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Abstract : The Okutokachi Metamorphic Body, situated in the northern part of central
Hokkaido, is composed of amphibolite, pelitic schist and psammitic schist. The metamorphic
body forms a N-S trending synform on a mesoscopic scale. The rocks are well foliated and
lineated, with the lineations plunging steeply towards the east in the western limb and to the
west on the eastern limb of the synform. A K-Ar age obtained from biotite within the
psammitic schist is determined to be 18.9+0.9Ma.

Metamorphic minerals in the rocks exhibit preferred recrystallization parallel to the
lineation direction. Asymmetric micro-structures such as pressure shadows around
porphyroblasts and porphyroclasts, and the rotation of hornblende porphyroblasts suggest
reverse shearing in both of the synform limbs. These micro-structures indicate that flexural
flow was involved in the limbs of the synform, which was formed by E-W trending compres-
sion. Chemical zoning within hornblende porphyroblasts from the cores to the tails indicates
an increase in metamorphic grade during the deformation. Geologic evidence indicates that
the formation of the synform occurred before 19 Ma, possibly during the Early Miocene.

The existence of E-W trending folds, including the synform in the Okutokachi Metamor-
phic Body of central Hokkaido, may have formed during the Early Miocene. This may support
a tectonic model in which central Hokkaido was formed by contraction as a result of the

collision between the Eurasian and Okhotsk plates during the Miocene.

1. Introduction

Central Hokkaido is regarded as a Cenozoic
convergent zone between the Eurasian and
Okhotsk plates (Den and Hotta, 1973 ; Okada,
1982 ; Kimura et al., 1983). Based on the dis-
covery of N-S irending, right-lateral strike-
slip shear zones in central Hokkaido (Kimura et

al., 1983 ; Jolivet and Miyashita, 1985 ; Wata--

nabe and Kimura, 1987 ; Watanabe, 1988), the
convergent mode between these two plates
was interpreted to be due to either an oblique
collision (Kimura etal., 1983 ; Kimura and
Tamaki, 1986), or a transform convergence
(Lallemand and Jolivet, 1985 ; Jolivet, 1986 ;
Maeda, 1986, 1990). The time period for the
convergence between these plates in central
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Hokkaido is inferred to be Middle Miocene
(Kimura and Tamaki, 1986), Eocene to Middle
Miocene (Jolivet and Huchon, 1989) or 17-15Ma
(Maeda, 1986).

In order to clarify the mode and timing of the
convergence in detail, structural and
geochronological analyses of the shear zones in
central Hokkaido are indispensable. In partic-
ular, the northern part of central Hokkaido is a
suitable area for analysis, as there is evidence
that the southern part has been re-deformed
by the later collision of the frontal Kuril arc
(Kimura et al., 1983) since 13 Ma (Watanabe, in
press). In this paper, we describe a synform
within the Okutokachi Metamorphic Body in
the northern part of central Hokkaido (Fig. 1),
and discuss its tectonic background.

Keywords : central Hokkaido, Early Miocene, Oku-
tokachi Metamorphic Body, synform, structural
geology
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Fig. 1 Index map of the survey area. Folds and faults in the Tokachigawajoryu area

are indicated.

2. Okutokachi Metamorphic Body

2.1 Geology

The Okutokachi Metamorphic Body is situat-
ed at the upstream of the Tokachi River in
central Hokkaido (Fig. 1). The body was first
described in the 1 : 50,000 geological sheet map
for the Tokachigawajoryu area as metamor-
phic rocks consisting of greenschists and
phyllites (Sako and Hasegawa, 1957), which are
discriminated from the non- or less-metamor-
phosed sedimentary rocks, basalt lavas and
dolerite intrusions of the Hidaka Group
(Watanabe and Iwata, 1987) of Paleogene age
(Kiminami ef al, 1990). The body is dis-
tributed in an area of 3km by 4km, and the
eastern side of the body is delineated by a N-S
trending faulted contact with the sedimentary
strata of the Hidaka Group. There is a gradu-
al change in the strike of the sedimentary
strata in the Hidaka Group from ENE-WSW, to
N-S through to a NE-SW trend nearest the
fault (Fig. 2). Thissuggests that the change in
strike of the sedimentary rocks is due to fault
drag which includes a right-lateral strike-slip
component. The western side of the synform
is covered by Quaternary pyroclastic flow de-
posits (Fig. 2). Small isolated exposures are

also found to the southwest of the metamor-
phic body overlain by the Quaternary
pyroclastic flow deposits. All of the units
within the body are well foliated and lineated.
Bedding planes are generally parallel to the
schistosity, which trends NNE and dips 50°-80°
W in the eastern part of the body, whereas
gentler dips of 20°-80°E are found in the west-
ern part. Thus, the metamorphic body forms
a synform structure. Figure 2 shows a whole
cross-section of the synform. Although the
total thickness of the metamorphic body is
unclear, a three kilometer thick section is ob-
served on the western limb of the synform (Fig.
2).

The metamorphic body consists mainly of
amphibolite, with intercalated pelitic and
psammitic schists (Fig. 2). The amphibolite is
originated from basaltic rocks and is composed
of hornblende, epidote, chlorite, plagioclase,
quartz, biotite, sphene and opaque minerals.
It is characterized by the presence of
porphyroclasts of plagioclase and porphy-
roblasts of hornblende. Meta-pelitic frag-
ments composed of chlorite, muscovite, quartz,
plagioclase and opaque minerals are also in-
cluded in the amphibolite. Major constituent
minerals in the pelitic schist include quartz,
biotite, muscovite, sphene and opaque miner-

— 366 —



Synform in the Okutokachi Metamorphic Body, central Hokkaido (Watanabe and Nakagawa)

Quaternary Pyroclastics
&3 Hidaka Group
Amphibolite

% Pelitic & Psammitic schist

Okutokachi
Metamorphic Body

—— Fault

-*— Synform
—_
—A_

Bedding plane
Schistosity

Fig. 2 Geological map and cross-section of the Okutokachi Metamorphic Body. The
solid circle denotes the location of the sample used for the measurement of K-Ar

age.

als. The psammitic schists consist of quartz .

and plagioclase grains (0.2-1 mm in size) buried
by completely recrystallized matrix minerals
of biotite, muscovite, quartz and chlorite. The
original combination of basalt, sandstone and
mudstone of the metamorphic body is similar
to those of the basalt-dominated units in the
Hidaka Group (Shimokawa Complex ; Tomura-
ushi Complex), which occupy a lower position
within the group (Miyashita and Watanabe,
1988).

2.2 K-Ar age of biotite

Biotite in the psammitic schist intercalated
within the amphibolite units was used in the
K-Ar technique. The psammitic schist sam-
ple was collected from the western limb of the
synform (43°24.6'N, 142°49.8'E ; Fig. 2), and
contains plagioclase and quartz porphyroclasts
within a matrix of quartz, biotite, chlorite, mus-
covite and albite. After crushing the sample,
biotite crystals less than 0.1 mm in size were
separated using a dynamic separator. Use of
the X-ray diffractometer revealed that the
purified sample consisted mainly of biotite,
with small amounts of quartz and albite. The

Table 1 K-Ar age of biotite from the psam-
mitic schist. Constants used for the
age calculation are:25=4.962.10"%/y,
A.=0581-1071/y PK /K=1.167-10"2 atm
% (Steiger and Jéger, 1977).

Rock Name Analysed ®Arrad.  Atmospheric®Ar K  Isotopic Age
material (10" ml/ g) (%) wt.%

Psammitic  Biotite 0.157 59.4 2.09 18.9+0.9 Ma

schist (-quartz-albite) 0.152 468 2.09

K-Ar measurement of the sample undertaken
by Teledyne Isotopes Co. Ltd. yielded an
isotopic age of 18.9-0.9 Ma (Table 1).

3. Structure

3.1 Micro-fabrics

Lineations are common on the schistose
planes in the metamorphic rocks, particularly
in the amphibolite due to fibrous hornblende
crystals oriented in an uniform direction at
each outcrop. Fifteen sets of lineation and
schistosity measurements were collected ; 12
from the western limb and 3 from the eastern
limb (Fig. 3). All of the observed lineations
plunge steeply to the dip direction of the
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schistosity.

At several localities where structural meas-
urements were obtained, oriented samples
were collected to observe the micro-structures
in sets of thin sections cut in three-dimensions,
where the cutting planes (XZ, XY and YZ) are
perpendicular to each other. The X axis is
parallel to the lineation direction, the Z axis is
perpendicular to the schistosity, and the Y axis
is perpendicular to the X and Z axes.

The fibrous crystals of hornblende are ap-
proximately 0.1 mm to 0.5mm in length along
the X axis, 0.03 mm to 0.05 mm along the Y axis,
and 0.01 mm to 0.03mm along the Z axis (Plate
1). C axes of hornblende crystals are sub-
parallel to the X axis. The average aspect
ratio (X :Y : Z) of the hornblende is approxi-
mately 15: 2 : 1 due to the preferred growth of
hornblende along the c¢ axes. Cleavages
within the hornblende crystals are generally
sub-parallel to the Z axis (Plates 1a and b).
Some hornblende crystals are pulled apart
along the X axis to form splits which are in-
filled with matrix minerals (mainly quartz).
The other metamorphic minerals such as plagi-
oclase, quartz and opaque minerals are also
elongated in crystal shape along the ¢ axes,
subparallel to the X axis (Plate 1a), and their
average aspect ratio (X : Y : Z) is approximate-
ly 4:2:1. These micro-fabrics indicate that
the amphibolites have been stretched along the

/Schistosity
e
’ ineation

Fig. 3 Schistosity and lineation in the Okutokachi Metamorhic Body projected on to
equal-area nets (lower hemisphere).

1km
N

X axis, and compressed along the Z axis,
associated with preferred crystallization of
hornblende and other metamorphic minerals.

3.2 Asymmetric structure

Porphyroblasts of hornblende (Plates 2a and
b), porphyroclasts of plagioclase (Plate 2¢) and
meta-pelitic fragments (Plate 2d) show an
asymmetric shape in the XZ plane and accom-
pany the pressure shadows. Porphyroblasts
of hornblende frequently have asymmetric
‘tails’ that have continuously grown towards
the pressure shadows along the Z axis (Plates 2
a and b). Cleavages within hornblende
porphyroblasts which are oblique in some way
to the X axis converge towards the tails (Plates
2a and b), which is evidence for rotation of the
porphyroblasts. Pressure shadows of the
porphyroblasts, porphyroclasts and meta-
pelitic fragments consist of hornblende, plagio-
clase, quartz and biotite. The meta-pelitic
fragments frequently have a concave shape
presented at the roots of the pressure shadows
which is the result of dissolution (Plate 2d).

It is well documented that asymmetric pres-
sure shadows and rotation of porphyroblasts
are caused by shear flow, and that the sense of
shear can be determined from their shape
(Simpson and Schmid, 1983 ; Lister and Snoke,
1984 ; Passchier and Simpson, 1986 ; Chou-
kroune et al., 1987). The estimated sense of
shear based upon the micro-structures in the
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Fig. 4 The sense of shear estimated from asymmet-
ric pressure shadows and rotation of por-
phyroblasts in the amphibolite. Localities of
samples shown in Plate 2 are indicated.

XZ plane (Plate 2) are reverse at both the west-
ern and eastern limbs of the synform (Fig. 4).
This suggests that the synform was formed by
flexural flow folding (Ramsay, 1967).

4. Metamorphic conditions during
deformation

The chemistry of hornblende in the
amphibolites was examined in order to estab-
lish the metamorphic conditions during defor-
mation (Table 2, Plate 3). The chemical com-
positions listed in Table 2 correspond to those
of calcic hornblende (Leake, 1978). Plate 3
shows compositional maps for an area of 1
mm? which includes hornblende porphy-
roblasts within a fine-grained matrix of horn-
blende, plagioclase, quartz, sphene and opaque
minerals. The chemical composition of the
hornblende in the pressure shadows is very
similar to that in the matrix, whereas a slight
change in the chemical composition from the
cores of the porphyroblasts to tails in the pres-
sure shadows is detected, with a decrease of Si
and Mg, and increase of Al, Fe, Na and Ti
contents (Plate 3). The relations between ca-
tions of Ti, Na+K and Xy, and Si (Fig. 5) show
that the composition of the cores in the
porphyroblasts correspond to actinolitic or
magnesio hornblende, and that the tails in the
pressure shadows and matrix correlate to
magnesio  hornblende, richer in the
Tschermakite components. The outward in-
crease of Ti content from the core of the horn-
blende, and the Tschermakite substitution sug-
gest a low pressure-type of prograde metamor-
phism (increasing of temperature) occurred
during the deformation.

Table 2 Representative chemical compositions
of hornblende in the amphibolite
obtained from electoron microprobe
analyses.

10-1 104 114
Core  Tail Matrix

wt.%

SiO, 5011 4649 4522
TiO, 024 053 041
ALO, 626 877 930
Cr0, 029 003 006
FeO* 1374 1553 15.75
MnO 048 040 050
MgO 1350 1172 1224
CaO 1221 1201 12.63
Na,O 048 075 097
KO 016 027 029

Total 97.47 96.50 97.37
Cations on basis of 23 Oxygens
Si 7311 6.949 6.751

AW 0.689 1.051 1249
AIW 0387 0494 0387

Ti 0.026 0.059 0.046
Cr 0.033 0.003 0.007
Fe 1.677 1.942 1.966

Mn 0.059 0.051 0.063
Mg 2935 2611 2.723
Ca 1.909 1.923 2.020
Na 0.165 0268 0.281
K 0.030 0.051 0.055
* Total iron as FeO

5. Formation of the N-S trending synform
and the tectonic significance

The K-Ar age of the biotite implies that the
metamorphic body cooled to the closure tem-
perature of biotite (300° +50°C ; Harrison et al.,
1979 ; Baksi and Wilson, 1980) at about 19 Ma.
As the biotite is one of the major minerals in
the matrix and the pressure shadows of the
psammitic schist, it must have been formed
and/or recrystallized during the deformation
and metamorphism whose maximum tempera-
ture must have exceeded the closure tempera-
ture of biotite. Thus, the deformation must be
older than the K-Ar age. However, the
recrystallized metamorphic minerals in the
amphibolite, pelitic schist and psammitic schist
are small in size (generally less than 0.1 mm)
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and the metamorphic mineral assemblage of
the psammitic schists lacks in garnet. These
facts suggest that the metamorphism occurred
relatively in a short period (Miyashiro, 1965)
and the maximum temperature for the meta-
morphism is lower than approximately 500°C
(Osanai et al., 1991). No record of retrograde
metamorphism suggests rapid cooling of the
metamorphic body. Therefore, the metamor-
phic age is inferred not to be far older than the
biotite age.

Maeda etfal. (1986, 1990) compiled geo-
chronological data for plutonic rocks in central
Hokkaido and revealed that the climactic ac-
tivity of felsic plutons was attained during 20-
17Ma. The Tokachigawajoryu area is situat-
ed between the plutonic rocks of this period
(Pishikachinai and Sahoro Granites), which is

compatible with the K-Ar age of the biotite.
Thus, a concealed pluton might have been the
heat source for the Early Miocene metamor-
phism (possibly 19-20Ma) at this area. The
prograde metamorphism (increase of tempera-
ture) during the deformation suggests the ex-
istence of such a heat source. It is likely that
the folding and elevation of the Okutokachi
Metamorphic Body caused by E-W compres-
sion was simultaneous with intrusion of the
plutonic rocks during the Early Miocene.

Similar N-S trending mesoscopic folds are
recognized in the alternating beds of illite-
chlorite-bearing sandstone and mudstone of
the Hidaka Group near to the Okutokachi Met-
amorphic Body (Fig. 1; Watanabe and Iwata,
1987 ; Watanabe and Miyashita, 1988). These
folds accompany asymmetric micro—folds
which were formed by layer-parallel slip
(Watanabe and Iwata, 1987) and are classified
as flexural slip folds (Ramsay, 1967). Thus, we
can ascribe the difference in fold types to vari-
ations in rock ductility during the folding;
flexural flow at deeper levels associated with
higher-grade metamorphism, and flexural slip
at shallower levels related to. lower-grade met-
amorphism. The distribution of such folds at
intervals of several kilometers suggests that
the Hidaka Group in the Tokachigawajoryu
area was compressed in an E-W direction.
The contraction is likely to have occurred in
the Early Miocene. This folding was followed
by N-S trending dextral strike-slip shear in the
Tokachigawajoryu area (Watanabe and Iwata,
1987).

Jolivet and Miyashita (1985) stated that the
Western Zone of the Hidaka Metamorphic Belt
in the southern part of central Hokkaido was
subjected to N-S trending right-lateral strike—
slip deformation under retrogressive metamor-
phic conditions at approximately 15 to 17 Ma
(Shibata et al., 1984 ; Watanabe, 1990). There
is also evidence that right-lateral deformation
occurred in the Uenshiri Horst in the northern
part of central Hokkaido at 20-24Ma
(Watanabe, 1988, 1990). The co-existence of
such N-S trending right-lateral strike-slip de-
formation with the N-S trending folding which
occurred during the Early Miocene favors the
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oblique collision tectonic model between the
Eurasian and Okhotsk plates of Kimura et al.
(1983), over the pure transform convergence
model (Lallemand and Jolivet, 1985 ; Jolivet,
1986 ; Maeda, 1986, 1990).
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0.3mm

0.3mm

Plate 1 Photomicrographs of three dimensional thin sections of the amphibolite sampled at Loc. 1,
shown in Fig. 3. Abbreviations ; Hib: hornblende, Pl : plagioclase, Opq : opaque minerals.
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SRS

tic Fragment

Plate 2 Photomicrographs of asymmetric of asymmetric pressure shadows on the XZ plane within
the amphibolite. a and b : Porphyroblasts of hornblende (Hlb) in a matrix of hornblende,
quartz, plagioclase and opaque mimerals. ¢ : Porphyroclast of plagioclase (P1) in the matrix
minerals. d:Metamorphosed pelitic fragment consisting of chlorite, sericite, quartz and
plagioclase. The pair arrows indicate the sense of shear. a and b are from Loc. 3, and ¢
and d from Loc. 2, both shown in Fig. 3.
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Plate 3 Chemical compositional maps for an are a of 1-1 mm from the XZ plane of the amphibolite
analyzed by EPMA. The color-scale bars show the approximate weight percent for each
Weight percent increases form dark blue to red, through light blue, green, yellow and

color.
For example in the Si map, the yellow areas correspond to the cores of the

orage.
hornblende porphyroblasts, the green parts to horblende in the pressure shadows and

matrix, with the orage areas relating to plagioclase in the matrix (mainly albite).
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