoclome formatioii, vLTb-ieh has resulted h) the

form:Xisas s,:.a;tcz%, ;ew･5s,z' ,zf,tw:･i:scdig,ttg'P,iO,gO.}izzi:,,gkis,fax,eg,

peviods of aetivity. Foy examlrile, the mud flo"is of Mh}amibyabuyama

and Bunsei (in 1822), and Tiatei'vxra in 18tV}3, as well as that in the 1910

eruiptioR, are easi}y observed. r.rL"his phenome-nttm is possibly rela'ted to

the loeation of the veleavto -between Ftml<a (.Eivuption) Bay altd 'ar6ya

IJal<e, whieh supplies tine undeygrovLnd water souree. The faet that ln

the 1910 aetivity, the fii"st explosion oeeurred vi]i'thin a perlod of seveiral

days after earJthquake diL'remblin.o's weye experieneed, ancl the this

timelag amounted 'Lo ha]f a yea}' in the present eruption, may be
attributed to the t'aentt t}}at the scei}e of tlte maiii voleanie activity wa$

much nearer to T6ya Lake ipm 'the formey ease. Sufiicient supply o£
undersyround water possiblly legecl t･o an ea:,'lier explosion in the 1910

ease, before the lateral moveinen't of magma through tlke .peripheral

weal< zone. In tine preseiit er't'iption, t'he new magma moved from
Yauagiwara uneil its fk'trther adv･anee was obstyuctecl mainly by tha

T6ya caldera wall and Ma'tstm]otoyama, w}iere it result'ed iii an
explosion. [['he 1910 and the present e}.-up'Lion show a re'mayl<able

ctontrae£ in this respee"u',
    The t;reqvient oeeuri'enee of earthg'u."-tl{es as a preeursor ott expiosions

i]x every yeeorclecl past eTrup+.ion, is probably relcate(i{ with the existe"ee

o/[" the two c,av,ntyal clomes w･hich eap 'the eentrai ei`a'ter vent agid prevent

the eseape of g.'as. The eomparatively long clui}'ation of the aetivities

o£ this voleaiio n}ay be expialned by the ft`'tet th3t 'this voleano has no
open crater either oii 'tke top or other sides, whielt eauses slow aclv'allee-

ment of the new inagma. [1"hi's pvesents 'the possibility, that the magma

may solidify at or neax its up/per pmtt before efftision. This /fui-ther

tencl,s 'to slow down 'u"he advaReemei'it of the magma, ancl eonsequently

eauses a stroiig aeetm)uiation of .ogas, tln.is leading to violent explosions,
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7. SVrwtIMAR¥

   [I]he pyeseitt new a,etivi't･y of. thi.:.s Ustt volea.no hegan with styong

earthqual<e vibratioiis on December 28, 1943 and ended with maxiraum
elevation of the dome ki September, 1945, .passing througk an explosioit

stage o.f severa} mowith. The eharaeteristie phenomena exhibited in
this voleanie aetivity are rarely observed el,sewhere oit the earth, and

are typieally expressed in the ease of' the Usu voleaiio, The Usu voleano

ls l<nown to have passecl through similaj.t, eori;esponcting stages of

aetivi'ty as expressed in this preseBt eruption, also in some past erup-

tions. A notable fact is that in this present aetivity, the new lava･ is

rich in si}iea eontent, resembling thae of daeite oy rhyodaeite, although
it aetuaily is hyperstheRe anclesite as iit the cases of the 6usu and

Koustt domes,
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Emp七ion　of　Usu　voleallo，1943－1945．
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Roof rnountain on September, 22, l944, viewed from
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Craters on the roof mountain on September, 22. I944,
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τ。王sHIKAwA；：巳ruptioll　of　Usu　voleano，1943－1945、
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FIGURE 1
       2, ]946.

Top part of the dome, viewed

  Note striations on the side

 from t;he east side

faee o£ the doine.

on July

FIGURII] 2･･. Entire view of Sh6wa-Shinzan, loeated at the east foot of the

     original Usu voleano. Aerial photograph taken on November 6, 1947a
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