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Ultrabasic Mass in the Higashiakaishiyama
District, Shikoku, Southwest Japan
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Gensei YOSHINO

with 25 Text-figures and 3 Plates

AsstracT: The ultrabasic mass of Higashiakaishiyama occurs within a zone of recumbent fold
developed in the Sambagawa crystalline schist zone in Shikoku, Southwest Japan. The ultrabasic
body consists largely of dunite with small amounts of clinopyroxene-bearing peridotite, clino-
pyroxenite, and eclogite, and it also contains several large masses of hornblendic and clino-
pyroxenic rocks. This body is interpreted as an ultrabasic complex that has been brought up
from below through an orogenic process. Within the ultrabasic body individual minerals, such
as olivine in the massive dunite and in the massive peridotite, black clinopyroxene in the massive
peridotite, and light-coloured clinopyroxene in the massive peridotite, in the clinopyroxenite,
and in the eclogite, show marked preferred orientation. Hornblende, clinopyroxene, and epidote
in the hornblendic and clinopyroxenic rocks also show preferred orientation. It is highly prob-
able that the tectonite minerals contained in the ultrabasic body acquired their observed state of
preferred orientation at an earlier stage of orogeny involving the formation of the Sambagawa
metamorphic belt, and in a deeper part of the metamorphic belt. Multiform patterns of pre-
ferred orientation of olivine suggest that the mechanical conditions under which the olivine was
oriented were not homogeneous throughout the ultrabasic mass. It seems that the ultrabasic
body has been intruded into the folded zone through a stage subsequent to development of the
preferred orientation of the tectonite minerals in the ultrabasic body. The megascopic foliation
and linedtion of foliated-dunite must have originated during the intrusion of the ultrabasic body.
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I. INTrRODUCTION

The large lenticular ultrabasic body, which occurs in the Besshi spotted schist
zone, is exposed extending east-west for more than 4.5 km across the peak of Mt.
Higashiakaishiyama (1706.9m), Shikoku, Southwest Japan (Fig. 1). 'The name
“Higashi-akaishi-yama” may be translated litterally as “Eastern mountain of red
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Fre. 1. Map indicating the location of the Higashiakaishiyama ultrabasic mass.

stone”. Many geologists and mineralogists have hitherto studied the ultrabasic mass
(K. Kvosnrra, 19365 Y. Horikosui, 1937a, 1937b; Z. HArADA, 1943; Y. Ucnma,
1949; T. Bansa, 1953) since T. Kard (1921) discussed the genesis of the banded
chromite ores in this ultrabasic mass. For the past decade the geological setting of
the Higashiakaishiyama ultrabasic complex has been clarified chiefly through the
studies of the Besshi spotted schist zone by G. Kojmma, K. Hipg, and G. YosumNo
(G. Kojmma, 1951a, 1951b, 1951c, 1953, 1963 ; G. Kojima, K. Hipk, and G. YosHiNo,
1956; G. Kojmva and K. Hipe, 1957, 1958; K. Hibe, 1954; K. Hioe, G. Yosuivo,
and G. Kojmva, 1956; G. Yosuino and G. Kojrva, 1953).

In 1952 the author began the geological and structural-petrological studies of the
crystalline schist system in the Higashiakaishiyama district, and since 1957 he has
carried out microfabric analyses of the dunite and the associated rocks of this district.
In the previous paper (G. Yosuino, 1961) the orientation patterns for olivine in the
Higashiakaishiyama ultrabasic body were reported in detail, and the clinopyroxene
fabrics of some eclogitic rocks occurring in the ultrabasic body were also recorded,
but little has been said about the mutual geometric relationships of regular orienta-
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tion of the individual minerals in the ultrabasic body. The present paper is a sup-
plement to the preceding publication (1961). This paper deals mainly with the
result of the studies on the microfabrics of clinopyroxene-bearing. rocks, such as
clinopyroxene-bearing pcrldotxte, clinopyroxenite, eclogite, and hornblendic and
clinopyroxenic rock occurring in the Higashiakaishiyama ultrabasic body. In this
paper, the mutual geometric relations of olivine, clinopyroxene, hornblende, and
epidote fabrics are examined in detail, and some considerations are given to the
problems on the origin of the Higashiakaishiyama ultrabasic mass.

AckNowLEDGEMENTs: The author is especially indebted to Professor George Kojmma
of Hiroshima University for suggesting this study and for critical review of the manu-
script. The author wishes to express his thanks to Professors Sotoji ImamuraA and
Yoshiharu Umecakr of Hiroshima University for their encouragement throughout
the course of the work. The author also wishes to thank the members of the Petrolo-
gists’ Club of Hiroshima University for fruitful discussions. To the members of
the staff at the Akaishi Mine, Meiji Mining Co., Ltd. and at the Iratsu Office, Sumi-
tomo Forestry Co., Ltd., who made possible the author’s field works in the Higashi-
akaishiyama district, the author is greatly indebted. This study has been supported
in part by the Grant in Aid for Scientific Researches from the M1n1stry of Educa— ‘
tion, Japan 4

II. Structures AND FABRrIics oF ULTRABASIC MAss

‘The Higashiakaishiyama ultrabasic body lies in the Besshi-Shirataki recumbent
fold zone developed in the Sambagawa metamorphic belt; it is a north-dipping len-
ticular body bounded on the north by the coarser-grained Iratsu amphibole schist
containing garnet-porphyroblasts and on the south by spotted black schist (Fig. 2).
The ultrabasic body is regionally concordant with the adjacent crystalline schist
beds, but it seems to transgress locally the bedding of the latter. The axis of region-
al folding in the Besshi-Shirataki recumbent fold zone plunges about 15° in the
direction ESE. The linear structures of the spotted schist beds in this recumbent
fold zone coincide in orientation with the B-axis of the regional folding. The linear
structures developed in the main part of the Iratsu amphibole schist bed bounding
the ultrabasic body on its north differ in attitude from the linear structures develop-
ed in the spotted schist beds constltutmg this recumbent fold zone’ (G YOSHINO :
1961). N
The Higashiakaishiyama ultrabasic body is made up of massive and foliated
dunites accompanied by small amounts of clinopyroxene-bearing peridotite, clino-
pyroxenite, eclogite, and hornblendic and clinopyroxenic rocks (G. Yosuino, 1961).
In the massive dunite any megascopic planar and linear structures can hardly be
recognized, whereas the foliated dunite is megascopically characterized by foliated
and lineated fabrics. The boundary between the massive part and the foliated part
in the ultrabasic body is usually distinct. The lower zone of the lenticular ultrabasic
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Ultrabasic Mass in the Higashiakaishiyama District, Shikoku, Southwest Japan

body is occupied mainly by foliated dunite. The clinopyroxene-bearing peridotite
is contained mainly within the upper zone of the ultrabasic body, and occurs as
layers subparallel to the upper margin of the ultrabasic body. The variety of clino-
pyroxene in such peridotite is megascopically black to gray, and is named “black
clinopyroxene” in this paper though colourless in thin section. Sometimes, large
grains of black clinopyroxene are scattered sparsely within the domain of dunite.
Olivine is uniform in optical properties (2V = 86°— 89°; sign+) throughout the
dunite and peridotite bodies. Seams and bands of chromite are found mainly in the
massive dunite, being arranged subparallel to each other as well as to the lenticular
shape of the ultrabasic body. The banded chromite ores are not limited in distribu-
tion to any specific part of the massive dunite body. Being oriented parallel to the
upper border of the ultrabasic body, closely spaced subparallel streaks and bands,
and isolated lenticular masses of clinopyroxenite and of eclogite occur mainly within
the upper zone of this ultrabasic body. The variety of clinopyroxene composing
such clinopyroxenite and eclogite is megascopically hght-coloured and it is unlike
the black clinopyroxene in peridotite part. Sometimes, grains of the black clino-
pyroxene are contained within the domain of light-coloured clinopyroxenite or
eclogite. Several large masses consisting of hornblendic and clinopyroxenic rocks
are found also within both the upper and the inner parts of this ultrabasic body.
Below, and almost parallel to, the upper margin of the Higashiakaishiyama ultra~
basic body, zones of mylonite are developed, locally bordering the ultrabasic body.

A. StrucTURES AND FABRICS OF ‘REPRESENTATIVE SPECIMENS

The author has carried out fabric analyses on orientation of mmerals observed in
the Higashiakaishiyama ultrabasic body. The orientation of crystal grains was
determined by measuring the directions of optic elasticity axes X, Y, and Z in indi-
vidual grains in the oriented thin section. The measured directions were plotted
individually on an equal-area projection from the lower hemisphere. Then, con-
toured orientation diagrams for X, Y, and Z in each mineral were made. In the
following diagrams N, E, S, and W represent the geo%raphlcal directions of north,
east, south, and west, respectively. In description that\ follows, attention is focused
mainly on the mutual geometric relations of orlentancx-l of individual minerals in

the ultrabasic body. : j
1. Olivine fabric in massive dunite, in foliated dunite, and in dunite-mylonite

The details of olivine fabric in the representative specimens of dunite were given in the previous paper
(G. Yosmino, 1961). The massive dunite consists almost entirely of equant grains of olivine showing
marked preferred orientation of space lattice type. Although the symmetry of the olivine orientation
in the massive dunite is seen to be practically monoclinic, there is a certain range of orientation pattern
among the orientation diagrams for olivine in the massive dunite. Some orientation patterns of olivine
show orthorhombic symmetry. In gencral, preferred orientation of olivine is less ‘remarkable in the
foliated dunite than in the massive dunite. In the foliated dunite the preferred orientation pattern of
olivine does not always share a common symmetry with the pattern of megascopic foliation and linea-
tion. The orientation pattern of olivine in the mylonite suggests that the preference in olivine onenta-
tion has been disturbed during the mylonitization. :
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2. Mutual geometric relationships of olivine, black clinopyroxene, light-coloured clinopyroxene, and hornblende
subfabrics in peridotite .

Specimen.1: GY 59 VIII 18-5.*

Rock name: Peridotite.

Locality: No.9 in Fig. 2 and in Plate 32, Fig. 1. .

Occurrence: The rock occurs as a north-dipping layer in the upper zonc of the ultrabasic body.

Megascopic features: The rock is speckled with large crystals of black clinopyroxéne. Grains of the
clinopyroxenc are short prismatic or rounded. The specimen has somewhat foliated and lincated fabrics
defined by weak preferred location of black clinopyroxene grains,

Microscopic features (Thin Section GY 59 VIII 18-5): The specimen consists mostly of black clino-
pyroxene, olivine, and light-coloured clinopyroxene, with small amounts of garnet and opaque mineral.
Subordinate amounts of serpentine mineral and hornblende are also contained. The larger grains of
black clinopyroxcene are scattered in the fine-grained aggregates of olivine, light-coloured clinopyroxene,
and others. . ‘ _

Black clinopyroxene. The mineral ranges from 0.6 mm to 7.0 mm in grain diameter. It is colourless in
thin section; (110) cleavage is distinct, parting on (100) is well developed. The optic axial plane is paral-
lel to (010), the extinction angle (¢”Z) in (010) is about 42°, the optic sign is positive, and the optic axial
angle is about 57°. Innumerable fine rods of opaque material arc included within the black clinopyrox-
ene grains. The rods are oricnted with the longer diameter parallel to (010) plane in the host black
clinopyroxene. In the (010) plane are two directions to which the longer diameter of the inclusions is
precisely parallel, and the lincar parallelism of inclusions in the (010) plane shows a definite orientation
with respect to the crystallographic c-axis in the host crystal of black clinopyroxene. The angle between
the two directions is about 71° (Fig. 3 and Plate 33, Fig. 1). The marginal zone of the clinopyroxene
grains is usually free from such inclusions. Small olivine grains are frequently enclosed within the
marginal zone of the clinopyroxene. Sometimes, the large grain of black clinopyroxene encloses small
clinopyroxene grains differing in extinction position from the host black clinopyroxene. Hornblende
occurs frequently within the grain of black clinopyroxene. Exsolution lamecllae cannot be found in the
black clinopyroxene grain.

Light-coloured clinopyroxene. The mineral ranges from 0.05 mm to 0.6 mm (in grain diameter, rarcly
attaining to 1.0 mm. In the clinopyroxene, (110) cleavage is distinct, parting on (100) is common. The
extinction angle (c"Z) in (010) is about 39°; the optic sign is positive, the optic axial angle (2V) is about
56°. :

F1c.3. Lower hemisphere projection of data from a black clinopyroxene grain (Plate 31,
Fig. 1) in Section GY 59 VIII 18-5. Oi is the orientation of longer diameter of
rod-like opaque inclusions. .

* An outline of this specimen has been given in the previous paper (G. Yosuino, 1961, p. 385).
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Olivine. The mineral ranges from 0.05 mm to 1.0 mm in grain diameter. The grains of olivine are
equidimensional and show no dimensional orientation. Some large grains of olivine display weak undu-
latory extinction. Small grains of olivine are included frequently within the marginal zone of the large
grains of black clinopyroxene. In the optical properties olivine enclosed in the black clinopyroxene
grain is quite identical with olivine occurring outside the black clinopyroxene grain. The optic sign of
olivine is positive, the optic axial angle is about 88°.

Hornblende. The mineral occurs mainly within the black clinopyroxene grains, sharing common optical
axial plane with the host clinopyroxene grain. The extinction angle (¢"Z) in (010) is about 24°; the optic
sign is positive, the optic axial angle is about 84°. In thin section, the mineral is colourless or weakly
pleochroic with X =pale-yellow, Y =pale-yéllowish-green.

Garnet. The mineral occurs in irregular grains ranging from 0.1 mm to 1.0 mm.

Orientation patterns of minerals in Thin Section GY 59 VIII 18-5:

The section was made perpendicular to the linear structure of this specimen.

Olivine. ‘The orientation diagrams for X, Y, and Z in 200 grains of olivine occurring outside the large
grain of black clinopyroxene are shown in Fig. 4a,b,and c. The X in olivine shows a tendency to be
dispersed along the periphery of the diagram, and several separate maxima occur within the great-circle-
girdle of X. Lying at and near the pole of the great-circle-girdle of X, several separate maxima of the
Y in olivine occur. Although the Z in olivine tends to be concentrated within several maxima, it shows
little preferred orientation. These diagrams show the symmetry of olivine orientation to be monoclinic.

The distribution of X, Y,and Z in'21 grains of olivine enclosed within 10 grains of black clinopyroxene

Fic. 4. Orientation diagrams for olivine in Section
GY 59 VIII 18-5. 200 grains occurring outside
the large grains of black clinopyroxene were
“selected.

a. Orientation of X. Contours 1-2-3-4% per
1% areéa. ] :

b. Orientation of Y. Contours 1-2-3-4% per
1% area. ) .

¢. Orientation of Z. Contours 1-2-3-4% per
1% area.
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Fic. 5. Orientation diagrams for olivine in Section
GY 59 VIII 18-5. 21 grains enclosed within 10
grains of black clinopyroxene were selected.
Open circles show the orientation of olivine
grains enclosed together within one large grain
of black clinopyroxene.

a. Plot of X.
b. Plot of Y.

c. Plot of Z.

Fio. 6. Orientation diagrams for light-coloured clinopyroxene in Sectiots GY 59 VIII;19—5. 200
grains existing outside the large grains of black clinopyroxene were sélected. - -
a. Orientation of Y. Contours 1-2-3-4-5% per 1% area. ' ‘ o
b. Orientation of Z. Contours 1-2-3-4-5% per 1% area.
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is shown in Fig. 5a, b, and c¢. In each of the three diagrams, eight open circles show the orientation of
X, Y, or Z in olivine grains enclosed together within one large grain of black clinopyroxene. In the
diagrams for olivine enclosed within the black clinopyroxene grain can be found no preferred orienta-
tion. :

Light-coloured clinopyroxene. The orientation diagrams for Y and Z in 200 clinopyroxene grains existing
outside jthe grain of black clinopyroxene are shown in Fig.6aandb. The Y in clinopyroxene is dis-
tributefl mainly within the peripheral area of the diagram, and the Z is concentrated mainly within the
centra] area of the diagram. From the relation of the orientation patterns of the clinopyroxene and of -
the olivine (Figs. 4 and 6), it is indicated that the crystallographic c-axis in clinopyroxene grain has the
preferréd orientation nearly parallel to the direction of maximum concentration of Y=[001] in olivine
grain occurring outside the black clinopyroxene grain. :

Black clinopyroxene. ‘The orientation diagrams for Y and Z in 37 black -clinopyroxene grains are shown
in Fig. 7a and b. The orientation patterns are similar to those of light-coloured clinopyroxene (Fig. 6).
The black clinopyroxene tends to be arranged with the crystallographic c-axis parallel to the direction of
preferred orientation of crystallographic c-axis in light-coloured clinopyroxene occurring outside the black-
clinopyroxene grains. :

Fic. 7. Orientation diagrams for 37 grains of black clinopyroxene in Section GY 59 VIII 18-5.
a. Orientation.of Y. Contours 2.7-8-11-16% per 1% area.
b. Orientation of Z. Contours 2.7-8-14-19% per 1% area.

Hornblende. The distribution of X, Y, and Z in 16 hornblende grains observed within 16 black clino-
pyroxene grains is shown in Fig. 8a, b, and c. The hornblende in the black clinopyroxene grain tends to -
share common (010) plane with the host clinopyroxene.

3. Geometric yelation of light-coloured clinopyroxene fabric in both clinopyroxenite and eclogite to olivine Sabric in the
adjoining massive dunite. : ) . .
Specimen 2: GY.58 VIII 26-3.* ) ‘

Rock name: Massive dunite containing clinopyroxenite-streaks with swollen parts.

Locality: No. 8 in Fig. 2 and in Plate 32, Fig. 1. . L. ‘ )

Occurrence: . In the massive dunite body at the locality occur closely spaced subparallel streaks of
clinopyroxenite and eclogite. ) »

Megascopic features: The dunite specimen has chromite-seams which strike N 80° W and dip 65° N.  In
the massive dunite, light-greenish clinopyroxenite-streaks, 1 mm to 5 mm thick with intervals of 1 mm to
10 mm, run subparallel to the chromite-seams, partly swollen into roundish lens. Irregular grains of pink
garnet are dispersed in the greenish clinopyroxene-aggregate. The clinopyroxenite-streaks are occasion-

* An outline of this spcbimen has i)écn given in thc,prcvioﬁs papcr '(‘G'..‘_Y qsﬁxno, 1961, p. .386)., }
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Fic. 8. Orientation diagrams for 16 grains of horn-
blende observed within 16 black clmopyroxcnc
grains in Section GY 59 VIII 18-5. ‘

a. Plotof X,
b. Plot of Y.
c. Plotof Z.

[

ally bifurcated. The streaks are bent near the swollen parts of the adjacent strcak. Sometimes, large
grains of black clinopyroxene occur in the greenish clinopyroxenite-streak.

Microscopic features (Thin Section GY 58 VII 26-3): The boundary between the part of light-
coloured clinopyroxenite and the part of olivine-chromite-aggregate is not always regular. Small grains
of olivine and chromite are occasionally found within the clinopyroxenite-streaks. Separate grains of

* light-coloured clinopyroxene occur also in the part of olivine-chromite-aggregate, being frequently ar-
ranged parallel to the adjacent clinopyroxenite-streak. Chromite scams extending in the olivine-aggregate
near the clinopyroxenite-streak are frequently bent along the swollen part of the streak, being locally
intersected by the outer surface of the swellings. The clinopyroxenite-streak contains a small amount
of garnet. Hornblende occurs in the large crystals of black clinopyroxene. Olivine ranges from 0.02
mm to 0.5 mm in grain diameter, rarely attaining to 1.0 mm. The optic sign of olivine is positive, the
optic axial angle is about 89°. The light-coloured clinopyroxene ranges from 0.05 mm to 0.8 mm in
grain diameter. In the light-coloured clinopyroxenc (110) cleavage is distinct and.parting on (100) is
usually observed; the extinction angle (c"Z) in (010) is about 39°, the optic sign is positive, and the optic
axial angle (2V) is about 58°. The hornblende is colourless in thin section; the extinction angle (¢"Z) in
(010) is about 23°, the optic sign is positive, and the optic axial angle is about 84°.

Orientation patterns of olivine and light-coloured clinopyroxene in Thin Section GY 58 VIII 26-3:
Orientation diagrams for X, Y, and Z in 155 olivine grains are shown in Fig.9a, b, and c. Collected
together in one diagram, orientation patterns of Y and Z in 150 grains of light-coloured clinopyroxenc
are shown in Fig. 10. The patterns of clinopyroxene are compiled from the diagrams- given in the pre-
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F16. 9. Orientation diagrams for 155 grains of olivine
in Section GY 58 VIII 26-3. Broken arc Ps
represents the plane parallel to clinopyroxenite-

streaks.
a. Orientation of X. Contours 1-3-5% per 1%

~ area.
b. Orientation of Y. Contours 1-3-5% per 1%

area.
c. Orientation of Z. Contours 1-2-4% per 1%

! area.

F1c. 10. Orientation diagram for 150 grains of light-coloured clinopyroxene in Section GY 58
VIII 26-3. Broken arc Ps represents the plane parallel to clinopyroxenite-streaks. Con-
tours: Y, 3-4-5-69% (broken lines); Z, 3-4% (dotted lines). -
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vious publication (G. Yosuino, 1961, p. 387). In Figs. 9 and 10 the plane parallel to the clinopyroxenite-
streaks is shown by great circle Ps, The orientation patterns of olivine and clinopyroxene suggest that
the crystallographic c-axis in clinopyroxene tends to be arranged parallel to the crystallographic c-axis
in olivine occurring near the clinopyroxenite-streak, and that both the (010) plane in clinopyroxenc and
the (010) plane in olivine tend to lie parallel to the clinopyroxenite-streak.

Specimen 3: GY 58 VIII 26-1.

Rock name: Massive dunite containing clinopyroxenite-streaks.

Locality: No. 30 in Fig. 2 and in Plate 32, Fig. 1.

Occurrence: In the massive dunite body at the locality numerous streaks of clinopyroxenite and
eclogite run subparallel to one another.

Megascopic features: In the massive dunite the light-greenish clinopyroxenite-streaks, 2-5 mm thick
with intervals of several centimeters, strike EW and dip 40° N. Black clinopyroxenc grains are dispersed
in the light-greenish clinopyroxenite-streak.

Microscopic features (Thin Scction GY 58 VIII 26-1): The boundary betwcen the part of light-
coloured clinopyroxene-aggregate and the part of olivine-aggregate is not regular. In the light-coloured
clinopyroxenite-streak, a small amount of hornblende is contained, but garnet is rare. Separate grains
of light-coloured clinopyroxenc are scattered in relatively fine-grained olivinc-aggregate that surrounds
the streak of clinopyroxene-aggregate. Large and small grains of black clinopyroxenc are dispersed in
the light-coloured clinopyroxenite-strcak. Olivine grains are cquidimensional, ranging from 0.02 mm
to 1.0mm in diameter. In the larger grains of olivinc undulatory extinction band is frequently developed
parallel to (100). In the olivine, the optic sign is positive and the optic axial angle is about 89°. The
light-coloured clinopyroxenc ranges from 0.02 mm to 1.0 mm in grain diameter. In the light-coloured
clinopyroxene, parting on (100) is conspicuous, and the extinction angle (¢*Z) in (010) is about 38°, the
optic sign is positive, and the optic axial angle (2V) is about 57°, In the hornblende, the extinction angle
(c"Z) in (010) is about 24°, the optic sign is positive, and the optic axial angle is about 81°. The horn-
blende is colourless or pale yellow in thin scction.

Orientation patterns of olivine and light-coloured clmopyroxcnc in Thin Scction GY 58 VIII 26-1:
Three domains, A, B, and C, arc recognized within this thin section, as is shown in Fig. 11. Domain A
consists mainly of olivine-aggregate. Domain C is made up of light-coloured clinopyroxenc-aggregate
(Plate 33, Fig. 2). Domain B, which surrounds domain C, is distributed between domain A and domain
C, and is composed of relatively fine-grained olivine-aggregate with scparate grains of light-coloured
clinopyroxene (Plate 33, Fig, 2). Sclective orientation diagrams for X, Y, and Z in olivine and clino-
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F1a. 11. Sketch of three domains, A, B, and C, in Section GY 58 VIII 26-1.
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F16. 12. Orientation diagrams for 200 grains of olivine
within domain A in Section GY 58 VIII 26-1.
Broken arc Ps represents the plane parallel to
the general trend of clinopyroxenite-streak.

a. Orientation of X. Contours 1-3-5-7-9% per

1% area. .

b. Orientation of Y. Contours 1-3-5-7% per
1% area.

c. Orientation of Z. Contours 1-2-3-4% per
1% area.

¢

pyroxene occurring within this section were prepared. The orientation diagrams for 200 olivine grains
within domain A are shown in Fig. 12a, b, and c. The orientation diagrams for 150 olivine grains within
domain B are shown in Fig. 13a, b,and c. The orientation diagrams for 75 separate grains of light-
coloured clinopyroxene within domain B are shown in Fig. 14a and b. The orientation diagrams for 125
grains of light-coloured clinopyroxene within domain C are shown in Fig. 152 and b. Great circle Ps in
these diagrams represents the plane parallel to the general trend of the clinopyroxenite-streaks in this
specimen, The olivine fabric is essentially homogeneous within this section. The patterns of preferred
orientation of clinopyroxene are found identical in both domain B and domain C. Common to the
diagrams of olivine in both domain A and domain B are tendencies for the (010) plane to be oriented
mainly parallel to the clinopyroxenite-streak and for the crystallographic c-axis to be concentrated
mainly parallel to a definite direction. The diagrams for clinopyroxene in both domain C and domain
B reveal a state of preferred orientation with the (010) plane oriented mainly parallel to the clinopy-
roxenite-streak and with the crystallographic c-axis concentrated mainly parallel to the definite direction
of maximum concentration of the crystallographic c-axis in olivine occurring around the streak.
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Fic. 13. Orientation diagrams for 150 grains of olivine
within domain B in Section GY 58 VIII 26-1.,
Broken arc Ps rcpresents the plane parallel to
the general trend of clinopyroxenite-streak.

a. Orientation of X. Contours 1-3-5-6% per

1% area.

b. Orientation of Y. Contours 1-3-5-6% per
1% area.

c. Orientation of Z, Contours 1-3-5% per 1%
area.

Specimen 4: GY 57 X 24-3.%

Rock name: Light-coloured clinopyroxenite containing pink garnet.

Locality: No. 5 in Fig. 2 and in Plate 32, Fig. 1.

Occurrence: The rock occurs as a band, about 3 cm thick, in the massive dunite body, The band
strikes N 60° E and dips 35° NW.

Megascopic features: The specimen is a light-greenish clinopyroxenite plate. In the specimen aggre-
gates of pink garnet are scattered, spreading parallel to the surface of the plate. On the surface of the
plate can be found no megascopic linear structure.

Microscopic features (Thin Section GY 57 X 42-3): The rock consists almost entirely of light-coloured
clinopyroxene with a small amount of garnet (Plate 33, Fig. 3). Black clinopyroxene and hornblende are
present in small amounts. The light-coloured clinopyroxene ranges from 0.05 mm to 1.5 mm in grain
diameter. In the light-coloured clinopyroxene, parting on (100) is common, the extinction angle (¢"Z) in
(010) is about 37°, the optic sign is positive, and the optic axial angle (2V) is about 58°. In the horn-
blende, the extinction angle (c"Z) in (010) is about 22°, the optic sign is positive, and the optic axial angle
(2V) is about 82°. The garnet ranges from 0.5 mm to 2.5 mm in grain diameter.

Orientation pattern of light-coloured clinopyroxene in Thin Section GY 57 X 24-3: Collected together

* An outline of this specimen has been given in the previous publication (G. Yosmino, 1961, p. 387).
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F1g. 14. Orientation diagrams for 75 separate grains of light-coloured clinopyroxene within
domain B in Section GY 58 VIII 26-1. Broken arc Ps represents the plane parallel to the
general trend of clinopyroxenite-streak.

a, Orientation of Y. Contours 2.7-4-5.3-6.7% per 1% area.
b. Orientation of Z. Contours 2.7-4-5.3-6.7-9.3% per 1% area.

F1c. 15. Orientation diagrams for 125 grains of light-coloured clinopyroxene within domain C
in Section GY 58 VIII 26-1. Broken arc Ps represents the plane parallel to the general
trend of clinopyroxenite-streak.

a. Orientation of Y. Contours 2-4-6% per 1% area.
b. Orientation of Z. Contours 2-4-6-8% per 1% area.

in one diagram, the orientation patterns of Y and Z in 200 clinopyroxene grains are shown in Fig. 16.
These patterns are compiled from the diagrams shown in the previous paper (G. Yosuivo, 1961, p. 388).
Great circle Pb in Fig. 16 representes the plane parallel to the surface of clinopyroxenite plate. The
distribution of the main maxima of Y in clinopyroxene shows a tendency for the (010) plane to be ori-
ented generally parallel to the surface of the clinopyroxenite plate, and the distribution of the main
maxima of Z in clinopyroxene reveals a tendency for the crystallographic c-axis to be concentrated gener-
ally parallel to a definite direction lying parallel to the surface of clinopyroxenite plate, The orientation
diagram for 200 olivine grains in massive dunite (GY 57 X 26-2) is shown in Fig. 17. Specimen GY 57
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Fi0. 16. Orientation diagram for 200 grains of

light-coloured clinopyroxene in Section GY

57 X 24-3. Broken arc Pb represents the °

plane parallel to the surface of clinopyrox-
enite-plate.  Contours: Y, 3-4% (broken
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F1a. 17. Orientation diagram for 200 grains of

olivine in Section GY 57 X 26-2. Broken
arc P represents the plane parallel to the
general trend of the adjacent clinopyrox-
cnite-streaks.  Contours: X, 3-4% (full

lines); Y, 3-5% (broken lincs); Z, 3-4%

lines); Z, 3-4-5% (dotted lincs).
(dotted lines).

FiG. 18. Orientation diagram for 200 grains of light-coloured clinopyroxene in Section GY 58
VIII 26-5. Contours: Y, 3-4% (broken lines); Z, 3-4-5% (dotted lines).

X 26-2 was taken from the outcrop (No. 6 in Fig. 2 and in Plate 32, Fig. 1) ncar locality No. 5. Details
of the orientation patterns of olivine in this specimen of massive dunite have been given in the previous
paper (G. Yosuino, 1961, p. 381). In Fig. 17 the orientation patterns of X, Y,and Z are collected together.
Great circle P represents the plane parallel to the general trend of the adjacent clinopyroxenite-streaks.
Figs. 16 and 17 show a tendency for the crystallographic c-axes in the olivine and in the clinopyroxenc
to be concentrated generally parallel to the definite direction plunging about 30° towards the north.

Specimen 5: GY 58 VIII 26-5.*
Rock name: Eclogite.

* An outline of this specimen has been given in the previous paper (G. Yosuino, 1961, p. 388).
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Locality: No. 7 in Fig. 2 and in Plate 32, Fig. 1.

Occurrence: This specimen was taken from the edge of an isolated lenticular eclogite-body having a
long diameter of about 3 m and a thickness of about 1 m. This lenticular body occurs in the dunite-
mylonite zone developed near the clinopyroxenite band described above. On the outer surface of the
lenticular body, minute undulation is locally developed, the axis of undulation plunging about 40°
towards N 30° W. Neither the grain-size nor the relative proportions of garnet and clinopyroxene are
uniform within the eclogite body. The mineralogical banding, occurring locally in the body and
extending parallel to the longer dimension of the lenticular body, is intersected obliquely, near the edge
of the lens, with the outer surface of the body.

Megascopic features: This specimen consists of light-green clinopyroxene and pink garnet in nearly
equal proportions. The specimen is massive, and in it any megascopic planar or linear structures cannot
be found.

Microscopic features (Thin Section GY 58 VIII 26-5): In addition to the light-coloured clinopyroxene
and pink garnet the rock contains a small amount of rutile. Although not abundant, hornblende and
chlorite are also found. The light-coloured clinopyroxene is subhedral or anhedral, ranging in grain
diameter from 0.1 mm to 3.0 mm, grains larger than 1.0 mm being predominant. In the light-coloured
clinopyroxene, the extinction angle (c"Z) is about 42°, the optic sign is positive, and the optic axial angle

Fi6. 19. Orientation diagrams for 200 grains of clino-
pyroxene in Section GY 61 X 14-2.°
a. Orientation of X. Contours 1-2-3-4% per

1% area. ’ . :
b. Orientation of Y. Contours 1-2-3-4-5% per
1% area.
c. ' Orientation of Z. Contours 1-2-3-4-5% per
1% area.
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(2V) is about 59°. The hornblende is nearly colourless in thin section. In the hornblende, the extinction
angle (¢"Z) is about 24°, the optic sign is positive, and the optic axial angle (2V) is about 84°.

Orientation pattern of light-coloured clinopyroxene in Thin Section GY 58 VIII 26-5: Compiled from’
the diagrams presented in the previous paper (G. Yosumo, 1961, p. 389), the orientation patterns of Y
and Z in 200 clinopyroxene grains are shown in Fig. 18. Fig. 18 reveals a tendency for the crystallo-
graphic c-axis in clinopyroxene to be concentrated parallel to a definite direction. The orientaion of
clinopyroxene in this scction differs in attitude from the orientation of clinopyroxene in Thin Section
GY 57 X 24-3 presented above. :

4. Correlation of clinopyroxene, hornblende, and epidote subfabrics in hornblendic and clinopyroxenic rock with olivine
Sfabric in the surrounding massive dunite.

Specimen 6: GY 61 X 14-2.

Rock name: Epidote-hornblende-clinopyroxene-garnet-rock.

Locality: No. 31 in Fig. 2.

Occurrence: This specimen was taken from a mass of hornblendic and clinopyroxenic rock. The mass
of hornblendic and clinopyroxenic rock is exposed on the slope about 900 m cast of the top of Mt.
Higashiakaishiyama, and the exposure on the slope is more than 50 m across. Parallel streaks and thin
bands of clinopyroxenite are developed in the massive dunite part near the hornblendic and clinopy-

Fi1. 20. Orientation diagrams for 200 grains of horn-
blende in Section GY 61 X 14-2.
a. Orientation of X. Contours 1-2-3-4% per
1% arca.
b. Orientation of Y. Contours 1-2-3-4-5% per
1% area.
c. Orientation of Z, Contours 1-2-3-4-5% per
1% arca.
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roxenic rock mass.

Megascopic features: This specimen is homogeneous in mineral composmon Megascopic planar.or
linear structures cannot be found.

Microscopic features (Thin Section GY 61 X 14-2): The rock consists of garnet, epidote, clinopy-
roxene, and hornblende, with a subordinate amount of chlorite (Plate 33, Fig. 4). The garnet is abundant.
Rutile is rarely found. The epidote ranges from 0.05 mm to 2.5 mm in grain diameter. The optic axial
angle (2V) in the epidote is about 72°, negative. The clinopyroxene ranges from 0.05 mm to 1.7 mm in
grain diameter. In the clinopyroxene, the extinction angle (¢*Z) is about 42°, the optic sign is positive,
and the optic axial angle (2V) is about 62°. The hornblende ranges from 0.05 mm to 1.0 mm in the
longer diameter of grain, and is colourless in thin section. In the hornblende, the extinction angle (¢c*Z)
is about 18°, the optic sign is negative, and the optic axial angle (2V) is about 82°.

Orientation patterns of clinopyroxene, hornblende, and epidote in Thin Section GY 61 X 14-2: Three
sets of orientation diagrams for clinopyroxene, hornblende, and epidote in this section were prepared.
The diagrams for X, Y, and Z in 200 clinopyroxene grains are shown in Fig. 19a, b, and ¢. In the orien-
tation pattern of clinopyroxene the conspicuous feature is a tendency for Z to be concentrated in several
maxima within an incomplete girdle. The diagrams for X, Y, and Z in 200 hornblende grains are shown
in Fig. 20a, b, and ¢. The orientation pattern of hornblende shows tendencies for Z to be concentrated
in several maxima trending close to N and for X to be dispersed in a broad girdle within which several

F16.21. Orientation diagrams for 200 grams of epidote

in Section GY 61 X 14-2.

a. Orientation of X. Contours 1—2-3-4% per
1% area.

b. Orientation of Y. Contours 1—2-3-4—5-6%
per 1% area.

c. Orientation of Z. Contours 1-2-3-4-5% per
1% area.
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separate maxima occur. The diagrams for X, Y, and Z in 200 epidote grains are shown in Fig. 21a, b,
and c. In the orientation pattern of epidote shown is a marked tendency for Y to be concentrated in
several maxima lying near N and to spread along a great circle dipping to NE, X and Z in epidote are
dispersed within a broad band oriented roughly perpendicular to the girdle of Y in epidote, From the
optic-crystallographic relations in the individual minerals the mutual geometric relationships of the
clinopyroxene, hornblende, and epidote subfabrics in this specimen are determined. In this specimen
the crystallographic c-axis in both clinopyroxene and amphibole, as well as the b-axis in epidote, tend to
be concentrated generally parallel to a definite direction plunging about 30° towards N. Although any
megascopic planar structures cannot be found in Specimen GY 61 X 14-2, occurrence of the NE-dipping
girdle of Y in epidote reveals a definite surface to which the crystallographic b-axis iri epidote tends to
lie parallel. In the clinopyroxene, the optic clasticity Y-axis is equivalent to the crystallographic b-axis.
Occurrence of the Y-maxima in the diagram for clinopyroxene reveals a tendency for the (010) plane in
clinopyroxene to be oriented parallel to the great-circle-girdle of Y in epidote,

Now, three specimens of massive dunite occurring around this hornblendic and clinopyroxenic rock
mass are sclected, the orientation patterns of olivine in the three specimens being given.

Specimen 7: GY 58 VIII 19-5,
Rock name: Massive dunite.

Fi0.22. Orientation diagrams for 200 grains of oliv-
ine in Section GY 58 VIII 19-5.
a. Orientation of X. Contours 1-3-5-7% per
1% arca.
b. Orientation of Y. Contours 1-2-3-4-5¢ per
1% arca.
c. Orientation of Z. Contours 1-2-3-4-5% per
1% area.
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The specimen was taken at locality No. 3 about 400 m N 75° E of locality No. 31 of the hornblendic and
clinopyroxenic rock mass (Fig. 2). In the massive dunite body occurring near locality No, 3, several
layers of garnet-epidote-hornblende-rock occur, dipping NE. In this specimen of massive dunite mega-
scopic planar or linear structures cannot be found. This specimen consists almost entirely of equidimen-
sional clear grains of olivine ranging from 0.05 mm to 1.0 mm in diameter. Small amounts of chromite
and fibrous serpentine mineral are also found. The optic axial angle (2V) in the olivine is about 88°,
positive. In the olivine grains, undulatory extinction is rare, and lamellae structure cannot be found.

The orientation diagrams for X, Y, and Z in. 200 olivine grains in Thin Section GY 58 VIII 19-5 are
shown in Fig. 22a, b, and c. There are marked tendencies for Y and Z to be dispersed within a great-
circle-girdle and for X to be concentrated near the pole of the Y- or Z-girdle, as is a characteristic of
orieatation pattern of olivine in massive dunite occurring near locality No. 3. The Y-girdle is parallel
to the Z-girdle, both dipping about 30° NE. Although several maxima occur within the girdle of Y in
olivine, the main maxima of Y tend to c.onve'rge close to N-S trend.

Specimen 8: GY 58 VIII 19-7.

Rock name: Massive dunite.

The specimen was taken at locality No. 13 about 300 m SE of locality No. 31 of the hornblendic and
clinopyroxenic rock mass (Fig. 2). The rock is massive. In the specimen megascopic planar and linear

Fig. 23. Orientation diagrams for 200 grains of oliv-
ine in Section GY 58 VIII 19-7.
a. Orientation of X. Contours 1-3-5-6% per

1% area. .

b. Orientation of Y. Contours 1-2-3-4-5% per
1% area. .
c. Orientation of Z. Contours 1-3-5% per 1%
area. : s

353



Gensei Yosuino

structures cannot be found. In addition to olivine (2V =88°; sign +), the rock contains a small amount
of chromite. Serpentine mineral is rare. Olivine grains are equidimensional and range from 0.05 mm
to 1.5 mm in diameter. Lamellae structure cannot be found in olivine grains, but some of large grains
show weak undulatory extinction.

The orientation diagrams for X, Y, and Z in 200 olivine grains in Thin Section. GY 58 VIII 19-7 are
shown in Fig. 23a, b, and ¢. There are tendencies for Y and Z to be dispersed within a partial girdle
dipping-about 20° NE and for X to be concentrated close to the pole of the great-circle-girdle of Y or Z,
as is similar to the orientation pattern of olivine in Thin Section GY 58 VIII 19-5 presented above. The
main maxima of Y within the girdle tend to be concentrated close to NNW-SSE trend.

Specimen 9: GY 58 VIII 21-4.%

Rock name: Massive dunite,

The specimen was taken at locality No. 14 (the 6th Adit of the Akaishi Mine) about 200 m S 75° W of
locality No. 31 of the hornblendic and clinopyroxenic rock mass. Parallel chromite bands, striking N
65° W and dipping about 50° NE, run in the massive dunite at locality No. 14.

Compiled from the diagrams presented in the previous paper (G. Yosuno, 1961, p. 373), the orienta-
tion pattern of 200 olivine.grains in Thin Section GY 58 VIII 21-4-P is shown in Fig. 24. Great circle
Cb represents the plane parallcl to the adjacent chromite band. There are tendencies for Y and Z to be
dispersed along a great-circle dipping about 50° NE and for X to be concentrated near the pole of the Y-
or Z-girdle.

F16.24. Orientation diagram for 200 grains of olivine in Section GY 58 VIII 21-4-P. Broken
are Cb represents the plane parallel to the adjacent chromite-band. Contours: X, 4-6-8-
10-12% (full lines); Y, 4-6% (broken lines); Z, 4% (dotted lincs).

The pattern of preferred orientation of olivine is identical in the three thin sections presented above,
As has been shown in the previous paper, the olivine fabric was found to be the same in each portion
within the massive dunite mass lying over a distance of about 100 m necar the Main Adit of the Akaishi
Mine. Judging from the collective diagrams with respect to the main maxima of X, Y, and Z in olivine
(G. Yosuvo, 1961, p. 392), the massive dunite body occupying the inner part of the Higashiakaishiyama
ultrabasic body is fairly homogeneous with respect to the pattern of preferred orientation of olivine.
Therefore, the olivine fabric in the massive dunite mass occupying the space containing the three locali-
ties of Nos. 3, 13, and 14 can be considered homogeneous. Then, a tendency common to the olivine
diagrams for the three portions mentioned above can be regarded as representing a common tendency for
the olivine fabric in the whole of massive dunite mass of this space. Finally, it can be said that the oliv-
ine in the massive dunite body occurring around the mass of hornblendic and clinopyroxenic rock tends

* Details of olivine fabric in this specimen have been given in the previous paper (G. Yosuino, 1961).
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to be oriented with Y parallel to the surface striking N 30°—55° W and dipping 20°—50° NE and main-
1y parallel to the direction plunging 10°—40° nearly N. ) '

The surface and the axis both defined by the preferred orientation of epidote in the mass of hornblendic
and clinopyroxenic rocks are conformable, respectively, in attitude with the surface and the axis both
defined by the preferred-orientation of olivine in the surrounding massive dunite body.

B. Ouwvine, CLINOPYROXENE, HORNBLENDE, AND Ep1pOTE FABRICS IN ULTRABASIC MASS

The rock body, consisting mainly of massive dunite with small amounts of black
clinopyroxene-bearing peridotite, light-coloured clinopyroxenite, and eclogite, occurs
in the area of Gongendani Valley. It occupies the upper zone of the Higashiakaishi-
yama ultrabasic body. On the other hand, the rock body éxposed in the area
extending from the Main Adit to the 6th Adit of the Akaishi Mine is composed
almost entirely of massive dunite, and occupies the inner part of the Higashiakaishi-
yama ultrabasic body. The hornblendic and clinopyroxenic rock mass mentioned
in the preceding pages is a large mass occurring within the inner part of this ultra-
basic body. Within the Higashiakaishiyama ultrabasic body the individual minerals,
such as the olivine in the massive dunite and in the massive peridotite, the black
clinopyroxene in the massive peridotite, and the light-coloured clinopyroxene in the
massive peridotite, in the clinopyroxenite, and in the eclogite, show respectively a
marked preferred orientation. The hornblende, the clinopyroxene, and the epidote
in the hornblendic and clinopyroxenic rock possess preferred orientations.

In the olivine diagram for each portion within the upper zone of the Higashiaka-
ishiyama ultrabasic body are found common tendencies for [001] to be concentrated
parallel to a definite axis and for [010] to be dispersed within a great-circle-girdle.
The definite axis parallel to which [001] tends to be concentrated coincides in orienta-
tion with the axis of girdle of the [0107] pattern, the plane parallel to the girdle of
[010] being only one symmetry plane in the orientation pattern of olivine. Within
the upper zone of the ngashlakalshlyama ultrabasic body, the definite axis of
maximum concentration of [001] in olivine tends to lie parallel to the surface of
compositional layering defined by the alternating bands of clinopyroxene-bearing
per1dot1te, chnopyroxemte, or eclogite in the more abundant dunite, and the definite
axis is fairly uniform in orientation throughout both the massive dunite part and
the massive peridotite part. Within the girdle pattern of [010] in olivine diagram,
the [0107] maxima frequently occur near the normal to'the plane parallel to the
surface of compositional layering. The attitude of the compositional layering de-
veloped within the upper zone of the ultrabasic body varies locally. The pattern
of preferred orientation of clinopyroxene is indentical in all the clinopyroxene-bear-
ing rocks occurring within the upper zone of the Higashiakaishiyama ultrabasic
body. Orientation patterns of X, Y, and Z in clinopyroxene bring out the tendencies
for the crystallographic c-axis to be concentrated parallel to a definite axis and for
the (010) plane to be oriented parallel to the surface of compositional layering within
the upper zone of the ultrabasic body. The definite axis parallel to which the
crystallographic c-axis in clinopyroxene tends to be concentrated seems to lie in the
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plane parallel to the surface of the compositional layering, and it seems also to
coincide in orientation with the definite axis of maximum concentration of [001]
in olivine grains in the adjacent massive dunite. G. Kojmma and K. Hipe (1957) re-
ported acgirine-augite oriented with the (010) plane parallel to the bedding-schistosity
plane (ab) and with the crystallographic c-axis parallel to the tectonic b-axis in some
quartz schist beds in the vicinity of the Higashiakaishiyama district. Now, it is
evident that one s-surface and one lineation are both defined by the preferred ori-
entation of olivine or clinopyroxene, or both in such massive rocks as the massive
dunite, the clinopyroxene-bearing peridotite, the clinopyroxenite, and the eclogite
within the upper zone of the Higashiakaishiyama ultrabasic body. The statistically
defined linear structure penctrates throughout the upper zone of the Higashiakaishi-
yama ultrabasic body, being conformable in regional attitude with the conspicuous
lineation developed in the Iratsu amphibole schist bed bounding the ultrabasic body
on the north. The upper zone of the ultrabasic body can be considered structurally
homogenecous with respect to the linear structure defined statistically. The type of
olivine orientation pattern showing approximately such a monoclinic symmetry as is
characterized by only one symmetry plane parallel to the great-circle-girdle of [010]
is designated in this paper as type B.

The inner part of the Higashiakaishiyama ultrabasic body consists almost entirely
of massive dunite. The pattern of preferred orientation of olivine in massive dunite
occurring in each portion within the inner part of the ultrabasic body is not always
the same. Most of the olivine diagrams for each portion within the inner part show
monoclinic symmetry, the sole planc of symmetry being parallel to the great-circle-
girdle of [001]. In such olivine diagrams, [010] tends to be concentrated close to
the axis of the girdle of [001]. Some of the olivine diagrams show monoclinic
symmetry of type B, and others show approximately orthorhombic symmetry. In
most of the olivine diagrams for each portion within the inner part of the ultrabasic
body is found a tendency for the girdle of [001] to be uniform in attitude. The
plane parallel to the girdle of [001] in olivine diagrams within the inner part of
the ultrabasic body seems to be harmonic in regional attitude with the surface of
compositional layering in the upper zone of the ultrabasic body and also with the
upper surface of this lenticular ultrabasic body. As shown in the preceding pages,
the surface on which the crystallographic b-axis in epidote tends to lie within the
mass of the hornblendic and clinopyroxenic rock is conformable in attitude with the
surface on which [001] in olivine tends to lie within the surrounding massive dunite
mass which is exposed near the 6th Adit of the Akaishi Mine. As described by C.
B. CramrroN (1957), G. Kojima and K. Hipe (1958), and G. YosHino (1961), the
epidote in tectonites shows distribution of the crystallographic b-axis within a marked
concentration parallel to the fabric b-axis and a partial girdle parallel to the s-
surface. From these facts the plane parallel to the girdle of [001] in olivine diagram
can be considered a penetrative surface within the inner part of the Higashiakaishi-
yama ultrabasic body. It is conceivable that the s-surface defined by the preferred
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orientation of olivine penetrates throughout the inner part of the ultrabasic body.
Now, the inner part of the lenticular Higashiakaishiyama ultrabasic body can be
considered structurally homogeneous with respect to the planar structure defined
statistically. The type of olivine fabric approximating monoclinic symmetry with
only one symmetry plane parallel to the great-circle-girdle of [001] is designated
in this paper as type S.

III. OriciN oF ULTRABASIC MASS

In the spotted schist zone of the Besshi-Shirataki region are found numerous bodies
of ultrabasic rocks. The great majority of the ultrabasic bodies occur within the
Upper member of the Minawa formation. The Upper member of the Minawa
formation forms a zone of recumbent type of folds in this region of the Sambagawa
metamorphic belt (G. Kojmma, 1951a, 1951b; G. Kojma, K. Hipg, and G. Yosuivo,
1956; G. Yosuino, 1961). The Higashiakaishiyama ultrabasic body occurring within
the Upper member of the Minawa formation is the largest of all the ultrabasic
bndies in this region. The schist complex of the Besshi-Shirataki region has been
divided by K. HipE (1961) into 4 zones based on the progressive mineralogical varia-
tion of basic rocks, namely, from zone I of lower grade to zone IV of higher grade.
K. Hipe (1961) has noted a mineralogical variation in ultrabasic bodies distributed
in the schist complex in this region (Fig. 25). The Higashiakaishiyama ultrabasic
body consisting almost entirely of unserpentinized dunite has been brought into con-
tact with the Iratsu amphibole schist mass which belongs to zone IV (G. YosHINO,
1961; K. Hipg, 1961).

F. J. Turner and J. VERHOOGEN (1951; 1960) commented on the occurrence, the
mineralogy, and the adjacent rocks of “alpine type” peridotites and serpentinites
occurring in orogenic belts, and discussed comprehensively the origin of the ultra-
basic rocks. C. S. Ross, M. D. FosTer, and A. T. Myers (1954) made a chemical
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Fio. 25. Mineralogical variation of ultrabasic rocks distributed in the schist complex of the
Besshi-Shirataki district (After K. Hide).

357



Gensei YosHino

study of dunite, and concluded that dunites and related rocks have been brought up
from the peridotite substratum by orogenic processes. G. Kojmma and K. Hipe
(1957; 1958), from the geological and petrological studies on the Besshi spotted schist
zone, pointed out that the Higashiakaishiyama ultrabasic body is a large tectonic
inclusion, and suggested that most of the ultrabasic bodies in this region represent
synkinematic intrusions whose physical and chemical agencies played an essential
role in the deformation and mineralization of the spotted schists. On the other
hand, an orogenic process involved in formation of metamorphic belt with ultrabasic
rocks has been discussed by A. Mivasmro (1959; 1961).

In the mode of occurrence, the compositional layering defined by alternating bands
of clinopyroxenite or clinopyroxene-bearing peridotite in the mass of dunite within
the upper zone of the Higashiakaishiyama ultrabasic body (G. YosuiNo, 1961) re-
sembles the layering reported to occur in a number of ultrabasic bodies, e. g., the
Miyamori peridotite of the Kitakami mountainland (Y. Sex1, 1952), the Dawros
peridotite in Connemara, Eire (A. T. V. RoTHsTEIN, 1957), the ultramafic complex
at Union Bay (J. C. Ruckmick and J. A. NosLE, 1959), the Tinaquillo peridotite in
Northern Venezuela (D. B. MacKENziE, 1960), the Jotunheim peridotite in Norway
(M. H. BATTEY, 19602), the ultramafic pluton in the Klamath Mountains, California
(P. W. Lipman, 1964), and so on. Once Y. Horixosur (1937a; 1937b) concluded
that the eclogite in the Higashiakaishiyama ultrabasic body represents a pegmatitic
part derived from the dunite magma. N. L. Bowen and O. F. TurTLE (1949) inves-
tigated experimentally the system MgO-SiO,-H;O, and suggested that water vapor
saturated with SiO; and streaming through a crack in dunite could convert the adja-
cent rock to pyroxenite. On the other hand, R. T. V. Rotustemn (1957) concluded
that the Dawros ultramafic rocks are layered as a result of rhythmic accumulation
of olivine, magnesian orthopyroxene, chrome-spinel, and diopsidic clinopyroxene in a
magma. J. C. Ruckmick and J. A. NosLe (1959) regarded the layers of diopside
crystals in the dunite core of the ultramafic complex at Union Bay as the primary
structure resulted from gravitational setting of crystals from a crystallizing magma.
From the fact that the mineral foliation and compositional layering within the ultra-
mafic body in the Klamath Mountains are parallel to the contacts with the meta-
morphic country rocks and that they are distributed throughout the ultramafic sheet,
P. W. Lipman (1964) concluded that the layering was originated during intrusion
of the ultramafic rocks. The hornblendic and clinopyroxenic rock masses in the
Higashiakaishiyama ultrabasic body are rather similar in occurrence to “pseudo-
gabbro” masses within a peridotite ‘intrusion in Northern Venezuela (D. B. Mac-
Kenzig, 1960). The gabbroic masses in the Tinaqillo peridotite mass were inter-
preted (D. B. MacKenzie, 1960) as large inclusions of the contact-metamorphosed
country rock, but H. G. WiLsuire and R. A. Binns (1961) considered it possible that
differentiation within the mantle has given rise to the gabbros and other non-peri-
dotite rocks which appear as xenoliths.

W. P. bE RoEVER (1961) suggested that the upper part of the earth’s mantle con-
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sists essentially of a schistose and banded mass of peridotites, with- subordinate py-
roxenites and rare eclogites, and assumed that the structure of the mass could have
been formed by convection currents in the solid mantle material. Recently, H. S.
YoDER, Jr. and C. E. TiLLEY (1962) have revealed a possible relationship of-eclogite
to basalt and their melting relations, and suggested that eclogites themselves are
probably the partial melting product of a more primitive rock, presumably garnet
peridotite. They also noted that the transformation of eclogite to basalt at 10 kb is
rapid near the solidus but becomes extremely sluggish below 800°C. ,

Now, it seems reasonable to suppose that the Higashiakaishiyama ultrabasic body
has been brought up from such deep-seated rocks as the upper mantle materials
through an orogenic process involving the metamorphism of the Sambagawa belt.
If it is true, the Higashiakaishiyama ultrabasic complex can be regarded as a source
of useful informations about the materials and conditions prevailing in the deeper
parts of the crust.

Within the Higashiakaishiyama ultrabasic body, the ohvme in both the massive
dunite and the massive peridotite shows a marked preferred lattice orientation.
Although the pattern of olivine diagram for each portion within both the massive
. dunite part and the massive peridotite part in the Higashiakaishiyama ultrabasic
body is not everywhere the same, a tendency for the maximum concentration of
[010] and of [001] in olivine to be uniform in their orientation respectively within
the ultrabasic body suggests that the olivine grains in each portion within the mas-
sive parts have possessed their observed state of preferred orientation simultaneously
under a tectonic condition. From geometric relationships between the olivine fabric
and the clinopyroxene fabric in the Higashiakaishiyama ultrabasic body it is inferred
that the black clinopyroxene in the massive peridotite and the light-coloured clino-
pyroxene in the massive peridotite, in the light-coloured clinopyroxenite, and in
the eclogite, together with the olivine in both the massive dunite and the massive
peridotite, have acquired their observed state of preferred orientation simultaneously
under a tectonic condition. Under such a condition the olivine grains enclosed
within large grains of black clinopyroxene have not been preferably oriented. The
megascopic and microscopic features of the clinopyroxenite and of the eclogite in
the ultrabasic body suggest that at least some of the fine streaks of clinopyroxenite
- and of eclogite were formed synchronously with oriented crystallization of the light-
coloured clinopyroxene, although it is not certain whether or not the streak replaced
a layer somewhat differing in physico-chemical properties from the adjacent part in
the ultrabasic body. In addition, from geometric relations of the clinopyroxene,
the epidote and the hornblende subfabrics in the mass of the hornblendic and clino-
pyroxenic rocks to the olivine fabric in the surrounding massive dunite mass, it is
clear that the three tectonite minerals observed in the hornblendic and clinopyrox-
enic rock masses, together with the olivine in the surrounding massive dunite mass,
may have possessed their observed state of preferred orientation simultaneously
under a tectonic condition. The masses of hornblendic and clinopyroxenic rocks in
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the Higashiakaishiyama ultrabasic body may have existed, as masses differing in
chemical properties from the adjacent part, prior to development of the preferred
orientation of clinopyroxene, of hornblende, and of epidote in the masses, although
the original characters of the hornblendic and clinopyroxenic rocks have not been
ascertained. Within the Higashiakaishiyama ultrabasic body varieties of hornblende
occur frequently, but never abundantly, also in other clinopyroxene-bearing rocks.
Some of the hornblendes contained in the clinopyroxene-bearing’ peridotite, in the
light-coloured clinopyroxenite, or in the eclogite, may be varieties which have re-
placed clinopyroxene during a later phase of the metamorphism.

It is a significant fact that the statistical s-surface revealed in both the upper zone
and the inner part and the statistical lineation revealed in the upper zone within
the Higashiakaishiyama ultrabasic body are parallel in regional attitude respectively
to the megascopic foliation and lineation both developed in the Iratsu amphibole
schist mass bounding the ultrabasic body on its north. In the Iratsu amphibole schist
mass the epidote and hornblende subfabrics show the same symmetry as represented
by the megascopic planar and linear structures (G. YosHino, 1961). It seems, rea-
sonable, therefore, to suppose that the epidote and the hornblende in the Iratsu
amphibole schist mass acquired their observed state of preferred orientation under a
tectonic condition at the same stage as the olivine and the clinopyroxene within the
Higashiakaishiyama ultrabasic body possessed their observed state of preferred ori-
entation. It is likely that the Iratsu amphibole schist has experienced a history of
kinematic development closely related to that of the Higashiakaishiyama ultrabasic
complex.

The foliated dunite develops mainly in the lower part of the Higashiakaishiyama
ultrabasic body. The preferred orientation of olivine is less remarkable, in general,
in the foliated dunite than in the massive one. The olivine fabric is not always
harmonic in symmetry with the megascopic foliation and lineation of the foliated
dunite (G. YosHino, 1961). In megascopic structures the foliated dunite part closely
resembles the spotted black schist beds bounding the ultrabasic body on its south.
In addition, the megascopic lineation imposed on the foliated dunite of the lower
part of the ultrabasic body is parallel in attitude to the conspicuous lincation devel-
oped in the spotted black schist bed which comes into contact with the lower part of
the ultrabasic body (G. Yosuino, 1961). On the other hand, the linear structures
developed in the main part of the Iratsu amphibole schist mass are not parallel in
regional orientation to the linear structures developed in the spotted schist beds
which occur around the Higashiakaishiyama ultrabasic body and the associated Iratsu
amphibole schist mass and which construct the recumbent fold zone in the Samba-
gawa metamorphic belt of the Besshi-Shirataki region (G. YosHiNo, 1961). From
these facts, it may be. concluded that the tectonite minerals observed in both the
Higashiakaishiyama ultrabasic body and the associated Iratsu amphibole schist mass
had already attained to their observed state of preferred orientation prior to the
development of planar and linear structures now observed in the surrounding spotted
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schist beds that have taken part in the structurc of rccumbent type of fold in the
district.

M. H. BATTEY (1960b) studied the orientation of olivine crystals in the type dunite
of Dun Mountain, New Zealand, and concluded: “Olivine orientation at Dun:Moun-
tain is related to the axes of regional folding and is very probably produced by the
folding forces.” A. L. G. CoLLEE (1962) examined elaborately the petrofabrics of
some ultrabasic nodule-like inclusions in basalt lavas. He regarded these inclusions
as secondary tectonites subjected to deformation in predominantly solid state and
concluded that the studied specimens are likely to be fragments of the earth’s peri-
dotite shell. F. J. Turner (1942) and H. W. Farpairn (1949) interpreted the
lattice orientation of olivine grains in peridotite as having been brought about by
the effect of solid flow. Recently, experiments on deformation of peridotite have
been performed by D. T. Grices, F. J. Turner, and H. C. HeArp (1960), but the
mechanism of preferred orientation of olivine has not been clarified. On the other
hand, R. K. VeErma (1960) reported the adiabatic elastic constants of olivine. F. J.
Turner and L. E. Weiss (1963) say: “In the sequence of correlated influences and
phenomena concerned in the evolution of a tectonite fabric during flow of a stressed
rock, the ultimate fabric is more closely related to the movement picture of flow
than to the more remote phenomena of stress and strain. Consequently symmetry
of fabric most closely reflects symmetry of the movement picture”. If the symmetry
of the observed state of olivine fabric in the Higashiakaishiyama ultrabasic body
reflects the symmetry of the movement picture, type B and type S of olivine
fabric must be related to different types of movement picture. = As explained in the
preceding chapter, distribution of the type of olivine fabric within the ultrabasic
body suggests that the upper part of the Higashiakaishiyama ultrabasic body was
dominated by a movement picture related to the olivine fabric of type B and the
inner part of the ultrabasic body was dominated by one related to the olivine fabric
of type S. In view of the mechanical conditions under which the preferred orienta-
tion of olivine was developed in the ultrabasic body, the upper part, which is now
composed of alternating layers of peridotite, clinopyroxenite, and eclogite, in the
more abundant dunite and which is adjacent to the Iratsu amphibole schist mass,
may have differed from the inner part consisting now chiefly of massive dunite.

Although no experiments have been tried with respect to orienting” process of ol-
ivine, the fact that there have been traced no dimensional orientation and no lamellae
structure, except rare undulatory extinction, in olivine grains within the Higashi-
akaishiyama ultrabasic body suggests the preferred lattice orientation of olivine to
have been developed through recrystallizing or neocrystallizing process under the
stress condition (G. Yosumo, 1961).

Lastly, it is of interest to speculate about the picture of progresswe change of
deformation in the whole space of an orogenic belt. In the broad history of an
orogeny, the phase of folding would have migrated with the time through the geo-
syncline, and each part of the geosynclinal pile would have experienced respective
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history of kinematic development. Intensive folding accompanying the geosyncli-
nal down-buckling could have effected the uprising of deep-seated materials into
the upper level. The presence of the mass of dunite and eclogite within the geo-
synclinal deposits must be explained in such a manner. As shown in the preceding
pages and in the author’s previous paper (G. Yosuivo, 1961), the structures of the
foliated dunite have been formed in connection with the folding of the spotted black
schist bounding the ultrabasic body on its south. It is highly probable that the
tectonite minerals observed in both the Higashiakaishiyama ultrabasic body and the
swollen part of the Iratsu amphibole schist mass attained to their observed state of
preferred orientation in an earlier phase of the orogeny involving the formation of
the Sambagawa metamorphic belt, and in the deeper part of the metamorphic belt,
Afterwards, in an advanced phase of the orogeny, the ultrabasic body, together with
the Iratsu amphibole schist mass, has been brought into contact with such upper
formations of the geosyncline as is now represented by the Upper member of Minawa
formation. The tectonite minerals observed in the surrounding spotted schists of
the Upper member of the Minawa formation may have attained to their observed
state of preferred orientation through this phase of orogeny.
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View from west. (Photo by G. Yosui~o.)

Mt. Higashiakaishiyama.



ExprLaNATION OF PrATE XXXII
Fic. 1.

The upper end of the Gongen-dani valley.
View from west. (Photo by G. YosHino.)
Nos. 5, 6, 7, 8,9, and 30 show localities of rock specimens.
Fic. 2.

Lenticular eclogite-body at locality No. 7
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ExpranATION OF PLaTE XXXIII

. 1. Photomicrograph of rod-like opaque inclusions in a black clinopyroxene grain, Thin
Section No. GY 59 VIII 18-5; lower nicol only.

. 2. Photomicrograph of massive dunite containing clinopyroxenite-streaks. Thin Section
No. GY 58 VIII 26-1; nicols crossed. Upper half illustrates domain C; lower half illus-
trates domain B.

. 3. Photomicrograph of light-coloured clinopyroxzenite. Thin Section No. GY 57 X 24-3;
nicols crossed.

. 4. Photomicrograph of epidote-hornblende-clinopyroxene-garnet-rock. Thin Section No.
GY 61 X 14-2; nicols crossed.
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