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Abstract--The Median Tectonic Line (MTL), the most prominent onshore fault in Japan, demarcates the 
Cretaceous Hiji quartz dioritic gneiss of the Ryoke belt on the west from the high P/T type Sambagawa 
metamorphic rocks on the east in the Takato area. Toward the MTL, the Hiji gneiss grades into strongly 
mylonitized rocks characterized by grain-size reduction of quartz. In the mylonitic rocks, the development of 
fluxion banding (Sin) is remarkably influenced by the existence of K-feldspar, forming a myrmekitic intergrowth. 
Brittle microstructures indicative of truly cataclastic deformation are observed only in mylonitic rocks close to the 
MTL. Early deep-level ductile deformation apparently gave way to shallower, brittle deformation at a later stage. 
The attitude of stretching lineations (L m) and asymmetric microstructures observed in the mylonites suggest that 
sinistral strike-slip shearing with a subordinate component of vertical-slip took place during mylonitization in 
mid-Cretaceous time. The mylonitic rocks and their protolith, supposed to have constituted the eastern limb of 
the shear zone, were probably eroded out and lost by upheaval of the Sambagawa belt relative to the Ryoke belt. 

INTRODUCTION 

THE MEDIAN Tectonic Line (MTL) is a major tectonic 
feature dividing southwest Japan into Inner (northern) 
and Outer (southern) zones. It has a strike length of 
nearly 1000 km, and is the longest fault in Japan. The 
MTL forms the boundary between two contrasting 
metamorphic belts; one is a low P/T belt of cordierite-sil- 
limanite rocks closely associated with granitic rocks in 
the north (Ryoke belt), and the other is a high P/T 
glaucophane-bearing belt of crystalline schists in the 
south (Sambagawa belt). The two belts are examples of 
'paired metamorphic belts' (Miyashiro 1961). From the 
western half of the Kinki district westward, the Izumi 
Group of Upper Cretaceous marine sediments uncon- 
formably covers the Ryoke metamorphic rocks and 
granites, and is in contact with the Sambagawa belt 
along the MTL (Fig. 1). 

In the Chubu and the Kinki districts, a mylonite zone, 
several hundreds to a thousand meters in width, is 
developed along the MTL in the Ryoke belt. Some 
subsidiary mylonite zones, branching off from the major 
zone along the MTL, are known in the Kinki district 
(Hara et al. 1980). 

The mylonitic rocks along the MTL in the Takato area 
have been studied by many geologists from the viewpoint 
of their petrogenesis, parent rocks, structural relation- 
ship to the MTL, and other features (e.g. Sugiyama 
1939, Hashimoto 1957, Hayama et al. 1963, Hayama & 
Yamada 1980, Ono 1981). Recently, the writer made a 
detailed geological and petrographical study of the 
mylonitic rocks in this area re-examining the above-men- 
tioned problems. Part of the results have already been 
reported (Takagi 1983, 1984). From microfabric 
analyses of the mylonitic rocks in the Chubu and Kinki 
districts, Hara et al. (1977, 1980) proposed a movement- 
strain picture of a ductile shear zone during mylonitiza- 

tion. Kosaka (1980) described many ductile-brittle 
microstructures of the mylonitic rocks along the MTL in 
the Kinki district and along other major faults, and 
estimated physical conditions of deformation by com- 
parison with high-temperature deformation experi- 
ments on quartz aggregates. Except for these prelimi- 
nary studies, there are few contributions for the tectonic 
setting and deformation mechanisms of mylonitic rocks 
along the MTL. The geometry of tectonic movement at 
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Fig. 1. Regional setting of the Median Tectonic Line (MTL) and paired 
metamorphic belts in central Japan. Location of study area (black) is 

indicated. I.S.T.L., ltoigawa-Shizuoka Tectonic Line. 
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the stage of mylonitization has not yet been revealed. 
With some review of the previous papers written in 
Japanese (Takagi 1982, 1983, 1984), the present paper 
describes the meso- and microstructural features of the 
mylonitic rocks, the asymmetric microstructures in the 
mylonitic rocks as an indicator of the sense of shearing, 
and discusses the deformation history of the mylonitic 
rocks and the tectonic relationship between the myloni- 
tic rocks and the MTL. 

GEOLOGICAL AND STRUCTURAL SETTING 

The MTL runs approximately N-S, dipping vertically 
in the Takato area. To the north of this area, the MTL is 
offset by the Itoigawa-Shizuoka Tectonic Line 
(I.S.T.L., Fig. 1) bounding the western margin of the 
'Fossa Magna', a major graben-like rupture zone. Out- 
crops of the MTL displaying direct tectonic contact 
between the Ryoke and the Sambagawa belts, are known 
at six locations where incohesive fault gouge is lacking. 

The Sambagawa belt in the Takato area is composed 
mainly of quartzose pelitic schist with subordinate 
amounts of basic schist. The schists strike nearly parallel, 
or in places a little oblique, to the MTL and dip to the 
east at moderate angles. A spotted schist, characterized 
by albite porphyroblasts visible to the naked eye, forms 
a narrow zone nearly parallel to the MTL (Fig. 2), 
(Kawachi et  al. 1983). 

From west to east the Ryoke belt in the Takato area is 
composed of (1) Ryoke metamorphic rocks, (2) massive 
quartz diorite (Katsuma quartz diorite) and (3) quartz 
dioritic gneiss (Hiji gneiss) (Fig. 2). 

The Ryoke metamorphic rocks are mostly psammitic 
and pelitic rocks (schistose hornfels, gneiss and migma- 
tite). Toward the west-northwest, normal to the general 
structural trend of the rocks, they grade into weakly 
metamorphosed Jurassic sediments in the Mino terrane. 
Based upon the radiometric age data together with 
geologic evidence, the regional metamorphism and fol- 
lowing emplacement of the 'Older Granites' in the 
Ryoke belt are inferred to take place in mid-Cretaceous 
(c. 90-110 Ma). However, the K-Ar age of the metamor- 
phic rocks is 60-70 Ma, interpreted as the age of a 
rejuvenation by widespread intrusion of the 'Younger 
Granites' (Ischizaka 1966, Tanaka & Nozawa 1977). 

The Katsuma quartz diorite is a coarse-grained mas- 
sive hornblende-biotite quartz diorite. This elongate 
plutonic mass, only 1 km in width, extends N-S for about 
20 km. It was emplaced concordantly in the Ryoke 
metamorphic belt. The Katsuma quartz diorite is 
situated very near to the MTL to the north of Takato, 
but no mylonitization has been recognized in it. The 
Rb-Sr mineral age of biotite in the diorite is 83 Ma 
(Hayase & Ishizaka 1967). 

The Hiji quartz dioritic gneiss is the oldest of the 
granitic rocks in the Ryoke belt (Ryoke Research Group 
1972). It extends over 30 km from north to south with a 
width of 1-4 km in the study area. To the south of the 
Bungui Pass, most of the Hiji gneiss has been trans- 
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Fig. 2. Geological map of the Ryoke belt along the MTL, south of 
Takato area, simplified and partly modified after Takagi (1984). 1, 
granite; 2, hornblende diorite; 3, Katsuma quartz diorite; 4, Minakata 
granodiorite; 5, Hiji quartz dioritic rocks (a: gneiss, b: mylonitic 
gneiss, c: blastomylonites and mylonites); broken lines show the trace 
of foliations (Sg/Sm); 6, Ryoke metamorphic rocks; 7, Schistose 
microbreccia (psammitic gneiss); 8, Sambagawa crystalline schists (s: 

spotted zone). 

formed into mylonitic rocks in a narrow zone along the 
MTL (Hayama et  al. 1963, Hayama & Yamada 1980). 
The Hiji gneiss consists always of quartz, plagioelase 
(An 35-40), +K-feldspar (microcline), biotite, 
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Fig. 3. Structural map showing foliation (Sg and Sm) of gneisses and 
mylonitic rocks, and stretching lineation (Lm, arrows) of mylonitic 
rocks. A fine broken line shows the western margin of the M zone (see 

Fig. 5). 

hornblende, with accessories of sphene, allanite, epi- 
dote, zircon and apatite, but is remarkably heterogene- 
ous, varying in proportion of the constituent minerals 
and in their grain size. It locally possesses a conspicuous 
banded structure. Banded gneiss occupies the middle 
zone of the gneiss body, and its structure trends sub- 
parallel to the MTL. The mineral assemblage of the 
gneiss is rather uniform. Intrafolial folds and other 
migmatitic structures occur locally. Gneissosity (Sg) 
strikes 010-040 ° , and dips vertically or steeply to the 
west. It forms a 10-30 ° southward-opening angle with 
the N-S trending MTL (Fig. 3). Whole-rock Rb-Sr 
isotopic ages of the Hiji gneiss are widely dispersed, 
ranging between 265 and 110 Ma (Kagami 1973). 
Recently Yamana et al. (1983) reported a whole rock 
Rb-Sr age of 90 Ma for the specimens taken from some 
selected parts of the Hiji gneiss. Although the age of 
emplacement of the Hiji gneiss remains unfixed, it is 
considered to be mid-Cretaceous (c. 100 Ma) since it was 
emplaced concordantly in the Ryoke metamorphic 
rocks. 

Lenticular bodies of a coarse-grained gneissose 
granodiorite (Minakata granodiorite) have been 
intruded locally into the Hiji gneiss. Near the MTL, 
these rocks have been weakly mylonitized to exhibit 
typical 'augen' gneiss characteristics. 

Towards the MTL, the Hiji gneiss apparently grades 
into the mylonites. Comparison of the mineral and 
chemical composition and field observation of the trans- 
ition between the two types of rocks reveal that most of 
the mylonitic rocks along the MTL have originated 
through mylonitization of the Hiji gneiss (Takagi 1984). 
Xenolithic lenses of micaceous or quartzose phyllonites 
of metasedimentary origin are also locally present in the 
mylonite zone. 

MESOSCOPIC STRUCTURES 

The mylonitic rocks frequently exhibit mylonitic foli- 
ation (Sm). Sm is defined by a dimensional preferred 
orientation of elliptical porphyroclasts and fluxion band- 
ing characterized by elongate pressure shadows (Fig. 4). 
The thickness of the fluxion banding ranges from 0.1 to 1 
mm, thinner than that of the original compositional 
banding (Sg). Sm is commonly parallel to Sg and is 
thought to nearly parallel the XY plane of the finite 
strain ellipsoid. Intrafolial folds are occasionally 
observed in the banded mylonites where the flattening 
plane of the porphyroclasts is nearly parallel to the axial 
plane of the folds. Close to the MTL, the strike of Sg and 
Sm tends to rotate clockwise (Figs. 2 and 3). The stretch- 
ing lineation (Lm) is defined by the X direction on the 
XY plane (Sm) (Figs. 4a & c). Lm measured on the 
foliated mylonitic rocks plunges N-NNE at 20--30 ° 
(Fig. 3). 

Close to the MTL, the above-mentioned L - S  fabric 
has been disrupted by post-mylonitic brittle deformation 
(Takagi 1983). Strongly deformed cataclasites occur 
immediately adjacent to the MTL and to other faults 
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Fig. 5. Distribution of gneisses and mylonitic rocks on the basis of the 
classification shown in Table 1 partly modified after Takagi (1984). 
Initials (A-P) show the location of specimens for analyses of the grain 
size and the aspect ratio of recrystallized quartz grains (see Fig. 6). The 
zones of 'G',  'MG' and 'M" signify those of gneiss, mylonitic gneiss and 

mylonites-blastomylonites, respectively (see Table 1). 

(Fig. 5). Irregular veins filled with calcite, prehnite and 
K-feldspar are widespread there. At the Bungui Pass 
and in its vicinity, a strongly crushed zone occurs close to 
the MTL. It consists mainly of a schistose microbreccia 
derived from psammitic gneiss with small bodies of 
tectonically intercalated Sambagawa schist. 

DEFORMATION-RECRYSTALLIZATION 
MICROSTRUCTURES 

Classification of mylonitic rocks 

The classification and terminology of mylonitic rocks 
in this paper follows that of Takagi (1982) (Table 1). It is 
modified from the classifications proposed by Higgins 
(1971) and Sibson (1977) to avoid genetic connotations. 
Mylonite-series rocks are commonly classified into three 
gradational types: protomylonite-mylonite-ultramylo- 
nite, and it has been described in many shear zones that 
the proportion of porphyroclasts reduces as mylonitiza- 
tion becomes stronger. In the study area, however, the 
Hiji gneiss, a protolith of mylonites, is extremely 
heterogeneous in mineral content and texture, such that 
alternating layers of 'protomylonite' and 'ultramylonite' 
are commonly observed. It is unacceptable, here, to use 
the prefixes proto- and ultra- which imply a grade of 
mylonitization. Thus the writer makes a two-fold 
descriptive division of mylonites into P-mylonite and 
F-mylonite, used in addition to the term blastomylo- 
nites. The maximum grain size of quartz tentatively 
defines the border between mylonites and blastomylo- 
nites (0.1 mm), and that between blastomylonites and 
mylonitic gneiss (0.4 mm). 

Mixed ductile-brittle deformation microstructures in 
each mineral and whole rock are summarized in Table 2 
following detailed descriptions by Takagi (1983, 1984). 

Grain-size reduction of quartz 

The commonest feature of mylonitic rocks is a grain- 
size reduction of the constituent minerals, compared 
with the surrounding parent rocks. This by itself consti- 
tutes one of the definitions of a 'mylonite' (Bell & 
Etheridge 1973). The most sensitive mineral for grain- 
size reduction is quartz, which constitutes a major com- 
ponent of the matrix and contributes to the ductile 
behaviour of mylonites. On the basis of the maximum 
recrystallized grain size of quartz, the Hiji quartz dioritic 
body is divided into three zones in order of increasing 
deformation towards the MTL: G (gneiss) zone, MG 
(mylonitic gneiss) zone and M (blastomylonites and 
mylonites) zone (Fig. 5 after Takagi 1984). The mylo- 
nite-zone wall is nearly parallel to the MTL. The grain 
sizes are re-examined after Takagi (1984 fig. 7B) in each 
section in which individual grains were selected exclu- 
sively from polycrystalline pods or elongated lenses to 
avoid grain-size control by the other phases on grain 
boundaries (e.g. Etheridge & Wilkie 1979). Quartz 
grains infilling extension cracks were excluded from the 
measurement. The mean grain size is defined by 

where ai is the long diameter, b~ is the short diameter and 
n = 200. Figure 6(a) indicates g in relation to the 
distance, D, from the MTL. It shows that the effects of 
mylonitization extend up to 1500 m west from the MTL. 
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Fig. 4. (a) Geometrical illustration of typical foliated mylonite, (b)-(d) polished rock slices of each section; (b) X Z  section; 
boxed part shows displaced broken grains indicating sinistral shear, (c) XY section (Sm) and (d) Y Z  section. 0: strike of 
foliation (Sm) and 010 ° < 0 < 040°; a: trend of lineation (Lm), 0 ° < a < 030°; 8: dip of foliation, 8 = 70-90 ° west;/3: plunge 
of lineation, /3 = 20-30 ° north. (e) Fluxion banding developed in K-feldspar-bearing blastomylonite, m, myrmekitic 
intergrowth; Kf, K-feldspar; Qz, quartz. Thin section stained, PPL, Bar scale 1 mm. (f) P-mylonite without K-feldspar. 

Fluxion banding cannot be seen. P1, Plagioclase; Hb, Hornblende. Thin section stained. PPL, Bar scale 1 mm. 
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Fig. 7. Asymmetric microstructures in F mylonites (a)-(e), in phyllonite (f) and in blastomylonite (g) & (h). (a) Asymmetric 
pressure shadows on both sides of porphyroclasts of plagioclase and K-feldspar, polished rock slice. Bar scale 1 cm. (b) 
Plagioclase porphyroclast with pressure shadow 'wings' (S) and dragged parts (D). XPL, Bar scale 1 mm. (c) K-feldspar 
porphyroclast with pressure shadow (right wing) and dragged part. XPL, Bar scale 1 mm. (d) Compositional image 
photograph taken by the EPMA (JXL733), the same part as shown in (c). Note the aggregation feature in pressure shadow 
(quartz and K-feldspar) and in matrix (quartz, plagioclase, K-feldspar and biotite). Bt, biotite. Bar scale 1 mm. (e) 
Displaced broken grains of plagioclase in ductile matrix. Most grains are more or less pulled apart with infilled quartz (Qz). 
XPL, Bar scale 1 mm. (f) Muscovite 'fish' in phyllonite. The (001) cleavage tilted 20 ° back against the sense of shear and 
partly distorted and disrupted. XPL, Bar scale 0.1 mm. (g) Recrystallized grains of quartz and K-feldspar with their 
flattening plane oblique to the fluxion banding (Sm) parallel to the long axis of the photograph. XPL, Bar scale 1 mm. (h) 

Magnification of the boxed area in (g). XPL, Bar scale 0.1 mm. 
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Table 1. Classification of mylonitic rocks after Takagi (1982) 

V 

lncohesive 

Fault breccia 

Cohesive 

Nature of matrix 
Tectonic reduction in grain size predominates 

Microbreccia " 

< 

< 

< 

Cataclasite [ 

(Max. size of quartz 
<0.1 ram) 

P-Mylonite 

~ Z 
O 

F-Mylonite . 

Graingrowth 
pronounced 
(>0.1 mm) 

Mylonite gneiss 

Fault gouge Blastomylonite 

Random-fabric (with crushing) Foliated (with recrystallization) 

P, 'Porphyroclastic'. 
F, 'Flinty'. 

Table 2. Common deformation features of each mineral and whole rock in 
mylonites-blastomyionites and in cataclasites 

Mylonites-Blastomylonites Cataclasites 

Quartz Undulatory extinction 
(weak-moderate) 

Plagioclase Bending 
Glide twinning 
Extension cracks 

K-feldspar Undulatory extinction 

Biotite Bending 
Hornblende Bending 

Kinking 
Extension cracks 

Allanite Bending 
Kinking 
Extension cracks 

Whole rock Fluxion structure 
Fluxion banding 
Pressure shadows 
Shear bands 

Undulatory extinction (strong) 
Deformation bands 
Deformation lamellae 
Micro faults 
Kink bands 
Deformation bands 
Healed fractures 
Undulatory extinction 
Extension cracks 
Deformation bands 
Healed fractures 
(Altered to chlorite) 
(Altered to chlorite and calcite) 

Granulation 
Comminution 

Fracture 
Veining 
Kinkbands 
Granulation 

Table 3. Schematic diagram of time sequence and conditions for formation of mylonitic rocks. The strain rates gwen are those commonly used 
in discussions dealing with the formation of mylonitic rocks (White 1975, Sibson 1977, Watts & Williams 1979) and generation depth and 

temperature are taken from Sibson (1977) 

Deformation Deformation Width of Generation 
Regime mode product Fabric def. zone depth Strain rate 

Brittle fracture - -  Incohesive 1 m 1-4 km (sec) 
Elastico- random 

frictional Cataclasis Cataclasites Cohesive 100 m 4-10 km 10-3/s¢c 
random (rain) 

.g __Transitional . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10-15 km (250-350"C) . . . . . .  

i [" Mylonitization Mylonites Fluxion 1 km 15--20 km 10-12-10-141sec 
Quasi- l Blastomylonites banding(Sm) (Ma) 

plastic Metataxis? Migmatitic Compositional ? ? ? 
gneiss banding (Sg) 
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Fig. 6. (a) Relationship between the geometric mean grain size (s) of recrystallized quartz and the distance (D) from the 
MTL. Limit bars represent 95% confidence interval. (b) Relationship between the mean aspect ratio (r) of recrystallized 

quartz and the distance from the MTL. Initials (A-P) are the same as those shown in Fig. 5. 

In the M zone, which lies nearest to the MTL (Fig. 5) 
with its western limit about 800 m from the MTL, the 
mean size of quartz falls below 0.1 mm. The mean aspect 
ratio is defined by 

t 
Figure 6(b) shows f in relation to D. Although the ratio 
tends to decrease slightly toward the MTL, no marked 
change is observed. The shape of quartz is essentially 
equidimensional and polygonal, correlating with the 
P-type quartz defined by Masuda & Fujimura (1981) 
(see Figs. 7c, f & h). 

Role of K-feldspar for development of mylonitic fabrics 

A remarkable feature of the foliated mylonitic rocks 
as well as the grain-size reduction of quartz is the impor- 
tant role K-feldspar plays in controlling the development 
of fluxion banding closely related to the formation of 
fine-grained myrmekitic aggregates. In the mylonitic 
gneiss and blastomylonites, myrmekitic aggregates of 
plagioclase, quartz and minor K-feldspar mantle K- 
feldspar porphyroclasts and extend along the matrix 

foliation away from the host grain as tails which alternate 
with stretched aggregates of recrystallized quartz 
(Fig. 4e). This alternation defines the typical fluxion 
banding and develops especially in the blastomylonite. 
Quartz grains within the tails of myrmekitic aggregates 
preserve their drop-like or worm-like shapes and their 
diameters range from 5 to 30/~m. In fine-grained mylo- 
nites, myrmekite is rare or lacking. 

The matrix of K-feldspar-bearing mylonites consti- 
tutes large amounts of irregular, fine-grained plagioclase 
and K-feldspar together with quartz grains and mica 
flakes (Fig. 7d). Quartz grains in such a 'mixed' matrix 
are moderately rounded and fine grained (<20/~m), and 
often exhibit undulatory extinction. On the other hand, 
mylonitic rocks devoid of K-feldspar (namely without 
myrmekite) are dominantly composed of recrystallized 
quartz with minor amount of phyllosilicates in a matrix 
lacking fluxion banding (Fig. 4f). On this basis, it 
appears that the fine-grained aggregates of plagioclase, 
K-feldspar, quartz and mica in the matrix of the mylo- 
nites formed as a consequence of the above-mentioned 
myrmekitic intergrowth. A highly ductile behaviour of 
the trails of such aggregates may be inferred from the 
model for grain arrangement during superplastic flow 
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(Kerrich et al. 1980). Pressure shadows composed of 
larger polygonal grains of quartz and/or K-feldspar on 
both sides of porphyroclasts develop exclusively in K- ¢01 
feldspar-bearing mylonites (Figs. 7b-d). Their presence 
in coexistence with a 'mixed' matrix suggests that the 
deformation took place accompanying intercrystalline 
diffusive mass transfer (Elliott 1973). It has been pointed 
out in many studies that the formation of myrmekitic or 
fine-grained aggregates in the mantle of K-feldspar por- [ [ 
phyroclasts is probably induced by deformation (e.g. cb) I I 
Shelley 1964, Hanmer, 1980). 

ASYMMETRIC MICROSTRUCTURES 

Several types of asymmetric microstructures (showing 
monoclinic symmetry) described recently by Simpson & 
Schmid (1983) and Lister & Snoke (1984) are observable 
in the X Z  sections of the foliated mylonitic rocks in the 
study area. Those microstructures, considered to be 
useful to deduce the sense of shearing, include asym- 
metric pressure shadows, displaced broken grains, mica 
'fish' and oblique incremental quartz elongation fabrics. 
The first two are also observable in outcrops or polished 
rock slices (Figs. 4b and 7a). There has been no previous 
description of such microstructures in foliated mylonitic 
rocks along the MTL. The orientation of the mylonitic 
foliation (Sm) approaching the MTL (Fig. 2) displays 
less convincing macroscopic evidence for shear displace- 
ment (Ramsay & Graham 1970) than the microscopic 
evidence described below. A detailed description and 
fabric analysis of the asymmetric microstructures are 
being undertaken at present (Takagi & Ito 1985). 

Fig. 8. Schematic illustrations of models of vorticity for deduction of 
the sense of shear. (a) Drag pattern of passive markers around a rigid 
spherical body (after Ghosh 1975). Marker lines were initially parallel 
to the shear direction during simple shear. D, dragged area; S, 
pressure shadow area. (b) The sheared stack of cards model applicable 

to the broken and displaced hard grains. 

analogous to a sheared stack of cards model (Fig. 8b) 
(Simpson & Schmid 1983, after Etchecopar 1974, 1977). 
From this model, the displaced broken grains of plagioc- 
lase indicate a sinistral sense of shearing (Figs. 4b and 
7e). 

Mica fish' 

Phyllonite of metasedimentary origin commonly con- 
tains spindle-shaped muscovite porphyroclasts (Takagi 
1982). These have been called mica 'fish' and used to 
indicate the sense of shear (Lister & Snoke 1984). The 
(001) cleavage of mica 'fish' are usually inclined at 
10-30 ° to Sm as shown in Fig. 7(f), giving a sinistral 
sense of shear. 

Asymmetric pressure shadows Oblique incremental quartz elongation fabric 

In foliated mylonitic rocks, asymmetric pressure 
shadows commonly occur as 'wings' of a rigid feldspar 
porphyroclast (Figs. 7a-d). Figure 8(a) shows the asym- 
metric drag pattern made by an experimental study for 
the case of sinistral simple shear parallel or at a low angle 
to the pre-existing foliation (partly modified from Ghosh 
1975, fig. 4). A similar asymmetric pattern is also 
demonstrated by the disturbance of strings outside a 
rotated ring ('string model' of Schoneveld 1977). A 
predominance of pressure shadows displaying the asym- 
metry with respect to the mylonitic foliation shown in 
Fig. 8(a) suggests that the shear sense during mylonitiz- 
ation was sinistral. 

Displaced broken grains 

Extension cracks in rigid porphyroclasts (mostly of 
plagioclase) are frequently observed in the foliated 
mylonitic rocks. They generally appear nearly normal to 
both Lm and Sm, and some of them, especially in the 
highly foliated mylonitic rocks, are oriented oblique to 
Sm in their X Z  section, accompanying a rotation of 
broken grains. Although the cracks appear opened on 
both sides with infilled quartz, the rotation of grains is 

The shape of recrystallized quartz grains in pressure 
shadows is fairly equant. However, when the grains are 
included in stretched layers or lenses apart from the 
pressure shadows, they occasionally show an elongate 
fabric oblique to Sm (Figs. 7g & h). Simpson & Schmid 
(1983) suggest that oblique, elongated, recrystallized 
grains of quartz make it possible to deduce the sense of 
shear. Again, a sinistrai sense of shear is deduced. 

DISCUSSION 

In the Takato area, tectonic movements affecting the 
Ryoke plutonic body along the MTL can be divided into 
three successive major stages: (1) syn-tectonic emplace- 
ment of the Hiji gneiss (metatexis), (2) sinistral ductile 
shearing (mylonitization) and (3) brittle fault movement 
(cataclasis) (Table 3). 

Syntectonic emplacement of  the Hiji gneiss 

The Hiji gneiss has been considered as the product of 
migmatization (granitization) of basic rocks (e.g. biotite 
amphibolite) defined as metatexis or metablastesis 
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(Hashimoto 1957, Kanisawa 1961). Migmatization took 
place at temperatures equivalent to the lower grade of 
amphibolite facies (Kanisawa 1961). As already stated, 
the foliation (Sg) in the banded facies of the Hiji gneiss 
tends to strike more concordantly with the trend of the 
MTL than that of the relatively massive facies, giving the 
appearance of a sinistral shear zone. This suggests that 
the gneissose structure, especially the intense migmatitic 
banding, was produced by strain localized in weaker 
facies. Syntectonic emplacement of the Hiji gneiss was 
followed by mylonitization resulting from sinistral duc- 
tile shearing. 

Geometry and shear sense o f  the ductile shear zone 

Asymmetric pressure shadows and three other micro- 
structures described in this paper all indicate sinistral 
shearing in foliated mylonitic rocks along the MTL. The 
same sense of shearing along the MTL can be deduced 
from other evidence; the trajectories of the longest 
principal axis (X) of strain ellipsoids based on the incre- 
mental quartz elongation fabric (Hara et al. 1977, 1980). 
Many authors have considered that in the highest strain 
portions of shear zones, the stretching lineation in the 
mylonitic foliation (XY plane) approximates the shear 
direction (e.g. Berth6 et al. 1979, Watts & Williams 
1979, Sibson et al. 1981). As already mentioned, the 
stretching lineation (Lm) in the mylonitic rocks plunges 
NNE at 20-30 °. Consequently, it is concluded that the 
shear movement forming the mylonite zone in the 
Takato area was dominantly sinistral strike-slip with a 
minor vertical-slip component uplifting the western side 
of the shear zone relative to the eastern. 
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Fig. 9. Schematic illustrations of tectonic setting of the mytonitic rocks 
combined with the model of the tectonic generation of the MTL 
proposed by lchikawa (1970). R, Ryoke belt; ELR, eastern limb of the 

Ryoke belt. S, Sambagawa metamorphic rocks. See text. 

Cataclastic deformation 

Cataclastic deformation characterized by brittle frag- 
mentation has been imprinted on the foliated mylonitic 
rocks immediately adjacent to the MTL. As listed in 
Table 2, features of this cataclastic deformation can be 
easily discriminated from those of the ductile deforma- 
tion for each mineral and for the whole rock. Such 
cataclastic microstructures are also found in the Sam- 
bagawa crystalline schists close to the MTL (Takagi 
1983). Thus, the cohesive cataclastic deformation can be 
attributed to an upper-crustal fault movement of the 
MTL under the elastico-frictional (EF) regime defined 
by Sibson (1977) (see Table 3). Incohesive fault gouge is 
almost lacking in the outcrops of the MTL in the study 
area (Takagi 1983). This suggests that the MTL in the 
area has not been active recently as suggested by 
Kawachi et al. (1983) on the basis of geomorphological 
observation. 

Interpretation o f  the geotectonic history o f  the M T L  

The following points are critical in considering the 
geotectonic relation between the mylonitic rocks and the 
MTL. 

(1) The foliation (Sm) and lineation (Lm) of the 
mylonitic rocks trend obliquely, though at a low angle 
(10-30°), to the MTL. 

(2) No evidence of intense mylonitization has been 
found to date in the Sambagawa crystalline schists. 

(3) The axis of the thermal structure obtained from 
isograds in the metamorphic rocks of the Ryoke belt is 
cut discordantly by the MTL. This suggests that the 
MTL is a contact of two contrasting metamorphic belts, 
generated after the Ryoke regional metamorphism 
ended (Suwa 1973). 

(4) The MTL runs through the strongest zone of 
mylonitization. Considering the general geometry of the 
shear zone, it seems likely that the mylonite zone was at 
one time also present along the eastern (outer) limb over 
the site of the MTL. 

These lines of evidence suggest the following interpre- 
tation for the geotectonic history of the MTL. Figure 9 
schematically illustrates the vertical tectonic setting of 
the mylonitic rocks combined with the model for the 
tectonic generation of the MTL proposed by Iehikawa 
(1970). In mid-Cretaceous time, syntectonic, metatexitic 
emplacement of the Hiji gneiss occurred, followed by 
deep-seated sinistral quasi-plastic (QP) shear movement 
with a minor amount of vertical-slip (Fig. 9a). Also at 
this stage, high pressure metamorphism probably took 
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place as a result of underthrusting of the oceanic plate 
along the B enioff zone (Miyashiro 1972). Sinistral move- 
ment along the shear zone can possibly be ascribed to 
oblique subduction of the Kula plate (Uyeda & 
Miyashiro 1974) which was moving towards the NNW. 
Geological evidence of a relative uplift of the Sam- 
bagawa belt to the Izumi Group is found in some places 
in SW Japan (Ichikawa 1980). The uplift of the Sam- 
bagawa belt may be inferred to be produced by down- 
ward stacking of material onto a descending plate below 
the Sambagawa metamorphic rocks. Thus the mylonitic 
rocks along eastern limb of the whole shear zone became 
eroded together with metamorphic rocks equivalent to 
those of the Ryoke belt in late Cretaceous time. On the 
other hand, no clast of crystalline schist has been found 
within the Izumi Group suggesting that the Sambagawa 
rocks were not exposed at the surface near the MTL at 
that time (Ichikawa 1980). In Paleogene time, the Sam- 
bagawa and the Ryoke metamorphic rocks came to be 
juxtaposed together near the present erosion level when 
cataclastic deformation was imposed (Fig. 9c). At this 
stage, the eastern limb of the whole shear zone was 
almost lost by erosion. The loss of rocks above the 
Sambagawa metamorphic rocks, probably equivalent to 
those of the Ryoke belt, has been assumed by several 
authors (e.g. Yabe 1963, Ichikawa 1964, 1970). As 
pointed out by them, many geological and sedimento- 
logical observations can be accounted for in this way. 

CONCLUSIONS 

(1) Toward the MTL, the mean size of quartz grains, a 
good indicator of mylonitization, decreases from 0.5 mm 
to less than 0.1 mm in the study area. There is no 
significant change of aspect ratio of recrystallized quartz 
grains. 

(2) Mixed ductile-brittle behaviour for each mineral 
and whole rock indicates that cataclastic deformation 
overprinted the foliated mylonitic rocks close to the 
MTL. 

(3) Development of fluxion banding (Sm) seems to be 
remarkably dependent on the existence of K-feldspar 
which forms a myrmekitic aggregate. The presence of 
pressure shadows coexisting with 'mixed' matrix 
suggests that the deformation took place accompanying 
intercrystalline diffusive mass transfer. 

(4) Asymmetric microstructures in foliated mylonitic 
rocks such as asymmetric pressure shadows, displaced 
broken grains, mica 'fish' and oblique incremental elon- 
gation fabric all imply a sinistral sense of shearing. 

(5) The above-mentioned asymmetric microstructures 
and the attitude of the stretching lineation (Lm) 
demonstrate that the shear movement of the mylonite 
zone was essentially sinistral strike-slip with a minor 
vertical-slip component. 

(6) Before the formation of the present MTL, defined 
as the contact of the Hiji gneiss and the Sambagawa 
metamorphic rocks, the Ryoke belt as well as the mylo- 
nite zone extended more easterly beyond the line of the 

present MTL, forming part of the hangingwall above the 
subduction interface which generated the Sambagawa 
metamorphic rocks. The MTL cuts the mylonite zone 
longitudinally in the middle part and its eastern limb has 
probably been eroded out together with metamorphic 
rocks equivalent to those of the Ryoke belt. It was 
probably accomplished by the movement of the Sam- 
bagawa belt relative to the Ryoke belt. 
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