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                        I. Introduction

  Geological Position of the Hidaka Metamorphic Belt (Fig. 1)

 'The Japan Islands belong to one of the island festoons that skirt 'the



Pacific Oeean. The Honsha Arc of the Japan Islands includes the islands

of Kyasha, Shikoku, HonshU, and the southwestern part of Hokkaid6
Island, which touehes the Chishima (Kurile) Arc on the east and joins
t,he IEIonshU Arc on the west respectively. The longitudinal direetion of

the axial part of the island of Hokkaid6 coincides with that of the axis

of Karafuto (Sakhalin).

    In the Honsha Arc, the Ry6ke-Sambagawa metamorphic belt
(Hercynian) lies along the island festoon and encirc'les the Hida
metamorphie terrane (Caledonian or PreCambrian?), the basement struc-
ture of the Japan Islands. The Alpine orogenic belt is believed to have

fornied concentrie circles on the outside of the Ry6ke-Sambagawa
metamorphie belt, although it is now under the sea, It is said that the

outer zone of the southwest Japan was laid down in the Alpine age and
that the Hidaka belt along the axis of Hokkaid6 is the northern extension

the Alpine orogenic zone.

    AIthough the orogenic belt of the Honshit Arc develops and moves

from the continent toward the Pacific Ocean, the Hidaka belt moves
rather frorn the Oeean westward to the Japan Sea. This faet indicates

that the Hidaka belt-is not the result of a eoncentric orogenic move-

ment caused by the development of the Honsha Are but a result of
the movement of the Chishima Arc and the structural trend in the
continent. It must have been affected by the movement of the Karafuto-

Hokkaid6 line, which coincides with the so-called Korean direetion, one
of the most important structural direetions in the eontinent. The ffidaka

orogenic movement is, therefore, an exception. The plutonism in the
Hidaka orogenie zone is most typically represented by the Hidaka meta-

morphic belt surrounding the Hidaka Mountains.

    The basement stratum of Hokkaid6 is the Hidaka super-group, whieh
consists of a monotonous nonfossiliferous sandstone and slate and is widely

distributed in the eentral and northeastern regions of the island. It is,

deposited in the Hidaka geosyneline of pre-Cretaceous age. After the

deposition schalstein was laid down in the Kamuikotan zone. Limestone

and shale interbedded in the tuff eontain ammonites and braehiopods,

from whieh the formation is attributed to Jurassic, when an igneous
activity, the forerunner of the Hidaka orogenie movement took place.
That activity was followed by the metamorphism and plutonism of the
Hidaka metamorphic belt; the plutonism･went on also in the Okushibetsu

and Otchube areas as a northern extension, but the most typical activity

was found in the Hidaka metamorphie belt.

    The Hidaka metamorphic belt, 140km long and 10･q-20km wide,
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forrns an arc protruding westward; it covers a region around the Hidaka

Mountains from Karikachi Pass on the north to Cape Erimo on the
south (PL XXI).
    Migmatite is found at the eenter of the belt and is surrounded by

gneisses whieh pass into the unmetamorphic sediment through hornfels.
As the west side of the belt is bounded by an overthrust and basic intrusive

rocks, the transition from the migmatite into the Hidaka super-group

cannot be observed. Akhough the metamorphics, migmatites, and intru-

sive roeks are zonally arranged along the momitain range centers of
activity are obser.vable there. For example, in the area with the Poroshiri

plutonies at the eenter, gabbros remarkably protrude eastward, forming

a discordant massif.

    A similar phenomenon is seen at the south end of the region. Thus
it is clear that there are some.centers of activity in the Hidaka meta-

morphic belt although the rocks are zonally distributed from the north

to the south as a whole.

   2L Historieal Review

    The geological study of Hokkaid6 was started by B. S. LyMAN, an

American geologist of the Kaitakushi, who published the Hokkaid6
Chishitsu S6ron (A General Report of the Geology of Yesso) in 1877;
he included･the axial zone as well as granite of the Hidaka metamorphic

belt in the Kamuikotan formation. Kotora JIMBo (1891) gives a detailed
report, in which he states that the plutonie rocks in the Hidaka Mountains

intrude into the Paleozoic and cause contact metamoTphism in it.

    Y6z6 OKAMuRA and Shinji YAMANE made preliminary investigation
of the environs of the Hidaka Mountains and reported their studies in the

Hokkaid6-K6butsu-Ch6sa II6koku (Report of the Mineralogieal Survey
of Hokkaid6), early in the present century. Aceording to them, "The
granite (the migmatite of today) forms the baekbone of the Hidaka
Mounta,ins and is the largest igneous rock." They paid attention to the

extreme heterogeneity of the rock and stated as follows: "Even in a
small outerop, a portion is far richer in biotite than the other portion,

.....Granite frequently contains fragments of biotite schist or gneiss.

Schistose granite is espeeially Tich in them...,..Granite is inserted in

miea schist in places and the boundary between granite and mica schist

is often obscure as seen along the Sarorun'ushi (the present River
Saruru)....." [l]he writer pays his respects to them for their keen

observation.

    Y. asushi QDAmA ln the Engineering Faculty of Hokkaid6 University
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published "Geological and Petrological Research in the Area of Horoizumi,

Hidaka Province" in 1928. His researeh was based on the rnodern petro-

logical method and contained detaiied description, but his work did not
develop further.

    Jun SuzuKI (1934) studied the metamorphism of calcareous nodules
in the southernmost part of the Hidaka metamorphie belt. His study
marked the beginning of the petrological investigation of the southernmosLL

area, which has continued to this day. In 1939 Masao IsHIBAsHI examined

the area of the upper streams of the Tottabetsu, Satsunai, and Hikata on

the east side of the Hidaka Mountains and made clear' that the most of

the rock hitherto known as granite of the Hidaka Mountains was really

a paragneiss and migmatite derived from sedimentary roeks. It was in

1940 that Mitsuo HuNAHAsHI and Seiji }IAsHIMoTo began to investigate
the Horoman and Oshirabetsu areas, where they found rock to describe
whieh they used the word "migmatite" in the current sense. According
to HuNAHAsHi a certain diorite in the Horoman area "is not produced by

a mere recrystallization, but some substance must be added from the
outside. As the passage of the substance is never found, imbibition must

work". (1941 graduation thesis.) His view is more advanced than that
held by IsHIBAsHi, who seemed to believe that the rock is formed by the

eontamination of granite.

    The significance of the Hidaka metamorphic belt has gradua,lly be-

eome clear through the study and discussion by many seminarists and
researeh workers since the group for the inves, eigating of the Hidaka

was formed in 1949. The present study is one of the results of the
research work.

   3. Migmatite

    M. IsHIBAsHI in 1939 farsightedly attributed the granitic rock in
the axial part of the Hidaka Mountains to migmatite.

    What is migmatite? The import of migmatite, which is different in
nature from the metamorphic or igneous rock and the origin and develop-

ment of the term have been described by many students ineluding J. J.
SEDERHoLM. [l]he writer enumerates the definitions.

    J. J. SEDERHoLM proposed the term migmatite for the first time (Om
Granit och Gneiss, 1907, p. 110). "For the gneisses here in question,

characteristie of whieh are two elements of different genetic value, one,

a schistose sediment or foliated eruptive, the other, either formed by the

resolution of material like the first or by an injection from without, the

author proposes the name of migmatites;...,.The position of this roek
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group is intermediate between eruptive rocks, proper, and crystalline

schists of sedimentary or of eruptive origin." The igneous component
of migmatite consists of granites and it assimilates the older rock. The

migmatite is therefore pertaining to granite,

    In 1926 SEDERHoLM wrote in "On Migmatite and Associated Pre-
Cambrian Rocks of Southwestern Finland" as fol}ows: "It is neeessary
to use a designation for these hybrid rocks which really characterizes
their appearance and origin, They look like mixed rocks, and they origi-

nate by the mixture of older rocks, and a latter erupted granitic magma,

and therefore the name migmatite is most appropriate."
    It is clear from the above that SEDERHoLM's migmati'te is descriptive

as well as genetic. Migmatite must have the appearance of a hybrid rock

and is not homogeneous. Migmatization is the process whereby "magma

injects to the older roek."

    K.'H. ScHEuMANN (1937) believed that knowledge of the provenanee
of magmatic substance was not necessary for the denomination. It is
necessary that a magmatic substance which has no relation with granitic

magma be produced. IIis coneept is different from that of SEDERHoLM.
    P. NIGGLI (1942, p. 36) defined migmatite as follows: "Migmatite is

a rock which is very heterogeneous and magmatic and occurs in rocks or

petrographic zones with a metamorphic structure. It grows in the transi-

tional zone between magma and solid roek and is affected by a certain

kind of metamorphism, during which it mostly }iquefies or melts without

a great voluminous change." ']]his definition signifies a hetrogeneous

mixture of o}d solid rock and new melt.

    According to H. H. READ (1944, 1957, p. 116), "Any one who has
worked in migmatite areas will admit that the products of inbibition
soaking or permeation are usual}y medium-grained and homogeneous,"
Migmatite is not always a coarsely mixed rock. He further advanced
the argument in 1951 (1957, p, 342) as follows: f`The migrnatites are
mixed rocks, resulting from the rnixt･ure of any older roek with introduced

material. This introduced material is o£ten said to be magmatic, but that
has to be proved in every ease. Indeed, the nature, amount, and function

of the introduced material provide the major problems of the migmatities.

This material may vary, it seems to me, from magma to the most tenuous

fluids eapable of metasomatic action. The product may vary from a
hgmogeneous rock produced by soaking to a coarsely mixed rock easily
separable into relie and granitic or granitized portions. . . . . .Later studies

have forced most students to believe that the provenanee of the migma

Portions of a migmatite is not an essential to the definition."
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    "This magma･tic portion can arise in place and not be conneeted with

granitic magma: migmatites may be special products of metamorphic
differentiation." (T. F. BARTH, 1952, p. 364)

    According to C. E. WEGMANN (1935), there are many types of classi-
fication of migmatite, e.g., venit, adergneiss, lit-par-lit injection, feldspar

porphyroblasten schiefer od. gneiss, agmatit, etc. But these represent
a few characteristics of various phenomena. The classification by the
mineral composition is useless. The classification should be based on the

structure and texture. "Die Migmatitforschung kann sich daher nicht
nur auf das Studiurr} von HandstUcken oder einzelner AufschlUsse be-
schranken; nur durch die Zusamrnenschau grosserer Bereiche und die
Erfassung ihrer geometrischen Elemente kann sie zu befridigenden
Ergebnissen gelangen." (C. E. WEGMANN, 1935, p. 310) Migmatite is,
in a broad sense, a product of metamorphic differentiation. It should be

classified on the basis of the structure and texture. The research ean be

aecomplished only through analysis and understanding on a large scale.

   4. Acknowledgment
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         II. Areas Divided on the Basis of the Tectonics'

   1. General Geology (Fig. 2)

    The Hidaka Mountains extend 140km from north to south; they
eover the Hidaka metamorphic belt where metamorphie rocks, migmatites,
and intrusive rocks are zonally arranged.

  The axis of the metamoyphic belt or the backbone of the mountains
consists chiefiy of migmatite, which is surrounded by gneiss, schist, and

 ' Migm5tite t'ectonies of the fiidaka metamorphic belt is to be described in another paper.
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hornfels east and west of the axis like beans covered by a peapod, although

they do not form a perfect symmetry.

    East of the backbone migmatite, banded gneiss, schistose hornfels,

and unmetamorphosed sedimentary rocks lie zonally from west to east.
West of the axis migmatite, plagioelase porphyroblast gneiss, and plagio--

clase porphyroblast schist are distributed from east to west. Thus the

west side is characterized by the presenee of schistose rock. The boundary

between ･metamorphic and unmetamorphie sedimentary is marked by a
great overthrust which limits the west margin of the Hidaka metamorphic

belt. Therefore hornfels is locally found only in small areas on the west

side of the axis.

    The asymmetry is found in the distribution of plutonic rocks too.
Many intrusive roeks, from basic to acidic ones, occur in the IEIidaka

metamorphic belt, The west and central parts of the metamorphic belt
are characterized by harmonic sheets of basic rocks and the west margin

is skirted by basic rocks such as peridotite, olivine gabbro and so on.

But in the eastern part of the metamorphie belt, basic rocks at each massif

discordantly cut across the structure of the country metamorphic roek,
while granite predominates further eastward of the zone.

    As a whole the zonal distribution of metamorphic rocks, migmatites

and igneous rocks is remarkable. The zonal arrangement is broken by the

centers of intrusions including the Poroshiyi-dake massif, intrusions
around ]Y{t. Pirikanupuri, and the Horoman-Oshirabetsu massif.

    The tectonics of migmat･ite is different from center to center. PoTo-

shir'i-dake massif is characterized by gneissose granite and an arch
of biotite migmatite in the upper reaches of the R. Satsunai. The Horo-

man-Oshirabetsu massif is associated with groups of domes of cordierite

migmatite. The intrusions around Mt. Pirikanupuri are emplaced on the
boundary beeween biotite migmatite and cordierite migmatite, i.e., at the

junction of the northern arch and southern dornes. Therefore these areas

have somewhat different lithologic character and structure respectively.

   2. Upper Reaches of the R. Satsunai

    The geologic formations of the upper reaehes of the R. Satsunai
eonsist of migmatites that occur widely south of the Poroshiri massif.

Basic rocks predominate west of the axis of the Hidaka metamorphic belt,

    The arrangement of rock species is given in the following table.

             Geologie formations exposed in the upper

                    reaches of the R. Satsunai
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   West Unmetamorphic formation (Kamui Gtoup)

          -(Overthrust)-
          Green schist
          Gabbro-amphibolite (peridotite)

          Brown hornblende amphibolite
          PlagioclaSe porphyroblast biotite gneiss

          Biotite hornb}ende gneiss

          Migmatitic gneiss
          Biotite migmatite

          Granitie migmatite
          Banded gneiss
          Schistose hornfels

          Hornfels
    East Unmetamorphic formation (Nakanogawa Group)
  The hornfels zone east of the axis is 6 km wide ; it marks the outer limits

of the metamorphic belt. It is composed of altered sandstone and slate

and the metamorphism increases with the nearness to the metarnorphic
belt unti} it becomes a perfectly recrystallized hornfels. West of the

hornfels zone through a sheared zone occurs schistose hornfels striking

northwest, which is the over-all trend of the metamorphic zone. The
gradual transition from hornfels to schistose hornfels can be observed

only at limited places. .  ' Leucocratic bands composed chiefiy of quartz and plagioclase run

parallel to the schistosity of schistose hornfe]s. They pass into banded

gneiss when their grains become coarser. The area of banded gneiss is
limited. A schistose hornfels is widely distributed again west of the
banded gneiss. The hornfels is traversed by leueocratic nets at random.
Palallel veins obliquely traverse the sehistosity of schistose hornfels and

banded gneiss in the area in question.

    The axial part around the backbone of the Hidaka Mts, is cQmposed
of biotite migmatite, which is agmatieic migmatite including palaeosomes,

that is, schistose hornfels, gneiss, migmatitie gneiss and amphibolite. I'e

forms a slender arch structure. Obliquely eutting leucocratic veins of

schistose hornfels and banded gneiss are the manifestation of a movement

associated with the rise of the biotite migmatite to form an arch structure.

    Granitie migmatite occurs like a narrow and long sheet along the
outer (east) side of biotite migmatite. Small bodies of it are found in

biotite migmatte.
    The area is characterized tectbnically by an arch of biotite migmatite

and associated obliquely crossing leucocratic veins of schistose hornfels



i20 K. KIzAKi

and banded gneiss.

    3. Mt. Kamui Area
    The distribution of rock species in the Mt. Kamui area is as follows:

                Roeks exposed in the Mt. Kamui area
    West Unmetamorphic formation (Kamui Group)
          -(Overthrust)-
           Green hornblende amphibolite

           Brown hornblende amphibolite
          Biotite hornblende gneiss
          Biotite (or cordierite) migmatite

          Banded gneiss
          Granite
          Sehistose hornfels

          Hornfels
    East Unmetamorphic formation (Nakanogawa Group)
    In this area a zone of honrfels, 4 km wide, is separated from sehistose

hornfels through a sheared zone. The schistose hornfels is likewise

separated from banded gneiss through a sheared zone at･ some places or

they merge into each other at some places, Sehistose hornfels, I km wide

and about 5 km long, oceurs in banded gneiss zone. Aecording to HAsE-

GAwA (1958, p. I7) the hornfels protrudes westward in an arc, forming
an anticline.

    There are biotite migmatite (Hasegawa's agmatitic migmatite) north

of the Mt. Kamui area and cordierite migmatite (HAsEGAwA's biotite
migmatite) south of it. They join in the area. The area is characterized
by the presence of the Nupinai granite, which is the only one granite with-

in the metamorphic zone, and it eoncordantly intrudes along the banded

gneiss. The granite contains scanty potash feldspar and is of the char-

acter of tonalite. It gradually merges into granitie migmatite to the

west (core).

   4. Southernmost Area

    The metamorphic belt along the Hidaka Mountains generally is about

20 km wide, but it swells to 30 km in width in the southernmost part to

cover an area from Horomalt, Hidaka province to Oshirabetsu, Tokachi
province. The hornfels zone in the east side of the belt is 3 km wide and

extends to the northward. The boundary between hornfels and schistose
hornfels cannot be exactly made clear because of the intrusion of gabbros

and of a sheared zone in the rn.iddle reaches of the R. Saruru. In the
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southwestern side the hornfels belt surrounds the Opira gabbro and
attains considerable widt,h along the extension of the gabbro. The schistose

hornfels on the southwest side merges into plagioclase porphyroblast

biotite schist or gneiss.
    The area is characterized by domes of cordierite migmatite, of which

the Oshirabetsu dome (KIzAKI, 1956), and Toyonidake dome (KAsuGAI,
1957) are the most remarkable. There is an anticlinal dome about Mt.

Rakko at the center north of the Oshirabetsu dome. Banded gneiss is

distributed around these domes. There are granitic migmatite and
gneissose migmatite along the boundary of these domes.

                        III. Petrography

   1. Sedimentary Roeks
    The Hidaka super-group which signifies the geosynelinal deposits in

the Hidaka orogeny includes all the sedimentary rocks that surround the

Hidaka metamorphic belt.
    The Hidaka super-group is divided into the Sorachi, Kamui and
Nakanogawa Groups. The Soraehi group (upper Hidaka super-group)
eonsists mainly of schalstein and chert, which are aecompanied by shale

and sandstone. The Kamui group (middle Hidaka super-group) is com-
posed of an alternation of shaly slate and sandstone with thin layers of

schalstein. The Nakanogawa group (lower Hidaka super-group) is com-
posed of an alternation of slate and indurate fine-grained sandstone (gray-

wacke). It is monotonous a}though thin layers of conglomerate are inter-

stratified in places,

    The Kamui group and schalstein layers mostly occur west of the
Hidaka metamorphic belt. Jurassic fossils have been discovered from the

upper part of the Sorachi group. The relation between the Nakanogawa
and the Kamui groups is not clear. They are assigned to pre-Cretaceous,

including Jurassie and pre-Jurassic.

                       Nakanogawa Group
    The Nakanogawa group is chiefiy found east of the metamorphic belt;

it consists of black fine-grained sandstone interbedded partially by black

slate. The black slate, alternated thin layers in sandstone is generally

massive and rarely possesses a well-developed fissility. The sandstone is

hard, bluish dark gray, and graywacke-like. Lithologically it is mono-

tonous without variation.
    From the state of alternation of sandstone and slate the stratigraphic
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position can be known ; it serves to make clear the structure of the Nakano-

gawa group. A disloeation that resulted from a minor fault is developed
only on the slaty portion ; it indicates a disturbance during the deposition

in a geosyncline. A black small-grained sandstone is slightly arkosic; it

abundantly contains fragments of quartz, chert, together with feldspar

and pieces of sandstone and slate. As ±'aults and shears caused by a later
displacement are fewer in the Nakanogawa group than in the Kmui group,
it is possible to verify the structure of the former by means of the grada-

tional transition of alternating layers.

    The general strike is NIOOW in the southern part, but it leans to
the east in the northern part, The direction of folding axis is N400E
in the neighbourhood of the upper reaches of the R. Satsunai. The dip is

generally steep, about 500 at the lowest. Isoclinal foldings dipping south-

eastward or northwestward are repeatedly met with.

                           Kamui Group
    The Kamui group is distributed west of the metarr}orphic belt; it is

characterized chiefiy by an alternation of sandstone and slate. Chert

and limestone are interbedded in some places. Some portions include
abundant schalstein. SIate is slightly shaly. Sandstone is composed of

black fine-grained sandstone and graywacke. From lithological character-

istics the Kamui group can be classified into some units, but their mutual

relation is unknown as they are separated from eaeh other by faults and

do not possess any key bed. The structure of the Kamui group cannot be

clarjfied without great difficulty because it is intensely crushed, sheared,

and displaced. It generally strikes N200N400W and dips steeply
eastward.

    In the west, shearing that resulted from the overthrusting of the

metamorphic zone is extreme, runs parallel or oblique to the metamorphic
belt, and forms cataclasite and phyllite.

    The cataclasite is derived from the slate and/or fine-grained sandstone

and is brownish dark gray or bluish gray in color. Under microscope
it is seen to have a cataclastic texture with crushed plagioclase and quartz.

The spaees around the erushed particles are partly fiIled with recrystallized

fine-grained quartz. The rock is stained dark eolor as a whole. Some of

the eataelasite which is composed of fine quartz grains less than O.Ol mm,

is so finely grained that the original texture is nearly destroyed. The

space between the quartz grains is fiIIed with minute flaekes of sericite,

and chlorite accompanied by opaque minerals. The rock resembles quartz

schist. Phyllite which shows a well-developed fissility, is siliceous.
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    The Hidaka super-group is monotonous sediment and forms the
geologic foundation of Hokkaid6 exeepting the southwestern part. It is
nothing but the sediment deposited in the Hidaka geosyncline, and the

source of the Hidaka metamorphic rock. The structural discordanee
between the Hidaka super-group west of the metamorphic belt and that
east of it, is important for !ocaeing the metamorphie belt.

   2. Metamorphic Rocl<s

    A. Hornfels
    Hornfels is most widely distributed east of the metamorphic belt.
In the west it is found in the vicinity of Karikachi Pass and covers small

areas adhering to the overthrust.
    East of the metamorphic bek the hornfels ranges 3 to 8 1<m in width

except near the R. Tottabetsu where it is 1 to 1.5 1<m wide beeause of the

eastward expansion of plutonic rock. It ranges from altered sandstone
and slate to perfectly recrystallized hornfels. Based on the Iithological

characters it is classified as follows:,

    (i) Altered sandstone and slate
    (ii) Biotite hornfels
    (iii) Cordierite hornfels

    (iv) Andalusite hornfels
    -(v) Garnet hornfels
    (vi) Hypersthene hornfels
(i) AItered sandstone and slate'
    The zone of altered sandstone and slate, as wide as 5N6 krn, extends

from north to south between the unaltered rock and the hornfels along

the east side of the hornfels zone. The process through which the un-

altered Hidaka super-group transits to the metamorphic rocks can be
observed only east of the metamorphic belt.

    Altered sandstone and slate are generally massive, and the original

stratification of alternation remains. A slaty part exists only in the

neighbourhood of the metamorphic zone slips; it is disturbed.

    Colorless or Iight brown anhedral biotite crystallizes out in the
cementing substance composed of minute grains, O,3 mm aeross, of plagio-

clase and quartz. The layered struetures of sediment are preserved,
though the growth of the anhedral biotite indicates the alteration. Biotite

is more easily formed in sandstone than in slate.

(ii) Biotite hornfels

    Bioti'te hornfels, 'several hundred meters to 1 km wide, is meridionally

distributed west (in the tnside) Qf the zone of altereCt sandstone and slate



124 K. KI'zAI{I
at the east of the metamorphic belt.

    West of the metamorphic belt, biotite hornfels occurs in the neigh-
bourhood of Karikaehi Pass; in a few areas, it lies separately along the

overthrust being several meters to some dozen meters wide ranging up
to scores of meters.

    The biotite honfels is massive, reddish-brown, and indurate; the
original structure of the provenance is hardly clear. In specimens that

are derived from the alternation of sandstone and slate, however, the

arrangement of the earbonaeeous substance in the argillaeeous portion
indieates a sedimentary structuTe even though the arenaceous portion is
perfeetly reerystallized.

    Under the microscope the rock is seen to be equigranular (O.05nv
O.lmm) with a typical hornfels texture. Quartz biotite plagioclase.

Muscovite and hornblende are included in some plaees. Minute grains
of iron ore are universally present. There are two varieties of quartz

grains. One of them is less than O.1 mm, recrystallizes as a matrix and

becomes still smaller, The other variet.y is about O.1mm in size and

rounded. Most biotite is about O.05mm and anhedral. Some biotites
possesses a tabular strueture and is subhedral, x :Iight brownish green

light brown, y=:brown, z=brown. 7"=1.640±. Plagioclase is anhedral to
subhedral, O.05NO.lmm, and mostly grows without twinning, An 30.
Muscovite grains are generally few, but near a shear zone or a diabase

dike they are abundantly found, leafy, and about O.Ol mm in diameter.

(iii) Cordierite hornfels

    Cordierite occurs loeally in biotite hornfels zone. It is found in the

vicinity of Ochiai near Karikachi Pass and east of the metamorphic belt.

Cordierite at Kanenosawa south of Oehiai is typical, whete hornfels is

exceedingly sheared and distinctly schistose with reliet crystals showing

Iayered structure of the original rocl<. Cordierite is associated with garnet

and andalusite. Small cordierite "augen" are numerous in the part of
biotite hornfels which is extremely schistose like phyllite along the eastern

margin of the schistose hornfels zone. It is reported that there is a five

meter thick schistose roek with many cordierites in the upper strearn of

the Kinen-zawa (HAsHIMoTo, 1953).
    Cordierite grains are O.5tvl.O mm in size, as Iarge as 5 mm, porphyro-

blastic, and anhedral. A few pseudohexagona,1 twinnings are found.
Cordierite usually alters to pinite.

(iv) Andalusite hornfels, (v) Garnet hornfels
    Andalusite hornfels and garnet hornfels are limited in locality, Most

of them, garnet espeeially, are assoeiated with cordierite. Andalusite
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hornfels is reported as eordierite-andalusite-garnet hornfels in the vicinity

of Ochiai, Karikachi Pass (Mad6, 1951). Garnet hornfels has been re-

ported in the southernmost area (IGi, 1956).

(iv) I{ypersthene hornfels (HAsHIMoTo, 1953)
    The hornfels occurs at a small area about the granite on the left of

the middle stream of the R. Tottabetsu in the northern part of the meta-

morphic belt. Very coarse-grained hornfels is well developed like a pool

near the eontact with granite. The country rock is biotite hornfels derived

from b}ack slate. Plagioclase (An 35-30), 1.J2mm, is porphyroblastie

and is associated with poikiloblastic quartz and potash feldspar. PoT-

phyroblasts of plagioclase in which small hypersthene crystals are in-

cluded, show a graphic texture resulting from the replacement of plagio-

clase by quartz along the cleavage and zonal strueture.

B. Schistose Biotite Hornfels

    Schistose hornfels is fundamentally different from massive biotite

hornfels in texture. The latter has been subjected to thermal metamor-

phism, in which the original texture and the position in the Hidaka
super-group, rem. ain unchanged. Although the lithologic character of
the former is nearly the same as that of the Iatter, it is characterized by

schistosity, which is parallel to the general strike of the metamorphic

zone and oblique to the over-all trend of the Hidaka super-group. Schistose

biotite hornfels in this region is generally separated from biotite hornfels

by a sheared zone. The former rather belongs to gneiss from the struc-
tural point of view.

    Based on the presence of a biotite spot the rock is divided into two

sorts : sehistose biotite spotted hornfels and schistose biotite hornfels. The

former is Iocated east of the rnetamorphie zone, and the latter west.

    Assemblages of the associated minerals are as follows :

    Quartz-plagioelase-biotite

    Quartz-plagioclase-biotite-muscovite-cordierite

    Quartz-plagioelase-biotite-muscovite-cordierite-garnet

    Quartz-plagioclase-biotite-muscovite-garnet

    Quartz-plagioclase-biotite-muscovite-garnet-sillimanite

    Quartz-plagioelase-biotite-(cordierite)-potash feldspar

    The combination of quartz, plagioelase, and biotite is the most im-
portant. The schistose biotite hornfels is classified into three types as

follows :

    (i) Schistose biotite spotted hornfels
    (ii) Sehistose biotite hornfels

    (iii) Other sehistose hornfels
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(i) Schistose biotite spotted hornfels

    Schistose biotite spotted hornfels is intermediate between hornfels

and banded gneiss and occurs east of the metamorphic belt. The body is

narrow, long and scores of meters to one kilometer wide; it runs parallel

to the metamorphic belt, striking northwest. The schistosity of the
schistose biotite spotted hornfels is stronger westward generally. A
leueocratic band is produced along the sehistosity of the rock until it

passes into a banded gneiss. In the migmatite zone, i.e., in the core zone

of the metamorphic belt in the upper streams of the R. Satsunai, Nakano,

and Saruru, schistose biotite spotted hornfels is fairly widely distributed ;

in it the schistosity is not very remarkable, and the leucocratie vein is

not banded, but forms a network. The rock is direetly agmatized as
palaeosomes without passing 'through gneiss.

    The rock is reddish brown and intensely sehistose with spots of
biotite arranged on foliation planes. Microfolds and Iineation are distinct.

    The microseope reveals the following faets. A fiat biotite spot which

is 1 mm in diameter and an aggregation of minute particles lies with a

preferred orientation in a homogeneous matrix. The matrix is perfectly

reerystallized. The grains, O.1mm, are equigranular without preferred
orientation in part, but the matrix shows a parallel texture. Some quartz

grains, O.5Nl mm in diameter, are porphyroblastie and show slight un-
dulate extinction. PIagioclase mostly is anhedral or subhedral without

twinning, although some twins occur after the albite law. An 30-35.
Biotite, O.lmm, is Ieafy and aggregates to a spot. x=light brownish

green, y=brown, z==brown, T±1.635. Iron ore, apatite, orthQelase, and

museovite are accessory constituents. '' '
(ii) Schistose biotite hornfels

    Schistose biotite hornfels is dist-ributed from the west of the Horoman

massif in the southernmost area to the west of the Toyonidake Migmatite

dome. It skirts the west (out) side of plagioclase porphyroblast biotite

gneiss, and northward from the vicinity of Oizumi, it merges into plagio-

clase porphyroblast biotite schist in the direetion of the strike, West of

the Toyonidake dome it is the widest, attaining 2N4km. Further west
it is separated from the unmetamorphosed Hidaka super-group by the
Asahi-Chipira fault.

    Various basic rocks intrude into the schistose biotite hornfels, react

on it, and form eharaeteristic metamorphic roeks sueh as hornblende-

cordierite-garnet schist ([E{uNAHAsHI, 1948; HuNAHAsm and IGI, 1956).
    The shistosity is variable, some rock being nearly massive' while
other is like biotite sch.ist, but the hornfels texture is clear. The biotite
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spot is not present. The process that･ forms schistosity is as fol}ows:

After a rock is converted into hornfels, a fine slipping plane is formed

in it to a definite direction. On the plane a pale band composed chiefiy

of quartz is produced. The rock generally is resinous, dark brown, and

schistose. Lineations are rernarkable.

    Quartz and plagioclase are equigranular, grains being mostly less

than O.lmm in size and possessing a mosaie texture. Plagioclase is

anhedralorsubhedral. Twinsarenotmany. An30±. Biotiteisanhedral
and Ieafy (O.3 mm) or cloudy and fiIIs the spaees around plagioclase grains.

x==greenish light brown, y=gellowish brown, z=:reddish brown. T=1.637N
1.643. 0rthoelase, muscovite, minute scales (O.OINO.05 mm) of iron ore

and apatite occur scatteringly. Iron ore takes the form of magnetite and

pyrrhotite, which is disseminated not only in the hornfels zone but in the

migmatite and gneiss areas.

(iii) Other schistose hornfels

    Sehistose hornfels containing eordierite, garnet, and/or sillimanite

are locally distributed in the northern area and in the southernmost area

of the Hidaka metamorphic belt.

    Cordierite, O.5 mm, is found as small porphyroblasts in spawn-shape,

It mostly alters to pinite and usually associates with muscovite and garnet.

Bits of garnet, about 5mm in diameter, are granular, subhedral or
euhedral, and probably belongs･to almandine. Sillimanite is found as
minute needles.

    C. Plagioelase Porphyrob}ast Biotite Schist

    Plagioclase porphyroblast biotite schist, in an area IN2 km wide and

20 km Iong, is found only in the west side of the southernmost area. It

lies between the overthrust and the gabbro amphibolite zone along the

west side of the Horoman massif. Southward it gradually merges into
schistose biotite hornfels along the strike. The plane of foliation gener-

ally strikes NNW and dips 600E, Near the R. Onarushibe the dip is
nearly horizontal, thrusting westward. The same phenomenon is met with

in the southern part of the pyroxene peridotite near Horoman.

    The roek is yellowish brown and very foliated and has a well-
developed foliation plane spotted with many plagioelase porphyroblasts.

    Under the microscope it can be seen that the roek has a schistosity

with strong preferred orientation and that spindle-shaped plagioclase
porphyroblasts are enclosed with quartz and biotite which appear to have

been erushed. Important constituent minerals are plagioclase, quartz and

biotite. Usual accessory minerals are zircon, apatite, and iron ore, Por-

phyroblastic plagioclase, O.5t-1 mm in length, is in the shape of spindles



and An 30±. Quartz, less than O.1 mm in diameter, mostly is irregularly
granular and shows wavy extinction. Biotite, O.05mm in diameter, is
leafy, partly shows undulatory extinetion, and twinned. x= yellow, y iiz =

reddish brown, It partly merges into chlorite. Cordierite, about O.1 mm
in diameter, takes the form of porphyroblasts, and ineludes minute grains

of quartz. Usually it alters to pinite. Garnet, O.1mm in diameter, is

granular and rarely euhedral.

   D. Gneisses
    Zones of gneisses are meridionally distributed on both sides of the

migmatites. Banded biotite gneiss is on the east side and plagioclase
porphyroblast biotite gneiss, biOtite hornblende gneiss and most of migma-

titie gneiss on the west side,

    They do not uniformly occur from north to south. Their distribution

and width are variable due to the structure and igneous activity, They

are elassified as follows :

    (i) Banded biotite gneiss
    (ii) Plagioclase porphyroblast biotite gneiss

15c me･

Fig. 2. Plagioclase porphyroblasts occurring in sheared,part

      of banded biotite gneiss (Gnb) aggregate to make
      granitiq migmatite (Mg), C: (calcareous nodule)
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    (iii) Biotite hornblende gneiss

    (iv) Migmatiticgneiss
(i) Banded biotite gneiss
    All those gneisses which occupy the eastern part of the metamorphic

belt belong to the banded biotite gneiss type. They generally occur between

the schistose hornfels and the migmatite zones. But a long narrow belt of

banded biotite gneiss is west of gneissose granite in the upper reaches of

the R. Pipairo. A narrow belt of the roek oecurs loeally west of schistose

hornfels in the upper stream of the R. Satsunai. It is as wide as 3km,

and interbeds schistose hornfels in it in the upper reaches of the R.
Nakano. Mostly it is on]y several meters wide at t'he margin of the
Oshirabetsu dome, and it is interstratified between eoTdierite migmatite

domes in the southernmost area.

    It gradually merges into sehistose biotite spotted hornfels and transits

to migmatite abruptly. A leucocratic band grows along the plane of
schistosity of schistose biotite hornfels. The quantity of the band in--

creases and the rock becomes more coarse-grained until it passes into
banded gneiss. Banded biotite gneiss is made up of white bands composed

of leueocratic minerals and brown ones chiefly of biotite. The bands vary

from 2 to 10 mm in width ; they are usually rnarl<ed with a microfold and

a ptygmatic fold. Clear Iineation is produeed on the plane of foliation by

the microfold and the arrangement of biotite.

    The leucocratic portion is ehiefly eomposed of quartz and plagioclase

O.5rh-lmm in size; a small quantity of biotite is associated with it.
Plagioclase partly is porphyroblastic (1 cm) in which inclusions of biotite

and quartz are abundant. An 25-35. A basic portion consists essentially

of biotite with a small amount of plagioclase and quartz. A remnant of

sehistose hornfels texture remains in a basic portion of low grade banded

biotite gneiss. The rock generally is granoblastic. The parallel arrange-

rnent of biotite is remarkable. Biotite is O.5t-vl.Omm in size; x=light

brown, yi÷z= reddish brown; o"= 1.634s-,1.642. An of plagioclase attains
45 percent in basic brown band. Orthoclase, muscovite, apatite, and
inagnetite are usually met with. Orthoelase is anhedral and fills the space

around other minerals, forming myrmekites. Cordierite, garnet, and
fibrous sillimanite occur as accessory minerals.

(ii) PIagioclase porphyroblast biotite gneiss

    Plagioclase porphyroblast biotite gneiss is typical representative of

the gneisses west of the metamorphic belt. A zone of it, about 3 km wide,

occurs east of plagioclase porphyroblast biotite sehist and west of the

Horoman plutonic massif in the southern area, It merges into schistose



130 K. I<IzAKI
biotite hornfels along the strike in the southern area. From the middle

to the northern area the rock branches into septa several to scores of

meters wide and is intercalated in gabbro amphibolite or gabbro. The
gneiss contaminated with amphibolite forms biotite hornblende gneiss.

    Plagioelase porphyroblast biotite gneiss consist chiefly of biotite with

many spots of plagioclase porphyroblasts, It is dark brown and has a

strong schistose structure. Plagioclase porphyroblasts, 2Bv3mm in size,

eoncentrate along the plane of schistosity and form a band or a belt,
several meters thick, developing a coarse-grained rock (migmatitic gneiss) .

    Under the mieroscope the roek is seen to have gneissose texture with

eonspieuously porphyroblastic plagioclases. Quartz and biotite among
the porphyroblasts are crushed and eompressed in a definite direction.

    Principal minerals are plagioclase, biotite and quartz. Garnet,
apatite, zireon, and iron ore are associated accessorily. Plagioclase grains

are generally less than 1.5 mm in size, ellipsoidal, phenoerystal, slightly

deeomposed, and mostly serieitized inside. An 30-40. Biotite is about
O.2mm in size, leafy, of preferred orientation, usually curved, strongly

pleochroic, x=:greenish light brown, y=brown, z=reddish, brown, 7o=1.641.

Quartz is less than O.l mm in size and irregular, form matrix, and shows

wavy extinction. Garnet oecurs usually in the rocl< from north to south,

and is porphyroblastic, O.2r-vO.5 mm in size. A few potash-feldspars form

rnyrmekites. Andalusite porphyroblasts are found in the southernmost

area.
(iii) Biotite hornblende gneiss

    The gneisses described above are derived from sediments, but biotite

hornblende gneiss is migmatized amphibolite.

    It is distributed between the gabbro amphibolite and the migmatite

zone in the area from the middle to the south of the metamorphic zone.

It is not found near Mt. Kamui because migmatite protrudes westward
there. The alternation of the plagioclase porphyroblast biotite gneiss

and the sheet of amphibolite occurs at the southern extension of the biotite

hornblende gneiss. In the northern area the blocks of amphibolite scatter

or make a boudinage strueture in the plagioclase porphyroblast biotite
   .gnelss.
    The biotite hornblende gneiss is very heterogeneous ; a several meters

thick Iayer of it alternates with coarse-grained migmatitic gneiss; the

layers of five centimeters in thieknss that are composed ehiefiy of either

hornblende or biotite make a banded structure. As a whole the roek is
medium-- or coarse-grained; it possesses strong sehistosity and preferred

orientaiton of minerals,
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    The microscope reveals that the rock is equigranular and granoblastic,

has preferred orientation. It consists chiefly of plagioclase, hornblende

and biotite, associated accessorily with quartz, apatite, zircon, and titanite.

The plagioclase, lr-1.5 mm in size, is porphyroblastjc which is anhedral to

subhedral andpartly shows ellipsoidal. An 35-45. Hornblende is 1mm
in size;cAz=150t-v220; x:::colorless, z=light browntwbrownish light green.

Biotite (1 mm) is leafy; x==light brown, y=!i z:=reddish brown.

(iv) Migmatitic gneiss
    Migmatitic gneiss is scattered as small sheet-like bodies near the

boundary between the plagioclase porphyroblast gneiss and biotite migma-

tite £rom the upper stream of the R. Satsunai of the northern area to the
southernmost area, It corresponds to the portion of biotite hornblende

gneiss that is free from hornblende. The eolor of biotite is darker than

that of the other gneisses and migmatites.

    Under the microscope it can be seen that the rocl< is granoblastic with

plagioclase porphyroblasts. Principal minerals are piagioclase quartz
biotite while accessory ones are garnet, muscovite, apatite, zircon, titanite,

and iron ore. Plagioclase, INI,5mm in size, usually is ellipsoidal, por-

phyroblastic. An 30-40. Quartz fiils the space around particles of other

minerals, and is irregular; it shows wavy extinction. A leaf of biotite

surrounds plagioclase grains. x:=:brownish Iight green, y=brown, z=
reddish brown. oi=1.640. Garnet is common, 1.5mm in size, and por-
phyroblastic. Small grains of quartz, O.1mm in size, are included in a
poikilitic condition of garnet.

    IS([igmatitic gneiss in the upper reaehes of the R. Soematsu of the

middle area contains many porphyroblasts of garnet (}IAsEGAwA, 1958).
The garnet possesses a cleavage perpendicular to the schistosity and
includes grains of quartz and feldspar in a poikilitic state, The biotite

in the migmatitic gneiss in question is pleochroic x=light yellow, yiiz

dark brown.

   3. Migmatites

    In the core of the Hidaka metamorphic belt, granitic rocks exeend
meridionally. The roeks occurring between two zones of the gneisses and

being partly overlain with gabbro were formerly believed to be a kind of

granite but now are assigned to migmatite on the basis of the following
f,acts:

    a) The granitic rock in question transits gradually from gneiss,

    b) Remnants of the original gneissic structure remain in the so-
        ealled "granite" or "quartz dioritic rock."
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   e) Gneiss and/or hornfels exists as palaeosomes in migmatite.

   d) A thin layer of amphibolite embedded in gneiss extends for a
       distance possessing original sheet-like structure even in the case

       where the country rock may be granitized.
   e) Many caleareous nodules which have been metamorphosed are
       preserved as relics in gneisses and･migmatites.
   f) Microscope reveals that the granitic roek possesses a granoblastie

       texture, a product of metamorphism, in which plagioclase shows

       a' round form.
    g) Porphyroblasts of plagioclase are found in it.
    Based on the oceurrence and mineral composition the migmatite is

classified as follows:

    (i) Biotite migmatite
    (ii) Cordierite migmatite
    (iii) Gneissose migmatite
    (iv) Granitic migmatite
(i) Biotite migmatite
    Biotite migmatite, lr-s?5 km wide, is distributed along the main Tidge

of the Hidaka Mountains from the upper reaches of the R. Satsunai to the

neighbourhood of Mt. Kamui forming a structural unit.

xK;¥#2ts"@

s"ses:

Fig. 3.

                 vt

   Gnbss% &rs,,.

  --    .-                  lm
Agmatitic part of biotite migmatite (Mb)
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    ln the east side, migmatite is usually derived from banded gneiss and

partly from polyvenite. The transformation generally is gradual, but

unconformity is met with in places for blocks of sehistose hornfels,

gneiss, and migmatitic gneiss have been enclosed as palaeosomes (Figs.
3, 9).

    The biotite migmatite shows an arch structure, which slopes north-

ward and southward with its center in the vicinity of the upper stream
of the R. Satsunai.

    The roek is medium-grained and light gray and shows a slight pre-
ferred orientation. It is an agrnatitic rock eontaining many palaeosomes

such as gneisses, schistose hornfelses, amphibolites, and gabbros which
are spindle-Iike from several to scores of centimeters in size, and schlieren

    Under the microscope the texture of the rock is seen to be grano-
blastic. The essential minerals are plagioclase>quaTtz>biotite whilst the

aceessory minerals are hornblende, potash feldspar, muscovite, apatite,

chlorite, titanite, and iron ore. Plagioclase (IN2mm) is rounded, an-
hedral or subhedral, partly saussuritized, and mosdy fresh. Various twins

are met with the albite twin being predominant. An 35±. Quartz grains,
about 1mm, are anhedral and fi11 the space around other minerals. Bio-

tite (lr-1.5mm) shows a weak preferred orientation and a subhedral.
x=brownish light green, y=brown, z=reddish brown; 7"=1.638. Horn-
blende, lmm in size, is light green and weakly pleochroic; it has a

poikilitic texture with minute grains of quartz. Po£ash feldspar forms
myrmekites and fills the spaee around other minerals.

    Palaeosomes of gneiss:
    The palaeosomes of gneiss in migmatite are slightly different from

original gneiss mineralogically and more basic chemically. Plagioclase
which is more calcic than that of true gneiss possesses a poikilitic or a

sieve texture. An 35--45. Green hornblende grows in a poikilitic condi-

tion. Apatite and iron ore are relatively abundant.

(ii) Cordierite migmatite / '
    Cordierite migmatite occurs from Mt. Pirika to the southern area.
It can be roughly classified into three structural units. Each unit has a

dome at the center and each dome is enclosed with gneiss. The northern

unit a}ong the ridge of the mountains is made up of an eastward incli-

ing anticlinal dome of 6km width and 20km Iength. It is accompanied

by the Oshirabetsu dome to the southeast and the Toyonidake dome to
the southwest.

    The Oshirabetsu dome, 2.5 km wide, is like a northward sinldng fire-
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ball. The Toyonidake dome, 5km wide, inclines northwest; it comes in

contaet on the east with schistose hornfels which has been brought there

by a fault, and on the western front adjoins also schistose hornfels in

which lie small lenses of cordierite migmatite. Banded biotite gneiss

always occurs along the transitional zone (KAsuGAI, 1957) .

    Palaeosomes, as large as 5NIOO cm, occur in the cordierite migmatite

which is agmatitic. Irregular pools of quartz are always present alongside

of these palaeosomes. Palaeosomes are mostly elongated into ellipsoids

without definite direction, showing S shape strueture or rotation, The

rock is light bluish gray, medium-grained, with slight preferred orienta-

tion. The migmatite which contains abundant cordierite shows peeuliar

light bluish gray. '    Under the microscope the rock is seen to eonsist ehiefiy of plagioclase,

biotite, quartz with subordinate amounts of cordierite, muscovite, potash

feldspar, apatite, zireon, sphene, garnet, sillimanite and iron ore. Plagio-

clase, about lmm in size, is slightly subhedral ellipsoidal with many

albite twins. An 30-35. Quartz, O.5mm, is anhedral. Usually quartz
fills the space around components, and is porphyritie (1.0 mm) in part.

Biotite pieces, O.5t4hvl,Om, are flat; x=greenish Iight brown, y=brown,

z:=reddish brown; T=1.643t-1.647. The amount of cordierite varies ac-
cording to the locality, so that there is no cordierite at some localities.

Generally cordierite is ellipsoidal in form, porphyroblastic, subhedral or

anhedral and turns into pinite. 2VAf=45±. B=1.558. A little musco-
vite is present, but in some plaees muscovite develops well, entirely re-

placing biotite. Hornblende is }ocal}y found, anhedral or subhedral, light

green and very weak pleochroic. Garne't, O.5 mm, is granular and some-
times decomposes into a fine plate of biotite.

(iii) Gneissose migmatite

    A gneissose migmatite belt, lt--2km wide and 15km Iong, is distri-

buted in cordierite migmatite in the middle reaches of the R, Saruru in

the southernmost area. '
    The gneissose migrnatite exhibiting alternations of cordierite rnigma-

tite with banded gneiss or schistose hornfels shows the structure of a
lit-par-lit injection gneiss; it folds on a various scale. The main charac-

teristic of this migmatite is that large porphyroblasts of cordierite and

sillimanite are developed. Locally potash feldspar quartz are present.

'rheir porphyroblasts exist together or one of them does predominate,

They push away the plane of schistosity in order to grow. Quartz and
potash feldspar are met with in the portion of a leueocratic band that is

produced by segregation concentration.
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                                   '
    Sillimanite, 3.5×1 cm and as large as 5×3 cm, occurring in euhedral
prismatic crystals, is bluish grayrh-light red. The cleavage is perfect and

brilliant. a=1.664, B==1.671, 7=1.684, 2Vz==310. Cordierite is l.5xlcm

and as large as 7×5 em, porphyritic, ellipsoidal, dark green, and euhedral,
without twinning, 7"=:1.563. The matrix is equigranular, the crystals

measuring about O.5mm. Essential minerals include plagioclase, quartz,

biotite, and muscovite; accessory minerals are fibrous sillimanite, garnet,

potash feldspare, apatite, zircon, and iron ore.

(iv) Granitic migmatite

                ,4}if ""ai g{¥s ., k

Fig. 5.

              siew

  lm

Granitie migmatite (Mg) in which palaeosomes

of sehistose hornfels (Hs) are included,
develops in banded biotite gneiss.
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    Generally small bodies of granitic migmatite are sporadically scat-

tered in the biotite migmatite and cordierite migmatite areas, In the
upper reaches of the R. Satsunai, this type of migmatite dozens to several

hundred meters thick and 15 km long, oecurs conformably in the banded
biotite gneiss and schistose hornfels zones. Remnants of the gneiss lie
in the migmatite parallel to the boundary, The migmatite is generally

homogeneous although round or ellipsoidal aggregations of biotite are

included. Lenticular bodies of granitic migmaeite occur in cordierite

migmatite. Irregular veins or networks of granitic migmatite grow in
corderite migmatite, forming plagioclase porphyrob}asts, the grains of

component minerals turning coarser unti} small granitic bodies are

    The rock is coarse-grained, slightly massive, leucoeratic and it shows

a regular joint.
    The microscope reveals that the texture of granitic migmatite is

granoblastic and that of a comparatively coarser variety is pegmatitie.

At the margin of the rock where transition takes place a plagioclase
porphyroblastie texture develops well to produce a porphyritic structure.

Essential minerals are muscovite, apatite, zircon, iron ore, and rarely light

green hornblende. PIagioclase, O.5N5mm and mostly 2mm in size, is
subhedral or anhedral, An 35, includes biotite and quartz, and exhibits

porphyroblastic character. Biotite, le-ti･2mm is leafy or tabular. ×=
greenish light brown, y=yellowish brown, z=yellowish brown, The color
of it is lighter than that of the biotite of gneiss. 7==1.649. Apatite is

less than O.5 mm in size, prismatic, and euhedral. Iron ore is in grains
of less than O.5 rnm, mostly granular, and scattered. Fine grains of garnet

are contained in places.

    4. ApliteDikes
    Leucocratic aplite dikes, O.5enu2m wide, traverse sehistose hornfels,

gneiss and migmatite in places. Some of them are dilation dikes or re--

placement dikes. The former are thought to have been caused by bulging

of the country rock; the latter include palaeosomes of gneiss which are

kept in original position. These dilation and replacement dikes are
abundant in the zone of rnetamorphie rocks. Leucocratic dikes which
occur at the outside of schistose biotite spotted hornfels along a shear

zone are comprised of real aplites.

    Under the microscope fine-grained aplite is seen to have a mosaie

texture and medium or coarse grained aplite has constituents of remark-

 able plagioclase and quartz phenocrysts, Essential minerals are: plagio-



clase>quartz>biotite potash feldspar; and accessories, muscovite, tieanite,

zircon, zoisite, and chlorite. Plagioclase, 1fiv2mm, is anhedral or sub-

hedral, more or less saussuritized. Much plagioelase shows a distinct

twin, and a sieve texture is present. Quartz, about 1mm, is anhedral
and shows wavy extinction. Minute pieces of biotite, about O.3mm are

scattered; they are chloritized in part. x=Iight, greenish brown, y=

brown, z=dark brown. Potash feldspar fiIls the spaces around other
minerals and repiaces plagioclase. Myrmekites are numerous.

   5. Granitie Migmatite outside the Metamorphic Belt

                        (Petroblastic Roek)
    The granitie migmatite in question develops only on the eastern edge

of the southern area, outside the metamorphic belt. It is typically formed

in the upper streams of the R. Nozuka and R. Bihoro of the southernmost

area; it is different in lithologic eharacter and occurrence from the aplite

that scatters along.the sheared zone outside schistose biotite spotted
hornfels.

    In the upper reaches of the R, Bihoro a series of granitic migmatite

occurrences are found in the biotite･ hornfels along a large sheared zone

parallel to the metamorphic belt. The migmatite bodies are as wide as

200 rn in maximum and range from several meters to 2km long. The
migmatite is charaeterized by plagioclase porphyroblasts and is very
heterogeneous, comprising hornfels, biotite sehist, biotite gneiss and fine

grained gabbro. The portion of the hornfels where plagioclase porphyro-

blasts are scattered, abruptly passes into granitic migmatite as a result
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of the concentration of the porphyroblasts. More preeisely, quartz por--

phyroblasts, about 1.0mm in size, grow in hornfels, then plagioclase
phenocrysts, 1.5fi"2.0 mm in size, are made as porphyroblasts, but the size

of biotite flakes don't increase very greatly and its hornfelsic character

remains (Fig. 6). Al} the grains swell further inside of the body and the

porphyroblasts are scattered or coneentrated to make a pool several dozen

millimeters across. Thus hornfels passes into granitic migmatite. Pala-

eosomes of gabbro, several to scores of centimeters in diameter, are
scattered in the migmatite. In the palaeosomes, plagioclase porphyroblasts

develop as mantleblast having a core of basie plagioelase of gabbro.

    The granitie migmatite is eoarse-grained, slightly porphyritic, and

leucocratic. The essential minerals are plagioclase>quartz>potash feld-

spar>biotite; and aecessory minerals, hornblende, muscovite, zircon,
apatite, and iron ore. Plagioclase, about 2 mm in size, is porphyroblastic

and possesses minute inclusions of biotite and.quartz, which are arranged

along zonal structure. Many small grains of plagioclase, O.5"vl.Omm in
size, aggregate into single erystal. The middle portion, An 40-45 and the

outer mantle, An 20-25. Potash feldspar fills the space around other
minerals and is anhedral. Some, in 2 mm grains, is porphyroblastie and

includes plagioclase, quartz, and muscovite (Fig. 7). Quartz (1mm) is
anhedral. Under the mieroscope a quartz vein whieh extends from grani-

tie rock to hornfels is seen to be composed of arranged anhedral porphyro-

blasts, 1 mm in size, including biotite, etc. of hornfels. Biotite, lf･vl.5 mm

Iong is leafy. x=Iight yellowish brown, y=z=natal brown.
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            Fig. 7. Porphyroblast of orthoclase including

                   quartz, plagioclase and biotite.

The granitic rock above described is judged from lithologic character,
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occurrence, and growth to correspond to the granitic･ migmatite in the
metamorphic belt. The roek in question coincides with the so-ealled Kami-

shibetsu gneiss from Okushibetsu, northern Hokkaido (KIzAKi, 1959).
The occurrehee and Iithologic character of therr} are very similar.

   6, Granites

    Granites oecur only east of the metamorphic belt mostly in association

with basic plutonie rocks. They are classified as follow:

    (i) Gneissose granite
    (ii) Granite
(i) Gneissose granite (]E{AsHIMoTo, 1958)

    Gneissose granite, in an area 4 km wide and 12 km long from NNW
to SSE, oecurs in the upper reaches of the R. Pipairo as a concordant

intrusive. It is emplaced in the zone corresponding to the schistose

hornfels and banded gneiss zones. The western part of the gneissose
granite body is occupied by cordierite migmatite. The granite is a biotite

granite that is eoarse grained and has either schistosity or a Iinear

structure.

    The essential minerals are potash feldspar, plagioclase, quartz and
biotite. The gneissose granite is generally crushed and recrystallized.

Plagioelase, 2･n"O.5 mm, is subhedral and scarcely shows any zonal strue-

ture. An 30. Biotite plates, O.5Nl.Omm, are parallel. x==light yellow,

y#rz=reddish brown. Quartz and potash feldspar fi11 the spaces around
plagioclase and biotite grains. Fine recTystallized grains of plagioclase

are developed around the plagioelase phenocrysts. Potash feldspar spreads

over the crushed or recrystallized portion replacing plagioclase.

(ii) Granite
    Granite oecurs usually at the east side of t,he metamorphic belt.

Petrographically the granite belongs to biotite granite or granodiorite

though the two are slightly different. The granite at Bitatanunke, Oshira-

betsu contains a small amount of hornblende and potash feldspar while
some portions are rich in biotite, keeping a gneissie structure. A portion

of the granite cannot be different from cordierite migmatite as it shows

the migmatitie character. The granite at Soematsu and Pirika is within

the metamorphie belt and is gradually transformed from granitie migma-

tite west of the granite. At Tokachishimizu the granite is disseminated

with pyrrhotite. Dissemination is a common character of migmatites.

    Under the microscope 'the granite is seen to consist of long Iath-

shaped plagioelase, potash feldspaT, quartz and biotite crystals. Although

their combination and form is cQmpletely different from those in rnigma-
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 tite, the relation with migmaeite is significant in conneeton with the

 evolution of granitie rocks,

    7. Calcareous Nodules

     Caleareous nodules are universally found in fine-grained sandstone of

 the Nakanogawa group and also are distributed from hornfels to migma-

 tite. Their forms become distinct when they undergo alteration the in-

 tensity of which corresponds to the grade of the metamorphism.

     Nodules are spherical or lenticular, generally 10 em across and as

 large as 1m in the southern area. They are here and there interbedded
 parallel to the plane of sedimentation.

     J. SuzuKI (1934) first described the ealcareous nodules found in
 hornfels. They are hard and compact and have a coneentric zonal struc-

 ture. The surface is bluish or greenish light gray. The inner part
 consists of lime silicate minerals and has the eomposition of skarn.

     The outer part is greenish, darker than the center, and composed of

 grains, about O.1 mm across, of plagioclase, diopside, green hornblende,

 clinozoisite, quartz and amorphous dust particles. The plagioclase, Iess

 than O.1 mm in size, is granular and An 70±. Diopside, O.1 mm, is short-
 eolumnar. 2Vz==580,eAz=400. Nearly colorless hornb!ende, O.3mm in
 diameter, is long-eolumnar and subhedral. Clinozoisite, O.1mm, is long-

' columnar and subhedral. Clinozoisite, O.1 mm, is anhedral and colorless.

 Biotite, less than O.3 mm, is leafy, x=yellowish brown, y =brown, z=dark

 brown. In addition to it, iron ore oecurs scatteringly. The eentral part

 is whiti.sh with a tint of greenish or bluishh-light gray: it is composed of

 plagioclase, whieh is specially abundant, diopside, quartz, clinozoisite light

 green hornblende and iron ore. Plagioelase, diopside and clinozoisite
 grains are similar to those in the peripheral part except that their size is

 generally Iarger ranging from O.3 to O.5 mm.

     In gneiss some nodules are prolonged into lenticular form and are
 devoid of a zonal structure. Quartz in the nodule is increased and oecurs

 as a minute grain, about O.1 mm in size, forming the matrix and showing

 wavy extinction. Poikiloblastie diopside, O.lmm in size, is aggregated

 into porphyroblasts. In addition, there occur eolorless or light green
 hornblende, clinozoisite and iron ore.

     Garnet, besides the minerals above noted, oecurs at the center of the

 nodules in the migmatite zone. When the garnet is yellowish brown and
 exhibits a poikiloblastic texture (1.0mm in size), it entirely covers the

 central part. In this case the outer part is rieh in biotite. Orbicular rock

 is met with in the transitional portion between banded gneiss and granitic



migmatite in the upper reaches of the R. Satsunai. The periphery of the

orbicular rock consists chiefiy of biotite, plagioelase, and quartz and a

fair amount of fine-grained titanite, chlorite and sericite. They show a

mosaic texture, grains being Iess than O.2 mm on an average. Biotite has

a tendency to lie with its lohger axis parallel to the concentric circle. The

tendency is especially strong in the biotite that oecurs in the periphery

x=Iight brown, y !i z--brown. The plagioclase mostly measures less than
O.2 mm, is granular, and exhibits albite twins. The twinning plane ehiefly

is parallel to the concentrie cirele. An 35. Quartz, O.lmm, shows a
mosaic texture. Nucleus part is separated from the periphery by three
coneentrie zones of biot-ite aggregate, though the boundary between bio-
tite rieh zone and biotite poor zOne is not distinct. ']]he zones are maTked

by a gradual change in the amount of biotite. The nuc!eus whieh is
generally dirty consists of hornblende, quartz, elinozoisite, chlorite, seri-

cite, titanite and pyrrhotite. Light brown hornblende ranges from poikilo-

blast, O,5 mm in size to very minute crystals of O.1 mm and is anhedral

with obscure cleavage; 2Vi=100 and like ferrohastingsite. Quartz, O,1
mm, has a mosaic texture and is similar to that in the pheriphery, Many

minute pieces of titanite occur scatteredly. Minute, euhedral, hexagonal

crystal, O.05mm, of pyrrhotite are abundantly found. The crystals as

large as O.1 mm are anhedral. As stated above the calcareous nodules in
the Nakanogawa group are altered according to the grade of the meta-

morphism of the country rock.

    In addition, a manganese nodule is found in banded biotite gneiss in

the upper reaches of the R. Nakano in the middle part of the metamorphic

belt (KIzAKI and KANAyAMA, 1958).

                        IV. Migmatization

    The writer has employed terms based on rather the classic standard

of classification. The idea of migmatite is formed chiefiy from field
observation. It is on a so large seale that microscopical investigation of

speeimens is not enough although sueh minute study is helpful.

    As the definition of migmatite has already been clarified, the writer

will describe the migmatization series based on field observations. The

investigation is from the viewpoints of metamorphism, metasomatism
and teetonics.

    Migmatization starts at the stage of schistose hornfels. The schisto-

sity of hornfels is intensified, and a leucocratic band, about 5 mm wide, is

produced parallel to ehe schistosity. The grain of the. band becomes
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coarseT until the hornfels turns to banded gneiss. The veined sehistose

hornfels and banded gneiss are defined as venite. The band is, however,

not always parallel to schistosity. The Ieucocratic band of sehistose horn-

fels inside the gneiss zone is not invariably parallel to the schistosity, and

the rock is marked with a network of veins which sometimes shows
ptygmatic folding. The rock is to be considered as a kind of venite
though the veins don't run parallel to the schistosity. In order to make

distinction between them, the former is named a-venite which is eharae-

terized by parallel veins sueh as the veined schistose hornfels and banded

gneiss, and the latter, 7-venite marked with networks. Polyvenite is
another form, which is an a-venite traversed by oblique parallel veins that

mark a high order structure associated with the upwarping of the biotite

migmatite areh.

    One of the most important factors in migmatization is the inerease
in the grain size as well as the development of leucocratic veins in schistose

hornfels. The grain size abruptly increases according to the progress of

Fig. 8. Fine migmatite

o£ sehistose hornfels (Hs)

(coarse hornfels) (Mf) with palaeosomes

is replaced by granitic migmatite (Mg)



metamorphism successively from outside of the metamorphic zone ac-
companied by vein formation in schistose hornfels, ･a-venite or banded

gneiss. The schistose hornfels without intense schistosity at the central

part of the metamorphic belt as a roof pendant of the biotite migmatite
arch, cannot show the enlargement in grain size like the sehistose hornfels

outside of the belt does. It is an interesting problem that the grain
growth associated with the gneiss formation is not only abrupt, but also

that the hornfels texture is completely altered to that of gneiss. The
equigranular mosaic hornfels textuTe is retained even in the case of a

slight growth of grain size in the latter. Furthermore, the grain growth

in the static state cannot exceed a certain size (O.5 mm), and in this case

the hornfels which is named coarse hornfels or' fine migmatite, loses its

schistosity and includes palaeosomes of sehistose hornfels (Fig. 8).

    On the other hand, in a part of the banded gneiss and the sehistose

hornfels, plagioclase porphyroblasts gather to form a coarse migmatitic

gneiss with the result that the banded structure is obseure.

    The biotite and eordierite migmatite are agmatitic and/or take the

form of nebulitic migmatite ineluding many palaeosomes of schistose
hornfels, banded gneiss, migmatitic gneiss, amphibolite and gabbro
(Fig. 9).

    The granitic migmatite is the last product of the rnigmatization series.

The granitie migmatite oecurs everywhere, in banded gneiss zone, in
cordierite migmatite zone and in biotite migmatite zone. The migmatite

in the banded gneiss zone represents a harmonic sheet-like oeeurrenee

which forms plagioclase porphyroblast aggregate. The roek transits as

a result of alternation with gneiss at the margin which signifies the
emplacement in situ. In the cordierite migmatite and biotite migmatite,

granitic migmatite is emplaeed because of petroblastase as judged from

field observations, though Y. SoTozAKI (1956), and S, HIRoTA (1952)
stated that the granitic migmatite has melted and fiowed rheomorphically

aceording to the statistical analysis of plagioclase twins proposed by

M. GoRAi in 1950.

    The migmatization series as follows represents a general scheme
although the differentiation of teetonics results in more or less different

series in different vicinities. The series at the east side of the metamor-

phie belt is schematized; it is a metatexis series (K. H. ScHEuMANN,
1937).

    The series on the west side is charaeterized by the formation of plagio-

clase porphyroblasts and the assimilation of gneisses with basic intrusives.

It may be a metablastesis series (K, H. ScHEuMANN, 1937).
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Migmatization series on the east side of the metamorphie belt.

                    (Metatexis series) '

 Hornfels

    ×･
       Schistose hornte[s

         "

             o<--Veni'te(Bancied gneiss) N Polyvenite

                      x･
                     Fine migmati-te                                         - Granitic migmatite
                                      '                                            (Petroblastite,
        T-veniteBiDtite (cordierjte)migmatite ' Palingenite)

                  (Agmatite , NebuHte)

T

･
t
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j

;

                   tt                         tt
                -Tjme o
Migmatization series on the west side of the metamorphie belt.

                  (Metablastesis series)

 Hornfels
    "NNS･,,,S

      Schistose hornfels

          x-
          '       . ' PIagioclase porphyrouh!ast biotite schist

      DtaR(lil: pltlli)1)xgiodase porphyrDbiast biotite 6neiss

          Amphibotite lXxxN

                           Migmatitic gnelss

                                          '
 '                          Blotite hornblende gnejss
                                     NXN,,S

                                    Biotite migmatite (AgmatVte)

                                     tt                                               ttt
Ti me rk-･".
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    The metatexis and the metablastesis do not always develop separately

but the two processes co-operate as in the migmatitie gneiss.

    Migmatized sequence of basic rocks.

    Amphibolite bands, scores of eentimeters to several meters wide,
extend incompletely a few meters to several tens of meters distant parallel

to the foliation of the banded gneiss which does not occur in hornfels

area. So, it seems that the amphibolite originated from diabasic rock
intruded before the formation of gneiss in the zone. Amphibolite blocks

as palaeosomes are included in the biotite migmatite and the cordierite

migmatite ; they are migmatized products of the gneisses.

    The sheets of hornblende gabbro in the biotite migmatite and cor-
dierite rnigmatite, are agmatized imperfectly at the margin though the

sheet-like form is retained. The hornblende gabbro may be a forerunner

of migmatization.

    In the granitie migmatite, palaeosomes of amphibolite and also horn--

blende gabbro are included. The palaeosomes of the latter are inter-

spersed only along the trend of the granitic migmatite which takes a
sheet-like form. The Sehematic series with relation to the migmatization

on the east side are as fol}ows:

T

t
s
i
o

Hornfels
   NSX..,,

       Schistose hornfels

     Dl ailarZ)>×)- ve nE te

         AmphibolXX

                 Agmatite, Nebulite
             Hornbiende2{lil:2XIII

Hornblende. gabbro
          Xs (FtaIaeosome)

- Granitic migmati te

Dioritic nock

 ( Palaeosome)

                          Time ri

    The diabasic amphibolites emplaced in the plagioclase porphyroblast
biotite gneiss are biotitized only in the southernmosit area; in the northern
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extension, they are migmatized to produce a rock species: the biotite

hornblende gneiss.

  Hornfels --->Schistose hornfels---) Plagioelase porphyroblast gneiss (schist)

                                    i               Diabase--)Amphibolitex I
                          Biotite hornblende gneiss

    The harmonic intrusion of diabases and small sheets of gabbro have
an intimate relation with the migmatization. The basic activities as a

whole play a part in every stage of migmatization. The large disharmonie

plutonic massifs composed of gabbros also have some relations with
migmatite tectonics : the Poroshiri-dake gabbro eomplex lies in a tectonic

valley according to the lineation of-migmatites between the gneissose

granite and the biotite migmatite in the northern area; the Roroman
gabbro eomplex occurs at the boundary or the discont-inuous zone between

the migmatite domes in the southern area. Migmatization and the physi-

eal and chemical activity of migmatite are intimately associated with the

intrusion of the basic rocl<s,

                        V. Metamorphism

   1. Introduetion

    A regional metamorphism such as this type should be considered
from two different standpoints, one is the metamorphism from the view
point of mineral facies prineiple and metasomatisrn, and the other is the

migmatization and granitization which are characterized by the develop-

ment of a Ieucocratic part and grain growth because the mineral composi-

tion of migmatities in every stage is eommon including quartz, plagjoclase,

biotite, cordierite, potash feldspar, garnet, sillimanite and so on. The

migmatization and granitization thus signify the convergent tendency to

the becoming a granitic rock from different original rock species though

their facility for the operation may be different in each ease.

    The migmatization and granitization associated with the regional

metarnorphism represent an important problem related to the formation

of migrna and granitic magma in the core o£ the orogenie zone. The
migrnatization is different from a granitization at the boundary of an

intrusive granitic body at a high Ievel of the crust.

    The migmatization of the Hidaka metamorphic belt accordingly is
associated intimately with the regional metamorphism, Then, the migma-

tization series: venite-polyvenite--agmatite->nebulite-granitic rock

may be deduced from the viewpoint of the formation of granitie part.
The series: hornfels-->schistose hornfels-->gneisses may be defined as ex-
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Table 1. Chemical eompositions of metamorphic roeks,

              migmatites and granites.

Wt %

Si02

TiO,

Al,O,

Fe203

FeO

MnO
MgO
CaO

Na20

K,O
H,O (+)

    (-)

Total

1

70;34

  .69

16.12

 1.16

 4.83

 2.85

  .58

 1.89

  .81

 1.11

leO.38

2

62.94

  .45

15.76

 2.12

 4.81

 3.60

 1.79

 4.44

 1.46

 2,61

99.98

3

65.39

  .50

12.78

 3.81

 4.64

 3.75

 2.30

 2.61

 1.94

 2.53

100.25

4

64.67

  .49

13.51

 1.25

 7.93

 2.11

 2.96

 2.83

 1.60

 1.07

 1.53

99.95

5

64.70

  .60

16.03

  .07

 3.88

 3.4e

 3.00

 4.47

 1.88

 1.59

99.62

6

59.61

  .63

16.03

 4.91

 7.59

 2.85

 4.69

 3.84

  .52

7

60.40

  .56

15.57

 1.89

 4.78

 3.54

 4.02

 4.62

 2.13

  .46

 2.03

100.00

8

67,50

  .55

16.48

 2.61

 3.19

 1.58

 2.85

 2.16

 1.38

  .56

  .81

99.67

9

60.87

  .47

19.06

  .67

 4.03

 2.76

 3.92

 3.46

 3.40

 !.06

99.7e

Cat %

si

Ti

Al

Fe"'

Fe"

Mn
Mg
Ca

Na
k

1

1
l
i

E

E
I

I
i

Total

67.42

  .52

18.19

  .86

 3.86

 4.e9

  .58

 3.51

  .98

100.01

2

59.85

  .34

17.65

 1.54

 3.83

 5.08

 1.83

 8.17

 1.71

100.00

3

63.31

  .49

14.59

 2.79

 3.77

 5.41

 2.38

 4.88

 2.38

4

100.00

63.39

  .35

15.19

  .49

 6.53

 3.12

 3.12

 5.36

 2.00

100.00

5

60.68

  .45

17.69

  .06

 3.04

 4.73

 2.99

 8.11

 2.22

99.97

6

55.98

  .45

17.76

 3.49

 5.98

 4.00

 4.74

 6.99

  .62

100.01

7

57.03

  .40

17.35

 1.36

 3.80

 4.99

 4.08

 8.45

 2.55

100.01

8

65.35

  .41

18.78

 1.92

 2.56

 2.27

 2.97

 4.07

 1.69

100.02

9

56.94

  .34

21.02

  .45

 3.15

 3.82

 3.93

 6.30

 4.05

100.00

1

2

3

4

5

6

7

8

9

Metasandstone (S-14). Rokunosawa of R. Satsunai, (Kizaki, 1953)

Metaslate (2e2). R. Satsunai, (Kizaki, 1953)

Biotite hornfels (O-267). Noborisawa of R. Saruru, (Hunahashi et al. 1956)

Biotite hornfels (9)L Ehaoi of Horoman, (Hunahashi et al. 1956)

Cordierite hornfels. Oshirabetsu (Suzuki, 1936) ･ ･
Schistose biotite spotted hornfels (O-306). R. Biroo, (Hunahashi et al. 1956)

Schistose biotite spotted hornfels (O-262). Noborisawa of R. SaTuru (Hunahashi et al.

1956)

Biotite schist (14). Ehaoi of Horoman, (Hunahashi et al. 1956)

Banded biotite gneiss (K-70). upper strearn of R. Satsunai, (Kizaki, 1953)
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 6.14
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 4.07
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1
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14

1

6

2

3

2

1
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n
y

.

.

'

.

.
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35

46
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57

10
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77

99.96 99.27 99.90

15

60.60

  .83

17.06

 1.25

5.87

2.50

3.29

3.21

2.01

2.77

99.39

16
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1

4

1

4

3

1

1

.
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100.00
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100.00
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.

I
99.99
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100.00'

.

.

.

I
1
1
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17

1

6

7

4

3

3

.
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.

100.01

.

n
y
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67

54

85

37

42

73

82

21

39

100.00

10

11

12

13

14

15

16

17

Banded biotite gneiss. upper stream of R. Satsunai, (Kizaki, 1953)

Banded biotite gneiss (O-220). upper stream of R. Saruru, (Hunahashi et al. 1956)

Banded biotite gneiss (O-573). R. Bireo, (Hunahashi et al. 1956)

Plagioelase porphyrob]ast biotite gneiss (K-138), R. Shibiehari, (Kizaki, 1953)

Plagioclase porphyroblast biotite gneiss (5), Ehaoi of Horoman, (Hunahashi et al. 1956)

Migmatitie gneiss (K-144), Jyunosawa-eirque of R. Satsunai, (Kizaki, 1953)

Biotite migmatite (K-117), Kunosawa of R. Satsunai, (Kizald, 1953)

Palaeosome of schistose hbrnfels in biotite migmatite. Kunosawa of R. Satsunai, (Kizaki,

1953)
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Wt %

Si02

TiO,

Al,O,

Fe203

FeO

MnO
MgO
CaO
Na'20

K,O

H,O (+)

    (-)

L
:

18

i
I
I
I
i
'

63.83

  .65

15.96

 2.25

 6.13

2.59

2.60

3.62

1.41

19

62 44
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15 43

 2.56

 5.27

20 21

I
E
1

3.25
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2 93

  87
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1.84

i
/

I
I
I

66.g6 I

     l  .38

15 47

 2.57
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Total 99.04 99.49

2.32

2.41

3.72

1,92

2.92

102.35

64.20

  .42

15 51

 1 25

 4 20

2.49

3.25

3.06

3.94

1.41

99.73

22
I
1
23
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I
･
24

     [
63.33r 67.71

  .71 .35
14.76 10.81

  .28 .64
 7.14 8.47

2.52

3.52

3.55

2.78

1.69

100.28

3 69

3.97

3.99

 .19

1.51

101.33

74.44

  .18

12.93

  .63

  .90

1.08

1.48

3.75

4.75

 .56

 .12

IOO.82

25

  75.68

    .06

  12.94

    .56

    .86

    .07

    .62

   1.05

   3.91

   4.16

Ig. Loss

    .28

100.19

Cae %

si

Ti

Al

Fe'"

Fe"

Mn
Mg
Ca

Na
K

Total

18

60.60

  46
17.84

 1.60

 4.85

3.65

2.62

6.67

1.71

100.00

19

60.32

  .41

17.58

 1.86

 4.23

4.70

4.35

5.51

1.04

100.00

20

63.03

  .28

17.18

 1.81

 2.88

21 22

3.28

2.43

6.78

2.32

60.91

  .28

17.32

  .91

 3.30

3.53

3.30

5.64

4.79

99.99 99.98

60.02

  .51

16.51

  .23

 5.64

3.59

3.59

6.55

3.36

100.00

23

63.85

  .23

12.01

  .45

 6.69

5.21

4.02

7.31

 .23

100.00

24

69.18

  .11

14.18

  .45

  .73

1.51

1.45

6.76

5.64

100.01

25

70.63

  .06

14.25

  .39

  .67

  .06

  .84

 1.07

 7.07

 4.94

100.02

18

19

20

21

22

23

24

25

Cordierite migmatite. R. Bihoro. Analyst. S. Hashimoto

Cordierite migmatite (O-205), upper stream of R. Saruru, (Hunahashi et al. 1956)

Cordierite migmatite (O-23), R. Oshirabetsu, (Hunahashi et al. 1956)

Granitic migmatite (S. B.-69), R. Saruru, (Hunahashi et al. 1956)

Granitie migmatite (2025), upper stream of R. Saruru, (Hunahashi et al. 1956)

Granitie migmatite. upper stream of R. Saruru, (Hunahashi et al. 1956)'

Granite. Ishiyama, Shimizu, (}Iashimoto, 1954)

Granite. Ishiyama, Shimizu, (Suzuki, Nemoto, 1935)
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emplifying the regional progressive metamorphism from the viewpoint

of the metamorphism.
    The metamorphism and plutonism in the core of the orogenic zone

cover the two important contents as stated above.

    Since the classic controversy of the Heiderberg sehool against the

French school, the relation of metamorphism, migmatization and graniti-

zation in a regional metamorphism has been discussed by many investiga-

tors until nowadays. It seems that for the settlement of the problem,
some sort of synthesis of the two sides inconsistent with each other in

the regional metamorphism may be necessary,

   2. Metasomatism
    The variation of chernical composition assoeiated with metamorphism

is one of the most important factors in a verifieation of metamorphism,

especially the migration of matters in migmatization in the regional

metamorphism as in this type. Next, the chemical and mineralogical
variation with the progress of migmatization will be discussed.

    On the east side of the metamorphie belt, the series is proposed:

hornfels-schistose hornfels --> banded gneiss . biotite (cordierite) migma-

tite--granitic migmatite,

    Figs. 10, 11 show the variation diagrams which indicate the addition

and reduction of cations on the basis of the composition of a hornfels,

   s

   4

   3
 <+)

   2

   ･fi ･

gfo q

   1

   2
(eq)

   3

   4

Fig. 10.

 Sl Sl t  tl  :iii 1i

   v  INl  lX ---
gl.,IC-

RAI
l N
x

   x

!g.-

IS

N

 N
  N

ca
- ..

x
 N

sgZ i - - x"Si ;-wes..

  ssss¥.. .o,M. -gv

o" -r>!ag th - . )Nc -ty ;,S

         Xd'

              10
X"N.,zg-h-･..,.(K41

N /' b. / sg
 y >ss      1-- `s  vy"
-/
 /･
/
t

 --=

        -'Nk          NO

        ---eqe im crh-
       hh. N.
           NQ

     A G ''D'' ff'
Variation diagram of eations'. A: biotite hornfels, 'B:
schistose biotite spotted hornfels, C: banded biotite･gneiss,

D: biotite migrnatite, E: granitie migmatite. (Upper
reaehes of the R, Satsunai)



IS2 k. KizAl<l

   4

   3
{e)
   2

   1

%o
   1

   2-
(t")

  3

  4.

  5

       /lq

g;J-.xN.-f.ge,g

  1 --.-

' pt "

AJ. o-

N N

gftr.- tyk s:
o.. N
x

  'N "

    XN H      x S .- .o- .-- Fe--o- NN

      Xx S'lsl- pt
         Xqsi.. i.i
             s.               NN1                 sNd

s-e.{-(M-
gr.'Egg'.Na-.-...N

  ; >'-N .'-.-eS : g -". r'

NN
  NQ,
     x

-.--g?
-" - -o- '-
 N

t4
v-NN
=

N

=.-8
-o

 1
/

s

'()m - - CN- MSJ5[li]

      N/1
,O- ' ;1"`NT -O

   }'N  INXY" N
          N
          o

                                                        mu               ABC D ff           Fig. 11. Variation diagram of eations. (Southernmost area)

It is noted that the schistose hornfels and the banded gneiss, especially

the latter, are rich in Al and K and are marked by poor Si content. K

abounds in the granitic migmatite as well as in the banded gneiss.
In granitic migmatite of Fig. 11, although the quantity of K is not

very abundant because the value is averaged from two values one of
which is abnormally poor in K, it is reasonable that K should be rich in

the granitic migmatite from the standpoints of the inhomogeniety of
distribution of potash feldspar and the tendency of enrichment of potash

feldspar in migmatization.

    The greater part of Al and K in the gneiss is included in biotite and

the rest of them is held in basie plagioelase and potash feldspar respec-

tiyely. It is doubtful in this case whether "the excessive K to constitute

biotite is composed in potash feidspar in amphibolite facies" (BARTH,
1952, p, 342), beeause the potash feldspar is crystallized at the latest

stage from the viewpoint of mineral paragenesis. The phenomenon tltat
the quantity of Si is very small in spite of the increase of modal quartz,

signifies nothing but the Si-Al substitution in biotite crystal as well as

decrease of the modal plagioclase (Fig. 12).

    The enriehment of K in granitic rnigrnatite indicates the increase of

the modal potash feldspar; the quantity of K is controlled by the inhomo-

geniety of the distribution of potash feldspar.

    In the west side of the metamorphic zone, there is found the following

series; hornfels-->sehistose hornfels.plagioclase porphyroblast biotite
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dierite) migmatite, but the continuous growth of plagioclase porphyroblast

is recognized in the series of the west side which is a metablastesis series.

It is observed in the Iatter series that the quantity of Al and Na increases

while that of Si, decreases, The increase of Al is refiected by the increase

of modal plagioclase and Si-Al substitution because the modal biotite

decreases while the An eontent of plagioclase, An 35 is constant. Na

increases with the increase of the modal plagioclase.

    Chemieal Composition of Palaeosomes: (Table 1-17)
    In the hornfelsie palaeosomes of biotite migmatite which hold the
plagioclase with An 35-45, that is higher than original hornfels and horn-

blende, Si and alkalis decrease while Fe and Mg increase compared to

contents in the original roeks such as hornfels and sehistose hornfels.

Such a palaeosome shows a basification as the hornfels is migmatized to

become a palaeosome. Palaeosomes are ordinarily digested to produce a

homogeneous migmatite; then the geoehemical culmination in a palaeo-

some is observed (REyNoLDs, 1946) as in the ease of gneiss.

                  --

VaTiation diagram of mode. A: biotitehornfels, B: schistose

biotite spotted hornfels, C: banded biotite gneiss, D: biotite

migrnatite, E: granitie migmatite.

   porphyroblast biotite gneiss-->migmatitic gneiss.

' oE the east side, the character of the structure
is different between the banded gneiss and biotite



    Variation of Mode: (Fig. 12)
    In the migmatization series of the east side, plagioclase is the richest

component of hornfels and schistose hornfels; it is poor in the banded

gneiss, increases again in the rnigmatites. Quartz and biotite abound in

t-he banded gneiss over the amounts in the others. The culmination in the

variation of mode in gneiss is observed as in the chemical composition.

    In the series of the west side, it is characteristic that the plagioclase

inereases continuously.

    Biotite :

    Biotite is a mineral generally found in every rock species from horn-

fels to migmatite; it has a wide stability range in metamorphism and in
it cations can be exchanged easily. It seems that the mineralogy of biotite

jn the metamorphic series may be refiected by the metarr, iorphism.

    The refractive index is the lowest in banded gneiss which has the
darkest biotite (Table 2). It is characteristic that A} of the biotite of

banded gneiss is more abundant than that of others comparable in the
bulk composition (Table 3).

    Reduced formulae from the ehemical compositions are as follows :

    Biotite of banded gneiss KAIsFe2Mg2Sis(OH)30L,i

             Table 2. Pleoehroism and refractive indices of biotites

                         in metamorphi,e series

Hornfels

.Schistose
llornfels

Banded Gneiss

Biotite (Cordierite) Migmatite

Granitic Migmatite

Pleoehroism

x:

y:

Z:

light brownish green

brown

brown

x:

y:

z:

iight brownisil green

      treddish b!own

reddish brown

x:

y:

Z:

light greenish browfi' -"-

reddish brown

reddish brown

x:

y:

z:

brownish light green

brown

reddish brown

x:

y:

z:

gTeenish light brown

yellowish brown

yellowish brown

Refraetive lndex

1.640±2

1

1

1

1

, 637-1

639±3

634-1

637±3

643

642

1

1

.643-1.647

.645±2

E

1.

L
643-1.649

646±2
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  Table 3. Chemical eompositions of biotites.
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Wt. %

Si02

TiO,

Al,O,

Fe203

FeO

MgO
CaO

Na20

K,O
H,O (+)

    (-)

Total

a

I

i
1
b

[
tI
.

i
･

1

c
Atom Ratio
  (O= 24)

34.58

 2.69

22.64

 1.67

14.98

10.35

 O.63

 1.23

 6.50

 3.20

 O.88

Ii
t

99.35

37.69

 1.53

18.19

 3.53

14.86

11.e8

 O.87

 O.78

 6.21

 4.91

 O.15

99.80

35.96

 1.96

18.37

 2.10

15.10

11.66

 O.77

 O.80

 8.08

 4.28

 O.16

'

si

Ti

Al

Fe"'

Fe''

Mg
Ca

Na

K
(OH)

o

a

E

I
I

 5.2e

 O.31

 4.44

 O.18

 1.89

 2.32

 O.10

 O.36

 1.24

 3.21

20.79

b

 5.69

 O.18

 3.24

 O.40

 1.88

 2.49

 O.14

 O.24

 1.20

 4,93

19.07

e

 5.37

 O.13

 3.23

 O.23

 1.88

 2.59

 O.13

 O.23

 1.54

 4.27

19.73

99.24

a.

b.

c.

 Biotite

 Biotite

 Biotite

Biotite

Biotite

of

of

of

of

of

banded biotite gneiss, R. Satsunai, (Kizaki, 1953)

biotite migmatite, R. Satsunai, (Kizaki, 1953)

granite migmatite, R. Saruru, (Kizaki, 1953)

 biotite migmatite KAI3Fe2Mg3Si6(OH)sOig
 granitic migmatite K2A13Fe3Mg3Sis(OH)402o

                    At

o
ev

@

o
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ee

i:le"

Fig.

                                        ng･

13. Al-Fe-Mg diagTam of biotites and of the bulk com-
    position of the rocks containing them. CI): biotite
    of banded biotite gneiss (O), @: biotite of biotite
    migmatite (@), (g): biotite of granitic migmatite ((D)
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    The AI eontent of the biotite of banded gneiss is higheT than that of

others so that it is characterized by the substitution of four-coordinated

aluminum as stated above in the paragraph on the chemical composition,

It is apparent that there is a mutual relation between the chemical ,com-

positions of the biotites and that of the roeks containing them (Fig. 13).

    The progressive metamorphism on both sides of the metamorphie
belt, represents the desilication and the enrichment of Al and alkalies

from the chemical point of view. The decrease of Si and alkalies and the

enrichment of Fe and Mg are indicated in the palaeosomes. They are
phenomena of geochemical culmination (REyNoLDs, 1946). REyNoLDs
stated that the true granitization proceeds after once the country rock

has been affected by desilication in granitization process.

    "Desilication arises in three different ways (1) from increase in the

total alkalis, in which case the rock is feldpathized (syenitized), (2) from

inerease in any or all of the cafemic eonstituents, the rock becoming
basified and approaching or attaining the cornposition of a basic or ukra-

basic igneous roek and (3) from a combination of (1) and (2). The
products of this desilication change are characterized by having a higher

pereentage of alkalis and/or cafemie constituents than either the parent

sediment or the adjoining granite" (REyNoLDs, 1946, p. 391) .

    The chemieal change of palaeosome fits the case of (2). The meta-
morphic series of the two sides shows disilication of type (3) which is

charaeterized by Al as eafemie constituent and by the speeial minerals:

biotite on the east side and plagioclase on the west as alkali constituting

minerals. The increase of alkalies is not only represented by felspathiza-

tion as stated by REyNoLDs but also defined by biotitization in which each

cation may become stable according to condition and place.

    Cations migrate from the p}ace with high chemical potential to the

place with low chemieal potential because the potential gradient and the

mobility of cations is to be related to the Tadius of the ion (Lapadu
HARGuEs, 1945). The mobility of cations aceording to the radius is as
follows: (the radius of irons is after L. Pauling)

    Al"'(O.57)>Fe''(O.83), Mg"(O.78)>Na(O,98)>Ca"(1.06)>K(1.33)>Ba"(1.43)

    Al, Fe and Mg show the highest mobility because of the radius.
However, the mobility is not caused neeessarily aeeording to the radius

of ions, but is controlled by electronegativity and other eonditions. BuGGE

stated that alkali metals are easy to mobilize under the high pressure
condition because they are compressed easily (BuGGE, 1945).

    It is reasonable therefore that alkalies concentrate in the zone where

a strong stress has operated such as in the gneiss zone.
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    There is anoeher explanation. The plagioclase and the biotite of

gneisses may hold a plenty of four-eoordinated aluminum. In general
four-coordination of aluminum is promoted by increasing temperature.

Minerals eontaining four-coordinated aluminum are characteristic of
igneous roeks and of the products of thermal and high-grade regional

metamorphism. When the amount of four-coordinated aluminum has
replaced silieon, the coordination of oxygen cannot be satisfied. Then,

eight-eoordinated alkalies are necessary for neutralization and for result-

ing in the lowest potential energy, therefore the increase of four-eoordi-

nated aluminum i.e., the progress of metamorphic grade, is inevitably

associated with the enrichment of Na or K.

    What is the signifieance of the independence of Na on the west and
K on the east which are represented by plagioclase and biotite respeetively

in the different geological positions? HuNAHAsHI stated that it is owing

to the difference of the tectonic movement of the metamorphic belt which

is the eompressional zone of the west and the extensional zone of the east

caused by the metamorphic belt thrusting up to the west (1951, 1952,
p. 406). Rowever, the biotite has a higher density and is easy to be
formed in the condition of strong shearing stress; further it has a wide

stability range because of the facilitation of ionic substitution. On the

eontrary, the three-dimensional network of plagioclase is unstable under

the condition of strong shearing stress through having wide stability

range, so that the plagioclase cannot develop under an intense shearing

stress. It appears rather that the banded gneiss on the east is formed

due to more intense shearing stress than on the west from the field occur-

renees and from the mineralogy.

    In the formation of plagioclase porphyroblast in the west, the crystal-

Iization phases may be analysed which will be separated as a nucleation

stage under intense stress from the stage of cTystal growth without stress.

   3. Matamorphic Facies

    [l]he coneeption of rnineral facies was defined by P. EsKoLA (1920)

and has been a useful method for study and classification of metamorphic

roeks. According to him, all the rocks, whether the associated minerals

of whieh they are composed crystallized direetly from a melt, or whether

they are products of metamorphism, or of metasomatism of previously
existing minerals of another kind, are classed in a particular mineral

facies if they are formed under the conditions of temperature and pressure

that result in the same mineral assemblage.

    However today, the mineral assemblages of metamorphic roel< have
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been mainly treated and the faeies is defined by a particular stability

eondition which is characteristic.

    According to TuRNER's definition,a metamorphic facies includes roeks

of any ehemical eomposition, and hence of widely varying mineralogical

composition, whieh have reached chemical equilibrium during metamorph-
ism under a particular set of physical conditions (TuRNER, 1948, p. 54),

He lays stress on the point of chemieal equilibrium. Ramberg stated,
"rocks formed or reerystallized within a eertain P-T field, lmited by the

stability of certain critical mineral of defined composition, belong to the

same mineral facies" (RAMBERG, 1952, p. 136).
    The facies classification of granitic roeks is very diffieult because the

associated mineTals of which they are composed are stable in wide P-T
field. Feldspars and quartz are difficult to define in a particular P-T field,

but in some cases, it is possible to classify the metamorphic grade aecord-

ing to plagioclase and biotite.

    Mineral assemblages of the metamorphie zone are as follows:
    IIornfels: Biotite-cordierite-museovite

               Biotite-garnet
               Biotite-andalusite
    Schistose hornfels, Banded gneiss :

               Biotite- (muscovite ) -garnet

               Biotite-(muscovite)-garnet-sillimanite(cordierite)

               Biotite-muscovite-eordierite

               Biotite-muscovite-(eordierite)-potash feldspar

    Biotite (eordierite) migmatite:

               Biotite-muscovite-cordierite

               Biotite-muscovite-eordierite-potash feldspar

               Biotite-muscovite-garnet-potash feldspar

    Granitie migmatite :

               Biotite-potash feldspar

               Biotite-potash feldspar-hornblende

               Biotite-potash feldspar-museovite-garnet

               Biotite-potash feldspar-epidote

    The assemblage of the' associated minerals of all the roeks from
hornfels to migmatite may be classed as an amphibolite facies, then, what

is the metamorphism from hornfels to migmatite within the amphibolite
facies? It is desired to know how the composition of particular minerals

varies within their chemical stability range according to the process of

metamorphism. The basic mineral assemblages of the series are those of
quartz-plagioclase-biotite, in which the variation of plagioelase and biotite
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is considered as follows:

    The An contents of plagioelases in every rocl< species is shown in

Table 4. '
                  Table 4. An contents of plagioelases.

An %

Hornfels

Sehistose hornfels

Banded gneiss melanoeratic band

Banded gneiss leueoeratic band

Biotite (cordierite) migmatite

Granitic migmatite

20    30 40i1i 'l t

    u

50

f

    The plagioclase with the highest An content, An 45, is met with in

the melanocratic part of banded gneiss and then it acidifies to migmatite.

The faet eorresponds to the highest AI eontent of the bulk chemical com-

position of the gneiss. It seems clear 'that the metamorphic grade attains

maximum in the banded gneiss.
    Biotite has a wide stability range as well as plagioclase and is stable

from the green schist faeies to the lower part of the granulite facies,

especially in epidote amphibolite and amphibolite facies. So, the changes

of metamorphic condition may be traced by the variation in biotite.

    It has been verfied that the quantity of AI of the biotite is enriched

in proportion to the quantity of Al of the bulk composition in gneiss.

The enrichment of AI in the biotite is assoeiated with the highest An
content of plagioclase, and an excess of Al over the theoretical quantity

may replace Fe in part and Si in part with the advance o'f metamorphic
grade.

    Further, the variation of Ti, Mg/Fe and (OIE{) is treated as a
criterion of the grade as follows: (RAMBERG, 1949, 1952)

                  Table 5. Ti, Mg/Fe", (OH) in biotites

Bandedgneiss
Biotite(cordierite)migmatite

Graniticmigmatite

Ti O.31 O.18 O.13

Mg/Fe" 1.23 1.32 1.38

(OH) 2.21 4.93 4.27
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    The decrease of Ti and the increase of Mg/Fe represent the retro-
gression of metamorphism. It seems clear that the grade in the banded

gneiss is at its highest because of the lowest index of biotite and the

highest An content of plagioclase and aceording to the chemical data of

biotite though the chemical data of biotite of hornfelses are not available.

    The hydrosilicates of the metamorphic series in question are biotite

and muscovite, especially the biotite is one of the main components eom-

monly found through the series. Therefore, the composition of biotite

may be infiueneed by water in the proeess of metamorphism and the
migmatization. The quantity of water of biotite inereases with migmati-

zation. This phenomenon signifies the Iowering of metamorphic grade
associated with decrease of Ti, Al and the increase of Mg/Fe. However,
 tttt

the water eontent in the biotite of biotite (cordierite) migmatite is more

than that of granitic migmatite as well as of the bulk composition. The

phenomenon signifies that the biotite (cordierite) migmatite has formed

an areh and domes, and moved rheomorphically, while the granitie migma-

tite in question has formed in situ.

    As stated above, the series of hornfels-schistose hornfels-banded

gneiss is assigned to progressive metamorphism, but the series of banded

gneiss-biotite(cordierite) migmatite-granitic migmatite of rnigmatization

in narrow sense, to retrogressive metamorphism in respect of the meta-

morphic grade, The regional therrnal metamorphism exhibited by the
series: hornfels-gneiss-migmatite, is common in the orogenic zone whieh

is not represented by a simple progressive metamorphism but by the
metamorphism combined with migmatization which is retrogressive from

the metamorphic point of view.
    The Si-Al series of schist-rniea gneiss-granite, granulite was treated

from the thermodynamic standpoint by LApADu-HARGuEs (1955). He
concluded by his ealculation applying I"ERsMANN's EK value that the
internal energy could not vary through the process of the metamorphism,

The free energy may be effected by strain energy and surface energy to

attain equilibrium when the internal energy is constant. The strain
energy as a function of preferred orientation ; the deformation of minerals

indicates the highest energy Ievel in banded gneiss, and the Iowering of

the energy to biotite migmatite and granitic migmatite. At the same
time, the grain size increases to make surface energy lower from gneiss

to migmatites. The decrease of the strain energy is further accelerated

by the grain growth. It seems elear that these phenomena represent the

decrease of free energy i.e., the tendency toward stability. Migmatization

and granitization are a particular convergent metamorphism toward a
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Table 6. Average grain sizes (mm) of roek speeies'
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Hornfels

O.1

Sehistose
hornfels

O.1

Banded gneiss

O.36

 Biotite
migmatite

O.46

Granitie
migmatite

1.1

thermodynamic equilibrium.

    Paragenesis of cordierite and potash feldspar: '
    By EsKoLA (1939) and other investigators, it has been stated that
cordierite and potash feldspar could not coexist in amphibolite facies

except for its high temperature portion.' HAyAMA (1956) stated that the
eoexistence 6f the two minerals may be possible under the infiuence of

Water vapour pressure. In the southernmost area of the Hidaka meta-
morphie belt, the coexistence of the miherals is general in cordierite

migmatite, The paragenesis of the eonstituent minerals is divided into

two phases aceording to the mierostructure which is eharacterized by
the microjoint related to the doming of cordierite migmatite. After the
jointing mieroscopically, plagioclase alters to potash feldspar along the

microjoint which disappears gradually owing to the neocrystallization of

potash feldspar. At the same time, biotite alters to muscovite, quartz

recrystallizes, garnet decomposes to minor flaekes of biotite and cordierite

turns into pinite. The transitional assemblages from the unstable older

assbciation to the newer association can be observed. These two associ-

ations are as follows: ' '
    (I) Biotite-cordierite-garnet ' .
    (II) Biotite-museovite-potash feldspar-(pinite)

    The assemblage of (I) represents the composition of banded gneiss.

Then, the phase transition (I) -> (II) indicates the retrogression of meta-

morphic grade; for the transition of garnet to biotite arid cordierite to

pinite, the addition of K and H20 is necessary as well as in the case of the

alteration from cordierite inigmatite to grahitic migmatite. Migmatiza-

tion and granitization proeeed even in cordierite migmatite as a beginning

stage of granitic migmatite formation.

    Potash feldspar in banded gneiss may exist due to the supply of K
which extends over the gneiss zone at the later stage of migmatization
beeause the potash feldspar bearing banded gneiss is ordinarily met with

at the neighbourhood of granitie rnigmatite. At this stage, the metamor-

phic grade of the gneiss corresponds to that of the migmatite.

    Now, it has been verified as stated above that the first half of the
series: hornfels-schistose horhfels-gneiss, exhibits progressive metamor-
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phism and the Iater series of gneiss--biotite (cordierite) migmatite-granitic

migmatite represents retrogressive metamorphism. Even in the cor-
dierite migmatite, a retrogressive phenomenon due to the addition of K

and H20 is indicated. However, the regional thermal metamorphism and

the migmatization may be impossible of explanation according to the
facies principle resulting from the phase equilibrium. The treatment
involving in reaction kineties is necessary in the ease that metasomatism

acts conspicuously because of migration o'E matters and porphyroblasts

grow up rapidly. For instance, YoDER (1952, p. 620) discussed the pelitic

assemblages in the chlorite, biotite, and garnet zones of progressive meta-

morphism. He attributed the metamorphism to the kineties of nucleation

and growth rather than to attainment of thermodynamie equilibria.
Contrariwise, TuRNER stated "earlier, GoLDscHMiDT's and EsKoLA's ase
sumption of general approximation to equilibrium in the whole association

of mineral assemblages in both the pyroxene-hornfels and the amphibolite

facies seems well justified. The sarne assumption can be extended on
similar ground to other facies......If in the Iight of future experimental

work it becomes neeessary to abandon these assumptions, it will also be

necessary to include conditions pertaining to kinetics of reaction among

the physical variables with which facies are correlated. To the present

writer it seems unlikely that this situation will arise" (1958, p. 17).

    It is well known, however, that the equilibria become unstable when

the reaction eulminates to promote the rapid growth of crystal. It is

future problem to what degree the concepts of thermodynamic equilibria

and reaction kinetics wi!1 be useful in explaining regional thermal

metamorphism.

   4. 'Porphyroblast and Stress

    Migmatization is the ultrametamorphism which is represented by
the formation of leucocratic veins at its early stage and of the porphyro-

blast of plagioclase and quartz with associated minerals. The growth of

plagioelase porphyroblasts espeeially takes an important part in the

migmatization as a metablastesis series,

    HuNAHAsHI stated in 1951 that granitie rock was formed by the
increase of plagioclase porphyroblast and plagioclase porphyroblast biotite

gneiss was defined by the growth of plagioclase porphyroblasts of whieh

the free growth had been controlled by the stress in gneiss eondition

(1951, p. 11). He further stated that the plagioclase porphyroblasts of

the gneiss begin to break due to the continued shearing stress (1956,

p. 547), By means of these arguments, he stressed that the shearing
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stress was obstructive to the growth of the plagioclase. HUNAHAsHI
advanced this argument in 1956, "the intense foliation is used to develop

about the band which contains plenty of large porphyroblasts turn small

with weak foliation" (p, 548). He stressed this time that the infiuence
of the shearing stress is helpful to the growth of plagioclase prophyro-

blasts. The present author reported in 1958 that the plagioclase por-

phyroblasts abound in the narrow zone where the shearing stress has
acted intensely. It seems that the shearing stress has influence, effects

both positive and negative, upon the growth of porphyroblasts: at first

the stress promotes the nuc}eation and the crystallization but it turns to

obstruction after the development of the porphyroblast,

    Do plagioclase porphyroblasts usually grow up in association with

shearing stress? They do not necessarily. Granitic migmatite is an ag--
gregation of plagioclase porphyroblasts (petroblastic rock) and surround-

ing it plagioelase porphyroblasts are scattered without any structural

connection, It is not uncommon that plagioclase porphyroblasts oecur in

a xenolith of granite and its contacts. What is the condition resulting in

the plagioclase porphyroblast? There is some potential which leads to

the formation of the porphyroblast. What is the origin of that potential?

One of the causes of the potentiai is limited by the shearing stress in

question.

    Before the stress problem bearing on the metablastesis is discussed,

the force of crystallization will be treated, which has been known since

the idioblastic series of metamorphic minerals was arranged by F. BEcKE

(1903). According to his series, metamorphic minerals are divided into

eight stages in which albite is categorized to the fourth stage and plagio-

clase to the seventh stage. AIbite would seem to have a rather high
position because the force of erystallization is seen to be inversely pro-

portional to the fictive modal volume of the erystal (BARTH, 1952, p. 310)

(TuRNER & VERHooGEN, 1951, p. 510). 'I]he force of erystallization may
be ordered according to Iattice structure: nesosilicates, inosil･icates, phyl-

Iosilicates and tectosilicates. The tectosilicates with open framework show

the weakest force of crystallization.

    That force, however, cannot be identified directly with the power of

minerals to grow in the form of idioblasts but the growth of a crystal

depends on many faetors. RAMBERG (1952) listed the following factors:
    1, The force of crystallization.

    2, The degree of supersaturation,

    3. The concentration and mobility in the enelosing rock of the
       chemical constituents of the porphyroblast.



    4. The energy of activation of a germ of the porphyroblast.

    5. The effect of the surrounding minerals and of the size of the
       porphyroblast on its escaping tendencies (vapor tension, activity,

       etc.).
    6. The plasticity of the surrounding minerals.
    Crystalblastesis depends on the physico-chemical environmene pf the

surroundings which are temperature, the degree of supersaturation, the

nature of the pore fiuid and the mechanical properties of the enclosing

medium, as well as the power of minerals to grow up. The kinetics o'f
crystal growth is probably just as important as surface energy relations

in determining the habit and size of crystals. It is significant that the

kinetics in a chemical cireumstance is more important in erystal growth

than the equilibrium of the crystal lattice, The stress promotes the rate

of the diffusion of matters, the transport of pore solution, the degree of

the supersaturation and reaction speed. Another important role of the
stress is to energize nucleation. It is well knowll in metallurgy that

nueleation and recrystallization are promoted by hard work and annealing.

The annealing heat decreases (the recrystallization occurs at lower tem-

perature) in inverse proportion to the intensity of strain because the

strain energy is stored as the lattice strain. The absolute temperature

of the recrystallization is from one-third to two-thirds of the absolute

meling temperature. Nucleation is verified experimentally to take the
following eause :

    1. The nuclei are formed at an intensely deformed part.
    2, The number of nuclei originated in a unit time increases abruptly

        with the increase of strain. ' '
    3.- A particular relation of orientation is observed between the
        deformed sample and newly originated grains,
    The grain boundary migrates to neighbour crystals to recrystallize

owing to the gradient of strain energy because ,the new crystals grown

up from the nuclei are stable. Grain growth continues to lower the grain

boundary energy after the greater part of the strain energy is released.

The stress causes the lowering of the temperature of recrystallization and

also promotes recrystallization,

    The speed of recrys£allization rnay be related to impurity of material
as well as to the intensity of strain. The infiuence of impurity is variable

because even a small amount of impure material exhibits effeets whieh

both promote and obstruct reerystallization and grain growth,

    Now, the occurrence of plagioclase porphyroblasts along intense
foliation may be verified by the argument as stated above. Plagioclase
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with three-dimensional framework has a large eapacity in its lattice not

to be obstructed in its growth by impurity, so that it can grow up easily

including impure material. The surface tension at the boundaries of
crystals infiuences presumably the growth of plagioclase. Therefore,

plagioclase has the possibility of growing larger porphyroblasts than

other minerals.

    The shearing due to stress plays an important part in the nueleation,

the recrystallization and crystal growth and further in the transport of

pore solution and the promotion of reaction speed.

                     VL Concluding Remarks

    Migmatites and the associated metamorphics in the Hidaka meta-
morphic belt, are treated geologically, petrographieally and petrologically

in this paper. The metamorphic series and migmatization series are
systematized on the basis of field oecurrence after the description and

classification of the rock species. The metamorphic series is signified by

the regional progressive metamorphism: hornfels-schistose hornfels-
gneisses 'and the migmatization series is emphasized in respect to the

development of leucocratie part included in the metamorphic series. It is

the series of venite-polyvenite-agmatite=nebulite. The leucocratic part
increases according to the suecession of the series and then the eomprized

rock approaches to granitic character.

    The metamorphism of the met･amorphic series is attributed to the
amphibolite faeies but represents a progressive one from hornfels to
gneisses. On the contrary, k seems clear that the migmatization of
gneiss-biotite migmatite--granitie migmatite represents a retrogressive

metamorphism which is eharacterized by metasomatism. It seems that
the metamorphism of the metamorphic belt may be a combination of two
difl]erent operations. BARTH statect (1936, p. 838) "other processes of

material transfer, because less studied and Iess understood, have not yet

been systematically classied but clearly they do not belong to the `ordipary

metamorphic processes', and a boundary between such processes and

metamorphism proper must be drawn somewhere." And further "the
study of both metamorphic rocks and syntectic rocks (migmatite in
question) has been hampered in the past, because of an unfortunate
method of classification." GoLDscHMiDT (1921) in his studies of the
Stavanger district stated that injection metamorphism operated succes-

sively over the regional metamorphism under the same physical condition,

It is noteworthy that the difference between metamorphism and migma-
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tism is recognized also in this case.

    However, the migmatization in the Hidaka metamorphic belt starts
at the stage of schistose hornfels in the metamorphic series which is

defined by progressive metarnorphism. It is represented by venite and

polyvenite. The migmatization proceeds with progressive metamorphism
in early stage as wel} as retrogressives in later stage, so that migmatism

and metamorphism cooperate with the exception of the case of hornfels

which is formed by static metamorphism. To express it in another way,

migmatism and metamorphism operate at the same time in the zones
where intense dynamic effect is active. MIscH (1949, p. 245) concluded

as follows: "I wished to emphasize the general validity of the statement

that high-grade regional metamorphism and synorogenic granitization
were invariab}y and necessarily linked. They are expressions of one and

the same process. There is not any region known to me either from study

of the literature or from personal field-work, where katazonal or Iower

mesozonal crystalline schists occur without metamorphic migmatites or
granitic roeks." READ (1957, p. 356) stated "if it is admitted that
regional metamorphism is associated with the passage of energetic fiuids

through the rocks, then regroupment of the constituent materials is to

be expected. This we see in the operations of metamorphic diffusion and

differentiation-operations that become intensified in the juieier environ-

ments of migmatization." Further he said "it is as well to realize now

that this separation (of orogenic metamorphism from granitization
metamorphism) may be one largely of time-there is likely to be an
ultimate genetic connexion between the two, Orogenic metamorphism
is an early process in the history of the deformation of the geosynclinal

pile, granitization metamorphism is a later process, initiated in the
depth of the folded pile and taking time to extend its domain to the higher

levels" (op. cit., p. 362).

    It is reasonable roughly that regional metamorphism is considered
an early proeess and migmatism, a Iater proeess, but under that explana-

tion the occurrence of venites cannot be explained because they occur at

an early stage so that the migmatization puts forth buds in schistose

hornfels,

    The present author wishes to stress the fact that the migmatization

in the metamorphie series is caused by the dynamic metamorphism of
regional metamorphism in an orogenic core. The zone of the regional
metamorphism in the deep root of an orogenic zone usually exists under

an intense stress which makes the roek deform plastically and then causes

fracturings to oecur, The cleavage of schist and gneiss is a characteristie
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intermediate phenomenon between plastic deformation and fracturing.
When the gliding due to shearing stress to form, cleavage proceeds, Ieuco-

cratic veins may be formed where the energy level descends because of the

relaxion of stress, and transfer of matters occurs. The growth of minerals

associated with stress proceeds as porphyroblastesis and the porphyro-
blasts aggregate to become granitic migmatite.

    The metamorphic facies of granitie rock with wide stability range
corresponds to all facies from green schist facies to the lower part of

granulite facies. Almost all the rocks therefore show the tendency to
become granitic rock under the chemical circumstance suMcient to produce

it, whether it may be melt or solid. (1961, Dec,)
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Fig.

Fig.

1
.
2
.

              Explanation

Aplite dike in venite.

Nupinai granite and venite.

of Plate X

l
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Explanation of Plate XI

Fig.

Fig.

1
.
2
.

Sehistose hornfels and

Palaeosome of banded

aplite

biotite

  .vem.
   .gnelss

×2/3
in biotite rnigmatite. × 2/3
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Explanation of Piate XII

Fig.

Fig.
L
2
.

Palaeosome with quartz pool in

Granitie migmatite. ×2/3

cordierite migmatite. ×2/3
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Fig.

Fig.

Fig.

1
.
2.

3.

Banded biotite

Op. eit. ×112
Palaeosome of

 Explanation of Plate XIII

gneiss. xl/2

schistose hornfels in biotite migmatite. × 112
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Fig.

Fig.

Fig.

1
.
2
.
3
.

             Explanation

Sandstone of Nakanogawa group.

Biotite hornfels. ×30

Op. eit ×30

of Plate

 ×30

XIV
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Explanation of Plate xv

Fig.

Fig.

Fig.

1
.
2.

3
.

Schistose biotite hornfels. ×30
Sehistose biotite hornfels with vein.

Banded biotite gneiss. ×30

×30
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Explanation of Plate XVI

Fig.

Fig.

Fig.

1
.
2.

3.

Coarse

･Banded

Op. eit.

biotite

biotite

  ×30

hornfels.

   .gnelss.
 ×30

×30
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Fig.

Fig.

Fig.

1
.
2
.
3
.

             Explanation of Plate XVII

PIagioclase porphyroblast biotite gneiss. ×30

Biotite migmatite. ×30

GaTnet in plagioclase porphyroblast gneiss. ×30

d
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Explanation of Plate XVIIr

Fig.

Fig.

Fig.

1
.
2.

3
.

Cordierite in eordierite migmatite. ×30
Potash feldspar porphyroblast in biotite

Biotite rnigmatite. ×30

migmatite. ×30
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Expla蹴io豊of
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Fig.

Fig.

Fig.

1
.
2
.
3.

             Explanation of Plate XIX

PIagioelase porphyroblast in bioti.te migmatite. ×30

Biotite migmatite. ×30

Marginal portion o£ granitic migmatite. ×30
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Fig.

Fig.

1
.
2
.

           Explanation

GTanitic migmatite. ×30

Granite. ×30

of Plate XX
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