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I Introduction

    Two younger island arcs, the'Kuril and the Honshu, are joined together

in Hokkaido, and theit major geoteetonic charaeter controls the arrange-

ment bf Quaternelry volcanoes ih Hokkaido and surrounding areas.
ThiTty-six Quarternary voleanoes (or volcanic groups) have erupted in
Hokkaido] most of them were formed through central erinption, ahd some

of them built gigantie calderas of Kurakatoan type. The volcanie products
oeeinpy ca. 20% of the area of Hokkaidol while the pumice-fall and -fiow

                             tt t tttdep'osits cover alinost 50%. ' '' ''
    Petrographycally speaking, most of their volcanic rocks are com'prised

in a basalt-andesite-dacite-rhyolite sinite of calcalkali roek'series' which

viere usually associhted with the folded'mountain ehains fringing thel
ocean, Some contrasited 'differehces, however, have 'been noted in their

chemical and mineralogical characters among' the foeks'of edch volctino'

or volcanic zone. In his earlier papers, the present writer showed that
the rocks of the Ch6kai zone, along the inner arc of northern Honshu, have

higher content of alkalies than those of the other volcanic zones in Japan,



especially than those of the Nasu zone lying to its east (KATsul, 1953 &

1954). Thus, the zonal arrangement of the Quaternary petrographic
provinces along the island arcs of Japan were recently established by

IsHIKAwA and the writer (IsHIKAwA & KATsul, 1959), It is true that
volcanoes made up of the more calcic lavas are arranged at the outer side

not only in the Japanese Islands, but also widely in the circum-Pacific

region, such as in Kamchatka ([l]oMKEiEFF, 1949) and Indonesia (RITT-
MAN, 1953).
    It has long been aecepted that ealc-alkali volcani6 rocks associated

usually with the orogenic belts, through ultimate basaltic parentage, have

derived in part from sialic contamination. An important suggestion is
given here by the fact that alkali olivine-basalt undersatuTated in silica

actually erupted together with cale-alkali andesites from the Oshima-
6shima volcano of the Ch6kai zone (KATsul, 1954);on the other hand sueh
occurrehce of mafic andesite of tholeiitic type also associated with cale-

alkali rocks was known in the volcanoes of Usu and Towada of the Nasu

zone (YAGI, 1953 and KAwANo, 1939), Ii"rom these facts, the writer
has come to the opinion that the marked differenee between the calc-alkali

rocks of the Ch6kai zone and those of the Nasu zone owed its origin to the

difference in character of their parental basaltic magmas, i,e, alkali olivine

basalt magma and tholeiite magma respectively (KATsul, 1956). The
writer believes that this hypothesis has a good agreement between the
zonal arrangement and petrogenesis in the Kuril arc as well as in the
northern Honshu arc (KATsul, 1958) ,

    Very recently, during the preparation of the present paper, KuNo
(1959) published "Origin of Cenozoic petrographic provinces of Japan

and surrounding areas." KuNo's opinion is much in agreement with
the writer's views.

    This paper is intended to describe in preliminary manner the work,
in which the writer has been engaged for the last ten years'in the fields of

volcanology and petrology. In this paper, all available data on the chemical

compositions of -the Quaternary volcanic rocks of Hokkaido are colleeted,

of which one half or more of the ehemical analyses were performed by
the writer himself; then the chemieal and mineralogical eharacters of
these volcanie rocl<s are described; and lastly, origin of these volcanie

rocks and petrographic provinces is considered in view of reeent ideas of

petrogenesis and geotectonics.
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      III Distribution of the Quaternary volanoes in Hokkaido

    The total number of the Quaternary volcanoes (or voleanic groups)
in Hokkaido is 36, of which 7 are known with historieal activity, viz.,

Shiretoko-iwo-zan, Me-akan-dake, Tokachi-dake, Tarumai, Usu, Komaga-
dake and Oshima-6shima (Fig. 1).
    On the distribution of the volcanoes in Hokkaido, different elassifica-

tions or zonings have been proposed from different points of view. A well

known classification, such as the Chishima (Kuril), the Nasu and the
Ch6kai zones, is based on the geographical view point. Accordingly, this

classification does not imply that the volcanoes belonging to a single zone

.should have a common mineralogical or chemieal characteristies. For
instance, the writer has shown that the roeks of Rishiri, northwest of

Hokkaido, have a high alkali content, yet i't lies at the northern end of the

Nasu zone, whose rocks are generally characterized by low alkali content

(KATsul, l953). With the progress of petrographical study, a classifica-

tion based on the petrographical character has been proposed. Thus,
IsHIKAwA and KATsul (1959) proposed the following elassification;

      I Volcanoes on the Kuril arc:
          Ia Chishima volcanic zone
          Ib 'Western subzone of the Chishima voleanic zone
                      (or Daisetsu volcanic zone)
         (Ic Inner subzone of the Chishima volcanic zone)

     II Voleanoes on the northern Honshu arc:
          IIa Northern subzone of the Nasu volcanie zone
          IIb Nasu volcanie zone
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         (IIc South part of the Nasu volcanic zone)
          IId Ch6kai volcanc zone

    Natural or genetic classifications of volcanie zones or chains are most

desirable. IFor this purpose, studies must be make from various point of'

view, viz., geographical dis.tribution and geotectonic controls, historical

evolution, type and seale of volcanie activity, mineralogical and chemical'

chaTacteT of the volcanic roeks and their genetie relation, etc. After'
eonsideration, the following statement may be made as to the distribution'

of volcanoes in Hokkaido.

    "Most of volcanoes are divided into two major groups; one eomprises'

those along the Kuril arc, and the other those along the northern Honshu'

arc. Two volcanic chains along the Kuril arc are recognized; 1) thei
Shiretoko-Akan in east Hokkaido, and 2) the Daisetsu-Tokachi in･theN
central Hokkaido. In western Hokkaido, volcanoes along the northern:
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IHonshu arc are comprised in two parallel volcanic zones; one is called

3) the Nasu zone, and the other 4) the Ch6kai zone lying to the west of

'the former. Beside them, 5) a few volcanoes lie scattered in the inner

･side of the knot of the above two major arrangernents; Irumukeppu,

Shokanbetsu and Rishiri" (Fig. 1).
    One housld be made aware of some important features of the above

･distribution.

    a) From the geotectonic view point, it has been noticed that the
IKuril and northern Honshu arcs are double, composed of inner and outer

.arcs, respectively (ToKuDA, 1926). Geological units are distributed

.zonally either in the Kuril arc or in the northern Honhu arc from
'the west or the inner to the outer sides as follows; 1) Japan Sea
basin or Okhotsk Sea basin, 2) Inner arc (green tuff region) with
'volcanie beit, 3) outer arc and 4) Pacific oceanic basin surrounded by

'the Japan trough (MiNATo, et aL., 1956). It is evident that not only
'the Quaternary volcanoes above mentioned, but also areas of Neogene
'volcanic activity, so called "green tuff regions", are distributed only in

the inner ares. Aceordingly, volcanoes are, and always have been, con-
･centrated chiefiy within the inner arcs, since the Neogene period. MiNATo

.and his collaborators published excellent studies on the formation of this

.green tuff regions bearing igneous activity to the effeet that the igneous

activity of the green tuff regions in the IPIioeene and Quaternayy periods

can be interpreted as the final ignneous activity correspoding to the
.geologic history of the formation, fi11ing up, and then finally complete

･emergece of the geosyncline (MINATo, et aZ. 1956).

    b) Amog the Quaternary crustal movements, the most outstanding
evidences are manifested by volcanism restricted to the iimer arc and
'by seismic activity concentrated in a zone of the outer arc. From the

geophysieal view point, the former rnay be regarded as a mechanism
which diseharged thermal energy, while the Iatter was a sudden releasing

･of kinetie energy. Both endogenetic energies are estimated as havjng
 been of nearly equal order in scale (YoKoyAMA, 1958). It is well known
'that the depth of foci descends gradually from the oeeanic side toward the

Asiatic continent, and under the active volcanic zones it reaches to about

 100-200 km (WADATI, 1935 and ToKAREv, 1958). Intimate re!ations may
be eoncealed between volcanism and seismic activity; this matter will be

treated chapter IX,
     c) It goes without saying that among the volcanic zones or chains

above mentioned both the Shiretoko-Akan chain and the Nasu zone are
 situated in the most outer zone which will be called "the front volcanic



zone" or simply "the front zone" in the following description. All other
volcanoes or volcanic zones are located in another zone or area which is

called "the inner volcanic zone" or simply "the inner zone." Following

marked differences are recognized between the front volcanie zone and
the inner zone. The former includes crowded comparatively younger
volcanoes, some of them yet retaining activity. A number of hot springs
and solfatarie fields are also associated with this zone. The rocks of the

front zone are composed mainly of pyroxene-andesite, charaeterized by
low content of alkalies and high eontent of CaO and Al203. 0n the other

hand, volcanoes distributed in the inner zone lie scattered, most of them

have ceased their activity and generally they are disseeted. The rocks

of the inner zone are charaeterized by richness in alkalies and common

oecurrence of hornblende- and/or biotite-bearing andesite, dacite and
rhyolite whieh scarcely occur in the front zone.

         IV Minerall composition of the Quaternary

                    volcanic rocks of Hokkaido

         TABLE l. Quaternay voleanie rocks of ]I[okkaido, (1)
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      Figure of elassification indicated in Table 2. 0pen figures and their
      numbers show the analysed roeks Iisted in Table 3. Figures closed by
      ( ) show the other representative roeks in each volcanic field.

    Al! of the Quaternary volcanic rocks of this area, analysed and not'

analysed, are made up of a wide range of basalt-andesite-daeite-rhyolite



Petroehemistry of the Quaternary Voleanic Roeks of Hokkaido
[
i
r

as shown
on Kuno's
b}age, are

in Table 1. Their respeetive mineral
 classification of the ferro-magnesian

shown in Table 2.

composition represented
silicate mineral assem-･

TABLE 2. Quaternary voleanic rocks of Hokkaido. (2)
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    Classifieation made aceoTding to the ferromagnesian silieate rninexal as,sem-
blage proposed by KuNo (1950). Open eireles: analysed rocks listed in Table 3
of the front volcanie zone which comprises the Shiretol<o-Akan voleanie ehain and
the Nasu volcanie zone; solid eircles: analysed Tecks listed in Table 3 of the inner
volcanic zone whieh eomprises the Daisetsu-Tokaehi volcanic ehain, the volcanoes
Irumul<eppu, Shokanbetsu, Rishiri and Niseko and the Ch6kai volanie zone; solid
squares: other representative roeks of the inner zone.

    The nature of the leading rock types will be briefiy deseribed in the
              'following.

   -Bascalts of type IVb (Table 3, columns 44-49, 79 & 80), comprise most mafic
membexs of the rocks of this area; they are charaeterized by the presenee of olivine

as phenoeryst and groundmass minerals and also by the undersaturation of siliea.
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Oceurrenee of the basalts of this type are restrieted to the Japan Sea region (or the

inner volcanie zone), sueh as the voleanoes of Rishiri and Oshima-6shima where these

basalts are found together with hornblende- and rarely biotite-bearing pyroxene-
andesites. Phenoeryst consists of olivine, augite and plagioclase; while the gToundmass

is eomposed of lath-shaped plagioelase, augite (rarely with titan-augite), olivine, iTon

ore, interstitial alkali-feldspar and apatite, showing usually intersertal or intergranular

textures, It is evident that olivine formed consistently during both phenocryst and
groundmass crystallizations, without reaction relation.to monoelinic pyroxene. Biotite

as a deuterie mineral is also found, but no silica minerals in any specimen. Rare
oecurrenee ot groundmass anhydrite, as a primary pyrogenetie mineral, was reported in
the olivine-basalt dyke of the Rishiri volcang. (KATsul, 1958b).

    Basalt of typue IVb-c (Table 3, eolumn 29), oceurs only from Furano-dake of the
Tol<aehi voleano in centTal Hokkaido. The nature of the basalt of this type resembles

that of type IVb, exeept for groundmass mineral eomposition. Groundmass consists
of plagioelase, augiteptvpigionitie augite, iron oTe, alkali-feldspar, eristobalite, olivine

and apatite, showing fine intersertal texture. [I]he pTesence of pyToxene-rimmed olivine

and cristobalite distinguishes the basalt of this type from that of type IVb in whieh
olivine is entirely free from the reaetion-rim and no silica mineral can be :ound.

    Basalts evnd mafic esndesites of types IVc, Vc, Ic, aozcl c (Table 3, columns 3, 4, 8,

9, 14, 20 and 67), are rather ebmmon rocks in the front voleanie zone, viz., somma

lavas of Kutcharo, Masha, Al<an and Usu, but never appear in the inner volcanic
zone. Phenocryst is variable in composition; that is, in rnost mafic rocks eombinations

of plagioclase+olvine+augite (type IVc) are representatives, but in the others combi-

nations of plagioelase+augite+hypersthene (type Ie) are eommon. Aphyrie or nearly
aphyric roel<s aTe also found (type e). On the eontrary, groundmass is eonsistently
eomposed of lath-shaped plagioclase, augitet-kvpigionitic augite, iron oTe, siliea minerals

(eristobalite or tridymite) and apatite, showing usually intersertal texture. Olivine

and hypersthene phenoerysts are always framed by a narrow reaction rim of pigionitie

augite. Thus, it is easy to estimate that in the intratellurie stage olivine, apgite and

hypersthene might have continued crystallization, but in the effusive condition they
were replaeed only by the crystallization of the monoclinie pyToxene.

    Plagioclase phenoeryst in the roeks of this type is usually calcic; large anorthite

or ealeic bytownite erystals larger than 1 cm or more in diameter are oecasionally
found in some roeks. (IsHiKAwA, 1951; YAGI, 1953 & KATsui, 1955).

    Andesites of type Vd.c (Table 3, columns 10 & 63), oecurs also from the front
voleanic zone, such as frorn the voleanoes Masha and Y6tei, accompanied with the
roclcs of type Vc. The nature of andesite of this type is mueh like that of the andesites

of type Ve, except for the presence of groundmass hypersthene whieh is usually sur-

rounded by pigionitie augite. In this type, crystallization of hypersthene continued
until early stage ef the effusive eondition.

    Basalts ancl mafic a?tdesites of type Vc.d (Table 3, columns 28 & 30), are found

in central Hoklcaide, where they build up extensive lava fiows of the Tokachi and
Chubetsu volcanoes. Phenoeryst contains plagioelase, augite, hypersthene, oiivine and

rnagnetite. Groundrnass is composed of lath-shaped plagioclase, augite, hypersthene,

iron ore, tTidymite, alkaH-feldspar and a small amount of apatite and bTown glass,
showing intersertal texture. Olivine and hypersthene phenoerysts and a part of
groundmass (or microphenoerystic) hypersthene aTe surrounded by reaetion-rim of

inohoelinic pyroxene. Aceordingly, it ean be said that in the roeks o£ this type, mono-
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elinic pyroxene replaeed the crystallization of olivine and hypersthene only at the early

stage of groundmass formation, but in the following stage both monoclinic and rhombie

pyroxenes continued parallel erystallization without mutual reaction relation.

    Plagioelase phenocryst which ineludes zoned dust, eorroded sodic eore and aggrega-

tions of pyroxene and magnetite grains as pseudomoph after hornblende, are frequently

found; they indieate contamination of the magma.
    Andesites (pao"tly dacites) of ty'pe Vd (Table 3, columns 1, 2, 5, 12, 13, 16, 19, 22,

'23, 24, 25, 31, 50, 52, 57, 58, 60, 61, 64, 65 & 66), are the predominant roel{s throughout

this area. For instanee, most of lavas and fragments of the voleanoes of Shiretol<o-

iwo-zan, Tarumai, Y6tei and Komaga-dake are cornprised oS andesites of type Vd,

    The roeks of this type always show strong porphyritic structure, owing to abundant

presenee of plagioelase phenocrysts whieh show vaxious zonal textures; some of them
have caleie or sodic eores. Large anorthite or caleie bytownite erystals are oceasionally

found in the roeks oE the front volcanie zone. Olivine is frequently present, usually in

the mafie members. The ratio between the amounts of hypersthene and augite pheno-
･crysts is widely varied, but ln rnost of the roeks the former is rnoTe abundant than the

latter. Groundmass shows various textures, and is eharacteTized by the presence o£
both augite and hypersthene, as a result of parallel crystallization free from reaction

'Telation. Silica minerals are found in eonsidexable amounts in groundmass, rearely

up to about 37% in daeite. Alkali-£eldspar, usually found as an inteTtitial mineral, is
generally rnoye abundant in the rocl<s of the inner voleanie zone than in those of the

front zone.
    Most of the pumiee and welded tuff from the front volcanic zone are comprised
in andesite and daeite of type V, having glassy groundmass (Table 3, eolumns 6, 7, 11,

18, 21, 53, 59, 62, 72, 73, 74, 75, 76 & 77). Presumably, most of these rocl<s would

have resulted in type Vd, due to eomplete equilibrium.

    Aggregations of pyroxene or magnetite as a pseudomorph aEter hornblende are
fyequently found, mainly in the roelcs of the inner voleanic zone. The roeks ineluding

/such aggregations are of transitional type from VId to Vd.
                                                                           '    l7'elsic aotdesites and dacites of types Ie and Ve (Table 3, eolumns 15, 17, 51, 68,
69 & 71), are charaeterized by the presence of hypersthene as the only ferromagnes'ian

silicate mineral in groundmass. Phenocrysts may eontain augite beside hypers'thene,
but not olivine in any speeimen in this area. Siliea minerals and all<ali feldspar are

usually found as interstitial minerals. Most o£ the roeks included in type Ie or Ve are
more felsie than those of type Vd and frequently erupted in the later stage of the

volcanism, building up viseous lava domes ov lava tongues. The well-known new dome
lava (erupted in 1943-1945) of Showa Shinzan, one of the lava domes of the Usu
voleano, is comprised of a representative daeite of type Ie. (YAGI, 1953).

    Andesites of type 'VId (Table 3, columns 26, 27, 34, 36, '43, 78, 81 & 82), are

eharacterized by the presence of hoTnblende in addition to pyroxenes in phenocrysts.

Their oecurrences are restricted to the inner volcanie zone. In other words, all of
'the voleanie fields of the inner zone are always possess rocl<s of this type.

    The most striking feature seen in the roeks of this type is that phenoerystic
minerals are very complieated; that is, ･plagioclase, augite, hypersthene, hornblende
and magnetite are always eontained, often together with olivine and quartz, eontrasting

to their rather simple groundmass which is lilce those of type Vd. Sueh feature is
         ･1 /' ,tvery similar T td"one Rossessed by the roeks of the Norikura voleanic zone in central
Japan (IsHiKAwA, 195g>t;'5:nd of the San Juan region in Colorado (LARsEN et al., 1936-
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1938). Presumably, all of the phenocrysts did not crystallize from a magma simply
thTough complete equilibrium, but rnust have been derived from the partial assimilation

of other rocks andlor by the mixing of two magmas. This is obvious in view of the
following features.

    Various types of zoning; normal, oscillatory and reverse, are found in plagioelase･

phenoerysts, Some of them have a dust eore, and inelude fine aggregates of plagioelase

and pyroxene grains presumably formed through hornfels of argillaeeous roek origin.
Olivine and quartz are usually eorroded. Nearly all hornblende phenocrysts ineluded
in the moderately crystalline groundmass show brown-reddish brown in color, some of'

them released magnetite as a result of intense oxidation (magmatic resorption) whieh

must have occurred after the eruption, and the others eonverted into aggregates of

pyroxene and magnetite grains whieh possibly were favored by the near-surfaee eondi-
tions without oxidation. Green hornblende phenocrysts inay eceur in the rapid fixed
glassy base (type VI); they are found as pumice, bombs and glassy dome lavas.
Groundmass usually contains both augite and hypeTsthene, but no hernblende in any
speeimen, exeept for rare presenee of pargasite of pneumatolytic origin whieh is found

in druses of dorne Iava of the Daisetsu voleano. Interstitial siliea rninerals, eristobalite

or tridymite, and alkali-feldspar are also found in considerable amount.

    Various types of xenoliths whieh are granite, slate, sandstone and of other origin

and of autoliths, are oeeasionally ineluded in the rocks of this type.

    Andesite with groundmass whieh contains hypersthene as the only ferromagnesian
silieate mineral, has been found from the Rishiri voleano (type VIe).

    Andesites of types XV, XVI, XVII, XTilU and XIX (Table 3, columns 32, 40, 42
& 83), are charaeterized by the presenee of biotite phenoerysts, and their oceurrenees

are also Testxieted to the inner voleanie zone. Unfortunately, most of these xoeks are

not clarified as to what type of mineTal assemblage of groundrnass they are eomprised

of, owing to their glassy base; but, so far as identified on the fairly crystalline ground-

inass, they belong to type d or e. Generally speaking, these rocks are more felsie than

those of othex' types in whieh biotite is not included; but all features seen in these

biotite-bearing roeks are mueh like those of andesite of type VI as already described.

Resorption of hornblende and biotite are also found as in the roeks of type VId.
Xenoliths and autoliths are also abundant.

    Daeite a?nt Thyolite of type XVI (Table 3, column 33), oecur only from eentral
Hold<aido, as PIeistocene welded tuff of the Daisetsu-Tokachi voleanie ehain, constitut-
-mg a vast pyroelastic plateau. The roel<s of this type are comprised in most felsie'
members of the inner voleanic zone. Essentiai phenoerystie minerals are plagioelase,

quartz, biotite, hornblende, hypersthene, iron ore and augite. Groundmass is usually

glassy and fairiy welded, but sometimes shows eryptoerystalline texture, due to the･
secondaTy crystallization ef felsic minerals, Propylite, slate, hornfels, andesite, dacite,

rhyolite and other lithie fragment are included in the welded tuff,

   Dacite and o"hyolite of type'VI (Table 3, eolumns 54, 55 & 56), are representatives

of most felsic roel<s in the front voleanic zone, and are eomparable to daeite and rhyolite

of type XVI in the inner zone. These roel<s were erupted from the Shikotsu volcano･
as a pumiee-fall and following pumice-flows, just before the depression of the Shil<otsu

caldera in late Pleistocene. Small amounts of plagioclase, hypersthene, augite, green

hornblende and magnetite are usually found in phenocrysts; besides, quartz is fre-
quently attained. Groundmass is eomposed of highly vesicular glass, and a part of
the pumice-fiow shows'welded texture.
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    The most striking feature seen in the above descriptions is the
presence of regularity in the assemblage of ferromagnesian silicate
minerals, (See Table 2). All rr}afic rocks in this area include phenocrysts

of combined olivine+augite (type IV) or olivine+augite+hypersthene･
(type V) in most cases, and hypersthene (type I) in a few. Other as-
semblages are entirely lacking in this area, while types II and III may
occur. The groundmass of mafie rocks is constricted to type b or c in
most eases, a few of them show transitional types b->e or c->d. Inter-
mediate to felsic rocks are most abundant throughout the present area;

they are comprised in two groups; one is pyroxene-andesite and -dacite,

and the other is hornblende- and/or biot･ite-bearing andesiteNrhyolite.
The former group is eomposed 'mainly of so-called "two pyroxene-andesite
and -dacite" (type V) together with some little hypersthene-andesite and

-daeite (type I). Groundmasses belonging to this group are type d or e,

rarely c or c->d, and usually contain considerable amounts of excess
siliea minerals. On the contrary, the latter group ranges through various

types of VI, VII, XV, XVI, XVII, XVIII and XIX, and their groundmass
is always classified in type d or e, with considerable amount of alkali-

feldspar as well as silica minerals. Non-occurrence of type b and c in

this group has an important suggestion on the genesis of homblende-
and/or biotite-bearing rocks.

    It must also be noted as significant that the rocks of the front voleanic

zone are eomposed mainly of pyroxene-andesites and -dacites (types V
and I) together with oversaturated basalts (types IVc and Vc); on the
eontrary, those of the inner zone include hornblende- and/or biotite-
bearing andesites (rarely dacites and rhyolites) associated with under-

saturated basalts (types IVb and IVb-)hc). (See Table 1). Sueh petro-
graphical aspects evidence the eonsanguinity of rocks in each zone as･
well as in each petrographic province; this will be diseussed later.

        V Chamical composition of the Quaternary volcanic
                      rocks of Hokl<aido

    All available data on the chemical composition of the Quaternary
volcanic rocks from Hokkaido are listed in the following table (Table 3).

The items of analytical data contained in Table 3 number 83, of whieh

50 analyses were performed by the writer himself, while the remainder
were taken from litratures published during the 30 years since 1930, The･

older data published before 1930 were omitted, because they may be･
unreliable due to the infriority of analytical technique in those days,.
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TABLE 3. Chemieal

    volcanic

Y., KATsul

composition of the Quaternary

rocks of Hokkaido.

Vblcano

No.

Type of
mineral
assemblage*

Si02

TiO,

AI,O,

Fe203

FeO

MnO
MgO
CaO

Na2e

K,O
P20s

H,O (+)

H,O (-)

Shiretoko-iwo-

    zan

1

Vd

Rausudake Kuteharo

'
1
I
I
I
･
l

2

Vd

I
t'"'

Total

Analy$t.

60.69

  .71

16.72

 3.60

 3.96

  .09

 2.44

 5.83

 3.51

 1.57

  .15

  .27

  .19

99.73

KATSUI

61.76

  .80

16.38

 3.14

 4.04

  .12

 2.08

 5.81

 3.40

 1.39

  .18

  .34

  .13

99.57

KATSUI

3

c Vc Vd?

I
t

I
I

48.52

 1.19

20.89

 3.91

 6.11

  .09

 3.49

12.37

 1.52

  .41

  .06

  .60

  .72

 99.88

KATSUI

 54.14

  1.21

 15.71

 3.41
  9.19

   .22

  3.26

  8.93

 2.31
   .41

   .08

   .48

  .41

 99.76

KATsul

60.40

 1.01

l6.71

 3.54

 3.61

  .08

 2.11

 5.90

 3.25

 1.44

  .17

  .61

  .70

99.53

KATSUI

* Sign of Kuno's elassification by the ferromagnesian siiieate mineral assemblage (KuNo

  1950). di", Table 2.

   1 Augite-hypersthene-andesite, a lava of Naka-dal<e, one ef the central eones
     of the Shirbtoko-iwo-zan volcano. Loe,, summit of Naka-dake. (New analysis),

   2 Augite-hypersthene-andesite, a dome lava of the Rausu-dal<e voleano. Loc,,
      summit of Rausu-dal<e. (New analysis).

   3 Andesite (with abundant large ealcic plagioclase phenoerysts), a dyke intruded
      in the somma lava of the Kuteharo volcano. Loc., summit of Mol<oto-yama. '

      (KATsul, 1958a).

   4 Aug'ite-hypersthene-basalt, a somma lava of the Kutcharo voleano. Loe.,
     south of Kamisattsuru. (KATsui, 1958a).

   '5 Augite-hypersthene-andesite, a somma lava of the Kutcharo volcano. Loe.,
     Bihoro-t6ge. (KATsul, 1958a).
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TABLE 3. continued.

Vo]eano Kuteharo Masha
t........................t.tt.t.....ttt t.r.....tt.t.t...... 'ENo. 6

 Type of
 mineral
assetnblage

V

Si02

TiO,

Al,O,

Fe203

FeO

MnO
MgO
cao
Na20
K,.O

P20s

H,O (+)

H,O (-)

71,25

  .50

14,31

 1.22

 1.48

  .10

  .89

 3.13

 4.06

 1.91

  .11

  .68

  .16

Total 99.80

Ana]yst KATSUI

7 8

'

v Ie

71.92

  .59

12.65

 1.11

 1.85

  .12

  .67

 2.89

 3.59

 1.62

  .09 .

 2.55

  .46

52.78

  .77

19.01

 2.48

 7.15

  .18

 3.78

11.08

 2.21

  .30

  .25

  .19

  .18

100.11 100.36

KATSUI KATsul

9

Vc

 10

Vd-,c

55.08

 1.19

15.92

 3.83

 8.16

  .22

 3.19

 9.02

 2.48

  .44

  .21

  .25

  .14

60.05

  .51

17.07

 2.25

 6.18

  .14

 2.33:

 7.90

 2.66

  .50

  .25

  .28

  .10

100.13 100.22

KATSul KATSUI

 6 Augite-bearing hypersthene-dacitic welded tuff, welded part of the first pumiee-

   fiow deposits of the Kutcharo voleano. Loc., a quarry of Fuyume, south of
    Bihoro. (KATsul, 1958a).

 7 Augite-bearing hypersthene-daeite, a pumice from the seeond pumice-flow
    deposit of the Kutcharo volcano. Loe., near Yobito, north of Bihoro. (KATsul,

    1958a).

 8 Hypersthene-andesite, a somma Iava of the Mashfi volcano. Loe., foot of the
   western part of the Mashfi caldera. (KATsui, 1955).

 9 Augite-bearing hypersthene-andesite, a somma lava of the Masha volcano..
    Loe., foot of the western part of the Mashti ealdera. (KATsul, 1955).

10 Augite-hypersthene-andesite, a somma lava of the Mashfi volcano. Loc,,.
   'western part of the Mashti caldera. (KATsul, 1955).
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TABLE 3. continued

Voleano

  No.

I
i
'

 Type of
 minerai
assemblage

     Mashfi

11 '' '" '

F
v

12

Vd

Si02

TiO,

AI,O,

Fe203

FeO

MnO
MgO
cao
Na20

K,O
P20s

H,O (+)

H,O (-)

 Total

Analyst

r

l
E

/

1
i
/
i

l
L
j
l
i
1

1

65.53

  .36

14.72

2.48

3.21

  .10

 1.49

4.42

3.54

 .85

 .20
2.71

 .20

l

[
t

i

99.81

KATsul

72.96

  .33

12.54

2.01

2.09

  .08

 .99
3.29

3.66

1.07

 .29

 .41

 .30

1OO.02

KATsul

Atosanupuri and other post-caldera

   volcanoes o£ the Kuteharo

13

Vd

57.82

  .91

17.65

2.90

4.94

 .12
2.75

7.86

2.89

1.01

 .14

 .32
 .29 ' i
       I

14

e

I
t

64.26

  .91

14.87

2.18

 5.03

  .14

 1,76

5.49

3.70

 .83

 .20

 .25

 .36

15

99.60

KATsul

99.98

KATSul

    Ve?

    66.90

      .69

    14.72

     2.18

     2.25

      .08

     1.37

    4.22
    3.59
    1.35

     .15
    1.87
     .:.F..fr

" 99.71

KATSUI

11

12 ,

13

14

15

                                  '
Augite-hypersthene-andesite, a pumiee of the Masha pumiee-fall deposies.
Loe,, southern slope of the Masha voleano. (KATsui, 1955).

Augite-hypersthene-dacite, a dome lava of Kamuishu, a central lava dome
of the Masha caldera, Loe., Kamuishu island. (KATsul, 1955).

Olivine-bearing augite-hypersthene-andesite, a dome lava of Oyakotsu in the

Kuteharo caldera. Loe., Walcoto peninsula. (KATsul, 1958a),

Aphyrie andesite, a somma lava of the Atosanupuri volcano. Loe., eastern

paTt of the Atosanupuri ealdera-wall. (KATsul, 1958a),- - ･

Augite-hypersthene-daeite, a pumiee of the Nakajima pumiee-fall deposit.

Loe,, east of the Nakajima voleano. (KATsul, 1958a). .
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Volcano

No.

 Type of
 mineral
asserpblage

Si02

TiO,

AI,O,

Fe203

FeO

MnO
MgO
CaO
Na20

K,O
P,Q,

H,O (+)

H,O (-)

Total

Analyst

Atosanupuri and other post-caldera volcanoes of
             Kuteharo ealdera

16

Vd

67.51

  .69

15.23

 1.94

 2.43

 ,.09

 1.23

 4.49

 3.63

 1.34

  .18

  .53

  .38

17

Vd-->e

69.65

  .59

13.91

 2.46

 1.92

  .07

 1.16

 3.63

3.55

1.45

  .14

 .77

 .42

18

v

69.81

  .58

l3.23

 2.07

 1.79

  .07

  .94

 3.31

 3.79

 1.49

  .09

2.73

 .33

19

Vd

72.64

  .68

l2.92

 1.52

 1.93

  .07

 1.14

 2.53

 4.03

'1.62

  .04

  .61

  .15

Akan

99.67

KATSul

99.72

KATSul

leO.23

KATSul

20

IVe

l

F
t

52.43

 1.01

17.67

 3.08

 7.28

  .19

 3.86

10.34

 2.22

  .51

  .11

  .42

  .32

99.88

KATSUI

99.44

KATSul

16

17

18

19

2e

Augite-hypersthene-dacite (with a few phenoerystic hornblende), a somma
lava of the Nakajima volcano. Loe., eastern part of the somma. (KATsui,
1958a).

Augite-hypersthene-daeite, a central dome Iava of the Nakajima volcano. Loe.,

summit of the dome. (KATsul, 1958a).

Augite-hypersthene-dacite, a pumice of the Atosanupuri pumiee-fiow deposit.

Loc., Sattekinai, west of the Atosanupuri voleano. (KATsui, 1958a).

Augite-hypersthene-dacite, a dome lava of Iwo-zan, one of the lava domes of

the Atosanupuri volcano. Loc., summit of Iwo-zan. (KATsui, 1958a). .

Augite-bearing Qlivine-basaltie andesite, a somma lava of the Al<an voleano.

Loe., Senpoku-t6ge. (KATsul, 1958a).
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TABLE 3. continued

Volcano

No.

 Type of
 mineTal
assemb]age

Si02･

TiO,

AI,O,

Feh03

FeO

MnO
MgO
Cao

Na20

K,O
P20s

H,O (+)

H,O (-)

Tota]

Analyst

Akan

21

v

65.87

  .78

14.53

 2.43

 3.51

  .13

 1.38

 4.75

 3..51

 1.46

  .34

  .75

  .44

99.88

KATSUI

Me-akan-dake

22

Vd

 57.54

  .81
 18.37

 2.07

 5.54

  .11

 3.21 ,
 7.55
 ,2.66

 1.07

  .09

  .64

  .43

100.09

/

KATSUI

23

Vd

Daisetsu

54.73

  .91

17.84

 2.79

 6.02

  .11

 4.70

 8.13

 2.86

 1.45

  .17

  .35 ･

  .12

24

Vd

I

E
F

i
I

1

56.72

  .64
 16.58

 3.27

 4.84

  .10

 3.94

 7.28

 3:03

 1.65
'

  .24

  .64

  .96

25

Vd

I
I
I

56.99

  .75

17.01

 3.73

 4.28

  .07

 3.59

 8.21

 2.72

 1.47

  .17

 ･:56

  .39

IOO.18 99.89

KATSUI
E

l
l

KATSUI

99.94

KATSul

Augite-hypersthene-andesitie welded euff of Akan volcano. Loc., north of the

Akan ealdera. (KATsul, 1958a). . .. .. .
Augite-hypersthene-andesite, a lava of Pomnachineshiri, one ef the eones of

the Me-akan-dake volcano. Loe., northwest of the summit ef Ponmachineshiri.

(KATsui, 1958a).

                                ttt                                            'Olivine-bearing augite-hypersthene-ande.site, a spindle-shaped bomb of Asahi-
dake, one of the eones of the Daisetsu voleano. Loe,, summi,e of Aslahi-galce.

(KATsul&TAKAHAsHI, 1960). ･
Olivine-bearing augite-hypersthene-andesite, a lava of MikurasawEi ol theN

Daisetsu volcano, Loe., Mil<urasawa. (KATsui & TAKAHAsHI, 1960).

Augite-hypersthene-andesite, a lava of Chu6-kak6, the eentral erater of the

Daisetsu voleano. Loc., west of the crater wall. (KATSui & [rAKAHAsHI.

1960).

,

21

22

23

24

25
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TABLE 3, continued

Voleano

No.

 Type of
 mineral
assemblage

Si02

TiO,

AI20a

Fe203

FeO

MnO
MgO
CaO

Na20

K,O
P20s

H,O (+)

H,O (-)

Total

Analyst

Daisetsu

26

VId

60.44

  .55

15.67

 2.80

 4.08

  .08

 3.12

 6.50

 3.31

 1.73

  .17

  .75

  .51

99.71

KATSul

27

VId

64.67

  ,62

16.24

 2.62

 2.60

  .09

 2.10

 4.80

 3.77

 1.97

  .12

  .46

  .15

100.21

KATSUI

         lchubetsu [
         t

Tokachi-dake ' '

28

Ve-d

55.59

 1.11

16.30

2.78

6.70

 .07
4.27

8.84

2.69

1.22

 .22

 .19

 .22

･100.20

K-ATSUI

29

IVb.e

46,79

 1.61

18.03

 4.98

 7.52

  .19

 5.76

10.55

2.67

 .79

 .08

 .55

 .38

99.90

KAT$ul &
TAKAHASHI

30

Vc--,d'-

51.90

 1.05

17.･69

2.50

7.72

  .52

4.96

9.35

3.04

1.20

 .15

 .46
 .11

100.65

II]ANAKA

26 Quartz- and olivine-bearing honrblende-augite-hypersthene-andesite, the dome
   lava of Keigetsu-dake, one of the lava domes of the Daisetsu voleano. Loe.,

   summit of Keigetsu-dake. (KATsul & TAKAHAsHI, 1960).

27 Quartz-bearing augite-hypersthene-hornblende-andesite, the dome lava of
   Kuro-dake, one of the Iava domes of the Daisetsu voleano. Loc., southern fiank

    of Kuno-dake. (KATsul & TAKAHAsHI, 1960).

28 Olivinetaugite-hypersthene-andesite, a lava of the Chubetsu volcano, Loe.,

    Takanegahara. (KATsul & TAKAHAsHI, 1960).

29 Augite-olivine-basalt, a lava of Furano-dake, one of the eones of the Tokachi

   volcano. Loc., summit of Y'urano-dake. (KATsul & TAKAHAsHI, 1960).
'

30 Olivine-hypersthene-augite-basalt (olivine-pyroxene-andesite aeeording to TADA

   & TsuyA), a lower lava of the Tokaehi voleano. (TADA & TsuyA, 1927).
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TABLE 3. continued

Volcano

No.

 Type of
 mineral
assemblage

Si02

TiO,

AliO,

Fe203

FeO

MnO
MgO
Cao

Na20
K,O
P20s

H,O (+)

H,O (-)

Total

Analyst

Tokaehi-dake

31

･Vd

53.93

 1.25

18.39

 3.11

 6.21

  .19

 4.10

 8.83

 2.40

 1.43

  .15

  .14

  .03

100.16

TANAKA

32

XVId

60.67

  .79

15.44

 4.72

 2.67

  .10

 2.53

 5.45

 3.35

 2.93

  .12

  .79

  .32

99' .88

[IrAKAHASHI

33

XVI

   71.57

. .29
   13.11

    2.62

     .78

     .07

     .64

    2.19

    3.89

    3.39

     .06

     .60

     .42

99.63

[I]AKAHASHI

Irumukeppu

34

VI

56.94

  .78

18.3e

 3.10

 3.59

  .12

 3.63

 7.69

 2.82

 1.56

  .20

  .26

  .60

99.59

MAEDA

35

v

56.99

 ..･69

18.26

 2.98

 3.64

  .11

 3.83

 7.54

2.83

 1.57

  .20

  .44

  .49

99.57

MAEDA

31 Olivine-auglte-hypersthene-alldesite, a bomb (erupted in 1926) of the Tokaehi-

    dake volcano. Loc., near Shin-fun-kako (New crater) of the Tokaehi-da'I<e

    volcano. (TADA & TsuyA, 1927).

32 Biotite- and hornblende-bearing augite-hypersthene-andesite, the dome Iava of
    the Tol<achi-dake voleano. Loc., summit of [I]okaehi-dake. (KATsul & TAK'A-
    IIASHI, 1960).

33 Augite- and hypersthene-bearing hornblende-biotite rhyolitie welded tuff, a
    lower welded tuff (Tokaehi welded tuff) of the Tokaehi voleano. Loc., east of

    Kamifurano. (KATsul & TAKAHAsHI, 1960).

34 Hornblende-bearing augite-hypersthene-olivine-andesite, a lava of the 7th
    ejeeta bed (Okirika-yama upper Iava) of the Irumul<eppu volcano. Loc.,
    Okirika-yama. (KAwANo, MATsui & SHIMIzu, 1956).

35 Olivine-bearing augite-hypersthene-andesite, a lava of the 5th ejeeta bed
    (Irumukeppu-yama lava) of the Irumukeppu voleano. Loc., Irumukeppu-yama.
    (KAwANo, MATsul & SHIMIzu, 1956).
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･TABLE 3. eontinued

Vo]cano

No.

 Type of
 mineral
assemblage

Si02

TiO,

Al,O,

Fe203

FeO

MnO
MgO
CaO
Na20

K,O
P20s

H,.O (+)

'H,O (-)

Total

i.1 Irumukeppu

36

VI

57-. 28

  .78

17,79

 3.07

.3.66

  .13

 3.92

 7.51

 2.83

 1.45

  .20

  .54

  .46

99.62

37

(VI-->)V

57.34

  .78

17.54

 3.56

 3.30

  .13

 4.06

 7.16

 2.85

 1.47

  .19

  .47

  .72

99.57

Analyst MAEDA. ' MAEDA

38
E

(VI->)V

57.70

  .78

17.89

 3.07

 3.44

  .13

 3.85

 7.11

 3.01

 1.60

  .20

  .30

  .52

39

VI

[
E
I

i
I
E
E

I

99.60

MAEDA

58.99

  .63

18..53

 3.89

 2.20

  .13

 2.55

 6.13

 3.14

 1.39

  .20

 1.24

  .64

99.66

MAEDA

40

XVIII

59.44

  .63

17.46

 4.14

 2.54

  .13

 2.38

 6.14

 2.81

 i.47

  .19

 1.44

  .80

99.57

MAEDA

36 Horblende-bearing olivine-augite-hypersthene-andesite, a lava of the 6th ejeeta

    bed (Okirika-yama lower lava) of the Irumul<eppu voleano. Loc., northern

    foot of Ol<irika-yama. <KAwANo, MATsul & SmMIzu, 1956).

37 Olivine-angite-hypersthene-andesite (with a few phenocrystie hornblende), a

    ]ava of the 8th ejeeta bed (800in-yama lava) of the Irumukeppu volcane.

    Loc., 800m-yama. (KAwANo, MATsul & SmMIzu, 1956).

38 Augite=hypersthene-olivlne-andesite (with a few phenoerystie hoynblende), a

    lava of the 9th ejeeta bed (Otoe-yama lava) of the Irumukeppu volcano. Loe.,

    Otoe-yama (or OI<irika?) . (KAwANo, MATsui & SmMIzu, 1956).

39 Augite-hypersthene-hornblende-andesite, a lava' of the 2nd ejeeta bed '(805m-

    yama lava) of the Irumukeppu volcano, Loc., Irumul<eppu-yama. (KAwANo,
    MATsul & SmMIzu, 1956).

40 Quartz-biotite-hornblende-andesite, a lava of the first ejecta .beq (Okirikp-

    kosenzawa lava) of the IruTnul<eppu voleano. ;Joe., northeTn slope of Iruinu-

    lceppu-yama. (KAwANo, MATSul & SHIMIzu, 1956).
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TABLE 3, continued

Volcano

     No.

- TY-p'e-oi-'

   mineral
7.essemb]age

Si02

TiO,

Al,O,

li'eL,Oa

FeO

MnO
MgO
cao

Na20

K,O
P20s

H,o (+)

H,O (-)

Total

Irumukeppu

41 i
j

42
)
l

Shokan betEu

43

VI

1
･
I
･

l
[

VIIIe?

59.60

  .63

17,10

 5.20

 1.61

  .11

2.56

4.75

3.23

 1.57

 .17
1.59

1.48

/

l
l
E
l
1

I
1

l
i
'

l
i
l
t
l
l
t

l

60.85

  .63

17.97

 3.30

2.45

  .13

2.43

6.53

2.96

1.63

 .19

 .26

 .28

VId

55.41

  .64

17.38

 3.36

4.16

  .15

4.52

8.62

2.67

1.34

 .24

 .57

 .55

99.60

Analyst
l'I
'

'

MAEDA

99.61
l
I
/ 99.61

MAEDA KATSUI

Rishiri

44

IVb

49.26

 1.25

17.71

 2.67

 7,12

  .05

 7.91

10.01

 3.08

  .56

  .19

  .36

  .17

100.34

KATSUI

45

IVb

49.58

 1.41

16.88,

 4.19+

 5.97'

  .25

 5.29lt

10.75'

 3.85

  .88

  .08

  .61

  ,24

100.99*

KATsUI
'i'` Ineiuding 1.01% S03 , most of whieh is derived from the groundmass anhydrite

  (KATsui, 1958b). ' '
41 Augite-hypersthene-hornblende-andesite, a block of the 4th ejecta bed (Otoe-

   'yama agglomerate) of the Irumukeppu volcano. Loc., western slope of Irumu-

   1<eppu-yama.- (KAwANo, MATsul & SHIMizu, 1956). '

42 Hornblende-andesite, a block of the 3rd ejeeta bed (Irumukeppu agglomerate)
   Olfgst6h)e,I.rUMYkePPu yolcano･ Loc･, Irumukeppu. (KAwANo, MATsul & sHIMIzu,,

                                             '
43 Hornblende- and quartz-bearing olivine-augite-hypersthene-andesite, a !ava of'

   the Shol<anbetsu voleano. Loc., summit of Shokanbentsu-dake. (New analysis).

44 Olivine:augite basalt, Oniwaki lava of the Rishiri volcano. Loe., souLhern'

   shore of Oniwaki. (KATsui, 1953). '
45 Olivine-augite-basalt (with groundmass biotite and anhydrite), a dyke of thd

   Rishiri voleano. Loe,, near the top of Rishiri. (KATsui, 1958b).
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                 TABLE3. continued

2
1

Voleano

No.

 Type of
 mineral
assemblage

Si02

TiO,

AI,O,

Fe203

FeO

MnO
MgO
Cao

Na20

K,O
P20s

H,O (+)

H,O (-)

Total

Analyst

Rishiri

46
{

IVb

49.60

 1.40

16.06

 4.05

 7.10

  .21

 6.12

10.86

 2.76

  .86

  .17

  .54

･ .12

99.85

KATSul

47
l

I

IVb

50.69

 1.28

16.59

 4.06

 5.01

  .10

 7.34

10.00

 3.49

 1.03

  .14

  .43

  .18

. 4s .r.. I

 IVb

50.78

 1.09

15.55

 3.90

 7.02

  .12

 7.06

 9.82

 3.75

  .59

  .07

  .30

  .20

49

100.34

KATsul

IVb

l
l
l
I

i

53.29

 n.d.

18.14

 3.63

 5.12

･n.d.

･ 5.02

 9.83

 3.48

 1.17

 n.d.

 n.d.

 n.d.

100.25 99.68

KATsul ABE

50

Vd

63.48

  .56

16.89

'2.82

 2.77

  ,10

 2,54

 6.21

 4.04

  .97

  .14

  .2e

  .05

100,77

KATSUI

46

4
7

48

49

50

Olivine-augite-basalt (with a few grDundmass biotite) Notsuka lava of the
Rishiri voleano. Loe., Sainokawara, noTth of the summit of Rishiri. (KATsul,

Olivine-augite-basalt, a lava of the 2nd ejeeta of the Rishiri voleano. Loe.,

eastern side of the top of Rishiri. (KATsul, 1953).

Olivine-augite-basalt, Motodomari lava of the Rishiri voleano. Loc., northern

coast of Rishiri island. (KATsul, 1953).

Olivine-augite-andesite, Kutsugata lava of the Rishiri volcano. Loe., shore of

Kutsugata. (KATsui, 1953). . ･ ,
                                        '                                                     '
Augite-hypersthene-andesite, a lava of lst ejecta of the Rishiri voleano, Loc.,

eastern ridge of Rishiri, (KATsui, 1953).
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TABLE･3. con･tinued'

Volcano

No.

 Type o£
 mineral
assernblage

 Si02

 TiO,
 Al,O,･

 Fe203

 FeO
 MnO
 MgO
 CaO
 Na20
 K,O
 P,O,

 H,O (+)

 H,O (-)

  Total

Analyst

Rishiri
r

Shikotsu

51

･Ie
   ･66.41

    ･ ,55

   ･16:20

     1.98

     2.93

    ' ,09

     ･1.55

  ' '3:46

    -5.14

    ･1:74

    ･ .17

    -･ ,25

    '..i.95

52
'

Vd

  51.40

    .92

  19.20

･ 3.96
   5.82

    .27,

   3.84

  ･9.94

   2.67

- ･ .65

    .20

    .83

    .27

100:52 E 99.97

53

v

54

  64.g2 l
        '
   ' .52 i
        1
  15.08

  ･1.81

' 2.24
    .07

' .81
  ･3.98 j

 ' 3.40 i

  '1.71

･･ . .10

 ' . 4.20

'' .94

KATSUI

' 99.78

KATSul
i
I KATSUI

 VI

69.05

 ' .,42

14.76

 1:87

 '1.27

' ..09

  .68

 -3:l9

 3.91

 2.45

  .11

' 2.57

  .28

100.65

KATSul

55

]
i
'
1

1

1

i
1

l

I

i

 VI

 69.63

  .10
 14.33

 2.08･

 1･.90･

  .15

 1.12
 3120･

 3･. 09･

 1.88

  .19･

')2.46

100L13

/

   'avera.ge of 6

5' ..H.Y.PgrSSIIIIe,?es2"8e.S,'.'.`e.,,l,P.hizY,.a.M.a,.1?x:}s,i,a)v,? o£,the. RishiTi v,oic'ano. .Lpg:, ishi-･

                                                                  '
52 2Y,V.lnfit-aayUtOi'lltea-?,YP(eKrSAtthrseun. ie,-aingdsegs)iFe.,a se?ria ot,,the Shil<.otsu.se,o.ria-fail deposit.

                        t. tt . . t.t. t. .tt                                                 '                                  .t                                        '                     '5.3
 ."

ilsl:,g,iEe$¥Pel.Sgh.; &e.-,d.9ill12e.,.. ac.P.P,M,tC,, f,r,O,m,,),tbg .Ph,ikotsu p.umiceTfaii deposit

                                 t t/t tt /t tt tt t                                         '                                                                '54 Hornblende-augite-hypeTsthene-dacite, a pumice from the Shilcotsu pumice-flow'

    dep℃sit (Spfi･). Loe,,' Shimama'tsu, north 'of Chitose. ''(KATsui, 1959). ' '
                                            t t./ .. t t. t// .
55 Hornblende-augite-hypersthene-daeitic welded tuff, welded part of the Shikotsu
   pumiee-fiow'depo's'it' (Spfi). ' A:vetf ge' of 6 ( palyp'es;. ,(.S"TO & TSAGA}4IA,. 1,959Y-i'
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TABLE 3, continued

Volc4no

'No.

 Type of
 mineral
assemblage

Si02

TiO,

Al,O,

Fe203

FeO

MnO
MgO
Cao.

Na20

Ka20
P20s

H,O (+)

H,O (-)

Total

Analyst

Shikotsu

' 56

VI

72.41

  ,31

12.83

 1.36

 1.20

  .05

  .45

 2.04

 3.35

 3.50

  ,13

 2.64

  .19

l
,

1

100.46

KATSul

Tarumai

57

Vd

57.40

  .53

18.27

 3.50

 6.01

  .15

 3.89

 7.30

 2.12

  .70 ,

n.d.

 ).43 ･

100.30 ,

NAKAE

58

Vd

57.88

  .49

19.42

 2.25

 6.76

  .87

 3.29

 6.75 ･

 2.20

 1.00 i

n.d.

 I.02

100.93

Average of 3

sg

v

58.38

  .62

17.84

 3.33

 5.21

  .22

 3.42

 7.38

 2.46

  .72

n.d.

 ).97

100.55

AveTage of 6

60

Vd

59.17

  .48

18.60

 2.78

 5.84･

 1 ..03

 3.12

 6.61

 1.88.

  .98,

  .21

 ].19i

100.95*

Average of 5

':` IneludinglO.06%S as an average value. ,
56 Augite-hornblende-hypersthene-nhyoli' te; a' PumiGe fr6m th6 shikotsd p'uiniee-'i

    fall deposit (Spfa 1)..Loe., Bibi, seuth of Chitose, (KATsui, 1959). ,

57 Augite-hypersthene-andesite, central cone Iava of the Tarumai vbiezino. Loe.,

    eastern foot o£ the lava dome, summit,of Tarumai. (SuzuKI, 1935)., ･

ss Augite-hypersth'ene-andesite' ('wit6 large anorthite5, 6read drust bomb and

 . Iava bloek (ejeeted,in 1909) of theTarumai.volcano. Loc., supamit ot,Tarumai.

    Average of3analyses, (IsmKAwA, 1952), , ,,

59 Augite-hypersthene-and.esitic welded tuff, welded.part o£ the Tarumai･pumice-,
    fiow deposit (lavas of Kuehawakkanai, OppQpu, Nishi-yama and Shishamonai.
    aceording to IsmlcAwA). Average of6analyses. (IsHIKAwA, 1952).

 t.... ... /..t .. t t. .. .t . . /t..t..6d Augite-hypersthene-andesite (with large anorthite),.dome lava (erupted itr

    1909) of the Tarumai volcano. Loc., sumrnit of Tarumai. Avera,ge of 5
    analyses. <IsHIKAwA, 1952).
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TABLE 3., continued

Volcano

No.

 Type of
 mineral
assemblage

Si02

TiO,

Al,O,

Fe203

FeO
MnO
MgO
CaO
Na20

K,O
P20s

H,O (+)

:H,O (-)

Total

Analyst

Tarumai

61

Vd

60.80

  .49

17.48

 4.88

 3.36

  .11

2.48

6.16

2.78

  .98

n.d.

].70

100.18*

NAKAE

Kuttara

62

v

64.27

  .18

15.78

 3.36

 2.88

  .36

 1.64

5.62

3.64

1.54

 .20
l .83

100.30

SAT6 & KAGAwA

Y6tei

63

Vd-e

57.84

  .82

17.48

 2.72

 5.74

  .12

 3.14

7.77

3.13

  .99

 .20

 .11

 .05

100.11

KATSUI

64･

Vd

57.89

  .89

18.33

2.36

 5.11

  .10

2.65

7.97

3.30

1.07

 .17

 .20

 .04

loe.os

KATSul

65

Vd

58.23

 1.01

15.98

 3.6e

5.76

  .14

3,32

7.65

2.89

1.01

 .17

 .12

 .06

99.96

KATSul

* Total==100.22, but remained in original figure.

61 Augite-hypersthene-andesite, Kita-yama lava, north of the Tarumai volcano.

    Log. Kita-yama. (SuzuKI, 1935),

62 Augite-hypersthene-andesitic welded tuff, Noboribetsu welded tuff of the Kut-

    tara voleano. Average of 4 analyses. (SAT6 & KAGAwA, 1956).

    '                                                           '63 Olivine-bearing augite-hypersthene-andesite, the 2nd'stage lava' of the Y6tei

    volcano. Loc., western slope of Y6tei. (KATsul, 1956), '

64 Augite-hypersthene-andesite, the lst stage lava ef the Y6tei volcano. Loc.,

    western foot of Y6tei. (KATsui, 1956). ' '

65 OIivine-bearing augite-hypersthene-andesite, the 3rd stage lava of the Y6tei

    volcano. Loc., southern rim of the younger crater, summit of Y6tei, (KATsui,

    1956). ' '
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TABLE 3. continued

Volcano

NQ.

 Type of
 mineral
assemblage

Si02

TiO,

Al,O,

Fe203

FeO'

MnO
MgO
cao
Na20

K,O
P20s

H,O (+)

H,O (-)

Total

Analyst

Y6tei

,66

Vd

63.45

  .67

15.97

 2.58

 4.28

  .10

 1.95

 5.e8

 3.75

 1.34

  .18

  .21

  .11

99.67

KATSUI

Usu

67

Vc

53.46

 1.06

18.99

 2.75

 6.74

  .22

 3.82

 9.79

 2.47

  .48

  .32

  .33

  .22

100.63

YAGI

68

Ie (t-Ve)

68.26

  .36

15.77

 1.91

 2.15

  1,3g

 4.37

 3.83

 1.29

  .18

} .51

99.93

. Geol. Surv.

69

Ie

69.74

  .45

15.59

 1.52

 2.59

  .08

  .85

 3.63

 3.43

 1.36

  .22

  .67

  .23

100.36

YAGI

70

I (-VII)

70.60

  .36

15.00

 1,37

 2.49

  ,09

  ,77

 3.30

 4.42

  .98

  .21

  .69

  .12

100.40

.YAGI

66 Augite-bearing hypersthene-andesite, a lava of Minamikak6, one of the parasi-

    tic cones of the Y6tei voleano. Loe., southwestern foot of Y6tei. (KATsui,
    1956).

67 Olivine-augite-hypersthene-andesite (with large caleic plagioclase), a somma

    iava of the Usu voleano. Loc., roof mountain of Sy6wa-sinzan. (YAGI, 1953).

68 Hypersthene-dacite (with a few phenocrystic augite), the dome lava of 6-usu,
    one of the lava domes of the Usu voleano. Loe., summit of the dome. (TANA-

    KADATE, 1930).

69 Hypersthene-dag,i.l e, new dome lava (erupted in 1943-1945) of Sy6wa-sinzan,

    one of the lava domes of the Usu voleano. Loc., Sy6wa-sinzan. (YAGI, 1953).

70 Hypersthenerdacite (with a few phenocrystie hornblende), a glassy part of
            ..t..t.t.  ' the O-,u,.g.'i 'dome lava. Loc,, O-usu. .(YAGI, 1953), ' '
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[I]ABLE 3.- c6ntinued

Volcano

No.

 Type of
 inineral
assemblag

sioi

TiO,

Al,O,'

Fe203

Feo

MhQ
MgO
cao･

Nh,O

K,O
P20s

H,O (+)

H,O (-)

Total

Anal'yst

Usu

l
･

71

Ie (.-.Ve)

'71.25

  .43

13･.21

 3..lg

 '1.96

  ･.27

  -.84

 3.10

 4･.02

 1.15

  .46

  .50

  .25

100.63

YAGI

Komaga-dak6' '

72

v

58.03

  .61

l8.04

 2.63

 5.36

  .18

 3.17

'7.95

 2.99

  .65

- .18

  .19

  .04

100.02 '

TAivA.KA

73

v

 ' 59.08

    .57

  17'. 80

   2.92

' 5.22

    .12

   3.10

   7.83

. 2.20
   1.03

    .16

    .58

    .06

100.67

SETO

74

v

59.50

  .29
16.4ts

 3,:48

 5.'62

 ,tr.

 3.16

 7.52

 2.87

  .89

 ,. 32

 ,. 39

 ,. 06

!eo･.s6

SETO

75

v

;

/

59.86

  .75i

16.34

 2173

 5'.33

  .eg

 3.04

 7.03

 3.67

  :97'

  .09

' ].30

100.20

aver'age of 3

7I Hypeic'sthene-da6ite ' (with'i few'phetioery'stiE a'ugite), the dome'lavti of Ko-usu,

    one of the' lava d6mes'of 'the Usu voleano. Loe:, stininiit of Ko-usu. (YAGi,
    1953).

72 Augite-hypersthene-andesitej a'see'ria (erupted in" 1929)･ of the Komaga-dake,
 - voleano. Loc., southwest slopeof Komaga-dal<e. (-TsuyA, 1930). ,

73 Augite-hypersthene-andesitic welded･tuffii: (andesite. according to SETo), a
    part of the Kurumisaka agglomeratle lava (named ,by KATo) pf the Komaga-
    dake voleano. Loe. Shin-ogawa station. (SETo, 1932). ., ,

74 Augite-hypexpthepe-andpsikie ,w.e,1,ded..tgff"`, (apdesi.te.acgording Yo.SETo), a
    part of the Saha,ra-,dakg lava (narp,gd by KATo)lpf the ,KprnagqLdake v61cano.

    Loc,, western summit of Sahara-dal<e. (SETo, 1932).

  t. t , /.t tt./tt : ,. t.. t t t./ . i.t /t .75 Augite-hypersthene-andesite, lava ,bloeks (erupte.d in 1929) o.f.the l omai<q-dalce

    voleano. Loc., southeastern slope of Komaga-dake and summit of Sumidamori.
    Average of 3 analyses. ([I]suyA, 1930 and SETo & YAGI, 1932).

':` The rock names were reeently determined by Mr. M. .IwANAGA (oral eom-
  munieation).
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Y' .tT2¥B'LE,3. eontihUed'

Voleanb

No.

Komaga-dake

76

 Total of
 mineral
assemblage

l
E
I

v

Si02

Ti02

Al,O,

Fe203

FeO

MnO
MgO
CaO
'Na20

K,O
P20s

H,O (+)

H,O (-)

Total

Analyst

60.68

  .70

15.95

 2.65

 4.86

  .06

 2.51

 6.84

 4.28

 1.Q4

  .08

} .63

100.28

average of 3

77

v

60.74

  .67

15.89

 3.01

 5.26

  .10

 2.65

 6.83

 3.96

I
Z
:

}.43

L

100.59*

average' of 2

' Niseko

78

VId

58.29

  .67

17.72

 4.65

 2.20

  .15

 3.･94

 7.09

 2.62

 1.62

n.d.

  ･6.6

  .62

100.24**

KUSHIDA

Oshima-6shiina

79

IVb

48.89

 1.02

15.00

i2.92

 6.41

  .25

10.60

10.91

il.95

lil.13

i .05

  .64

  .12

99,89

KATsul

80

!

IVb

  49.90

  ･1.09

, 16.05

   5.03

   5.55

    .14

   7.03

  10.51

   2.15

   1.92

    .23

    .26

    .06

99.92

KATSul

 *･

**

76

77

78

79･

80

Ineluding O.17%Sas an' ave'rage.value.. ' -
Total::=100.23, but remained' in otiginal figu're, -

Au,gite-hypersthene-andesite,.pprr}ieg. (erupted ip 1929) of the Kolpaga-dal<e
vglcang: .Loe., li¥akeyptma'slqpe and Akaigawa. Avqrage qf 3 analyses. (TsuyA,
1930; S'ETo, i932 and SET6' & YAGi, 19'32). . '

Augite-hypersthene-andesite, bread crust bornbs (erupted in 1929) of Komaga-
dal<'e vole'and.' Lo61J n' ear'thel summit bf Kbth'agaidbl<e. Aver'age of 2 tihalyses.

 (IV'suYA','1930 ahd' SETo'& YAGI, t932). L' '' ' '

Quartz- and hornblende-bearing olvine-augite-hypersthene-andesite, a block

of the Naganuma mud-flow from Chisenupuri, one of the lava domes of the
Niseko (Iwaonupuri)' voleano.}･ Loc.i near ･Nag'anuma-. (HIRoKAwA ･& MuRA"

yAMA, 1955),. ･,. .,･,i ,.t･. ,,, ･ - ･',･: ･.･' ･･
Augite-olivine-'bdshlti a･'lava of''the Youn'ger sornma (Nishi-yarh'a) of the･

Oshima-6shima volcano. Loe., Yamasedornari,"sou･thern coast of 'the Oshima=,

6shima island. (KATsul, 1953).

 Olivine-augite-basalt, a eentral eone lava of the Oshima-6shima volcano. Loc.,

Yakekuzure peninsula, north of the Oshima-6shima island. (KATsui, 1953).
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TABLE 3, continued

Volcano

No.

Type of mineral
 assemb]age

Si02

TiO,

Al,O,

Fe203

FeO

MnO
MgO
CaO

Na20 i

K,O
P20s

H,O (+)

H,O (-)

Total

Analyst

Oshima-6shima

81

VId

55.56

  .61

18.28

 2.46

 5.11

  .19

4.05

8.57

2.62

1.80

 .22

 .62

 .13

100.27

KATSul

82

VId

    i61.72

  .37

17.71

 1.12

4.33

  .10

 1.83

 5.19

3.21

3.28

 .20

 .83

 .16

100.05

KATSul

Oshima-Kojima

83

XVId

60.46

  .57

16.30

 3.16

 2.83

  .14

 3.31

 7.11

 3.04

 1.87

  .22

  .39

  ,21

99.61

KATSul

'81 Olivine-

    younger
    southern

and hornblende-bearing augite-hypersthene-andesite, a lava of the

somma (Nishi-yama) of the Oshima-6shima volcano. Loe., Aidomari,
coast of the Oshima-6shima island. (KATsul, 1953).･

82 Hornblende-augite-hypersthene-andesite, a lava of the

   yama) of the Oshima-6shima volcano. Loe., Aidomari,
    (KATsul, 1953).

older somma (Higashi-
Oshima-6shima Island.

83 Biotite- and quartz-beaTing hornblende-hypersthene-augite-'andesite, a

   the Oshima--kojima volcano. Loc., western coast of Oshima-kojima
    (New analyses).

Iava of
island.

Some of them, however, such as the new Tarumai lava erupted
are ineluded as an average composition. As to the welded tuff,

there are 21 data at hand, only 3 average composition and 5
analyses of them are included,

in 1909,

although
 original
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   Sgme ealculations of MgO-(FeO+Fe203)+(Na20+K20) ratio, Norm-
and Niggli-values for graphical representations, were made by the writer'

and listed in the following table (Table 4).

TABLE 4. MgO-(FeO+Fe,O,)-(Na20+K20) ratio
 Niggli values ealculated from' Table

and
3
.

Norm- &

No.

wt%(RZg:s'iilz83

     R'g

     ec

    ge･

    ttii

    K,m

w,%(arb.

wt % ( illigO

  color index

    si

    al
    xim
    c    aek

    qz
    k
    mg
    al-alk
    c-(al-alic)

1

 53.7
 17.3
 29.0

 17.8
 8.9
29.9
25.3
  .o
 1.2
 6.1
 3.2
  .o
  .o
 5.3
 1.4
  .o
  .3

14.0
46.5
39.5

11.5
58.0
30.5

17.5

201

32.5
32.4
20.6
14.5

43

  .22
  .37

18,O

 2.6

2

 51.1
 14.8
 34.1

20.2
 8.3
28.9
25.3
  .o
 1.2
 5.2
 3.7
  .o
  .o
 4.6
 1.5
  .o
  .3

13.5
46.0
40.5

11.0
52.0
37.0

16.5

212

33.2
30.9
21.4
14.5

54

  .21
  .35

18.7

 2.7

3

64.9
22.6
12.5

6.2
2.2

13.1
48.9
 .o
5.2
8.7
6.2

 .o
 .o
5.6
2.3
 .o
 .o

3.4
20.4
76.2

25.8
43.3
30.9

28.5

120

30.4
32.7
32.7
 4.2

 3

  .14
  .39

26.4
 6.3

4

67.8
17.6
14.6

11.9
2.2
19.4
31.4
 .o
5.1
8.2

13.9

 .o
 .o
4.9
2.3
 .o
 .3

4.2
36.6
57.2

18.7
30.2
51.1

35.0

145

24.8
42.7
25L8
 6.7

18

  .10
  .31

18.1
 7.7

5

 51.3
 15.1
 33.6

 20.3
 8.3
 27.3
27.0
  .o
  .6
 5.3
 2.1
  .o
  .o
 5.1
 2.0
  .o
  .3

13.2
43.6
43.2

 7.5
66.2
26.3

15.5

208

33.9
30.6
21'.7

13.8

53

  .22
  .36

20.1
 1.6

6

 28.3
 9.3
 62.4

 32.1
 11.1
 34.6
15.0
  .o
  .o
 2.2
 1.1
  .o
  .o
 1.9
  .9
  .o
  .3

18.3
57.0
24.7

  .o
67.0
33.0

 6.5

347

40.9
17.5
16.4
25.2

146

  .23
  .37

15.7
  .7

7

 33.5
 7.5
 59.0

 37.2
 9.5
30.4
13.6
  .o
  .o
 1.7
 1.8
  .o
  .o
 1.6
 1.1
  .o
  .3

17.8
56.8
25.4

  .o
49.0
51.0

 6.5

387

40.0
19.0
16.8
24.2

180

  .23
  .29

15.8
 1.0

8

60.5
23.5
16.0

8.2

L7
18.9
40.8
 .o
5.2
9.5
10.0

 .o
 .o
3.7
1.5

 .o
 .7

2.8
3e.7
66.5

21.1
38.4
40.5

30.5

135

28.5
35.1
30.4
 6.0

11

  .08
  .42

22.5
 7.9

9

66.0
18.0
16.0

13.5
2.8

21.0
30.8
 .o
5.1
8.0

10,2

 .o
 .o
5.6
2.3
 .o
 .7

5.1
38.5
56.4

21.9
34.4
33.7

32.0

152

25.7
40.'3

26.6
 '7.4

22

  .11
  .33

18.3
 8.3

10

60.5
17.0
22.5･

20.2
 2.8i
22.5･

33.1
 .o･
 1.9
5.81

9.0
 .o･
 .o
3.2,

 .9･
 .o･
 .7'

4.8z

38.6･

56.6･

11.4
34.7
53.9

21.5･

,189

g}ig･

2gigr

53

  .loL
  ,33･

22.4
 4.2

Numbers of each column with reference to Table 3.

(to be continued)
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TABLE 4. continued

No. 11 12 13 14 15 16 17 18 19 20

FeO+Fe203 49.0 42.0 54.1 53.4 41.2 41.3 41.6 '38.3 33.4 61.1tWt9otMgO

13.0 10.0 19.0 13.0 12.8 11.7 11.0 9.4 12.0 22.7
Na,O+K20 38.0 48.0 26.9 33.6 46.0 47.0 47.4 52.3 54.6 16,2

Q 28.9 39.1 1'5.2' 23.6 29.8 29.4 34.2 33.8 35.5 9.0
Or 5.0 6.1 6.1, 5.0 7.8 7.8 8.3 8.9 9.5 2.8
Ab 29.9 30.9 24.6 31.4 30.4 30.9 29.9 32.0 34,1 18.9
An 21.1 14.7 32.0 21.4 20.0 21.1 17.2 14.7 12.5 36,7
c .2 .o .o .o .o .o .o .o .o .o

Wo .o .o 2.6 2.1 iO .1 .o .3 .o 5,8
En 3.7 2.5 6.9 4.4 3.4 3.1 2.9 2.4 2.9 9.7
Fs 3.3 1.7 5.5 6.2 1.2 1

8
,

.8 .8 1.2 9.0
Fo .o .e .o .o .o .o .o .o .o .o

Fa .o .o .o .o .o .o .o .o .o ,o

Mt 3.7 3.0 4.2 3.3 3.2 2.8 3.5 3.0 2.3 4.4
I
I

.8 .6 1.7 L7 1.4 1.4 1.1 1.1 1.4 2.0

Hm .o .o .o .o .o .o .o .o .o .o

Ap .3 .7 .3 .3 .3 .3 .3 .3 .o .3

Or 8.9 11.8 9.7 8.7 13.4 13.0 15.0 16.0 16.9 4.8`Wt9eiAb

53.4 59.7 39.2 54.3 52.2 51.7 53.9 57.6 60.8 32.4
An 37.7 28.5 51.1 37.0 34.4 35.3 31.1 26.4 22.3 62,8

Wo .o .o 17.3 16.5 .o 2.0 .o 9.0 .o 23.6tWt9o(En

53.4 59.5 46.0 34.6 74.0 62.0 78.0 69.0 71.0 39.6
Fs 37.0 40.5 36.7 48.9 26.0 36.0 22.0 23.0 29.0 36.8

eolo'rindex 12.0 8.5 21.5 18.0 10.0 9.5 9.0 8.0 8.0 31.5

si 272 365 176 234 290 287 323 341 336 137

al 35.6 36.9 31.6 32.0 37.4 38.0 37.8 38.0 38.4 27.1
im 28.5 24.4 32.2 31.5 24.4 23.4 24,2 22.2 23.2 37.5
c 19.3 17.7 25.6 21.4 19,5 20.4 18.0 17.3 13.6 29.0
alk 16.6 21.0 10.6 15.1 18.7 18.6 20,O 22.5 24.8 6.4

qz 105.6 181.0 33.6 73.6 115.2 112.6 147.0 151.0 166.8 11,4

k .14 .16 .19 .13 .19 .19 .21 .21 .21 .12

mg .32 .31 .39 .31
"g-Z･

.36 .34 .33 .32 .38 .41

at-alk 19.0 15.9 21.0 16.9 18.7 19,6 17.8 15.5 13.6, 20.7
c-(al-alJc) .3 1.8 4.6 4.5 .8 .8 .2 1.8 .o 8.3
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EI]iABLE 4. continued

No.

Wt %(

Wt %(

Wt %(

FeO+Fe203
MgO
Na20+K,O

Q
Or
Ab
An
C
Wo
En
Fs
Fo
Fa
Me
I
lHm
Ap

Or
Ab
An

Wo
En
Fs

color

si

index

at

in
c

alk

qz

h

mg
al-alle

c-(al-aZle)

21

48.3
11.3
40.4

27.0
 8.9
29.9
19.5
  .o
 1.0
 3;5
 3.4
  .o
  .o
 3.5
 1.5
  .o
  .7

15.2
51.2
33.6

12.7
44.3
43.0

13.5

264

34.4
27.8
20.3
17.5

94.0

.22

.30

16.9
 3.4

22

52.
22,
25.

3
o
7

14.3
 6.1
22.6
35.0
  .o
 1.4
 8.0
 7.4
  .o
  .o
 3.0
 1.5
  .o
  .3

9

35
54

.6

.5

.9

 8.
47.
44.

3
6
1

21,5

173

32.
33.
24.
 9.

5

4
4
7

34,2

.20

.43

22.8
 1.6

23 i
24

49.4
･26.4

24,2

 6.8
 8.3
24.1
31.7
  .o
 3.2
11.8
 7.7
  .o
  .o
 3.9
 1.7
  .o
  3

12.9
52.0
33.9

14,1
52.0
33.9

29.0

147

28,3
38.4
23.4
9,9

7.4

.25

.50

18.4
 5.0

48.
23.
28.

5
5
o

10.9
10.0
25.7
27.5
  .o
 2.9
 9.9
 5.3
  .o
  .o
 4.6
 1.2
  .o
  .7

15.
40.
43.

16.
54.
29.

8
7
5

o
7
3

25.0

167

28.8
36.5
22.9
11.8

19.8

.27

.48

17.
 5.

o
9

25

･50.7

22.8
26.5

13.1
 8.9
23.1
30.6
  .o
 3.9
 9.0
 3.7
  .o
  .o
 5.3
 1.4
  .o
  .3

14.2
36.9
48.9

23.5
54.2
22.3

24.0

167

29.3
34.4
25.8
10.5

25.0

.27

.46

18.8
 7.0

26

45.
20.
33.

7
7
6

16,4
10.8
27.8
23.1
  .o
 3.5
 7.8
 4.4
  .o
  .o
 4.2
 1.1
  .o
  .3

16.4
45.6
38.0

22.
49.
28.

3
7
o

21.5

196

30.
33.
22.
13.

3
5
7
8

40.8

.25

.45

16.
 6.

2
5

27

16.
40.
43.

1

o

9

21.9
11.2
32.0
21,4
  .o
  .7
 5,3
 1.7
  .o
  .o
 3.7
 1.2
  .o
  .3

17.

49.
33.

3

5

2

 9.0
'69.0

22.0

13.0

240

33.
27.
19.
18

5

2

2
1

67.6

.25

.43

17.4
  .8

28

53.7
24.2
22.1

9

7
22
28

5

10
8

3

2

.7

.2

.6

.9

.o

.9

.7

.3

.o

.o

.9

.1

.o

.7

12.
38.
49.

23.
43.
33.

3
5

2

7
o
3

31.5

151

26.
38.

26.
9

1

4
3
2

14.4

.23

.46

16.9
 9,4

29

57.
26.
I5.

6
5
9'

  .o
 4.4
22.5
35.0
  .o
 6.8
 9.1
 4.1
 3.7
 2;2
 7.2
 3iO
  .･o

  .3

 7.
36.
56.

1

4
5

33.1
44.4
22.5

37.5

107

24.
42.
25.
 7.

3
9

8
o

-21.0

.16

.46

17.
 8.

3
5

30

52.6
･25,.,5

21.9

7
25
31

5
12
11

3
2

.8

.2

.2

.4

.o

.9

.4

,2

.o

.o

.7

.o

.o'

,3

11,

39.
49.

3
4
3

2o.e
42.,O

38.0

35.5

129

25.
40.
24.
9

9
2
8
1

-7.0

.21

.46

16.
 8,

8
o

(to be continued)
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TABLE 4. continued

No. 31 32 33 '34 35 36    [37 I 38 39 I 40

FeO+Fe203 54.0 45.6 30.0 45.5 44,6 45.1 45,O 43.5 46.3 50.1`Wt9oiMgO

23.8 15.6 5.7 24.7 25,8 26.2. 26.6 25.7 19.4 17.8

Na20+K20 22.2 38.8 64.3 29.8 29.6 28.7 28,4 30.8 34.3 32.1

Q 8.2 16.7 30.9 12.4 12.2 13.2 13.9 12.9 18.5 20.9
Or 8.3 17.2 20.0 9.4 9.4 8.2 8.9 9.4 8.3 8,9
Ab 20.4 28.3 33.0 24.1 24.1 24.1 24.1 25.7 26.7 23.6
An 35.0 18.4 8.1 32.2 32.2 31.4 30,6 30.0 29.7 29.7
c .o .o .o .o .o .o .o .o ,9 ,3

Wo 3.4 3.2 1.2 2.1 1.9 2.1 1.7 1,7 ,o .o

En 10.3 6.3 1.6 9.l 9.6 9.8 10.2 9.6 6,4 6.0
Fs 7,1 .o .o 3.0 3.3 3.2 2J 2.9 .1 .4

Fo .o .o .o .o .o .o .o .o .o .o

Fa .o .o .o .o .o .o .o .o .o .o

Mt 4.4 6.5 1.9 4.4 4,4 4.4 5,1 4.4 5,6 6.0
I
I

2.4 1.5 .6 1.5 1.4 1.5 1.5 1.5 1.2 1.9

Hm .o .3 1.3 .o .o .o .o .o .o .o

Ap .3 .3 .o .3 .3 .3 .3 .3 .3 .3

Or 13.1 26.9 32.7 14.3 14.3 13.0 14.0 14.4 12.8･ 14.3`Wt9oiAb

32.1 44.3 54.1 36.7 36.7 37.8 37.9 39.3 41.3 38.0
An 54.8 28.8 13.2 49.0 49.0 49.2 48,1 43.3 45.9 47.7

Wo 16,2 34.0 43.0 14.8 12.8 13.9 12,2 12.0 .o .otWt9oiEn

49.5 66.0 57.0 64.1 64.8 65.0 72,8 67.6 98.5 94.0
Fs 34.3 .o .o 21.1 22.4 21.1 15.0 20.4 1.5 6.0

eolorindex 28,O 18.5 7.0 20.5 21.0 21.5 21.5 20.5 14.0 14.5

si 145 204 366 169 168 171 17.2 174 196 202

al 28.9 30,6 39.3 32.0 31.7 31.2 31,O 31.6 32.6 34.9

fm 37.0 32.6 18.4 32.3 33.2 33.8 34.9 33.5 28.8 30.3
c 25.4 19.6 12.0 24.5 28.9 24.0 23.0 23.0 21.9 22.4
allc 8.7 17.2 30.3 12.2 11.2 11.0 11.1 11.9 13.1 12.4

qz 10.2 35.2 145 24.7 23.8 27,O 27.6 26,4 43.6 52.4

h .28 .37 .36 .27 .27 .25 .26 .26 .23 .26

mg .45 .39 .27 .50 .51 .47 .53 .51 .44 .40

al-allo 20.2 13,3 9.6 20.8 20.5 20.2 19.9 19.7 23.1 22.5
c-(al-allc) 5.2 6.3 3.0 3.7 3.4 3.8 3.1 3,3 -1.2 -.1

tt
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TABLE 4. continued

No.

Wt%(

Wt %(

Wt%(

FeO+Fe203
MgO
Na20+K20

Q
Or
Ab ･
An
C
Wo
En
Fs
Fo
Fa
Mt
I
lHrn
Ap

Or
Ab
An

Wo
En
Fs

color

si

index

al

in
c

alk

qz

k

mg
al-alh
c-(al-alh)

41 I 42

48.1
18.0
33.9

2;.O
 9.4
27.3
22.8
 1.7
  .o
 6.4
  .o
  .o
  .o
 3.7
 1.2
 2,7
  .3

15.8
45.9
38.3

   .o
100.0
   .o

15.0

209

35.3
32.4
17.8
lil.5

51.0

.25

.42

20.8
-3.0

45.
19.
36.

o

o

o

20.0
 9.4
25,2
30.6
  ,o
  .3
 6.1
  .9
  .o
  .o
 4.9
 1.2
  .o
  .3

14.4
38.6
47.0

 4.4
84.0
12.0

14.0

204

35,4
28.0
23.5
13.1

51.6･

.26

.44

22,
1

3

2

43

46,8
28.2
25.0

IO.6
 7.8
22.6
31.4
  .o
 4.1
11.3
 4.1
  .o
  .o
 4.9
 1.2
  .o
  .7

12.6
36.6
50.8

21.0
58.0
21.0

26.5

155

28.5
36.1
25.8
 9.6

16,6

.24

.52

18.9
 6.9

44

45.9
37.･1

17.0

  .o
 3.3
25.6
33.0
  .o
 6.5
 8.0
 3.2
 9.9
 4.4
 3.7
 2.3
  .e
  .3

 5.4
41.3
53.3

36
45
l8

,7

.2

.1

38.0

108

22.9
46.4
23.4
 7.3

-21.2

15
7

.11

.62

,6

,8

4s l 46 l 47 i 48 ' 49

50,4
26.2
23,4

  .o
 4,9
32.5
26,1
  .o
 9.6
 6,3
 2.6
 4.8
 2.3
 6.0
 2.7
  .o
  .3

 7.7
51.2
41.1

51.9
34.0
14.1

36.5

119

23.6
28.6
27.6
10.2

･-22.2

.13

.49

 13.4
' 14.2

53.4
19.3
17.3

5

23
29

10
15
7

5
2

.o

.o

.o

.2

.o

.1

.3

.8

.o

.o

.8

.6

.o

.3

 8.8
40.2
51,O

30,4
46.e
23.6

42.5

117

22.4
42.9
27.1
 7.6

-13.3

.17

.50

14.8
12.3

43.3
35.1
21.6

  .o
 5.5
29.4
27.0
  .o
 9.0
11.0
 2.4
 5.1
 1.1
 5.8
 2,4
  .o
  .3

 8.8
47.5
43.7

40.1
49.2
IO.7

38.0

119

23.0
42.6
25,1
 9.3

-18.2

.15

.61

13.7
11.4

49.0
31.6
19,4

  .o
 3.3
32.0
23.9
  .o
10.0
10,O
 4.4
 5.4
 3.0
 5.6
 2.1
  .o
  .3

 5.6
54.1
41.3

41.0
41.0
18.0

41,O

118

 21
 45
 24

/9

.2

.2

.3

.3

-19.2

.10

.54

11.9
11.4

47.5
27,3
25.2

 1.2
 6.7
29.4
30.6
  .o
 7.7
12.6
 6.3
  .o
  .o
 5.3
  .o
  .o
  .o

10.0
44.0
46.0

29.0
47.4
23,6

32.0

134

26.
36.
26.
10.

7
4
5'

4

-8.1

.17

.52

16:3
10.2

50

42.6
19.3
38.1

19.8
 5.5
34,O
25.3
  .o
 2.0
 6.4
 2.0
  .e
  .o
 4.2
 1.1
  .o
  .3

 8.5･

52.4
39.1

19.2
61.6
19.2

16,Oi

225

33.9･

28.0
22.6･

15.5

63.2

.13

.46

18,4
 4.2

(to be continued)
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TABLE 4. continued

No. 51 52 s3 I s4 l s, 56 57 58 59 60

fFeO+Fe203
Wt9o{MgOkNa20+K,O

36.8
11.6
51.6

57.7
22.7
19.6

41.0
8.0

51eO

31.0
7.0

62.0

40.0
11.0
49.0

25.9
4,6

69.5

58,6
24.e
17.4

58.1
21.2
20.7

56.4
22.6
21.e

59.0
21.4
19.6

Q 19.0 6.0 28.0 29.4 35.5 34.7 17.8 16.4 17.6 22.4
Or 10.5 3.9 10.0 14.4 11.1 20,5 3.9 6.1 4.4 5.6
Ab 43.5 22.5 28.8 33.0 26.2 28.3 17,8 18.9 21.0 15.7
An 15.8 38.3 18.9 15.0 15.0 9.2 36.2 33.6 35.3 30.8
C ,o ,o .7 .2 1.7 .2 ,8 2.4 .o 3.2
Wo .2 4.3 .o .o .o .o .o .e .6 .o

En 3.9 9.6 2.0 1.7 2.8 1.1 9.7 8.2 8.6 7.8
Fs 3.0 6.3 1.8 .3 1,8 .7 7.5 11.3 6.1 9.6
Fo .o ,o .o .o .o .o .o .o .o .o

Fa .o .o .o .o .o .o .o .o .o .o

Mt 3.0 5.8 2.6 2.8 3.0 2.1 5.1 3.2 4.9 3.9
I
l

1.0 1.8 1,1 .8 .2 .6 Ll .9 1.2 .9

Hm .o .o .o .o .o .o .o .o .o .o

Ap .3 .3 .3 .3 .3 .3 .o .o .o .7

fOr
Wt9o{AbkAn

15.0
62,3
22.7

6.0
34.8
59.2

17.3
49.9
32.8

23.1
52.9
24.0

21.2
50.1
28.7

35.4
48.7
15.9

6,7
30.7
62.6

10.4
32.3
57.3

7.3
34.6
58.1

10.8
30.1
59.1

fWo
Wt9o{En1Fs

2.8
54.9
42.3

21,3
47.5
31.2

.o

53.0
47.0

.o

85.0
15.0

.o

61.0
39.0

.o

61.0
39,O

.o

56.4
43.6

.o

42.0
58.0

3.9
56,2
39.9

.o

44.8
55.2

co]orindex 11.5 28.5 9.0 6.0 10.0 5.0 24.0 26.0 21.5 26.0

si 259 133 296 328 323 402 166 168 174 180

al 37.2 29.1 40.4 41.3 39.2 42.0 31.0 33,1 31,4 33.2
fm 24.5 35.7 20.2 17.1 25.6 15.7 39.3 37.6 36.4 38.0
c 14.6 27.5 19.4 16.3 15.8 12.0 22,6 21.1 23,6 21.5
alic 23.7 7.7 20.0 25.3 19.4 30.3 7,1 8.2 8.6 7.3

qz 64.4 2.0 116.0 127,O 146,O 181.0 37,6 35.0 40.0 51.0

'

k .19 .14 .25 .29 .29 .41 .17 .23 .17 .25

mg .37 .42 .27 .28 .31 .23 .43 .38 .42 .38

al-alh 13.5 21,4 20.4 16.0 19.8 11.7 23.9 24.9 22,8 25.9
c-(al-allg)･ 1.1 6.1 -1.0 .3 -4.0 .3 -1,3 -3.8 .8 -4.4
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TABLE 4. continued

No. 61 62 63    E64 i 65 66 67 68 69 70

{FieO+Fe20s
Wt%{MgOkNa20+K20

57.0
17.2
25.8

47.8
12.5
39.7

51.5
18.3
30.2

53.8
20.1
26.1

56.5
20.0
23.5

49.3
14.1
36.6

58.4
23.5
18.1

39.9
9.7
50.4

42.1
8.7

49.2

38.5
7.7

53.8

Q 23.3 22.9 12.8 11.6 15.7 21.2 9.0 29.3 34.9 31.9

Or 5.6 8.9 6.1 6.1 6.1 7.8 2.8 7.8 8.3 6.1

Ab 23.6 30.9 27.8 26.8 24.6 32,O 21.0 32.5 28.8 37.2

An 30.6 22.2 32.2 30.3 27.5 22.8 39.2 20.9 16.4 15.6

C .6 .o .o .o .o .o .o .4 2,5 .9

Wo .o 2.0 2.7 3.1 4.1 .7 3.3 .o .o .o

En 6.2 4.1 6,6 7.9 8,3 4.9 9.6 2.5 2.1 1.9

Fs 1.6 2.9 6.1 7.3 6.1 4.8 8.6 2.4 2.9 2.9

Fo .o .o ,o .o .o .o .o .o .o .o

Fa .o .o .o .e .o .o .o .o .o ,o

Mt 7.2 4.9 3.5 3.9 5.3 3.7 4.2 2.8 2.1 2-
I
l

.9 .3 1.7 1.5 2.0 1,2 2.0 .6 .9 .8

Hm .o .o .o .o .o .o .o .o .o .o

Ap .o .3 .3 .3 .3 .3 .7 .3 .7 .3

tOr
Wt9o{AbkAn

9.4
39.4
51.2

14.4
49.8
35.8

9.2
42.0
48.8

9.6
42.4
48.0

10,5
42.2
47.3

12.4
51.2
36,4

4.4
33.4
62.2

12.7
53.1
34.2

15.5
53.9
30,6

10.4
63.2
26.4

fWo
Wt9o<EnkFs

.o

78.5
21.5

22,2
45.5
32.3

17.5
42.8
39.7

17.1
43.5
40.4

22.1
44.9
33.0

6.7
47,1
46.2

i5.3
44.7
40.0

.o

51.0
49.0

.8

43.9
57.0

.o

40,O
60,O

colorindex 16.5 14.5 21.0 24.0 26.5 16,O 28.5 8,5 9.0 9.0

si 198 234 174 170 172 228 141 291 318 327

at 33.6 33.8 32.5 30.2 27.9 32.9 29.4 39.5 41.8 40.8
f
m
-
e

34.0
21.6

27.9
21.8

30.4
25.6

34.4
24.5

37.5
24.3

30.4
19,6

35.8
27.7

21.2
19.9

21.3
17.8

20.3
16.4

allc 10.8 16.5 11.5 10.0 10.3 16.1 7,1 19.4 19.1 22.5

qz 55.0 68.0 28.0 27.0 31.0 64.1 12,6 113,4 141.6 137.0

l
c

.18 .21 .17 .18 .19 ,19 .11 .18 .27 .12

mg .36 .32 .39 .41 .39 .35 .42 .31 .21 .21

al-allc 22.8 17.3 21.0 19.3 17.6 17,8 22.3 20.1 22.7 18,3
c-(al-allc) -1.2 4.5 4,6 5.2 6.7 1.8 5.4 .2 -4.9 -1,9

(to be continued)
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[[SABLE 4. continued

No. f
j 71' i 72    /73 l 74 I' 75･

   1

l･ 76 l

il
77

Wt%(

Wt%(

FeO+Fe203
MgO
Na20+K20･

.,%c

Q
Or
Ab
An
C･

Wo
En
Fs
Fo
Fa
Mt
I
]
Hm
Ap

Ol'

Ab
An

Wo
En
Fs

color

si

index

al
,f:?n

c
alle

qz

le .

m'g

al-alk
'c-(at-alh)'

46.1
 7.5
46.4

36,4
 6,7
34.1
12.8
  .o
  .o
 2,1
  .8
  ,o
  .o
4,6
  .8
  .o
 1.0

12.4
63,.7

23,9

  .o
73,O
27.0

9.5

338

36.8
26.0
15.5
21,7

151.2

28.

16

15.1
  .4

54LO
21.4
24.6

14,4
 3.9
25.2
33.9
  .o
 2.0
 7L9
 7.3
  .o
  .o
 3.9
 1.'2

  .o
  .3

 6.
40,

53.

11.
45.
42.

2
o
8

6
9
5

22.5

170

31.3
33.8
25.1
 9,8

31.0

.13
･.41

21.5
 3,6

56.3
21.4
22.3

19.0
 6.1
18.6
35.6
  .o
 1.0
 7.5
'6.6

  .o
  .o
4.3
'1.1

  .o
  ,3

10.0
30.0
60.0

 6.5
51.0
42.5

21.0

179

31.9
34.1
25.5
 8.5

45.0

.23

.41

23.4
 2.1

56.
19.

23.

8
7
5

1'7..6

 5.6
24,1
29,2
  .o
 2.6
 7.9
 6.9
  .o
  .o
 5.1
  .6
  .o
  .7

 9.
40.
49.

5
9
6'

14.9
45.4'

39.7

23.5･

180

29.2
36.4
24.3
10,1

40.0

.17

.39

19.1
 5.2

51.2
19.3
29.5

14.7
 5L.6

30.9
25.3
  .o
 3.7
 7.6
 6,5
  .o
  .o
 3.9
 1.4
  .o
  ,3

 9,1
50.0
40.9

20.
42.
36.

8
7
5

23.5

185

29.6
34.3
23.3
12.8

34.0

.15
･,41

16.8
 6.5

48.9
16.4
34.7

13.8
 6.1
36.2
21.1
  .o
 5,O
 6,3
 5.7
  .o
  .o
 3.9
 1.4
  .o
  .3

 9.
57.
33.

29.
30.
33.

6
1

3

4
o
6

22.5

193

29.
31.
23.
15.

7
7
3
3

32.0

.14

.38

14.4
 8.9

52,9
16.9
30.2

16,1
 4.4
33.6
23.4
  ,o
 3.6
 6.6
 6.2
  .o
  .o
4.4
 1.2
 iO
  ,3

 7.2
54.7
38.1

22.
40.
37.

o

2
8

22.5

192

29.5
33.7
23.1
13.7

37.0

.11

.37

15.

 7.
8
3

78
i!
t

7g l so

45.6
26.2
28.2

16.7
 9.5
22.0
32.0
  .o
 1.2
 9.9
  ,o
  .o
  .o
 5.8
 1.2
  .6
  .e

15.0
34.6
50.4

11.0
89.0
  .o

19.0

177

31.5
34,6
23,O
10.7

34.2

,29
.54

21.0
 2.0

40.5
46.0
13.5

  .o
 6.7
16.8
28.6
  .o
10,3
14.7
 4.4
 8.5
 2.9
 4.2
 2.e
  .o
  .o

12,9
32.3
54.8

35.
50.
15.

o

o

o

47.5

105

18.8
50.5
25.5
 5.7

-18.3

13
11

.27

.66

.1'

.9

,48.,8

32.2
19.0

  ･5L
11,1
18,3:
28.3.
  .o･
 9.2･
17.6i
 4.51

  .o
  .o+
 7.2･
 2.1.

  .o
  .7'

19.2･

31.8'
49.0

29.4.
56.2
14.4

41.4

116

22.0
44.1.
26･.2

 7.7'

-14,8'

.36-

.55-

14.3
11.9

'
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TABLE 4. continued

No.
i

Wt%(FeO+Fe203MgO
Na,O+K,O

Q
Or
xAb
An
c
"Wo
En
.Fs
Fo
Fa
Mt
Il ,

Hm
Ap'

Wt%(

Wt %(

Or
Ab
An

Wo
En
Fs

color

si

index

al
･-im

c
alh

qz

k

mg
at-alic

e-(al-alh)

81 ･

47.0
'25,2
27,8

8.3
10.6
22.5
32.5
 .o
 3.5
10.1
 6.9
 .o
 .o
 3.5
 1.2
 .o
 .7

16.2
34.3
49.5

17.1
49.2
33.7

26.0

155

29.9
34.2
25.5
10.4 ･

12.6

.31

.49

19.5
6.0

,82 1
  39.6
,･ l3.3 ,
 .47.1

14.1
19.5
27.3
24.2
 .o
 .3
 4.6
 5.7
 .o
  .o
 1.6
 .8
  .o
  .3

27.4
38.4
34.2

2.8
43.4
53.8

13.5

217

 36.6
 25.4-
 19.5
' 18.5

43.0

.40

.38

18.1
1.4

83･

' 42,2
･ 23,3
 34.5

17,1
11.1
26.2
25.3
 .o
 3.5
 8.3
 1,9
 .o
 .o
 4.6
 1.6
 .o
 .7

17,7
41.8
40.5

25.5
60.6
13,9

20.5

' 192

30.8
31.5
24.4
･l3.3

39.0

.29

.51

17.5
6.9 .T



          VI Genera! aspects of the chemical composition

    The analysed rocks of Table 3 comprise nearly representative types
of the Quaternary voleanic rocks of Hokkaido, varying frorn 46.79% to
72.62% in silica contents.

    An analysis of the existing petrochemical data shows a characteristie

frequency distribution for the silica contents. (See Fig. 2). Roeks of

 soR
b
g
 ro&
odi

 IO

}o

20

IO

         45 5e 55sL6o02c2? 70 75 4S SO 55 60 6s 7e 75 8e 3s 4o 4s se ss 6o bs le 7s ao

           HOKKAIDO JAPAN CIRCUM JARANSEA
      Fig. 2. Frequency distribution of analysed roel<s for the silica eontents.

          Number of data: Hokkaido 83, Japan 334 (TANEDA, 1952) and Circum
          Japan Sea 220 <YAGI, 1959),

SiOL, 55･--60% are most dominant, those of Si02.) 55-J65% exceed more

than one half of the total, and the remainder decrease synmetrically
'toward the higher or lower end of the silica contents, respectively. Similar

distribution is also seen in the younger volcanic rocks throughout the
Japanese Islands. Possibly, such distribution is a result of the fact that

mafic to intermediate rocks were apt to originate through sialic contami-

nation of basaltic magma under an active orogenic condition which
scarcely favoured eruption of primary basaltic magma nor generation of
its crystal differentiated derivatives. In this connection, it is genetically

significant that in･the Cenozoic Circum-Japan Sea petrographic province,

a non-orogenie area, the frequency distribution shows two maxima, name-
ly, one is olivine-basalt and trachy-basalt and the other is alkali-rhyolite

respectively.

    Alumina contents of the roeks in the present area are so high as a
whole, Ramely in the front zone, that it arouses interest. Perhaps it may

also be stated that sueh active zones as the present area between conti-

nental bloek and oceanic shield are characterized by voleanic roel<s high

in alumina, as has been noticed by many authors.

    The degree of silica saturation is well represented by NIGGLI's qz
value (NiGGLI, 1920). Diagram of the variation of qz against si shown
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in Figures 3 and 4. The most outstanding aspeet in these diagrams is
expressed as follows : the rocks of the front zone are always 'oversaturated,

as is expeeted from the fair amount of interstitial silica mlnerals ; on the

other hand, those of the inner zone are rather poor in qz, namely most

mafic rocks are characterized by dificient qz which depends on paucity

of silica minerals as well as earrying a fair amount of olivine. This
relation, needless to say, is also applicable to normative Q value (Table 4) .

    NIGGIil's k-ong relation shows the relative proportions of potash to

tgtql alkalies and of magnesia to mafic oxides in a single variation
diagram. As seen in Figures 5 and 6, all rocks of the front zone are
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       relation for the roeks of the
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       Fig. 3.

Iower in both k and 7ng values
distinct boundary curve between

    Besides the general characters
al-alk value of the rocks

similar relation that values for

those of the inner zone. Other
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                           than those
                              them
average value of the young volcanie rocks

                              above mentioned,
                     of the present area,

                            rocks
                             features
                            ISHIKAWA

                            index

  Owttlc Qi 05
  Fig. 6. Variation diagram of k-mg

    relation for the rocks of the
    northern Honshu arc. Symbols
    same as in Fig. 4. '

    of the inner zone. In faet, a

 can be drawn according to the
   in Japan.

            analysis by NIGGLI's
     also results in the finding a

of the front zone are higher than

    seen in NIGGLI's value agree

     (1952) and IsHIKAwA and

 proposed by PEAcocK (1931) is
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  [l]ABLE 5. AIkali-lime Index

5).

Province
Alkali-lime
  index

  CaO= ,
Na20+K,O

Index of
quotient*

a Ch6kaizQne, 60･.O 6.0 10 .o

b Rishiri./. 64.0' 5.6 11 A
'

e Irumukeppu&Shokanbetsu 61.3
'

4.9 12 .5

d Daisetsu-Tokachichain 62.0, 5.3 11 .7
'

e Nasuzone(Shil<otsu) 64.5 4.4 14.7
'

'

f Nasuzone(Usu) 55,5 4.4 14 .9

'

g Shiretoko-Akanehain 65.7 4.7 14 .o

x CircumJapanSea
(Tomita,1935) 53.1 7.2 7 .4

z Japan(Taneda,1952)' 63.7 '
'

5.1 12 .5

1 Mid]and'Valley 49.5 6.ei 8 .3

2 Highwood 50.0 9.5 5 .3

3 CrazyMtn. '
51,5 9.3 5 .5

'4 LittleBelt'' 54.5, 7.6 7 .2

5 Absaroka, 55.0,
/tt ,,

7.5 7 .3

6 Crandall 56.6 6.5 8 .7

7 SanJuan.
5
9
.
4
'

6.5 9
'
,1.

tt

8 Yellowstone.'
'

60.3 5.7
1
.
0
'

.6

9 GardinerRiyer 63.0･ 5.6 11 .2

10 Katmai' t. 63.5 5.6 ･11 .3

(lrlO,Barth,1952)
tttt

* Index of quotient is a value of PEAcocK･'S alkali-lime index divided by CaO ( =Na20+K20)
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represented by the Si02 value for the intersection of the CaO and Na20+

K20 curves of a variation diagram. This index is also represented by
the quotient of alkali-lime index divided by CaO value (=Na20+K20)
which is more useful in the comparing rock suites than the original index.

    The alkali-lime index of PEAcocK and the index of the quotient for
the rocks of the present area are Iisted in Table 5 and graphed in Figure 7,

together with similar indexes for various provinces in the world. After
PEAcocK's four fold classifieation, the rocks of the present area are
eomprised in calcie or calc-alkalic rock series.

    Similar relation between the inner zone and the front zone as above
noted is also exhibited by the alkali-Iime index; the index for the inner

zone is rather low, while that for the front zone is extremely caleic
throughout the world.

VII Rock types and their consanguinity

           -Rock series-

    Study on the genetic relations of assemblages within the basalt-
andesite-daeite-rhyolite range of the volcanic suites of the orogens is

one of the most important problems of volcanic petrogenesis. Under this

heading, eonsanguinity of rock types will be considered on the basis of
the deseriptions in preceding chapters.

    Most of the rocks in the present area are comprised in the eategory
of "calc-alkali rock series"," which is characteristieally aecompanied by

orogenic belts, obviously from their mineral and chemical eharacters. These

roeks frequently have some indieations of contamination of magma, and
are usually characterized by presence of rhombic pyroxene in groundmass

(types d and e). For these rocks it was named "hypersthenic rock
series" by KuNo (1950) who considered that the very roek series repre-

sents calc-alkali rock series. '
    A question, however, arises as to why marked difference is generated

between the rocks of the separate volcanic fields as shown above. To
this question a solution may be given by considering the intensity of

 * Unfortunately, confusion is apt to arise here eoneerning definition of "cale-alkali rock

series." For instance, as concerning their alkali-lime indices, even ba.salt-andesite suites of

pure fractionation product of the tholeiite magma may be comprised in eale-alkali roek series.

Peaeoek's index 'con only distinguish alkli rock series from calc-alkali rock series, but not

clarify a relation between the latter and tholeiite roek series. The term "calc-alkali rock

series{' for such tholeiite roek seems now undesirable. ･



        Petrochemistry of the Quaternary Voleanie Rocks of Hokkaido 43

eontamination of the same magma, as has been postulated by KuNo
(1952). It is true that this answer may explain such a difference as the

increase in value of K2,O/Na20 ratio resulting from the contamination

of magma by granitic materials, as showri by YAMAsAKI (1956).
    For all that, there is no reason to believe that as a result of contami-

nation of magma the unique characters of eaeh volcanic field or zone
were formed, because the effeet of contamination of magma resulted in
only a limited increasing of the K20/Na20 ratio. That is also self-evident

from data presented by YAMAsAKI. For instance, a basalt of high
KL)O/Na20 value is not always a product of intense contamination of

magma.
    On the other hand, the writer has been of the opinion that the nature

of basaltic magmas would decide the character of their eontaminated
derivatives as well as crystal differentiated ones (KATsul, 1956).

    TILLEy (1950) has pointed out that even in orogenic belts there are

exeeptionally andesites whieh should claim direct parentage from an
iron-enriehed tholeiite magma, sueh as the andesites of the southern part

of the Fuji volcanic zone. These andesites are extremely poor in alkalies ;

they are comprised in KuNo's "pigionitic rock series" characterized by

the type b-e or c in groundmass mineral assemblage (KuNo, 1950),
Occurrence of andesite as well as basalt belonging to this series (types

IVc, Vc etc.) is also known in the front zone of Hokkaido, aecompanied
by andesite and dacite (types Vd, Ie ete.). AII of them are characterized

by Iow contents of alkalies, especially K20, and high of excess silica as

shown above.
    On the contrary, olivine-basalt (type IVb), slightly alkalic and
undersaturated in silica, actually erupted in the Japan Sea area, namely

at Oshima-6shima and Rishiri, together with andesite and dacite charac-

terized by hornblende- and/or biotite-bearing rocks (types VId, XVId
etc.). In this conneetion it is interesting that similar alkali olivine-

basalts occur in the base of the volcanoes Irumukkepu and Shokanbetsu.
All of them have a higher eontent of alkalies than basalts of the other

volcanic fields. It is evident that the olivine-basalt of Oshima-6shima
has a similar composition to that of the olivine-basalt of D6go whieh is

regarded by ToMITA (1951) to represent the parental olivine-basalt magma

    In central Hokkaido, there is little known basalt which has not
suffered from contamination. Olivine-basalt (type IVb-c) of Furano-
dake of the Daisetsu-Tokachi chain is an exclusive example. This rock
is essentially to be included in the tholeiite rock series, but it has slightly

more abundant alkali contents than that of the front zone. All of. the
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roeks of the Daisetsu-Tokachi chain have also slightly abundant alkalies,,

and hornblende- and/or biotite-bearing rocks are common.
    Reeent studies of Mr. OBA on the rocks of the Niseko voleano showed

'them to be very-close in nature to those of the Daisetsu-Tokachi chain.

According to him, mafic andesites (type Vc) weakly alkalic were .erupted

in early stage, they were followed by inXLermediate,andesites (types Vd

and VId) frequently including xenocrysts and cognate xenoliths. These
rocks are also slightly high in alkalies, as shown in Table 3 (column 78).'"'

    From what has been stated above, there is no escape from the con-
clusion that the unique characte.r of ealc.-alkali rocks in each voleanie

field owed its origin to the difference in eharacters of their parental
basaltie magmas, i.e., alkali-poor. and --rich thol,eiite magmas afid alkali

olivine basalt magma,. respectively.

    In the Iight of above discUssion, consanguinity of various roek types

in the present area aTe shown in Table 6.

  (Zone)

Front zone
<Shiretoko-
Akan chain
Nasu zone)

[VABLE 6. Roek types and their eonsanguinity of the

  ' Quaternary voleanie rocks of IIakkaido

    (Basalt) (Andesite) <Dacite)
    IVc --Vc, Vd.c, Ie,e

&

Inner zone (I)
<Daisetsu
Tokachi chain
& Niselco)

Inner zone (II)'
<Rishiri,

Shokanbetsu,
Irumukeppu &
Ch6kai zone)

(Rhyo]ite)

   Tholeiite rock series-(alkali-poor)
          xX>'
           L"tgvd--H----- .- - -- .V'e, Ie--------.VI

              Cale-alka]i roek serieg (alka]i-poor)

 IVb-e --->Vc
   Tholeiite roek series (weak alkalic) ･,
          ssX'
           X`Sve.d, vd, vld, xvld, XVII-----.XVI---------"XVI

              Calc-alkali roek series (weak alkalic) '

            ..Ivd, vq, v.Id, vll, Ix,
          / .Ve] Ie, XVI, XVIII, XIX
          t).         / . Cale-allcali roek series (weak alkalie)
        )1        J       -J - IVb-IVe
  ,Alkali roek series

   - fraetional erystallization'

----･--. cdntamination

* Oral eommunication .from Mr, OBA ,to whom the writer's thanks are due.

'
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VIII Nature of tke rock s･eries

    All available data on the chemical composition of the rocks in the

present area are plotted in the triangular diagrams of Norm pyroxene
cnmd MgO-(FeO+Fe2,03')-(Na20+KL,O) ratio. (Figs. 8t-11). Reference to
ther,e diagrams, will elarify the behavior in chemical composition of each

rock series defined above (Figs. 14 & I5). The groupings seen in
Figures 14 and 15, are too regular to be fortuitous and rr}ust indicate the

existenee of some fundamental chemica.I relationships.

We Wo
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  ･Fig. 8. Norm-pyroxene diagram for the roeks of the Kuril are. (left)

       g;//S.Cl.igl.e:i. g20,:?glle.,?.egggS,.galk.72L-7,98,"g,, )shiretoko-Akanghain

       .S,Og.id,gq.U.a,2e,i. gh.?g9al`,e.fi.egge,S,,g'W(e.ai.,?iEitl'hi),,) iDaisetsu-Tokaehi chain

     open triangles: cale-alkali series (weak all<alic)}Irumukeppu & Shokanbetsu
      hetahViY. C,',O.S,S,e,S,l 2kii,a-iaS,e.rille:eries (weak aikaiic) 1RiShiri

  Fig. 9. Norm-pyroxene-diagTam for the rocks･of th6 northern Honshu are, <right>

       gOp//.deCIieeleesSi,cthaiOei-eaiil,eai?.esreierSiegal:iatiL-]?.mOpOoro)r> )Nasuzone

       open square: cale-alkali series (weak alkalie>.}Niseko
      :O,iaS 2r,i.a.n.g,i,2S,1 2giig-ia,fte,",11e:,,,., (.,., .,,.ii,) ]Ch6kai zone

ds

    1) ThoZeiite inock se7'ies (aZicaZi-pooT), The rocks of this series are

represented by the members whieh are most enriched in iron and poor iri

alkalies, throughout the present area. The course of fractional crystal-

lization of tholeiite magma is usually characterized by increasing of iron,
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Fig. 10. MgO-(FeO+Fe203)-(Na20+K20) diagram for the rocks of the Kuril arc. (left)

                       Symbols same as Fig. 8.

Fig. 11. MgO-(FeO+Fe203)-(Na20+K20) diagram for the roeksof the northern Honshu

                  arc. (right) Symbols same as Fig. 9.

with its final product of granophyre (FENNER, 1929; WAGER and DEER,
1939; TILmy, 1950). Absence of rocks corresponding to the final prod-
ucts shows that fractional crystallization does not easily occur in such

an active orogenic belt as the present area.

    Compared with the world-wide tholetiitie basalts, the rocks of the

present area are characterized by high content of alumina that is also
seen in the tholeiitic basalts of the southern subzone of the Fuji volcanic

zone, GREEN and PoDERvAART (1955) pointed out that active margins of
oceanic shields are characterized by basalts high in alumina as much as

they seem to be marked by andesite (also high in alumina). In faet,
large anorthite (or ealcic bytownite) phenocrysts are occasionally in-
cluded in some tholeiitic rocks as well as in calc-alkali pyroxene-andesites

in the Kuril, Nasu and Fuji volcanic zones, all of whieh are comprised in

the front zone. IsHIKAwA (1951) inferred that such anorthite crystal-
Iized out very rapidly in parts rich in alumina owing to contamination

of the magma by eountry roeks. Separation of calcic plagioclase may
be facilitated by reaction of magma with aluminous sediments, simultane-

ously with the decreasing of lime-pyroxene moleeule (READ, 1923 ; BowEN,

1928). So far as the rocks of tholeiite series carrying such anorthite

crystals in the present area are concerned, decreasing of their Wo value

is not very great. PossibJy, these roeks might have formed mainly
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through fraetional crystallizat･ion from the theoleiite magma high in
alumina which･ may be peculier to orogenic belts.

    2) Tholeiite Tocks seTies (Tveak aZkaZic). As well exhibited in
Figures 14 and 15, the .rocks of this series show transitional characters

between those of the extremely alkali-poor tholeiite series and alkali

series. Yet, owing to scantiness of the data, the over-all eharacter of
this series is not suflieiently elarified. It is, however, worth while to

note that cale-alkali series originated from this series is characterized

by high eontent of alkalies and hornblende-bearing roeks, in contrast to

those from alkali-poor tholeiite series.

    3) Atkali Tock seTies. The rocks of this series are characterized
by high values of Wo and En as well as alkalies. Such chemical character

is closely related to modal mineral composition; e.g., in alkali olivine-

basalt, interstitial alkali-feldspar is always observed instead of silica

mineral while the groundrnass pyroxene is mostly augite and in some
cases titan-augite; orthopyroxene can be observed in neither phenocrysts

nor groundmass. The final and rnid produets resulting from fractional
crystallization are also lacking in this area. It is evident that iron enrich-

ment is not so great as in the case of the tholeiite series, Inereasing of

the alkali content outpaees and overshadows the simultaneous rise of the
FeO+Fe203/MgO ratio,
    4) Calc-aZkali o"ock seTies (alkaLi-pooT), [Vhis series corr}prises

so-called pyroxene-andesite and -daeite and a very Iittle of hornblende-

bearing pyroxene-rhyolite, all of which originated through sialic contami-

nation of alkali-poor tholeiite magma.

    Even from the viewpoint of chemical composition, the rocks of this
series show intimate relation to those of the parent series. The trend

of differentiation is usually from the composition of the parent series

toward an increase in alkali and siliea, never toward iron enrichment.

The most outstanding character of this series is represented in the
tendency of decreasing Wo value which implies contamination of magma
by wall rock, namely aluminous sediments as above noted. A reverse
tendency of evolution compared to that of tholeiite series, is shown by
increasing of En value in the cale-alkali series. This unusual direetion

might have resulted from oxidation of ferrous to ferric iron due also
to sialic contamination of magma. The increasing En value is the most
characteristic feature throughout the calc-alkali series; it will be dis--

cussed below. '
    These aspects are well exhibited in the calderas (Kurakatoan type)

of Kutcharo, Masha and Atosanupuri (KATsul, 1955 and 1958a), Somrna



lavas'bf thes'e' ealderaS'were mostly made up from the rocks 'of alkali-poor'

tholeiite series; whereas the follOwing pUmiceous deposits erupted just

before caldera' depression, Were comprised of ealc-alkali series material

Which 'is characteriz'e"d by extremely low Wo valhe <nearly zero) and
yather high' En valixe. '' Numerous lava-domes and steap-sided cones
erupted in the" last stage are composed of felsie andesite-dacite of the

same' character. 'Similar sUecession is also traceable in the Usu volcano･

              t. tt(YAGIs1953). ''' ' '' ''' '' .
 ' 5) CaZe-alkali Tock se7"ies (zvealt aZkaZic). [I]he rocks of this series

show close relation to those of the alkali series and weak alkali tholeiite

series, not only'in their oceurrenee but also in chemical character (Figs..

           '14 and 15). '' '' ' '
    The ro'cks belonging to this series are characterized by eommori
bearing of hornblende (and/or biotite). Occasionally, even in a so-ealled

"pyroxene-andesite" of this series, completely resorpted hornblende can

be observed. Hornblende' always oecurs as only phenocrysts in the
present area; while in the groundmass crystallization stage, phenocrystic

hornblende was apt to suffer from magmatic resorption due to releasing
bf vapor pressure. Aecordingly, it goes without saying that hornblende
crystallized out under the available pressure sufficient to retain the volatile

eomponents. But, presence of the vapor pressure alone could not have
eontrolled the nature of the ferromagnesian cTystallization.

    W. Q. KENNEby (1935) showed that points of the MgO-CaO-FeO
ratios of igneous hornblendes, together with the basic metasilicate pro-

portions of hornblende-bearing rocks free from pyroxene and biotite, fall

within the area representing the immiscibility gap in AsKLuND's diagram

foy the pyroxene system (Figs. 12 and 13). 'A sirnilar fundamehtal
chemieal relationship also exists among the roeks of the present area.
As has been considered by W. Q. KENNEDy, the ratios of the oxides in
the magma must constitute the determining factor in' the separation of
                                                     'pyroxene or hornblende. ' '
    It is very interesting that the hornblende-field oceupies' the MgSi03

corner of the ternary system. G. C. KENNEDy (1948) considered an
intimate relation between the partial pressure of water in a melt and
the ratio of ferric to ferrous iron, and arrived at the conclusion that

magmas whieh for other reasons are deduced to be dry have a high
FeO/Fe203 ratio, and magmas which are deduced to'be wet have a low
FeO/Fe203 ratio. Enrichment of MgSi03 in hornblende-bearing rocl<s
must have resulted from the separation of a ferric iron compound (magne-

tite) in magma due to enrichrnent of Fe2,03 eaused by inereasing of vapor
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pressure. For this reason, it can be also explained that the eourse events

in the formation of this rock series was directed toward inereasing
alkalies in the MgO-(FeO+Fe203)-(Na20+K20) ratio as seen in Figure
115.

    In this connection, it is very signinficant that hornblende-bearing

roeks usually occur in the inner zone, except for the most 'felsic pumice

of the Shikotsu volcano. As has been discussed above, most hornblende-
'bearing rocks were derived through sialic contamination of. alkali olivine

basalt magma or alkali rich tholeiite magma, whieh posSibly originally
contained volatiles in much larger quantity than those of alkali-poor

tholeiite magma. High vapor pressure which favoured separation of
hornblende would be attributed to sialie contamination as well as frac-

tional crystallization of these alkali-rich magmas.

                     IX Concluding remarks

             -Petrographic provinces and their origin-

    It has long been accepted by many petrologists that the two types
eof basaltie magmas posturated by W. Q. IKENNEDy (1933), tholeiite and
olivine basalt magmas, are ultimately parent for all world-wide igneous

rocks. With regard to the relation of the two types of basaltic magmas,

W. Q. KENNEDy noted that "it is a remarkable fact that whereas the
olivine basalt magma occurs both in the continental crust and in the ocean

basins, the tholeiite magma is always absent from the latter areas, and

seems to be connected in some manner with presence of the granitie
･crust." A similar conclusion was reached by ToMITA (1935)."
    However, TILLEy (l950) eonsidered the rocks of the Hawaiian archi-
/pelago which is characterized by the absence of sialic underlayer, and
arrived at the conelusion that primitive olivine-basalt of this archipelago

is of tholeiitic type, and that tholeiite magma Tepresents the parental type

'for the ocean basins as well as for eontinental regions. Differentiation

eourses of the Hawaiian magmas traced by KuNo et aL. (1957) accord
with the conclusions reached by TILLEy.

 * In this connectien, it can be pointed out that quartz-basalt of the Sanin distriet, south-

Hwestern Japan, which was formerly regarded as of tholeiitie type by ToMITA (1935), origi-

nated,surely through eontamin'ation of olivine basalt magma (SuGI, 1942). Ne,v, ertheless, this

･quartz-basalt and andesite of the Daisen voleanic zone are identified as cale-alkali series

similar to that series of the Ch6kai zone both in modal aspect and in ehemical composition.

･(KATsul, 1956).
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     Fig. 16. Geoteetonid map of Hokkaido and surrounding areas.
           A: basins (>-3,OOOm), B: inner arc or green-tuff region with
           volcanie velts, C: outer are, D: Japan trench (>-6,OOOrrl).,
           E: oceanic shield (after MINoTo, et at, 1956). Distribution oE
           epieenters of earthqual<es, occurred 1926-1956, are indicated by
           different marks in every depth of the foei. (after "Catalogue of

           major earthquakes which occurred in and near Japan" 1958).

    Moreover, it is true that there are nQ distinct types of basaltic
inagma, but rather a eontinuous series from silica satuated (tholeiitic)

to silica undersaturated (olivine basaltic) rocks. (GREEN and PoLDERVART,

    In view of the above results and discussions the present writer finds

it diMcult to avoid the conelusion that the calc-alkali rock series which

is most predominant member throughout the present area, should claim
parentage from three representative magmas, viz., alkali-poor tholeiite

magma, weak alkali tholeiite magma and alkali olivine basalt magma
respectively. Fur'theTmore, it is worthy of notice that the rocks com-
prised in calc-all<ali series which derived from alkali-poor tholeiite magma
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Fig. 17. DistTibution of roek series of the Quaternary volcanie

rocks in Hokkaido and surrounding areas.

    Solid circles: tholeiite series (alkali-poor) and assoc'iated

calc-alkali series (alkali-poor), open eireles: ealc-alkali series

(a]kali-poor), solid'tTiangles: tholeiite series (weak alkalic)

and assoeiated eale-alkali series (weak a]kalie), squares: calc-

alkali ser'ies (weak alkalic), crosses: all<ali series and assoeited

cale-a]kali series (weak alkalic). Broken lines A and B in-

dieate boundary curve among the distribution of eyery pa-

rent41 roel< series. Full lines of 60, 100 and 200km show the

contour of depth of the foei, whieh are drawn from Fig. 16.

are a}so poor in alkalies and charaeterized by pyroxene-andesite and--
daeite ; on the other hand, those from weak alkali tholeiite niagma or alkali

olivine basalt magma are rich in alkalies and characterized by association

of hornblende-- (and/or biotite-) bearing andesite-dacite-rhyolite. In

view of these considerations, the Quaternary petrogaphic provinces of'

Hokkaido and surrounding areas as shown in Figure 17, may be drawn.
    Zonal arrangements along the Kuril and the northern Honshu arcs･
which are represented by a magmatic charaeter of increasing alkalies
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from the front zone toward the inner zone, arouse the writer's special

interest. This rule is well kept both in extensions toward the Kuril
.Islands and Kamchatka (ToMKEIEFF, 1.949; SAwAMuRA, 1956 and KATsul,
1958c) and in northern Honshu (KATsul, 1954), and also throughout the

      TABLE 7. Chemical composi'tons of tholeiitic basalts and mafic

            andesites in the Kuril Islands' and North HonShu
                                                             ;

No. 1

Type
I
:

i
IVb-,c

Si02

TiO,

Al,O,

Fe203

FeO

MnO
MgO
cao
Na20

K,O
P20s

.H,O (+)

H,O (-)

50.45

 1.64

17.99

 3.08

 8.87

  .17

 4.02

10.59

 2.97

  .58

  .16

  .07

  .08

2

Vc

51.90

 1.08

17.51

 3.9!

 7.62

  .18

 4.57

 9.50

 2.26

  .25

  .15

  .50

  .33

3

Ve

50,79

  .78

17.74

 3.67

 7.o6

 ,.14

 5.3s
10.52

 2.29

  .28
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  .73

  .60

4 r
/
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    'iVc i 1
    I･

Vc
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   .6gI
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      1
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    .10'

  4.861

  10.05･

   2.33

    Izg

} .72

100.67 99.76
1
I
r

100.07
i
I
/

100.40

 53.71

    63
  17 63

  2,05

  7.97

    19

  6 45

  7 97

  2 12

    27

    09

} 131

KATSul E
I

100.39

KAWANO KAwANo I Geol. Surv. : Geo]. SuTv.

i Augite- olivine-basalt, a central eone lava of the Atsanupuri volcano, Iturup Island,

  Kuril lslands. (New' analysis)**. ･
2 Olivine-augite-hypersthene-basalt, an' older somma lava of the Towadavoleano, North

  Honshu. (KAwANo, 1939).
3 O]ivine-augite-hypersthene-basalt, a younger sornma Iava of the Towada voleano.

  (KAwANo, 1939).
4 Olivine-augite-hypersthene-andesite, Yakushi lava of the Iwate volcano, North Honshu.

   (YAMANE, 1915).

,5 Augite-hypersthene-andesite, Yakehashiri Iava (erupted in 1719) o£ the Iwate volcano.
   (YAMANE, 1915).

  * Besides them, in the front volcanic zone of the Kuril Islands, not a few basalts and

rnafie andesites which should claim direet parentage from tholeiitie magma, are known

frorn their chemieal eompositions, viz. somma lava of the Krenitzyn peak volcano (Onne-

kotan Island), lavas and bombs of the voleanoes of Mendeleev, Tiatia, Go]ovin (Kunasihir
<iBSi

,a.nS/r.,kh.O,YgGh.IYIil.llgV.e.a.SdYpe,t,.YeiYgsYltlie.i.n,f.oit:}3t,i:gssa.s).totheirmodaieomposiLion.

  ** The roek was collected by Prof. T. IsmKAwA to whom the present writer's gra-

te£uT thanks are due for kindly supplying material.
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TABLE 8. Chemical compositions of alkali olivine basalts in the

              Kuril Islands and North Honshu

No. 1 E 2 1
t

3

Type
i
' IIIb E

F
IIIb d

l

IIIb

SiOLi

TiO,

Al,O,

Fe203

FeO

MnO
MgO
CaO

Na20

K,O
P20s

H,O (+)
H,O (- )-

s

50.83

 .35
21.48

 3.70

5.89

 .18
3.03

10.64

3.11

1.06

 t08

50.35

 1.28

19.29

 4.07

 5.81

 .45
4.11

10.22

2.69

1.35

 .39
 .13

 .09
 .Ol

50.29

 1.28

18.96

 3.44

 6.75

 .33
4.14

10.25

2.85

1.25

 .40

 .20

 .09

 ,02

4

?

Total

Analyst

100.35

KANNABI

100.24

Geol. Surv.

52.42

 .61
16.76

3.59

4.42

 ,17
6.42

8.18

2.27

1.40

 .21
2.54

1.02

100.25 100.01

Geol. Surv. KATSURA

 1 Olivine-basalt, a somma lava of the Alaidvolcano, KurilIslands, (SuzuKI and SAsA,

    1932).
 2 Olivine-basalt, a scoria (erupted in 1933) of Taketomi Island, a parasitic cone of the,

    AIaid volcano. (KuNo 1935).
 3 Olivine-basalt, a lava (erupted in 1933) of Taketomi Island. (KuNo, 1935).

 4 Olivine-basalt, an ejecta of the Ichinomegata maar, North Honshu. The rocl< contains,

    abundant xenocrysts derived from granite. (KuNo, 1959).

Japanese Islands (IsHIKAwA and KATsul, 1959 and KuNo, 1959). (Seei
Tabies 7 and 8)'.

    It may be remarked here that such zonal arrangements are ultimately
based also upon the zonal arrangement of a continuous series from alkali-

poor tholeiite magma in the oeeanic side to alkali olivine basalt magma
in the continental side. Thus, there is no reason to support ToMKEIEFF's;

opinion on the origin of a similar zonal arrangement in Kamchatka, that

both calcic and alkali rocks formed through magmatic fractionation from

the hypothetie common parent represented by an average chemical com--
position calculated from all analysed Iavas. ('l]oMKEIEFF, 1949). It seems

more desirab}e to consider "how are zonal arrangements of parent magmas
related with geotectonie tnovements of the Kuril and the northern Honshu
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arcs?"
    It is known with certainly that the depth of foei of earthquakes,
descends gradually from the oceanic side toward the continent, and that

under the active volcanic zones it reaches about 100-200km. (WADATI,
1935; WILLIAMs, 1954 and [I]oKAREv; 1958). There is an important.
relation between the zonal arrangement of the parental magmas and
the eontour of depth of foci, as seen in Figure 17. In faet, alkali-poor'

tholeiite magma is generated in a narrow zone of 100-150 km of depth of

foci, weak alkali tho!eiite magma in that of 150-200 km and alkali olivine±
basalt magma in an area deeper than 200 km respectively.

    Recently, KuNo (1959) also noticed that the boundary line between.
provinces of tholeiite and a}kali olivine basalt magmas corresponds to the･

200 km contour, and inferred that tholeiite magma is produced at depths.

shallower than 200km, whilst the alkali olivine basalt magma is at/
deeper Ievels. A similar coneeption was held by GoRAI (1958).

    Even in the case of eentral eruptions, the depth of the magmatic･
reservoir is determined to lie at an interval between 50-70 km, i.e. virtu-･

ally on the boundary between the earth's erust and the mantle. (GoRsHKov,

1958). Generation of basaltic magmas may take place at this or more･
probably deeper Ievels as shown above. The occurrence of earthquakesi

at depths of 100-200 km under the active volcanoes suggests a common
cause, but hardly a direct relation of cause and effect. The investigation

of the above possibility must be the subject of future research.

                                    (Dee. 20, 1959, at Sapporo)
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