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PETROFABRXCS OF fTHE OS}iiXRABETSIV ]DOME XN el["HE

      SOUTHERN HXDAKA METAMORPHIC ZeNE,
               '                   HOKKAXDO, JAPAN.

                             by

                       IKoshiro K{ZAKI

                      (With 51 Text-Figures)
        Contributions from the Departmene of Geology and Mineralogy,

             Faculty of Scienee, Hokkaido University, No. 635

                          rntroduction

    In this paper, some structural investigation oR the migmatite dome
of the Oshirabetsu mountain area is described. The dorne is a easterly

protrtided poTtion of the main migmatite be}t in the southern terminal
region of the Hidaka metarr}orphic zone. That zone is enclosed by JLirassie

and Cretaeeous non-metamorphosed geosyncliiial sedimentaries that eon-

stitute the N-S stretched axial zone o£ the island of IEIokkaido. It is con-
sidered that the zone was produced by the alpine orogenic movement and

that it represents the embrionic part o£ the island.
    In the southern half of the island, the metamorphic zone runs a}ong
the Hidaka mouRtain range as a eontinuous belt about 14e km }ong, with
15 km width. It is cornposed of migmatites as its eore faeies, surrounded

by zonally arranged gneisses and hornfelses; it is intimate}y associated

with igneous intrtisives of various kinds.

    At the southern terminal region of the metarnorphic zone, the migma-
tite expallds into as a fan shaped area and diverges into three structural

units. The northerly byaneh spreads around the Oshirabetsu mountain

area, while the eentral part is a continuation of the main zone £rom the
north. The other forms a }arge eordierite migmatite dome arotmd Toyoni-
dake in the southern branch. (Fig. 1)

    Detailed field observations have been followed by microscopie fabric
analysis of selected specimens of the area. [l]he results of these studies,

together with a dliscussion .Qf. their beariRg upon the tectoRie style of the

rock involved, are the substance of this paper. The intimate relations
between deformation and rnineyalization are also touched upon.

Journ. Fae. Sei., Hokkaid6 Univ., Ser. IV, Vol. IX, No. 3, 1956.
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292 K, KIzAI<I
zone separa.tes the dome from the vast hornfe}s field and graRitic in-
trusives. The synclinal area between the main migmatite zone and the
Oshirabetsu dome, is oceupied by banded gneiss and schistose hornfels
vLrith a NW trend; maRy sheared zones rtm along this zone. As mentioned
a.bove, being separated by tectonie lines at the outer ma.rgin of the banded

gneiss zone, the Oshirabetsu dome is c}early revealed as oRe of the
strtictural units of the region. (Fig. 2)

    The main mi.cr,matite zone o£ the region has a width of 5 km aRd shows

a N3eW trend. The chie£ roek speeies of the zone is eordierlte migmatite;
lt eontaiBs some gneissose migmatitic part aRd eehelon-lil<e disposed
granitie migmatite bodies. Tlae Toyonidake dome lies on the southern
edge of the region. A structura} nature like that of the eshirabetsu dome
is also observable in this area. The dome overturns toward the southwest
and its southwestern s}ope is eut by a thrust fault- in conta.et with sehistose

hornfels.

    Generally speaking, the contact relation of eaeh rock zone is gradually

transitional and there is no marl<ed discordant relation. IEIowever, the

eordierite migmatite contains many block-Iike inelusions of gneiss and

schistose hornfels and metamorphosed calcareous nodu}es whieh may
denote an indubitable sedimentary origin. Granitic sheets and some leueo-

eratie rocl<s and diabasie dykes are observed along the sheared zones.

                            Petrography

    Every rock speeies of the area, is eonstituted essentially of p}agioclase,

})iotite and quartz, of which the eharaeters are shown in TABLEs i ancl 2.

    On the foliatioii p}ane of sehistose hornfels, theTe occur fiattened

parallei spots of biotke whieh are the aggregate of minor ones. The
gradual change to the banded gneiss is obviotts.

    The banded gneiss is eharacterized by the foliation beiRg defined by
alterRate layers of biotite and qaartz. Aceessory constituents are ortho--

clase, muscovke, cordierite, fibrous si}Iimanite, apatite and opaques.

    The rnain part of the Oshirabetsu dome is made up of cordierite
migmatite. It has medium and foliated texture to some degree but is often

massive. The microscopic texture is medium granob}astic with s}ight
evidenee of strain. The constituents are sodic plagioclase, quartz, biotite,

cordierKe and orthoelase. Cordierite appears as greyish green spots most

of whieh are a}tered to pinite. Orthociase oecurs frequently replacing the

plagioclase with eonsiderable myi'mel<ite. Aecessory constituents are
museovite, apatite, zircen, titanite, fibrous sillimanite, gaynet and opaques.
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[l]iABLE I.
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max.O.9        20.2    O.5 I

max-2o12 2g.

max･ 817,. i3.2

i

Y.?."i..i,.i.i... ･s2.4

    1.0i
/

Ithax.2.bM'

i 1.o

 O.4

ttttttttttttt

 / O.3 ･

 O.4

41.0

 O.8

2.1

1.0

O.4 4.2

   l o&
    loe.o

max.4.0
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    Granitic migmatite is massive, sometimes porphyyit,ic biotite quartz
diorite. Pheoncrysts of fresh eoloured feldspar (a soclic andesine) oecur
frequently, at the parts transitional to the eordieyite inigmatite, GeReral-

ly, the eontact xNrith eordierite migmatite is gyadual but sometj.mes there

is a sharp boundary. 'l]he eonstituents are plagioclase, quaytz, biotite,
oythoelase and hornblende in ]eeally. Orthoc}ase oecurs frequently in Iarge

poyphyroblasts with partiai perthite and replaces plagioclase with eon-
siderable myrmekite.

                Megascopic aftd Micfoseopic Structures

    The styuctural eleiirients of the Oshirabetsu dome sueh as foliation,
}ineation, ,joints and faults, are shoxvn in P"igure 2.

   Feiiatioit: [l]he rocl(.s within the area have one kind of obvious
megaseopie s-plaRe. [I)his wlll be referred to throughout this paper as
foliation It is rather pronoimceci, as in the ballded gneiss and sehistose

hornfels, but is feebly represented in some of the eordierite migmatite and

the g}'anitie rnigmatite. The foliation is defined by the dominant orie"ta-

tion of p}aty minerals sueh as nziea. The baRded gneiss has a well-marked
foliation defined by alteriiations of layers em'iched With quartz and biotite.



The layeying in £he banded gneiss may be the result of me£amorphie dif-
ferentiation, either ehemical or naeehanical. The trendq of foliatioR planes

are indieated in Figure 2.

    [Eoints: [rhe system of joints is observed only iR the eorClierite
Tnigmatite part of the dome. The most constantly oecurring joints have
two trends, an EW or ENE-WSVV' directed group and a NS oy NNVgLSSE
direeted group. Their dips are nearly vertical. Some minor faults and

sheared zones parailel to the direetions of the joints are observable. These

trends of joints eross ob}iquel>r to the lineation. They eonsequently fail to

show a･c joint or tension joint but are examples of a shear joint. They

may be consid'ered as synonymous vLTiLLh a erevasse in a glacier.

    Lineation: The conspicuous £eatgre o£ the megaseopie fabrie is the
lineation on the £oliated plane which is present in almost all the roel< types.
K is most marked in the banded gneiss and schistose horRfels but so weak

in the cordierite migmatite as often to be unobservable. The visib}e
lineaeion is defined by the following features.

    I) Paralle} orientation of mineral grains such as biotite, invariably

define the lineation.

    2) The orientation of the axes of microfolds sometimes marks and

are parallel to the orientation of mineral grains.

N

e

e

e

W
.

e

   e
  e"-

ee  .
.

d

e

.

t-e- o- .   e"   -e      e

E

.

.
.

                 $
Fig. 3. Diagram showing orientation of lineations
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Fig. 4. The oecurrenee of palaeosomes and quartz pools.

    The orientation of the Iineation ls shown in Figuye 2; it dips always to

the southeast, 150-60e. The dip is more gent}e in the eentey of the dome
t･han in the outer portions. (Fig. 2 a,nd 3)

   B-axes : There is much disegssion on the pyoblern whether lineation
is paTal]el oy normal to the direetion of movement, as ls the eoRtroversy

on the Caledonian movernent in Norway and the Scottish Highlands. The
viTriter came to a conclusion as to that prob}em

preserve the lineation. (Fig. 4) [l]he defOrMa" Fig. s. Quartz pool in cordierite

tion represented in Figure 5, however, means migmatite.
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 that the movement is normal to the lineation
 and also weakly parallel to the lineation at
                                                    J
 the same time. The orientation of quartz

i//#ekeif}8,X,"af,kaaft,Ztp,xPf,?liue,gge/i%i?2Z-`i･gEekiighg8 ×,..' ;

 tion. (Fig. 6) The girdle normal to the Iinea--
                                            Fig. 7. Mierofolding in schistose tion represents the partial movernent normal
                                               hornfels (ae).
 to the lineation as noted by SANDER (1950).
 Furthermore, the axes of the microfolding iR the sehistose hornfels and
 the banded gneiss are parallel to the }ineation. (Fig. 7)

     Consequently, the principal partial movement is normal to the linea-
 tion and therefore the Iineation of this area is b-lineation.

                         Microscopic Fabric

     The preferred orienta.tion of grains has been studied in seventeen
 specirnelts of schistose hornfels, banded gneiss, cordieyite rnigmatite and

 granitic migmatite. The fabrie diagrams of quartz, biotite, plagioclase and

 muscovite have been prepared from thin sections orieRted para}lel or sub-

 paral}el to the ac-plane of the fabric. The texture, grain size and mode

 of ea･ch roekspecies are ･shown in TABLE l. ''
     The mineralogy of each specimen is simple ; quartz, plagioelase, biotite,
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and the other important minerals are fiakes of muscovite and orthoclase
cementing intergranular spaee.

    Quartz :
    QLiartz grains are xenomorphic occurring among the other minerals;
they fractured and undulatory but often Iarge grains of blastic nature are

found. Undulatory extinction is marked but is not always existent in the

same thin section. Generally, the existeiace of Ro large fresh porphyro-
blastic quartz indicates undulatory extinetion ; the core part of it indieates

higher refractive index than the outer part and always contains gaseous
or liquidous inc}usions. Besides that, as a rule, the orientation of gaseous

incltisions has the para,Ilel arrangement. Sueh orientations of inc}usions

are called "B6hm lamellae"." Some of them are so-called deformatiolt
lamellae which appear as narrow, bright lines and light up just before
extinetion. The lamellae have also a higher refractive index than the
grain itself.

    The orientation of quartz axes shows the ac gird}e as a rule. (IEi'ig. 8-

Fig. 28) In sehistose hornfelses and banded gneisses, quartz orientation

takes the form of distinct girdle, and its maxima have symmetry with
respect to s surface (foliation plane) being near the maxima II, IV, VI
according to SANDER (1930) and FAIRBAIRN (1949).
    There a]re two girdles in some specimens (Fig. I7, Fig. 12); inner
girdle does not show distinct symmetry with respeet to maxima.
FAIRBAmN holds that the inRer girdle as descyibed Row, is a residual
orientation. (FAIRBAmN 1949)

    In eordierite migmatite, quavtz orientation shows the imperfect ac
girdle and its maxima show point symmetry with respect to b; it has no

symmetry of maxima in Figure 18 and Figure 19. An example of plane
symmetry wtth distinct foliation as in,gneisses, is shown in Figure 16.
The diagram in Figure l8 especially shows the coneentration of the quartz
axes of the speeimen illustrated in Figure 4. It is distinct}y that con-
spieuous external rotation with respeet to b has occurred. In Figure 15,

is shown a diagram of t'he banded gneiss which is transformed to a mylo-
nite by intense shearing and so has beeome granulated. In' this ease, the

quartz orientation does not show ac girdle but shows a tendency toward
the accumulation of the maxima IV, VI.
    All the rriaxima of each speeimen of the area, are projected on the

synoptie diagram aceording to SANPER, GRIGGS & BE- and IVAIRBAIRN in

 '*' When 'ihe 'deio'riiaflon' lamel}ae have reerystallized to the paralle} orientation of gase-

   ous or liquidous inelusions, this texture is ealled BOHM lamellae. (B6HM 1883, HiETANEN

   1938, FAIRBAIBN 1949)
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26. Cornpo3ite diagram of quartz axes
orientation showing positions of maxima
on the synopti,e diagram of average posi-
tions of known quartz maxima by Sander
and Griggs & Bell ,and Fairbairn.
Filled circle : banded gneiss, unfilled circle :
cordierite migmatite, triangle: schistose

hornfels. ' '
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Figure 26. It is notable that the maxima of all the fabrie diagrams tend

to concentrate to the maxima Ii, IV, VI indiscrim. ina£ely. The tyend liRes

o'f axes wi£hin an individual undulose quartz grain, aye shown in Figure
25. The migration of axes indicates c}early the oceurreRce o£ the rotation

of axes within tke graln perpendicttlar to b. ･･
    The fabric of granitic migrnatite differs from that of schistose horn-

fels, banded gneiss and cordierite migmatite indicates bAb' girdle.

    B6HM lamellae are more or less observable in bap.ded gneiss aRd
cordierite migmatite but not in sehistose hornfels. Some of these lines
are confined to individuai grains, while others cut through several neigh-

bouriRg grains without defiection. Furtheymore, fractures are found
within plagioclase parallel to the B6HM lamellae in two directions,
oecasionally in three or four directions. (Fig. 27) Their plane oriellta-
tion is parallel to b. (INGERsoN & 'I]uTTLE 1945) [l]he dips of these frac-

tures and the B6HM lamellae have local aceordance.

                            Discussion

    Girdie: Giydle is almost always present in varying degree in tecto-
nite, especially ae giydle as abundantly observed in this study, is the most

common type. There are three hypotheses on the origin of girdle. One
of them-according to FAIRBAIRN (1949)-ac girdle is associated with
rotational movement about b. A second is that it could be caused by suc-

cessive ehanges in the direction of the movement without any rotation
of grains necessarily oceurring. The third explanation of ac girdle
orientation may be that it oecurs through the development of rnierofolds.

    So, coneerning the present case, the displaeemeRt of axes withir} in-

dividua} vind{ulose ' quartz grain (Iiiig. 25) may prove that interna} rota£ion
about b ha.s occurred. It is considered to be a ease of ini.'ragranular plastic

deformation whieh is due to the rotation by partial movement about b, r
operating as the gliding plane, m:7- as t･he gliding direction. The distribu-

tion of axes resulting girdles may represent the loei of the grain axes
which either have not yet attained this desiyed position or have been
shifted out of it by subsequent rotation.

    The rotation of axes ind{ica.tes only the interna} rota£ion coRtrolled by
the rnovement plane, especially in mylonitie rock (Fig. 15) whiclk does not

show ac girdle but the teRdency towayd the aceumulation of maxima IV,
VI as the result of intense moverneRt; the maxima show the plane sym-
metry as in schistose hornfels and baRded gneiss. The fabric of eordierite

niigmatite formed in connection with external rotation, Shows the sym-
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28. 'Block diagram of the Oshlrabetsu migmatite dome and quartz fabrics.

  3. Banded grieiss, 5. Granitie migmatite, 7.
  4. Cordi.erite mi.crmatite, 6. Granjte,

Gabbro.
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metrical maxima with respeet to b, or no symmetry at all.
    Despite the indicatioik of ac girdles and the same tendeney of the
maxima to concentrate in every yock species of this region, the difference

in the symnietry of fabries shows that the deeyease o£ plasticity caused by
migmatization may cause to occur not only the external rotation about b
but also a weak movement parallel to b, and may coine to disturb the sym-

metry iR the cordierite migmatite. (Fig. 28)
    twaxiittae: According to the distribution of maximla (Fig.26) it
seems that the maxima of all fabries have the same tendeney toward the
concentrating to maxima II, IV, VI akhough the rocl<s are of different
species. The fabric of the myloni+.ie giteiss shows fine grained quartz
c.aused by intense difiierential movement as described above. It may be
suggested that the rnore the iRtense djfferential movement has acted, the

more crystallographic eontyol to the orientation o£ quartz axes has beeome
     .COIISPICUOUS,
    Theye are two hypotheses respeeting the orlentation of quartz

maxima; the fracture hypothesis o£ SANDER and GRIGG & BEm, and the
translatio" hypothesis of SANDER and ScHMIDT. GRIGGs & BEm by means
of experimental deformation developed SANDER's idea of the oriei3tation

ffLeehanism of quaytz axes, The hypothesis is based on the assumptioll
that in the initia} stage o'f deformation, quartz grain is fractured into

elongated, needle-like fragments haviRg axes. These needles have then
been rotated approximately into the shearing plane with their axes
parallel to the direction of movement. Later reerystallization may have
obliteyated most of the needle shape, leaving only the crystal axes

orientation.

    IIowever, in this case, no trace of needle quartz eaA be discovered;

oBly the displaeement oii axes within individua} tmdulose quiartz grain is

indicated. Accordingly, the translation hypothesis may be supported, as

stated above in the paragraph on girdle, rather tkan the fractuye
hypothesis.
    Progressiv.e stages in the mechanical deformation of quartz appear to
take the folloviing forms:

     i) plastie deformation by undulatory extinetion, slight displace-

         ment of axes.
     ii) intense undulatory extinctioia, displaeement of axes; ruptu{re be-

         tween the units.
    iii) intyagranular rotation ef axes with submicrsocopie deformation.

    iv) i£ intense movement occurs, it may produce granulation.
     v) reerystal}ization (porphyroblasO.



    !l]hese proeesses may be only the seveyal behaviours in eertain sections

in the later phase of a long metamoi'phie history, Ftirthermore, it is im-

portant to take into eonsideration the re}ation between the growth or the
deeremeiat of quartz by migration of siliea and some assoeiated movemeiit.

    XlxameEiae: IJamellae have been often deseribed in connection with
the deformation of quartz eyystal. B6HM (1883) stated that an apparent
fiRe lamellatio.n formed by fiuicl, gaseotts and solid inelusions in the quartz

were often eoncentrated along certain,plaRes. The apparent lamellae in

quartz became known as "B6HM iamellae".
    It has been considered by many authors that the larnellae had conikee-

tion with the orientation of qvtartz axes. (MtiGGE 1896, SANDER 1930,

FAmBAmN 1939, HIETANEN 1938) Recent analysis east doubt upon the
glide line hypothesis on lamellae. INGERsoN and TuTTLE (1945) con-
eluded that althotigh Iamellae developed subnormal to axes, erystallo-
graphic control of lamellae is lacking in quartz grains. RiLEy (1947)
maintained that the axes orientation was unrelated to the lamellae develop-

ing at a Iate stage in the deforrnation history of the roeks. [l]uRNER (1948)

held that lamellae would all be of Iate developrnent and the associated axis

orientation should be considered as an independent aRd earlier phase of
deformation. NAKAyAMA (l949) regardiRg the lamellae as gliding p}ane,
discussed the relation between the elongation of quartz grains and the
orientation of axes. WEIss (1954) coneluded that visible deformatioR
lamellae and band could play no part ilt the evolution of the prefered
orieptation of axes in the grains in "vgThich they oecurred, and the deforma--

tionEstructure were formed during the process of granulation. ffe
described also minute inelusiolls and rarer open planar fractures which

oceur close to the ac-planes of the equivalent of megascopic ae- and sub

    In the present case, BdHM lamellae vary to deformation lamellae in

some part of the same grain. [I]hey therefore may be a recrysta}Iized relict

strueture of deformatioii lamellae as suggested by }ImTANEN and
FAiRBAmN. As indieated above, the fractuyes within plagioclase grains
parallel to the lamellae of quartz and lamellae poles oecu})y a narrower,

more restricted zone than axes. (Fig. 27) It is clear, aecording'ly, that

the orientation of LLhe lamellae yepresents sealed fractures and that the

orientation has been produced by later movement normal to b, in the meta-

morphic history. That movement produced fractures aRd theR in some
part deformation Iamelae have recrystallized to B6HM lamellae. The
iyregularity of the orientation in every specimen May suggested the
localization of inovement at some later stage.



    Petrofabries of the Oshirabetsu Dcme in the Southern Hidal<a Metamorphic Zone 307

    Biotite aRd ISff{iseovite :

    There aye sorne differenees in grain size, co}our and refraetive indices

of the biotite iR eaeh roek. (Tab}e 2)

     TABLE 2. Colour and refractive indiees of eaeh roel< speeies.

color

i

l

:

x:'

･Y:

z:

sehistese
 honrfels i
          l･-
Pa$..b.l',ewnish 1

reddish brown
reddish broxvn l

banded gneiss

pai6ttr5/tn'//s'h''

 brown
reddish brown

reddish brown

refractive
 indiees
  (r)

1

]
i
'

1.637-i.643 1.634-1.642

cordierite

migmatite

pale brown

brown
reddish brown

i
I

1.643-1

    ! granitie
    I migmatite

     Mb'Ei6'greenish

       brown
    !/ brown

     brown

.647 1.644-1.648

    The foliation is weak or absent; undulatory extinction and bending
of biotite are prominent in cordierite migmatite. In schistose hornfels
anCl banded gneiss (Fig.29-Fig.35), biotite blades are vgTe}l aligned in
foliation and represent Iineation, especially in the latter, well marked
foliation is defined by the biotite-rich layers. The poles of (OOI) of biotite

are projected. AII diagrams of sehistose hornfels, banded gneiss and
cordierite migmatite, show the maxima at c coinciding with the poles of
the foliation; but in granitie migmatite, cleavage poles are not paTallel to

c. These fabrics show more or less ac girdle in proportion to the in-
tensity of sehistosity. ']]he diagrams of several banded gneisses, show

especial}y the tendency tovtrard the ineomplete girdle. The diagrams of
cordierite migmatite show in general perfeet girdles. In speeimen e-22
(Fig. 38) the ocettrrence of external rotatioii about b is clear as suggested

by the quartz fabric.

    Disetission :

    It seems that the high eoncenti'ieity of cleavage poles in banded
   .gneisses may suggest the intense differential movement which oceurred
during the production of the roek.

    In cordierite migmatite, being a rnigmatitized gneiss, the external
rotation about b as shown by s.pecimen O-22, may attain a weak schistosity

and so ac girdle. It is considered accordingly that maximum at e rep-
resents residual orientation. (SA}IA]NEA l936, X?VEiss 1954)

    From the viewpoiRt of the orientation of biotit'e, schistose hornfels,

banded gneiss and cordierite migmatite are assoeiated with each other,
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in respeet to their origin. It is considered however that the biotite fabrie'

of granitic migmatite may have been produced under a different environ-

ment from other as shown by quartz fabrie (bAb' gird}e).
    ]YIuscovite oecurs esseBtially in cordierite rr}igmatite; it is entirely

undeformed and grains are fewer than those o£ biotite. It is interpreted
that muscovite has crysta}lized out iater thaii biotite, since biotite alters

to muscovite at its own margin. I£s diagram (Fig. 45) shows preferably
similar orientation to the biotite diagram of gyanitic inigmatite and differs

from the biotite pattern of cordierite migmatite. It is to be noted that
this relationship rnay be corre}ated to the fact that granitie migmatite

was produced later than cordierite rnigmatite.
    The biotite displays generally a single maximum at c in cordierite
migmatite, whereas the associated museovite has tvLTo maxima separated

by a £ew degrees, not at c, It ls interesting that the orientation of musco-
vite cleavage poles is Bot in accordanee with that of rio' iotite. (CLoos, E.

and HmTANEN 1941)
    Piagioelase :

    Plagioc}ase is an essentia] mineral in the roeks fiow under eonsidera-

tion and shows preferably round shape, An%20-35, in sehistose hornfels,

banded gneiss and cordieyite migmatite. The poles of (010) of plagioelase

grains are here proje.cted. (Figs.46, 47 and 48) ･
    Each of them has maximum at c and shows a tendency toward an
iRcomplete girdle about b. The pattern aye therefore similar to that of

biotite. Accordingly, in speeimen O-22 (Fig. 46) espeeially, the rnaximum
neighbouring to a may be interpreted as having resulted from an external

rotation.aboutb iike that oS quartz and biotite. ･
    Thetie are some plagioelases in which oBe albite lame}}ae twin parallel

to the foli4tion plane ifitersects the other twin at a few degrees in the

same grain. 'I]he latter is fi}ied with dirty inclusions as seeii Figure 49.

In Figure 50, is s.hown the Iamellae twin intersecting an indistinct zonal

strueture.
    It is considered that these textures may indicate an association be-

O.5mm

        t-----pt
Fig. 49. Newer and older albite

   twins in plagioclase.

              O5nitn          ts----:::i

Fig. SO. Zonal s£rueture aiid albite
   twin in plagioelase.
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 tween a newer and an older one. [l]he poles of these/ o}der and iiewer

 Iamellae twiBs are projeeted. In Figtire 48, the poles of the newer lame}Iae

show the maxirnum at c, while the older ones show the submaximum eon-
centrating about the center of the third quadrant. In Figures 46 aRd 47,

The poles of the older lame}lae show a tendency toward eoncentration into

the thiyd quadrant or slightly in the first quadrant. Stich tendency as
showlt by plagioe}ase gi"ains is also indieated clearly by the diagrams of

biotke, O-121 (Fig. 33), e-43 (Fig. 40), O-6e (Fig. 41), O-220 (Fig. 42)

and O-221 (Fig. 43).

     From the above, it is considered tha£ (Ole) of plagioclase as well as
 (OOI) of biotite may indicate a glide plane parallel to the movement plane

so that albite lamel}ae twins may be produeed. Every plane of these
minerals will show a similay deformation under the received foree but
plagioelase may be moi"e resistant. The older

texture however is not only yet･''c}early
understood in respeet to the vegional struc-
ture.
                                                e    Some albite tvLTins are cut by a fracture "sctilr
occurring in a latey stage of the deformation,
                                          Fig. Sl. Diagram showing a}bitecompare Figure 51. This phenomenon in-
dieates obviously that some albite twins have kW..i,"tJ',a..','al.i.eip:.Ogl.O,ila.t,i60"g,.ai".9

been produced at the later stage of meta- ･
morphism by means of meehanical gliding on (OIO).
    GoRAI (1950, l951) proposed a method to distingtiish metamorphic
roek from igneotis roek by means of the difference of the mode of plagio-

clase twin. Applying his method, II[moTA (l952) and SoTozAKI (1956)
dealt wSth the metamorphie rocks and the migmatite of the Hidaka meta-

morphic zone. Aeeording to them, e-type twin (esseRtially carlsbad twin)
does not oeeur at all or very rarely in band gneiss and cordierite migma-
tite, but it frequent in granitic migmatite. I'hey eoneluded that the former

have been the product of a metamorphic process while the latter may have
been igneous in origin or may have been in a meked coi3dition.

    flowever, it seems elear that metamorphic rock is associated more or

less with regional movement and that the productien of plagioclase twin

is conneeted with gliding on foliation as suggested above. The problem
of plagioelase twin theTefore is to be dealt with from the dynamic point
of view as well as frorn the sta.tie one.
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                           Metasomatism

    In this paper, is deseribed the deformation and the orientation of
component minerals of the tnetamorphic rocks. These things, deforma-
tion and orieRtation, may have conneetion with the vayiation of the
eharacter of the constituent mhaerals and yeerystallization of the roeks.

These phenomeiia n-ientioned above, are some episodes i}i the later p}aase

Qf the history of migrnatization and granitization. From sueh a stand
point, recrystallization and the occurrence ef porphyroblast in the rocks
are discussed in the following.

    a) B6HM lamellae of quartz are a relict texture; they are not
observed in fresh porphyrobla･st.

    b) It may be due to the reerystal}ization with gliding whieh may
have occurred after fracturing, 'that aibite twin of plagioelase is produeed

mtersecting the fractures as iliustrated by Figure 51.

    c) Ka}ifeldspay fi11s the spaee among the other minerals and grows
up into Iarge porphyrob}asts replacing plagloelase. A certain kalifeldspar

retain nothing at all with the proceedh3g of replaeement. It may be sug-

gested that the growth of kalifeldspar has tal<en plaee after the fraeturing

in a late phase of metamorphism.

    d) The biotite of banded gneiss which possesses a high concentricity

o£ cleavage po!es has the deeper reddish brown colour and lower refractive
index, and a higher content of alumina than the other biotites. The
banded gneiss in bull{ composition is richer in alumii?a than the other
rocks, just Iike biotite. (KIzAI<I 1951, ]I[uNAHAsm et al. I956) The

writer eoncludes therefore that a s£ructural and chemical eulmination is
represented in banded gneiss zone.

    e) The muscovite whieh replaees biotke, shows a different orienta--

tion pattern from that of biotite in the same roek. The movernent affeets

the lilteation : doming, produces the fractures or the craeks in quartz and

plagioclase grains, and subseqiieRt recrystallization with the associated

rnovement cattses the fraetures to disappear or replaee the olde}' minerals

inadifferent orientation. ' ･ ' '

                            Conclusion

    The movement involved in the evolution of the'Oshirabetsu migmatite
dom6, may be essentially normal to }ineation. A relative movement of
parts has oc6urred whereby portions of grains, whole grains, aggregates



of grains (quartz poo}s) and palaeosomes are displaced normal to linea-
tion either along the foliatiok plane, or by rol}ing (internal rotation or

external rotation or mierofoldiiig) about b in mieroseopic and megascopic

scale. A slight rotation about a is recognizab}e only in cordierite
migmatite. The direetion of the relative moverrient iR conneetioll with

the lineation at every point (Fig,4) tends toward the center of the
dome from northwest to southeast upward, so the dome strLicture thus
may be represented as the total sum of the partial movement about b.

･ The harmony of the fabries in the above deseyibed roek speeies, exe

cept gra.nitic migmatite, may be interpreted as a,n additional indication o£
their eommon origin, namely regional migma.tization. The gabbroic sheet

bouRding the nor'chwest side o£ the hoynfels zone. [l]he sheared zone
delimiting the dome may･ indieate the movement at the last stage of doming

and may have assoeiation with the intrusion of small granitie bodies,
aplites, and dia･base dykes.
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