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1. Introduction and acknowledgement

Crystal lapilli of anorthite ejected from Voleano Miyakejima on the
occasion of the explosion in 1874 attracted one’s interest as rare occur-
rence, and were studied crystallographically,“® optically,®P@DEHUD phygie-
ally®®eED and chemically.® Especially Kézu™ gave some considerations
on it’s genesis, after particular observations from various points. After
the simillar large crystals of anorthite were found in voleanic rocks or
ag erystal lapilli, from Ténosawa, " [watesan,®? Zadsan,® Hedachama,®®
Koshinzan™ and Mitaki,”” erystal lapilli of anorthite were ejected also
from Volecano Tarumai,t"o»mme» gocompanied by the explosion in 1909.

In 1936, Harapa® summarized on anorthite found so far in Japan
voleanic rocks, adding those from new localities with their ecrystal-
lographical, optical and physical data measured by him. And he con-
cluded that the formation of voleanic rocks including large anorthite
crystals ig due to mixing of two different magma just before effusion.
Hanrapa’s theory on the mechanism of formation is considered to be
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340 T. Ishikawa

excellent to explain the difference of characteristic between large
anorthite and common phenocrystic plagioclase included in the same
lava.

The author® mnoticed in the course of petrological study on Voleano
Tarumai, that the genesis of large anorthite has close relation with
characteristic of magma from which its mother rock crystallized out.
Though very common in north-east Japan, such large crystal of anorthite
has been never found in other districts in Japan and may be rare in
other countries. From its distribution and occurrence, large anorthite in
question is considered to have important significance on the petro-
graphical province, although it’s genesis can not yet be clarified.

In publishing the present paper, the author wishes to express his
cordial thanks to Dr. 7Z. Harapa, Professor of Hokkaidd University, who
offered many specimens collected by him and gave valuable advice to
the author, and to Dr. J. Suzukry, Professor of Hokkaidd University, who
has given kind advice and encouragement ever since the author was
engaged in geological and petrological studies on volecanoces. Hearty
gratitude should be offered to Mr. T. Nrwxoro, Director of Hokkaidd
Branch of Geological Survey, Mr. Y. Karsur, assistant of Hokkaidd Uni-
versity, Mr. G. Smsuva and Mr. H, Osavar, students of Hokkaidd Univer-
sity, who gave the author specimens collected by them. The author also
wishes to express his grateful thanks to Dr. H. Kuw~o, assistant Professor
of Tokyo University, Mr. A. Takasaraxg, member of Hokkaido They are
of Geological Survey and Mr. T. Ko~ra, Lecturer of Yamagata University,
who noticed to the author kindly new localities with geological data.

2. Distribution and occurrence of large anorthite crystals.

Localities of anorthite contained in voleanic rocks in Japan were
already reported by Harapa® in 1936. Thereafter many new localities
of simillar large anorthite erystals were found as follows. They are
three localities in Ketoi Island and Voleano Shinshiru in Shinshiru Island,
Kuril, by Nramoro; Volcanoes Oakan and Fuppushi,®® Akan volcanic
district, by Katsur; Fugoppe near Yoichi-machi by Harapa; Voleano
Kuttara near Noboribetsu by R. Furava and Harapa ; Murorandake near
Muroran by Snisuva; two localities on Voleano Kamabuse, Osoreyama
voleanic group, by Oraxi™ and the author; Torishima by TAKABATAKE.
Y Aaci¥ also reported from somma lava of Voleano Usu, uplifted on the
roof mountain of Shdéwa Shinzan in the activity of 19483-1945. Konta
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found in pyroxene andesitic lavas from Koshikidake (1 em in size), Gan-
toyama (2 cm) and Hayama (1.5 em) in Miyagi-Yamagata district, all of
which erupted perhaps in pleistocene, and in basaltic andesite flow
intercalated in miocene formation at Innai Silver mine (1.7 em). Kuno
communicated to the author several occurrence as follows; in dyke at
the southern end of Sukumogawa village, in somma wall lava to the
south west of Yumotomachi and in lava at the north east of Ashinoyu,

R

% >

£

Figure 1. Distribution of localities of large anorthite crystals.
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Tavre 1. List of localities of large anorthite erystals

Ketoi island (Minamizawa ; Fukazawa ; south west of Lake Ketoi).

Voleano Shinshirufuji, Shinshiru Island.

Voleano Midoriko, Shinshiru Island.

Volecano QOakan, Akan distriet, Hokkaida.

Voleano Fuppushi, Akan district, Hokkaido.

Fugoppe, Yoichi, Hokkaidd.

Otaru, Hokkaidé.

Volecano Tarumai, Hokkaidd.

West side of Lake Toya, Hokkaidd.

Nukkibetsu, Toyoura, Hokkaido.

Somma of Volecano Usu, Hokkaidd. (Nishimaruyama)

East foot of Voleano Kuttara, Hokkaids.

Murorandake, Muroran, Hokkaids.

Voleano Kamabuse, Osoreyama voleanic group, Aomori Prefecture.
(Top part and east foot of the volcano).

Yakushidake, Volcano Iwate, Iwate Prefecture.

Innai Mine, Akita Prefecture.

Koshikidake, Yamagata Prefecture.

Mitaki, Sendai, Miyagi Prefecture.

Gantoyama, Yamagata Prefecture.

Hayama, Yamagata Prefecture.

Nytdoyama, Volcano Zad, Yamagata Prefecture.

Koshinzan, Tochigi Prefecture.

Voleano Fuji, Shizuoka Prefecture.

Keshodzaka, Kamakura, Kanagawa Prefecture.

Voleano Hakone, Kanagawa Prefecture. (Tonosawa; south of Su-
kumogawa village; somma-wall to the south west of Yumoto-
town ; north ecast of Ashinoyu and several other places).

North of Jikkokutdge, Volecano Yugawara, Kanagawa Prefecture.

Nishikiura to the south of Atami, Shizuoka Prefecture. (Volcano Taga).

Volecano Usami, Shizuoka Prefecture.  (North, South-west, and
South of Usami).

Hedaohama, Takata, Shizuoka Prefecture.

Chigasaki, Voleano Oshima, Idzu Islands.

Voleano Miyakezima, Idzu Islands.

Dorinzawa, Volcano Hachijoézima, Idzu Islands.

Voleano Torishima, Idzu Islands.
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in Voleano Hakone; in lapilli from Volecano Taga at Nishikiura to the
south of Atami; in lava from Voleano Yugawara at the north of Jik-
kokutoge ; from lavas at the north and south of Usami-machi and from
tuff at the south-west of it, in Usami voleanic area. It is noteworthy
that all known localities are distributed only in northeast Japan, ranging
from Ketoi to Torishima. (Figure 1 and Table 1) Most of them are
inciuded in quarternary volcanie zones of so-called Chishima, Nasu and
Fuji, though some belongs to the tertiary volcanic area along the above
three voleanic zones.

Occurrence of large anorthite is classified as follows;

(1) Crystal lapilli. It is ejected as an isolated ‘erystal at the
moment of explosion and has been called also “crystal bomb” as special
ejecta. Typical examples are known from Miyakejima and Tarumai.
Those which are found mingling in lapilli bed or in tuff and agglomeratic
tufl at present, may be primarily of this type of occurrence. (Figure 2)
Crystal lapilli are often coated or attached with lava crusts, so they
are considered to have escaped away from lava, with which anorthite
has the close genetical relation.

Figure. 2. Anorthite crystals (Natural size).

The right is an anorthite crystal from tuff or agglomeratic tufl at
the east foot of the volcano Kuttara. The left is one from
agglomerate at Nukkibetsu, Toyoura, Hokkaidd. The latter is
surrounded with the marginal zone of labradorite.

(2) Crystal included in lava. Most anorthite crystals are included
in lava flow, bomb or lava block, which are petrographically two pyroxene
andesite, olivine two pyroxene andesite, basalt or olivine basalt (Figure
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Figure 3. Large anorthite included in olivine two pyroxene andesite
from Nakaavakawa, at the east foot of Voleano Kamabuse,
Aomori Prefecture. Common phenocryst of plagioclase is seen
to the left of the photograph. (Natural size)

3). Large anorthite is generally associated with common phenocryst of
more sodic plagioclase in the same lava.

(8) Crystal mingled in tuff or agglomeratic tuff. Some crystals
of anorthite occur in tuff, agglomeratic tuff or agglomerate which are
mostly petrographically pyroxene andesitic.  Anorthite erystals from
Otaru, Kuttara, Keshozaka and south west of Usami belong to this type.
Good crystals can be often collected from this type.

(4) Crystal found in placer. Examples of this type are reported
from Minamizawa in Ketoi Island and Dorinzawa in Hachijojima. Such
occurrence is secondary, and may be derived from any of the above-
stated three occurrence.
~ Generally speaking, such large anorthite are mostly related with
pyroxene andesite, some with basalt.- It is interesting also that they
are ejected often followed by the explosion.
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3. Characteristic properties of large anorthite crystals.
i Y

Crystallographical, optical, physical and chemical properties of large
anorthite crystals were summarized by Harapa'® in 1936, adding new
data measured by him to descriptions already published by many re-
gearchers. The author observed most specimens from Hokkaidd and
Aomori by the Universal stage, though those from Mitaki, Miyakezima
and Tarumai were already examined delicately by the above method
by Nexoro®” and Waraxape." Maximum size, composition of the main
part and the marginal zone, and inclusions in specimens from each locali-
ty are shown in Table 2. Characteristic properties of large anorthite
are summarized as follows;

(1) Compositions of large crystals determined by Universal stage or
caleculated from chemical compositions, refractive indices and specific
gravities are ranging from Ang to Ang, and mostly anorthite, rarely
basic bytownite. ,

(2) Zonal structure is absent or very faint in general, although
the narrow zone of far more sodic composition develops often at the
margin of the crystal. (Plate, Figure 1) Even though the main part
shows sometime faint zonal structure, difference of An content between
each zone is not more than 4 per cent.“”

(8) The marginal zone is generally narrow, though it is rarely
wide s0 as to be divided into few zones. Composition of the marginal zone
is ranging from An,, to An, and generally far more sodic than the com-
position of the main part in each individual erystal. (see Table 2) Ac-
cordingly the abrupt change in An content or discontinuity of composition
between both parts is noticed. When few zones develop near the
margin, Composition of the inner zone of them is from Any, to An,, and
that of the outermost zone decreases abruptly to Ang,~An, as far as
can be determined by Universal stage.

(4) Polysynthetic twins after Albite and Pericline laws are most
predominant, (Plate, Figure 2 & 4) though twinning of Carlsbad,
Carlshad-albite and Penetrated types are also often seen and rarely
Manebach twin develops. ;

(5) Crystals are generally clear without minute dusty inclusions
and free from decomposition under the microscope. Sometime the main
zone of anorthite crystal is corroded at it’s margin, and the zonal arrange-
ment of minute inclusions develops along the boundary between the
main part and the surrounding marginal rim of the crystal, as seen
in the specimen from Nukkibetsu. (Figure 2, Left).



Tasre. 2 Occurrence and properties of large anorthite crystals

| Maxi- ‘ Ang of the

An 25 of the

| An %5 of plagioclase
tin mother rocks

Localities QOcecurrence or mother roeks | mum | : Marginal Inclusions i : -
size (em) Main part zone i Phenocryst iground
| | i i | Imass

Minamizawa, Ketol Is. Placer 3 83 + 80~73 QOlivine
SW of Lake Ketol Olivine two pyroxene andesite 1.5 |99 =+ ? ‘
Shinshirufuji, Shinshira Is. ” 25 |88 *+ ” ; 70
Midoriko, Shinshiru Is. ” 2 99 + 180 65
QOakandake, Akan(b ? 18 |96 -+ Olivine 30-53 45
Fuppushidake, Akan(® ” 1 96 — QOlivine i 77-54 48
[ i
Fugoppe, Hokkaidd | Quartz bz. two pyroxene andesitic 97 (e ="1.57 8‘ + Olivine 80-57 50
. £=1.582,
“ agglomerate (Tertiary) 1.7 | ‘T=1.587)<37>3
Otaru, Hokkaido®™® | Tuft (Tertiary) 15 | 95 f
[
Tarumai, Hoklaidd Crystal lapilli 96~ 90— D 5
arumal, Hokkaido rystal lapilli, (92~ 9)6)| (50 ~60) ome 90-45,| 65-50,
Two pyroxene andesite 2 92.6 75 Olivine Bomb 66-43,| 45,
é]])(;)crz{z)e lava, bomb, black eompact 93 | Block 79— 4771 49,
W. gide of L. Toya, Olivine two pyroxene andesite 3 95 + 80, 63,
Hokkaids and it's agglomerate (Tertiary)
Nukkibetsu, Hokkaidd Olivine bearing two pyroxene 35 | 94 8s8-71 79-54 69-53
andesitic agglomerate (Tertiary)
Nishismaruyama, Usu QOlivine two pyroxene andesite 2 96055 97 82 Olivine, augite 30 70
Showa-Shinzan, Usu ¢ Olivine two pyroxene andesite 10 89 + 63
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Kuttara, Hokkaidd Tuff or agglomeratic Tuff 4.5 | 87~85 80-65 g;;\g)?fﬂernomblc
Murorandake, Hokkaidé | Two pyroxene andesite. (Tertiary) 1 93 65 80-65 65
Dome of Kamabuseyama | Two pyroxene basaltic andesite 1 95~94,0399) 74 g;ﬁ?gﬁg hombie | 5 qeam 78, 65
East foot of c : Q32 ‘e ancam
Kamabuseyama Olivine two pyroxene andesite 3 19\IS 30< D + : Olivine 85-80
Yakushidake, Twatesan® | Crystal in lapilli bed ml_:572<20> |
Mitaki, Sendait2033® Andesitic basalt (Tertiary) 3 95 74.9 Pyroxene 92.9,76.9, 68.2
Nyflidoyama, Zadsan® Two pyroxene andesite 1 1~5§’1_<5§§§.30>
Kashinzan, Tochigi Pyroxene andesite 1.5 | Anorthite
Volecano Fujit® Two pyroxene bg. olivine basalt 1 95 84, 74,
Augite bg. olivine basalt 95 83, 78,
Keshbzaka, Kamakura('® | Two pyroxene andesitic 2 Anorthite
agglomerate and tuff |
Tonosawa, Hakone(20 lAndesite (dyke) 1 [ 95
Hedaohama, Shizuoka™> | Olivine andesite 3 Anorthite
Chigasalki, Oshima(® Jg;ggltpyroxene olivine anorthite 95 | Olivine 95
Miyakejima Crystal lapilli 5 96,046 95.4 | 9064046 Olivine Lapilligo®2
| 94012X(22)
Dérinzawa, Pl o 97
Hachijdjimal® acer ° ‘
Torishima’*® Two pyroxene andesite 94 91
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(6) Inclusions of olivine are very common (Figure 3 and Plate,
Figure 2), though pyroxenes are sometimes included in anorthite. In-
cluded olivine are often so large as phenoerysts in voleanic rock and
rounded in shape, sometimes exhibiting zonal structure.

(7) Sometimes partings parallel to (110) and any other plane develop
in alternating lamellae of polysynthetic twin after Albite or Pericline
laws, as shown in specimens from Kamabuse (Plate, Figure 2) and
Kuttara. (Plate, Figure 3) ‘

(8) Crystal of anorthite is generally nearly idiomorphie, but some-
times invaded irregularly at the margin by the groundmass of the
including lava. (Plate, Figure 4).

4, Relation of large anorthite crystals with common phenocrysts

of plagioclase included in the same lava

Voleanie rocks which contain large anorthite are mostly pyroxene
andesites and basalts as shown in Table 2. Common phenocrysts of plagi-
oclase contained in the same lava show usually strong zonal structure,
and their compositions are generally labradorite to bytownite. Though
there is a remarkable gap in composition between large anorthite and
common phenocrystic plagioclase in the same lava, composition of the
former’s marginal rim tends to approach to that of the latter’s outermost
zone, further to that of the groundmass plagioeclase. Accordingly the
marginal rim of anorthite and the outermost zone of phenocrystic plagi-
oclase were precipitated in effusive stage perhaps from the same residual
liquid. But the main parts of anorthite and phenocrystic plagioclase are
considered to have crystallized out from the different melts under the
different conditions. Anorthite without marginal rim is sometime seen
in lava rapidly effused before it’s reaction with the residual melt from
which the groundmass of the mother lava solidified.

QOlivine are often included in anorthite erystals, even though the
mother volcanic rock lacks olivine. Olivine as inclusion is richer in
Forsterite molecule than that contained as phenocryst in the same rock.
These facts suggest also that large anorthite and phenocrystic plagioclase
erystallized from different melts.

5. Some considerations on the genesis and petrological

significance of large anorthite crystals

Kozu®™ considered on the genesis of the large crystal of anorthite
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ejected from Volecano Miyakejima, that it is due to rapid growth of
anorthite in the melt rich in volatile substance and low in viscosity,
rather than long duration of erystallization under the equilibrium state.
If it takes long for plagioclase to crystallize out from magma, plagio-
clase may become richer in albite molecule and also pyroxene begin
to crystallize. Tsusor™ stated in petrological study on Voleano Oshima,
that anorthite exhibiting very faint or no zonal structure was formed
by slow cooling under the perfect equilibrium condition and movement
of crystal in the magma matching with caleic plagioclase in density.
Harapa® concluded excellently that such large erystals of anorthite
were mixed into the magma from which common phenocrysts of plagio-
clase erystallized out, or violent mixing of two different magma occurred
just before effusion. From remarkable difference of characteristics be-
tween large anorthite and phenocrystic plagioclase, also the author sup-
ports Harapa’s consideration on the mechanism of formation.

It is interesting that such anorthite erystals are very common in
northeast Japan which includes the Nasu, Fuji and Chishima volcanic zones
and Tertiary volcanic area along the above zones, but they have been
never found in other districts of Japan and perhaps in other countries.
It is presumed that the formation of large anorthite has close relation
with petrographical provinee or characteristic of magma in the above-
stated volcanic areas. In the course of geological and petrological
studies on Voleano Tarumai, the author® noticed that lavas from this
volcano are relatively rich in ALO,. In Niggli’s value al-alk corre-
sponding to si, calculated from chemical compositions, most of lavas from
voleances belonging to the Nasu zone which includes Tarumai are higher
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Figure 4. Niggli’s value al-alk corresponding to s7, calculated from
chemical compositions of lavas from the Nasu voleanic zone.
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Figure 5. Niggli's value al-alk corresponding to s7, calculated from
chemical compositions of lavas from the Chishima and Fuji
voleanie zones.
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Figure 6. Niggli’s value al-alk corresponding to s7, caleulated from
chemical compositions of lavas from the Ryikyii, Setouchi
and Daisen volcanic zones.

than the curves drawn from the average values of the Pelée-Lassen Peak
and Electric Peak types which are both higher than those of other pro-
vinees in the world® (Figure 4.) Also lavas from the Fuji and. Chishima
zones have, as a whole, relative high values in al-alk (Figure 5), while those
from the Ryakyu, Setouchi and Daisen zones show generally lower value
in al-alk in comparison with the above three zones (Figure 6). Though
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Tertiary volcanic area along the above three zones in northeast Japan,
where large anorthites are often found, is not yet studied closely on it’s
chemical characteristic, andesitic basalt from Mitaki which includes large
anorthite shows high value of al-allt 27, corresponding to si 125.

It is well known that in Japan volcanic rocks plagioclase is more
basic and rhombic pyroxene is dominant in comparison with those from
other countries in the world. Addition of ALO, to basaltic magma
accelerates the formation of basic plagioclase.’” Expence of CaO for
anorthite molecule in plagioclase leads to the increase of rhombic pyrox-
ene and de_crease of lime pyroxene as augite and diopside.

Relative increase of AlQ, in igneous rocks is considered to be due
to magmatic assimilation of preexisting basal rocks rich in ALQO, as clayey
rocks. Geological tectonic by which contamination between magma and
preexisting rocks is apt to take place, may prevail in the above-stated
voleanic areas. At chance, abnormally strong addition of AlLO, may
happen by assimilation, partly in magma in such areas. Basaltic melt
increases its viscosity with increase of Si0,, ALO; or K.0, while decreases
with addition of Ca0O, Mg0O, FeO, Fe,0,, Na.O, MnO or Ti0.,.” Abnormally
AlO,rich part may be maintained immisecible in magma for some time
due to it's viscosity and other causes. It is imagined also that from
such ALO,-rich part in magma anorthite is ready to crystallize. Crystal-
lization of plagioclase begins at constant temperature, no matter how
much ALO, adds”” And An-rich plagioclase is greater in speed of
erystallization than An-poor plagioclase.“” Physical condition influenced
by contamination may also aid the growth of large crystal, as clay
mixed in salt water leads to the better growth of sailt erystal
physically.®

The formation of large anorthite without zonal structure is due
to rapid growth of crystal according to Kozu,”® and slow cooling in
equilibrium state according to Tsupor.®™  The author considers that
strong addition of ALQO, to magma may introduce other condition in
crystallization of minerals than normal course of erystallization from
basaltic magma. Large crystals of minerals found often in metasomatic
rocks give some suggestion to consider on the genesis of large anorthite
in question. But the frequent occurrence of olivines included in an-
orthite erystals indicates that olivine ecrystallized surely earlier than
anorthite, as seen normaly in basaltic magma. Sometime pyroxenes
also are inculded in anorthite. Accordingly addition of ALO, continued
strongly even after olivine or rarely pyroxenes began to crystallize,
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and special portion rich in ALO, was formed partly in magma. But
what other minerals erystallized in the parallel association with anorthite
from such portion, or whether any residual liquid remained in that
portion just before mixing or not, the author can not answer.

From the general part of magma which may assimilate more or
less preexisting basal rocks, olivine crystallizes at earliest stage, but it
disappears or decreases by reaction with residual magma, and pyroxenes
take place of it. Basic plagioclase and rhombic pyroxene may tend to
increase, due often to some addition of ALO,  After phenocrystic
minerals were formed at the intratelluric stage, the general part of
magma mixed with special portion from which anorthite crystallized,
by violent upward movement of magma due to abrupt decrease. of
pressure. Or the general part of magma might have captured anorthite
erystals as xenoliths. The narrow marginal rim of more sodic com-
position surrounding the main part of anorthite crystal was formed at
the effusive stage, due to the reaction with residual magma. Viscosity
of magma increaging with addition of Si0, and ALO, may be one of
causes to lead often to violent explosion on the occasion of effusion of
anorthite crystal lapilli and anorthite bearing lava.

Development of remarkable partings in some specimens of anorthite
may be due to abrupt change in physical conditions such as tempera-
ture, pressure, viscosity and others, at the moment of violent mixing
of two different portions. Or special condition under which large
anorthite crystallized out from the melt formed by strong assimilation,
may control types of twinning, and have any connection also with de-
velopment of partings.®

Though there are many points remained undissolved on the ge-
nesis of large anorthite crystals, it is significant in petrology that large
anorthite crystals are found only from pyroxene andesites and basalts
in those areas, where volcanic rocks are generally relative rich in ALQO,
or high in al-alk.
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Plate

Photomicrograph of anorthite bearing black compact block
(two pyroxene andesite) from Voleano Tarumai.

Large anorthite is surrounded with marginal rim of labra-
dorite. Common phenoeryst of plagioclase shows strong zonal

structure.  Crossed nicols. X 27.

Photomicrograph of large anorthite in olivine two pyro-
xene andesite at the east foot of Volecano Kamabuse. Part-
ings develop in alternating lamellae of polysynthetic twin,

and olivine is seen as inclusion. Crossed nicols. X 27.

Photomicrograph of large anorthite from agglomeratic tuff
at the east foot of Voleano Kuttara. Partings develop only

in some zones. One nicol. X 27.

Photomicrograph of large anorthite included in olivine two
pyroxene andesite from Voleano Midoriko, Shinshiru Island.
Margin of anorthite erystal which shows polysynthetic twin
after. Albite law is invaded irregularly with the groundmass.

Croossed nicols. X 27.
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