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                        I Introduction.

    Evening issues of newspapers on December 8th ig22 reported a

severe earthquake which occurred early that morning in Shimabara

Peninsula, in northwestern Kyushu. It arotised great excitement all

over Japan, for {he memory of the appalling catastrophe on Sal<ura-

jima in Igi4 in consequence of the eruption in that volcanic island,

was still fresh jn the minds of the people. Indeed the three volcanoes,

Sakurajima in southern Kyushu, Asama in Kwanto, and Unzen in
Shimabara peninsula, displayecl toward the end of the XVIII Century

unparalleled activity, the eruptions which took place then ranl<ing among

the most disastrous events in the annals of Japan. Of these volcanoes

it is Asama which came again to show most symptoms of unusual
aceivity at the beglnning of the present century. The last eruption of

Sal<urajima was almost equal in iRtensity with that of the An--ei Era

(i77g), bringkig the island in Kagoshima Bay in direct connection
with 6sumi Peninsula on the east of it. The volcanic activlties of

Unzen on record are two, one in i6s7, and another in i7g2 with an
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interval of about r3o years between them; so that a recurrence of a

subterranean convuls'ion seems not wholly improbable, if tl}e periodicity

of its paroxysms continues to hold geod.

    I left Kyoto and hastened to the sites of the disasters on the gth.

I found however the damage to be exaggerated in the first reports, ancl

to be localized in small detachecl areas in coastal viliabcres, on the south

ancl west of a line drawn from Chijiwa to Dozaki. The following pages

are written from personal observations and infor;nation collected in a fort-

ni.crht's stay, to make clear the significance of this outbreak in relation

to the volcanotectonic and seismotectoRic lines o'f the volcanic clistrict.

    In additioR to this I propose to give here from local docurnents

an elucidation of the great catastrophe of I7g•3, in which case earth-

qual<es played the r61e of precursors of activity of Unzen, and also a

few salieBt facts about the earthquake in the northern districts of Omi

in igog, which convinced me of the vali"dity of I'rof. W. H. Hobbs'

interpretation of seismic phenomena on the basls of structui'al geology.

    I gratefully acl<nowledge in writing these pages the assistance of

Mr. R. Shimoda, professor of geography in Nagasaki and Mr. S. Ko-

mal<i, whe gave me ready assistaRce in field worl< and dQcumentary

researcltes. My thanks are due to my colleagues of the lmperial

University, ProÅí Shintaro Nal<amura and M. Matsuyama, who gave

me valuable suggestions, and especially to the former who took t•he

trouble of reading the proof sheets

       t.
     '
  II Geograpical and geological eutlines of Shimabara Peninsula. •
                                                             tt
    The peninsula lies on the western coast of Kyushu Islancl, ar}d

stretches southeastwqrd from the western part of Hizen Province. It

has a length of 341<m measured frorri liS[NE to SSW and an area of

46s sa. Iem. It forms a counter--part of the West Sonol<i peninsula ex-

tendiBg northwgstward with Nagasal<i near its southern end, both'being

connected with the main is' land by the Isthmus of Izahaya.

    Whiie the whole coast of/ Hizen in the north and west of the

isthmus .has innumerable indentations of the Rias type, unexampled in

                                           ttt t
                  tt t
         tt            '                                                           '                     1
                     t./t. t                                                     '        tttt ...
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{he coastal cleveloprnent of the Japanese Islands, and owing their

origin to a subinergence of land since the end of the Pliocene Epoch,

the peninstda lie$ in the midst of a fiat sea basin on the western

continuation of the Inland Sea occupying a depression between North

and South Kyushu, and l)as a comparatively simple elliptical outline

with the longer axis ly'ing' from NNE to SSW, except the western

side whlch is encroached on by Chijiwa-nada or Tachibana-waii. The

almost perfect eliiptical curvature of its north anc{ east coasts is clue

to the coiiical elL'svation of Mt. Unzen in the centre of the peRinsula.

The gentle slope here merges into ic flat plain and dives under the

waves of the Ariake Sea aRd Shiniabara I3ay. The southwestern

proiongation has a more crooked outline than the main part and

terminates in the small but well protected natural harbour of Ktichino-

tsu, with Sezumezal<i, the southern proinontory of the peninsula. Along

the coast we find a succession of cliffs of soft Pliocene beds which

were undermined by waves and form'ed a narrow submarine platform

exposed at Iow tide.

    The encroaching of Chijiwa-nada on tlie east of a line drawn

southward from the necl< of the peninsula at Ainotsu on the east of

Izahaya, is most probably partially due to a subsiclence of the western

half of Unzen-dake, an episode in the history of volcanic and seismic

activities maRifestecl since the encl of the P]iocene epoch in the region.

    The geology of the peninsuia was first accurately mi,pped by D.

Yamashita, geologist of the Imperial Geological Survey, who preparecl

Kumamoto Sheet, Scale i : 2oo,ooo, in t8gi, and an interesting history

of the active volcano UnzeR-dake was compilecl in his explantory tcxt

accQmpanying the map. But we oxve to :Prof. D. Satoi) and Mr. I.

Komada2) fuller information on the structure and geomorphological

evolution of the volcano, and especially to the latter, a detailecl map

    i) Unzen-I<wazan (Volcano Vnzen) I<yoiku-gqho, Vol. XIII. ig22.
    2) Unzendake-I<L"'azan Chishitsu-cb6sahoT)un (Report on.geology of Volcano of Unzen-
dalce). Report of Imperial Earthguake Committee. No. 84. Igi6.

                  '
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"so,ooo, published by the Imperial Earthguake Committee in igi6.

I give the geological map on a reduced scale and corrected by means

of Prof. D. Sato's data in the annexed plate (Pl. VI).

    As we see in the geological map, the vast mass of hornblende-

andesite of Unzen-dal<e occupies more than three-fourths ofthe peninsula,

while the southwestern prolongation alone belongs to Pliocene forma-

tion with associaled basic volcanic rocl<s. Some of the Tertiary strata

are found bearin.cr plant fossils, probably cohtemporaneous with these

of IMIogi, and others coiitain inarine shells. A conspicuous feature of

this part is the eruptions of basalts and basic andesites, whose flatly

lying sheets give rise to plateaus on the northwest and south of the

Minamigawa.

    The volcano being polygenic in A. StUbel's sense, most of the

protuberances were formed in tli{e course of activities, after a depression

encircled with a crater-wall in horse-shoe shape had tal<en plece in

the centre of the old voicano of Shimabara. Sommas of this ruinecl

volcano, which open toward the west on Chijiwa-nada, can be traced

on the north in a ridge running from east to west with a steep decli-

vity on the soutl]ern side. Azuma-dake (868 m) is its highest eleva-

tion. The continuation of this old crater--wall on the east ar}d south

ls less clistinct. According to Mr. I, Komada, it is represented by

Nodal<e (ii47 m) and Takaiwa-yama (88o ni), but as the northern s;ope

the latter has not the same steepness as its counter-part, I believe

that Prof. D. Sat6 is i'ight in regarding Nodake and Kinugasa-yama

to represent the southern crater wali, while the depression where the

Jigol<usan are was formed by explosion through the waii. These

ruins of the oldest conical mound of gigantic dimensions have in common

a less steep inclination outwards, but the gradient is much greater than

that of the foot hiHs of detrital accumulations. The contrast seems to

be dtte at least partly to the high viscosity of the lava which has

overflowed on the blocl<-mud bed.

   .In the ineerior of the caldera so formed •we find two centres of

etuption, represented by the cone of Kusenbu-dal<e and an explosion
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  crater of Chijiwa-dake, and on their approximately meridional prolon-

  gation a depression with ``Jigokus" (E[ells), wliich owes its origin to

  an explosion on the margin of the caldera between Yadake and Kinu-

, gasa-yama later than the two preceding. This last named has numerous

  fumaroles and solfataras ever alive since the VIII century, to which

  the whole volcano owes the name "Unzen'', meaning "hot springs ".

      The group of Fugen-•dal<e (i36o m), or Unzen-dal<e proper, consists

  of a central coner Fvgen-dake, and of•a'somma encircling the north,

  west and south of the same, with peaks, Kunimi-dake and Myol<en-

  dal<e, a little lower than it. The whole conical mound of the same,

  rather aciclic and viscous Iava, has a steep slope >2o" on all sides,

  and presents a very impositig aspect seen from the east and southeast

  foot. (Pl. VIII. Fig. i.) '
      Mr. I. Komada gives besides the prominences four parasitic cones,

  of which one, Saigo-yama, lies on the northern flanl<, two others, In6-

  yama and•Maye-yama on the flank and foot of Fugen-dake on the
  east, and the fourth, Saruba-yama on the west. Prof. D. Sato bellebes

  Takaiwa-yama (88o m) to be the fifth cone that erupted on the southern

  flank of the outer wall.

            III Geotectonic Features---Earth's Lineaments.

                                  tt      In order to have an insight into the geological structure of the

  volcanic district, we have to go back to a more repaote geological past

  than the younger Tertiary epoch, when deposition of sediments and

  effusion of igBeous rocl<s took place in ghe flat sea bottom connecting

  the waters of the Inland Sea with Tung-hal or the Chinese Eastern

  Sea. As recognized by Messrs. Edra. Naumann, T. Harada and B.
  Kot6 in their researches which have appeared siRce i882, older fot"ma-

  tions building up the Northern Kyushu IMounta{ns are mostly meta-

  morphic ?alneozoic sediments intruded with vast masses of granites and

  other plutonic rocl<s. Though we lack as yet a detailed investigation

  into the nature of the rocl<s, I may be justified in assuming that

  contrary to the opinion of these niasters of Japanese geology who
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                                '
                                                  '
  deregarded them as Archaean complexes, they are homologous inembers

founcl in other part iR the inner zone of the Japanese Islancls, ancl

owe. their highly metamorphosed petrographical characters to regional

metamorphism which accompanied the orogenic process in building

the folded mountain system. Amplv'bolites. and. Iess metamorphosed

basic tufaceous rocks intercalated in norinal sediments aye most prob-

ably-,gf th.e. Iag.er ?alacozoig age, being older than, the Rha)tic, plant-

bcar.in.g..$.eries. of..Naga. tQ" T- hey. represent•-vQl.canic pro.du.ct$•.dugiii.cr.

the formation of.a geosynclinai in that age. . • . ••
    The 1)ala]ozoic terrain with intrusions of plutonic rocks seems t`o

have been subjected in later times to a compression frorn the west,

apparently in.connegtion with the formation of the insular arc of Ryti-

1<yu. The greatest disturb.ances must have happened simultaneously

with the folding of Idzuni{ Sandstone which represents nkarine sediments

deposited in a narrow longituclinal trough between the inner ancl outer

zones of olcler mountains, Bencling of chains of the yoLmger Cretace--

ous strata, inclicated in the trend of the Amakusa Islancls to the s6uÅí'h

of the peninsula, is an evidence tl}at the formation of the southern

insultar arc was of a later date than that of the main islancls of

Jcripan.

    Of the Tertiary deposits which occt.ipy an exztensive region on tl}e

north of the Cretaceous belt, the'  lowest horizon is representecl by the

Lower Coal Measure. It is xvorl<ed in Miike, Amal<usa, Karatsu and

other basins. Prof. M. Yol<oyama regarcls them .fts belong-ing to the

Palreogene froin Altt7'ia s,'ic.gptac ancl other characteristic fossils collected

in shafts and borin.crs iB various collieries of liSforthwest I<yushu. Tl}ese

early Tertiary deposits are not visible in the nei.crhbourhood of the

peninsula as is mentioned above and the sedimentary founclation exposed
                                          :on its southern part is of Neogene shalloyv sea cleposits, the same as

tl}ose at Mogi near NTagasal<i. If these be the topmost members of a

continuous deposition during the Tertiary period, the subsidence irLust

gicacVuepia.etdtal)nyedthratOJeeni.nh.sauiila9 tliOUS"ind meties at the centie of the basin
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    A noteworthy feature of the formation is a contemporaneous erup--

tioR of basaltic rocl<s, which rnarl<s an episocle of the epoch throughout

Northwestern Kyushu and the coasts of the Jcftpan Sea in Kyushu and

Chugol<u. .
    The formation has disappeared on the northeast of a line drawn

betweeR Obama and Sul<awa (Higashi-Ariye), and on that depressed

area a new epoch, prohably eariy Pleistocene, "ras opened with an

egually intense volcarlic activity which caused the accumulation of

vast masses of basic andesites ancl their detrital materials on the

basement of the volcanic district of Unzen-dake. The eruption of

l)ornblende--andesite which sgcceeded the nexv subterranean convulsion,

came to contiRue in a state not yet wholly extinguished. ?etrogra-

pliically speal<ing, the sequence is therefore basalt, pyroxene-andesite

ancl hornblende-andesite, namely, a cycle of magmatic differentiation

                                                   'with decreaslng basicity. '

    The eruption of these volcanic rocl<s has no doubt a close relation

with dislocations whiclri tool< place subsequent to the great orogenic

movement. After folding and bending of Izumi-sandstone strata mount-

ains north of the newly built chain were transverse(il with ntimerous

lines of dislocation in diverse directions By inspect{on of a general

geological map of JapaR, we can easily recognize theg.e lines or llnea-

ments in ProÅí NV. H. Hobbs' sense.

    Of the lineaments, two can be traced along lines drawn from

Kuinamoto to Moji and to Karatsu. They represent two sides of the

triangular Tsukushi Mountains, which are again cut by less marl<ed

lines into separate blocl<s. These and the leading directrix which

runs from Saganc--sel<i to Misumi on the northern rr]argin of the South

Kyushu Mountains bound two sides of two depresseCl areas between

two major blocl<s of mountains in the island. The one on the east

has also a trlangular outline, but is occupied on its western part by

the extenslve voicanic districts ef Buzen, Bungo and Higo Provinces,

and the other on the west by Unzen, Tara and other small volcanic

centres. It is interesting to add here that parallel with the main
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lineament of NW-SE trend, we find a second drawn parallel from

'Fukuoka SE-wards. The line divicles the trlangular northern block

in two parts, and has in ..its prolongation the gigantic volcanic centre

of Aso, a,s is tlie case with Tara and Unzen which are located on a

line parallel to that clrawn between Karatsu and Kumamoto.

    If3eside these lines we notice a line of dislocation with NE-SW
ti:endi in •the• coast !ines of Nagasa.1<i Peniksula a!id of Amakusa •a•nd

other• iSlands •of• H•igo Province, •and another is-traced' in -an equator'ia1

trend of Iines joining Imari and Kurume, cftnd Nagasal<i and Kumamoto.

The former when produced eastward coincides with the fauit scai'p of

Minawa-yama, while on the latter ai'e locatecl Unzen and Aso, which

have again in their interior several craters alligned in the same d{rec-

                                            '

    There is a third iine recognized by Messrs D. Sato and I, Komada

in the volcano of Unzen, The line joining Saigb-yacna and the central

cones, trencls in an approximately meridional clirection.

    I believe I can see liere in northwestern Kyushu four systems. of

lines of disiocation or linearnents which are marked more or less

distinctly with approximate trends of N-S, E-W, NW-SE ancl NTE-SW.

They are of course not always expressed svith the same degree of

shaypness, as that with which I have attempted to plot them in the map

annexed to the present paper (Pl. VIi). They may reinain problem-

atical for ever to sceptical minds. I am however convincecl that

there is in this case the same validity of inferences that Prof. W. H.

Hobbs so eloquently expouncled in his Principles of Seism{c Geology.i)

My own observations on the earthquake in Northern Omi in igogS')

confirnied the same view that orotectonic and• seismotectonic lines

coincicle with one another when the sites of disasters are plotted in

detail on a topographical map, and this time voicanotectonic lines in

                                                         '    i) Gerlands Beitrttge zur Geophysilc. Bd. VIIIL I+Ieft 2. i.eipzisi, ic)o7.

    2) K6n6 shinsai ch6sa-hobtm (Report on the Earth(tuake of Omi and Mino) publishecl

in the Meteorological Station at Gifu. igog, .
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addition to them seem to have played an importafit r61e in the locali-

zation of damage in the peninsula. .

             '
            IV Evolution and Structure of Unzen-dake.

    From the brief oro.crrapl}ical description of tke volcano given above

it is clear that the first and most intense activity was manifested in the

extrusion of hornblencle-andesite lava which piled up on the foundation

of breccias ancl tuff of-the same rock into-a cone of gigantic size. It

was however stibsequently destroyed and reducecl to a caldera, The

clemolition of the cone seems to have been caused partly by exploisions

in a iater stage and partly by the downfall of its central and western

parts. I believe the latter process to have been of an importance not

to be overlooked.

    In tlie second period of activity which followed the deniolition,

the eruption tool< place in the centre as before. I<usenbu-yama and

Chijiwa--yame were formed in the process. The explosions of the

latter and Jigokus ofi the margin of the caldera represent a declining

phase of the act{vity. Most of the parasitic cones probably came into

existence in the ,same phase.

    The third period xvas marl<ed by the formation of Fugen-clake,

which was extruded on the eastem rim of the caldera. Eruptions

recorded in the iast three centuries have been chiefly located on the

cone, especially on its eastern flanl<, and have obviously been much

inferior in intensity, for the eruptions have been of intermittent character,

while the explosion crater of tlie Jigoktis still preserves numerous

fumaroles vL,hich have been persistently emitting- sulphui'ous fumes for

more than •a thousand years. This fact points to a steady decline of

volcanic ener.cry in the district.

    A noteworthy feature of the activity is the persistence of a magma

of the same petrographical charactei' throughout the thi`ee periods.

The lavas of the first period do not essentially differ from those of the

most recent dates. All of them belong to hornblende-andesite with sub-

ordinate amoLmts of hyperstl}ene, biotite atid auglte. Their content of
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silica varies from 63 o/o to 68 e/o. In this uniformity of the products

of eruption they stand in stril<ing contrast to the adjacent volcanoes

of I<yushu. Tara, Aso ancl others exhibit more or less dlstinct varia-

tlon in their successive extrusions.

                                               '
            V Historical eruptions of Uuzen-dake (1). •

    The discovery of the hot spring of Unzen is attributed in local

tradition tQ Priest Gyol<i •in 7oi A. D. Since an authentic recordi'

mentions the name of Unzen-nO-Karni or "God of hot sprin.cr" in

Hizen in the list of promotion of 86o A. I)., the numerous fumaroles

must have been well known as health-resorts a lon.cr time before that

clate. We cannot however conclude wlth certainty from the promotion

of rank of a Shinto temple that it immediat.ely foliowed an activity of

the volcano in question, though a lil<e proceclure was tal<en in the

case of Fujt' ancl Aso which were active in the Iast half of the same

century. .
    According' to the anonymous chronicler of Sl}imabara-taihenl<i,

budclhlst monasteries fiourishecl at Unzen at the time of the incursion
of'  K'hublai--I<han's army in i28i. Vkiide tracts of land in the peninsula

were then owned by priests. The monasteries were clestroyed and

the land was confiscated in the XVI century by Aritna, tl}e most

powerful Daimyo of Hizen, who was converted to Christianity. During

the age of missing records the volcano seems to have been quiescent,

or not in a state of activity violent enough to livh in tlie memory of

the inhabitants of the neig. hbourhood.

    The first record of activity of Unzen is the eruption which began

in i6s7 (3rd yeat' of Myorel<i) and continued more than twenty years.

The chronicler of this eruption says:

    "About a hundred and thirty years ago (recl<onecl from about

i7g3), w• 1ien Koriki-Sakonnoshogen was governor, Fugen-dal<e was in

eruption. It glowed for several nights so intensely that people in the

                         '
    i) Sandai-jitsuroku (IÅÄIistory of the ri"ln'ee Generalions). Book IV.
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northerR part could dispense with a lantern or a torcli. The blx.ck,

burnt rocl< (lava) can still be seen on the right on the way leading

to Fugen. At that time a fiood came down from the uplands of

Antolgu aBd Fukae to the viHages, causing darnage to the farms. It

is said, the present waterless river bed marks the course of that

flood ".

• . Toshiyuki Kanai, who compiled local documents and inf6rmation

with unusually sound criticism and insight in connection with his

personal researches in the field, says :

    "The eruption of i6s7 tool< place in the community of A(iye.

The lava is now l<nown as Furuyal<e, "olcl lava", of which the site

is found in.the valley betvareen Yemaru and }'Iando-iwa. The course

of the cou16e is mcarl<ed by a ridge of ruggecl rocks raised from the

ravine for some hunclred metres. In the following year a fiood fgoin

the upland (probabl>' Al<aniatsu-dani) of Ful<a>'e and Nal<a-1<oba over-

ran the two villages, sweeping houses away and l<illing more than

thirty souls. Antolat-gawara is said to l}ave been its course".

    The ]ava of i6s7 welled out froin Hando--ixva on the northern

foot is estimatecl to be i:oom long and about iooni xvide. I't is

distin.cruished by its rug'.cred relief from the surrounding" rocl<s.

    Tsvo more eruptions in I663 and i664 are recorded.

    In March, i663 Fugen-dake was in activity for five days. Kuju-

l<ushima or " rlNlinety-nine islands" which w,is the site of the eruption,

is a depression east of the centi:al peal< of the volcano. The name

indicates numerous motinds of mud or piles of ejected blocl<s wliich

had anyhow only an existence for a short time and completely disap--

peared after"iards. -                                                          '
    Another occurred between 4 and s o'clocl< on the morning of

27th January, I664. It is said tli.at a detonation was heard before

dawn, and fumes were seen in the morning. •

    There is no wonder at the rneagreness of clecuments on the

eruption of this period in spite of the recent date of its occurrence,



                                                            ' tt
2I2 TAKuJI OGAwA :---- Afoifes on cbe Volcanic anal Seis7izic
        '
                  '
if we consider that I<oril<i-Tal<anaga, Governor of Shimabara, was

exiled to Mutsu Province on a charge of maladministration. Al!

official and private manuscripts were lost with the dispersion of his

   .yetalners.
                          '
    Thariks to the proximity of Unzen to Nagasal<{ we have some

more information frgm contemporary Dutch captains about the moun-

tain. We find it in Montanus' Atlas japannensis. It consists of extracts

from• a diary..or report of Captain Indiik's mission to Yedo (Tokyo)

in i66I ancl tliat of Seldere's (or Zeldere's) a little later. It is to be

regretted that the cot}ipiler's lgtiorance of the geography of Japan and

his lacl< of prudence Ied 1}im into grave mistakes, confusing places and

dates, besides misspelling proper names.

    We find in the narrative an active volcano Siurpurama-undoubt-

eclly Shimabara-close to the great lal<e near Miaco (Kyoto), instead

of in its true position on the sea-coast near Nagasal<i.

    On his journey bacl< to Na.crasaki, Indiil< left Yedo on the isth of

A,pril i66I and arrived at Atliaco on the 2sth. " He left, eight leagues

beyond this city, near the gyeat Ial<e, the farnous Burning Mountain

Siurpurama, afterwards inspected by the Dutch Ambassador Seldere.

This rnountain is of an excessive lieight, vomits forth Smol<e and
1lames: tlie Smoke alters its course according as the win" d blows,

and beats down sometimes in such a manner, that it not only makes

the adjacent countreys at noon-day seem clouded with night, but also

smothers men and beasts.

    "Next this mountain is another, but not so high; three sulphtir

streams come flowin.c from them, whlch sometimes overfiowing, fushes

into the vallies, mal<ing a gi'eat smother and noise,....,. The countrey

round about the mountain is excessive hot, that none can stand long

there, but it will burn their foot ''.

                                                       '
    As Indiil<'passed Simonoseki on the ilth of May and landed at

Cockero (Kol<ura), whence he retui'ned to Nagasaki by the land route,

the volcano of Shimabara might have been sighted by the sailor from



Plienoinena in lfie, volcanic Dist7rict of Sliirzabara. 2i3

              '
somewhere near Izahaya. If this be the case, we can infer that the

volcano was constantly in activity between i6s7 ancl l664.i)

    We find more accurate retnarl<s in Kaempfer's book on Japan. He

says that "Unzen is a deform'cl, ]arge but not very high mountain

near Shimabara. At all time the top of it is bare, whitish fi'om the

colour of sulphur, and withal resembling a Caput Mortuum, or burnt

out Massa. It smol<es ]ittle howevei', I could discern the sfi}oke

arising from it at three miles distance ". Though it is not clear from

the account whether it referred to the fumaroles of the Ji.crol<us or to

Fugen-dal<e, one tliing is certain, iiamely, the paroxysnn,1 phase had

passed befere Kaempfer's residence in Nagasaki between i6go and
I6g2.2,

    We have here to add another passage from Montanus giving
lndiik's experience of earthqual<e {n Nagasal<i. The first shocl< on 2sth

November i66o was followed by others which continued during the

next month anci culminated in that 'occurred on 3rd of January i66r.

Its severity cou]d be imagined from such facts as "the joints of the

houses beginning to gape, the timber and walls tumblin.cr down, which

occasion'd a general out-cry in the city ".3)

    Scanty as are the documents on the eruption, yet it is probable

that the volcano was in a state of constant activity for more that ten

years aft'er i6s7, in which year it began with an extrusion of a lava

from the northern flanl< of Fugen-clal<e.

  Vl Historical Eruptions (2)--Eruption and Earthquake of 1792.

    After the last account of the state of the volcano was given by

Kaempfer, a century had elapsed when fresh activity occurred and

    l) Atlas Japanneiisis, &c. Colrected tNrnoldus l•.tc)ntanu$......English'd and adorn'd......

1)y john Ogilby Esq. London, i67o. p. 44s-44g. In the narrative Montantu ol)sriotisly c')n-
foundecl Miya (old name of Atsuta, O"'ari l'rov.) xvith IIiyako or 1<yoto ancl tl]e ferry from

Atsuta to l<usvana across lsenouini xvith I.ake Biwa, and again the ferry witli a voyage
across Ariake Sea.
    2) l<aempfer: II{storY of Japan. Trapsl. by J. G. Scheuchzer. Vol. I. igo6. p. i65.

    3) Loc. Cit. p. 439.
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  accompaniecl with eat'thqual<es it brought a tragic catastrophe to the

 dist-rict and adjoinin.cr sea-shores of Higo l'rovince. The activity com-'

  menced with shocks of earthgual<e in the winter of i7g[, It was

 followed by eruption on the top of Fugen--dal<e whicli lasted for

 several months the following year, during which a considerable quan-

 tity of lava was poured out from the !lanl<. I-'.'.xtremely severe shocl<s

 of earthqual<e concun`ed with the eruption, and culminated in the

 collapse of a part of Maye--ya!na, causing a lsitnami which inflicted

 disastrous effects on the shores of Arial<e-Seai) .
                                              '      (I) l)itec2trsorLli sliocA's were felt from Noveniber of i7g{. 'I'he first

 occurred on the 2nd of the mot?th (8th October of the 01d Calenclar),

 It was accompanied with subterranean detonatio!;. Such a shocl< xvas

 felt three or four tiines clai]y, increasing in intensity about 6th Decem--

 ber (ioth November), and caused land-slips on the soiitheastern front

, of Maye-yama. At that time however the shocks seem to have been

 more sevei'e in the neighbourhood of Obama on the westerri coast, for

 a case of two men being l<illecl by rocl<s falling on a shed was re-

 ported from Bingushi or Yamaryo on the southeast of the village.

 The absence of any record in the Diary of the NabeshiTna Family

 1<ept in Kojir6 makes us beiieve the shocl<s not severe enough to be

    ' noticed. '      Towards the end of January the detonation of mountains "west of

 Shiin.abara became very frequent .a(id intense. It was lil<ened to

 thunder or firing of artillery.

     (2) lfritL201ioii of Fit.o+eiz-elalee.. On the inorning of gth February

  i7cg22), particularly heavy shocl<s were accompaniecl with detonations

      I) XX'e find an interesting clescription of volcanic ertiptions of As:ma i}i i784 and
 Unzen i7g2 in '2iitsingh's Illustratioti of Japan (tran$Iated froni A. R6musat's compilation

 in French by Fr. Scheberl in i822). The (late of the erLiption of Unzen (pp. ioc)--ii2)
 "tas referrecl erroneously tv i7g3, and the second i}lustration of Asama (I'art I, I'l. 3) to

 Shimabara. '1'he mistal<es have obviously arisen in the compilation of the author:s post-

 humous manuscript$.
      2) Date of the tirst eruption is, according to T. Kanai, midnight of io-iith (I o'-
 clecl.< on !8th JanLTary, O}d Calendar); bttt we accept the date in the Diary and I<eport
 I<ept at l<6jiro,. svliicli is ap utneguivocal record of the daily events of the year.
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originating from Fugen-dake. At about .7 o'clocl< i'n the morning

people at K6jiro found btack smoke like piled rocl<s cotning forth

from the top of the mountain. It rained the whole day. Shocks felt

at Shin]abara were very severe during the nigl}t. On the next day
the head man of the vlllage at K6J'iro was ordered to send a farmer

on a tour of inspection but he could not go furthqr than Yazaemon-

yal<e, since the shal<in.cr of the whole mountain a.nd the emission of

muddy materials frightenecl him. Officials next send by Nabeshima,

however, reached the site on the top.

    According to their report, a depression with a diameter of about

so in had been opened by an explosion ln front of the temple of Fu.cren.

Jets of boiling water gushed more than 3om high, and with them

!arge blocks of rock and rnud were hurled up. The mud formed a

large mound at the bottom of the hill.

    The eruption was in its maximum intens{ty on the third day.

Smol<e was thrown up hi.crh into the sl<y and darl<ened it. Ashes

fel1 on the neighbourhogd of Shimabara. It gradtially subsided, and

in March tl)e emission of n]ud was only 2 in high.

    (3) ff.vlrusion of .Lava iii Anasaleo-tlani. 0n 2sth February, fif-

teen days after the eruption of Fugen-dal<e, the ground at Biwa-no-

bachi, up the valley of Anicsal<o, began to trembie and slaool< off earth

and rocks. The seconcl site of activity lies on a steep declivity about

i1<m northeast from the top and 41<m from Shimabara. Toward
noon oR the 27th dust was hurled up. During the nighr of ist March

a fiery light was seen at the spot. The consolidated biocl<s of lava

pushed out of the new vent fell clowi} to the"bottom of the ravine

with a tremendous noise.

    The head of the new lava flow, "Shin-yake-gashira" lies beneath

HaRdo-iw.a, which is a dliff formed by a sheet of lava and is separated

from Yazaemon-yal<e or Furu-yal<e by a spur called Roggi-yarna run-

ning northeastward to the hilly ti"acts of Orihashi. The valley of

Anasal<o had some hamlets neat' the mouth opening to Setsbol<{.

The cou16e crept down the valley aiid overwhelmecl the hamlets. Its
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serpentine course 4 l<m long beirs thg most rugged aspect imaginable

and dwarf pine trees are the only vegetation .crrown after the lapse of

a hundred yeat's. On both sides ravines rnore tl}an ioom deep marl<

the former course of Anasal<o-dani. Its Iower end in the mouth of

the valley has the form of a cliff 2oom xvide and som high (Pl. VIII,

Fig. 2 and 3). ,

    During the time when the Iava was welling out, wkich seems to

have lasted for many months, it presented a scene of infernal aspect

terrifying in the extreme the inhabitants of the neighbourhood. I'ushed

out by the em{ssion of fiesh red-hot meit, consolidatecl biocks of lava

tumbled down to the bottom with a crash. This sotlncl combined

with roaring and trembling coming from underground, made a tremend-

ous noise. The first terror soon vanished, however, and picnicl<ers

swarmed to the scene so that tea-houses were built for them on

adjo{ning heights. Ocacials sent from Kojiro reported on 2sth

March a crowd of spectators numbering thousands on the spot. The

governor of Shimabara hacl to issue an oi'der prohibiting people to

resort the scene, except a male representative from each family for

lnspectlon. •                               '    (4) 0tlier "uems of t'ritPtiion. Meanwhile the subterranean convul-

sion found other outlet's near the top of Fugen--dake. One was

opened on the afternoon of 2[st March at Hachi-no-l<ubo which lies

also on Hando-•is•va. It xvas follovL'ed on the 24th by the opening of

seven more outlets 2oom northwest of the same, on the side of Fur•u-

yal<e or Yazaemon-yal<e, as it was called i'n the reports of KojiiJo.

Ail tliese vents having underground communication with the crater on

.Anasako-dani, the top of Hando-iwa was torn asunder into two masses

by a rent measuring [-s rn in width across it.

    The validity of the facts compiled by T. Kanai concernlng these

eruptions is confirmed ln the report of Kojiro for 27th Apri}• We

find in the same decuments an interesting record that the distance

covered by the cou16e in 6o days was estimated at 2i clio i5 ken

(2,32o m), i. e. approximately 4o m per day.

                                      '
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    Tlie eruption svas going on, during tlie time in its full activity.

Clouds procluced by emission of vapours from these vents hung high

 up in the sl<y, glowed iR the twilight and reddened to a more fie!`y

hue during ni.crhts. The lava coming downward menaced the town of

Shimabara, which was shaken by incessane shocl<s all the time.

    (s) Earllieztakc? of 2isl April (isl Mai•c/i). At 4 o'clocl< in the

after-noon on this day occurred the severest shock hitherto felt. With

it roarlng nolses came from Maye-yama. The sound was lil<e the

discharge of guns on a Dutch frigate. Sometimes it seerned to pass

from the mountains in the centre to the sea and sometimes from the

sea to the land. Shal<en by the shocl<s masses of rocl<s and debris

fell down from Maye-yama and set the trees below on fire throtigh

the heat of their friction.

    The shocl<s were very severe and frequent for three days, more

than 3oo being counted during the night and more than ioo in each

of the next two days. They were most intense from midnight to the

morning of the second day. Six of the shocks on the first day and

four on the second put doors out of place. However the earthqual<es

subsided gradually after the third day, although another severe shock

occurred'on 2gth April (gth March).

    The destruction known at Shimabara a week aftei' was 6I houses

and store-houses, besides 288 stables and sheds completely collapsed

or badly dafnaged. Two men lost their lives by a falling house.

This time it was severest along the eastern shore between Shimabara

and Ful<aye. At Shlmabara the eaves of most buildings were shaken

down and stone walls of the castle dislodged.

    At K6jiro on the northern-most part of the peninsula it was

reported that the same shocks were felt and some ovoid gravestones,

"Ishi-d6ro" (stone lanterns), and "Torii" (stone gate), fell down,

while at Shimabara all these stone worl<s completely succumbed to

the shocl<s. i conclude from these facts that their intensity was as a

whole far greater than that of 8th December ig22, which -we shall
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     'see }ater, and also that the area of the greatest intensity was in the

                                               'central and eastern part of the district.

    A fact of importance is the formation of crevices in consequence

of the earthquake.

    According to T. Kanai, tl]e earth was rent by the earthqual<e at
                                  'several places between Shimabara ancl Antol<u. TNyo of the crevices

with a trend XV by N to }iil by S and about i km long are shown in

an old map of the town copiecl by the author. They ran across the

castle and were at first only a few inches wide, but widened with

the increasing intensity of sl)ocl<s to more than a foot. It is said that

the ground sank on the southern side of these crevices. In connection

with the fiacture underground water was subjected to a change;

springs gushecl forth on the east of the castle close to the shore,

while on the west up the hill beyond the castle, fountain-heads were

dried for a time.

    A similar crevice was produced on the west between Orihashi

and Roggi rneasuring i 1<m in the prolongation of the san:•e directibn

as those on the east.

    NVe fincl in a report on 3Ist May (uth April) at K6jiro that a

far rnore striking line of fracture was produced most probably by the

same earthqual<e. It ran from Iwoml-dal<e to the southern slope of

Azuma-dake, and thence to the north flank of Fugen-dal<e. The part

of the crevice near Azuma-dake was seen from the road, its width

being about i m.

    NVhen we join the three lines of fracture their trend and position

coincide with the lineament marifed by the depression in the interior

of the northern crater-wall.

    Anothey equally norteworthy fact is a landslfp caused by the

earthqual<e on the southeastern part of Maye-yaina. The destructive

process commenced at miclnight, when the severestr shocl<s were felt

at Shimabara, and continued for a whole month with vat'ying intensity.

The violence with which the mountain was torn asunder and thrown

downward frightened the inhabitants in the immediate vicinity, no iess
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            '                                              '
than the red-hot lava flowing clown from Fugen-dake. In the Diary

on the 22nd it is mentioned that a rumour of a coming yamasliio,

(literally meaning "` mountain-flood " or laiidslip) was in vogue among

the people in Shimabara, and put them to flight to the north and

almost the whole population except samurais abandoned their homes.

It continued for a fortnight, until the shocks and become weaker and

less frequent.

    (6) CollaPse of aPa,"l efny .iltZttye-yama. To"•Fards the middle of

May, although the lava was continuing its downward moverr)ent, both

the eruption from vents on Fugen-dake and the shocl<s and detonations

of the earthguakes sensibly subsided and appeared to have lest almost

all their destructive energy. People returned to their dwellings by

and by. It wasatragic circumstance that people who had settled

down again were surprised by the worst catastrophe in the whole

course of the volcanic activity. It was the sudden collapse of a

considerable portion of Maye--yarRa, which tool< piace on the evening

of 2ist May (ist April). About 8 o'clocl< that evenlng the towns-

people of Shimabara once more felt severe shocks of which two are

said to have been particular]y violent, and were followed by a crash

as if thousands of thtmder-bolts were united in a single stroke. After

a short time loud shriel<s were heard in the streets on the east and

south of the to"'n. The advancing front of a "lsunafni" was soon

perceived by a sentinel on the gate-way of the castle. Most of the

populous parts of the town were en.crulfed by waves which came from

the south three times in rapid succession.

    At K6jiro it is said that between 7 and 8 o'clock a loud roaring

was hearcl from the sea, the noise resembling that of the turning of a

windlass of a seine; people hastened to the shore, and saw the wave-

front raised lil<e the ridge of a hill; all the inhabitants of the villages

on the sea-shore fled to the upland without the loss of a single life.

    The scene in Shimabara after the retreat of the tsunami was

beyond all imagination. The night was rnoonless, and the towns-

people who outlived the disaster cottld not know what was the natural
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force at worl< that produced the cursed waves. When the morning

dawned, however, Tengu-yama which formed the southeastern third of

rV[aye-yama and commanded a narrow coastal plain stretching south-

ward from the town, was found to have lost its eastern half, and was

presenting a sheer wall cut in banded layers of white and recl lava.

The precipice measured some l}undred metres.

 • The rriass which ma(!e up about one•-sixth of Maye-yama, which

equals about half a cubic kilometre was thrown down on its eastern

foot in a fan-shaped liilly tract with its margin projecting far beyond

the previous shore lines. Two villages, Ima-my6 of Shimabara-mura

and Kita-myo of Antoku-mura, were wholly buried under a thick

d6ba'cle of the debris, besides the southern subtirb of the town with

its flourisking harbour, which was also devastatecl and converted to a

deset-t with pell-mell heaps of the same cletrita; materials. Detached

patches of them, "flowed mounds" as Mr. I. I<omada calls them,

swept on to the sea, and gave rise to islets which numbered froin

two to three hundred, at the time of their 'formation. Many of them

still exist along the shore east and south of the town.

    The tsunami evidently was caused by the dashing of the vast

rnass thrown dowR from Maye-yama into the sea. A circumstance

which made the effect more serious was its coincidence with the hour

of spring tide whlch is gh 2om at the roadstead of Shimabara, and

of which the range is nearly sm.

    As to its amplitude, exaggerated heights, above 3om, were given

in an official report of Shimabara. According to an estimate by T.

Kanai, however, of the three waves, the second which was the highest

did not attain more than Iom at Sliimabara. Their destructive force

can be imagined from the following passages in the report sent from

Shimabara on 3rd June:

    " Two strong shocl<s of earthqual<e were felt a little after 8 o'c!ocl<

on the ist of the month (2Ist April). A higli hill called Maye-yama

in the suburbs was torn from peak to foot and fell down. A moun--

tain-fiood' ln concurrence wlth high waves driven in from the sea,
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swept in a moment over ail the dwellings of the merchants in the

town. Debris were caryied out beyond the shore and piled uf) lnto

innumerable hillocl<s, of which was foi'n)ed an embankment about 41<m

long a distance of i 1<m from the previous shore. A dozen of seashore

villages lost all their habitations. In front of the waves, trees which

had trunl<s more than 3m in circumference were either wrenched off

at half their length or entireiy•uprooted. It is not yet certain if half

of the population in town and village counting 27,ooo survive..1.,..

    "After the great catastrophe Maye-yama is still incessantly deto-

nating and trembling, and debris falling down. IRuins of habitations have

been entirely wiped out and their sites are not to be made out. Places

devastated by the sea waves as well as those overlain with mounds of

cebris have marshy ground or ponds in their depressions......"

    In another report despatched to Yedo a week later it is stated

that "the landslip of Maye-yama continues with varying intensity.

Mud which is being incessantly forced out from the lower end of clefts

is fi11ing up hollows with a noise iil<e boiling water. The issue of

mud is increasing in violence in the clefts in the middle..,.... At a

place called Uye-no-baru at one end of the rent, water gushed otit

from seven wells so copiously as to convert the surrounding ground

to a marsh. The eruptions of Fugen-dal<e, Anasal<o-dani, Hach{-no-

kubo and other places seemed for a time to have subsided, but renewecl

their violence, and the lava daily advances 2o-3oken (36-ss m) towards

the town. It is feared from this that it may reach the castle or pass

north of it to the sea, cutting off lan(il communication xvith the town ''.

    Accordin.cr to the report of i2th October (27th September) 'the

damage caused by the tsunami in Shimabara alone amounted to g,72o

men dead, 7oo wounded, 3,347 houses and 2,ooo other smaller build-

ings swept away. The devastated shore measures 761<m from Saigo

to Oye. In Amal<usa 343 men were drowned, and 373 houses and
43g sheds swept away. In three districts Udo, Al<ita and Tamana of

Higo Province, 4,6s2 men were drownecl, 8ii wounded and 2,2s2 houses

swept away. The total loss of life there was more than is,ooo,
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    The high figure in the loss of life was brought about by that in

the town of Shimabara, which amountecl to s,2si dead. Its cause was

ascribed to a grievous mistal<e on the part of the sentinel on tl}e main

gate--way, wlio closecl it between the first and second rushes of the

tsunami, and cut off free access to the height in the castle at a moment

of imminent necessity. It is said that iMatsudaira-Tadal)iro, goveynor

of Shimabara, conscious of his responsibility, committed suicide shortly

after the accident.
                                  '
    On the nature of the catastrophe, opinions are divided between

geolo.crists and sei`smologists. Messys. D. Sato and I. Komada seem to

conclude from the externa} form of Maye-yama that the collapse was an

effect of a volcanic explosion which tore the mountaiR and threw

rnasses of debris into the sea, in a manner similar to the formation of

explosion craters met with in many volcanoes of Japan. Such a horse-

shoe-shaped depression is however not limited to a crater formed by

explosion alone. We have a typical example of the formation of a

crater-lil<e depression in Handa-yama in Iwashiro Province, where

landslips are yearly degrading the centi'al part of a conical hiH of

liparite or clacite.

    As Prof. F. Omori pointed out to me there is no record of symp-

torns in the present case, lil<e a fali of ash or an exhalation of vapours

at high temperature which ought not have escaped the attention of

eye-witnesses at tlie time of disastei'.i) A casual notice made by T.

Kanai on the warmth of the wave is uticloubteClly influenced by the

opinlon of a Dutch captain whose advice a doctor of the town asked

496,

 i)

Jan.

  (i)

  (2)
  (3)

  (4)

I notice in 1'rof. Ji'. Omori's ar{icle, Unzen-dalce and Shiruabara ((laktigei, ITo.

I923, Pp• I24-I25) the follo"'ing points in stipport of his view:

 No fall of ash xyas recordedin l<yughu, Shikokti and Itlonshti, whiÅëh are on the

 east of the volcano an(I ottght to have suffered its damage;

 No detonation was heard except in the immediate neighbourhood;
 Contrary to the usual course of eruption first phase with earthc}uake and emission

 of vapour; second Nstitli explesive activity; and third with lava extrusion.

 )Å}<To record inclicating the collapse as an effect of the volcanic eruption.
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on the occasion. But the hypothesls of' submarine eruption, as was

proposed by the sailor, is wholly unfounded.

    I ascertained from the documents at K6jiro that the earthqual<e

of 2Ist May was much less intense than that of 2ist April, which

caused the destruction of Maye-yama, because no shock was recorded

either in the diary or in the report, though a loud roaring of the sea

was mentioned, as we have cited above. Another fact of importance

is a curious experience of a watch-man of a rape-seed farm in Uye-

no-baru during the night of 2Ist May. T. Kanai gives his accotint

that "at s o'clock in the morning, wheii severe shocks of earthqual<e

felt since the previous evening had subslded, he looked rouncl in the

darl<ness and was stril<en with the change in the surrounding topography,

in spite of his shed and farm 1<eeping the same relative position.

He heard the roar of the sea in his imraediate vicinity and found iR

the dawning that both the shed and the farm had been carried from

their upland site more than one and half kilometres toward the sea-

shore. •    From these considerations I think it evidently untenable to inter-

pret the catastrophe as aii effect of explosive vapours imprisoned in

the immediate substratum of Maye-yarna, or to regard it as "an

example of a simple volcanic explosl,on in consequence of an extreme

tension of volcanic energy in accumulation."i)

    As we have stated above, the landslip began at the same time

as the severest shock on 2ist April, when people already felt the

rr,enace ofa ``yama-shio", though they never thought of a far more

terrible tsunami concomitant with it. It seems not to be doubted that

the meteoric water had played an important r61e in the process of

demolition in this case, as is common in all iandslips. A table of the

inean monthiy rainfal} at meteorologicai stations in the surrounding

    1) I<ornada, loc. Åëit.
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region shows a maxirnum in April.i) After the formation of numerous

crevices, of which many reached tlie core of the mountain a coplous

quantity of meteoric water must have found lts way to the depths,

while the whoie surface on the flanl< and foot s]oping to the shore

was during tlie same interval of time macle pretty wet, so as to have

attained a degree of plasticity which prepared a ground for the gliding

of detached rnasses in the next severe shock of 2Ist Ma.v. The trans-

portiation of a xvhole farrn in Uye-no-baru speaks eloquently for.a

rather .crentle movement of a portion of the foot-hill slope during the

downfalI of the main masses of torn mountain. As for a rapid move-

ment of the latter it is not difficult to estimate from tlie altitude of

more than 2oom an acceleration of velocity of the rnotion on its

reaching the beach. The presence of plastic clayey substances is

unequivocally $tated in the Shimabaya report above cited.

    The collapse of Maye--yama and the tsunami in the Shimabara Bay

as its consequerice have their common cause in one of the landslips

followln.cr severe shocks of earthqual<e which loosened the mass of the

moiintain and faclliated the circulation and percolation of meteoric

water lnto lts core.
                                       '
    (7) S2tbseg2tt'iil eruLiOtions, eartiiaua/,.es afntl landzlslq'ps. A!though tlie

collapse of Maye-yama was tlie climax to the svhole course of events

caused by the act{vity of I-"ugen-dal<e, we have detalls of its latei'

behavior which wete recorded by vigilant reporters at Shimabara and

K6jiro. It is evident fronk the documents tl}at the volcanic eruption

did not cease until some years after the catastrophe.
                                                   '
    Two more eruptions tool< place from the top of Fugen-dal<e. One

on !gth July (ist June) was so violent tliat ash was reported to have

    i) Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Total
 I<umamoto 67 77 I28 i76 i7rt 34I 281 i7o i6g io7 67 56 !8rimm
 Saga Sg 7s ms I84 r5S 326 277 I48 J82 Ios 6s 53 I753inm
 Sasebo 77 8s i34 2oi i75 3so 287 2o2 2o2 ii6 88 7r) ic)gomm
 Nagasalci 78 86 i3o 2oo i7c) 33o 242 i6g 2tg ilg Ci 8S i9r)2MM
 Izahara g8 S8 il{6 2r)i ig6 r,5r, r)4s 274 27o.. i43 9o 77 2302MM
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faIlen on Sembol<i, and stones of consiclerable size to have been hurlecl

up. The diatneter of the new crater measured 7om across, and was

widened southward by the next eruption of isth August (28th June).

Roaring and shal<ing of the mountain is said to have been very violent.

In the ]atter eruption a prodigious guantity of smol<e was also emitted

fyom vents on Hachi-no-l<ubo and Anasal<o.

   'According to the reports at K6jiro, the activity' did not sensibly

subside until September, and renewed its violence on 3rd IFebruary,

i7g3. The ashes accumulated so thick near the top as to make it

 impracticable for otlficials sent on 24th March to 'approacl} the crater.

The last report concerning the volcano, which is dated 8tli Aprii,

states that the detonatlon of the mountain had Rot yet ceased.

    Besides these records T. Kanai mentions an eruption which is said

to have tal<en place three or four years iater. In "Odake-jigoku-

monogatari ", a worl< of doubtful authenticity, we find an eruf)tion so

late as i7gg, in which year a violent eruption took place between

May and June. Two large craters opened on Odake (Fugen-dake),

and mud and stones fell on Antol<u arld Koba.

    The lava-fiow of Anasako had not come to a stand-still at the

end of Augtist i7g2, but it no longer menaced Shimabara. .

    The after-shocks of earthqual<e of 2ist May came to an end in

ten days, and detonation was reported to 1iave ceased on 6th June.

A shocl< which occurred two days aftey, was not severe. Another on

27th June (gth May) seems to have been severer, for a crevice about

one metre in width was produced on the southern slope of Maye-yama

in the commune of Antoku, and the mountain itself was wholly shroud-

ed with dust for some days.

    Frequent shocl<s were furthei' felt in Shimabara and Miye, during

the violent eruption of igth Jul\. They did not cease for a fortnight.

Another severe shocl< is said to have occurred on i.st August (rsth

July). 0n the afternoon of 3Ist January i7g3, one more severe shock

is recorded in the K6jiro report. '
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    I.andslips of Maye--yamca were several times mentioned during the

whole interval up to the spring of i793•

    A retrospect of the volcanic and seismic phenomena which were

manifested in the iast eruption of Unzen in Il"g2 mal<es it evident that

the activity had a character differing from that of eruptions ef other

Japanese volcanoes in the particular severity of the earthqual<es in its

xvhole course. Tl}is fact teackes us that the s{gnificance of earthguakes

in the demolition and remodelling of a volcano in its Iater phase of

activity js not to be overlool<ed. 9uestion cafl indeed be raised about

many so-called explosion craters shown as such in reports on Japanese
volcanoes, in'  which traces of explosive activity are not ciearly proved,

provided the same seismicity is prevalent in the same phase in all of

them as in Unzen. I shall discuss in the concluding chapter of this

paper the significance of this in connection with the cycle of evolution

in Japanese volcanoes in genera].

                                            '
             VII Earthquake of 8th December 1922.

    The district liad been comp.aratively free from subterranean disturb-

ances for.rnore than a century since the great volcanic activity

of i7g2, when in Iast I)ecember occurred a shock of earthquake

of a gi'ave character, almost equal in magnitude to that of I<uma-

moto in i88g. Of local shocl<s previous to this, that in igog was

the only noteworthy one. The earthqual<e occurred early in the

morning on i6th August, ancl was accompanied by I7 detonations

in 24 hours. As two of them concL:rred with particularly severe

shocl<s it caused a panic among visiting foreigners, but was of no

serlous consequences.

    The fact that the seisniicity in the district has a characteristic

peculiarity of its own and is greater than that in the city of Nagasaki,

however, is obvious fyoTn the table of sl}ocl<s originating in the neigh-

bourhood of Nagasaki which has been prepared by IVIr. Goto, former

chief of Nagasal<i Meteoroiogical Station and annexed to Mr. I.

Komada's report. In this interesting instrurr]ental record we find that



Plieno7•nena iii llie wolcanic of Distrlct Sthifnabara. 227

Date

 I9Z4
January
)•larch

tXptil

22
7

3]

  
  
  
  
  
  
  
  
  

 ,ll

r!'inle of first

     .  motlon
=

Remarks
IR

I)ate

June
July

August

9z
Il:

s

rl

.-7

!:

9

1}

;;
ii

'
:l

lii

9l ,

l

hm4 4I
4 I7

15 S8

 9 go
n 3'3
2:3 l3
IS L7i

 I 32
 r 3S
co o7
IO 24
;4 36
23 42
23 43
 7 oc)
lo 5r

s

4I
OI
I6

ll

i

l

i
i

Nagasa, l<i,

'l'ol<itstl

.Nagasal<i

Unzen
Unzen

l remo
Nn. gasalci,

Shimal)ara,
Minan}i-Arima
           'Utizen
     ,Yagami,
Tzahaya,
Obamat,
Yenoura

I•I

    I

'Auulist
  b

;8

IT

re

e"

:t

I9

)!

           r '1'inle of t-irst

l Motion
'

li'
iii

E

  ms tV4 4S
 o5
  r)o ny
  o.1 -x) -  r6 -
  24 -
  3o
(about)
  5c) 26
  I9
  l5 4-S
  28 og
  27 53

Remarl<s

:ig
se

i'g

f 34 28

 4 30 -
  (al)vut)

r9 2rb 02
p.2 r)8 3o
 I o:g -
 7 5o -
  (abeut)

 8 2T S4
lo 5s 16
II 55 l7•
 6 I4 03
o-r, 26 36
 2 45 4I
20 59 32
23 IO 34
 S 47 47
17 22 ny
J7 3I r)o
i8 28 -
J9 12 ny
ic) I8 -
20 35 I3
22 OI 44
 2 42 24
 2 44 09
 4 43 23
 7 56 2I
17 29 07
17 44 58
I9 2I 33
5 39 --

l

I

Nagasa, l<i

TLNITagasitki,

'I'ol<itsU,

Kame-dal<e
N' agas it ki,

U}nzen
Unzen (")

Urizen (N)

\agami

Ui)zen

Unzen

tTnzen

Unzen

(D

liil

I  /11

I

}

Nov.

I)ec.

I9IS
Jan.

Feb.

Mar.

EALpril

ll
l8

l
g
E, :l

tt

l
t)

1'i''

t!

I2
L)4

L)5

'z

 -)

g;

42
iil

L)S

f)

2   E

I

E

l

 g 22 s6
io 48 36
2r, 4I ss
I5 I5 24
 5 56 22
j2 o6 o3

 8 L.s 3o
t6 r)6 o8
 5 53 3i
21 3r) C9
2I 40 IO
23 4I 38
 6 43 o"s
 2 3s r)6
Il 49 37
 g o8 44
r7 3o ,l.c)
22 44 5S
 o 23 23
 O 30 22
IS s6 26

ti

i

l

l

i

;

'

E

]

F

]

I

t

23 57 II i'
          l
          I
          I          l          /sl•

li
   SO LVtc>

i8 o3 45
IO 44 43
o oo o:g

 o Es r,8
 o ty7 48
 O 50 I4
r! r)c) 5i
I5 2I I3
i6 47 55
 2 o4 54
 6 lr, I3

E

I

Unzen (V•)

Ki. -t- ML
   1rl"akaku-gori

Nagasaki

Nagasaki

Nagasa3<i

Nagasalci,
xx'hole "ifi.

'1'akaku-gori
Mi. Tal<alcu-

gorl

Nagasal<i
<l)etonation),

Omura

Mi. Arima

Nagasaki
(Detonation),

Na` g. asal<i

Nagasal<i

3l-[ Not recorded
Beside these

 in seismometer in Nagasal<i.

several yibm.tiQns of obscure charactev.



228 TAKuJi OGAwA:- Alotes oiz tiie l7olcanic antl Seismic

I6 of gg such shocks in i6 months from January igi4 to April igls

have their origin in the district, and Io in the vicinity of Unzen.

    The earthqual<e of last December hada lso its precursors, of which

one occurred one and a half months before, on 23rd October, and the

other immediately before, on the aftemoon of the 7th. The main shock

which caused considerable damage and loss of life in the peninsula,

occurred at ih soM a. m. about g l, hours after, several minor shocks

occurring in the intervening time. Of after-shocl<s, a v,ery strong one

xvhich occurred s minutes later, and another at iih 2m xvere especially

strong, The following is the approximate time of occtirrence of the

after-shocl<s in the next 24 hours reported by the police station at

Shimabara :

     }im hm     g ii a'M' ,itiZil.f.,,}l,i,gec•gO,r,iiAZr I- 1, % a'm' Xfg.lgve"T"

     r) si IX;eal< ig io "'
     4 39 ,,• i ii o ("A) Very st..../ong
     4 tt4 Pretty strong ' 2 I5 p. m. I'retty strong.

     S 2S XVeal{ 3 3s XKreak                                i     s 3s ,, l io r)o .     ss4 . Iio 3s .
     7 2o I'retty strong i• o 3o a. m. ,,
    (:•) Thne recordeci at .NTaq. asaki was ii h 2 m.

    The total number of macroseisms felt at Na.crasal<i was iio and

that of microselsms or tremors i,7g8 up to i3th January. The daiiy

frequency was as follows :

        Date Ilacroseism M. icrcseism Da{e Macroseism AIicroseism

    Dec. 8 s2 s73 Dec. i6 2 42
          9 2I I90 I7 2 27         Io 7 ISo I8 - r)o
         ll 7 II3 I9 - I7         I2 2 6! 2o 2 2Y         I3 3 75 2I I 21         I4 I 5I 22 4 32         l5 4 44 23 - 39
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        Date Macroseism Microseism .Date Macroseism Microselsm

    Dec. 24 i 36 Jan. 4 i 8
        25 - 34 S[9        26 Ic] 6 I8        27 2 IO 7- Ic)        28 - 23 8- Ig        2g I 26 9-7         30 - I7 IO - 21        3I - I2 II -    Jan.I - lo l2 -         2- I2 l3 I         3 3 I4

    The maxlmum intensity of the princlpal shocl< seems to have

attained in Mercalli-Sieberg's scale the IX grade (devastating) in de-

tached areas, while most of the sevei'ely shal<en region iay between the

VII aBd VIII grade (very st{'ong a"d devastating). I think an approxi-

mate area comprising all localities where the intensity was higher

than VIII may be shown by t'he innermost elliptic contour of isoseist

VIII in the annexed rnap (p. 23o), and that at Nagasaki, Omura and

Shimabara the intensity was between the V (prettystrong) and VI grade

(strong) in tl}e same map. I have here to remark that the grades of

avera.ore intensity, which are shown in an arbitrary manner from scanty

and inaccurate information and personal observations, of course do not

coincide satisfactorily with particuiar facts. It is here aimed only to

give an idea of the iRtensity of thg earthquake manifested in the

district aRd its environment, because irrigularity in distrlbution of de-

structive effects defies sucli a dlagrammatic representation. -We have

to await an accurate mapping in future publications of seismologists, the

results of whose research are not available at present.

    We have at present only two papers, one by Mr. S. Mayeda and

the other by Dr. Sayemontaro Nal<amura,i) which deai with the deter-

    r) On the eartliciual<e in the Bay of Chijiwa. I<isho-shushi (.N{eteorolog{cal Maga-

zine) Ser. 2. Vol. i. 1923•
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mination of the hypgcentrum of the earthquake. Both are •founcled on

the instrumental records of the meteorologicai st.at{on in Kyushu. As

the latter, published in January, gives us interesting points stipplement-

                                              -ing my own results obtained by working on entirely different lines, I

shall cite them in full.

    As first pointed out by Prof. T. Shida, M. Matstiyama and S. Sato

in igi7 and Igi8, determination of the (ilirection of the first mot{on of

the preliminary tremor in a seismogram ftirnishes a valuable daturn for

the iocation of the centre and the distinction of the nature of an

earthtluake, iTVIost of the lnstruments installed in our ineteorolo.crical

stations being ProÅí F. Omori's sitnple tremometer without a damper,

the initial rnotion alone is free from oscillation of the instrument itself,

wh{ch has a disturbing effect on the results obtained, and determina-

tion of this motion affords reliable data for the purpose {n hand.

    In a fracture-earthquake the direction of the initial motion is found

to be opposite in stations in alternate quadrants around an epicentrum,

i. e. two opposite qtiadrants with the motion directed to, End the other

two away from the epicentrum. In a depression-earthquake the motion

is directed to the epicentrum in all stations in the immediate vicinity

and beyond a nodal circle directed away from it.

    The following are Mr. Saem. Nal<amura's results obtained by in-

spection of horizontal components :

          Nagasal<i 8.8 (S) 64•8 (E)
          Kumamoto i.s (S) 3•2 (W)
          Kagoshima 23• (S) 3•3 (E)
          iMiyazaki s.s (S) io•S (E)
          Shimonoseki s.o (S) 3.2 (E)
          oita i.7 (s) i.2 (x7v)

    We find the direction of motion manifested in these records to

be sufficiently consistent in pointing the position of the epicentrum,
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except in that of Oita, which'marl<edly ,deviates from it. Moreover it

is directed toward the epicentrum in Nagasal<i, Kutnamoto aRd Oita,

while it is away from the epicentrum in other stations. The initial

motion is therefore that of a fi'acture earthqtial<e.

    This result has been confirmed by Prof. M. Matsuyama, who gave

me at NTagasal<i almost exactiy the same view on inspection of the

same data collected in the meteorological station. .
                                t.    Another important of locating the epicentrum is by the duration

of the preliminary tremor. In the present case Mr. Saem. Nal<ainura

gives the following figures ln seconcls: fi.

      Nagasal<i 2.g Oita i7•8
      Kumamoto 7.7 Miyazal<i i7•9
      Ful<uol<a i2.o Kagoshinia i7.
      Shimonoseki I9•4

    He calculated from these fi.crures the distance from the stations of

observation in two ways, of which the first results, calculated by Prof.

F. Omori's formula are:--

        Distance from Distance from
      Nagasaki 2I.s l<m Oita I32
      Kumamoto s7.!. Miyazal<i I33
      Fukuol<a 8g Kagoshlrna i26
      Shimonosel<i I44

    The distance of the epicentrum obtained from observations at Na-

gasal<i and Kumamoto alone is of nearly the same value, namely, 24 km

east from Nagasal<i, and s or 6 l<m off tl)e coast of Obama. The result

further coincldes with that obtained from calculation by the duration

of the preliminary tremor and the clirection of its initlal motion at

Nagasal<i alone, made public by the meteorologlcal station soon after
.Its occur!`ence.

    As to the second and greater shocl< of iih 2m p. m., its eplcen-

trum was rnost probably shifted northwards from that of the main shock

of ih som a. m.
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                                                       '
    To stim up the resuJts obtained by Mr. Saem. Nal<amtira, the

earthquake was evidently of a tectonic origiii, and its epicentrum lay

in Chijiwa-nada, some kilometres off the northwestern coast of south-

western Shimabara.

    This conclusion is at variance w•ith the view of Prof. F. Omori,

from whom I obtained ii}formation orally at Nagasal<i, when he was

still engaged ifi field observation. The division of opinion appears to

'be chiefly due to difference in interpretation of the preliminary tremors

in seismograms. According to I'rof. F. Omorl, whose calculation has

been lately made public, the result is as follows: .

   Station Duration of pre]in} l)istance                                         Direction of prelim.                                                        Depth
               treMOii fromdahypoc. fromepic. tremor. Icm.

  Nagasaki 6.6 4g 34.6 E60S
  Kumamoto s.o sg 47.s W2oeS 34.s
  I<agoshima i8.o i33 i28.s SIo"E

    He located the epicentrum abotit 2km northeast of the vlliage of

Tanigawa and 2.s km west of Higas}ii-Ariye.

    I owe to Prof. M. Matsuyama the interesting piece of information

that in Kumamoto the initial motion of the second great shocl< was

directed eastward in opposition to the fust. This was ascertained by

Prof. T. Shida on inspecting the seismogram of Kumamoto. The fact

points to the second shocl< most probably being of a diffei'ent nature

from the first, for we see here the existence of a noda! circle having

a diameter greater tlaan the distance of Nagasaki from the epicentrum

but smaller than that of Kumamoto from the same. The second shock

can be inferred to have been a depression-earthquake.

    This is a slgnificant fact giving an insight into the mechanism of

the subsiclence in the zone of the In}and Sea and its continuations on

the vrest and east. It is not limited to being a l<ey only for interpre-•

tation of the formation in the surrounding sea fioors of the peninsula,

but can be extended to the case of the whole region lying between

the block mountains df the outer and inner zones of Southwest Japan•
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                                                     '
 The process is evidently that the first phase is the formation ofa

 fracture and it is natui'ally followed by t'he subsidence of blocl<s so

 torn asunder.
                   '     In the present instance, a subsiclence seems to have occurred on

 the north of the block forming the southwestern I}liocene plateaki of

 the peninsula, subsequent to the formation of the fracture on its north-

 eastern periphery.

     (3) Zke effccls of tlie sliocles-The magnitucle of the earthqual<e'

 can be imagined from the following newspaper reports.

     In Nagasal<i the main shock of ili soM a. m. was accompaniecl by

 a detonation and was so severe that many people fied from their houses

 ii} dismay. Several cases of small damage were reported in the city.

 Among these tlie most noteworthy was the formation of a fissure in

 the clocl<yard of the Mitsubishi Company. The crevice is said to have

 been 2s rn in length and 3cm in width. The main iron pipe of the

 municipal aqueduct with a calibre of !o inches was brol<en in three

 places. Bricl< buildin.crs of forei.crners and other .bricl< ancl concrete

. walls ware cracl<ed, and some chimneys fell down.

     At Yagami, 4km NE of Nagasaki, a bridge was brol<en by the

 shocl<, ancl at Tayui, 2l<m further east, on the coast of Chijiwa-nada,

 damage to a dwelling was reported. Ae Izahaya, the plaster in the

 corners of the waHs of most dwellings was cracl<ed. At Oneshima, a

 vMage situated in a low alluvial plain, the dainage was much more

 serious, for a dwellin.cr wholly collapsed and another was partly clam--

 aged. The level of ground-water in the same village ",as disturbed

 by the shocl< for a weel<.

     In the north of the peninsula Ainp-mura sufferecl most severely,

 with one clwelling and 8 sheds l<nocl<ed clown, and at Yamada-mura,

 4 sheds fell, but all the north and northeastern coastal villages from

 Moriyama to Ful<aye were exempt from devastation by the earthqual<e.

     Tke limits of the violent shock in the peninsula are approximate-

 ly conceivable from a report that the telegraphic lines were broken in

 the south of Ainotsu on the west ancl at D6zal<i" on the east. Within
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                                             '
the lirnit, the shock at Chijiwa, Futsu, Ful<aye, D6zal<i and Kuchino-

tsu "'as of about the sarne degree of intensity. Disastrous effects are

manifested more stril<ingly on the southeast from Higashi--ariye south-

westward. Btit even here the sites of devastation are limited to par-

ticularly treacherous alluvial ground on stream beds. Most of the

habitations lie on the margin of a plateau wlth substrata of volcanic

accumulation or Pliocene tufaceous saRdstone, and strand villages on

an abraded platform of the sa, rne. The comparatively low number of

buildings destroyed is therefore partly due to firmness of founclation

and does not indicate that the shocls's w'ere ofa Iesser grade ofintensity

than those which ravaged regions of flat lands with pacldy field, as at

Mino-Owari in r8gl or NortherR Omi in igog.

    (s) Seisnio-leclonic lines revealed by cbe sliocks - Among the effects

of shocl<s on the surface, the visible fractures are the most important.

They have been reported, in the most of great earthqual<es which hav6

occcrred in the last fifty years in Japan. Since the intensity of tl}e

earthquak'e of the 8th December was far inferlor to that of Mino-

Owari, of Shonai or northern Al<ita, the fractures are not so conspicu-

ous as to attract inexperienced people's attentioR. Immediately after

the accident, we founcl in the newspapers only a few reports on the

forination of crevices. One of these reports i'elated to the crevices on

the embankment of Suwa-no-il<e (Pl. X, Fig. io) ancl Hil<imuta.

    I found another more impoytant one on the left banl< of a stream

a few hundrecl metres south of Hashiguchi, in association witli 'devas-

tating effects on buildings in the hamlet. Here two or three parallel

crevices up to o.im wide were seen for more than 2oo rn along the

embanl<ment which trends from N3o"W to S3oOE across the high-

road leading from Shimabara to Kuchinotsu. On our tracing the

fractures northwards two more were discoverecl near their ends ; these

diverge from the former at an oblique aRgle acvoss the embankment,

and a small but sharply defined cracl< in a farm was ascertained

running in the same djrectjon as tl]e latter, with a trend almost

exactly from NW to SE. This find is of particular significance, because
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 afterwards Prof. D. Sato collected reports of-damage done to hamlets

 on the upland northwest of Tanigawa. The destroyed habitations,

 plotted on a cadastral map of the comrnune, coincide with the trace

 of the earth fractures, The line clrawn on a topographic map of

 r:so,ooo scale traverses the village of I<isashi on the opposite shore,

 where the damage was considerable in spite of tlae comparative fu-m-

 ness of the foundations of most of the habitatlons. This line is in my

 opinion one that may indicate the approxirnate position of the epicentral

 axis of the earthqual<e,

     At a distance of about r.skm to the southwest of the Kisashi-

 Tanil<awa line we find another line drawn from west of Kanahama to

 Saishoji in the upper valley of the iYrinaml-gawa, parallel in direction.

 On it there are located the devastated village of Yamabatal<e, the

 fracture of Suwa-no-il<e, the valley of Sal<ashita and the west side of

 the iow plateau extending southeastward on the east of Oye.

     I believe that there is a third between Obama and Hil<imuta

 parallei to the I<isashi-Tanil<awa ]ine, althou.crh data for the plotting

 of it are meagi-e. It is about 2.skrr} distant on the northeast of the

 latte!' line and passes through the village of Bingushi on the south-

 western flanl< of the outer crater-wall. Here shocl<s are chronically

 severe, and the only Ioss of life which was reported in the precursory

 earthqual<e of October I7gi occurred here, as mentioned in p. 2i4.

 The crevices and emission of muddy water on the shore of Hil<iniuta

 seem to indicate the intersection of the line with a remarl<able ]inea-

 ment of the equatorial Minami-gawa line. The site is further the

 point of intersection with a less ambiguous NW-SE lineament on the

 southeastern shore.

     A fourth NW-SE line is traced from Kizu on the western fGot

 of Saruba-yama through Tomitsti to Kitano-mura, en the coast of

 Chijiwa-nada. Its southeastern prolongation is indicated on the

 southern flank of the crater-wall by the Ayugayeri-gawa, which rL}ns

 southeastwards. The clestroyed habitations of Higashi--ariye are thought

'to lie on this I<itano-Higashi-ariye iine. Far more conspicuous are
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the traces of the disaster at I<itano, where the severest effects can be

located across the village in the same direction.

    The same NW-SE trend is marked in destructive effects manifest-

ed at Yamaryo, i 1<rn northeast of Katano-rnura. While this fifth line

is not made out southeastwards, its northwestern prolongation is clear-

LYoirhavaC,eedst( :rGisi.e Centi'ai hei.ghts of SaryPa-yamg with a ridge trending

                          '
    The trend is also marked in .a vall,ey and .low rid.cre on the north-

eastern foot of Saruba-yama. I found numerous cracks of the safne

trend across achauss6e leading from Chijiwa to Obama. Prof. M.

Matsuyama traced the cyevices northwest"Tard to the hamlet of Kono

in the valley, and found them traversing the foundations of habitations.

At my request Mr. S. Komal<l photographed its further prolo.cration on

a vicinal road still further northwestward, (Pl. X, Fig. io). The striking

sixth line can be pldtted on a map with one di`awn from Chijiwa-

mura to D6zal<i across the.explosion crater of Jigoi<tis to Dozal<i. I

thinl< it not improbable that the unusually copious emission of fuma-

roles reported to have been formed after the first great shocl< may have

been an effect closely connected with subterranean disturbances of this

line.

    Tombstones in a burial-ground at I<6no NN•hich lies on the foot of

Saruba-yama, were found to have been subjected to a counter-ciock-

wise rotation as shown in a photograph (Pl. X, Fig. rl).

    A fact worthy of notice is that the third (Obama-Higashi-ariye)

line traverses, southeast of Bingushi, the upper valley of Oyamada,

where T. •Kanai reported in his journal of an excursion to Unzen, the

formation of crevices in I7g2, which caused leal<age in a stream.

    As to destructive effects manifested in the periphery of the plateau

along the coast between Obama and Kuchinotsu, some sites of particu-

lariy severe shocks coincide with more significant lineaments. ' Some

destroyed habitations on treacherous ground lil<e that of Tsul<ano-yama

lie at the same time at the intersection of three lineaments clearly

indicated in the configuration of the coast. Landslips of a serious
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character on the western steep coast are atso obviously clue to the

striking meridional fracture line intersecting with the NVVr-SE line on

the southwestern coast.

    (6) Si nz;17cance of seismiciti], of lrke "c,olcai?ic dislricl----- From a survey

of the facts stated in the above pages' we can infer that the earthgual<e

of 8th December was most intense on the northeastern periphery of

the southwestern plateau, and the epicentral axis of the Kisashi--

Tanikawa ]ine may approxirnately represent' the lie of the . emergences

of a subterranean convulgLion, ancl that the adjoining northwestern and

western peripheries were sirnultaneously affectecl by the same shocl<s,

and seismotectonic lines parallel to the axis and on the northeast of

it were equally intensely shaken by them, especially to the i}orth of

Obam'a.

    An interesting rexrel.ition ls the eff"ects produced in tl)is last portion.

Wre are placed iR a position to unclerstancl the process of demolition

xvhicli is goin.cr on in the old parasitic volcano of Saruba-yama. XVe

can concludcx its topography to be a resultant form produced by shocks

lil<e those manifested in the eaythqual<e of 8tl} I)ecember.

    The inferences obtained from tlie earthclual<e lead us to consider

once more the catastrophe of i7g2, in ordet` to grasp tlie significance

of seismicity as a factor of volcanic activity. Tl}e important rC>le playecl

by earthqual<es before and during a paroxysmal outburst of a volcano

is a fact well 1<nown since the eraption of Vestivius iti 63 A. D. or that

of Sakura-jima in igl4. It is not so with Unzen. The first precursory

shocks felt in the xvinter of i7g[ were most probably localizecl on the

periphery of the Pliocene plateau, where those of 8th December ig22

occurred. The coincidence sugcrbests that tliose of i7gi were also clue to a

fracture, which originated in substrata of the plateau. The substrata

are nothing but a consoliclated reservoir of basaltic magma, from which

a more acid andesitic magma separated ancl was subsequently egtruded

further northeastward to form Unzen-dal<e. The precursory shocl<s

may be lool<ed upon as a manifestation of a released oro.crenic strain

upon the upper portion of a magmatic reservoir which was in a state
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of almost complete crystallization. In other places further northeast,

where the substrata were in a less degree of crystallinity, and contain-

ed a greater aniount of residual magma, the same strain could not be

manifested as a purely seismic activity, but the pressure being of a

more or less hydrostatic nature, necessarily inducecl a distuibance in

the magma. This view which we may safely accept as a postulate

from Bowen's researches on the differentiation of magma in its later

sta.cre of evolution, furnishes in the present case a key for a plausible

interpretation of precursory shocks which are fracture ea!'thguakes by

nature, bztt which tnerge iRsenslbly into purely volcanic or magmatic

earthqual<es in concurrence with outbursts of a volcano in its later

phase.

    The seismicity of the volcanic district of wh{ch "{e saw so much

in tlie foregoing pages, evidently indicates the present state of the

activity to be connected with a declining phase in the solidification of

the magmatic reservoir, so that the earthqual<e is losing its volcanic

character even in the youngest centre of activity in Fugen-dake and

approachin,r, what can l)e best metaphorized as unsuccessfui attempts at

eruption (veri tentativi falliti di eruzione). The earthqual<es felt in the

volcanic district in igog and ig22 are undoubtedly of the lattei' cate-

gory, though we cannot say whether or not such convulsions may induce

more serious consequences some day to come.

  '
         VIII. Cycle of evolution in Japanese volcanoes.

    rl'he volcanic activity manifeseecl within our insular empire since

the late Tertiary epoch is so muitifarious in external form and petro-

graphical character that no adequate generalisation has yet been

atterri;pted except ln some papers written by Prof. B. Koto. In prepar-

ing the present paper I tried to take into comparison other volcanoes

than Unzen, of which I had a personal experience, or about which

requisite information is reacly at hand. A preliminary result obtained

in the attempt shows that we can recognize in most of the composite

volcanic cones the vicissitudes they have undergone, which seem to
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slgnify phases in tlie cycle of evolution with characteristic features in

each of them.

    In tke consicleration of this subject I have to set aside those out-•

crops of liparites ancl acidic andesites, which belong to earlier dates

ancl clo not present xvell-defined morphological characters. Most of

the extensive masses of tl)ese rocks, as for exaniple in' Chugol<u, seem

to represeRt characters attributed to the type of a sus'face eruption,in

contrast with a linear or central eruption. Extremely basic rocl<s, on

the other hand, tal<e the'form of lava sheets, ancl their mode of oc-

curyence seems to i'equire no elaboration in deciphering their !norpho-

logical evolution.

    It is the extrusion of intermecliate andesitic lavas and their cle-

trltus that most diverse forms and structures are produced on passing

through successive phases of activity, which has either a formative,

a deformative, oi' a formative-deforrnative effect on tl}e forms acquired

in previous phases. I Åíherefore confine my attentien to these andesitic

types of volcanic mountains, which occupy an important place in the

orograpl}y of Japan. XVithout entering into the problems of the petro-

graphy of andesitic roci<s, I can say that the rocl<s in their diverse

cl}eraical and mlneralogical composition constitute the most prominene

members of a calc-all<aline family of magma, and their consangvinit>'

ls not to be doubted throu.ahout the 9uaternayy volcanoes of Japan.

    L /'/iase. ---- l)i'olo!yPe cfa stralo-d'ofie. - IR most of these volcanoes

with composite cones, their life history is not to be tracecl bacl< to the

beglnning of their existence. They can be recognized to have been

simple cones in their incipient stage of formation. Some of the volcanic

islands ln the Pacific Ocean to the south of Izti promise to offer us
          ti..
valuable data in this i'espect. Volcano Islands, a group of three islets,

l<nown to Japanese as Minami, Nal<a and Kita Iwo-jima (South, Middle

and North Sulphur islands), are of a recent volcanic origin, and sub-

marine eruptions have frequently occurred around them since the

settlement of Japanese emigrants tliere in the last th{rty years. A

settl.er in Nal<a-Iwo-jinia assurecl me in August of igi2 that a stay of
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                                        .a month should be long enough to enable one to witness an eruption

in the submarine platform surrounding the islet. The ephemeral vol-

canic island near Minami-Iwo-jima described by Prof. T. Wakimizu in

igo8 is one of many such eruptions.

    The process of formation of Moto-yatna in l al<a-Iwo--jima can be

best understood from a study of two submarine eruptions which took

place on the northeast of Minami-Iwo-jlma in igo8 and igl4. The

first eruption gave rise to a volcanic cone which emerged above sea-

level for I3g days and disappeared again as a prey to the destructive

a6tivity of the waves of the ocean. The eruptioR was repeated on

the 23rd of January rgi4 on the same site, This time it was much

more intense. White smoke was emitted intermlttently high up into

the sl<y, and attained about 3,ooom above the sea level. After three

days of continuous activity a new island about one kilometre in di-

ameter came into existence three• nautical miles to thenortheast of

Minami-Iwo-jima. Its altitude was estimated at about 3oom. The

dimensions were about twice as great as those of the lsland formed in

Ig08.

    The new island boi'n in igi4 was sighted three weel<s after by H.

M. S. Takachiho, on board of which was Mr.,T. Ogura, Row geologist

of the Imperial Geoiogical Survey. I'"lis observation was published in

Report no. 7g of the Imperial Earthquake Committee in igis. The

islet was then i2om high and about 3.sl<m (2 nauSical miles) in

circumference. It was a typical strato--cone (homate type) of an ellip--

tical outline, and had its erater placed excentrically northeastward on

the longer axis trending in the san]e direction. The foot of the cone

was in places cut into ciiffs which exposed a banding of layers of

varying thickness in white, buff and blacl<. These iayers are most

probably macle of accumuiated ash, pumice and fragments of obsidian,

while the lava which was reported to have erupted may form the

basement of the portion of the cone above the sea level.

    The eruption seems to be frequently of explosive character, and

produced a caldera-lil<e depression of the crater and other irreguiarities
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on the outward slope. The decrease in altitude during three weel<s'

incessant activity is a significant fact in the process of formation of a

volcanic cone, for on the 2sth January when seen from Naka-Iwo-

jima, the height of the new island was estimated to be one--third that

of Minami-Iwo-jima, namely about 3oom.i> It had lost therefore inore

than one--half of its altitude in the meantime. The otlier fact, that

the site of the first eruption when sounded by a surveyor of the Hy-

drographic Bureati in igri, had a depth of 233 fathorns (432m),

points to an explosive eruption to have been the principal factor iti the

destruction of the previous volcanic island.

    We find in a nautical chart a shallow of io fathoms in the same

clirection, NNE of Minami-Iwo-jirna. The spot marks doubtless another

volcanic island which had clisappeared by undergoing the same labour

Of P41'tU;'itiOll. •
    Nal<a-Iwo-jima is a volcanic islaRd which passed through stich a

stage of activity, and securecl its persistence by emerging from the sea-

level in vlrtue of upheaval of the submarine platform about 8km in

cliameter. The recency of its eniergence is. attested by tl}e existence

of reef-builcling corals exclusively belon.cring to living species on each

of the terraces of tufaceous deposits, which is successively upheaved

above the strand line.2) The terraces sevefl to ten in number have

clifferences from io to 2o in in altitucle, and when seen from the north

on approaching the islancl, its main northeastern part with a mean

altitude of Ioom presents an aspect of a low plateau common in

Tei`tiary regions in Japan. In contrast, the southwestern extremity of

the island forms a promontory with a lava cone i67m }iigh, called

Suribachi-yama or ``Mortar HilE" in allusion to its crater, but better

designated by the European appellation, Pipe Hill.

    The two parts are cdnnected by a low ridge insensibly sloping

and tapering southwestward Its surface is covered with volcanic

    l) V,Leport of tlie governor of Ogasa"'ara-jirna on the 4h of I?ebruary lc)i4. HNio. 79.

    2) Prof. T. "'al"imizu's Report. F.arthqval<e Irivcstigation Ccmnnittee NTo. s6.•igc•7. p• 6•
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sancl, and converted into a desert, in contrast wkh the higher terraces

and steeper slopes which have a ltixuriant subtropical vegetation
iil<e a savanna or a jungle. In the centre of ' the plateau, which is

encircled by three prominences of Iog, io6 and Ioi m respectively, we

find a large shallow depressioR of crescent shape with a longer diametey

of about 7oo in, and another of a circt}lar outiine 3oo m across on the

northwest of it. These depressions obviously represent older craters

buried under the accumulations of later eruptions. The two vents seem

to be located oR a line running froni northeast to southwest across the

gyeater width of the island, and its continuation is indicated by the

valiey of Higashi-mura.

    The central crater of the inost i'ecent formation is one on the

southwest of the central depression. It is a deep chasm of circular

outline with almost verticai cliffs all round. The crater and surroLind-

ing. grotmd are bleached by vapours frotn fumaroles, and their variegated

colours present an extraordinary infernal sight. Of the nunieroLis

fumaroles the most copious is a vent near the crater: it affords a

beneficient bathing place to the inhabitants of the semi-arid island.

    The sites of explosive eruptions are mostly in the siibinarinc plat-•

form but many vents seem to 1}ave come to extinction after an epl}emer-

al subae'rial activity. One of such diatremas is Chidori-no--ana, which

is said to haxre explodecl some thirty years ago. It is a hollow sonie

3om deep and isom in diameter, fillecl with biocks of tufaceous beds.

No ejected. Iava was found about the pit, except some fta.crrnents of

the same tufaceous material. The explosion was evidently of the same

character as those transient activities intermittently observed off the

shore of the island.

    A sti"ik{ng character of the islet is ,the abnormaily high tem--

parature of the ground over the whole northeastern part. In a pit

dug a feet deep it is liigh enough to cool< potatoes.

    Motoyama in the Sulphur Islands is thus a prototype of volcanoes

which have come into existence through a submarine eruption. Its

mode of formation is clearly illustrated by recent eruptions ln the
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neighboui'hood of tlie island. The same process is rnarl<ed in most

of the O..uaternary volcanoes in Japan. Their cornmon characteristic

ISndthaeggioXmPleOt?j inc' r8Vchl<isC.1i PrOdUCes variable quantities of tuffs, ash-beds

    In such a simple lava-cone as I<abuto-yama, Settsu Province, we

find a brecciated tuff bed forming the basement of an andesitic lava.

Nijo-san or Futag' o-yama west of Nara is another more compiex type.

It began with tufaceous and agglornera'tic deposits of acidic andesites

crowned with basic Iavas resernbling sanukite. The saiine sequence has

been ascertained by me in the sanul<ite of Kol<ubu in the Province of

Saiiuki.

i We find similar accumulatlons of tufaceous matei'ials in most of the

lai`ge volcanoes, of which the basefnent is exposed by erosion. Thelr
natural interpretation is found in the explosive nature of a v61canic

eruptlon ln lts lnclplent stage.

    The first phase of eruption in inost of the volcanoes of Japan is

therefore explosive, ancl its products are tuffs, breccias and agglomeyates

forming more or less well--defined stratified deposits.

    The accumulation of ejected materials may forrB a conical n)ound,

if it emerge on growing,above the sea-level. But it seems more

commonly to remain as a fiat elevation on the sea fioor as long as

lava is not poured over the baseinent of clet'rital materials. Moreover

those fiat conical iinounds composed of loose accumulations of detrital

materials are not capable of preserving their proper form for a lon.cr

time against sLibaerial degradating agencies. Hence tl]e absence of a

volcano of this type except in NTaka-Iwo-jima is no wonder in a

country like Japan, where an abundance of annHal precipitatioR mal{es

its persistence more than precarious.

    fZ .Pfiase:- Clironic actintl],-It is in the second pliase that

fragments of larger size aRd lavas are discharged from vents cpened

in the first phase. It seems natural to assume that one of such vents

comes to be widened by continuous emission of vapours and prepares

the way for extrusion of lava which lies far beneath the superficial
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layers of accumulated materials and substrata of older generations.

The formation of amain vent may be regarded as a condition of

pararnouRt irnportance for the growth of a volcano of considerable

dimensions.

    It is not always possible to descry the basai layers formed in the

first phase of an eruption in most of the great volcanoes, of which

dissectioR is not deep eRough to reveal the very foundation. But we

find more coinmor!ly a thicl< accumulation of agglomeratic materials

produced at the beginning of the second phase, In the immediate

vicinity of Unzen in Kyushu, Tara-dal<e has agglomerates or block-

muds of this stage of activity occupying the whole susono around the

volcanic mountain. The same detrital beds of pyroxene-andesite are

found in patches at Takeo on the north and beneath lava fiows of the

caldera of Aso on the east. Mr. T. Ogura considered these agglo--

meratic beds as proclucts of a repetition of explosive activity, in which

they were poured down in a kind of mud-fiow. He thought rightly

the blocl<--muds to have been originated from a vent or vet}ts of the

same volcanic centre. In• Aso Prof. T. Il<i mentioned in his report an

occurrence of aggiomerate beds of olivlne-bearing pyro><ene-andesite on

the so"thern zzrall of the great caldera. The deposits, which are of a

considerable thickness in the volcano, are a proof of violent actlvity as

a prelude to the eruption.

    The growth of a volcanic mountain chiefly depends on the inten-

sity and duration of the phase in its subsequent stage, in which

successions of quiescence and paroxysm dccur at variable intervals of

time. The process of formation of a gigantic, volcantic cone in the

stage of activity is well iilustrated on the inner slope of Myojin-yama

on the north of the caldera of Hal<one. According to ?fof. T. Hira-

bayashi, here is found along the Hayakawa a thicl< tuff bed, directly

overlain vv'ith a thin scoriaceous lava of rusty colour; here an agglomer--

ate bed of the Sul<umo-gawa being absent, the lava is followed by

UmijirNava about 3om thicl<, and by Myojo-yama--lava i2m thlcl<

with an intercalated ash bed sm thicl<. These aiternations of lavas
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and asli beds are overlain with the lavas, agglomerates ancl muds of

Myojin-yama about 3oo m thick. As the last group has seven beds

of Iava, we can assert that at least nine times of activity in all shared

on this side, in the formation of the mountain.

    Agglomeratic del)osits of pyroxene-aRdesite are found in other

volcanoes adjacent to Hakone. In the old caldera of Atami are found

the same deposits 2oo-3oom thick, overlying an equally thicl< bed of

tuff. In Ashitaka-yama on Suruga--xvan they make up the greater

bull< of the whole volcanic inassif, The foundation of Fuji itself is

thought by Prof. T. Hirabayashi to be niade of the aggiomeratic cle-

posits of a type 'of olivine-bearing basic andesite not distinguishable

from that of Ashitaka. In all {hese volcanoes an eruption of violent

exp16sive character opened the phase. and accompanied most of the

great exti-usion of lava thyou.crhout' the phasel

    It must be here remarked that the actual foim of a cone produced

in the course of this phase of activity does not depend so rRuch upon

the chemical composition ofa magma, so far as it is concerned with

silica and other essential molecules usually shown in the total analysis

of a rock. While there is ck range of about twenty per cent of silica

coiitained in members of the andesites of Japan, an extreme fiuidity

is not the attribute of the most basic variety, such as the .Mishima-

Omiya-lava of Fuji, which, according to Mt Suganuma's analysis,

contains only 4g.v4 per cent of silica. For we find 68.4s per cent of

silica in Aso-lava which spread out to form an almost horizontal

plateau of vast extension and of which the furthest extremities measure

more than 7o!<m from the centre. The low viscosity of this more

aciclic lava finds its only explanation in an in, comparably higher tem--

perature and greater content of steam and other vapours in the magma,

and these physical and chemical• properties must be to a great extent

controlled by the dimensions of the magmatic reservoir, from which

lava is forced out in convulsion.
                                          '
    In this respect let us draw into comparison other volcanoes of

similar petrographical character. The fact that-there is a marked
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difference betxveen the.old Caldera and other younger cones in declivity

made by the hornblende-andesite lava of Unzen-dal<e, can best be

explained by assuming a decrease in temperature and content of

iinpi-isoned vapours in the course of cooling of one and the same

magfnatic reservoir of small dimensions. ' Numerous petty volcanic

dpines of hornblende-andesite lava in Suo and Twami furnlsh another

example of higher viscosity connected with smal! extruded masses of

the same rock. It is therefore evident that the capacity ofa magmatic

reservoir or of its compartment in immediate communication with the

vent determines not only the magnitude of a volcano but also its form

and gradient of outward slope.
                                   '    The close of the second phase, which is characterized by predomi-

nantly formative effects, is tliede cline of activity in the main vent, In

thls last stage of the phase, emission of vapours and lava becomes

more and rnore diflficult and the activity gradually loses lts constancy

and becomes intermittent. An alternation of qu3escence and paroxysm

is of course not limited to this stage alone, but a repetition of such

fiuctuation of activity is recognizable throughout the whole phase.

The difference may .be that the duration of quiescence becomes longer

than in the earlier stage and a paroxysm does not prodttce lava and

detrital materials in so copious quantities as to contribute to a consider-

able growth of cone.

    Ill. Pltase--Plu.o".crin.cr (f llie fnain Tenl-fornzalion of lateral cones

-In the third phase .commences a corriplete obstruction of the main

vent. A plu.cr of consolidated lava cuts the communication between

the crater and the compartment of the magmatic reservoir, mal<ing a

further eruption through the main vent impossible. If the consolidation

has been so advanced at the same time in the whole compartment as

to leave only a fraction of the original magma mobile and capable of

being squeezed out, the remainder is forced out through a side canal

to form a parasitic cone on the Sank of the central cone.

    Several such lateral vents are usually opened around a volcanic

cone of iarger dimensions. The residual discharge more often gives



248 TAKuJi OGAwA:- 7Votes oza l'lie l77olcaiiic ancl Seismzc

                        '
rise to the building of cones of dimensions much inferior to those of

the central. They are either cinder cones like Omuro artd Komuro of

Amagi-san, or ]ava cones like the parasites of UBzen-dake above men-

tioned. The eruption of Fujl in i7o7, which opened an explosion

crater, Hoei-zan, on its southern flanl<, can be regarded as a case of

an unsuccessful atten)pt to build a parasitic cinder cone. A iava flow

on the eastern flanl< of Iwate-san near Morioka in Rikuchu I'i`ov. was

another which had succeeded in forcing out a cou16e and building a

cone.

    Kura-dake on the west of the caldei'a of Aso is an inteTestiig-

example of a parasitic cone. Here is manifested in the extrusion of

]ava the same process of differentiation as in the central cope. Prof.

T. Iki found heije a iava cone c.onsisting of three layers, ranging from

basic andesite at the base to rriore acidic on the top. This fact

suggests ihat the lateral vent of Kura-dake deyived its materlal from

a separate compartment in which took piace a more rapld cooling

than in the principal reservoir feeding the main vent of the gigantic

volcano. ' •    It seems probable on the other hand that in thls phase an un-

usually violent exploslon may take place through the main vent instead

of finding its way out at a lower point of the cone. We see such a

case in Haruna and Al<agi in I<ozul<e Province, These two volcanoes,

commanding the north of the vast piain of Kwanto, have the same

characteristic structure in the presence of small caidera and central

cones on their top. In both we find the central cones consisting of

more acidic andesite than the main mass, being quartz-bearing horn-

blende-andesite in Soma-dake of Haruna, and hornblende-andesite in

Jizo-yama of Al<agi. A similar relation of decreasing basicity is further

notlced in the crater of Iwal<i-san in Mutsu Province, quartz-bearing

hornblende-andesite forming here a dome in its interior. Reservoirs in

which crystallization is so very far advanced as to attain a well--

defined differentiation, are net always noticeable in most of the great

volcanoes ih Japan. '



Z)lienoinena iii tlie wolcanic Dislrict of Sfiinzabara. 24g

    It ls interesting here to remark that ehose volcanoes which have

iater extrLisions within the crater in their centre are singularly destltute

of lateral cones, so common in others preserving an equally perfect

conicat form, as in Fuji and Amagi. There seems to exist an aiter-

native in the process of eruption in its last phase for the lava, either

to find a way through several lateral vents, or to force its way out

of the central vent. We recognize in the latter mode of eruption a

widening of the crater, but in none of these volcanoes does its dlame-

ter exceed more than one-fifth of that of the basal circle of the cone.

    We are confronted here with a difficult question,- whether calderas

of large size owe their orig'!n to the explosion in this phase. Some

of the horse-shoe-shaped craters may undoubtedly belong to this phase,

as attested by the eruption of Bandal-san in i888. This type of ex-

plosion designated phreatic is however to be best explained by Mr.

Brun's theory as a sudden liberation of vapours contained in solidified

lava, because in Bandal-san the ejected materials were al! fragments

of solid rocks and after the explosion no sign of the usual course of

a paroxysm was observed. Prof. T. Kato's explanation of the process,

which is founded on Prof. Doelter's view on the Iiberat{on of gases in

crystaliizing magma, seems to be accepted as valid in the mixed
eruptions of the second phase, since this liberation it is concelvable only

where the rnagma has already reached very near the surface.i) On the

contrary I am inclined to thinl< the formation of most caideras of

larger dimensions does not belong to the declined phase of a cycle

of activity in a volcano, but to the opening of a new cycle or phase

in which an eruption is once more manifestecl with its ftdi violence.

    Tlie Second ana Subsegztent Clcles- Beside the formation of calderas

as a direct effect of vio]ent eruption, we have to recognize, with Prof.

T. Il<i, its indirect effect as is the case with Aso or Unzen. He thought

the grand caldera of Aso most probably to have been prodticed by

subsidence of its central part as a conseguence of the outpouring of

    '
    i) ProÅí C. Doelter: Petrogenesis, lgo6, p. !3.
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immense masses of lava from the reseyvoir directly beneath the vents

He rightiy pointed out the absence of any appreciable debris which

can be referred to an eXplosion of such a magnitticle, even if only a

porFion had been hurled over the rim of the caldera, The same

hypothesis seems to hold partly in the formation of the-caldera of

Unzen. In this case it is clear that violent shocks have shared in

shattering. the ancient cone, when the volcanic activity of tbe centyal

crater declined in intensity. Those crevices revealed in i7g2 and ig22

are oniy cicatrices which have never been healed.

    In either case we have'to regard a cycle of volcanic activity to

be completed by the destruction of the edifice which has been built by

the same activity in the successive stages of evolution. But we must

not mistake the significance of the destructive effect for an end of the

activity, especially of its first cycle. For the explosion does not imply

the decline of activity in a volcano, but most often a renewal of its

violence, the only apparent exception being the case af Bandai-san in

i888. In some volcanoes, iike Mihara-yama of Oshima or Asama, the

activity manifested in the second cycle does not. seem to be inferior

to the first in intensity. The cone of Asama was built in the second

cycle and far outgrew the remnant of the fii'st, which is partly visible

in Mayel<al<e-yarna on its southwestem flanl<, In Osh{ma the caldera

measures 3.s1<m in the longest diameter, and is almost wholly filled

up with lava poured ottt from Mihara-yama formed in the second cycle.

The activity of Hakone after the forrnation ef a grand caldera was

as violent as that which had poured forth Iava over the outer wali.

    According to Prof. T. Kato, Komagatal<e in Hokl<aido (Yezo) of-

fers us a type of evoiution. In the first cycle a basal lava with partly

brecciated structure pourecl ovei' an accumulation of probably pumi-

ceous materials which are whol!y covered with products of later effusion.

These are foliowed by thick layers of lava, agglomerates and lapiliis.

The cycie is conspicuous in effusive and expiosive activity. The

second cycle began with an explosion of the summit which destroyed

the crater. To it followed another which was the most violent in the
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  whole history after thd building of the cone, and produced a huge

 caldera opening eastward. The latter explosion accompanied a mud-

  fiow spreading over the eastern half of the flank in semi--circle. The

  violence has a parallel only in the explosion of Bandai--san in our

 memory. There is pn the west side a third explosion crater, of an

  tml<nown date of formation. In i64o and I8ss Komagatake renewed

  expioslve activity. Two mllder eruptions are recorded in I888 and

  IgoS. We have in I<omagata!<e a rare type of explosive activity in

 the second cycle. The violence seems to htxve been not less than that

 of the first cycle.

     The phases of a cycle, however, depend as a whole upon the

 preexistent geotectonic conditions which prevail in the region. Vari--

 ation in individual volcanic distrlcts seems to be more marked in the

 second cycle, when.the free effusion through the main vent is impeded.
'i" Many smaller v.olcanoes do not manifest phases which were well

  distinguished in their first cycle. The relation is observed even in large

 volcanoes Iil<e Aso. It is interesting to find that the old caldera was

 of a central eruption in its strict sense, while the cones of the second

 cycle are alligned on a stril<ing eqtiatorial and two or three miBor

 meridionai lines in "the ceritre. This mode of formation indicates that

 when the main vent was closed after the outpouring of so-called Aso-

 iava, the magma found its easiest way through preexisting fi'actures in

 the predominant trend of the region, and that each of the new vents
 was not persistently active for a long time'in the later cycle, when

 the reservoir was bein.a exhausted. In the volcanic group of Kirishlma-

 yama, were formed in succession more than a dozen of cones, which

 are located on lines trending N-S, NE-SW, and NW-SE. The actlvity

 shifted in this case not in the main merldional trend of the volcanic

 zone alone, but in the direction of lineaments of lesser importance.

 The result is, no characteristic phases in the older and younger cycles

 can be distinctly traced.

     In Unzen the second cycle is marked with successive formations

 of vents in the interior and on the margin of the caldera, their location
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                                                       'bearin.cr direct connect with the chief tectonic iines of the district.

The act{vity seems to have culminated in the formation of Fugen-dal<e,

on shifting in an equatorial line eastward from the centre. It is an

indubitable face that t.he iava extruded in the second cycle became

inore viscous and was gradually losing its explosive character. The

principal cause of this mtist be sought in the loss of volatile materials

and the cooling in a compartment of limited dimensions of the magmatic

reservoir. The last eruption of Fugen-dal<e is a tangible proof for a

declined volcanic activity in a later phase of the second cycle.

    A fact of importance is the severity of earthquakes even in the

later stage, Their effects in remodelling a volcanic superstructure have

           t.Ititherto been overlooked by vulcanologists in Japan. The earthciuakes

of I7gl-g2 and ig22 shows that selsmicity as well as vulcanicity in a

volcanic distrlct largely depends on geotectonic lines superimposed

upon the substratum, and their delineation is disclosed by shocks

originating from the volcanic centre itself as well as from its neigh-

bourhood. The formation of crevices on Azuma-dake and Maye-yama

in I7g2 and on the east and southeast of Saruba-yama in ig22 is

particularly interesting and brings to us to a new' standpoint in the

study of the evolution of Japanese volcanic mountains.

    I can not hei-e deal•with the question of the petrographical nature

of andesitic rocks, for which chemical data are not available, as l had

hoped. Some recent papers of Professors B. Koto, Y. Kodzu and S.

Tsuboi, besides Mr. T. Suzuki's explanatory texts of geological sheets,

give us only a dim idea on the chemical composition of andesites from

certain localities of Japan. But a deplorable fact is the lacl< of satis-

factory analytlcal data for important volcanoes Iike Fuji, Hakone or

Aso, in spite of highly vaiuable work being performed in unveiiing

their rnorphological details. As for Unzen, however, we posess a

series of analyses made in the Imperial Geological Survey on rocks

collected by ProÅí D. Sato, so we are in aposition to learn certain ,

saiient characters in this respct.
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       . I II III IV      Si 02 63.3i 68.3I 6S.38 .                                                   6S•47

      Ti02 • ........ o.27 o.4.7. o.6[
      A12 03 Io.6o IS.64 I4.34 I6.2g
      Fe2 03 8.s7 2.52 I.87 I•73
                                            6.88                                                    4•6s      FeO •••••••                                   4•02
      MnO . o•73 t•-••• •--`•                                                   --si--t
      MgO •... . o.87 • IdOg.•:I•33                                                    O.30
                                                    6.2S                                            5.6I      CaO g.2i ,4•86      Na20 ' ' 3.3g' ' I•34 '2•4o 2.84
                        '      I<2 0 ' - • 2.90                                            I•5S                                                    3•l2                                   l,OI
      Loss of lgnition i•33                                   o•S7                                                    O.02                                            O.3I
                                                 '      Total Ioo.gl gg.63 IOo.og iOi.28•
    I' HOdrankbeil nde"'andesite• I<usenbu-dal<e, a cenk'al cone of unzen-

    II. Hornblende-mica-andesite. Maye-yama. • •
                                               '    III. Hornblende-mlca-andesite. Ftigen-dal<e.
    IV. Hornblende-mica-andesite. ]Lava-flow of Kwansel (I7g2)• '

    It is a striking fact that the lava extruded in different phases

shows no essential differences in chemical composition, except a sli.crht

increase in siiica content. We notice here, however, a gradual decreas-

ing basicity in the phases, that is to say, a higher acidity in lateral

eruptions of Maye-yama and the I<wansei-lava than in the central

eruptions of Kusenbu and Fugen. It indicates that a differentiation

was goinsg. on in the first cycle as well as in the second. It sug.crests

also that the same process prevailed in other volcanoes in which

pyroxene-andesite lavas alternate wjth olivine-bearing varieties. As is

frequently the case, in volcanoes in which the central cone of more

basic variety represents the last phase, it seems not always to be

legitimate to conclude the process o.f differentiation to have been at

work in reversed direction, but to regai'd the process in the second

'cycle as not completed.

      '                      Co7zcl2tdin.cr Remarks.

    The paper was written last spring before the great earthquake of

the Kwanto districts. Multifarious manifestations of seismic energy
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happened to be observed by myself and my colleagues and students

of the institute in their worl< in the field of convulsion. Preliminary

notes on strll<ing facts and a worldng hypothesis on the origin of this

and previous great earthqual<es affecting the reglon were lately publish-

ed by me in the " Chil<yu "(Globe), a magai.ine in Japanese devoted

te geology and geography.J) I am satisfied to find that some of the

concluslons I obtained in Shimabara were confirmed by new. facts of

the same bearing in the recene catasti'oplie. Among others`  the signl-

ficance of seismotectonic lines on the demolition of volcanic moL}ntains

was as obvious in Hakone a,nd other volcanoes of the Izu Peninsula

as in Shimabara. It is also a noteworthy fact that the hypocentrum

of the first shock ]ies northeast of the centre of activity in Hakone

volcano, and an epicentrai zone forms a sem{circle parallel to a zone

of Tertiary volcanic and pltitonic activity extending from the neigh--

bourhoods of Matsurnoto (Zenl<oji), the epicentrum of the great earth-

gual<e of i83s, ancl of Odawara to the south of B6shu throug. h Sagami

Bay,-a zoRe which runs oiitside of the hills of Miura and B6shu,

bearing several detached masses of Tertiar>r plutonic rocks. I can not

but recognize the deep-seated nature of the subterraRean convulsions

manifested in seismicity and plutonicity, and propose for great earth-

quakes sha!<ing the Circumpacific volcanic zooes a hypothesis of plutonlc

origin, which will be set forth in detail in a future number of the

memoirs. I have only to remark here that I do dot believe'it neces-

sary to modify my conclLision on the possibility of the transition from

volcanic to tectonic earthquakes stated in the present paper.

                                       '

                                           '

    I) Contributions to the stucly of the great I<want6 Fuarth{lual<e, ig23 :-
       .,.,li,s.,r//:,?zac,,,?gls,,,k.so,i,o,eq,iitl-Lslt,i[r,oasiis,ii)va,rlssl.r,ti,lctrl,ge,lk,,l'r..itlle.

       Ibid pp. Ir3-!5S•
           5. 0n the nattn'e of the plutonic earthquake. 7bid pp. ig9-231, 287-322•
           9• On the significance of the so callecl subsidence and upheaval in Sagami

       Bay. fbid pp. 4o5-"6• ' '
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               Plate X.

Crevices aci'oss an embankment south of Tanigawa.

Crevices along the same embanl<rnent (south of the fi.cr. $•)

Crevices on the shore of Suwa-no--il<e.

Tombstones rotated counterdlocl<wise at Kono, south-

east of Saruba-vama.
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               Plate .XI.

West of Tanigetwa--hoshiguchi, witli fallen houses on

fore-gi'ound.

A fallen house ' at Kitano.

A falien Torii at Hikimuta.

A house partially with a demolished fnegoLya forming

counter-part of one on the right side, at Onoshima.
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