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SOME CONSXDERATXONS ON THE RELATION
BETWEEN THE CHEMXCAL CHARACTER AND

    TE{E GEOGRAPHXCAL POSITiON OF rrHE
          VOLCANiC ZONES KN JAPAN

By

     Toshio ISMKAWA and Yoshio KATSUI

Contvibutions £rom the Depaytment of Geology and Mineralogy,
     Faculty of Scienee, Hokl{aido University. No. 754

    Pleistoeene andi reeeRt volcanoes in Japan and the Kurile Islands
have been genera}ly classified geographica}Iy into those of the Tisima

(Chishima), Daisetu, Nasu, Ty6kai (Ch6kai), IKuzi (Fuji), Norikura,
Daisen and Ryakya voleanic zones from the northeast to the southwest.

(Ngure 1)
    Volcanoes which stand on the Kurile aye £rom Alaid at the north-
eastern end of Kurile Islands to Daisetu and Tokati at the eentral part

of iEIokkaido, were formeriy included in the Tisima zone. The westem
part of that zone or the vo}canic range running in NNE direction in
central Hokkaido was called the Daisetu volcanic zone also from the
petrological view point by the present authors (Ishikawa, T., Katsui, Y.

and Suzuki, Y., 1952) siiace 1950, though it had been already distinguished

as the Tokati volcaiiic chain also geographieally by some geologists. The

lavas o£ the Daisetu zone often contain hornblende as wel} as pyroxene
and olivine, and are chemically rnoTe alkalic ehaA those of most other

volcanoes o£ the Tisima zone, which are petrographica!ly pyroxene ande-
site and daeite or basait of tholeiitic magma origin. Only Alaid and its

parasitie voleano, Taketomi are made up of slightly alkaline oliviRe basale

comparatively rich in K20 (Kuno, 1935); they s£and distiBctly at the
west or hmer side of the Tisima main zone.
    The Nasu volcanie zone which starts from western Kokkaido and
extends to eentral Honshu comprises volcanoes most}y made up of
pyroxene aRdesite and dacite, and rare}y of basalt of tholeiitie magma
origin. But the lavas of several voleanoes in its southern part often
contain hornblende and are slightly more alkalic than those from most
other volcaRoes of this zone. Risiri, a voleanic islet off the most north-

western eoast of Hokkaido is built of pyroxene andesite and slightly
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alkalilte basalt comparatlvely yiclt in NaL,O. Shokanbetu, a large dis-

s6c£ed stratovoleano on the eoast of the Japan Sea, to the south of the
just-mentioRed voleano, is made up of hornblende pyyoxene andesite and

olivine basalt eomparatively rich in alkalies. The above two voleanoes
both lie on the Iine of an extellsion of the Nasu zone to the north and

then have been considered to be include{l in the above zone by some
students. But t･hey seem Rot to beloRg to the Nasu zone proper from
the petro]ogical viewpoint. (Katsui, 1953) The authers will texm them
here as volcanoes of the northern subzoRe oikhe Nasu zone.

    Volea･noes arranged parallel to the Nasu zone at the west or inner
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sj.de of the northern Honshu are are iiieluded in the "wh"y61<ai zone. It

starts from Oshima-6shima a voln.aii.ie islet 6fi] the mos.,t south--western
                         '
eoast of ffekkaido a,nd ytms near the eoast o/f Japan Sea, to eentral
Honshu. T}a,e l?".7as from vo!caRees bel.oRgiiig to the Ty'6}<ai zone are

hornblencle pyroxepe an(lesit'.e, hoynbiencle aiid eiiv･ine bearing pyroxene

andesite, pyroxene andesite aprmcit olivene bRsait i'a{;hey rieh in IE<L,O, being far

different･ petyologieally frolli these Iavas o±' the Nas'ti zone.

    The Yfiuji zone whieh eompyises voleanoes wit.hip. the IiSossa magna
region and those on the Izu Isltyiicls.,, i'tu',riTlng` i.iu NNVN･V clirection, was

divlcled kito two subzeiies by Kuao (l952). fl['he southern subzone
compyises voleanoes south of :E[Rkone, which are made u}) ef. tholeiitie
basalt and pyroxene andesite. The irortherin ,er.ubzoii,e, which starts from

K6zu-sima among' the Izti Islaiicls apd extencls to the Japan Sea coast
running along the vkr･est side of the s.,otithei."ziL ,g,}-ibzone, eoxnprises voleanoes

built o/f hornblende or ho!."nbiende biotite k'hyolite ancl hornblende pyroxeiie

andesite as well as pyroxeRe andeslte anlld basalt. The basalt is slightly

more alkaline aRd less siliceotis than that from the southerR subzoAe.

I6-zima Islands located near the south eplld of the Fu.ji zone are built

of trachy-anclesite, a.nd are ari"anged. in the direction nearly parallel to

it at jts vtTest side, eonstituting I6-zima zone ipciependent of the Fu.ji.

    The Paisen zone whlch rtms along the gapan Sea coast iR south--
wester}n Japan ancl extends to voleano UnzeR at the west part of Kyitsh'g,

is petrographieally charaeterized by biotite horRb}encle andesite and
daeite.

    The Ilyitl<yfi zone starts 'from Mt. Aso lying in the middle of
Kyfishu and rLms to the SSW, inelucling Sakura-zima aRd voleanoes
arranged at the imier or west side of the main nye of Ryfik>rti, Volcanoes

belonging to thjs zone are mostly built oiF pyyexeiie andesite, but the
lavas fyom those in its northern part eolltniik semetime hornblende.
Voleanoes lying at the north end of Foymosa, on the extension line of the

RyC}kytfi zene to the south, a]re made up of pyk'oxene andesite and biotite

hoynbiencle aiidesite, Emd staRd yather at the west side of the Ryakya

zoBe,
    Volcanie roeks from Japan were early subjeeted to ehemica} ex-
amination by Yamacla (1930); the average ehemieal eompositions of
Thyolite, rhyolite-andesite, andesite, aiidesite-basa.lt and basalt x7vere

ealculated respeetively. Tomita (l.935) studied the ehemical eompositions

of the Cenozoie alkaliRe rocks of the Circum Japan Sea !'egion and elarified

the ehemieal charaeters of alkalic rocks in Japan. IvgTasaki eollected 603

aRalyses of voleanic roeks fyom Japan and ealeulated the average chemical
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eompositions of roek groups classified aecording to SiOL) eontents respec-

tively (Iwasaki, 193'7a). Furthermoye he made detailed studies of the
eherr}ieal constitution of the lavas of eaeh voleanie zone in Japan (Iwasaki,

1937b). Taneda (1951) examined partieularly the chemical compositions
of the lavas from voleanoes in Japaii and dlseussed the chemieal charaeter-

istics of every voleanie zone. Ishikawa (1952), the preseiit seRior author,

eompared the ehemieal compositions of the lavas from volcaRoes in Japan
iB termg of Niggli va]ues caleulated from them, especially in aZ-aZk;,qz,

aZ/al-aZk and e-(al-alk) values corresponding to si and k-mg relation.
    Aeeording to him, the lavas from the veleanoes of Tisima, Nasu and

Fuji zon.es are mostly highey in al--alk; and qz values than the average

of t-he young volcanie roeks ef the Pel6e ILassen-Peak type wh2eh is the

highest in both the above values among all types of the North America
Cerdillera (Burri, 1926), As the more alkalic yeel<s are lower in (aZ-al･k)

aRd q2 values, the above three zenes in J'apaxx are consldered to be of
the most ealcic type in the world. It is interesting aJso that large crystals

of anorthite have been o£ten fotmd in the lavas from the above zones
and never reported frorn any otker volcanlc zones. Ishikawa (1951)
suggested from the above fact that the formation of the large aiiorthite

erystals may be due to magmatic assimilation of sedimentary roeks rich

in AL,O:i . 'I]he lavas fyorn the Daisen and RyQkyfi zones are generally

Iower in aZ-alk and q2 values than t,he average of voleaRic rocks of the

Pe16e Lassen-Peak type, proving to be more all<a}ie. Katsui (1953, 1954),

the ,iunior author, made chemical ana}yses of some lavas from Ty6kai

and Daisetsu zones and fyom Rishiri and Shokanbetu voleanoes; he
reported on the chemieal cha,racteristies of the above zoRes or volcaiioes.

  Comparing the ehemical eompositioRs o£ the lavas from every voleanie
zone in Japaii in terms of Niggli values, the authors (Ishikawa and
Katsui, 1955) have previeusly notieed that the Iavas of the more iRner

zone or subzone are the rnore alkalie. Accordingly it is now proposed
to classify volcanoes iii Japan and Kuriles petrochemieally into the
fo}Iowing zones and subzones (see Fig. 1);

    I. Voleanoes on the Kurile arc
       Ia. Tisima volcanie zone
       Ib. WesterR subzone of the Tisima volcanie zone or Daisetu
            volcanic zone
       Ic. Inner subzone of the Tisima volcanic zone
    II. Voleanoes on the northern Honshu are

       IIa. Northern subzoiie of the Nasu volcanic zone
       IIb, Nasu volcanic zone
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        IIc. South part of the Nasu voleanie zone
        IId, Ty6kai volcanie zone
    III. Volcanoes withiR the Fossa magna yegion and oR the Izu
        and I6-zima islands.

        IIIa, Northern subzone of Fuzi volcanie zone
        IIIb. Southern subzoiie ef Fuzi volcanie zone

        IIIc. I6-zima volcanic zone

    IV. Voleanoes of south-western JapaR
        IVa. Noril{ura volcanie zone
        IVb. Daisen voleanie zone
        IVe. Northern part of Ryakyfi vo}canie zoRe

        IVd. SoutherR part of Rytikya xfoleanie zone

    The above zones aRd subzoRes a]"e distributed geographically as
shown i]i Figure 1. The available ehemieal analyses of the lavas from
volcaBoes in Jftpan, selected by the authors for the pyesent study totalled

416 ; the Ri.imbers of aBalyses from every voleano and zone respeetively are

shown in Table I.

    The ehemical eompositions represented iB oxide form were ealeulated

jpto Nig.ty,. Ii values and eompared mxvith one another iR qx, al-alk and e-

(aZ-a,ZR;)･ corresponding to si and 7?zg-k i'elation as showii in Figures 2 to 5.

}Vor the comparisoA, also average values of yoLmg volcanie roel<s in

gapaB (rl"aneda, 1951) and alkalic voleanic rocks in Cik'{ium ,hpan Sea

rettion (Tomita, 1936) were shown respectively in eaeh of the above
Flgures.

    In Figures 2 aRd 3, the Rumbers of the samples ef lava plotted above

and oik the Iine showing the average of volcanic ifoeks in Japaii in qx

and a,l-allt values vtrere eotmted in every zone or subzone, as shown in
Table II.

    As shown ii3 Figue 2 and Table II, the lavas from zones Ia, IIb and

IIIb are mos£Iy higher iR qz than the average value of volca]}ie yoeks
in Japan. Zones IIe, IIIa and IVd are next to the above three ilt qz
value. The lavas from IIIe, IId, IIa, IVa, Ic, Ib, IVb and IVe zones are gen-

erally lower in qz valtie than the average. IEspecially IIIe or I6-zima zone is

exceptionally Iow ill qz and very near to the average of alkalic volcanic

roeks in Cireum Japan Sea region. Also in al-aZk value, Ia, IIb and
IIIb zones are higher than the average oiff volcanie roeks in [rapan. [I]he

third zone is not much higheT than the average, but it is distinetly
higher than the Pel6e Lassen-Peak type (Ishikawa, 1952). Zones IIe,
IIIa, IVc, IVd and IVb are next to the above thyee and near to the
average, while zones IIIe, IId, IIa, IVa, lb and Ic are lower in al-aZk
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value than the average. Especially IIIc is yemarkably lew in aZ-aZk as
such in qz.

    As the more all<alic roek group is the Iower either in qz oy in aZ-a,ZR;

values, as alTeady stateCl by Ishika"ra (1952), the descending order of

zones in respect to the above values may repyesent gradual ehange from

calcic to a･lkalic eharacters. Among volcanoes on the Kurile are, the

Tisima zone is the most caleie, whi}st the inner and western subzones
are more alkalie. OR the Rorthern Honshu are, the Nasu zone is the
most calcie and its inner zone oy the [I]y6kai zone and the northern sub-

zone of the Nasu are distiRetly moye alkalie. Volcanoes at the south
part of the Nasu zone whieh stand slight}y to the inner side of the Nasu

zone proper are more alkalie than the latter and show eharacter similar

to the northern subzone of the Fuji, with which the south part of the

Nasu joins geographlcally at its southern end, O£ volcanoes within
the Fossa magna region a]id on the Izu and I6-zima Islands, the
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southern subzone is the mest ealeic, whilst the noythern subzone running
at its inner side is moye alkalic. The lavas from the l6-zima Islallds are

remarkably alkalic,

    Viewing generally the above three geographieal units, one may say
that voleanoes on the outer side aye more caleic than those on the inner

side in chemieal charaeter, and thtts the zonal arrangement of the voleaRoes

with calcic to alkalie Iavas from the south-east to the north-west is weil

shown. Surrotmding tke outside of the most calcie zei3e, the JapaR
treltch, more than 8,OOOm in depth, stretches as shown in Figure 1, and
this fact suggests that the magmatie eharacter of volcano is eloselv related

to the teetonic position. "
    High qz value corresponding to si suggests the existence of free
silica as quartz, tridymite and cristobalite in rnode. In andesite and

basalt of cale-al}<alic type in Japan, riehness in qz and Norm Q is

generally represented in the form of siliea minerals in the groundmass
or as glass containing exeess siliea.

    The al-alic value is related to anorthite eonteikt of plagioclase in
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       Fig. 4. Variation diagrams of c-(al-al7c) values cerresponding to si.

         The full line shows the average value of young volcanic roeks in

         Japan, and the dashed line that o£ alkalie voleanie rocl<s in Cireum
         Japan Sea regien. ･

mode. Plagioclases contained as phenoerysts in the lavas from Tisima,
Nasu and Fuji zones aye generally calcic. Large anorthite crystals whieh

have been often found from voleanoes of the above three zones, vLThose

lavas are mostly riek in al-alk, are g, eneXi ically related to the magmatic

cha.raeter.

    The e-(al-aZls) value is related to the lime eontent in p, yroxeRe,

Aceording}y £he low value of c- (al-alk) may suggest Tiehness in rhomble
pyroxene. Pyroxene andesite and basalt ricla in yhombie pyroxene aye
generally very low in c- (aL-alk) value.

    Numbers o£ the lavas plotted below and on the lines showing the
avera,ge values of volcanie roeks in Japan and alka.lic volcaRic yoeks in

Cireum Japan Sea regioR in c-(aL-alic) value are shown for eveyy zone
in Table III. The lavas from zones Ia and IIb of the most calcie type
are mostly plotted below the average line of voleanie roeks in Japan.
Next to them, IIIb, IIIa, IIc and IVc zones are low in c- (al-alk;) value.

']]he lavas of IIIe, IIa aRd IVa are rnostly higher than the average line,
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or more alkalic in magmatie character. Zones IId, Ic, IVb, Ib aRd IVd
are eomparatlvely high in c- (al-aZic) value next to the above three.

    IffErom mg-k; relation diagrams (FigLie 5), numbers of the lava･ samples

plo£ted below (or at ehe left side of) and on the Iines repyesenting
respectively the avera.ge valttes of voleaRie rocl<s ift Japan and iR Circum

,Ja})an Sea. region are shown in [l]ab}e IV. Most lavas of Ia, IIb and IIIb

zoRes are below (or at the Ieft side of) the average line of volcanie roel<s

in Japan. Espeeially zone IIIb shews the lowest value ranging froiir}
O.02 to O.17 in R;, though mg is vaxiable between O.77 and O.6e. 'I'he
above three zones aTe of the most calcie type, ,judging from qz and al-alk

values. The lavas £rom IIIe and Ie are ofteR plotted below the average
line, but the former zone eomprises volcanoes made up of all<alic
yocks xieh in Na20 and the latter consists of weal< alkalie basalt.
Zones IIIa, IVd and IIe inclucie more lavas above (or at- the right side
of) the average line than those below (or at the left side of) it respectively.

    The lavas from zones IId, IVb, IVe, IVa and Ib are most}y above
(or at the right side oS the average line of volcanic rocks in Japan,

and not a few lavas from the former three are eveR above the average
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line of alkalic volcanic roe}<s in Cireum JapaR Sea region. Accoydingly

eaeh zone is chemically eharacterized also by kr･-mg relation, and coneen-

tratioik area ancl arrangemeiit of points of each zene aye signMcant to

consider the t-reRd o£ magmatic differentiatioll in respective areas.
    Tectonieally, the geologleal tmits are dist･ributed zonally either in

the Kurile aye or iR the northern HoRshu are from the west oy the inner

to the east or the outer sides as follows (Minato, M., Yagi, K. and
HLmahaski, M., 1956) ;

    (1) Japa.n Sea basin oy Okhotsk Sea basin.
    (2) Inner zone with voleaRic belt.
    (3) Outer zone.
    (4) Pacific ocean basin surroLmcled by the Japan trough.

    Quarternary voleanoes are a,ryanged only in the inner zones of the
above arcs where the so-ealled green tuffs of IV[ioeene age are distributed

widely. Minato and his collaborators stated tkat Quaternayy voleanoes
have beeR feymed upoi} upheaved green tufli regioRs.

    From the xesults obtained by the preseiit authors, it is eoncludecl
that among Quaternary volcanoes formed ln the Inner zone as tectonically

elassified, those made ap o£ the more calcic lavas are arranged at the
outer side, Rittmann (1953) has studiecl already on the magmatie
ehayacter and teetonic position of the Indonesian volcanoes, and stated

that the calc alkaline cha･racter of t-he magmas o£ the volcanoes decreases
regularly iR the diyection from the foredeep to the hi]3terlaRd. It is

interesting that the slinilay zonal arraRgement of vo]canoes is shown also

in the JapaBese Islands and their environs.

   TABLE 1. Numbers of available eheraieal analyses from
      voleano and zone with their sourees or analysts.

I Volcanoes on the Kurile Arc
  Ia, Tisima (Chishima) volcanic zone; 16

       Pramusiru 2: 3. SuzuKI & ¥. SAsA. (1932)
       }IaTimu]<otan 1: [V. NENoz'o (1934)
       Uriippu 4: T. NEMoTo (l935)
       Etoxohu 1: Y. KA'rsui (unpublished)
       Kunasiri 1: S. Kozu (1909)
       Siretoko-I6-zan 1: S. Kozu (19e9)
       Masy" 5: Y. KATsul (1955)
       Me-akan 1: Y. I<ATsul (unpublished)
  Ib, Western subzone o£ Tisirria valcanie zone (Daisetu voleanie zone); 9

       Daisetu 5: Y. KATsul (tmpublished)
       Takanegahara 1: Y. KATsul (tmpublished)

each
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        Tol<ati 2: F. TADA.&H.
        Furanodake 1: Y. Katsui&T.
  ic, lnner subzone of Tisima volcanie zone;3

        Alaid 1: J. SuzuKi&Y.
        Taketomi 2: ff. KuNo (1935)
II Volca?zoes on the Norther･n IIbnsh2e Ao'c

  IIa, NortheTn subzone of Nasu voleanie zone; 10

        Risiri
        Shol{anbetu
  IIb, Nasu voleanie zene; 68
        Y6tei (Ezo-huzi)

        Tarumai
        Usu
        Komaga-take

        Hakkodia
        Towada
        Iwate
        Kurikoma
        Onikobe
        Naruko
        Za6-san
        Azuma-san
        Adatara
        Bandai

  IIe, South part of Nasu volcanie

        Nyoh6-Akanagi
        Akagi
        Kusatu-sirane

        Asama

  IId, Tyokai (Chol{ai) voleanie zone

        Iwaonupuri

        Osima-6sima
        Osima-kozima
        Iwaki-san
        Kanp"
        Ichinomegata
        Tyokai-san

        Sumon
III Votcanoes Qvith'in li'ossa mag･na

  IIIa, Northern subzone of Huzi

        Kurohime
        Iizuna
        Kayaga-take
        Kurohuzi

zone

･regto?z

(FujD

 9:
 1:

 4:
 18:

 5:
 14:

 1:
 6:
 2:
 1:
 1:
 6:
 2:
 2:
 1:
 5:

   ;
 8:
 5:
 5:
 15:

; 16

 2:

 4:
 1:
 l:
 5:
  1:

 1:
 1:

 3:
 3:
 2:
  1:

Chemical Chavacter

[[]suyA (1927)

 TAKAHAsm (unpublished)

 SASA. (1932>
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Y. KATsvl (1953)

Y. KATsul (unpublished)

KATsui (1956)

T. IsHIKAwA (1952)

K. YAGI (i953)

 S. Kozu (19e9), H. TsuyA (1930), K. SETo &

T. YAGi (1931) and K. SETe (1931)

Y. KAwANo (1939)
Y. KAwANo (l939)
S. YAMANE (1915)
Y. KATsul (unpublished)

Y. KATsul (1955)

Y. SHIGA (1929)

S. NismyAMA (1887) and T, KocmBE (l896)
S. NIsHIyAMA (1887)

S. NIsHIyAllm (1887)

S. NisniyAMA (1887) and S. SEiciyA & Y.
KIKucHI (189e)

 33

M. YAMAsAI<I (1954)
R. 6TA. (1953)

H. TsuyA (1934a)

S. Kozu (1932), H. TsuyA (1933), K. KANI
(l935) and I. IwAsAKI (1936)

O. Hmol<AwA & M. MuBAyAMA (1955) and
S. Kozu (1909)

Y. KATsui (1954)

Y. KATsul (unpublished)

Y. KATsul (1954)

Y. KATsui (1954)

II. HA¥Asm (1955)
Y. KATsui (1954)

F. HoNMA (1922)
 and on the le2e aotd Ib-zi?na fstaozds

volcanic zone' 82
          '
H. TsuyA (1937)

H. TsuyA (1937)
 M. ICHIKI (1929)

 He TSU¥A (1937)
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Huzi (Fuji) & Asitaka 14: }I. TsuyA (1954), (1937)
Amagi & Omuro-yama 51: D. SATo (1925), H. TsuyA (1937), (1954),

                          KuNo (1954) and H. KunAsAwA (1956)
Nii-zima 3: T. TsvyA (1929), K. KANi (1935) alld
                          NAGAI (1936)

K6zu-sima 5: H. TsuyA (1929)
SoutheTn subzone of Huzi voleanie zone; 61

Hakone
Taga
Usami
6-sima

        To-sima
        Utone-zima
        Miyake-zima
        Mikura-zima
        Hatizy6zima
        Aoga-sima
        My6zin-sy6

        Tori-sima
  IIIe, I6-zima volcanie zone; 14

        I6-zima Islands

IV Volcanoes of SotLth-weste?'7t Japa･n

  IVa, Norikura vo]canic zone;8
        I6-dake
        Yakeyama
        NorikuTa

        Ontake
  IVb, Daisen voleanic zone; 31

        Sanbe
        Kuzyfi
        Kasayama
        One-zima

        Kutago
        Unzen

  IVe, )CIortheTn part of Ryakya vol

        Aso

IVd,

Kirisima

Southeecn part of Rytikyfi

Sakttra.zima

l6-zima

 8:

12:

 8:

12:

 1:

1:

6:

1:

1:

4:

6:

1:

14:

H.

SL

R. INouE (l913) and ff. KuNo (1950)

H. KuNo (1950)
ff. TsuyA. (1937)

S. TsuBol (1920), S. K6zu (1927), K. KANI

(1934>, H. KuNo (1950) and R. MoRiMoTo et

at <1953)

S. K6zu (1927)

S. K6zu (1927)

H. TsuyA (1927), (l937) and S. K6zu (1928)

H. TsuyA (1937)

H. TsuyA (1937)

H. TsuyA (1937) and N. IssmKi (1955)

H. TsuyA et al (1953), R. HAev'rAGucm & M.

TATsuMoTo (1953) and R. MoRiMoTo (1954)

H. TsuyA (1937)

K. [I]suyA (1936) andi I. IwAsAKI (1937)

   1: T. KAT6 (1913)
   2: D. SAT6 (1925)
   4; S. K6zu (1911), H. S. WAsHINGToN (1917)
      and D. SAT6 (1925)
   l: J. P. IDDiNGs (1913)

   4: S. K6zu & B. YosHIm (1929)
   1: D. SAT6 (1925)
   1: K. SuGI (1942)

   1: E. SAKAI (1939)
   l3: K. KoMADA (1916) and Y. KAwANo (1937)
   11: Vole. Soe Japan (1936), K. KANi (1935), T.

      OGAwA (1924) and D. SAT6 (l925)

  eanie zone' 32
          ,
   16: F. UoN"･m & M. MuKAE (1938), K. YAMA-
      Gucm (193g) and I. SuGANo & G. ARmuRA
      (1957)
   16: D. SAT6 (1925) and K. TAKAHAsHi and K.
      SAWAMURA (1957)
voleanie zone' 33
          '
   16: Vole. Soc. Japan (1936)

   2: H. [I]ANAKADATE (1935)
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    Kuehinoerabu 2: E ffoN"･rA (1944)
    Suwanese-zima 13: S. MvRAucm G954) and H. MATsuMoTo (1956)

[I]ABLE 2. Numbers of the iavas p}otted above and on the line

   showing the average voleanle roel<s in Japan respectively in

   Figures 2 and 3 (qz and al-alk values).

                Total gZ ValUe al-alk value
   ZOne number ''ti'66V6'-""""""'6fi'''""""''''h66"'6"""""""'

                                                      t ttt tttttttttt ttttttttttttttttttttttttttttt   ' ia " i6 '"i4' ''''''"""''"6'""'' '""'''ig'''

. IY.d ..".....33 "-. ....18.....-.m-.-. 6.... e......

    TABLE 3. Numbers of the lavas below and on the lines show-
       ing the average values of voleanie rocks in Japan (Average

       J.) and in Circum Japan Sea region (Average J. S.) in Figure

       4 (c=L(al-alk) vaiue).

1

o

o

o

4

2

e

5

2

2

o

3

1

5

   Zones

''' '' Ia 'M- -'
    Ib
    Ie
    IIa
    IIb
    IIe
    IId
   IIIa
   IIIb
    IIIe
    IVa
    IVb
    IVe
    IVd

 Total
numbevs

   Average J. S. ...... ...
' below             ofi

AveTage J.

below on

16

9

3

10

68
33

16

82
61

14

8

31

32
33

14

6

3

4

59

23
8

64

52

4

2

13

27

11

1

o

o

I

1

1

1

2

2
1

e

3

3

o

5

3

1

o

44

11

5

25

27
1

1

9

12
7

4

o

o

o

2

2

o

7

l

e

1

2

2

o
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TABLE 4. Numbers of the lavas below (or at the left side of)

   and on the lines showing the averages of voleanie rocl<s in

   Japan (Average J.) and in Cireum Japan Sea region (Average

   J. S.) in Figure 5 (k-mg relation).

                 Total .........1..1.9.1.9.i.9... j･ Average J, S.
   Zones                numbers                            below on below .. on
   ''Ia 16 13 2 16 "" 6'''

 . IY.d.. ........"... .F.3..... .. iO 2... ei . .. 9
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