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  PRELIMINARY NOrrE ON ALKALINE RHYOLXTES
              FROM TOKATE, HOKKAIDO

                             By

                      Tadahiro NEMoTO

                With 4 Plates ana 6 Text-l7TiguTes

    COntrib.U,tign,,S,.fg,O,M.t.h,?,lil,aP.af.tM,e.?;.,Of.gf.Og:g,y,,?n,d.,M,Ln,e.r.ajliO.g.yg,Facuity

                     INTRODUCTION

. In the course of a geological study of Tokati Plain, Hokkaido,

in 1.9Fl-1932, the writer' found two kinds of alkaline rhyolites: first,

aegi.rine-augite hyalo-rhyolite, 6kawaite, which develops in the

environs of the upper course of the river 6kawa running through

Toyokoro Village, and second, comendite, which occurs at Maru-yama

and its vieinity near Tyurui, Tokati Provinee. Rocks which possess

an alkaline nature are very rare in this country and their oecurrence

as hitherto known is limited to a few places in southwestern and

central Japan. It will, therefore, be of more than usua'l interest to

 .give a petrographic note on these alkaline rocks which are the first

appearanee in northern Japan, especially in Hokkaido. Petrographic
descriptions of these rocks have been separately reported, in papers

written in Japanese(i) and briefiy in English (2) during the progress

of work upon these rocks. The present paper has been prepared
with a      view towards setting forth the results obtained to date upon

both the        alkaline rhyolites now being investigated.

                                                '
   (1) T. NEMoTo: Soda-trachytic Rock from Toyokoro, Hokkaido. Jour.
Japanese Assoc. Min. Petro. and Econ. Geol., Vol. IX, 1933, pp. 105-110.

       T. NEMoTo: Glassy Soda-rhyolite £rom Tol<ati, Hokkaido. Jour.
;2P,2e2itSe,i.iiXSiliEailrTi,[15E'i.Pijilt,ags･ga/n",t-,a,Ea.eg･:igeii,･"IY/g,i6ii･i:,61,23,3.･p.pdi,#,6E,E3･.g,?,i,Lo,3b.

                                              '
Jour. of FaeultY of Seience, Hokkaido Imp. Univ., Ser. IV, Vol. II, No. 4, 1934.
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PART r.

AEGIRINE･-AVGITE HYALO-RHYOLITE,
              '       .t

6KAWAITE,

               'i           X. GEOLOGICAL SKETCH
              '           '            t. , .,. ,.. .. ..                      ttt             t t ttt t tt   The geological features of the environs of the area in whieh
aegirine-augite hyalo-rhyolite develops have already been reported

'

1

es

B
es

M<o

" gx
v･v yv ts)
vvvvv/vvvvvvvvvvvvvvvv

vvy.v.y '' ..         .;vvv.v,vv ,VVvvVv vvvvvv vvvvvv y. vV y. yv y. vV v- '",V'v .v
  vvvvV"-v vvVvvvvv VvvvvvVV vvvvvvvv  V.v v- vv v v,

 vvvvvv vvvvvvvVvvvvvvVVVvvvvvvvvvvvvVvv.vy

 "Y'vv 'V v .v.v

 vvvv vvvvvvvvv yY-v y, v. v,v v vvvv'vvvvv vvvVvvvvv･y .v .v V v'
V. vvvvvv vv v･vvv ･vvvvvvvv .v vvvyvvv v,v v･ ･V Vvvvv y･ vv･,V V NJ VVV'V VVVVVVV N"t VVVVVVVVvVvvvvvvvvvvv tVvvvvv･V vvV v v y.y. v..v.v v v .v'V' v'sle V V v･v v.v V v
v･vvvvvvv'v･vv>tsyvvvvvvvvvvdVVVVVVVVVV

,V yVvv v' vNVVVVvVVvvvvvvvvvtVvVvV,VSx vvvvVvvvvvvvvv vvvvv,v vvv Sx ,v v

vvvvvVvvVv.vvvvyvvvvvvvvvvvvvvvvvv
VvvvvvvvvV
Vvv ,v vvvvVv
vvvyvvvvvvvvvvvvvv'
v･vvvvvvvv

Vvvvvv

v

vvVY,V.y v.vVvv vvvvvvvvvvv vvvv.vvvvvVyv
･vvvvvbl vvvvvv ,v
 vvvvvvvvvvVv
vvvvvvvvVvvv･vvvvvvvvvvv
vvvV v, vvvv v･vv
vvvvvvvvvvvv

VvvvvvVvVvvvvvvvYvvvvvv･･ vvv ･v vvv yvvvvv vvvvvv  vv･v vv  yvvv'v  vvvvv  VvvvV  vv v,v v
-vvvVv            'v"'Vvvvv･vv.vV, =,vvvvvvvvvvv-pm'vvvvvvvVVvvvdVVVVvvvVVVvV.V, rm'' ･v VVv'v v vVv v.v .v vvVvVvvvv V.v vvvV vvvvyvvvvvvvVV,Vv v,VV 'V v. v v'VvvvVvvvvvvvvvvvvvvV

Vvvvv
YvVvVvYvV

 vvvv vvvvvvvvvv vvv-vv,v
vvvvvVvvvvvvvvV -V,v v'vvv v. vvvv V,vvv.V･

'v vv
vvvvv

tt ･Lower Oikamanae
bed

   llI[[[U]]

  Toyokoro bed
(schalstein and cher

'

SIIIIIIII:i

t
)

Toyokoro bed
(limestone> ,

vvvvvvvvvV

                     vv  v vV'･Vvvv.,vvvvvvvvvvvvv - Vv  VVVvVVvvvvvvvvVvvv VV-..V.YvVVVvvvvvvvvvvvv ,vv,V                     vvm-yvvv,vvvvvvv'vVvvvvV - ･VVVvvvvvvvvvvvvVvVVVVV  VVVVVVvvvvvvvvvv.VV vVVV.y vtVvvvvvvvvvvvvvvV V'vVV.V.V v.vvVVvvvvvvvvvvv Nx VVVVVVvvvvvvvvvvvvvvvvvv vvvV VVYyvvv,vvvvvvv･vyvv VVVv'VvVvVvVvVvVvVvVvvvVvvvVvVvVvVvVvVWvVvVvVvVvV
VVVvvvVvvvvvvvV WV-VttV vVV V,V.vvy vVv v'v vv .v vvvvvVVVVvVV    'vvVv v. vvvvvvvvVvVv,V VvvVVV-VvvvvvvvVvvvvVVvVVvvvvV"vvvvvvvvvv,vvvvyvvVvvvvV vvvvv v' vvvvvVvvvvVVVVvvVV"vvvvvvvvvVvVvv V･ VvVvvV vvvvvvvvvvvvvvvv,Vvvvvvvvvvvvvv<yyvvvvvVVvvvvv V Vvvvv v-v vvvvvvvvvvVvvVV v'vvvvvvvvs.vvvvvvvvVVvVV. V.)gyV:;l-uX-.gll.y..g.3g.･e.II}J..i-Jlu;.;-Jiftliil;ilits.Y..u.vVJ

,vY'V vvvV V, si vvvvyvvv v. VvvvVv vV v-v vvvvVvVvv v'v vvvvvvVVV,v Y v,v vvvvvvvvvvvvvvvvVVV 'V.v'vVvyv.vvvvVvvvvvvvvvVVVvvvVvvvvvyvvvvvvvvvV,VVV - VvYvYvVvYv>'vV"VvYJ'VvYvVvVvVvVJVvVvV./VvYvVvVv

- Vv'vv vvvVvvvvvvv'vVVV.V' .. VV･v vv･vvvvvvvvvvVVVVV. VV vvvvvvvvvvvvvV v' v;V   V vvvvvvvvv'vvv'VVVVV'  .,... .VvVvVvVvVvYvVvVvvvvvvvvv
              '
Fig. 1. Geological Map of the Environs o

Augite andesite

[g#Illll#]

Aegirine-augite
hyalo-rhyolite,

6kawaite (flow)

Aegirine-augitd
hyalo-rhyQlite,
6kawaite (dyke)

[/]
Fault

,

Dip and Strike

O 500 m.
----
   Af the OKAwA.



      PreliminaTy Note on Alkaline Rhyolites f7'om Tokati, Hokkaido. 301

in papers published in Japanese(i). Here the writer is concerned
only with the facts of the distribution and occurrence of the rock

whi.ch. have been ascertained up to the present. As is seen in Fig. I,

g,eglr,i."eew.g.`t.eh.Zaig;m,r,h,Ystg'`ei.W.hiC,h..die,V%i8,P,S.,L",,`h86111e.X,er,C,OU;,Sg

south, occurs partly as dykes intruded into the Neogene sediments,

known in this region as lower Oikamanae bed, and into the Toyokoro

gge,6,nZf&;.Om':?#b'l,ec.up?.iliteh℃.OIF,C,..fiOrrMoafilg".'.:gg,P,a,rtLY.,aS,,g,,fl,o,w,,iy,i,n,ff

    The pebble of the rock is also often found in severai tributaries
M.`2g,e,gAz".',.T,ke,o,2`sr?,p.s.Gr.om,,wi2LcY,t2e.ge,?･,b,beg,,w,?r2,gs,rigsg;

that the knowledge of the laistribution will 'be extended by further

geological study which the writer intends to carry out in the future.

                    IIe PETROGRAPHY

                 le Macroscopical Characteff

    In the specimen at hand, the roek is seen to be of a vitreous tex-

tuye and is dark gray in colour, with a greenish tone. In appearance

it is not unlike pitchstone, but it is abundant in porphyritic anortho-

clase,     1-3 mm in length. In addition to the dark colour of the glassy

basis, porphyritic aegirine-augite is so small in quantity and so

scarce that the mineral is not easily recognizable.

                  Z. Microscopical Character

 , Under the microscope, the roc'k shows a hypocrystalline prophy-

ntic texture. As shown in Pl. XLIV, Fig. 1, the phenocryst is com-

posed essentially of anorthoclase and aegirine-augite, to which is

often added a small amount of granular mineral recognized to be a
g;eeeO,llll,Og,P.h.ZfgeZ,i8:･,/"eb,,T,ue,Eg9S,d,Iil.,a.SSg,W.h,i$h.S,ZnglS%S,,M,ag2kX

as shown in Pl. XLIV, Ii'igs. 1, '3 and 4.

o,f

,{Illifii'G.eg[;V,g,g.t,e,aE.il)lil'iz06iS,E,/i!i?t<,iisdeeo,bi],h,,W."sTh",N,2PE,,.,,[i)h,e,,",l,P,ig"at.og,y,',e:,t
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    Anorthoclase, which is the most dominant phenocryst, is euhedral

or subhedral, and usually shows a rectangular and wedge-shaped
zro,%s6ze,g/jogi,a,i.ili"s.tia.lf,g'e.Pl'6i,lri,V･gs'ee'L,asd,ft6S;z,{e.2e,rme

gg･Rm,s.e2nga,8gd,,?'2?g,:??{:meit'8s,:?8,:r,Y:`.aaiOS,:-a,P,?.iCf,a,e8.S.8,bs

is usually perfect, and those parallel to (OIO) and (OO.1).are.dis-

va,%"lzh.a,b;,e･,,grwa,g,;¥Ig'E"s'x,g,ig,ce.m,,,,o?･h,eJigY.e,kw,a#,ei.kg.is,sg

fine mieroscopic lamellar twinning aceording to the 'combination .of

the albite and microcline laws rarely occurs. The optical properties

measured by a univeTsal stage are as follo･ws:

              optical plane A (OIO) = 850 - 890
              aA X' on (OIO) == 60 - 120
              aA X' on (OOI) = 20 - 60
               (-) 2V == 360-440
    The refraetive indices determined by the immersion method are

given below.

                         ct, =1.522

                         ry'=1.529 ,

     From'the fact that the above optical constants varying to some
              be considered that the chemical c'omposition of the
 emXitneenrt5i.ILt tllilgYratio of orthociase '£o aibite-is not simiiar in aii cTydi

 stals.' It often encloses aegirine-augite, of which a descripbion

 follows.
     Aegirine-augite, which follows the anorthoelase in amount and

                                                    shows a                                                 and is scattered in all parts of the rock, is usually euhedral
 prismatie crystal, 1.5 mm in maximum length, as shown in Pl. XLIV,
IIAg,S',L.anei,.Zg2v,afi･,e?:,rgy9ei.t,otsg,V,Oa.'s,2o:･El,i",a,?8h,?,he,igy,i,n,n,is,g

 with X=grass green, 'Y=light grass green, Z=yellowish green.
 Absorption is strong, X > Y > Z. The optical characters measured

 by a universal stage are given below. '

                      (+)2V == 650 le 10

                      cAX =440
     It is often enclosed in anorthoclas'eL"and 6ften penetrates it. It

 may be considered, therefore, that the crystallization of aegirine-

 augite has been completed earlier' than that of anorthoclase.
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    The granular mineral, which is recognized to be a pseudomorph

after leucite, usually shows a rounded form, O.5 mm in maximum
diameter, as illustrated in Pl. XLIV, Figs. 1 and 4. Because of its

rounded outline and the regular arrangement of the inclusions in
it, it is considered that the original mineral, leucite, has been yeplaced

by a colourless mineral, natrolite, which shows a spherulitic t,exture

and has a lower refractive index than that of Canada balsam.

    As ill'ustrated in the work of G. W. MoREy and N. L, BowEN(i),
leucite is temporarily able to erystallize out o,f a more acidic liquid

than orthoclase pripr･ to its crystallization. From the evidence that

leucite is often included in anorthoclase and often penetrates it, it

may be concluded that the crystallization of leucite had been eom-
pleted earlier than that of anorthoelase. It is not impossible, there-

fore, to suppose.that leucite which has been transformed into natro-

lite by reaction with residual magma had separated as a temporary
product from magma, whose composition is rich in alkali.

    Magnetite, which occurs as an accessory mineral, is present in
a slightly smaller amount, forrning small crystals of irregular shape.

It is related in occurrence to aegirine-augite, being found mainify
.in the mineral and rarely in the glassy groundmass.

                   3e Chemical Chaffactege

    The rock is so fresh that the phenocrysts and 'the groundrnass
are always free of alteration products, and it is therefore considered

to be the best sample for chemical analysis. In the glassy ground-

masss however, it often encloses andesitic and basaltic xenoliths,
1-2 mm in length. The xenolith is so small and is so uniformly scat-

     in all parts of the basis that it is unable to separate com-tered

.pletely from the glassy basis. The amount of the xenolith which
,has been determined by the Rosiwal method of three thin sechions
is 1.05% by volume, as given in Table IX. It is considered, therefore,

that the existence of the xenolith is not so effective in the chemical

composition of the rock.

    A chemieal analysis was twiee earefully made by the writer.
The mean value of the double analyses .is..given..in .Table I. together

with the norm.

Am. Jour. Sei., (5), Vol, IV, 1922, pp.
(1) G. W. MoREy and N. L. BowEN: The Melting of Potash Feldspar.

1-21.

,
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[I]ABLE I.

Wt. %
Si02
Ti02
A1203
Fe203
FeO
MnO
MgO
CaO
Na20
K20
P20s
H20+
H20-

, Total

66.25
Q.26
12.89
2.09
 1.37
 O.03
 O.42
 1.29
 4.04
 2.53
 e.o7
 6.08
 2.46

99.78

Norrn

Q
Or
Ab
An
c
Hy
Mt
I
lAp

29.52
15.01
34.06
6.39
 1.12
 1.50
 3.02
 O.46
O.34

l
t

Ratio

Sal
   ･'= 16.18
Fem
Q    = O.53
F
K20t + Na20t

   CaO/
tuK20' =o.42

Na20t
   I, (3) 4, 2, 4

    Lassenose

== 4.00

    In order to discuss the chemical characteristies of the roek, the

ehemical composition of the rock as well as the mean chemical com-
positions of rocks in the rhyolite family are quoted in Table II.

TABLE Ir.

Si02
Ti02
A1203
Fe20B
FeO
MnO
MgO
CaO
Na20
K20
P20s
H20 +
H20 -

Total

I

}

72.60
O.30
13.88
 1.43
O.82
 O.12
 O.38
 1.32
 3.54
 4.03
 O.06

 1.52

loo.oe

II

}

70.19
o.e7
]2.37
 1.45
 O.81
 O.02
 O.91
 1.43
 3.03
 3.57
 O.03

 6.48

100.36

III

66.25
O.26
12.89
2,09
 1.37
o.e3
 O.42
 1.29
 4.04
 2.53
 O.07
 6.08
 2.46

99.78

IV

}

74.44
O.19
11.27
2.78
O.94
O.08
 O.35
 O.21
 4.18
 4.95
 O.02

 O.59

100.00

v

}

68.63
O.35
lo.3e
 5.60
 2.61
 O.21
 O.37
 l.07
 6.14
 4.17
 O.02

 O.53

100.00

 I.
II.

III.

IV.

v.

Rhyoiite, avexage of 64 analyses(i>.

Pitehstone, average of 18 analyses(2>.

Aegirine-augite hyalo-rhyolite, 6kawaite.

Comendite, average of 6 analyses(3).
Pantellerite, average of 12 analyses(4).

Vol,

(1)

(2>
II,

(3)

(4)

 R. A. DALy: Igneous Rocl<s and
 A. JoHANNsEN: A Descriptive
1932, p. 281.
 R. A. DALy: ib2d., p. 20.
 R. A. DALy: ibid., p. 22.

Their Origin, 1914,
Petrography of the

p. 19.

Igneous Rocks,



     PTelioninan'y Note on Alkaline Rhyoli'tes fTom Tokctti, lilokhaido. 305

    The water contained in a glassy ･rock plays a important part in

any petrogenetic consideration. In the present paper, howevdr, the
writer intends merely to diseuss the'  chemical character.' Henee

the mean chemical compositions o£ the rhyolite family are teealcula'tv
ed to 100%, eliminating with water which is not so important in the

main composition of magma. The result is tabulated as foliows;,

                        TiABLE III.

Si02
Ti02
A1203
Fe203.
FeO
MnO
MgO
CaO
Na20
K20
P20s

Total

I'

73.72
O.30
14.10
1.45
O.83
O.12
O.40'
1;34

3.59
4.09
O.06

loe.oo

II

 74.77
  O.08
 13.18
  1.54
  O.86
  O.02 '

  O.97
  1l52
･ 3,23
 3.80
  O.03

100.00

III

 72.61
 O.29
 14.13
 2.29
 1.50
 O.03
 O.46
 1.41'
' 4.43

 2.77
 O.08

100.00

Iv,

   '74.88- ,
    O.19
   '11.34
    2.80
    O.95
    O,08
    O.35
    O.21
   ･4.20 ･･
    4.98
    O.02'

loo,oo

v

   69.00
    O.35
   10.36
    5.63. .,
    2.62
    'O.21
    Q.37
    1.08
 ･･ 6:17･
    4.19
    O.02

  IQQ.OO

              I･ Rhyolite･ II. Pitchstone.'' '`
            III. Aegirine-augite hyalo-rhyolite, 6kawaite. `

             IV. Comendite. '' V. Pahtellerite. '

    From the above table, the molecular numbers of the important

components, as:well as the values 'of Na20+'K20, 'and'
A1203- (Na20+K20), whieh are conveniently multiplied by 1000, are

obtained as follows･: ' ' ･ ･･
TABLE IV.

I II III IV v
'

Si02 1229 1246 1210 1248 1150
,.
A1203
Na20

138
58

129
52

139
72

11-1-

68
102
100

K20 44 40 30 53 45
Na20+K20
AI203-(Na?,O+K20)

102
36

92
37

102
37

121
-10

145

L43
caO 24 27 25 4 19
Fe203 9 10 14 18 i35FeO 12 12 21 13

3
6 I.

III.

IVe

Rhyolite.

Aegirine-augite

Comendite.

     II･ Pitchstone.
hyalo-rhyolite, 6kawaite.

     IV. Pantellerite.
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    As shown in Tables II, III and IV, the chemical eomposition of

this rock is somewhat similar to that of pitchstone in containing a

great amount of HL,O. Moreover, it is like rhyolite in having a high

'percentage of Al203 and CaO, and a small amount of total alkalies.

The ehemieal composition of the rock is consequently very different

from that suggested by its mineralogical composition.

    To discuss the chemical characteristics between alkaline and
cale-alkaline rock, both the relationships of Na20/K20 to total alkalies

and of Fe203+FeO to Na20 must be examined, in addition to a
comparisq･n with molecules of A1203, Na2+K20 and CaO. This is
because the molecular relation between A1203, Na20+K20 and CaO
merely shows whether a rock under consideration belongs to an
alkaline or a calc-alkaline roek, and, further, whether alkali and lime

feldspars, as well as sodic coloured mineral, are eontained or not.

On the contrary, the relationship of Na20/K20 to total alkalies
denotes that a rock is rich in Na20 or K20, in addition to whether
the rock belongs to an alkaline or a calc-alkaline rock, and that of

Fe203+FeO to Na20 indicates whether the amount of sodic coloured
mineral co/ntained in the rock is much or little. The amounts of
'Fe203 and FeO are controlled by the arnount of magnetite contained

in the rock. In the case of basie rock, which is usually rich in
magnetite, therefore, it is not possible to estimate the amount of sodic

coloured mineral from the relation of Fe203+FeO to Na20. In the
case of acidic rock, in which a very small amount of magnetite is
contained, however, it is possible to gauge the amount of sodic colour-

ed mineral from the above relatio/nship.

    From Table IV, the values of Na20+K20, Na20/K20, Na20, and
Fe203+FeO are qyoted in Table V. To show more clearly these
chemical relations, Figs. 2 and 3 ,are given below.

                          [[iABLE V.

I '' II III IV v

Na20+K20
Na20
K20
NaiO

Fe203+FeO

102.

1.32

58.

21.

92.

1.30

52.

22.

102.

2.40

72.

35.

121.

1.28

68.

31.

145.

2.22

100.

71,

 I. Rhyolite.
III. Aegirine-augite
IV. Comendite.

      II. Pitchstone.
hyalo-rhyolite, 61<awaite,
     IV. Pantellerite.
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               Fig. 2.

  1. Rhyolite. 2. Pitchstone.
  3. Aegirine-augite'hyalo-rhyolite, 6kawaite.

  4. Comendite. 5. Pantellerite.

    In Fig. 2, the ordinate is divided into two parts by the value of

Na20/K20 :1.51, which corresponds to equal values of Na20 and
K20 in weight percentage, and the abscissa is divided by the value
of Na20+K20 :111.5, which is the mean value oS the total alkalies
of rhyolites and comendites. From these divisions, Fig. 2 may be
divided into four different fi.elds, in which I, II, III and IV are

enumerated, and each field can be taken as the region representing
rhyolite, soda-rhyolite, potash-rich alkaline rhyolite (comendite) apd

soda-rich alkaline rhyolite (pantellerite). From Fig. 3, it is also

kno･wn that the parallel increase of Na2P and Fe203+FeO may
indicate the increment of sodic coloured minerals in the rock.

    As above stated, the rock is identical with pitchstone in con-
taining a great amount of H20, and with rhyolite in having a large

percentage of AI203 and CaO. In the value of Na20+K20, however,
the rock representing Field II in Fig. 2 is nearly like rhyolite and

pitchstone, which occupy Field I, being low in alkali feldspar and

sodic coloured mineral, but in the ratio of Na20/K20 it is far greater

than rhyolite, representing that the alkali feldspar is of the sodic
variety, anorthoclase, as in the case of pantellerite, which occupies

Field IV. From the relation of Fe203+FeO to Na20, it is obvious
that the rock is not so abundant in sodic coloured mineral as in the
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              1. Rhyolite. 1. Pitehstone.
              3. Aegirine-augite hyalo-rhyolite, 6kawaite.
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case of pantelleritei but it･is richer than rhyolite and pitehstone;

showing the nearest analogy with･comendite. ･

    L. HAwKEs and ]I. F. HARwooD(i) have recently described an
anorthoclase-bearing glassy contact facies of a felsite dyke oecurring

in the valley of Jafnadal･, Stodvarfjord, in east IeelandL Though
the glassy contact facies is nearly similar to the･roel< under considera-

tion in having a4orthoelase and slightly sodic pyroxene as pheno-
cryst, and in consistin,g of a hydrous glass basis, the groundmass of

the former, being composed of glass crowded with microlites in
fiuxion parallelism, contrasts with that of the latter, which consists

of glass with no microlite. Moreover, as shown in Tables VI, VII,
VIII and IX, the glassy rock is not analogous to the rock in chemical

eomposition and in the volume percentage of phenocrysts which is,
i･n the latter, the mean value of the results obtained from three

sections by the Rosiwal method. Rather the former is higher in
Na20 and lower in sodie coloured mineral than the latter. '

. (1) ･!i, HAwicEs and H, F. HARwooD: On the Changed Composition of an
Anorthoelase-bearing Roel<-glass. Min, Mag,, Vol. XXIII, 1932, pp. 163"74,
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ll]ABLE Vi.

I II Ia IIa

Si02 '

Ti02

Al203

Fe203

FeO
MnO
MgO
CaO
Na20
K20
P20s

H20 +
H20 -
C02
Cl

s

Sro

BaO
Li20

NiO
F

66.25

 O.26

12.89

 2.09

 1.37

 O.03

 O.42

 1.29

 4.04

 2.53

 O.07

 6.08

 2.46

 n. d.

 n. d.

 n. d.

 n. d.

 n. d.

 n. d.

 n. d.

 n. d.

70.55

 O.09

11.82

 O.55

 l.06

 O.04

 O.03

 O.74

 5.08

 2.58

  tr.

 5.88

 1.40

 O.03

  tr.

  tr.

  tr.

 0.03

 none

 none
 O.04

72.61

 O.29 -
14.13

 2.29

 l.50

 O.03

 O.46

 1.41

'4.43

 2.77

 O.08

99.92

 O.02

 76.19

 ･ O.10

 ]2.76･

  O.59

  1.14

  O.04

  O.03

  O.80

  5.49

  2.78

  O.03

' O.03

  O.04

O Iess F

100.02

 O.02

Total 99.78

I
9
9
.
9
0

100.00 100.00t.

 I.

II.

 Ia.

IIa.

Aegirine-augite hyalo-rhyolite, 6kawaite, T. NEMoTo, analyst. ,

Anorthoelase-bearing glassy ' eontaet faeies of a felsite dike. Jafnadal,

Stodvarfjord, Iceland, H. fi". HARwooD, analyst.

Analysis No. I recalculated to 1009b, with water eliminated.

Analysis No. II Tecaleulated to 100%, with water eliminated.
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ll]ABLE VZI.

., ･Si02 ''
        A1203

        Na20

        K20

    Na20 + K20
A1203 --- (Na20 + K20)

       Cao
       Fe203

       FeO -

I

1210

 139

 72 . ,......

 30
 102

 37
 25
 14
 21

II

1270

 125

 89
 30
 119

  6
 14 ,

  4
 16

 I.

II.

Aegirine-augite hyalo-rhyolite, 6I{awaite.
Anorthoclase-bearing glassy eontact faeies of a felsite dike.

T'ABLE Vrll.

  Na20 + K20
;,
     Na20
    at
      Na20

  Ii'e203 + FeO

I

102.

2.40

72.

35.

II

119.

2.97

89.

20.

 L
II.

Aegirine-augite hyalo-rhyolite, 61cawaite.
Anorthoclase-bearing glassy contact facies of a felsite dike.

T'ABLE IX.

..
II

tttttttttttttt tt.t..ttt..t ttttt..tt..
II

GIass 67.92
mAnorthoclase 28.76 2.8

Aegirine-augite 1.48 O.05W

Pseuddmorphafter leucite O.56
-

Magnetite O.23 '

-m
Xenolith 1.05

m

Total 100.00

 *
 I.

H.

It indieates the value of a slighUy sodic pyroxene.

Aegirine-augite hyalo-rhyolite, 61<awaite.
Anorthoelase-bearing glassy contact facies of a felsite dike.
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                        4. Summary
                                           '    All the evidenee cited-mineralogical and chemical-may be

enumerated as follows: , ' ,    1. The phenocryst is comp'osied essentially of anorthoclase and

aegirine-augite, which are the characteristid minerals of alkaline

rhyolite, and lacks entirely plagioclase and some coloured minerals

which are low in alkali and rich in CaO and MgO.
    2. The rock is nearly identical with pitchstone in having a

groundmass which consists only of hydrous glass. ,
    3. It is like rhyolite in having a large percentage of A1203 and

CaO, and a small amount of total alkalies.
    4. The value of Na20/K20, which is 2.40 by moleeules is slight-
Iy greater than that of pantellerite. In the yelation of Na20/K20

to Na20+KLO, it occupies Field II in Ii"ig, 2.

    5. From the relation of Fe203+FeO to Na20, the rock seems
to be slightly richer in sodie eoloured mineral than comendite.

    As above deseribed, although the rock may be consideyed a
typical alkaline rock from its mineralogical composition, it cannot
from its chernical character be denominated a typical one. Moreover,
in the alkaline rhyolite(i) which has been referred .to b.y the writer,.

                                                      '                                                        '    (1) H. F6RsTNER: 8ber die ]]'eldspathe von I'antelleria, Zeitschr. f.

Kryst. Bd. VIII, 1883, SS. 125-202.
        H. S. WAsHiNGToN: Igneous Rocks from Eastern Siberia. Am.
JO"r' Sei"A[48'sAVNOk',XIBI,Iit.1.･98.2'.P.'. 1,8h06I.p, i,,hen petrographie, II Teil, Analyse"

der Eruptivgesteine aus den Jahren 1884-1900, 1905, S. 123,
        Iji. W. CLARKE: Anaiyses of Rocks and Minerals from the Laboratory
of the United States Geologieal Survey, 188e-1908. V. S. G. S., Bull. 419, 1910,

p. 42.
        A. JoHNsEN: Zur Petrographie der Inseln S. Pietro und S. Antioeo

 (Sardinien). Centr. f. Min., 1912,･ S. 738. ･
     ' M. GoLDscHLAG: Beitrzage zur Kenntnis der Geologie und Petro-
graphie Ostafrikas: II. Petrographisch-chemische Untersuehung einiger jung-

                                                           dervulkanischen Gesteine aus der Umgebung des Vietoriasees, besonders langs

               . Centr. f. Min., 1912, S. 588. .Uganda-ESeRbo.azhul petroiogicai Notes on the igneous Rocks of the Oki rsiands'

 Sei. Rep. Tohoku Imp. Univ., Ser. 2, Vol. I, 1･913, pp. 37-40.

        H. S. WAsHINGToN: [I]he Volcanoes and Rocks of Pantelleria. Jour.
 Geol., Vol. XXI, 1913, pp. 697-706; Vol. XXII, 1914, p. 17.
        H. S. WAsHiNGToN: Chemical Analyses of rgneous Roel<s. U, S. G. S.,

 PrO£' 'PAPkP9ikEIi9NIi7s'cH, p,t.,grapSishes praktikum, II Teil, 192b, S' 103'
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glass composing groundmass usually contains a small amount of
water, as in the case of all obsidian, with the exception of aegirite-

pantellerite-pumice from the Island of Pantelleria(i), which contains

3.15% as II20(+), and O.49% as }IiO(-). But t"he groundmass of
the rock contains a far greater amount of H20, 6.08% as H20(+)
and 2.46% as H20(-), than aegirite--pantellerite-pumice. The
writer, therefore, wishes to classify the rock as an aegirine-augite

hyalo-rhyolite having character intermediate between rhyolite and
qlkaline-rhyolite in mineralogical and chemical composition, and
wishes to propose giving it a new name "6kawaite" derived from
its locality,, the 6kawa.

                          PART IIo '

                       COMENDITE

      , I. GEOLOGICALSKETCH
  . The geological feature of the environs of the region in which
comendite develops ha$ already been descr'ibed, in a paper written
in Japanese(2). Here the writ6r is only concerned with the distribuke

   (1) H. S. WAsiliNGToN: The Volcanoes and Rocks o£ Pantelleria. Jour.
Geol., Vol. XXI, 1913, p. 703.
M.b (3f' ･ H:i,klffP,ce1 '8.i,?,d ,IXe,9"g",5,.'te,zzg5a.naikzr,y .T,emei.th.e. G.e.21,ogl.azl

No･ 3,     IP33., pp. 1-36.
t.

       S. K6zu and K. SETo: On the Alkali-Rgeks from Korea (in Japanese).
Jour. Geol. Soc. Tolgyo, Vol. XXIX, 1922, pp. 214-218,

       ff. RosENBuscH-A. OsANN: Elernente der Gesteinslehre, 1923, S. 366.
       S. K6zu and K. SETo: Some AIkali-rocks occurring in Korea. Proc,
3rd Pan-Paeific            Sei. Cong. Tokyo, 1926, Vol. Is p. 781.
       B'. H, HATcH and A. K. WELLs: The Petrology of the Igneous Rocks,

; . A. LAcRoix: Les rhyolites et les traehytes hyperaleallns quartziferes,
a prQpos de ceux de Ia Cor6e. Comp. Rend. Ac. Sci., t. 185, 1927, pp. 1410-1415.

       F. YA-MANARi: On the ffakutoite (in Japanese). Jour. Geol. Soc.
Tokyo, Vo,1. XXXIV, t927, p. 474.

    . T. ToMiTA: Geologieal and Petrologieal Seudy of D6go, Oki, Part
I.II (m Japanese).               Jour.                        Soe. Tokyo, Vol. XXXV, 1928, p. 478.                    Geol.
' W. C. SMiTH: A CIassifieation of some Rhyolites, Trachytes, and
Phorpoii.tes fxom part of Kenya Colony, with a Note on some Associated Basaltic
R'oeks. Q. J. G. S. London, Vol. LXXXVII, 1931, p, 219.
voi.･ii, leg2,JOpllA6Nslj,SEN: A DeSeriptive Petrography of the igneous Roeks,
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/tion and the oecur'rence of the rock known up to the present; As
.shown in Fig. 4, comendite, which is distributed at Maru-yama and
,in its vicinity,･occurs as dykes intruded into the lower Oikamanae

.bed, which are composed mainly of sandstone and tufaceous roeks.
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         ･Fig. 4. Geological Map of the Environs of Maru-yama.

Maru-yama on which 'many dykes of'the roek develop, shows a
cbne-shaped monadonock, as illustr.ated in Pl. XLII, Fig. 2 and
Pl. XLIII, Ii'ig. 1, owing 'to its greater power of resistance against

ero.sion than other places on whic.h. no dyke occurs. ･On the hill,
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about 300 m in elevation, it occurs as fine parallel dykes, O.4 m-20 m

in width, as shoixTn in Pl. XLIII, Fig. 2. As many as 23 separate

dykes can be observed on the above hill. Dykes occurring on
Maru'-yama do not, however, run so parallel with one another as the

former, some of them being given in Pl. XLIII, Fig. 3.

    As above stated, the rock occurs almost entirely as dykes in
various places in the locality. It may be expected, therefore, that

knowledge of the distribution will be extended by means of further
geological study which the writer intends to carry out hereafter.

                    IIe PETROGRAPHY

                 1. Macffoscopical Character

    In the specimen at hand, the rock is seen to be of compact
and even texture. Although the fresh rock oeeasionally found in
some outcrop is gray in colour with a bluish tone, it is usually a
light yellowish brown. It is often stained by a reddish substance
which fills its cavities and cracks, giving the rock a reddish tone.

In appe.arance it is similar to a rhyolite, but examination under a

hand-lens reveals that the phenocrysts consist mainly of fresh
crystals of feldspar, 1-3 mm in length, while quartz is absent. In

most of the, rocks the dark mineral is hardly found.

                  Z. Microscopical Charaeter

    Under the microscope,. it is at once apparent that the rock,
showing a porphyritic texture, seems to be of high crystallinity. As

shown in Pl. XLIV, Fig. 5, the phenoeryst is composed, almost entirely

of a clear, transparent anorthoclase, to which is often added a small

amount of aegirite, which has usually altered to a reddish substance

such as hematite.

    Anorthoclase, which is the dominant phenocryst, is euhedral or
subhedral, and usually shows a rectangular and wedge-shaped cross-
section, as illustrated in Pl, XLIV, Fig. 5. It is usually a tabular

crystal parallel to (OIO): some are short rectangular prisms
elongated along the a-axis, The crystallographic faces observed are

b(OIO), c(OOI), m(110), n(021) and y(201). Owing to the re-
markable development of many cracks in the mineral, eleavage is
not generally so distinct, but those parallel to (OIO) and (OOI) can
be observed. Carlsbad twinning, as seen in Pl. XLIV, IE"ig. 5, is
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cornmon, while the albite is very rare. The fine microscopic lamellar

twinning according to the combination of the albite and microcline
laws rarely occurs. The optical properties measured by a universal

stage are as follows: ''
              optical plane A (OIO)'= 880 - 890

                aA X' on (OZO) = 80 - 11o

                aA X' on (OOI) == 40 - 6o

                  ( - ) 2V -- 340 - 450

    The refractive indices determined by the immersion method are
given below.

                        oe' == 1.523

                         7' = 1.529

    From the above optical properties, ranging in sgme exteht, it
may be considered that the chemical composition of the mineral,
i.e., the ratio of orthoclase to albite, is not identical in all crystals.

    Aegirite, which occurs in a ･small amount, is usually eu･hedral

and shows a prismatic crystal, O.5 mm in maximum length. It is
rare in such a fresh crystal as shown in Pl. XLIV, P"ig. 6 and is
generally altered to a reddish substance which seems to be hematite.

Cleavage parallel to (110) is dominant. It is strongly ･pleochroic

with X=light grass green, Y=grass green, Z=bluish green. Ab-
sorption is strong, Z>Y>X. The optic axial angle measured by
a universal stage is given below.

                       ( --- ) 2V == 610

    Quartz, which occurs very rarely, generally shows a corroded
form.
    Magnetite, which is contained as an accessory mineral, is present

in a very small amount, forming small crystals of irregular shape.

    The groundmass is usually colourless except for the reddish
brown parts stained by iron oxide, and often sho･ws a fiow texture
recognized with diMculty, as illustrated in Pl. XLIV, Fig. 5. It is

appears to be composed essentially of a small amount of granular
quartz, which encloses only glass grains in slightly Iess in amount,

as shown in Pl. XLV, Fig. 1, and a great amount of a cryptocrystal-

line basis consisting of alkali feldspar and quartz. It appears also

to show a felsitic texture caused by devitrification. Examining it
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with an objective of high power, however, it may be classified, by

                              ttits texture, into the following four types: ''  '･ .'
            ''' ' a. wh6n a''slide is ekamined under crossed hicols, 'it wm. be

found that the groundmass is composed of small patehes of low
birefringent minerals which qre extinguished simultaneously over
sorne little area, and a little grainS of clear, transparent quartz

scattered in the small patch, ' as illustrated in Pl. LXV, Fig. 1. The
patches usually contain a large amount of acicular crystallite, which

has a low refringen'ee'and a weak birefringence./ It may be consider-

ed that the former is quartz, while the latter is alkali feldspar rieh

in potassium.' From the above evidence, it is thought that quartz
and alkali feldspar, which have had to･ crystallize out as a eutectie

mixture, have shown an indistinct texture nearly similar to the

micrographic one. .-. ,
    B. In some dykes, alkali feldspar and quartz constituting small

patches in the groundmass show a more distinct graphic intergrowth

than the first type, as seen in Pl. XLV, Fig. 2.

    7. Alkali･feldspar contained in the patches is often,arranged
in radial form. In such a rock, the patches show a comparatively
distinct spherulitie texture, shown in Pl. XLV, Fig. 3.

    S. In some dykes, the groundmass is frequently compbsed of
a glassy basis and a small amount of quartz crystals sParsely scatter-

6d in the former, hs, illustrated iu Pl. XLV, Fig. 4. i

    Among the four types of texture, the first type is observed in

most of the dykes which occur in the region, while the others atie

rare, developing only in sev,eral. dyl<gs..

    The above stated four types may be' classified by their general

texture. In the groundmasses sho/wing four different types of
texture, the coarse crystalline bands shown in Pl,, XLV, Figs. 5 and

6 are often observed. The band, being holocrystalline, is composed
essentially of alkali feldspar, probably orthoclase, and quartz, with

subordinate aegirite. The two minerals of the former mutually inter-
penetrate, forming a texture like the micrographic one, as illustrated

in PI. XLV, Fig. 5, The latter, showing generally a small prismatic
erystal, is scattered in the graphic intergrowth of the two minerals

of the former, as seen in PI, XLV, Fig. 6. It is easily distinguished

from other proxenes by the small extinction angle, the negative sign

and negative elongation, and its characteristic absorption colour and

characteristic pleochroism.
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                  3. Chemicag Character

   The chemieal composition of the rock, carefully analyzed by the
writer, is given in Table X together with the norm.

T'ABLE X.

Wt. % Norm Ratio

Si02 73,59 Q 32.22
S
a
l
-
.rvi02 O.22 Or 31.69

=
1
2
.
]
1
F
e
m

A1203 ll.22 Ab 27.77 Q=O.54
Fe203 4.31 Ac 3.23 F
FeO O.34 Hy O.20

K20t+Na201
MnO O.02 -Mt O.46

CaOi =oc
MgO O.07 Hm 2.88

CaO O.15 I
l

O.46 K2ot
1:08

Na20 3.74 Ap O.34
Na20i==

K20 5.33 Iii,(3)4,1,3

P20s O.09 Liparose t.

H20+ O.90

H20- O.19

Total 100.17

-

ties,

In order to compare the rock with comendites from other locali-

Table XI is given.

rlVABLE XI.

 Si02
 Ti02
 A1203
 Fe203'

 FeO
' MnO

 MgO

I

73.59

O.22

11.22

4.31

O.34

O.02

O.07

II

72.21

O.44

11.20

2.25

2.66

O.10

O.08

III

73.38

O.28

ll.88

2.32

1.91

O.10

 tr.

IV

74.76

 tr.
11.60

3.5e

O.19

O.18

v

74.44

O.19

11.27

2.78

O.94

O.08

O.35
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TABLE XI.-Cbntinzeed

I II III IV v

cao
Na20
K20
P20s

H20
H20
+

O.15

3.74

5.33

O.09

O.90

O.l9

O.27

4.29

4.81

O.10

1 .45

O.54

4.08

5.05

O.08

O.30

O.14

O.07

4.35

4.92

 tr.

e.64

O.21

4.18

4.95

O.02

O.59

Total 100.17 99.86 leo.o6 100.21 100.00

      k't
    I. Comendite, Maru-yama near Tyurui, Tokati, Hokkaido. T. NEMoTo,

       analyst.

   II. Comendite, Iibi, D6go, Japan. K. YoKoyAMA, analyst(i).

   II!. Comendite, Kaisindo, Meisen, Korea. M. RAouLT, analyst(2>.

   IV. C6mendite, Comende, San Pietro Island, Sardinia. M. DiTTRicH,

       analyst(3).

                                                       '   Ve Comendite, average of 6 analyses(4).

    As shown in the above table, the chemical composition of the

rock is quite identical with those of rocks from Oki Island, Korea

and Sardinia, and with the average value of comendite.

    In order to have the cherriical relationship of these rocks made
more obvious, their ehemical compositions are recalculated to 100%,

eliminating with water which is not so important in the main com-

position of magma. Then, from the recalculated value may be
obtained the molecular numbers of the important components, as
well as the values of Na20+K20, and A1203-(Na20+K20), which
may be conveniently multiplied by 100e, as given in Table XII.

   (1) S. K6zu: Petrologieal Notes on the Igneous Roelcs of the Ol<i Islands.

       Sci. Rep. Tohoku Imp. Univ., Ser. 2, Vol. I, 1913, pp. 37-38, ･

   (2) A. LAcRoix: Les rhyolite et･ les trachytes hyperalcalins quartziferes,
at propos de ceux de la Cor6e. Comp. Rend, Ac. Sci., t. 185, 1927, pp. 1410-1415.

   (3) H. RosENBuscH: Elemente der Gesteinslehre, 1910, S. 332.

   (4) R. A. DALy; Igneous Rocks and [I]heir Origin, 1914, p. 20.
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      rl['ABLE XII.
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     Si02
     Al203
     Na20
     K20
  Na20 + K20
A1203 - (Na20 + K20)

     CaO
     Fe203
     FeO

I

1238

111

 61
 57
118

-7
  3
 27
  5

II

1223

112

 70
 52
i22

-10
  5
 14
 38

III

1228

117

 66
 54
120

-3
 10
 15
 27

IV

1251

114

 71
 53
124

-10
  1
 22
 '3

v

l248

111

 68
 53
121

-10

  4
 18
 13

        I. IN([aru-yama, Tolcati. II. Iibi, D6go.
       II. Kaisindo, Korea. IV. Comende, Sardinia.
        V. Average of 6 analyses.

    To know both the relations by which it may be judged whether
the roek under consideration is rich･in either Na20 or K20 and

whether the amount of sodic coloured mineral eontained in the
rock is much or little, the values of Na20+K20, Na20/K20, Na20
and Fe203+Ii"eO are quoted in Table XIII.

                       TiABLE XIII.

Na20 +

  Na20
   K20

   Na20

Fe203 +

K20

FeO

I

118.

 1.07

61.

32.

II

l22.

 1.35

70.

52.

III

120.

 1.22

66.

42.

IV

124.

 1.34

71.

25.

v

121.

 1.28

68.

31.

        I. Maru-yama, ･Tokati. . II. Iibi, D6go.
       III. Kaisindo, Korea. IV. Comende, Sardinia.
        V. Average of 6 analyses.

                          '    Further, these values are plotted on the diagrams, Fig.

Fig. 6, which are a new scheme proposed by the writer as
case of aegirine-augite hyalo-rhyolite, 6kawaite.
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    From Fig. 5, it is clear that the rock which oeeupies Field III

has a value nearly identical with the averaged comendite as well as

the others, that is to say, that the roek is rich not only in alkali, but

also in KL,O. Moreover, it is obvious from IF"ig. 6, that the Tock is

comparatively as rich in sodic coloured mineral as the other
comendites and the averaged one. In other words, the roek under
consideration has the chemical charaeteristics of comendite just as

the other rocks.

                        4. Summarey

    The mineralogical and chemic.al characteristics of the rock which

were cited in the above lines are enumerated below :

    1. The phenoeryst is composed essentially of anorthoclase and
aegirite, which are the charaeteristic minerals of alkaline rhyolite,

and Iacks entirely plagioclase and some coloured minerals"which are

low in alkali and rich in CaO and MgO.
    2. In the value of molecular ratio, alkali is greater than
alumina.
     '    3. In weight percentage, the value of K20 is higher than that
of Na20, although the value of Na20/K20 is 1.07 by molecule.
    4. In the relation of Na20/K20 to Na20+K20, it shows the
nearest analogy with the averaged comendite, as well as with the

others.

    5. In the relation of Fe203+FeO to Na20, it is also approxi-
mately similar to the averaged comendite and the others.
    From the evidenee cited, it may be concluded that the rock
under consideration has the mineralogical and chemical charaeter-
istics of comendite, though it lacks clearly distinguishable alkali

amphibole.
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2. Dykes of eomendite, occurring on the
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                     PLArlirE XX.IV (XII)

1. The general texture of aegirine-augite hyalo-rhyolite, 61cawaite, from
       A   the Okawa. OrdinaTy light. ×26. An, Anorthoelase; Ae, Aegirine-
   augite; L, granular mineTal after leueite.

2. AnoTthoclase (An> in aegixine-augite hyalo-rhyolite, 6kawaite. Ox-

   dinary light. ×17. '3. Aegirine-augite (Ae) in aegirine-augite hyalo-rhyolite, 6kawaite.

   Ordinary light. ×32. ･                               '                            '4. Granular mineral after leueite (L> in aegiyine-augite hyalo-rhyolite,

   61<awaite. Ordinary light. ×51..

5. The general textuTe of eomendite fyom Maru-yama, showing the
   phenoerysts of anorthoelase (An), and fiow texture of the gyoundmass.

    Ordinayy light, ×19. The lower phenoeyyst of anorthoclase shows
    CaTlsbad twinniRg.

6. Aegirite (A) in comendite. Ordinavy light. ×82.
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               PLATE XXLV (IV)

ct-type groundmass of eomendite. Nieols crossed. ×69.
erystal of quartz.

P-£ype groundmass o£ eomendite. Nieols crossed. ×87.

v-type groundmass of eomendite. Nieois crossed. ×66.

e-type groundmass o£ comendite. Nieols eyossed. ×56.

Coarse erystalline band in the groundmass o£ eomendite,
textuye like the mierographie one.

Nicols erossed. ×84.

Coarse eyystalliRe band in the groundmass of eomendite.

Ordinary light. ×108.
A, Aegirite.

Q, small

showing a



Journ. Fae. Sei., Kokl<aido Imp. IL;niv,, Ser. IV, Vol. II, No. 4.

Fig. I.

Fig. 3.

wwl

Fig. 5.

T. Nemoto:

Pl. XLV. (IV)

Fig. 2.

ag.K$.

      Fig. 4.

      Fig. 6.

"o7n Tokati.

& as

.' 'sk

Alkaline Rhyogites fo


