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                          Xntroduction

    Voleano Tarumai is aii aetive voleano situated at the south side of

Lake Shil<otsu in }Iokkaid6, Japan, and £amous for the typieal dome
formed on its top part in 1909. The aetivity was studied by some

authorities.("nvC'i' Six speeimens o£ the dome lava and the breadcruse bomb
erupt･ed on that oeeasien have been analyzed, K6zuC5' examined earefzilly

the chemieal eompositions of the above six speeimens, and Suzviu<fi) wrote

on the chemieal eompositions of the lavas from Voleano Tarumai in
1935, adding newly analyzed data of 9 other main Iavas from this
volcano and 2 }avas from tJhe Shikotsu vo]eanie group. The author<')

notlced in the eourse of his geologieal and petrologieal studies oxx this

volcano that the lavas from ehis voleano are comparatively rieh in

Al,-,O,, or high in cr,l-(tlk of Ni'G,GT,i's value, and low in c-(al-alic) o£ Ni(;(}i,i's

value or low in Wo of norm pyroxene. This ehemieal eharaeter'istie is

generally eommon in the lavas from volcanoes of the Nasu voleanic

zone, but different from the ehemieal asupee#s o£ the other voleanic
zones in Japan and any voicanic zones oy reglons in other countries.

Journt Fae, Sci., Hokkaldo Univll Ser.'tv, V61. V'III, No.
2, l952.



10g CV, Ishil<awa
Volcano Tarumai is one of the most typ. ieal among the Nasu voleanie

zone which shows sueh a chemieally eharaeteristie type.
   In publishing the present pwper, the authoy wishes to offer hls
eordial thanks to Dr. J. Svzw{r, Px'ofessor of Kokl<aid6 University, who

has given l<ind adviee and eiieouragement ever sinee the autbor has
engaged in geologieal and pe'trologleal studies en Voieano [l]aruinai.

}Ie is indebted to Mfr. [i). NE]forvo, Direeter of Hokl<aid6 Braneh of Ge-

ological Survey for helpful adviee, and aeknowledges a grant £vom the

Seientifie Researeh Funct of the Deparernent o£ Education whieh was
usect for thi,s study.

     Chemieai corvxpositions of the lavas 'from Vo!ca"to Tarumai

   Produets of Vo}eano Ta-rvtmai are elassified from older to younger

as follows(s) ;

    I) Produe'ts of Kitayama Voleano

          1. Kitayamalava
          2. Kuehawakkanai lava

    Il) ?rodTiets o£ Nishiyama Voleaiio
          l. Tai'umaigawa agglomerate
          2. Nishiyama lo"rey lava
           3. 0poppu lava
          4. Nishiyama upper Iava
                a) Tuffaeeous iava
                b) Pumieeous lava
                e) Seoriaceous lava
   III) P}ioduets of Higashiyama Voleano
           l. Fyagmental ejeeta of the fiys't stage

           2. Tamimai mud fiow
           3. Biragmen'tal ejeeta of the second stage

                a) Pumice
                b) Seorla
                e) Ash
           4･. Shishamonai lava
           5. Central eone lava
           6. Dome lnva
           7. Fragmental ejeeta in 1909 and thereafter.

                a> Bread-er'ust bomb
                b) BIaek eompaet blocl<

J



T[]he. CJhemieal (.lhava.pueeris't,ies o/ff the I"avas from iLroleftno [irnrutnai, II{oklcaid6, ,Japan '1(}9

                el) Pumiee
               d) Lapi}li
                e) Ash
   Among tbe above volcanie produc'ts, t･he analyzed lavas are 11 in

$ore and 16 in speeimen as shown in Table I, and data on only one
new specitt'iien (No. 9) was added by KANi("> aftey Suzv}ii's publieation.(")

Tkey are pet･rogx'aphieally ewo pyroxene andesite (augite-hypersthene

andesite); the dome iava, breadcrust bomb and blae}< eompaet bloek
inelude, in addition, }arge anorthite erysta}s of 2cm iR maximum
Size,(･6)CDcs)

   SiO,i pereent is between 56.5e and 60.gO, and ainouRts of the other

main oxides corresponding to SiO,, iii eaeh specime" are shovLTn in

Figure l.
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 Figtire l. S7'ariatio'n diiagrams showin,cr. the yelation of eaeh oxide to Si02 in

        the lavas th'om Voleano [{]arumai and 'the Shikotsu volcanie group.

   From Figure Z, six specimens oE Nos, 10 to 15 are mostly out o£
the general trend, espeeiaily in Al.,Oa, P'e,O,i, Y"eO ancl CaO. [l]hey show

remarl<able ir}･egularity also in b-om[n, NiGciT,i's, OsANN's or Woi,i"F's values

ealculated £rom 't･he ehemieal compositions. Nos. 10 to 13 are the doine
lava, and Nos. 14 aRd 15 are the bread-erust bomb. These were both
erupted in 1909, and eont･ain layge anorthite erystals in addition to com-

mon phenoerystic minerals as a'bove noted, Esp. eeially speeimens of the

former are sometimes het,erogeneous in textuye, some being vesicular
and others eompaet, and they are often yieh in xenoliths. Their abnormal



110                            T. Ishikawa

[I'A.B'iiE I. Chemieal eoi:npositions and Ni(i(}i,i-values

            lavas from Vo}eano Tai'umai and adjaeent
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Blaek eompace bloek ejeeted in 1909 <Anorthite bearing auglte hyperstheRe andesite)

Anal, E. NAK,ti･]. Lit. J. SuzuKi.t{b

Kimunmorappu lava (gypersthene augite dacite) Kimumnorappu belonging to the
Shil<otsu voleanie group. Anal. A, KANN,u{L Lit, ibid.

Monbetsudake lava (Augite dc",ei'te) Monbetsu-dake belonging to Sl]il<otsu volcanie
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departvi?e from the geneyal trend of this voleano in ehemieai eomposition

may be due to the inets as already stated also by Suzum,"`;) though

there may be Ieft something to be desired in the treatment of the
amalyzed samples. On ehe other hand, t･he ehemical analyses of the

two lavas £yom Shikotsu voleanie group (Table I, Nos, 17 aiid 18) forming
the base of Velcano Tarumai, show nearly the same eharacteriseics as

the lavas fyom this voleano, tkou.crh raeher more aeidic, as they are

petrogyaphically pyroxene dacite.
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    Excluding the six analyses o£ Nos. IO to 15, the variaeion diagram

showiRg the general trenct o£ eaeh oxid,e Ss showii in Figure 2. In
eomparison with the vayiation diagrams di'awn by KuNoCi`') from ehemieal

compositions of porphyritic and non-porphyritie voleaiiic roeks or ground-

mass parts o£ the former in Idzu and Hakone voleaftie district (Figure
2, yighO, the geneyal trend of speeimens from this voleano vesembles

that of the porphyri'tie ratkey than the non-porphyrltic voleanic rocks

froii[} Idzu-Hakone distriet, Only Fe,,O, is abnormally high and changes

rather irregularly.

    The average va,Iiie of 10 analyses exeluding Nos. 20 to 15 in Table

I is shown in [l]ab}e Ii. The avevages of andesites in Japan caleu}ated

by YA}fApA,Cii) the Iavas £roin the Central volcanic zone i'n North Japan
(Nasu volcanie zone) and voieanic roel<s exeluding alkali roeks in Japan

both caleulated by IwAsAm,(i2) andesites and pyroxene andesites iR
Europe and America shown respectively by DAi,y<'") and RosENBusew.{
wkh OsANN(i'`) aye a!so ayraiiged in the same table for eomparison.

     TABi,E II. Average ehemical eompositions of voleaRie roeks,

Si02

[l]iO,

Al,03

Fe203

FeO

MnO
MgO
cao

Na?O

K:O

PrOs

H,O

.

Total

5S,`.)･5

 O.5S

17.67

 3).49

 5.,.)7

 e.28

 3,.3`2

 7.l5

 2.48

 e.79

 o
 O.7k,

leo.oo

59.S

o.`.,

17.6

3.7

3'.S

O.1

2.7

6.9

2.7

 L.4

O.2

1.2

100.3

6'S,49

O.65

16,82

2.6tl

,".6

O.IS

2,SO

6.45

2.95

 1.20

O.13

O.97

59.S4

O.74

16.84

2,80

4.55

O.21

2.9-.)

6,54

3.00

1.49

O. Z')2

 'l.2･S

f
F

l
i
t

i
1

1
i
!
l
I
I

l

i
i

i
i

59.59

O.77

S7.3'S.

3,33

3.1.3

O.IS

k,.75

5.SO

`3,5S

2.e4

O.,.)6

1.fu,6

'
l
1

t

F
l
/

I

IOO.44 leO.53 loo.oe

59,3

O.7

l6.6

3.1

5,.5

O.1

3.4

6.3

5,.6

l.S

o.`.)

L3

100,O

(1)

exu))

(3)

(4-)

(5)

<6)

Average of 10 lavas :from Vo]eano Tavmnai.
Average of 57 andesites in Ja}')an (Y.N}i,ap.-N).O')

Avertage ot' 51 lavas tiirom the Centval voleanie zone in No]rth ,'Japa/i (Iw,Ns.･NKi).i''L")

Average oi' tl67 vok.anic rocks exeluding alkali roel<s in Japan UxvAs.･xK･D.`iL')

Averag.re of S7 andesites in Euirope, Aineriea et;c., (DAi.y),`/':i)

Aveyage of 2e pyyoxene anclesitci,s in Eurol'}e, Ameriea ete. (R･(}sENBvs{r" and OsAxN),(･i'i)
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    From [I]able Ii, the average eompositioR of this voleano is seen to

be veyy low in alkali, espeeially in K,-,O, high in CaO and FeO, aiid

yather high ln Al,)O,i. Exeept the main oxides, IV[nO is eemparatively
high anct I'L,Os poor.

    Comsideratiorx otx ckeiifkical compositiofxs from NIGGU's vakie

    NiGGT,i's values eaieitlated from the ehemieal composieions of the

lavas £rom this voleano (see Table l) have already been examined eloseiy
by Swzm<i.(`i' Aeeording to him, s2; eontent is generaliy higher iR the

older lava, ehough 'there are some exeeptions. The value of alk iit-

ereases generally from 7,5 to 12,5 wlth the rising of si from 158 to

207. Whi'le t･he value of fm deereases as s7; ineyeases.

    The autkor tried to eompare the lavas from this voleano witlt tliose

from othey voleaRoes in al-aZk, alk!al-alk, qz, c-(al-aZk) and k-7ng relation

of Nic:(}i.Ys valute. Seleeted analyzed da'ta from each voleanic zone in

Ja.pan are as £ollows ;
    Nasu zoRe ; Targmai 10, Iwamiupurl 1,<5) Koinagadake 14,(i5)(5) Usu

10,<i6) Bandai 2,(i7) IwatesaR 2,(iS' Azumasan 2,U9) Za6san 2,(20)<i") Akagi 5,<'2`)

Adatarasan 1,(i") Narul<o 6,<L'2) Shiranesan 5,(E3) Asama ;6,"2']) [I]otal 76.

    Chishima zone ; [I]akeeomi-t6 2,`t!5) Alaid 1,<U"' [Paramushiri 2,(L'") iE[ari-

inkotan Z,(:'7) Urup 4Su'") Etorofu 1,<5) Kunashiri 2,`5) Shiretoko-Iwozan th,`5)

Meakan 3,`'"") Total re7.

    Fuji zone; Miharayama 11,<'`O) Miyakezima 6,(fS]) ffaehij6zima 1,(32)

Niijima 3,(:}i') K6zushima 5,C:i") Mikurashima l,C'5) Toshima 1,(tif}) Udone-#

shima !,(:iC]) Aogashima 1,(3') Torishima 1,C:'7) Fujisan 14,<3S) Idzu-}Ial<one

                                        A15,`/"") Amag!san 8,('i`') Usami 8,<"O) Taga 5,('i") Oiiiuroyama 3,('`") Kayaga-

dake 2,('"' Kurofuji l,<4L) [I]otal 87. , '
    Ryfi1<ya zone; Aso (Central eofte) 7,<'i3) Aso (Somma) 8,('i`) Sakura-

j'ima 16 (averages, fyom 58 individuals),C"5' Kuchinoerabu 2,`;i") Satsunan-

Iw63'ima 2Si') Total 35.

    Daisen zone; Unzenda}<e 11,(･"S) Yntitagoyama 13,<"") Sanpeisan 4,`5`')

KujQsan 1,"5') Total 29.

    Sotouehi zone; 10."5L')

    Iw6jima ; 12"-5:i)

    The other zones sueh as Ch61<ai, Noril<uya and I]>aisetsu should not

be diseussed for the reason tha't tkere are not suMeent analyzed data
to enable the determination of the g'eneral ehhraeteris'ties of their oyxTn

zones, Also some data were exeiudect on aeeount of iincertaiRty as to
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which zone t･hey may belon.cr to,

    rth"o comp.are with volcan'lc roe}<s from other eountrles, the Pel6.e-

Lassen Peak, Eleet]rie Peak and Yellow-stoBe Pavl< types of the North
Ameriea Cordillera in ealc-alkail rock pyovince, and Hawaii, [l]ahiti and

Maros-ffighwood types of alkalie eharaeter were selected. Chemical
eharaeterist･ies of t･he above eypes were thoroutghly st･ii(lied in Nic}c}T,i's

value by BvR}u"Si)

  a･l-alic

    al-alk values eorresponding to s?; are shown iR Figure 3. [E]eR lavas

o£ Voleano Tarumai are all above the curves of the ?el6e-Lassen Peal<
or Eleet･rie Peak types Clrawn respectively from their average vaiues,

whieh show the highest of the North Ame!'iea Cordillera ift a･Z-alic. Also

most Iavas from tke Nasu voleanie zoiie are higher than the avera,cr.e

values o£ the Pe}6e-'I"assen Peal< and E}eetric Peak types. The lavas

o£ Tarumai Voleano represent typieal}y 'the eharaeteristies of the Nasu
zone it n al-ctlls.

    Lavas from 'two other zones in Japan, the Fuji and Chishima are
also higher, while t･hose from the Ryfil<yfi, IJ)aisen and Setouehi zones

aye lower in al-alk eontent t･han the [Pel6e-Lassen Peak and Eleetrie

Peak types in genera'l,

    This faet was formerly stated by the present autlaor,(7' al-alk vaiue

is re}ated to anorthite eontent of plagioelase in mode in the ease o£
eale-alkali roek. In faet, plagioelase in voleanie roeks from Japan is

generally more ealeic than those £rom other eountries of the world.
Espeeially plagioelase eoRtained in the Iavas from Vole.ano Tarumai are

basie, Large anorthite eyystals lneluded often in the lavas from the

Nasu, Fuji and Chishlma zones ave also perhaps related ge'netieally in

respect to this ehemiea･l eharaeterisZic, as aiready stated by the author.(7>

al-alk value is low iit alkali roeks and high in ealc-alkali roek. Conse-

quently voieanie roel<s from Japan whieh show. ehe eomparativeiy higher

values<'"'5) of alkaii-lime index in the world, are expeeted to be high

also in al-aZic eontent.

                    '  aZk!al-a･lic

    a･lk!al-a･Zk values eorresponding to si aye shown in Figure 4. Teft

lavas f]rom this vo}eano a,re ali distinctly be}ow the eurves of the Pel6e-

Lassen Peak and IIileetrie Peak ty.p.es xvhich show the lowest value of

the North America Cordillera. Also most lavas of the Nasu zone are
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lower than the above s'tated eurves, aiicl the lavas of Volcano Tarumai

repvesent the general type of this zone.

    Lavas from the Fuji and Chishima zones are also clearly lower in

average than the ?e16e-Lassen Peak and Eleetrie Peal< types, whlle
most Ic"tvas fyom the Setouehi zone are above the etirves in question.

alicf(tg-alk point･s of the Ryfil<yft and baisen zones are seattere6t eoii-

sidei'ably on both sides of these curves. The for}ner seems to show
the general trend higher in basie part below si 150, and lower in aeidie

part above si 20e than the eurve of the I'e16e-Lassen Peak type, The

latter may be a little highev than the foymer in aveya･ge,
    alk!ct･l-alk va}ue may represent the ratio of albite to anorthite coit-

teitt in plagioelase or ratio o£ alkali fe}dspar to }ime feldspay in the
case of eale-alkali rock. Consequently alk/al-aZk values show the eontrary

reiatioik to aZ-alk values, or they are higher in aikali roek and lovvTer in

ealc-alkali roel<. Tlae voleanie zones which repyesent the higher value

of alkalj-lime index may be lower in alls!al-alic.

  qz

    qz values eorresponding to si are shown in Figure 5. [E)he iavas
fyo$n Tarumai are aH distinetly higher than the average curves of the

Pel6e･-Lassen Peal< and Eleetrie Peal< types, Most iavas of the Nasti

zone are also above ehe eurves in question. Vo}cano Taru}nai represents

the typieal one of the Nasu zoRe high in qz. Most lavas of the Fuji
zone aye above these eurves, though not distinctly liigh in the veyy

acidic part of si 450 and so. The Chishima zone lavas are very high
if above si 150, though low at values below si 150. While most lavas

£rom the Setouehi zone are below the average curve o£ the Pe16e-Lassen

peak type, though above that o£ the Eleetrie Peak type. The Daisen
zone lavas show a general trend higher than ehe Pe16e-Lassen Peak
type, but lower than the Nasu, Fuji, Chishima and Ryakyti zones, The

Ryfikya zone }avas show the same inelinatioii in general trend as the

Chishima, though rathev lower than the latter.

    qz value suggests the existence o£ free silica as quartz, tridymite
or eristobalite in mode. In andesites and basalts from Japan, richness

in qz or norm Q is mosLvly representect in the £oym of siliea minerals
siich as tridymite oy eristobalite in the g]roundmass, or as glass con-

tainl})g exce$s siliea. The lavas of Vo}eano Tarumai mostly eontain
abundant glass,' though a few contain siliea mlnerals in the goundmass,

The faet that norm Q er qx in the vo}eanie roel<s in ,}apaR is remarl<ably
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higher than those in ethey countries has been n,otieed maiiy years ago.

  e-(al-alk)

    Value$ o£ c-(al-alk) are shown in Yigux'e 6 in yelation to si The
!avas from this vo!eano are ail far lowey than any of t･he curve$ re-

presenting eaeh average trend of the six t･ypes shown ln Figure 6.
']IIowever other lavas of the Nasu zone aye not ai} mueh IovLrey, but

their average seems to be along the lowest eurve of the above six
types at val"es beiow si 25e, and runs between the Pel6e-Lassen Peak

aftd Eleetrie Peak types above si 250. There£ore the lavas of Volcano

[I]arumai are scattered in the lower parC of 'the diseribution area o£
this zone in e-(al-alk).
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    Most lavas fro}n the Setouehi zone are beiow any e'grves of the six

types shown in Nguye 6, and this zone yepresent the lowest type in
Japan in c-(al-aZk). The lavas of the Chishima zone are mostly far lewerr

in c-(aZ-agic) than any cuyve of six types in the neighbourhood o£ si 200,
but mot so if below si 180. The lavas of the Fuji zone are eomparatively

high in e-(al-alk), espeeially at values below si X5e, aiid seem to show

the average trend higher than the }owest eurve of the six types at
least. Tke Daisen ap-d Ryftkyft zones show both the generai trends

higher than some curves of the six. And the latter seems to be
rather higher than the former.
    c-(al-alk) va}ue is re}ated to the lime content in pyroxene in mode,

Consequently the low value of c-(al-alfo) means riehness in rhombie
pyroxene, It is interesting that the Setouchi zolte Iavas charaeterized

by bronzite andesite show the lowese value of c-(ctl-aZls) iit Japan. The

Nasu zone lavas whieh are mostly augite-hypersthene altdesite eom-
paratively rieh in hypersthene, are low in c-(al-alk) next to the Seto-

ttchi. Especially the lavas from Voleano Tayumai showing !ow value

of c-(al-alic) are abuneant in hypersthene. ･
    But the general trencts of volcanic zones in Japan in c-(a･l-ctlic) are

difflcult to be shown in distinet relation to eaeh other, as seen also

from the eonfusion of tl}e curves of the six types in Figure 6.

  k-7ng relation

    ts-7ng polnts whieh show the mutual yelation o£ k aitd 7ng are plot･ted

in Figure 7. The eoneentrated ayea o£ k-7ng point･s for younger volcanic
roel<s of the North Ameriea Cordillera is roughly added by tke author

for comparison.

    k-nzg points ef the Iavas from this voleano are eoneen'trated from

O,l2 to O.22 in k and from O.36 to O,45 in mg. Those of the Nasu zone

are eoneentrated in an area from O.1 to O,3 in ic and £yom O.25 to e,52
in 7ng, though the separate pohits aye seattered very widely. This area

proves to be far lower in k than that of the North Ameyiea Cordillera,
but roughly eovers the central part of k-mg area of the Pe16e-Lassen

Peal< type.<5') Voleano Tarumai represents the normal eype of the Nasti

zone in k-7ng relation.

    The Chishima zone yesembles tlie Nasu in ic-mg points area, though

7ng rises with the inerease of ic in general inelinatioii, The Fuji zone

shows 'u'o be vex'y low in k; and is, as a whole, out of the eoiteeiityated

area of the No)rth America Caydillera.
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   The Ry"ky(), Daisen and Setouchi zones are generally higher thalt

O,2 in k and are ineludect in the eoneentrated area of tlte North Ameriea

Coydillera, though in the k-poo? part o£ l'e. The Ryal<yfi zone raltges

£rom O.2 to O.3 in k aird from O.3 to O.5 in mg. The Daisen zone eovers
the area from O.4 to'05 in 7ng and from O.2 to O.4 in R;, approaehing

to the Eleetrie Peak type.`'5'i" The Setouehi type spreads from O.3 Co

O.6 in ?ng, and 7ng fails abruptly wit･h the increase of k, '

    The distribution area o£ k-mg peln=ts of ]avas from the above six
volcanic zones in Japan shows them to be k-poor in eompa,i'ison with

the eoneentra'ted area of 'the North Ameriea Cordillera, and resembles,

as a whole, t･he Pel6e-Lassen ?eal< type.`5" The k-mg points o£ 'the average

value of Ilparite, daeite, aikdesite and basalt in Europe and Amerlea,

ealeulated by DAi,y,`･i3> were aCiCled in &'gur:?. for eomparison.

    It is interesting that k-7'?zg points of IwC)zima are yieh in k and very

poor in 77?g, and ?ng inereases seRsibly with the r'ising of k. The area

is far from t･ha.t of any ot･her voleanie zone in Japan, a.nd rather ye-

sembles the Tahit,i type.`J''')

  e-alk index

    c-alk index of the Nasu zone was ealeulated as 296 by the author,

though tha't of Vo}eano Tarumai alone was no't tried on aceount o£ a
small quant･it･y of dat･a, ' The Nasu zone is highey thaR t･lte Pelee-Lassen

Peal< type, whose c-a/Zic index is 246 and the highest among the North
Amex'iea Cordillera.`5i)

                                                       '                                                  '       Coxxsideratiotx ofk ckemical eompositioi}s frotwx Norms

    Norms ealeulated from Table I are shown ki Table III, Diagrams

showlng welght perecnt o.£ norm feldspay, novm pyroxene and noym
QFM are yepyesent･ed in Figures 8, 9 ancl 1.0, exeiuding Nos, le to 15,

    Noifrk feldswacr

    As seen in Figure 8, the lavas from Voleano Tayumai are con-

eentz'ated showkig a distiiiet t･rend. Or percent is lower thaii 12 and

decreases gradually with the inerease of An pereent. Two points rieh

in Ab are of the lavas ft'om the Shi}<otsu voleanie gyoup (No, :.7 and

18) whielx are petrographieally pyroxene daeite.
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    In eomparison with the lavas £rom Volcano Sakurajima belonging
to the Ryul<yft zone, whose noym feldspays were caleulated by KvNo,<5")

Tarumai is distinctly high in Aii and }ow in Or and Ab. This result
in norms eoineides with the faet that al-agle is very high, alk/al-alk very

Iow and ib low ilt NiGciLi's value, Also, whelt eompared with sanukitic

rocks in the neighbourhood o£ Takamatsu, Shikol<u district,`-5L') belonging
to the Setouehi voleanie zone, tke same relation as ehe case of Saku-

rajima was found. It is explained from the fact that the Setouehi zone
shows the same characteristies in al-a･lh anct aZk!a･l-alk of NiG(.ii,i's value

as the Ryttkyfi, The poyphyri`tic voleanie roeks ineluding basaits and

pyyoxene andesites ii> Idzu and }lal<one dis'trict"`"' aye lowev in Or as

a whole, and high in An and low ii} Ab in the case of basak, in eom-
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En-Ws-hC diagram ean be figured. This eoineides wlth the £act that
c-(al-alk) of Ni('iciT.i's value is reixtarkably Iow iit this voleano,

    Also the sanul<itie yoeks £yom tlte Setouchi zone whose c-(al-ctlk)
values are mostly very Iew, are very poor in Wo, though some olivine

basalt is rather high,, While the lavas from Voleano Sakuya,iima are

higher in Wo and generally lower in En than those o£ Ta}'umai. This
is pvoved from Zhe faet that c-(a･l-alls) values of the lavas fyom the

Ryukyfi zone are genarally high, and that the average o£ MgO of the
lavas from Sakurajima (2,10%) is i'emarl<ably lower than that o£ Tarutmai
lavas (3.32%). Ail the poyphyritie yoeks from Idzu-esa}<one district aye

also hlgher in Wo than all the lavas fvom Tarumai. This is suggestect

fyom the faet that tke lavas £rom the Fuji zone are geiieraliy higher
than the iatter in e-(a･l-alk) of NiGGi,i's value,

   Norm QFM
   As shown in Figure 10, the lavas fx'om this voleano are eonceRtrated

elosely from 14 to 25 in Q and from 56 to 63 in F. The sanukitic
roeks from the Setouchi zone are most!y lower than Tayumai lavas in
Q. This is expeeted from the low values of qz in the former. In com-

parison with the porphyritic voleanie rocks £ro}ak Idzu-Hakone distriet,
Tarumai lavas are generally higher in Q than they are, though both

                                  This is explained froRi the faetshow nearly the same pereent in F.

             '

                            '                 Utt                                                   H.

                                              N        ,eti,.xee."me'9" ;xg.･<slE//.'X'ei
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 olivine       bearins,`             andesite, square-
 other andesite.

                Figzkre 1", I)iagvams showing Norm QFM.
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that most lavas o£ Tarumai are clistinetly high ilt q2, though aiso the
B"uji zone is not low in qz.

    ki Ni(/}(-ir,i's vakie, eveii lavas fyom one voleanie zone are seeli to

be rath.er sea'tteyed, although the general treRd is showit. Theyefore

they niay not be so closely eoncen'trated ai$o in norm feldspar, norm

pyroxene and noym QFM. Nevertheless the lavas from Sal<urajima,
Takamatsu and Idzu-}Iakofte distyicts show tke iiiteresting relation to

those of Tarumai in norm,

    In norms o£ the plateau basalt or its related non-porphyritic roel<s,
KuNo<'5"' aseertained that when Or and An are rieh, En is high and if

Ab is rieh, g's or Fs and We are high. Though thi$ rule may not be
always appliec! to porphyritie volcanie yoeks, Taruinai lavas are yieh in

An and high in En in eomparison with Sakui'ajima lavas and sanukitic

rocks, Sakux'ajiina lavas are rieh in Ab aiid Oy, and high in Fs, Vlfhen

eompared to porphyritie voleanie rocl<s from Idzu-Hakone dlstriet, Tayu-

mai lavas are rieh in Or and high in En.
    Of the exeluded six lavas from Tarumai, Nos, le and 12 are the
hlghest in An, and No. 11, 13, 14 and 15 are all high in Or among
the iavas of Tarumai. Espeeial]y noym C is caleulated from the above
six iii the value of 3.47 to 14,69. In NiG(,/tT,Ys values ehey are higher

in aZ-aZk and mostly far lower in c-(al-aZk) than othey lavas,

    Exeept the above six, the lavas beloRging to Kitayama, Nishiyama
ancl EIigashiyama respeetive}y in Volcallo Tarumai show ehe more dis-

tinet tyend in norm feldspar. In Higaslkiyama lavas, Wo is high in the

lava rieh in Ab and Ox', anc! En is hlgh in the lava rich in An. In

Nishiyama iavas, En is high in the lava/ich in Or, And Higashiyama
lavas are high in IM[ of noym QB"M and in Fs of nomi pyroxene, This
eoineides with the faet that Higashiyama lavas are gei3erally abundant

in pyyoxene and espeeially the dome lava eontains hypersthene high
in Fs peyeent (En,soFsso)･

    An pereent of norm plagloelase is geneyaily high, showing 52 to

67 exeept Nos. 10 to 15. Shikotsu lavas which are pyroxene daeite
show ehe lowest An percent among them. Composition of phenoerystie

plagioclase in Tarumal lavas ranges from An60 to An90, An70 to
An75 in average, though showing An40 to An60 at the margin of
phenoerystic plagioelase or in the groLmclma$s plagioe}ase, Phenoerystic

plagioclase in Shikotsu ]avas shows An 6tb or so. Nos, 10 and 12 are

abnormally high ilt An pereent of norm plagioc}ase, showing 75 and 85

respeetively. The dome lava from which No. ZO and No. 12 weye
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analyzed inciudes Iayge anorthite erystals azkd often het･erogeniogs ln

te×t･ure.

    As known from 'the above, An percent of norm plagioelase is lovLrer

than that of modal plagioelase in this voleano. [rsuBoi anCl KvNo`'57)

stated alz'eady tha't norm plagioe}ase of pyyoxene andesites in Japan
is, as a rule, more basie t･han Anso, but more aeidie than rnodal pla-

gioelase. This is lnterpreted{S7) to be related with glass solidified before

erystallizing out as more aeidie plagioelase. BowEN(5") considered that

An peycent of novm plagioelase is more basie than that of modal
plagioelase, because Al203 eontent of modal pyroxene adds to plagioelase

in ealcuiation o£ norm. But BowitN's theory ean not be applied to
pyroxene andesites in JapaR,

    Thouigh diagi'am figures were exeluded from this paper, the result

£ound from ealeula'tion aeeording to OsANN's and Wor,]?i'"'s systems are
added bx'iefiy.

    In A-C-F, Al-S-F and C-Al-Al}< rela'tions of OstxNN's system, the

lavas from this voleazao a,re e}osely coneenk'ated respeetlvely, exeept

Nos. IO to 15. In A-C-F relation nearly all the lavas are plotted ln

'the neighbourhood o£ gabbro, t･hough Shil<otsu iavas approaeh to quartz
diorite. And Higashiyama lavas are high in F, suggesthig that they
are rieh in eolouyed minei:als in mode. While in Al-S-F relation, }nost

Iavas are seattered around diorite, showing 'the general distinet tyend

ranging from quartz dioi`i･te (Shil{otsu lava) t･o gabbro. .In C-Al-Alk

relation, Shikotsu lavas are rather high in Alk. Nos, 11 to 15 are ou't

of the igneous field of C-Al-Alk diagram.

   Also in VSXoT,FF's diagraiin, all the lavas, ey.eept Nos, 10 to 15, are

elosely coneentrated in the area o£ andesite. But Kitayama lavas
app}'oaeh to daeite, and Shikotsu lavas are situat･ed near the boundary

among daeite, trachyte and andesite. Hig'ashiyama lavas are 'the }･iehest

in M, showing them to be rieh lii eoloured minerals.

                          Conciusiolx

    ]]"rom the above diseussion, it is concluded that the lavas from

Vo}cano Tarumai are related elose!y to each other and derivecl fi'om
the same magma, beeause they are eoncentrated wit･h the genera! trend

in ehemieal eompositiens ancl in any systein after C.I.?.W'., Ni(sGiii,

OsANN and Wor,i?F. The lavas of this voleano are high in a/l-ctlk; and qz,

very low in a･lklal-alts anct e-(al-a･lk), and low in k o£ Ni(;cim's value, in
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eomparisen with the I'el6e-Lasseft Peak and Eleetrie Peak types.
In norm, An percent is eompara'tlvely z"ie13 and er low in nomn felctspar,

Wo is very IovLr and En eften high in novm pyroxene, and Q is yieh
iii iiorm QFM.

    These chemieal eharaeteristics are related to the faets 'that plagio-

elase is more basie aRd yhombie pyrexene is more p?edmiRant iik the
lavas fi'om Voleano Taruinai than the ziormal andesite, anct most lavas

from Tarumai geReraily eontain abundant glass whieh is rieh in exeess

siliea, tkough a few eontain tridymite in the groundmass.

    Iiftrom eompayison ehiefiy ln Nic;c}T.i's value ealeulated from ehemiea}

eompositions, the main vo}eanie zones in t]'apan, exeluding the Ch6kai,

Norikura and Daisetsu on aeeount of t･heir poor data, may be roughly

eharaeteyizect ehemiea}ly as £ollows;
    [I]he Nasu zone is high in al-a･ZA; alld qz, Iow in alk/a･l-a･lle, rather low

in c-(ctl-celk) below s71 250 aitd somewhat h'ig'h in c-(cgl-a･lk) above si 250 in

eomparison with the I'el6e-Lassei} Peak oy Eleetrie Peak t･ypes. k ls
e.1 to O.3 ai)d 7･ng is O.25 to O.52, or k is eompa･ratively }ow, when com-

pared wit･h the Nort･h America Cordlllera.
    The [Fuji zone is high in a･l-cclk ancl qz, lovLT in aZk/al-ctlk; a,ncl general}y

higl} in c-(a,l-alk), especially beiow sof15e, B'at qz is not high above si

450. k is low, mostly bein.cr' below O.2, hi t･he Idzu-Hakone voleanie

yoeks belonging to this zone, er is genera}ly peor and An rieh in basic

voel<s in norm feidspar, Wo is rieh in norm pyroxene and Q is ge-
nera}ly low in noym QFM when compared with Tarumai ]avas.
    'rhe Chishima zone is high in al-a/Zk aikd qz, low iii alk!cr･l-alic and

low in c-(ag-alk) above si 18e. But qz is low be!ow si 150 and e-(al-alk)

is rather hi.crh below si 180. k-nzg points are included in the area of

the Nasu zone, showing the geneyal tyend of inerease in 7ng wi'th the

    The Daisen zone ls low iii al-a･lk, high in alkla･l-alic, qz and c-(al-alk)

espeelally between s?: 200 and 250. But qz is Iowey thaR the Nasu,
Fuji, Chishima aRd Ry"l<yti zones, k is nrostly fx'om O,2 to O.4 and mg

£rom O,4 to O.5. Consequently ic-mg poin'ts are ineludecl in the eoneen-
evated area of ehe Nort･h Amerlea CordiUera, app. roaehing t}}e Electyie

Pea}< type rather thaz} the Pele'e-Lassen Peal<.C5')

    [I]he Ryfil<yfi zone is low in al-alk and hlgh in a･Zkla･l-alk, qz and

c-(a･l-alk) espeeia}ly between si 200 and 250, Bvit a,lklctl-alk; is slightly

low' above si, 200, qz is a little lower than the Chishima anC{ e-(al-alA;)

is higher than the DaiseR. k is £rom O.2 to O,3 and 7ng O.3 to O,5, and
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k-･7ng point･s az'e i'neluded in the coneeRtrated area o/f t･he Noy'th Amer;/ea

Cox=dillera, Salqirajima Iavas belofigiikg to this zoRe ls rieh in Or,

poor in An and rieh in XiVo in eomparison vLTith tl]arumai lavas,

    The Setoueh'i zone is lovLT in ctZ aZk, qz and c-(aZ-aZk)) and very high

in alk,lag-alk. But qz ls hig}ner than 'the Eleetrie Peak type, while e-(ctl-(TZ7b)

is, as a whole, the lowest in Japan. k is highei= than O.2, and 7ng is from

e.3 to O.6, showlng the g'eneral tend of rap2d deeyease in 7ng wi'oh t'he

inevease of A;, In sanul<i't-ic roeks belonging to this zone, Or is riek, An

poor, and Q poor in eomparison with TarumaHavas. "VXJo shows mostly
'the same low value as Taruinai lavas,

    Aikalie types sueh as 'the Maros-Hi.crhwood, Tahit･i and Hawaii are

low in al-agk and gz, and high in ctlk)!aZ-alk. Tlae more ealcic 'type seems

'to be the i=ieher in aZ-alts and gx, aiid the poorey in alklal-erllt;. Conse-

qtzent･iy the }'el6e-Lassen Peak anct Eleet･yie Peak 'types are the most

ealeie amon.g young voleanie voe}<s fyom the Nort･h Ameriea Cordillera.

'l{]he Nasq ITi"uji alicl Chishima zones may be moye ealcie 'than the al)ove

two types, wliile the Ryfil<yfi, Daisen and Setouehi zone l.",vas aye moye

all<alie than the above 'three. In k-7ng relation, the latter three zones

are high in k, [l]tyNEi'}t"fii" stateCl already that the Ryfikyrk, Daiseii, Ch6kai

anc'{ Setouehi zones are more alkaiie thaii othexi voleanie roeks from
eJapan. k is in'teresting that the Set･ouehi zone is very low 'In c-(al-alk),

fay from the other two. It has been already sug'gested by Sucgt'5L'> ancl

[I]temtvA(fi`'' that saiiukitie yoeks froin the Seteuehi zone have peeuliar

eharaeteris£ies,
    Also the Nasu zone is eomparatively low in c-(aZ-aZk) 'Sk is also the

Chishima, far from the Fuji, Zihe Nasu zone is eonsidered to be oi}e

of ihe ex't･reme types among eale-all<alie series, Voleano Tarumai be-

loRgs to the representative t･ype of the Nasu zone in chemieal charae-

terlsties. [romtr,L(`i`') sta't･ed that there are some types among voleanie

roeks o£ Japan type xxThieh ean not be explained oiily by erystallization

diflieren'tiation. The au"thor(7' eonsiders that the }avas £yom Voleano
Tarkimai may be presumed to have been formed by tlie aid of magmatle
assimilat,ion of sedimentary roel<s rieh in Al,,O,i,

    AIso t･he formation of iarge anorthite eyystals inclucled in the Dome

lava, breact-erust bomb and biaek eompace block may be dzie to t,he

abno}'mal addition o£ Al,,Qi to magma,`" The area where Iarge anoy'thite
erystals ineluded in voleanic yoel<s caii be ifound n)ay be the petro-

province (p}'oposed by [i]o}firrA.<6"') whe]re contJami`natioft between magma

and Al,O:rrieh ;tsocks has takeft place,`･7) .
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