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       Relatlons between Mineral and Chemieal Compositions of Aeid Plutonies.

                         Introduction

   Various kinds of aeid piutonic xoeks are of comparatively wide
distribution in Japan. They have been dealt with geologiealiy and
petrologieally by many lnvestigators up to date, though much work
remains to be done in conneetion with the nature and origin of them.

[I)he writer has also made some study espeeially on the volumetrie
relations of the ehief mineral eonstituents of some granitic roeks. In

the eourse o£ his investigation, part･iculay attention has been given to

the relations between the moda} and chemical eompositions o£ the aeid
plutonies. In the pyesent study the writer proposes to consider the
rocks of the outer zone of south-western Japaii, and the Tsukuba Dis-

triet o£ Ibaraki` Pref., central Japan, because a eomparativeiy large
number of rocl<s iii these distriets have been subjeeted to chemical

analyses by many petrologists. Furthermore, these distrlets axe the
best areas hkhexto studied for illustrating the xelationships between

the mineral and chemica} compositions of those roeks,

   II]he wsciter wishes to express his sineere thanl<s to I'rof. [l]. IsHi-

KAwjt, fer h.is valuable suggestioRs and erit.ieism in the pyeparation ef

this papey, and also the wrker is indebted to Pxo£. J. Svzum and My.
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sout,h-westeyn Japan,

Granitie voeks are found in

black localities.

   Granitie Rocks of the euter Zofie
        of Southptwestern japan

   Gz'anitic roeks inave an especially gk'eat

deve}opment in the 2nney zone of south-west-

ern Japan ; those rocks however are distin-

etly few in the outer zone of it. Passitng

from the southern part oE the Kii Pe'nins-
ula, thyough southern ShU<ol<u and southern

Kyushu, to Ishigaki Island, in the regioii

o£ the outer zone of south-westem Japan,
there are chains o£ small acid igneous mas-
ses (FiguTe 1),

   According to the previous investigations

these igneous masses are divided into th]ree

main groups £rom their modes of oceurrence
and petrologieal natuyes; (a) masses shovgring

p.urely granitle eharaeteys and plutonie oc-

curvenees, (b) sma}l lent･icular masses with

granitic eharaeters, which generally oeeur

in limited zones, some oS whieh aye often
accompanied with serpentinite or othey basie

roeks, anci tlte most o£ whiek are observed
to have been effeeted by a regional meta-
moxphism, and (e) masses oeeupying com-
paratively extei)sive areas, whieh show a

gradual transition £rom equlgranular to por-
phy]ritic in strueture arid most of whieh ra-

ther indicate voleanie oceurrences.

    In this report, the writer proposes to

eomment on the masses belonging to eate-
gory (a) and to h'eat the roel<s from 'the
loeali.t.ies s'hovLTn in IF.{guye 1 ar.Cl Tab]e 2.

   The laygest body in those masses of .the
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outer zone, develops, in tke sou'themi pa.}rt' of the Osumi Peni"sula of

Kagoshima Prefectui'e in Kyushu, extending about 4e km in EW diree-
tion and about 15 km in NS cli.yeetion. The masses ln the other loeali-

ties in the zone are geRerally verry small, and nozte of them exeeeds

20 km in apparent diameter. -
    As the ages o£ intrusions of those masses, ineiuding that of the
Osumi Peninsula, are mueh t･he same altd are eonsidexed by many
geologists to be ].ate or post-Cretaeeous, all these masses ean reasonably

be treated togeth.er in this p.apex.

    Generally the roc}<s £rom the above-eited loea]ities, axe g}anodio-

yitic in nature. They a]re eomposed prin.eipally o£ quartz, potash felspar
and plagioclase though either biotite and/or hoynblende is alxKrays pre-

sent as an additiona} eonstkuent. There can be seen some eharacteyistie
roel< facies in them, which eoiitain speeial aecessoyy con.stituents such

as touzana}ine (Uwajima, Koshil<ijima, Yal<ushima and Osumi), ganiet
(Kashiwajima), allanite <Ol<inoshima, Koshikijima, and Osuini), corund-

um, $pinel altd rutile (Amami-oshima), some o£ whieh are elear]y due
to the contaminati.rig effects o£ loeal intrusions,
    The roeks of Ishigaki Island, whieh is situated at the southeni

extremity of the outer zone, show some different natures in eomparison

with the other graftodioritic masses in this .region. As is indieated in

            TAm',i-." 1. Modal anaiyses of granitie roeks

                     in the Osumi Peninsula.
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Table 2, the most notieeable featuve is their le' ueoeratie chayaeter with

dominalltly miarol2t･ie cavities; their chemieal eompositions and the

microseopieal eharacters o£ constituent mineyals are remarkably differ-
ent as comparect with the granitie roek found at otber loealities. For

t･he above reasons 2,t is not determinable whether the granitic mass

of Ishigaki Island is eomparabie in age to other granitie mas$es in th,e

outer zone or whether it belongs to some ether seyies.

    It s.eems that the granitic masses of the outer of sov{th-wes£ern
                               Japan are not always commolt with
            Qffa,rSi
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eaeh other m yespeet to minera}
compositions, and that partia} varia-

tion of. mineral eomposition is also

seen in each granitie mass itself,

as shown in an example £rom the
Osumi Peninsula.
   The volume proportions of the

miiteral constitLients o£ the roc}<s
of the gyanitic masses in south-
western Japan, wbieh are ana}ysed

by point eounter £or each thin sec-

tion o£ thein, are shown in [i]able 2.
Especially the samples froin the
}arge granitie mass in the Osumi
Peninsuia were earefully eol}eeted

by the wy2ter from nearly north to

south through its western margina}

zone, in whieh loeality No, 1 is its

northern-most part aiid No, 25 is
its southern-}nost part. The moda}

eompositions on each thin section
are also tabr}lated in Table 1. within

this single gxanitic mass, the ehief

eons'tituents show a notieeable flue-

    ,tuatlon.

    The granitic roeks of the outer

zone of south-western Japan vary in

nature, over a･ eompaxatively wide

range, but on t･he who}e th.ey may

fxom the petxographica} viewpoint,
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be suitably ealled granodiorite as judged by their mineralogiea} and

chemical eompositions. In order to eompare the relation of minexal
an. d eh,emical eompositlons of the acid plutonies iR this zone, their

ehemieai compositions and the normative values caleula'ted fyom 'them

are show in Table 2. Most oE the thin sections £or volumntetvie ana}yses

       [l]ABm£ 2, Modal analyses and eheinicai eompositions

              of granitie roek of the euter zone o£
                     soath-westem} Japan.
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[I]ABLE 2 (Cont,inued>.

              Norms eaSeulated from the above ehemieal compositions

              rm
1

'

2
I
t

I
t
3      l4

     1
l9.9

20.3 i

3.0.0

lt'h{} i

 O.5

 7.:},

 4.,2

     1
     1 O,7

 o.s l

     1     i

5 6 7 s
i
c
)

Q
Or

Ab

An
c

Wo
Fs

En

Mg
I
l

Ap

l 2?,.l.

i l9,o

  25.S
l
/

  16.6i
t

1 -l.2
I

   5.9
I 4,s
1
1 l,O

i 'l .o

[

I-

1
l

1

l
'

/

j

I
l

     I･
3tr,.il 1

2:)),O i

25.0

 4,2

 3.5

 4.5

 l.5

 O.4

 e.:})

'

1

[

I

i
1
l
･

l
･

1

i

'
l
i
･

i

40.S i

27.3

ls.s l

 6.2 i

 1.S

     i
 1.l

 1.o

 'l .e I･

 O.7

 O.2 i

l
I
l
/

1
I
'

1
I
i
t
l
1

iI
t
1
1

l

23.0

22.7

29.0

14,2

 'l,O

 6,5

 2,7

 O.2

 C}.4

    Biotite oE Uwajirna in modes ineludes ehlorite (ll.9i"i).

    Others of Uwajima in mode inc}udes tourmaline (O.9iO" ; of Kashiwajima, garnet (g,S

%) ; of Okinoshima, allanite (O.l 9ti.) ; of Amamioshima-(A) eovundum and spinel ; of Amami-

oshima-(B> eorundttm (O,25f"b!) and spinel (O.9%),

 1. 0nigashiro-yhma, Uwajima, Ehime Prefeeture,

 2'. Kashiwajima, Hada-gun, Koehi Pyefeeture,

 3. 0kinoshima, Koehi Prefeeture,

 4, [I]his mode is the averagre value of those of the Osumi Peninsula, already shown in

       Table 1. kThe loeality of ehemiealy analysed roek is the southern part of M't.

       Tsuji, Kimotsuki-gun, Ka.croshima Pyefeetuve,

 5. Tarumizu, Kimotsuki-gun, Kag'eshima ?refecture, Chemieal data of Nos. 4 aRd 5 from

       Yamaguehi (l929).

 6. Shimokoshil<ijima, Satsuma-gLan, Kagoshima Prefecture,

 7. Loe, ditto, Acid part･. (Datum from Inamori (1949)),

 S, Loe, ditto, Basic part. (Daturn from lnamoyi (l949)). '
 9. Seiitozan, Yakgshima, Kagoshima ?refeeture.

]M[odes (.o･.i)

IO (A) IO (B) ]1 ]2 l3 '14:t:

 Quartz

 Potash felspar

 Plagioelase

 Hornb}ende

 Biotite

 Others

ew

l5.5

 {.1),(.)

i)9.l

 o.o

'1 0,S

 7,7

"}.9

 7.L,

56.7

 o,o

 9.tt)

 9,7 i

25.6

15.7 1,

46.0

 o.o i

''l2.4 ,

 o.t} i
     1

?9.9

 2.i]

4E).O

 5.S

12),8

 o,o

:;1.3

2S.2

35.t2

 1.2

 ]･{}

 2.0

36,7

31,6

29.2

 o,o

 2.4

 O.'l.

41.7

26.7

2S.7

 O.1

 ts),s

 o.o

t),6.6

2S.S

31 .]

 O. t.1

 2.{S,

 O.7



On the Mineral and Cheinical Compositiens of Some Acid Plutonie Roeks in japan 4;l7

Chemicai eompositions
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cited in Table 2, are made yespeetively from eorresponding samples
whieh were used fox c'hemieal analysis. Though the thin seetions from

the Osumi mass are not exaet}y in aeeord with the samples forr chemieal

analyses. It can be seen from a glanee at Table 2 that there are
eonspicuous differenees between modal values and their eorresponding

normative values. The･relatlons of these va}ue$ are shovvn in Mgure 2,

             Grafiitie Rocks of the Tsuktiba Distriet

                       of Central Japalt

   The Tsukuba District oeeupies the north.-eastern corner of the

Kanto piain and is made 'ap essenta}iy o£ plutonie iiiasses whieh are
dominantly granitie in ch,araeter with a minor developmene of .crabbroie

roei< and various l<inds o.£ dike rocks. In the sur. roundlng Pa.]eozoie

sedimentaries there are some interesting metamorphies, gneiss, horn£els,

ete,, along the zone o£ contact with granite, whieb, bave resultecl frem
the gran2te intrusion.

   The granitie masses in the distriet oeeur in the form o£ lar.cre
stock-iike intrusions whose area measures twenty km by ten. T}iere
are many good outerops and large quarries in granitie masses. They
have been more partieulariy studied than those in othev distriets, be-

cause o£ their relativeiy greatey eeonomie imporXLanee. From the
petrogvaphical natures the gxanitie masses in this distriet have been
divided by }}l. SmBA'p.t (1944), iiito two main types, the inada type and

tb,e Tsukuba type. ,The foymer has Iately been subdividecl into tvvo,
the Ina,da-type ],-)roper and the Kainishiro type, whieh ax2e distinguish,e{ii

espeeially by their ehe]inlcal eompositin (K. SmBtyviN ; l953). However

for eonvenienee these iatSer two are treated together as the orig.inai

Inada type in this paper, beeause the distribution of roeks of each

subdivided type is yet uneertain.

    All acid plzitonie rocks from the district are principally eomposed

of quartz, potash felspar, plagioe!ase and biotite, th,ough some o£ them

often contain muscovite and rarely hornblende. Th.e rocks o£ thvee kiada

type are medium-grained and homogeneous but those o£ the Tsukuba
type are generally eoarse-grained and sometimes eonspieuous hetexo-

geneous.
    Minor dike rocks intrttde into the granitie mass of eaeh of ehe
above describe(i types, espeeially the Tsul<uba type, The petrologieal

e}ka]raeter of the most of these minor masses exeept pegmatites and
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TABLE 3 (eontinued)

         Minor intrusive bodies in granitie roeks of t,he Tsukaba type,

i
'j Quartz ?otash

felspar
Plagioelase ffornblende

'i

Mica Others

33A"x['"i"

33 B £':'÷'･

60
6cl

74

7,"･,

S7

[

i

L

3S.:-3

40.2
46. ta,

5'l.6

22.S

39.2
31.3

l

     '1
ig'2･} '

ec.4 li
23'.S i
24.S

25A I
-l6.s l

26.3
26.5

21.0
39.3
44.7

30,6
pi2･8

l
l

l
I

l
i
li/

o.o

o,o

o.o

o.o

o.o

o.o

o.o

].7

4,4.

5.'1

5.l

7.5

4.C,

7.7

I
i

i
l

i

tit .e)

4.7
o. t]}

O.`2

O,k)

O,k)

l,7

    The nttmbers of the speclmens eorrespond to those of loeality in Figure i;.

  '･" Speeimens Nes, 93 and 96 are omitted fyom calculat･ion for average, beeause of their

    macroseopical heterogeneity, and they are not indieated in Figures 4 and 5. ,

 "{';'" No. 33A includes andalusite, si}limanite and garnet (O,4,."･h!). No, :.l3,B ineludes the

    same (O,?,%>,

aplkes are geneyally similar to those of the Inada type but it is no-
                    .tieeable that some of them eontaiil garnet, andalusite, sillimanite ete.

as aeeessoxy eoi]stitueBts. In this paper these granltie intrusives are

treated the same as tl,ke main major masses for referenee.

    In Table 3, are writer shown the modal analyses o£ 44 thin see-
tions of the granitie rocks from Tsukuba Distyiet, based upon measure-

ment earried o'ttt by the "hitegrationstiseh". Loealities of samples are

plotted on Figure 3.
    The volumet.rie relations among the principal eonstituents, quartz,

pot,ash felspar and plagioelase, iik the granit･ie roeks o£ these two types
in 'the [{)sukuba Distxiet, are shown in Fig;ure 4, wheii the sum of

quartz, potash felspar and plagioelase is plotted on the abseissa and

eaeh component respeetively on the ordinate, the figare shows the

remarkable difrerenee between tlae tviro types o£ rock. It is remarkable

that the roeks o£ the Inad.a type are more leuteoeyatic than those o£
the Tsukuba type,

    Fyom the mode o£ oeeurrenee, it is eonsidered that the granitie

mass o.£ Tsukuba type shouid be aeeepted as the older type in the
distjriet. It may indiea,te that theye we]re at least two dist･inet periods

oiff granitie intirusion. [E]he mairgin o!i Inada type intrusions 2s some

'times shayply defined at the contact with Tsukuba type mass,
    The measured values on the roeksi of the Tsukuba type extend over

a comparative],y "r2'de range, but those of the Inada type, espeeia}ly

the roeks from the dis£rict of Mt, Kaba bear a stril<ing resemblanee
to eaeh o'ther. [l]hese ]results might be mueh eoneerned with the grain
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                                                             (QyOx)                                        (Abt)4n)   Fig. 4. Relation diagrram of modal salie
          imuiunfiruablaS 21{stgvriaciti,itie YOekS in t}ie Fig. s. R,elation diagram of the granitie

      Upper: Inada type, ineluding minoy roeks in the Tsukaba District.

       mtrusives･ Whke eiyele: Mode of lnada type,
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       spar and plagioelase.

size of eonstituent minerals, That is, there may be a tendeney indiea-

ting that the finex the grains aye the smaller the range o£ vaxiati'on of
measuring values beeome. However the reasons of these results may
be eonceyned not only with graip size, bgt also with the homogeneity
of the roe}< masses themselves.

    The ehemica} analyses regarding the granitic roeks from the Tsuku-

ba District whieh were published in variovis re£erenees are tabulated in
Table 4 and also normative values calcuiated from thein are subjoined.
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eompositions of gyanitie roeks in the Tul<uba distriet.

7'ocics oj' th･e 71s?t,?tzcba ty?)e, Chemieal composition

1
I
/
1
'
1

Si02

[l]iO.･

Al･,O,

Fe203

FeO

MnO
MgO
Cao

Na;O

KoO
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HnO"")

H.O'･-)
E
I
i
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2 1 3 Li 4
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Norms calculated fyom the above chemieal eornpositions.
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   Al} loealities are in Ibaraki Prefeeture, The ioeality of chemical analysls is roughly

eoryspondin.cr to that of modal analysis, whieh is shown by number next to the Iiterature,

 '1, Shirataki, Tai-mura, Tsukuba-gun; H. SmBATA C1953); No, 25.
 2. Loea]ity dit･to; N. SHIBATA (1.944); 'No. 25.
 3. Hirasawa, Oda-mura, Tsukuba-gun; H, SHIBATA Ci953); Nos. 37 and 42,
 4. Loc. ditto; H. SmBAfrA {'i944); Nos, 37 and 42.
 tt]. LDe, ditto; HI, SuGI (1930); Nos. 3"i and 42,

 6. Yubukuro, Obata-mura, Niihari-gun; E, SHIBtyrA (1953); No. 76.
 7, Loe, ditto; H. Si{IBA'rA (l944); No. 76.
 S. Yarnaguchi, Oda-muva, Tsukuba-gun ; }l{. SI{IBArrA (j953); No. 42,

 9, Hadori-mura, Makabe-gun; H. SHIBA'rA C19,44),
IO. Nanae, Niihari-gun ; H. SmBA"rA ('l944). '
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            ' [l]ABLE 4 <eontinued)

Cr']'anitie 7'ocics oj' the inada type, Chemlcal eompositioR
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The graphs showing the relation between the modal and normative
valges of each yock are shown in Figure 5. In ehis ease, the chemi-
eally anaiysed speeimelts are not the same as those whieh have beelt

volumetrieally measured, but it is eertain that both specimens have

been collected at least from the same quarry oy spot in the distriet.

    Froin a glanee at Flgure 5, it wM be seen that eaeh yelation

between normative valges of the roeks o£ the Inada and those of the
Tsukuba types, shows tbe same tendency as the relation betvLTeen the

modal values of these types, though the range o£ noxmative values is
somewhat limlted being smalley than tbose of modal va}ues.

             Relatioms betweexx Mineral aftd Chemical
                 Compositions of Aeid Pltitonies

    It is an interesting study te compare and contrast the mineral

eompositiok o£ aeid plutonies with the ehemicai eomposition of the same
rock, In this yegarcl ehemieal analyses of the roel<s in eonjultetion with

detailed petyographical investigation would uitdoubted}y be of some
seientlfie vaiue.

    As is shown in the prev.ious two examp]es, tlaere are various dif-

ferenees between the modal values and normative values of the same
plutonies. It seems that the differenees may be due to various eauses.

For examining the geiieral tendeReies o£ the xoek eomposition, the
writer has seleeted for ye£erenee about 100 examples f.vom already
known data of aeid plutonic roeks in foreign eountries, whteh are all

over SiO,, 60% in chemical composltion exeepting alka!ic roek.

    As it seems that there are eomparative!y few examples which were

ana}ysed both chemieally and volumetrieally fo,r a single specimen, the

wxitek' eited here acid piutonics from the same Ioealities £ov whieh
both of the ana}yses had been done.

    Some of tlte olde,r gxanitic roeks a,ve gneissic in structure, and

they a,re o£ten ealled ro'ughly gneissose g.vanite o,r granite gneiss. The
data have been gathe,ved f.yom various sources in the world, but thoge

from northern Europe and Noxth Ameriea are espeeially i}ume.rous.
St.vietly speaking with rega,yd to some of those speeimens it is not

mentioned clearly whethe,}r they a,re o£ magmatie o,r of metasomatie
o.rlgin. The]re£ore the wyite.r has simply txeated al} those gz"anitie
roeks without distinetjon of origin, in this papev. Fo,v preparing those

data, various methods of modal measurements might had beeii used,
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though in many eases they are not elearly deseribed. There ean be
found some data of modal composition whieh, weye reealeulated fxom
chemical analyses by eentrayies, but these will iiot be eonsidered here.

   For examining the minera} eomposition, there aye two ways to
expye$s 'them by volume oy by weight proport･ion, but ehe distinction

o£ these ways is net gene.rally speeified. In th.e txeatment oE aeid
plutonics, the differenees of densitles amoiig essenti.al eonstituents

(quaxtz, potash fe!spar and plagioclase) are usually slight, and the

volume o£ mafic minescals is gene.rally very small, so praetically, the
differenees between voiume p]roportion and we2ght pyeportion in them

might not need to be treated as impo.rtai}t. Foy ehis reason the]re
may also. be no objeetion to eomparing the modal eomposition direetiy

to the normative eoniposition of aeid plutonie roeks.

 . Winei} )real modal va}ues a,re eompa,red with normative values whieh

were ealculated f,i.rom ehemical ana}yses, meaningful eomb!nations of

direet eompa,risoiis betvyreen normative and modal values would be

thought in £he £o}}owing three eases: norm Q to mode quartz, ltoym
Or to mode potash felspar, and noxm (Ab+An) to mode p}agioelase.

    'I]ABi,E 5. The nvimbey o£ specimens in whieh the numeriea}

        values o£ mode exeeed those o£ eorxesponding norm.
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   The data in Tables 5 and 6 are mostly quoted from ``A deseriptive petrogyaphy of

the igneous roeks, vol. II (1932) pp, IS5-l9ha', 324-33)O, /332-3g,3, 3SO-3,S5 by A.. ,}O}IAN-

Nsi],N" , and numerieal values in the [I]able were caleulated by the writer on the clata.
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    The numbey of yocl<s iu which the numerieal values of mode exceed
those of correspondiitg noym in xespeet of the above th.ree eombinations

is eited in Table 5. As is skown in the table, 70 of eotal 98 speckinens

are less in numerieal value of no,rm Q than those of mode quaxtz, and

i)orm Or and (Ab+An) are both generally £ound ln mueh raoxe numer-
ous specimens than modal potash felspar and plagioelase,

    As £or a normative ealeulation, pyroxene and eovundum eomponents
aye gene.z'ally caleulated, but in the mode of iioymal calcalkalie g]ranitic

yoeks miea and!or hoxnb}ende axe eontained. Those mi'nerals in granitic

roeks have pyetty good quantity of alkalis, but when norms aye ealcu-

lated, aU alkalie eontents are ineluded in Or and Ab. Forr this reason,

the norm £elspa.r would be caiculated to have a hlghey value than tke
mode felspar.

    The high.etr the calculated noymative felspar, the moere SiO,i aye

alloted £or those, and no.ym Q may consequently have a tendeney to
be caieulated to lesse.r ainout than modal qaaytz contents. As some
of gvanitie yoeks may eontain various aikali felspar, socla-oythoclase,

perthite, antipexthite, anorthoelase, ete., sueh roeks may oeeasiona}ly

  TABi,i{ 6. [l]he geometrieahir}ean value of the differenees between

        the modal values and eorresponding normative values.
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show more eomplicated relation betweelt theix modai and normative
values. In Table 6, the diffeyenees between the values of two sys-
tems, norm anct mode, are sltown as geometrieal mean values,
   Though the data are not tabulated in this papey, it seems that the
differrences between modal and nermatlve values of the gvanitie roel<s

wbieh predominanty contain mieroeiine hk the mode of potash £elspar,
are generally smalley than tkose of roeks which mainly eontain ortho-

elase.

   It seems that the differenees between moda} and noermative vaiues

o£ acid plutonies of northe: n Europe (Fennoseandla) a)re genera}ly s}nall
and those of North Ameriea are mostly larger than those of the fo,rme.r.

Though t=ne ages o£ intrusion o£ roeks, eitect in Table 6, are often
uneertain, the masses of pre-Cambrian age stand out generlly in north-

ern Europe, while Paleozoic or posVPaieozoie masses predominate in

North Ameyiea.
    It is not entire]y elear whether the diffe.renees between the norm

and t'he mode and the ages of int,yusion are eorrelated to eaeh other
or not, but it would be reasonable to eonsicter that the speeial difference

in vaiues' between northern Euyope and Noyth Ameriea may be yatke]-'

due to the geologieal eonditions. The rocks in which norntative value

resembles elosely the eorresponding modal value as these in northern

Europe, would seem to oeeuy geologieally under deep and stable eondi-

tion. That is to $ay, it seems probable that wh.en gyanitie matejrials

are formed, l<eeping a comparative}y pe.r£eet equilibxium, no.ymative
values of roeks might be tolerably eolneident with modal values.

    On the other hand, the rocks which show a marked differenee
between no.rmative and modal values in the identieai samp}e, tend
predominantly to oecuy uncter eompayatively sha}}ow and tm.stable con-

ditions o.ir pe.yhaps in a geosynclinal zone where the rock would be

formed under eonditions o£ some eontamination, The piutonie /rocl<
from the eastern and western coasts of North Ame]rica and already
mentioned two ieealit.ies in Japan may be eonside.ved to belong to this

type. As mentioned pveviously, the masses of these two regions of
Japan a.ve very small and are eonsidexed to have intruded in unstable

Japanese arehipelago, as eoinpared with the fore-mentioned examples

from foreign eountxies.
    Regayding the examp}es of the outer zone of south-we$texn Japan

and the Tsukuba Dis£.riet, the differences betvgreen normative and modal
va}ues of the fomner aye mueh }aygey not only than the Iatter but
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also than the most o£ the otheM foreign eountries. Botlt values, norm

and mode, in the roeks o£ the Tsul<uba Dist]rict' resemble eaeh other
eomparatively elosely. It appeays geelogieally probable that ehe masses

in the Tsukuba Distriet were consoiidated undex deepex aiid more
stable coitdition ratheer than those in the ovitex zone of south-westexn

     [l]aking a general view o£ the vgThole plutonie inass of the [I]sul<uba
Distriet, the diffeyences between two values of norm and mode in the

Inada type ave $maller than those in the [l]sukuba type. [E}ltis faet

suggests that the formex may show more equilibrium facies whieh axe
probably formed under more stable state than the latter.
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