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Abstract: The Mino terrane, one of the disrupted terranes in Japan, is
characterized by heterogeneous assemblage of chaotically mixed rock bodies
(melanges) and coherent stratigraphic sequences. The sedimentary complex is
divided into the following six tectonostratigraphic units in the central part of the
Mino terrane on the basis of composition, fabric, age and structure.

(1) Sakamoto-toge unit:

Early to Middle Jurassic melanges marked by the occurrence of limestone
clasts of Carboniferous to Permian age,
(2) Samondake unit:

Late Early Jurassic to late Middle Jurassic coherent stratigraphic sequences
of massive sandstone and turbidite, including a small amount of chert blocks
only at its lower part,

(3) Funafuseyama unit:

Stacked slices of Middle Jurassic melanges and disrupted turbidites
frequently associated with slices of greenstone, limestone and chert of Permian
age,

(4) Nabi unit:

Stacked slices of Middle Jurassic to early Late Jurassic turbidite disrupted
to varying degrees, associated with slices of Triassic chert, Jurassic massive
sandstone and melanges of unknown age,

(5) Kanayama unit:

Late Jurassic (?) to Early Cretaceous melanges including clasts of sandstone,
chert, siliceous shale, greenstone and limestone in weakly foliated shale matrix,
(6) Kamiaso unit:

Stacked slices, each of which consists of coarsening-upward succession
including Early Triassic (?) “Toishi-type” siliceous shale, Middle Triassic to
Early Jurassic bedded chert, Middle Jurassic siliceous shale, dark gray shale,
and early Late Jurassic (?) turbidite and massive sandstone in ascending order.

The Sakamoto-toge, Samondake and Funafuseyama units can be correlated
to Type II suite of the Tamba area, while the Nabi, Kanayama and Kamiaso
units can be compared to Type I suite of the Tamba area.

Of these, the origin of the melanges in the Kanayama unit was investigated
in detail by using the criteria such as (1) the relationship to surrounding units,
i.e., the contact and ages and lithologies of components, (2) the shape of rock
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bodies, (3) the nature of matrix and clast, (4) the contact features of clast and
matrix, and (5) the reconstructed succession of protolith from which the clasts of
the melange were derived. Several lines of evidence indicate that the melange of

the Kanayama unit is of diapiric origin.

The lithologic features as well as the occurrence of these units show that the
sedimentary complex of the Mino terrane is regarded as an ancient accretionary

wedge along the western Pacific margin.

The present features of the melanges of the Kanayama unit were caused by
progressive process of the fragmentation and mixing, including the diapiric,
sedimentary and tectonic process in the ancient accretionary wedge.

INTRODUCTION

The disrupted terranes including cha-
otically mixed rock bodies such as me-
langes are widely distributed in the
Circum-Pacific region.
ture of each disrupted terrane is poorly
understood, because chaotically mixed
rock bodies and coherent stratigraphic
sequences occur together, combined in a
complicated manner in these areas. The
origin of chaotically mixed rock bodies
in such disrupted terranes and their
tectonic significance are controversial,
despite their world-wide distribution.

This works is an attempt to clarify
the geology of the Early Jurassic to
Early Cretaceous sedimentary complex
of the Mino terrane, one of the disrupted
terranes in Japan, and to present a
concept regarding the paleotectonic pro-
cess which formed the sedimentary com-
plex. This will be based on the discus-
sions relating to the origin of chaotically
mixed rock bodies.

The sedimentary complex of the Mino
terrane is composed of sandstone, shale,
chert, siliceous shale, limestone and
greenstone with a small amount of con-
glomerate. The rocks and the strati-
graphy of the terrane were studied and
they were previously regarded as con-
stituting normal stratigraphic sequences.

During the past two decades, however,
new biostratigraphic tools, i.e. conodonts

Detailed struc-

and radiolarians, became available for
age determination of the sedimentary
complex in the Mino terrane (e.g. KOIKE
et al., 1971 ; Mrizurant et al., 1981).
Radiolarians and conodonts revealed the
geologic ages of shale, siliceous shale,
chert and limestone at a number of
localities in the Mino area, central part
of the Mino terrane.

The results of biostratigraphic studies
show that there are two types of rock
arrangement in the sedimentary com-
plex (Waxkrra, 1985). One can be called
“stacked slices”. Each slice consists of
coarsening-upward succession (KaNo,
1979 ; Yao et al.,, 1980 ; Orsuka, 1985),
composed successively of Early (?)
Triassic siliceous shale, Middle Triassic
to Early Jurassic bedded chert, Middle
Jurassic siliceous shale, late Middle
Jurassic shale and younger (early Late
Jurassic ?) turbidite and massive sand-
stone. The other is “chaotically mixed
rock bodies” containing fragments,
blocks and slabs of Early Carboniferous
to Late Permian limestone, Early Per-
mian to Early Jurassic (Late Jurassic)
bedded chert, Permian to Triassic (Jur-
assic ?) greenstone, enclosed in Early
Jurassic to Early Cretaceous sandstone
and shale (e.g. HATTORI and Y OSHIMURA,
1979, 1982, 1983 ; Mizurani, 1981 ; W AkITA
and OraMURA, 1982 ; W AkiTA,1982, 1983,
1984, 1985, 1987, 1988; Apacur and
Koama, 1983; Kogmma, 1984; Y amaMOTO,
1985; W akrta and Isomr, 1986).
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During the past decade, a number of
authors (e:g. Kano, 1979; Wakita, 1983)
have stressed that submarine sliding
was the main cause of the chaotically
mixed rock bodies, and have called them
“olistostromes”, because the shale ma-
trix of the mixtures is not very strongly
sheared. They discussed whether they
are tectonic or sedimentary in origin, as
Hst (1968) did for the Franciscan com-
plex. In recent years, the possibility of
mud diapirs in the genesis of chaotically
mixed rock bodies such as melanges has
been recognized by several authors (e.g.
WirLiam et al., 1984 ; BARBER et al., 1986).

In this report, I will adopt several
criteria to distinguish between the two
possible origin (i.e. diapiric and sedi-
mentary) of the chaotically mixed rock
bodies of the Mino terrane. The criteria
are (1) the age, shape and lithology of
the clasts, (2) the nature of the matrix,
(3) the contact features of the clasts
with the matrix, and (4) the contact
features between the chaotically mixed
rock body and its surroundings.

Since 1977, 1 have been studying the
sedimentary complex in the Mino area
in conjunction with the quadrangle sheet
mapping project of the Geological Sur-
vey of Japan. The major focus of my
research has been radiolarian biostrati-
graphy and the study area covers ap-
proximately 1000 km? including parts of
the Mino and Hida terranes with the
Circum-Hida Tectonic Zone in between.
The lithology, age, fabric and structure
of the rock-assemblages in the sedi-
mentary complex of the Mino terrane
were examined in detail. Of over 700
rock samples collected, 157 samples
yielded diagnostic species of radiolarians
and conodonts, and about 200 samples
offered a clue as to the geologic age of
the samples from which microfossils had
been extracted.

These lithostratigraphic and biostrati-
graphic . studies of mine have revealed
that the sedimentary complex of the
Mino terrane contains not only “stacked

slices” and “chaotically mixed rock
bodies” but some other admixtures of
rocks. 1 will propose a new division of

the complex into six tectonostratigraphic
units on the basis of lithology, age,
structure and mode of mixing, describe
each unit in detail, and then discuss the
origin of the chaotically mixed rock
bodies.
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Fig. 1 Tectonic framework in central Japan and location of the study area.
1. Hida terrane, 2. Circum-Hida Tectonic Zone, 3. Chugoku composite terrane, 4-5.
Mino terrane (4. unmetamorphosed sedimentary complex, 5. Ryoke metamorphic
complex), 6. Sambagawa metamorphic terrane, 7. Chichibu terrane, 8. Shimanto
terrane, MTL : Median Tectonic Line, ISTL : Itoigawa-Shizuoka Tectonic Line.

of the melange.
GEOLOGIC SETTING

The study area is located in the
central part of the Mino terrane, central
Japan (Fig. 1). The sedimentary com-
plex of the Mino terrane comprises
sandstone, conglomerate, shale, siliceous

shale, chert, limestone and greenstone.
Terrigenous clastic rocks such as
sandstone, shale, conglomerate and
siliceous shale are of Early Jurassic to
earliest Cretaceous age, while most of
chert, limestone and greenstone are of
Permian to Triassic age and they occur
in blocks or slabs embedded in the
terrigenous rocks. The sedimentary
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complex gradually grades into the
high T/low P type metamorphic rocks
(the Ryoke Metamorphic Rocks) in the
south.

The Mino terrane is situated to the
south of the Hida terrane, the Circum-
Hida Tectonic Zone and the Chugoku
composite terrane, and to the north of
the Sambagawa, Chichibu and Shimanto
terranes (Fig. 1). In the study area, the
sedimentary complex of the Mino ter-
rane is bordered to the north by the
southern margin of the Hida terrane or
by the Circum-Hida Tectonic Zone by
major faults.

The Hida terrane consists largely of
metamorphic rocks such as gneiss,
amphibolite and crystalline limestone,
and granitic rocks. Many isotopic ages
of gneiss samples are clustered around
180 and 240 Ma (SmiBAaTA et al., 1970)
which provide the ages of the latest two
metamorphic events. Isotopic ages of
granites are clustered also around 180
Ma. Recently, SumaTA and Nozawa
(1986) reported that Rb-Sr model ages
of some other granite samples which are
intruded into the surrounding gneissose
rocks are about 1100, 700 or 300 Ma.
This evidence suggests that part, if not
all, of the gneiss of the Hida terrane is
of Precambrian age. On the other hand,
the Hida terrane includes schistose
rocks derived from Paleozoic sedimenta-
ry formations ; the evidence for this is
the occurrence of Carboniferous fossils
in crystalline limestone of the Hida area
(Hiror, 1978).

The Circum-Hida Tectonic Zone is
characterized by the occurrence of non-
metamorphosed Ordovician, Silurian,
Devonian, Carboniferous and Permian
shallow marine sedimentary rocks,
chloritoid phyllite and schistose rocks
(greenschist—glaucophane schist facies)
of 300—400 Ma. They are tectonically

squeezed and embedded in serpentinite.

Lower Jurassic molasse-type sedi-
ments, called the Kuruma Group, uncon-
formably overlies a part of the pre-
Jurassic rocks of the Circum-Hida
Tectonic Zone. The Tetori Group, Mid-
dle Jurassic—Early Cretaceous shallow
marine to non-marine molasse-type
sediments, is an overlap sedimentary
cover on the Hida terrane and the
Circum-Hida Tectonic Zone.

During Cretaceous to Paleogene time,
large bodies of rhyolite and granite
were extruded or intruded discordantly
into the complexes of the Mino terrane,
the Circum-Hida Tectonic Zone and the
Hida terrane. Most of the radiometric
ages of the rhyolite and granite fall
within a range of 100—50 Ma. Some of
the granite samples accompanied with
the Ryoke Metamorphic Rocks show the
ages of 120—100 Ma.

STATEMENT OF THE PROBLEM
Concept

A normal geologic concept of suc-
cessive accumulation of strata is not
effective for understanding the sedimen-
tary complex of the disrupted terranes
like the Mino terrane. Normal strati-
graphic sequences and chaotically mixed
rock bodies (melanges) of various sizes
occur in a complicated fashion in the
Mino terrane. Stratigraphic classifica-
tion, e.g. group, formation and member,
is not suitable for the study of heteroge-
neous assemblages of stratigraphic
sequences and melanges.

The sedimentary complex of the Mino
terrane should be investigated by the
approach which Hstr (1968) and Hst and
OnrBoM (1969) recommended for the
Franciscan melange. The approach is
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Length >20km 20km> >10km 10km> >1km 1km> >1m 1m>
"unit”
»slice” (elongated; fault-bounded)
"fragment”
Name "slab” (elongated; embedded) (embedded)
of ——
package “block” (massive; embedded)

"clast” (all sizes and shapes; embedded)

"lens”(lenticular;embedded)

Fig. 2 Name of package.

the same as that of the study of the
clasts in conglomerate or breccia by
attempting (1) to recognize lithologically
distinct clasts, (2) to date or assign an
age to the clasts on the basis of fossils
or other criteria, and (3) to relate the
clasts sequentially on the basis of
probable ages and origins.

In this report, I will adopt the concept
“package” for describing and recog-
nizing a complicated geologic entity
characterized by combinations of strati-
graphic sequences and chaotically mixed
rock bodies. A basic element “package’
in the concept is defined as a set of
rocks surrounded by sharp boundaries.
All geologic entities can be described
with components, sizes and interre-
lationship of packages.

There are three types of packages
identified in this area : i.e. stratigraphic,
chaotic and composite packages on the
basis of the types of the components. A
“stratigraphic package” consists of a
stratigraphic sequence, e.g. a turbidite
formation. A “chaotic package” con-
sists of a chaotically mixed rock body
like melange, and it includes smaller-

sized stratigraphic packages embedded
within shale matrix. A “composite
package’ means a lithologic assemblage
of smaller-sized packages.

The packages are divided, according
to size, shape and relation, into “unit”
(>20km long), “slice’” (20km to 10 km

long, fault-bounded), “slad” (1km-20
km ; elongated; embedded), “block”
(1m long; massive), “lens” (<1lm

long, lenticular), and “fragment” (<lm
across) (Fig. 2).

Six types of interrelationship are rec-
ognized between two packages as
follows.

(1) “embedded” ; smaller-sized pack-
ages are embedded within surroundings,
all of which constitute another larger-
sized package,

(2) “intercalated” ; a smaller-sized
package is intercalated within a larger-
sized package,

(8) “fault-bounded” ; a package is in
fault contact with another package,

(4) “interfingering” ; a package inter-
fingers with another package,

(5) “intruded” ; a package is intruded
into another package,
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Arrangement of rocks

undifferentiated matrix

Lithology Rock Type
shale matrix shale

chaotically mixed rock body

clast (fragment)

sandstone,shale
siliceous shale

|
|
! "MELANGE”
1
I
!

coherent stratigraphic sequence

bedded chert
clast (block & slab) coherent stratigraphic | imestone
sequence(eg. turbidite) greenstone
— massive sandstone sandstone
well-bedded turbidite
‘— slightly disrupted turbidite —{ sandstone
weakly disrupted turbidite shale
thoroughly disrupted turbidite
Triassic bedded chert and I chert
Jurassic siliceous shale siliceous shale
greenstone-1imestone-chert —— greenstone
of Permian age limestone
chert

Fig. 3 Main assemblage of rocks in the Mino terrane.

(6) “stratigraphic” ; a package over-
lies or underlies another package con-
formably or unconformably.

The geology of the sedimentary com-
plexes in disrupted terranes should be
investigated on the basis of lithology,
age, fabric, structure and size of each
package, and interrelationship between
adjoining packages, and thus the geolo-
gy of the complexes will be described.

Main Assemblages of Rocks
in the Mino Terrane

The sedimentary complex of the Mino
terrane in the study area consists of
sandstone, shale, siliceous shale, chert,
limestone and greenstone with a small

amount of conglomerate. These rocks
constitute a number of packages show-
ing a variety of lithology, age, fabric
and structure. The following six main
assemblages of rocks are recognized in
this sedimentary complex (Fig. 3).

A chaotically mixed rock body

Melange
“Melange” is a rock body which
includes a number of “clasts” of

sandstone, shale, siliceous shale, bedded
chert, limestone and greenstone em-
bedded in weakly foliated matrix (Plate
I11-3, 4, 5, 6). In this report, “melange’
is used as a descriptive term, and is
defined as a mappable and non-strati-
graphic rock body characterized both

— 681 —




Bulletin of the Geological Survey of Japan. Vol. 39, No. 11

by the lack of internal continuity of
contacts or of strata and by the inclu-
sion of clasts embedded in shale matrix.

“Clast” means inclusions of all sizes
and shapes embedded in shale matrix.
The “clast” ranges in size from a milli-
meter to several kilometers, and it is
also called “slab” (1km ; elongated),
“block” (>1m; massive), “lens” (<1
m ; elongated), and “fragment” (<lm;
of various shapes) which represent the
sizes and shapes of clasts as well as
those of packages. Large-sized clasts
such as slabs and blocks often consist
of coherent stratigraphic sequences,
while small-sized clasts such as lenses
and fragments are usually composed of
a single rock type.

Coherent Stratigraphic Sequence

Turbidite and massive sandstone

Turbidite and massive sandstone are
the most important lithology in the
Mino terrane. “Turbidite” is often well-
bedded, e.g. thin- to thick-bedded (Plate,
1-2, 3). Proportion of sandstone to
shale is high in the medium- to thick-
bedded turbidite and is low in the thin-
bedded turbidite. “Massive sandstone”
(Plate I-1) is a coarse-grained sand-
stone bed thicker than 5 m, locally show-
ing composite grading.

Turbidite disrupted to various degrees
Disrupted turbidite is a sequence com-
posed of sandstone and shale which are
originally interbedded with each other,
and shows various fabrics of disruption;
—“slightly disrupted turbidite” (Plate
I-4) cut by a normal fault system,
“weakly disrupted turbidite” (Plate I-5,
6) mildly deformed in a ductile manner
retaining internal stratal continuity ;
and “thoroughly disrupted turbidite”
(Plate II-1, 2) showing block-in-matrix
texture without internal stratal continui-

ty.

These disrupted sequences constitute a
stratigraphic succession within pack-
ages, and they grade into undisrupted
turbidite laterally as well as vertically in
a succession. FEven in a case that a
sequence is thoroughly disrupted, it
grades into an undisrupted one vertical-
ly and laterally through a facies of
weakly disrupted sequence.

Most of these clastic bodies in the
Mino terrane are entirely deficient in
fossil evidence, and they are said to be
deposited in Jurassic time. In fact,
Middle to Late Jurassic ammonites have
been reported exceptionally to occur in
the study area (Sarto, 1974 ; Saro et al.,
1985). Moreover, early Late Jurassic
radiolarians are obtained from shale in
the disrupted turbidite (see Table 5).

Jurassic siliceous shale and Triassic
bedded chert

Triassic bedded chert and overlying
Jurassic siliceous shale often constitute
a large-sized package. Locally, the
bedded chert—siliceous shale sequence
underlies the Jurassic massive sandstone
and turbidite, and overlies Early Triassic
(?) “Toishi-type” siliceous shale.

Permian bedded chert, limestone and
greenstone

Limestone, greenstone and bedded
chert of Permian age are intimately
associated with one another, and often

constitute a large-sized package.
Unit Recognition

A “unit” is defined as the largest-
sized lithostratigraphic package. It is
composed of a single rock assemblage
or a combination of main packages and
associated packages. A main package is
formed by characteristic sequences
having distinct lithology, age, fabric and
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Fig. 4 Generalized geologic map of the study area showing distribution of six units.

1. gneiss of the Hida terrane, 2. Paleozoic strata of the Circum-Hida Tectonic Zone, 3. Tetori Group (overlap sediments on the Hida
terrane and the Circum-Hida Tectonic Zone), 4-17. Mino terrane, 4. Sakamoto-toge unit (melange), 5-6. Samondake unit (5. massive
sandstone and turbidite, 6. bedded chert), 7-10. Funafuseyama unit (7. melange and weakly disrupted turbidite, 8. bedded chert, 9.
limestone, 10. greenstone), 11-12. Nabi unit (11. variously disrupted turbidite, 12. bedded chert), 13-14. Kanayama unit (13. melange
matrix : dominantly pelitic, with small clasts, 14. bedded chert), 15-18. Kamiaso unit (15. massive sandstone and turbidite, 16.
siliceous shale, 17. bedded chert, 18. Wadano conglomerate), 19. terrane boundary, 20. unit boundary, 21. fault. White part is
undivided part of the sedimentary complex of the Mino terrane, Late Cretaceous rhyolite and Quaternary andesites.
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Sakamoto Samondake Funafuse-| Nabi | Kanayama Kamiaso
toge unit unit yama unit| unit unit unit
Age of shale Pli-Toa Bath-Cal Bath? Oxf 0xf-Ber Cal
Rads in shale Pg Ue - Gn (Hh-Ue) GS GS - Pc Gn
Rads in siliceous sh. | Ue-(Gn) Pg - Ue Bh-Ue |[Ue-Gn | Gn - Pc| Pg - Gn
Age of chert E-M TR MP - LTR | MP - MTR | M-L TR [ MTR - LJ | MIR -EJ
Ammonite Kepplerites Choffatia
Massive sandstone - © - A A ©
fiell-bedded turbidite --== © -— o A ©
weakly disrupted turbidite A A O © A A
thoroughly disrupted turbidite A A A O A —
Melange © - © A © -
Chert slab and slice = == O © O ©
Chert block A basal part e} A © I
Greenstone slab = - © A === ==
Greenstone block O - ©) == A m———
Limestone block © — 0] A A ===
Length-slow chalcedony ) I - - -=-= -
Idealized succession

Hode of contact with

adjacent unit

fault

depositional

intrusion

fault

Age

Pli:Pliensbachian, Toa:Toarcian, Bath:Bathonian, Cal:Callovian, Oxf:0xfordian,

Ber:Berriasian, E:Early, M:Middle, L:Late, P:Permian, TR:Triassic, J:Jurassic

Radiolarian
Assemblage

Td:Triassocampe deweveri Assemblage, Tn:Triassocampe nova Assemblage,Ct:Canoptum
triassicum Assemblage, Ps:Parahsuum simplum Assemblage, Ah:Acanthocircus

hexagonus Assemblage, Pg:Parahsuum (?) grande Assemblage, Hh:Hsuum hisuikyoense
Assemblage, Ue:Unuma echinatus Assemblage, Gn:Guexella nudata Assemblage,
GS:Gongylothorax sakawaensis — Stichocapsa naradaniensis Assemblage
Ty:Tricolocapsa yaoi Assemblage, PP:Pseudodictyomitra primitiva -

Pseudodictyomitra sp. A Assemblage,Pc:Pseudodictyomitra cf. carpatica Assemblage

Rock Type

mel:melange, dt:disrupted turbidite, tb:turbidite, ms:massive sandstone,sh:shale

ss:sandstone, sil: siliceous shale, ch:chert, ls:limestone, gs:greenstone
Mn:manganese carbonate nodule

Fig. 5 Characteristics of six units in the study area.’
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structure, while associated packages
intimately accompany the main one and
consist of another assemblage different
from the main package in lithology and
fabric.

Six  tectonostratigraphic units have
been recognized on the basis of litholo-
gic assemblage and Dbiostratigraphic
data in the study area of the Mino
terrane; they are (1) Sakamoto-toge
unit, (2) Samondake unit, (3) Funafuse-
yama unit, (4) Nabi unit, (5) Kanayama
unit, and (6) Kamiaso unit (Fig. 4), as
summarized in Figure 5.

The Samondake, Nabi, and Kamiaso
units are mainly composed of coherent
stratigraphic sequences, whereas the
Sakamoto-toge, Funafuseyama, and
Kanayama units consist of chaotically
mixed rock bodies.

The ages (see Fig. 6) and lithologies
of the six units are as follows.

(1) Sakamoto-toge unit: Early to Mid-
dle Jurassic melanges including blocks
and fragments of sandstone, siliceous
shale, chert, limestone and greenstone in
weakly foliated shale matrix,

(2) Samondake unit: Late Early Jur- -

assic to late Middle Jurassic coherent
stratigraphic sequences of massive
sandstone and turbidite, including chert
blocks in its lower part,

(3) Funafuseyama unit: Stacked slices
of Middle Jurassic melanges and dis-
rupted turbidite associated with slices of
greenstone, limestone and chert of
Permian age,

(4) Nabi unit: Stacked slices of Mid-
dle dJurassic to early Late Jurassic
coherent stratigraphic sequences con-
sisting of turbidite disrupted to varing
degrees, associated with slices of Tri-
assic bedded chert, Jurassic massive
sandstone and melanges of unknown
age,

(5) Kanayama unit : Late Jurassic(?)

to Early Cretaceous melanges including
clasts of sandstone, siliceous shale,
chert, limestone and greenstone in weak-
ly foliated shale matrix, and

(6) Kamiaso unit: Stacked slices of
coherent stratigraphic sequences com-
posed of Early (?) Triassic “Toishi-type”
siliceous shale, Middle Triassic to Early
Jurassic bedded chert, Middle Jurassic
siliceous shale and dark gray shale, and
early Late Jurassic turbidite and mas-
sive sandstone in ascending order.

Most of the above units are in fault
contact with one another, but the
Samondake unit unconformably and
locally comformably overlies the Funa-
fuseyama unit, while the contact feature
of the Kanayama unit and the Nabi unit
is “interfingering” in places.

Structure

The sedimentary formations in the
study area are folded with a wave-
length of 1 to 15km (Mizutani, 1964 ;
Yosuma, 1972 ; Apacui, 1976), mostly
plunging to the west. The axial planes
of the folds are vertical or steeply
inclined.

Open folds are well observed in the
geologic structures of the thick coarse-
grained sequences of the Samondake
and Kanayama units, and also of large
slices of chert, greenstone, limestone
and massive sandstone in the Nabi and
Funafuseyama units. The sedimentary
formations of the Samondake unit con-
stitute a large synclinorium as a whole,
while those of the Kamiaso unit form an
antiform in the northern half and a
synform in the southern one, both
plunging to the west.

On the other hand, close- to tight-
folds are observed in the melanges of
the Sakamoto-toge, Funafuseyama, and
Kanayama units. The wave-length of
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the folds ranges from 1 to 4km.
Mesoscopic folds are seen at numerous
localities in the chaotically mixed rock
bodies of these units.

The boundaries between two units,
mostly fault planes, are usually folded
together with the constituent packages
of each unit, and can be called “folded
fault”. The boundary, however, between
the Kanayama and Kamiaso units clear-
ly cuts the northern limb of the antiform
of the sequences of the Kamiaso unit
and the southern limb of the synform of
the Kanayama unit.

- DESCRIPTION OF SIX
TECTONOSTRATIGRAPHIC UNITS

Sakamoto-toge Unit
This is the oldest unit of the Mino

terrane with Early to Middle Jurassic
age. It is characterized by the wide

distribution of melanges including clasts
of Carboniferous to Permian limestone
and greenstone, Triassic chert and
Jurassic siliceous shale and sandstone
in shale matrix. Particularly, Carbon-
iferous limestone clasts are characteris-
tic of this unit.

Distribution

The unit crops out at Sakamoto-toge
and its vicinity, along the northern
margin of the Mino terrane parallel to
the Circum-Hida Tectonic Zone.

The Sakamoto-toge unit has been
variously described as consisting of the
Late Carboniferous Nohi Group (the
Oppara and the Akiyama Formation)
and the Permian Okumyogata and the
Okuzumi Formations and a part of the
Permian Kayugawa Formation by
KanuMma (1958), the Jurassic Furumichi
Formation by Waxkrta (1984), and the
Jurassic Sakamoto-toge Formation by

7
Sakamoto
-toge

melange matrix

sandstone

chert

limestone

greensione

quartz porphyry

0 lCI)O 2(?0 300 400 500m

(dominantly pelitic, with small clasts)

137°5'E

Lower Permian
fusulinids

35°54'N

Fig. 7 Route map of the Sakamoto-toge unit at Sakamoto-toge, showing fossil localities.
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Kawapa et al. (1988).

Contact between the Sakamoto-toge unit
and the adjoining units

The Sakamoto-toge unit is in fault
contact with the Samondake unit at
Yamato, and is separated from the
Paleozoic of the Circum-Hida Tectonic
Zone by a terrane-boundary fault at
Sakamoto-toge.

Lithology

The Sakamoto-toge wunit consists
mostly of melanges including clasts of
sandstone, chert, greenstone and fossili-
ferous limestone in weakly foliated shale
matrix (Fig. 7, Plate III-3). It also
contains local intercalations of dis-
rupted turbidites.

White to dark gray limestone is the
dominant clasts ranging in size from
0.1 m to 200 m. Kanuma (1958) described
the fusulinaceans of Late Carboniferous
to Middle Permian age (Fusulina—
Fusulinella zone to Neoschwagerina
zone), which were obtained from lime-
stone clasts at Sakamoto-toge (Fig. 7).
Wakrra et al. (1981) reported the occur-
rence of Early Carboniferous hetero-
coral genera, Hexaphyllia and Penta-
phyllia from a limestone clast at Hachi-
man. Isomr (1988) discovered early Late
Permian fusulinaceans of the Yabena
zone at 10 localities of Sakamoto-toge.
These lines of fossil evidence suggest
that the age of limestone ranges from
Early Carboniferous to early Late
Permian.

Chert is interbedded with much thin-
ner shale partings. The chert and shale
partings are gray, black, pale blue and
reddish brown in color. The majority of
chert clasts ranges from 2 to 300 m in
thickness, but much smaller clasts
sometimes occur at several localities.
Triassic radiolarian genera, 7Triasso-

campe (Wakita and Isomr, 1986) and
Early Triassic conodonts, Gondollela
regale, Neogondolella elongata and N.
carinata (WAKITA and OKAMURA, 1982)
are obtained from chert clasts in the
melange of this unit.

Siliceous shale is divided into well-
bedded siliceous shale and a faintly
laminated one. Bedded siliceous shale
consists of dark greenish gray or dark
reddish brown, 2-15cm thick siliceous
siltstone interbedded with much thinner
shaly partings of the same color.
Laminated siliceous shale is brownish
gray and is less siliceous than bedded
one. Middle Jurassic radiolarians, Tri-
colocapsa plicarum and Dictyomitrella
(?) kamoensis, are obtained from sili-
ceous shale clasts at Yamato.

Age of shale matrix

Wakrra and Isomr (1986) reported
Early and Middle Jurassic radiolarians
such as Dictyomitrella(?) kamoensis
and Hsuum spp. from the shale matrix
at Sakamoto-toge. The radiolarian
assigned to Dictyomitrella(?) kamoensis
by Wakita and Isomr (1986) differs,
however, from the original one described
by Mrzurant and Ko (1983) in possess-
ing one row of pores around the
abdomen and post-abdominal chambers.
And it is similar to Paruvicingula giganto-
cornis of Early Jurassic rather than
Dictyomitrella(?) kamoensis. Therefore,
radiolarians obtained from shale at
Sakamoto-toge are of Early Jurassic
age (Table 1).

On the other hand, Middle Jurassic
radiolarians are obtained from siliceous
shale clasts at Yamato. Since siliceous
shale occurs as clasts in melange, the
age of the shale matrix is believed to be
slightly younger than that of siliceous
shale.

Thus, these fossils indicate that the
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Table 1 Radiolarian and conodont fossils in the Sakamoto-toge unit.
Symbols are the same as in Figure 5. For localities of samples see WAKITA and
OramMUrAa (1982) and Waxkita and Isomr (1986). # : conodont.

sample | Locality rock | Assem- Diagnostic species
number type | blage

R33534 | Sakamoto-toge BS Pg Parvicingula gigantocornis
No.173 | Yamato sil | Ue-Gn | T. plicurum

MA8505 | Sakamoto-toge ch MTR Triassocampe sp.

G689 Yamato ch ETR Neogondolella elongata #

age of the melange formation in this
unit ranges from Early to Middle Juras-
sic or slightly younger. Melanges in-
cluding Carboniferous limestone clasts
are also of Early or Middle Jurassic in
the Mino terrane outside of the study
area (HAarrort and YosHiMURA, 1982
Apacui and Kogima, 1983 ; KodgiMma, 1984 ;
HaTtrori, 1988).

Samondake Unit

This unit is characterized by high
proportion of massive sandstone like the
Kamiaso unit, and is distinguished from
the latter by the lack of coarsening-
upward succession (Fig. 5).

Distribution

The Samondake unit is widespread in
the northern half of the study area (Fig.
4), and was mapped as the Samondake
Formation by Kawar (1964), as the
Kayugawa Formation by Kanuma (1958)
and as the Kodaragawa, Kajika and
Samondake Formations by WaKiTA
(1984) .

Contact between the Samondake unit
and the adjoining units

Massive sandstone and turbidite of
the Samondake unit appear to confor-
mably overlie the siliceous shale—chert

slab of the Funafuseyama unit at Iwa-
motobora and Itadori (W akrra, 1984).
Bedded chert of the Funafuseyama unit
changes into coarse-grained clastic
sequences such as turbidite and massive

sandstone of the Samondake unit
through Early or Middle Jurassic
siliceous shale (Waxkrrta, 1982), and

sandstone dikes occur in the upper part
of bedded chert of the Funafuseyama
unit. Such coarse-grained sandstones
are rare near the chert slab of the
Funafuseyama unit (W akrra, 1984).

On the other hand, the coarse-grained
clastic rocks of the Samondake unit are
in contact with the Middle Permian
bedded chert which constitutes a large
slab of the Funafuseyama unit together
with greenstone and limestone of Early
to Middle Permian age at Hachiman.
Basal part of the Samondake unit in-
cludes Middle Permian blocks associated
with greenstone (W akiTA and OKAMURA,
1982). The position and occurrence of
the Middle Permian block suggest that
the Middle Jurassic sequences of the
Samondake unit were deposited on or
near the Permian slabs of the Funafuse-
yama unit. At Neo, the Samondake unit
is in contact with bedded chert of un-
known age, and includes several chert
blocks only in the basal part. The
chert blocks are probably derived from

— 689 —




Bulletin, of the Geological Survey of Japan. Vol. 39, No. 11

the adjoining chert slab of the Funafuse-
yama unit.

The occurrence of chert blocks and
lithologic change in these three areas
described above suggest that the Samon-
dake unit conformably overlies at least

a part of the Funafuseyama unit with
local unconformities.

70\{ )

)

35°49'30"N

136°54'E

Middle Jurassic 7&(

ammonite

25

X

Tokunaga -

Lithology

The Samondake unit is composed
mostly of massive sandstones and
turbidites with intercalations of shale,
laminated siliceous shale and conglom-
erate beds. It locally contains blocks of
bedded chert and bedded siliceous shale

No.47 (Ue; sil)

No.70 (Hh; Mn)
Middle Jurassic
radiolarians

massive sandstone
thick-bedded sandstone

sandstone interbeded with shale

shale interbeded with sandstone
shale

=
AR
AR

dip and strike

siliceous shale

(normal)
tops known
(reverse)

RS
™ tops unknown

fault

0 1000m

Fig. 9 Route map of the Samondake unit showing some fossil localities.
Symbols are the same as in Fig. 5.
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(Fig. 8).

The lower part of the sequence consists
mainly of alternating beds of massive
sandstone and undisrupted to weakly
disrupted turbidite. It includes blocks of
bedded siliceous shale and bedded chert
with local intercalations of shale and
laminated siliceous shale beds (Fig. 9).
Blocks of bedded siliceous shale and
bedded chert occur in the basal part,
and are embedded commonly within the
alternating beds of massive sandstone
and weakly disrupted turbidite or within
weakly disrupted turbidite.

The upper part of the Samondake
unit is. composed largely of massive
sandstone and turbidite with interbeds
of conglomerate in several localities.
Turbidite is undisrupted and thin- to
thick-bedded, showing various ratio of
sandstone to shale.

Light to dark gray massive sandstone
is commonly medium- to coarse-grained.
Also there are local intercalations of
very coarse-grained sandstone, grading
up to granule size. The thickness of
each bed generally ranges from 3 to
10m, with occasional maximum of
several tens of meters (Plate I-1). It
appears homogeneous on the weathered
surface, but amalgamation can be re-
cognized on the fresh surface at some
localities. Shale fragments of 3 to 20
mm in diameter are common, and
are scattered throughout the massive
sandstone beds.

Massive sandstone consists largely of
angular to subrounded grains of sube-
qual amounts of quartz and feldspars
(about 40 percent each) and minor
amounts of rock fragments, micas,
heavy minerals and clayey matrix (about
12%). Twenty to fifty percent of the
quartz grains show wavy extinction.
Plagioclase, often stained with sericite,
exceeds potassium feldspars (both or-

thoclase and microcline) in quantity.
Heavy minerals are micas, garnet,
zircon, sphene, tourmaline and opaque
minerals. Rock fragments include shale,
siltstone, felsic volcanic rocks, chert,
limestone, basalt, granitic rocks, hypa-
byssal rocks, quartz-sericite schist,
sillimanite gneiss and orthoquartzite.
Turbidite, ranging in thickness from 1

massive sandstone

sandstone bed (1.5m)

shale interbedded with sandstone
sandstone bed (lm)

massive sandstone

sandstone bed (1m)
weakly disrupted turbidite
sandstone bed (37cm)(46cm)

massive sandstone

vweakly disrupted turbidite

shale interbedded with sandstone
sandstone bed (37cm)(23cm)

m
30-‘

massive sandstone

20

~coal seam (23cm)
weakly disrupted turbidite

massive sandstone

\ weakly disrupted turbidite
~ coal sean (5cm)

massive sandstone

Fig. 10 Columnar section of a part of the
Samondake unit (modified from
Wakira, 1984, Fig. 21).
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to 20 m, alternates with massive sand-
stone (Fig. 10). The turbidite consists
of gray, fine- to medium-grained sand-
stone and dark gray shale, and has a
wide variety of sandstone-shale ratio.
The thickness of sandstone and shale
beds ranges from 1 to 100cm (Plate
[-2). Sandstone-dominant turbidite is
mostly well-bedded and undisrupted,
while shale-dominant one is weakly
disrupted. In the latter case, sandstone
layers display pinch-and-swell structure
and sometimes occur in isolated lenses.

Sandstone beds sometimes show vari-
ous sedimentary structures, e.g. graded
bedding, parallel or cross- lamination
and sole markings such as groove cast,
flute cast and bounce cast. Petrified
woods or carbonaceous fragments are
contained in the top of some sandstone
beds, showing preferred orientation.
The paleocurrent directions inferred
from woods, carbonaceous fragments
and sole markings indicate that the
clastic material was derived largely from
the northwest. (WakiTa and OKAMURA,
1982).

Conglomerate is intercalated at several
horizons in the upper part of the Samon-
dake unit. Most of the conglomerate
beds are thinner than 20 m except for
those of the Kajika Formation (W AKITa,
1984). The intraformational conglome-
rate beds occur as lenticular bodies.
They are composed largely of granules,
pebbles and cobbles of sandstone, shale
and biotite granite with minor amounts
of granite porphyry, rhyolitic welded
tuff, limestone, marl, chert, quartzo-
feldspathic gneiss and sericite-quartz
schist (Plate II-6). ‘

Biotite granite exhibits cataclastic tex-
ture. Some limestone clasts yield fusuli-
naceans such as Misellina sp. (OKAMURA,
1980) and Yabeina sp. and Codonofusiel-
la sp. (W AKITA, 1977).

The majority of clasts range form 2 to
10 cm in diameter, but larger ones (10-
100 cm in diameter) are not rare. Most
of the Dboulders are granite and
sandstone. Clasts of granites or meta-
morphic rocks are mostly well-rounded,
while those of clastics are angular to
subrounded. The matrix of conglomer-
ate is composed of medium- to coarse-
grained gray sandstone.

Shale beds and shale-dominant forma-
tions of 1-200 m thick are locally inter-
stratified in the coarse-grained clastic
sequences. The shale is dark gray,
laminated, weakly fissile, and rarely
includes much thinner sandstone inter-
beds or lenses.

Siliceous shale is commonly well-
bedded. Bedded siliceous shale is com-
posed of gray, dark greenish gray or
dark brown graded siliceous siltstone.
It also contains much thinner pale yel-
lowish green shale. Siliceous siltstone,
commonly 3-30 cm thick, consists of
plagioclase, quartz, biotite and clayey
matrix which is often replaced with
celadonite or chlorite.

Siliceous shale, not bedded but lami-
nated, also occurs in some places, and
grades into dark gray shale. Laminated
siliceous shale is dark gray or dark
green, and contains manganese carbon-
ate nodules or lenses of 20-50cm in
diameter.

Bedded siliceous shale often occurs as
isolated blocks. Radiolarian biostrati-
graphy shows that this shale is slightly
older than that of the surrounding
sequence in the Samondake unit. There-
fore, some of this shale may occur as
exotic blocks embedded within the
coarse-grained clastic sequences. On
the other hand, the occurrence of the
laminated siliceous shale must be in-situ
formation, because it gradually changes
into dark gray shale in both lateral and
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vertical directions.

Chert occurs as exotic blocks ranging
from 5 to 400 m thick and from 20 to
3000 m long. Most of chert blocks are
present in the lower part of the
Samondake unit. Only two of them are
associated with greenstone. Chert is
white, light to dark gray, black and
greenish gray in color, rhythmically
bedded, and consists essentially of

microcrystalline quartz and radiolarian
skeletons. Each bed of chert ranges
from 1 to 10 cm in thickness.

Wakita and Oramura (1982) reported
Middle Permian conodont Neostrept-
gnathodus prei and Early to Middle
Permian radiolarians such as Pseudo-
albaillella sp. from chert blocks. The
Permian bedded chert constitutes a
large block. The chert is associated

Table 2 Radiolarian fossils in the Samondake unit.
Symbols are the same as in Figure 5. See Wakira (1982) and Wakita and
OxaMmura (1982) for localities of samples except for G677 (Lat. 35°39°21” ; Lon.
136°49"11"), G 1275 (Lat. 35°46"22" ; Lon. 136°51'12") and G420A (Lat. 35°48 46" ;

Lon. 136°49"32").

Sample | Locality rock | Assem— Diagnostic spieces

number type | blage

G 677 [ Uchigatani | ms Gn Tricolocapsa conexa,Protunuma sp.

G 1275 | Uchigatani | ms |Ue-Gn | T.plicarum,E. unumaense,E. sp.

G 420A | Uchigatani | ms Ue Tricolocapsa plicarum, Zartus sp.

G1230F | Uchigatani | sil Ue Tricolocapsa fusiformis

G 661 | Uchigatani | sil Hh Hsuum hisuikyoense, Spongocapsula(?) sp.C

Q 288 [ kuzuryu-ko | sil Hh Parvicingula cf gigantocornis

No. 26 | Yamato sil Gn Tricolocapsa cf. tetragonna

No. 63 | Yamato sil |[Ue-Gn | Eucyrtidiellum pustulatum,E. sp.

No. 69 | Yamato sil |Ue-Gn |T. cf. plicarum, T. fusiformis

No. 67 | Yamato sil |Ue-Gn |T. plicurum, Protunuma sp.

No. 68 | Yamato sil Ue T.fusiformis,T. plicurum, Protunuma fusiformis

G 905 | Yamato sil Ue C.mastoidea, S. japonicus, T.plicarum

No. 47 | Yamato sil Ue Cyrtocapsa kisoensis

No. 20 | Yamato sil |Hh-Ue |T.fusiformis

G 1274 | Yamato sil | Hh-Ue [ Unuma echinatus, Andromeda sp.

G 990 | Itadori sil |Hh-Ue | Unuma echinatus,Zartus sp.A, (Hsuum sp. hisuikyouense)
No. 84 | Yamato sil Hh T.plicarum, Zartus sp. A, Hsuum hisuikyoense

No. 46 | Yamato sil ih Hsuum cf. hisuikyoense

No. 17 | Yamato sil Hh Unuma echinatus, Zartus sp. A, Parvi. gigantocornis
No. 21 | Yamato sil Hh Hsuum hisuikyouense, Laxtorum(?) jurassicum

No. 66 | Yamato sil Hh Hsuum hisuikyouense,Zartus sp. A, P. gigantocornis
No. 70 | Yamato Mn Hh Hsuum hisuikyouense,U. echinatus, Hsuum(?) matsuokai
No. 165 | Yamato Mn | Hh-Ue | Unuma echinatus

No.34 | Yamato ch M TR [ Triassocapmpe sp.

No.36 | Yamato ch M TR [ Triassocapmpe sp.

No.37 [ Hachiman ch Permn | Pseudoalbaillella spp., Parafollicucullus sp.
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with dark green to dark reddish brown
basic tuff in the southern margin of the
block. Early to Late Triassic conodonts
and Middle to Late Triassic radiolarians
were obtained from several chert blocks
at Yamato (W akira and ORaMURA, 1982).

Age of clastic rocks

Shale yields Middle Jurassic radio-
larians of the Unuma echinatus and
Guexella nudata Assemblages, while
siliceous shale yields late Early to late
Middle Jurassic radiolarians of the
Hsuum hisuikyoense, the Unuma echi-
natus and Guexella nudata Assemblages
(Table 2). Middle Jurassic radiolarians
of the Hsuum hisuikyoense and the
Unuma echinatus Assemblage are also
obtained from manganese carbonate
nodules embedded in siliceous shale
(Wakrta and OkaMURA, 1982). Recently,
the occurrence of Middle Jurassic
ammonite, Kepplerites (Seymourites)
sp., was reported from fine-grained
sandstone of the slightly disrupted
turbidite at Yamato by Saro et al.
(1985). The ammonite shows the age
ranging from Upper Bathonian to Lower
Callovian. The same genus was obtained
from the Tetori Group in the Circum-
Hida Tectonic zone (KoBavasH, 1947).

The age of deposition should be
decided on the basis of fossils obtained
from sandstone, shale and laminated
siliceous shale, because most of the
bedded siliceous shale and the bedded
chert occur as exotic blocks. Conclusive-
ly, therefore, the clastic sequences of the
Samondake unit deposited in Bathonian
to Callovian time.

Funafuseyama Unit
The Funafuseyama unit is distin-

guished from other units by the presence
of a number of slices, slabs and blocks

which consist of greenstone, limestone
and/or chert of Permian age (Fig. 5).

Distribution

The occurrence of this unit is restrict-
ed to a narrow zone which extends from
east to west in the central part of the
study area (Fig. 4). And this unit corre-
sponds to the Tokuyama Formation of
Kawar (1964), to the Akuda and
Shimadani Formations of Kanuma
(1958) and to the northern part of the
Nabigawa Formation of W axrra (1984).

Contact between the Funafuseyama unit
and the adjoining units

The Funafuseyama unit is conformab-
ly or unconformably overlain by the
Samondake unit, and is in fault contact
with the Nabi, Kanayama and Kamiaso
units.

Lithology

This unit is composed mainly of
stacked slices of melanges and weakly
disrupted turbidites, associated with
slices, slabs and blocks of greenstone,
limestone and bedded chert of Permian
to Triassic age and with local intercala-
tions of massive shale (Fig. 5).

Most slabs of Permian basalt, chert
and/or limestone are enormous in size,

and the largest reaches 2000m in
thickness and extends as long as
20000 m.

Greenstone, limestone and chert are
closely associated with one another,
totally forming a single slab. Green-
stone in one slab often includes blocks
of limestone and chert of Permian age,
and on the contrary limestone in an-
other slab is associated with greenstone
lenses. Light to medium gray chert is
interbedded with white or light gray
limestone or pale brown dolostone at
several localities (Plate II-4). Chert beds
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Table 3 Radiolarian fossils in the Funafuseyama unit.

Symbols are the same as in Figure 5. For localities of samples see WakITA (1983)

and Yamamoro (1985).

Sample number | Locality | Rock | Assem- Diagnostic spieces
type | blage

731 Neo ES Ue-Gn | Panatanellium foveatum, Tricolocapsa plicarum
769 Neo B Ue-Gn | Panatanellium foveatum, Zartus sp.

828 Neo Bs Ue-Gn | Panatanellius foveatum

732,766,852 Neo Bs Ue Cyrtocapsa mastoidea

725 Neo BS Hh-Ue | Unuma echinatus,Zartus sp.,Hsuum hisuikyoense
767,768, 845 Neo ms Hh Hsuum hisuikyoense

G 1687 Itadori ch L TR Capnodoce sp.

773,843 Neo ch M TR Triassocampe deweveri

G 1674 [tadori ch M TR Triassocampe cf. deweveri

690 Neo ch M TR Triassocampe japonica

730,832,847 Neo ch M TR Triassocampe sp.

773 Neo ch TR Tripocyclia cf. acythus

770,842 Neo ch |L Perm| Albaillella triangularis

871 Neo ch {L Perm| Albaillella levis, Follicucullus ventricosus
691,723,872 Neo ch | K Perm| Follicucullus scholasticus

875 Neo ch [ H Perm| Follicucullus ventricosus

764 Neo ch |[H Perm| Follicucullus monacanthus

range in thickness from 2 to 30 cm, while
limestone or dolostone beds range from
9 to 50 cm.

Greenstone, generally dark green and
partly dark reddish brown, includes
basaltic massive lava, pillow lava (Plate
I1-3), pillow breccia, hyaloclastite and
basaltic tuff. Pillow breccia containg
basaltic lava fragments ranging from 1
to S5cm in diameter. Basaltic tuff
includes gray limestone clasts of 10-
80 cm in diameter and white, gray or red
chert blocks of 0.1-5m in diameter.
Basaltic lava contains phenocrysts of
plagioclase, colorless or pale brown
augite and locally chlorite pseudomorphs
after olivine. The phenocrysts are
partially altered into chlorite, calcite,
sericite, sphene, prehnite and pum-
pellyite. Vesicles in the pillow lavas are
filled with calcite.

Chert, mostly well-bedded, is intensely

intraformationally folded at several
localities (Plate II-2), and shows such
variety of colors as white, light gray,
dark gray, pale brown, pale blue, green
and red. Each chert bed is 2 to 20 cm
thick, and alternates with much thinner
shaly or tuffaceous beds of the same
color. Middle to Late Permian cono-
donts and radiolarians were reported
(Table 3) from bedded chert closely
associated with greenstone and lime-
stone at several localities by Ico (1979),
WakmTa (1983, 1984) and Y amamoro
(1985). Triassic conodonts and radio-
larians are also obtained from some
other chert slabs at a few localities
(Fig. 6).

Large limestone blocks and slabs are
exposed at Neo, Funafuseyama and
Hachiman, and small blocks are often
enclosed in or associated with green-
stone. Most limestone is fossiliferous,
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white, light gray, medium gray, or dark
gray in color, and is generally massive
and locally well-bedded. It yields
fusulinaceans, corals, bivalves, gastro-
pods, brachiopods and calcareous al-
gaes. A number of fusulinacean faunas
of Early to early Late Permian age,
ranging from the Pseudoschwagerina
Zone to the Yabena Zone, are reported
by Kanuma (1958), Igo and Ocawa
(1958), Kawar (1964), Nakamura (1966,
1967 A,B) and Sasumpa (1980).

Melanges are widely distributed to the
west of the Neo area, and can be classi-
fied into two types, A and B, on the
basis of the nature of the matrix and

N
80

Taru daoni

rock type of clasts (Fig. 11). Type A is
a major melange consisting of dark
gray weakly foliated shale matrix and
clasts of sandstone, chert and siliceous
shale. Type B melange is less common
than type A, and is closely associated
with greenstone slabs. The matrix of
type B melange is deep-black shale
which is more scaly and darker in color
than that of type A melange. In type B
melange, fragments of greenstone and
chert are very common, and those of
sandstone and limestone are locally
included. Type B melange is in contact
with type A melange by sharp “depo-
sitional” boundaries in places.

136°33'E

35°37 N

sandstone

== shale
W siliceous shale
@& chert

—=._ disrupted

turbidite

TYPE B

== deep black shale
A% siliceous shale

@ chert

& limestone

G2 basalt

Fig. 11 Route map of the Funafuseyama unit at Ozu showing the occurrence of type A and B

melanges.
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Shale matrix of type A melange is
dark gray and includes a number of
detrital grains and rock fragments- of
siltstone. Most of the clasts in type A
melange are composed of one or two
rock types. Sandstone clasts, most
common in type A melange, range
generally from 1 to 50 cm in diameter
but locally reach hundreds of meters
long. Chert clasts range in size from
2cm across to several hundred meters
long ; chert is light gray, light greenish
gray, and reddish brown, and is well
bedded. Siliceous shale is associated
with chert blocks or occurs as an
isolated clast. It is gray, dark gray and
reddish brown, and is generally massive
but partly bedded. Type A melange
includes a 120 m-thick block of a coars-
ening-upward sequence which consists
of chert, siliceous shale, shale, shale
interbedded with sandstone and massive
sandstone in ascending order. Slices of
shale sequences are locally intercalated
between slices of the chert, greenstone
and limestone. It is gray or dark gray,
slightly coarser in grain size than
siliceous shale, and i1s mostly massive
but is locally laminated or interbedded
with sandstone.

Type B melange is characterized by
deep-black shale matrix with common
greenstone clasts and less common
sandstone clasts. In thin section, the
shale matrix of type B melange shows
various textures. Typical one is deep-
black in color, free from coarse-grained
terrigenous grains, and includes numer-
ous greenstone fragments. Some other
matrix of type B melange includes
various proportion of coarse-grained
clastic grains and siltstone fragments as
well as greenstone fragments (Plate
IV-6). Greenstone clasts, ranging from
lem to 100 cm long, consist of light
green or dark greenish gray basaltic

tuff and dark green or reddish brown
basaltic lava. The basaltic tuff clasts
often display elongated irregular shape.
Chert clasts are gray, light gray or
black, and range from 1 to 100 cm in
length. Type B melange may be assigned
to “slump facies II” of Yamamoro
(1985).

Disrupted turbidites of the Funafuse-
yama unit are widely distributed at
Itadori where melanges are locally
exposed. Sandstone occurs as isolated
lenticular clasts enveloped in shale
matrix or very thin- to thin-bedded
distorted layers which are locally folded
and show ductile extensional defor-
mation such as pinch-and-swell struc-
ture.

Age of shale matrix

No fossils are obtained from the shale
matrix of the melanges and weakly
disrupted turbidites. Y amamoro (1985)
reported the occurrence of late Early to
early Middle dJurassic radiolarians
(Hsuum hisuikyoense Assemblage to
Unuma echinatus Assemblage) from the
shale bed of the Funafuseyama unit to
the west of the study area (Table 3).
His “shale”, however, includes a rock
type which is described as siliceous
shale in this report. Therefore, the age
of shale matrix is as young as or
slightly younger than late Early to early
Middle Jurassic.

Nabi Unit

The Nabi unit is characterized by
wide-spread distribution of variously
disrupted turbidites associated with
large chert slabs (Fig. 5).

Distribution

The distribution of this unit is differ-
ent between the eastern and western

— 697 —




— 869 —

g ‘ v W
AI""IIIHHIII -
abi River\v__ﬁw

i
)

Il
Il

W s ll
k! \ | N

I

0

5km

e
R

Fig. 12 Geologic map of the Nabi unit.
1-9. Nabi unit (1. shale, 2. weakly disrupted turbidite, 3. well-bedded turbidite,
4. massive sandstone, 5. melange matrix : dominantly pelitic, with small clasts,
6. siliceous shale, 7. bedded chert, 8. greenstone, 9. limestone), 10. Samondake unit,
11. Funafuseyma unit, 12. Kanayama unit, 13. Kamiaso unit, 14-15. Late Cretaceous
acid igneous rocks (14. granite, 15. rhyolite).
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parts of the study area. On the east it
occupies the zone between the Funafuse-
yama and Kanayama units, whereas in
the west it is distributed between the
Kanayama and Kamiaso units (Fig. 4).
The unit corresponds to the southern
part of the Permian Kayugawa For-
mation (KaNuMa, 1958) and to the upper
part of the Nabigawa Formation
(W akiTa, 1984).

Contact between the Nabi unit and the
adjoining units

The Nabi unit is in fault contact with
the Funafuseyama unit. The relation
between the Nabi and Kamiaso units is
not clear, but appears to be in fault
contact, since there is an abrupt change
in lithology. Thin- to thick-bedded tur-
bidites and disrupted turbidites of the
Nabi unit locally interfinger with the
melanges of the Kanayama unit in the
western part of the study area.

Lithology

The Nabi unit consists mainly of slices

of coherent stratigraphic sequences of
sandstone and shale accompanied with
slices of chert, siliceous shale and
melanges, including blocks of chert and
limestone (Fig. 12). Most of the blocks
are embedded within matrix of mel-
anges.

Sandstone and shale are mostly
interbedded in varied proportions, and
the strata show disrupted features in
various ways. The spectrum of the
disruption is represented by well-bedded
turbidite (Plate I-3) on one end and by
thoroughly disrupted turbidite (Plate
I11-1, 2) on the other end.

Undisrupted, well-bedded turbidite
(Plate I-3) is mostly rich in sandstone,
and occurs as sequences of 100 to 1000 m
thick. Most of the sandstone beds range
from 1 to 50 cm in thickness, but thicker
sandstone beds also occur locally.
Sandstone is gray, fine- to medium-
grained, and displays sedimentary struc-
tures such as graded bedding, parallel
lamination and sole markings (groove
cast, flute cast, load cast and rill mark).

- | sandstone Shale

Fig. 13 Weakly disrupted turbidite of the Nabi unit.

Scale bar =5 cm.
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Fig. 14 Route map of the Nabi and Kanayama units at Neo.
Symbols are the same as in Figure 5.
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Sole markings indicate the divergent
paleocurrent directions. The top part of
sandstone beds includes carbonaceous
fragments in some cases.

Slightly disrupted turbidite is exposed
only in the southern part of this unit. In
the slightly disrupted turbidite, normal
minor faults are developed, by which the
turbidite beds are cut and divided into a
number of blocks. Inside of the blocks,
sandstone layers are, however, rarely
disrupted (Plate, I-4).

Weakly disrupted turbidite is de-
veloped and well exposed in the central
part of the study area. In the weakly
disrupted turbidite, deformed sandstone
layers or lenses, ranging from 1 to
30 cm in thickness, are enveloped in
shale, and show ductile extensional
deformation such as pinch-and-swell
structure, swelling and necking, some-
times with wispy termination (Plate I-4,
5, 6). A number of layers and lenses of
sandstone are split into rhomboidal
fragments by normal faults (Fig. 14,
Plate I-6). Internal lamination of a
sandstone lens is invariably oblique to
the trend of the arrangement of the
lenses. Some of the rhomboids are
deformed in a ductile fashion into
elongated clasts (Fig. 13). Nevertheless,
the stratal continuity is retained, and
each sandstone layer or lens grades into
overlying shale; adjacent sandstone
lenses are derived from an originally
single layer, and the arrangement of the
sandstone lenses reflects the original
layering of a sandstone bed. In Figure
14, for example, weakly disrupted tur-
bidite is locally interbedded with and
grades into well-bedded turbidite and
thoroughly disrupted turbidites. The
arrangements of sandstone lenses and
layers partly is folded at many places.

Thoroughly disrupted turbidite is
developed in the western part of the

study area (see, Fig. 17) and locally
intercalated within weakly disrupted
turbidite in this unit. The thoroughly
disrupted turbidite includes a number of
sandstone clasts, ranging in diameter
from 1 to 200 cm, in shale matrix (Plate
IIT-1, 2). Shape of clasts is mostly
subrounded to subangular, but locally
irregular. Shale of the matrix is gray to
black and weakly to highly foliated. In
thin section, the shale includes numerous
subangular to subrounded fragments of
siltstone or sandstone in clayey matrix.
The fragments are entirely enclosed in
clayey matrix showing “depositional”
contact. Cleavages are developed sub-
parallel or slightly oblique to the
arrangement of clasts, and clearly cut
the block (fragment)-in-matrix texture.
This fabric suggests that fragmentation
and. mixing occurred during ductile
deformation process, and cleavages were
developed after the disruption of the
turbidites and after induration.

Massive sandstone beds are occasion-
ally found in the unit, and some of them
show composite grading, cross- or
parallel lamination. Sandstone is light
to dark gray, and medium- to coarse-
grained, and is characterized by numer-
ous shale fragments of 1 to 5mm in

diameter. Coarse-grained sandstone
sometimes grades into very coarse-
grained sandstone or granule con-
glomerate. Granules are composed

dominantly of chert and shale, with
a small amount of granitic rocks, hyp-
abyssal rocks, sericite schist, dacite,
basalt, siliceous shale, sandstone and
orthoquartzite. Massive sandstone some-
times includes a number of angular
chert fragments ranging in diameter
from 0.2 to 40 cm and large chert blocks
up to hundreds of meters long.
Shale-dominant formations of several
hundreds meters thick are closely asso-

— 701 —




Bulletin of the Geological Survey of Japan. Vol. 89, No. 11

ciated with and grade into weakly dis-
rupted turbidites. The shale is dark
gray, generally massive but locally
laminated, and weakly fissile. The lami-
nations are undisrupted, and original
stratifications are retained.

Melange occurs as slices of several
hundreds meters thick and several
kilometers long, and includes a number
of clasts ranging in size from a milli-
meter to a kilometer long. The matrix is
dark gray weakly foliated shale. Rock
types of clasts are sandstone, bedded
chert, siliceous shale, greenstone and
limestone.

Table 4 Chemical compositions of
Kanayama units.

A special type of chaotically mixed
rocks occurs as a block enclosed in the
normal melange. It was called “Ichiri-
boki olistostrome” (Wakrra, 1983).
Numerous bedded chert blocks and
several calcareous clasts are embedded
in deep-black shale matrix. The deep-
black shale is extremely carbonaceous
and includes clay, microcrystalline
quartz, opaque minerals and radiolarian
remains; no coarse-grained clastic
grains are found under the microscope.
Content of carbonaceous material of the
shale is 2.68 weight-percent (Table 4).
Similar carbonaceous deep-black shale

deep-black and dark gray shales in the Nabi and

Deep-black Deep-black Deep-black Dark gray Dark gray Average Average of
Rock shale matrix of |shale clast |shale shale shale of shale shale in
type "Ichiriboki associated matrix of interbedded in Mino Inner zone
olistostrome” with basalt | melange with sandstone || terrane of S¥ Japan|
Sauple number G1686 61880 G1810 G1876A G1858
Locality ITADORL KARIYASU HACHIMAN KARIYASU KARIYASU MIYASHIRO
(Lat.) 85 40°01” 35 39°26” 35 43°40” 85°39°21” 35°38’16” ONO(1878) | & HARAMURA
(Lon.) 136" 49’217 136°57°20” 136°65° 117 136" 57°23” 136" 54°56”
(1982)
unit Nabi Kanayama Nabi Kanayama Nabi
Si02 64.77 70.57 71.17 70.26 60.59 64.74 65.31
Ti02 0.58 0.57 0.24 0.57 0.75 0.85 0.63
Al203 13.62 12.74 5.59 13.53 18.98 16.29 15.81
Fea03 2.03 2.13 2.04 1.51 2.18 1.56 1.83
Fe0 0.32 0.07 0.26 2.79 2.90 3.63 3.25
Hn0 0.18 0.01 0.08 0.04 0.07 0.08 0.08
Mg0 3.97 1.23 0.72 1.78 2.04 2.17 2.08
Cal 5.74 0.04 3.40 0.35 0.05 0.66 0.34
Na20 0.31 0.18 0.07 1.18 2.47 2.19 2.09
K20 1.01 4.01 1.18 3.28 4,34 3.74 3.84
P20s 0.28 0.06 0.06 0.11 0.27 0.15 0.01
H20(+) 2.17 3.12 1.71 3.37 3.72 3.36
H20(-) 0.34 0.53 0.27 0.45 0.70 0.61
€02 0.70 0.29 3.15 0.07 0.00
c 2.68 4.17 2.68 0.39 0.45 0.76
N 0.90 0.22 1.61 0.06 0.01
Total (Wt.%) 99.58 99.94 100.64 99.74 99.98 95.83 100,00
(ppm)
In 14 42 62 69 80
Cu 20 4 81 42 32
Co 7 2 9 15 7
Cr 86 60 35 56 64 36
Ni 53 10 16 35 36 18
Li 55 18 19 32 45
I} 9.5 7.8 1.8 2.4 3.9
Pb 13 22 5 20 217
v 103
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Table 5 Radiolarian fossils in the Nabi unit.
Symbols are the same as in Figure 5. For localities of samples (G xxxx) see WAKITA
(1983).

Sample Locality rock | Assen— Diagnostic spieces

number Lat.(N) Lon. (E) type | blage

R38189 | Ijira 35°32°59” | 136°41°41” | tb GS [ S.spiralis

R38159 | Horado 35°36°50” | 136°48°17” | ms Gn S.himedaruma

R38182 | Taniai 85°37°35” | 136745°40” | ms Gn T. hemicostata

R38184 | Taniai 35°37°41” | 136°45°42” | ms Gn T.connexa , T. tetragonna

R38188 | Taniai 35°37°21” | 136°46°32” | ms Gn T.plicarum, Eucyrtidiel lum
pustulatun, S.suboblongus?

R38178 | Taniai 35738°03” |136°44°36” | ms Gn T.connexa

R38170 | Nabi 35740°51” | 186°52°45” | ms Gn E.unumaense,T. aff.fusiformis

R38169 | Nabi 35°43’10” |186°53°05” | ms |[Ue-Gn |T. plicarum,T.fusiformis,

G 1474 | Hachiman | 35°43°46” | 136°56°32” | sil Gn T.aff. fusiformis,Protunuma turbo,
P.ochinensis,Williliedellum sp. A,

R38165 | Taniai 35°37°33” | 136°45°41” | sil Gn T. tetragonna

G1486b | Nabi 35°42°16” | 186°54°03” [ sil |Ue-Gn |Protunuma cf.ochinensis,

G1390A | Nabi 35°42°38” |[136°57°20” | sil |UeGn |D.kamoensis,P.dhimenaensis

G 1376 | Kariyasu [ 356°40°26” | 136°55°04” | sil |Ue-Gn |D.kamoensis,P.dhimenaensis,
Pantanelliun foveatum

G1450B | Kariyasu | 35°41°10” | 136°55°46” | Mn Ue |T.fusiformis,Cyrtocapsa mastoidea

G1464A | Hachiman | 85°43°51” | 186°55°40” | Mn | Hh-Ue |Unuma echinatus,Zartus sp. A,
Andromeda sp.

G 1063 | Nabi 35°41°66” |[136°52°52” | ch L TR | Capnuchosphaera sp.

R38177 | Taniai 35°38°09” [136°44’34” [ ch | M TR | Triassocampe spp.

R38185 | Taniai 35°38°06” | 136°45°20” | ch H TR | Triassocampe spp.

G 1916 | Kariyasu | 85°41°28” | 136°56°58” | ch M TR | Triassocampe cf. deweveri

is associated with greenstone blocks of
the Nabi unit and occurs as a clast in
the melange of the Kanayama  unit
(Table 4).

Siliceous shale occurs as lenticular
bodies embedded within weakly dis-
rupted turbidite. It is light gray, medi-
um gray, pale green, dark greenish gray
or reddish brown, ranges in thickness
from 2 to 400m, and is divided into
bedded and laminated types. Bedded
siliceous shale consists of siliceous silt-
stone beds of 2 to 60 cm thick and shale
partings of 1 to 3cm in thickness.
Laminated and weakly fissile siliceous
shale contains thin layers of pale yellow-

ish brown tuffaceous shale or manga-
nese carbonate nodules which are ellip-
soidal, ranging in length from 10 to
100 cm. Siliceous shale and manganese
carbonate nodules yield well-preserved
radiolarians. Late Middle Jurassic
radiolarians of the Guexella nudata
Assemblage are obtained from the
siliceous shale, while the manganese
carbonate nodules contain early Middle
Jurassic radiolarians of the Unuma
echinatus Assemblage (Table 5).

Bedded chert occurs as large slices,
slabs or blocks which range from 5 to
1000 m thick and from 20 to 15000 m
long. It occurs with various shades of
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color such as white, light gray, medium
gray, dark gray, pale green, greenish
gray, pale brownish gray, pale brown,
reddish brown and red. Chert beds are
1 to 20cm in thickness, and alternate
with shale layers of 1 to 10mm in
thickness. Several types of folds such as
chevron fold and parallel fold are often
observed in chert sequences (Plate II-1).
Middle to Late Triassic conodonts (Igo,
1979) and radiolarians (W akita, 1983)
are obtained from chert of this unit
(Fig. 6).

In a part of the bedded chert se-

=

quences, chert is interbedded with lime-
stone or dolostone. Both beds of chert
and limestone are white or light gray
and range in thickness from 5 to 50 cm.
The interbedded chert and limestone are
locally disrupted, and in some cases
chert occurs as lenses and blocks en-
closed in limestone. Late Triassic
conodonts such as Neogondolella
navicula steinbergensis are reported
from limestone interbedded with chert
by Ico (1979).

In some large slabs, bedded chert is
associated with greenstone. Greenstone

/7
limestone

|
bedded chert

\—/—\_

_——
,/

hale with
clasts

30¢cm

X _bedded chert

weakly =

disrupted — eI
turbidite S

/
7
4

Fig. 15 Contact features between a chert slab and underlying weakly disrupted turbidite at
Horado (Lat. 35°37° 53", Lon. 136°49'47").
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is dark gray, dark greenish gray or pale
green, and the lithology is basaltic tuff
and lava. Basaltic lava is massive and
contains phenocrysts of kaersutite and
biotite. Basaltic tuff is locally inter-
bedded with chert and grades into
tuffaceous partings of bedded chert,
suggesting that the basic tuff is closely
related to the bedded chert in origin.

Gray limestone occurs as blocks
ranging in length from 50 to 1500 m, and
is sparsely distributed in weakly dis-
rupted turbidite, in undisrupted turbidite
and in shale-dominant formations of the
Nabi unit. Late Middle Permian fusu-
linaceans (Kanuma, 1958) and late Early
Permian conodonts (Ico, 1979) are
obtained from these limestone blocks.

A chert slab directly overlies weakly
disrupted turbidite without distinct shear
zone (Fig. 15). Near the boundary,
however, the chert slab is brecciated at
the basal part, and detached angular
clasts of chert are embedded within the
top of the weakly disrupted turbidite.

Age of clastic sequences

Radiolarians of the Guexella nudata
Assemblage and the Gongylothorax
sakawaensis—Stichocapsa naradaniensis
Assemblage are obtained from shale
interbedded with thinner sandstone at
several localities (Table 5). These fossils
show that the age of the clastic rocks in
. the Nabi unit ranges from late Middle to
early Late Jurassic.

Kanayama Unit

The Kanayama unit is composed of
Late Jurassic (?) to Early Cretaceous
melanges. The melanges contain clasts
of a variety of rocks such as sandstone,
siliceous shale, chert in dominantly
argillaceous matrix (Fig. 5). The clasts
range from a millimeter to several kilo-

meters in length.
Distribution and Subdivision

The melanges occupy the western part
and the eastern part of the study area
(Fig. 4). The eastern melange is named
the Kanayama melange which is charac-
terized by a high content of siliceous
shale clasts and a low content of
greenstone and limestone clasts (Fig.
16). On the other hand, the western
melange is designated by the name of
the Neo melange which includes com-
monly greenstone and limestone clasts
(Figs. 17, 18). Figures 16 and 17 are the
detailed maps of the Kanayama melange
and the Neo melange, respectively. The
western part of the Kanayama melange
was mapped as the Kayugawa Forma-
tion by Kanuma (1958) and as the lower
member of the Nabigawa Formation by
Waxkira (1984). The northern part of the
Neo melange was mapped as the Neo
Formation by Kawar (1964). The Kana-
yama and Neo melanges have similar
rock association, fabrics, and age of
each rock type except for the above-
mentioned proportion of some clast
types ; therefore, they are assigned to
the same unit and described together as
follows.

Contact between the Kanayama unit and
the adjoining units

The melanges of the Kanayama unit
are usually in fault contact with the
Funafuseyama unit. The melanges of
the Kanayama unit, however, locally
interfinger with the turbidite formations
of the Nabi unit.

Lithology

Melanges of the Kanayama unit are
composed of clasts of various lithologies
and shale matrix, showing block-in-
matrix texture (Plate III-3, 4, 5, 6).
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Matrix angular fragments of quartz, feldspars,

Matrix of the melanges commonly sericite and siltstone are sparsely dis-
consists of dark gray to black shale, tributed in unfoliated clayey matrix
and shows weakly developed scaly folia- (Plates VI, VII). Sericite is arranged
tion (Plate III-4, 6). In thin section, subparallel to the elongation of mineral

AT

27
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Fig. 16 Geologic map of the Kanayama melange of the Kanayama unit and the adjacent
units in the eastern part of the study area.
1-2. Funafuseyama unit (1. melange and weakly disrupted turbidite, 2. bedded
chert), 3-7. Kanayama melange of Kanayama unit (3. melange matrix : dominantly
pelitic, with small clasts, 4. massive sandstone and turbidite, 5. “pebbly siliceous
shale”, 6. siliceous shale, 7. bedded chert), 8-12. Kamiaso unit (8. Wadano
conglomerate, 9. massive sandstone and turbidite, 10. bedded chert, 11. siliceous
shale, 12. greenstone, 13. limestone), 14-16. Late Cretaceous acid igneous rocks (14.

granite porphyry, 15. rhyolite, 16. granodiorite), 17. Alluvium, 18. fault, 19. unit
boundary
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Fig. 18 Route map of the Neo melange of the Kanayama unit in central part of study area,
showing fossil localities. Symbols are the same as in Figure 5.

IT "ON ‘6§ 104 "undop fo Laaung 1021507005 Y3 fo unaNg




Origin of chaotically mixed rock bodies of the Mino terrane (K. Wakita)

and rock fragments (Plate VII-6). Sub-
rounded to subangular rock fragments
of siltstone, fine-grained sandstone and
siliceous shale, and occasionally of
greenstone, limestone, dolostone and
chert occur in shale matrix. Radiolarian
remains are rare in the matrix. The
contact between rock fragments and
matrix is not tectonic but “depositional”
(unfoliated, viscous fabric). Scaly folia-
tion trends subparallel or slightly
oblique to the arrangement of rock
fragments, and clearly cut the original
block-in-matrix fabric. Although numer-
ous clasts are supported with lesser
amounts of shale matrix in some places
(W akrra, 1988), the shale matrix totally
exceeds the clasts in quantity.

General features of clasts

Clasts embedded within the shale
matrix consist of various rock types
including sandstone, shale, siliceous
shale, chert, greenstone, and limestone.
Sandstone and chert clasts are predom-

inant, and siliceous shale clasts are
common. Greenstone and limestone
clasts are rare in the Kanayama

melange and locally common in the Neo
melange. Long axes of clasts are
subparallel to the foliation of the shale
matrix.

The following rock associations com-
monly constitute a block or a slab in
the melanges. Chert—siliceous shale—
(shale) ; chert—siliceous shale—shale in-
terbedded with sandstone ; chert—green-
stone— (limestone) ;  greenstone—lime-
stone ; massive sandstone—turbidite—
massive or laminated shale. These rocks
retain their original stratigraphic suc-
cession within a large slab or block.

Sandstone clasts

Sandstone occurs mostly as clasts less
than 1m in diameter (Plate IV-1), and
locally constitutes massive sandstone

and turbidite in large slabs and blocks
ranging from several meters to several
kilometers long.

Sandstone clasts (<1m long) have
various shapes such as subrounded,
hexagonal, rhombic and irregular. Shale
injection is observable on the surfaces of
some sandstone clasts. Shale injection
grades into a vein or a fracture toward
the inner parts of the clasts.

Turbidite in large slabs and blocks
is mostly undisrupted but weakly dis-
rupted in places. In turbidite, sandstone
beds keep original stratal continuity
and display well-preserved sedimentary
structures such as graded bedding,
cross- or parallel lamination and sole
markings. Sandstone layers in weakly
disrupted turbidite show pinch-and-swell
structure, boudinage and slump struc-
ture.

Sandstone is gray, medium- to coarse-
grained and ill-sorted. It consists mostly
of angular to subangular fragments of
quartz, potassium feldspars and plagio-
clase with a small amount of heavy
minerals and rock fragments. Most of
the quartz grains show wavy extinction.
Rock fragments include shale, felsic
volcanic rocks, basalt, hypabyssal rocks,
calcareous rocks and sericite schist.
Heavy minerals are mostly muscovite,
biotite, tourmaline and opaque minerals.
Garnet is rare or absent. Some grains
of quartz, plagioclase, potassium feld-
spars and rock fragments and a part of
matrix are replaced by calcite or seri-
cite.

Shale clasts

Dark gray and deep-black shale clasts
rarely occur as fragments in weakly
foliated shale matrix of the melange in
the Kanayama unit. Dark gray shale
fragments are irregularly shaped and
approximately 30 cm in diameter, and
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deep-black shale fragments are sub-
rounded and apploximately 50cm in
diameter.

Siliceous shale clasts

Siliceous shale occurs as clasts rang-
ing in length from a millimeter to 3000 m,
and it is closely accompanied with
bedded chert in large slabs. The siliceous
shale clasts are highly irregular in
shape and size (Plate IV-2), and in
places interfinger and mix with dark
gray shale of melange matrix (see Fig.
23 and description of “pebbly siliceous
shale” ).

Siliceous shale is light to dark gray or
brownish gray, and includes a variety of
rock types such as laminated siliceous
shale, bedded siliceous shale, massive
siliceous shale, tuffaceous siliceous
shale, “blended siliceous shale”, “pebbly
siliceous shale” and “Toishi-type” sili-
ceous shale.

Laminated siliceous shale is gray to
dark gray, and is most dominant in
siliceous shale clasts of various sizes
ranging from several tens of centimeters
to several hundred meters in length. It
sometimes yields manganese carbonate
nodules and trace fossils; the manga-
nese carbonate nodules range from 3 to
50 cm in diameter. Laminated siliceous
shale is composed mainly of detrital
grains (0.02-0.08mm across) of quartz,
feldspars, sericite and opaque minerals,
and includes a varying amount of radio-
larian remains. Laminated siliceous
shale yields late Middle Jurassic radio-
larians (Guexella nudata Assemblage)
or latest Jurassic to earliest Cretaceous
radiolarians  (Pseudodictyomitra  cf.
carpatica Assemblage). Manganese car-
bonate nodules also occur as clasts in
the melange which contains numerous
siliceous shale clasts (Plate IV-6).

Massive siliceous shale is gray to

dark gray, and constitutes fragments

“and blocks in the melanges, locally to-

gether with bedded siliceous shale. The
texture under the microscope is very
similar to that of laminated siliceous
shale. Late Jurassic radiolarians are
obtained from massive siliceous shale
(Mizuran:, 1981) which grades into
laminated siliceous shale of latest Juras-
sic to earliest Cretaceous age (W AKITA,
1988).

Tuffaceous siliceous shale, mostly light
gray, occurs as small-sized (<30 cm)
irregular-shaped clasts (Plate 1IV-2),
and consists of a number of radiolarian
remains, microcrystalline quartz, sericite
and clayey minerals. Sand and silt-sized
grains of quartz and feldspars are
seldom observed. This siliceous shale
vields early Late Jurassic radiolarians
of the Gongylothorax sakawaensis—
Stichocapsa naradaniensis Assemblage.

“Blended siliceous shale”, defined by
WakiTa (1988), is a mixture of disrupted
alternating beds of dark gray siliceous
shale and siltstone, and lenticular or
irregular light gray tuffaceous siliceous
shale. Disrupted layers of siliceous silt-
stone exhibit pinch-and-swell structure,

_boudinage or folding. “Blended siliceous

shale” yields radiolarians ranging in age
from early Late dJurassic to latest
Jurassic (Gongylothorax sakawaensis—
Stichocapsa naradaniensis Assemblage
and Pseudodictyomitra primitiva—P. sp.
A Assemblage).

“Toishi-type” siliceous shale, defined
by Imoro (1984), is light gray, and con-
sists of microcrystalline quartz, sericite
and clay minerals having no radiolarian
remains. It is often interbedded with
deep-black carbonaceous shale, and is
sometimes intercalated with chert beds.
The proportion of “Toishi-type” sili-
ceous shale to deep-black shale varies
from 20 to 95 percent. “Toishi-type”
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siliceous shale displays intraformational
folds in places. “Toishi-type” siliceous
shale in the study area yields no diag-
nostic fossils, but it has been considered
to be Early Triassic in age, because
Spathian to Anisian conodonts are ob-
tained from a transitional part between
“Toishi-type” siliceous shale and overly-
ing chert in the Tamba area to the west
of the study area (Imoro, 1984).

“Pebbly siliceous shale” (Plate V-6),
also defined by Waxkira (1988), is dark
gray laminated siliceous shale or “blend-
ed siliceous shale”, sparsely including
sandstone clasts up to 1m in diameter.
Sandstone clasts are usually enclosed in
siliceous shale. “Pebbly siliceous shale”
intercalates thin “layers” of dark gray
to black shale and siltstone, and con-
tains small-sized sandstone clasts (<30
cm), and sometimes includes sandstone
clasts associated with dark gray shale
as if it was tails or pressure shadows in
metamorphic rocks. These features are
similar to those of the marginal part of
siliceous shale clasts. The intercalations
of the thin “layers” of shale in the
“pebbly siliceous shale” are ascribed to
the injection of shale matrix of melange.
Sandstone clasts were conveyed together
with shale matrix into siliceous shale,
and were left alone in siliceous shale
after ductile shale were swept away.

The injection of shale including smaller
clasts into siliceous shale is common
feature not only in “pebbly siliceous
shale” but also in other types of siliceous
shale of the melange of the Kanayama
unit (Plates V-5, VI-5). The injection
occurs subparallel or slightly oblique to
the original stratification of the siliceous
shale. Shale of melange matrix is in-
jected into siliceous shale with sharp
boundaries which clearly cut the lamina-
tion and layering of the siliceous shale
(Plate V-5).

Chert clasts

Chert commonly occurs as large blocks
and slabs (several meters to several
kilometers in length) with or without
siliceous shale, or also forms smaller
clasts (1cm across to 5m in length) in
the melanges (Plate IV-3). Shape of a
small chert clast is subrounded, suban-
gular, lenticular, and sometimes irre-
gular.

Chert is mostly light to dark gray,
sometimes reddish brown, greenish gray,
pale purple or red. Chert formations
are always rhythmically bedded. A part
of chert formations in slabs exhibits
alternating beds of white or dark gray
chert of 2-30 ecm thick and gray lime-
stone or dolostone of 10-30 cm thick.
Bedded chert and chert interbedded with
limestone or dolostone display isoclinal
intraformational folds (Plate II-1).

Diagnostic radiolarians and conodonts
were obtained from chert (Tables 6, 7).
Middle Triassic to Early Jurassic radio-
larians are commonly obtained from
bedded chert of large blocks and slabs
of 2 to several kilometers long. Small
clasts (<50 cm) of white to light gray
chert yields late Middle Jurassic radio-
larians (Guexella nudata Assemblage)
in the Kanayama melange. Gray bedded
chert in the large slab (>500 m long) in
the Neo melange and pale purple bedded
chert in the Kanayama melange also
yield late Middle Jurassic radiolarians.
Early Middle dJurassic radiolarians
(Unuma echinatus Assemblage) are ob-
tained from an angular clast (10 cm in
diameter) of light gray chert in the Neo
area.

Greenstone clasts _
Greenstone includes light greenish gray
or dark brownish gray basaltic tuff,
green to dark greenish gray pillow brec-
cia and pillow lava. Greenstone clasts
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Table 6 Radiolarian fossils in the Kanayama melange of the Kanayama unit.
Symbols are the same as in Figure 5. See Wakira (1988) for localities of samples
except for R41709 (Lat. 35°39'21", Lon. 136°57 23"), R38242, R38244 (Lat. 35°39' 32",
Lon. 136°57'156"), R38264, R38268, R38255 (Lat. 35°38'14", Lon. 136°57 04”), R38252,
R38261, R38259, R38258, R38260 (Lat. 35°38'13", Lon. 136°57'04”) and R38192 (Lat
35°38"11", Lon. 137°07 43").

Sample | Locality | Rock | Assem- . . .
Diagnostic spieces
number type | blage
R38286 | Kanayama BS Pc Cinguloturris aff. C. carpatica
R38081 | Kanayama BS Pc Pseudodictyomitra leptoconica
R38087 | Kanayama BS Pc Pseudodictyomitra sp. aff. primitiva
R38082 | Kanayama Bs Pc Eucyrtidiellum pyramis
R38083 | Kanayama ms | PP-Pc Pseudodictycaitra primitiva
R38293 | kanayama ms | PP-Pc Pseudodictyomitra primitiva
R38107 | kanayama ms | PP-Pc Pseudodictyonitra primitiva
R38285 | kanayama BS GS Stichocapsa cf. naradaniensis
R41709 | Kariyasu ms GS S.spiralis, T.conexa, (S. oblongua)
R38149 | kanayama sil Pc Eucyrtidiellum pyramis
R38150 | kanayama sil | PP-Pc Parvicingula aff. P. cosmoconica
Pseudodictyomitra primitiva
R38215 | Kanayama sil Pc Pseudodictyomitra leptoconica
R38152 | Kanayama sil Pc Eucyrtidiellum pyramis
R38211 | Kanayama sil Pc Eucyrtidiellum pyramis
R38080 | Kanayama sil Pc Eucyrtidiellum pyramis
R38134 | Kanayama sil Pc Eucyrtidiellum pyramis
R38201 | Kanayama sil PP Mirifusus baileyi, Xitus gifuensis
R38224 | Kanayama sil PP Mirifusus baileyi, Parvicingula mashitaensis
R38090 | Kanayama sil PP Hirifusus baileyi, Protunuma japonicus
R38114 | Kanayana sil PP Mirifusus baileyi, Xitus gifuensis
R38135 | Kanayama sil PP Hirifusus baileyi, Protunuma japonicus
R38295 | Kanayama sil PP Pseudodictyomitra okamurai, Protunuma japonicus
R38210 | Kanayama sil PP Mirifusus baileyi, Xitus gifuensis
R38204 | Kanayama sil PP Mirifusus baileyi, Xitus gifuensis
R38203 | Kanayama sil PP Hirifusus baileyi, Parvicingula mashitaensis
R38214 | Kanayana sil PP Mirifusus baileyi, Parvicingula mashitaensis
R38213 | Kanayama sil PP Mirifusus baileyi, Xitus gifuensis
R38212 | Kanayama sil PP Mirifusus baileyi, Xitus gifuensis
R38216 | Kanayama sil PP Mirifusus baileyi, Xitus gifuensis
R38217 | Kanayama sil PP Pseudodictyoritra okamurai
Orbiculifroma(?) kanayamaensis
R38205 | Kanayama sil Ty Cinguloturris carpatica, Eucyrtidiellum nodosum
Hsuum maxwelli
R38209 | Kanayama sil Ty Cinguloturris carpatica, Pseudodictyomitra(?) sp. D
R38208 | Kanayama sil Ty Cinguloturris carpatica, Pseudodictyomitra(?) sp. D
R38207 | Kanayama sil Ty Tricolocapsa cf. yaoi, Eucyrtidiellum nodosum
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Table 6 continued

R38228
R38141
R38142
R38157
R38145
R38392
R38144
R38278
R38275
R38143
R38276
R38138
R38153
R38242
R38244
R38264
R38268
R38252
R38261
R38259
R38255
R38388
R38387
R38384
R38220
R38192
R38105
R38236
R38290
R38291
R38130

R38127
R38258
R38260
R38389
R38147
R38225
R38218
R38206
R38126
R38393

Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kariyasu
Kariyasu
Kariyasu
Kariyasu
Kariyasu
Kariyasu
Kariyasu
Kariyasu
Kanayama
Kanayama
Kanayama
Kanayama
Hurobora
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama

Kanayama
Kariyasu
Kariyasu
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama
Kanayama

sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil
sil

ch

ch

ch

ch

ch

ch
ch
ch
ch
ch
ch
ch
ch
ch
ch

GS
GS
GS
GS
GS
GS
GS
GS
GS
GS
GS
GS
GS
GS
Gn
Gn
Gn
Gn
Gn
Gn
Gn
Gn
Gn
Gn
Gn
Gn
LJ
Gn
Gn
Gn
Gn

Gn
Hh-Ue
EJ
Ps
L TR
L TR
M TR
H TR
TR
TR

Stylocapsa(?) spiralis

Mirifusus fragilis, Eucyrtidiellum nodosum
Williriedellum sp. A, Pseudodictyomitra(?) sp. D
Stylocapsa catenarum, Gongylothorax sakawaensis
Stylocapsa(?) spiralis, Stylocapsa catenarum
Stylocapsa(?) spiralis, Cyrtocapsa sp. A
filliriedellum sp. A, Tricolocapsa conexa
Sticocapsa naradaniensis, Hsuum brvicostatum
Sticocapsa naradaniensis, Mirifusus fragilis
Eucyrtidiellum nodosum, Williriedellum sp. A
Mirifusus fragilis, Eucyrtidiellum nodosum
Mirifusus fragilis, Hsuum brvicostatum
Eucyrtidiellum nodosum, Hsuum brvicostatum
Stylocapsa(?) spiralis, Stylocapsa catenarum
Tricolocapsa conexa,

Guexella nudata, Tricolocapsa conexa

Guexella nudata, Tricolocapsa conexa

Guexella nudata

Guexella nudata

Tricolocapsa conexa, Stylocapsa cf. tecta
Tricolocapsa conexa, Stylocapsa oblongula
Protunuma(?) ochinensis

Tricolocapsa conexa

Eucyrtidiellum unumaense, Stylocapsa cf. tecta
Tricolocapsa conexa, Hsuum brevicaostatum
Guexella nudata

Stichocapsa cf. robsta, Xitus sp.

Stylocapsa catenarum, Eucyrtidiellum pustulatum
Tricolocapsa conexa, Hsuum maxelli

Stylocapsa oblongula

Tricolocapsa conexa, Guexella nudata,
Protunuma(?) ochinensis

Tricolocapsa conexa, Dicolocapsa conoformis
Eucyrtidiellum cf. unumaense, Archicapsa sp. A
Parahsuum sp.

Parahsuum simplum, Katroma sp., Trillus sp.
Archaeospongoprunum (?) hellenicum

Canoptum triassicum

Triassocampe sp.

Triassocampe sp.

Palaeosaturnalis sp.

Tripocyclia sp.
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Table 7 Radiolarian and conodont fossils in the Neo melange of the Kanayama unit.
Symbols are the same as in Figure 5. # : conodont.

Sample Locality rock | Assem- Diagnostic spieces

number Lat. (N) Lon.(E) | type | blage

R38234 | Neo 35739°49” | 136°38°47” | sil PP Pseudodictyomitra primitiva,
P. sp.,C. carpatica

R38168 | Kanzaki | 35°37°43” | 1367 41°17” | sil PP P. okamurai,P. sp. D,M. baileyi,
Protunuma japonica,T. blakei,
Cinguloturris carpatica

R38166 | Kanzaki |35°37°17” | 136°48°44” | sil Ty T.sp. cf T. yaoi, E. ptyctum,
C. carpatica,Pseudodictyomitra sp.
D,Parvicingula cf.mashitaensis

R38176 | Kanzaki |35°37°14” | 136°42°18” |sil GS E. ptyctum, C. carpatica,
Parahsuum stanleiynsis

R38173 | Kanzaki |35°37°37” |[136742°34” |sil Gn Guexella nudata,T. tetragonna

R38179 | Kanzaki |35 37°34” | 136°42°32” | sil Gn G. nudata,Archaeodictyomitra(?)
amabilis, Amphpyndax durisaeptum

R38181 | Kanzaki |35 38°02” | 136°41°52” [ HMn Gn Guexella nudata,E. ptyctum,

R38186 | Kanzaki |35 37°32” |136°42°27” | ch Gn Protunuma ochinensis, T. aff.
fusiformis,E. unumaense

R38235 | Kanzaki |35°38°34” | 136°40°31” | ch Ue | Stichocapsa japonica, C. cf.
nastoidea,E. unumaense

R38187 | Kanzaki |35 37°37” | 136°43°10” | ch L TR |Epigondollella bidentata #

R38233 | Kanzaki |35°39°14” |136°89°35” | ch | L TR | Capnuchoshaera (?) sp.

R38174 | Kanzaki |35°36°32” | 136°44°40” | ch M TR | Triassocampe spp.

R38231 | Neo 35739°34” | 136°39°11” | ch M TR | Triassocampe spp.

are common in the Neo melange but
rare in the Kanayama melange. They
range in size from a millimeter to several
meters in the Kanayama melange but
reaches to a kilometer long in the Neo
melange. In the Kanayama melange,
basaltic lava occurs as angular frag-
ments of microscopic size and as lenti-
cular or subrounded pebbles to boulders.
On the other hand, basaltic tuff frag-
ments are swirled with shale, and show
highly irregular shape. Pillow lava and
basaltic tuff occur also as isolated
blocks, or are embedded in the chert
sequences of large slabs in the Neo
melange. Basaltic tuff locally carries

limestone or chert inclusions. In the
Neo melange, Late Triassic radiolarians
are obtained from chert beds in a large
slab within which pillow lava is inter-
calated (see the locality of sample M201
in Fig. 18).

Limestone clasts

Limestone is white, light gray, medium
gray and dark gray, and occurs as
clasts ranging in diameter from 10 cm to
50 m in the Neo melange. It is sometimes
interbedded with chert, or enclosed in
basaltic tuff. Some limestone beds have
chert inclusions which are detached from
chert interbedded with limestone.
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Age of shale matrix

In the Kanayama melange, early Late
Jurassic to earliest Cretaceous radio-
larians (the Gongylothorax sakawaensis
—Stichocapsa naradaniensis Assemblage
to the Pseudodictyomitra cf. carpatica
Assemblage) are obtained from an argil-
laceous part of the melange (Table 6).
The argillaceous part is usually called
“shale matrix”, but includes siliceous
shale clasts or fragments which yield
numerous well-preserved radiolarians.

The same assemblages of the radio-
larians as those in the argillaceous parts
are obtained from siliceous shale clasts
embedded in the melange. For example,
early Late dJurassic radiolarians are
obtained from an argillaceous part in
which a block of late Middle Jurassic to
early Late Jurassic siliceous shale is
embedded at Kariyasu, while early Late
Jurassic radiolarians are obtained from
another argillaceous part in which early
Late Jurassic to earliest Cretaceous
siliceous shale blocks are embedded at
Okukanayama (W akrra, 1988).

These facts suggest that most of the
radiolarians obtained may have been
extracted from siliceous shale clasts and
not from clayey part (= true matrix) in
the argillaceous parts. Therefore, the
age of matrix is as young as or slightly
younger than the age indicated by
radiolarians from the argillaceous parts,
ranging from early (?) Late Jurassic to
Early Cretaceous.

In the Neo melange, an argillaceous
part yields early Late Jurassic to earliest
Cretaceous radiolarians ranging from
the intermediate assemblage between the
Guexella nudata and Gongylothorax
sakawaensis—Stichocapsa naradaniensis
Assemblages to the Pseudodictyomitra
cf. carpatica Assemblage (Sano and
Y amaGata, 1987), and several siliceous

shale clasts yield latest Jurassic radio-
larians of Pseudodictyomitra primitiva—
P. sp. A Assemblage (Table 7). These
radiolarians indicate that the age of
shale matrix of the Neo melange ranges
from early Late Jurassic to Early
Cretaceous and is as young as that of
the Kanayama melange.

Kamiaso Unit

The Kamiaso unit essentially consists
of massive sandstone, turbidite, siliceous
shale and bedded chert, and locally in-
cludes conglomerate. The components
resemble those of the Samondake unit,
but thick and large slabs of bedded
chert occur more frequently than in the
Samondake unit. Since I have mapped
and investigated only the northern
margin of the unit, I describe this unit
on the basis of published articles as well
as my own field observation.

Distribution

The wunit is mainly distributed in the
southern part of the study area, and
also distributed to the north of Kana-
yama (Fig. 4). This unit was mapped by
Mizurant (1964) in detail, and numerous
radiolarians and conodonts were report-
ed by many authors (e.g. KoIkE et al.,
1971 ; Nakaseko and NIsSHIMURA, 1979 ;
Kano, 1979 ; Kipo, 1982 ; MizuTaNi and
Ko, 1983). This unit also extends to
the southwest in the vicinity of Inuyama.

Contact between the Kamiaso unit and
the adjoining units

The Kamiaso unit is in fault contact
with the Funafuseyama, Nabi and Kana-
yama units. In the northern margin of
the unit, lenses of melange are inter-
calated within a sandstone-shale se-
quence. The melanges are possibly re-
lated with those of the Kanayama unit.
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Lithology

This unit is composed of many stacked
slices each of which shows a coarsening-
upward succession (Kano, 1979; Yao
et al., 1980 ; Ko, 1982; Kino et al.,
1982). The succession comprises in
ascending order, Early Triassic (?)
“Toishi-type” siliceous shale, Middle
Triassic to Early Jurassic bedded chert,
Middle Jurassic siliceous shale, and
turbidite and massive sandstone of
unknown age. Conglomerate is locally
found within massive sandstone. Thick-
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_ 7 & turbidite
—J—shale

212

Ct

s s 1¢
Late
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ness of the succession is about 500 m.
The slices do not always include all of
the reconstructed succession (Fig. 19),
and a part of the succession is excluded
or dislocated by faults in each slice.

“Toishi-type” siliceous shale

“Toishi-type” siliceous shale is the
same as that of the Kanayama unit. It
1s light gray in color, and consists of
microcrystalline quartz, sericite and
clayey minerals. It is often interbedded
with deep-black carbonaceous shale, and
is finer in grain size than Jurassic sili-
ceous shale.

massive_sandstone (500"'

siliceous shale

—400

bedded chert

—200

—100

“Toishi-type”
siliceous shale Lo h SisEese,

(THICKNESS )

Fig. 19 Generalized columnar sections of the Kamiaso unit. Symbols are the same as in

Figure 5.
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Bedded chert

Bedded chert exhibits a variety of
colors including white, gray, dark gray,
pale green and reddish brown, and
locally displays intraformational folds.
Numerous radiolarians and conodonts
are obtained from bedded chert (Table
8) ; They are late Middle Triassic to
Early Jurassic radiolarians of the Trias-
socampe deweveri Assemblage to the
Hsuum hisutkyoense Assemblage
(Nakaseko and Nisamura, 1979 ; Kipo,
1982 ; Ko et al., 1982 ; Marsupa and
Iso0zaky, 1982;Isozakt and MATSUDA, 1985),
and Middle to Late Triassic conodonts

(Koixe et al., 1971 ; Ico and KoIkg, 1975 ;
Kano, 1979 ; MaTsupa and Isozaxr, 1982).

Jurassic siliceous shale

Jurassic siliceous shale is pale gray,
dark gray, dark greenish gray, pale
green or reddish brown in color. It is
divided into bedded siliceous shale and
laminated one. Bedded siliceous shale
occupies the stratigraphically lower part
of the siliceous shale sequence than
laminated one. Bedded siliceous shale
consists of siliceous siltstone or sand-
stone interbedded with shaly partings.
Siliceous siltstone or sandstone consti-
tutes a bed of less than 20 cm in thick-

Table 8 Radiolarian and conodont fossils in the Kamiaso unit.
Symbols are the same as in Figure 5. For location of samples see following

papers.

IG: Ieo (1979), NN : Nakasexo and NisHiMURA (1980), Ye: Yao et al. (1980), Y 2:

Yao et al.

(1982) MI: Marsuba and Isozaki

(1982), MK : Mizurant and KOIKE

(1982), SK: Ko (1982), Ke: Kipo et al. (1982), IM : Isozak: and MaTsupa (1985),

AM : Matsuoka (1986). #conodont.

Sample number | Locality | rock | Assem- Diagnostic spieces
type | blage

AM | MHS-C,D Kamiaso | sil Gn Tricolocapsa conexa
Ke [HS 5 Kamiaso |sil |Ue-Gn | Guexella cf. nudata,Stichocapsa japonica
AM | MHS-00-B Kamiaso | sil Ue Tricolocapsa plicarum
Ke | HS 1 Kamiaso | sil Ue |Cyrtocapsa mastoidea,Unuma echinatus
Ye Inuyama | sil Ue Cyrtocapsa mastoidea,Unuma echinatus
MK | JMP-380, 486 Inuyama | sil Ue Cyrtocapsa mastoidea,Unuma echinatus
Ke | BS 14 Kamiaso ch Hh Hsuum hisuikyoense
IM | 140-195 Kamiaso ch Hh Hsuum hisuikyoense,Hsuum(?) matsuokai
IM | 57-77 Kamiaso ch Ps Parahsuum simplum
Ml Kamiaso ch Ps Parahsuum simplum
Y2 | 35-39 Inuyama ch Ps Parahsuum simplum
Y2 | 18-34 Inuyama ch Ct Canoptum triassicum
Y2 | 18-17 Inuyama ch Tn Triassocampe nova
Y2 | 3-12 Inuyama | ch Td | Triassocampe deweveri, T.(?) japonica
MK | JMP-544 Inuyama ch Td Archaeospongoprunur japonicum
NN Kamiaso ch Td Triassocampe deweveri
SK |BC 2, HC 1 Kamiaso ch Td Yeharaia annulata
IG | 255, 264 Hugi ch L TR |Epigondolella abneptis #
IG | 278 Hugi ch M TR | Neogondolella bulgarica #
IG | 428 Kamiaso ch E TR | Neospathodus homeri #
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ness, and includes fragments of quartz,
plagioclase, biotite and opaque minerals.
Laminated siliceous shale is weakly fis-
sile, and contains manganese carbonate
nodules. Most of the siliceous shale
yields early Middle Jurassic radiolarians
(Table 8) of the Unuma echinatus
Assemblage (K1po, 1982; K1po et al., 1982),
and locally yields late Middle Jurassic
radiolarians of the Guexela nudata
Assemblage (M ATSUOKA, 1986).

Shale

Shale bed is dark gray, and ranges in
thickness from 1 to 2m. It grades into
overlying shale-dominant turbidite.

Turbidite and massive sandstone

Turbidite formations overlie the shale
bed and alternate with massive sand-
stone in the upper part of the succes-
sion. Turbidite sandstone varies nor-
mally from 10 to 80 cm in thickness, and
displays sedimentary structures such as
graded bedding, cross-, parallel or con-
volute laminations and sole markings.

Massive sandstone ranges in thickness
from 1 to 3 m, sometimes forming thick-
er beds, and locally contains thin coal
seams.

Both massive sandstone and turbidite
sandstone are composed largely of ill-
sorted angular grains of quartz, potas-
sium feldspars, plagioclase and rock
fragments, and clayey matrix with small
amounts of heavy minerals. Most of
quartz grains show wavy extinction.
Common rock fragments are chert,
shale, basalt, quartz porphyry, schist
and gneiss. Common heavy minerals are

garnet, tourmaline and zircon (MI1zZUTANTI,
1959 ; ApacHi, 1976).

Conglomerate

Conglomerate is locally embedded in
massive sandstone. Mostly it is granule
conglomerate, but cobbles or boulders
are also included in the Kamiaso,

Wadano and Sakahogi conglomerates.

The Kamiaso conglomerate, distributed
in the Kamiaso area, commonly includes
pebbles and cobbles of sandstone, shale
and chert with minor amount of pebbles
of orthoquarzite and of cobbles and
boulders of garnet gneiss, sillimanite
gneiss, two mica granite, quartz por-
phyry, andesite, basalt and limestone in
the matrix of coarse-grained sandstone
(Apacai, 1971, 1973, 1976). Radiometric
age data for gneiss samples from
cobbles” of the Kamiaso conglomerate
show episodes of 2000 Ma, 1800-1600 Ma,
and 1200-1000 Ma (SuiBaTa et al., 1970 ;
SuiBATA and Apacwur, 1974).

The Wadano conglomerate is typically
exposed at Mugi (Kanuma, 1956, 1958 ;
Mizurani, 1964 ; Apacmi, 1976 ; Kano,
1979), and is also distributed in places
almost at the same horizon. It consists
of alternating beds of conglomerate and
sandstone, and includes pebbles and
cobbles of sandstone, shale, chert, and
limestone in coarse-grained sandstone
matrix. Chert is predominant, and sand-
stone, shale and limestone are common.
Greenstone is rare in pebbles, but occurs
as large slabs (2000-3000 m long) includ-
ing limestone blocks. Limestone occurs
as large blocks (100-500 m long) as well
as in pebbles, and yields Permian fusuli-
naceans such as Pseudofusulina sp. and
Misellina sp. (Kanuma, 1956).

The Sakahogi conglomerate is dis-
tributed at Inuyama to the west of the
study area. It contains a number of
angular to rounded cobbles and pebbles
mainly of sandstone, shale, chert, quartz
porphyry, orthoquartzite, calcareous
sandstone and gneiss in muddy to sandy
matrix (Koxpo and Apacsr, 1975).

Melanges locally occur as lenticular
bodies, tens of meters thick, discordantly
within massive sandstone and siliceous
shale near the boundary between the
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Kanayama and Kamiaso units.
Age of the clastic rocks

Diagnostic fossils have not been ob-
tained yet from sandstone and shale of
the Kamiaso unit in the study area.
Satro (1974), however, reported the
occurrence of early Late Jurassic am-
monite Choffatia (Subgrossouvria) sp.
from sandstone at Inuyama. Mesozoic
petrified woods, Taxacenoxylon sp. and
Cupressinoxylon sp., were discovered
from sandstone beds of the Kamiaso
unit at Inuyama (NIsHIDA et al., 1974).

CORRELATION OF UNITS, SUITES
AND ZONES AMONG THE MINO,
TAMBA AND KISO AREAS

Early dJurassic to Early Cretaceous
sedimentary complex of the Mino ter-
rane is widely distributed not only in the
Mino area, but also in the Tamba area
to the west and in the Kiso area to the
east. The stratigraphic and structural
studies have been independently made
by many geologists in these areas, but
few attempts have been made to corre-
late the complex among these areas. In
this chapter, I will discuss the correla-
tion of the six tectonostratigraphic units
described in the preceding chapter to
suites of the Tamba area and to zones
of the Kiso area. The tentative conclu-
sion is given in Figure 20.

Correlation to the Suites
of the Tamba Area

The sedimentary complex of the Tam-
ba area is divided into two different
stratigraphic successions, namely Type I
suite and Type II suite on the basis of
age and lithology (Ismiga, 1983 ; Imoro,
1984). Type 1 suite consists of Late
Jurassic turbidite and melange which

contains blocks of FEarly Triassic
“Toishi-type” siliceous shale, Middle
Triassic to Middle Jurassic bedded chert
and Middle Jurassic to latest Jurassic
siliceous shale. Type II suite consists of
Early to Middle Jurassic melanges con-
taining blocks and slabs of Late Car-
boniferous to Early Permian greenstone,
Late Carboniferous to Late Triassic
limestone, Late Carboniferous to Early
Jurassic chert and Early Jurassic sili-
ceous shale. Type I suite is character-
ized by the presence of “Toishi-type”
siliceous shale and Middle Jurassic
chert, and Type II suite is marked by
the occurrence of Permian blocks and
slabs composed of greenstone, limestone
and/or chert.

The lithological features and age of
each rock type indicate that the Funa-
fuseyama unit and the Kanayama unit
are correlative with Type II suite and
Type I suite of the Tamba area, respecti-
vely. The Funafuseyama unit includes
slices consisting of greenstone, limestone
and chert of Permian age as well as
slices of the Early to Middle Jurassic
melanges and disrupted turbidites. These
Permian greenstone, limestone and chert
are also characteristic of Type II suite
in the Tamba area. On the other hand,
the melanges of the Kanayama unit are
Late Jurassic (?) to Early Cretaceous in
age, and include blocks of “Toishi-type”
siliceous shale and Middle Jurassic
chert. The age of the melanges and the
lithology of the clasts in the Kanayama
unit are similar to those of Type I suite
of the Tamba area.

The correlation of the Funafuseyama
and Kanayama units to Type I and Type
IT suites were attempted in the south-
western part of the Mino area by
Y amamoro (1985).

The Samondake unit is likely to be
correlated with the Type II suite, be-
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cause the unit stratigraphically overlies
the Funafuseyama unit in the study
area. The remaining two units e.g. the
Nabi and Kamiaso units can be corre-
lated with Type I suite of the Tamba
area, because the turbidite formations
of the Nabi unit interfinger with the
melanges of the Kanayama unit, and
because the Kamiaso unit contains
“Toishi-type” siliceous shale which is
characteristic of Type I suite.

Greenstone and limestone clasts occur
in the Nabi, Kanayama and Kamiaso
units, but are absent in Type I suite of
the Tamba area. The Nabi and Kana-
yama units include Triassic greenstone
slabs, although most of greenstone slabs
and blocks in these units are unknown
in age. The Triassic greenstone of the
Nabi unit containing kaersutite is chemi-
cally different from Permian greenstone
of the Funafuseyama unit.

Late Jurassic turbidite appears to be
absent in the study area, although such
Late Jurassic coherent sequences are
exclusively developed in Type I suite of
the Tamba area (ANvoudi et al., 1983 ;
T ANABE et al., 1983).

Correlation to the Zones
of the Kiso Area

Recently, Otrsuka (1986) divided the
sedimentary complex of the Kiso area
into six zones, e.g. the Hirayu, Sawando,
Shimashima, Misogawa and Kyogatake
zones, and regarded large Permian
blocks composed of chert, limestone and
greenstone as “the other element”.
Apacul and Kosma (1983), Koosma
(1984) and Y aMADA et al. (1985) mapped
the northern part of the Kiso area to
clarify the age and lithology of the
sedimentary complex of the Mino ter-
rane.

Kosma (1984) showed that Middle

Jurassic siliceous shale occurs between
slabs composed of Permian greenstone,
limestone and chert, and that Middle
Jurassic massive sandstone and turbidite
overlie Permian slabs composed of
greenstone, limestone and chert. The
Permian slabs and the Middle Jurassic
siliceous shale may correspond to the
Funafuseyama unit of the study area,
and the overlying massive sandstone
and turbidite (Onishi Formation of
Y aMADA et al., 1985) may be correlated
to the Samondake unit because they
have the same geologic setting, age and
lithology.

The melange of the Hirayu zone is
Early to Middle Jurassic in age (ADACHI
and Koama, 1983 ; Koogma, 1984), and
includes limestone clasts of Middle
Carboniferous to Middle Permian age
(Isomi and Nozawa, 1957; Fusmoro
et al., 1962 ; Ismizaki, 1963). The age of
melange and the occurrence of Carboni-
ferous limestone clasts strongly suggest
that the Hirayu zone corresponds to the
Sakamoto-toge unit.

The Sawando zone consists of many
stacked slices. Each of these slices is
composed of Triassic to Early Jurassic
bedded chert, Middle Jurassic siliceous
shale and dark gray shale, and younger
turbidite in ascending order. Since such
stacked slices of coarsening-upward
succession are very similar to the com-
ponents of the Kamiaso unit, the Sawan-
do zone is correlative with the Kamiaso
unit.

Late Middle to early Late Jurassic
melanges in the Shimashima zone are
older than the melanges of the Kana-
yama unit. There are two possibilities
of correlation ; melanges of the Shima-
shima zone are (1) more disrupted facies
of the Nabi unit, or (2) older part of the
Kanayama unit. However, there are not
sufficient data for narrowing down to
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one of them.

The Misogawa zone includes massive
sandstone, disrupted turbidite and me-
lange with intercalations of Late Juras-
sic siliceous shale, and the Kyogatake
zone is composed mostly of variously
disrupted turbidite. The Late Jurassic
melange of the Misogawa zone appar-
ently corresponds to that of the Kana-
yvama unit. It is, however, uncertain
whether the bedded sequences of the
Misogawa and Kyogatake zones are
correspond to those of the Nabi unit, or
their equivalents are lack in the study
area.

ORIGIN OF THE MELANGE IN
THE KANAYAMA UNIT

The tectonostratigraphic units in the
Mino area consist of lithostratigraphic
assemblages of melanges, stacked slices
and turbidite formations. All of the
units contain blocks and slabs of Trias-
sic bedded chert, Jurassic siliceous shale,
and/or Permian greenstone, limestone
and bedded chert (Fig. 21). The mode of
mixing of the blocks and slabs within
sandstone or shale is different among
the units as described in the preceding
sections.

The fragmentation and mixing of these
blocks and slabs in all units were con-
sidered to be caused by sedimentary
process. For example, melanges of the
Sakamoto-toge, Funafuseyama, Nabi and
Kanayama units were considered to be
formed by submarine sliding, and often
called “olistostromes” (Apacur, 1976,
1979 ; Kawno, 1979; Mizurant, 1981 ;
Wakrra, 1983, 1984 ; Y amamoro, 1985 ;
Wakita and Isowmi, 1986), because the
matrix of the sedimentary body is not
very strongly sheared, and block-in-
matrix texture at each exposures or in
each thin section always suggests a

“depositional” contact between clasts
and matrix. Moreover, stacked slices of
coarsening-upward succession in the
Kamiaso unit were explained by gravity
gliding (K ano, 1979).

Recent progress of the geology of
oceanic regions have revealed that
various processes are responsible for
fragmentation and mixing in melange
formation (MOORE et al., 1985). In order
to specify the process of fragmentation
and mixing, structure and fabric of the
mixed rock bodies should be discussed
with careful reference to the observa-
tions in modern oceanic regions, and it
is necessary to investigate the origin of
each unit on the basis of several criteria
such as relationship between the mixed
rock bodies and their surroundings,
shape of the mixed body, and nature of
the matrix and the clasts.

Although data to understand the ori-
gin of all mixed rock bodies throughout
the Mino terrane are insufficient, the
melanges of the Kanayama unit appear
to provide data available for our genetic
interpretation. Therefore, in this chap-
ter, I will discuss the fragmentation and
mixing process and the origin of the
melanges of the Kanayama unit as a
step toward the tectonic synthesis of the
sedimentary complex of the Mino ter-
rane.

Before the discussion on the origin of
the melange, the possible paleotectonic
setting of the sedimentary complex of
the Mino terrane is discussed first,
because precise genetic interpretation of
a particular melange requires the infor-
mation concerning the paleogeographic
and paleotectonic setting.

Possible Paleotectonic Setting

The sedimentary complex of the Mino
terrane is characterized by the wide

— 722 —




Age Radiolarian Assemblage Sakamoto | Samondake | Funafuse Nabi Kanayama | Kamiaso
-toge unit unit -yama unit unit unit unit
Ma
o
3 langinian
§ %’ Valang Sethocapsa uterculus
& L I T e S ——
3 | M | Berriasian T T T T T T T T
143 3 Pseudodictyomitra cf. carpatica
Tithonian
150 % Pseudodi itra primitiva—P. sp. A
= Kimmeridgian
Tricolocapsa yaoi
Oxfordian Gongglqtf’tomx sakawaensis —
- t
P Callovian Cuexella nudata
_'g Bathonian
I = . Unuwma echinatus
@ Bajocian
2.
g
= Aalenian Hsuum hisuikyoense
Toarcian Parahsuum (%) grande
= Acanthocircus hexagonus
S | Pliensbachian I )
g,) 2004 Sinemurian Parahsuum simplum I
| Hettangian 1
212
Rhaetian i
Canoptum triassicum
8 1
L .
o | = Norian
2 2
z Tri nova
E Carnian 3
Ladinian Triassocampe deweveri
= — 4
Anisian
M | Scythian SaSatazazatn; R 5
247 3
E = oo , 7
Al m i M :
e o e e L 8
N oo
=T I S S B S B S
T
Fig. 21 Reconstructed original successions in the six units of the Mino terrane.
1. massive sandstone and turbidite, 2. well-bedded turbidite and weakly to thoroughly disrupted turbidite,
3. shale, 4. siliceous shale, 5. bedded chert, 6. “Toishi-type” siliceous shale, 7. limestone, 8. greenstone.

(DY "3]) dUDLI] OUIPT 2Yy7 O $21POQ Y204 pax1wL KJIDIROVYD [0 ULSLIQ




Bulletin of the Geological Survey of Japan. Vol. 39, No. 11

distribution of melanges. Melanges are
found in orogenic belts throughout the
world (e.g. SiLvEr and BrurNer, 1980 ;
Ravymonp and TErRranNova, 1984). A
number of melanges are assumed to be
formed along convergent plate margins
(e.g. Hs®y, 1968 ; Storey and MENEILLY,
1983), but some melanges are inferred to
be formed in other environments such as
in transform-fault zones (SALEEBY, 1984)
and on land (Larue and HubpLESTON,
1987). Since the existence of melange
itself does not imply any tectonic setting,
it is necessary to find another evidence
in order to specify the paleotectonic
setting.

The Mino terrane is one of fault-
bounded tectonostratigraphic terranes
displaced far from their original posi-
tion, and so it is nonsense to reconstruct
paleogeography based on the present
terrane arrangements. Several efforts
on the provenance analysis using clastic
plagioclase (Mizurtani, 1959), rock frag-
ments and cobbles (Apacmr, 1971, 1973,
1976, 1979 ; Konpo and Apacui, 1975),
detrital chloritoid (Apacui, 1977), clastic
garnets (Apacur and KoJma, 1983 ;
Apacui, 1985), and length-slow chalce-
dony in chert clasts of the melanges
(Harrori, 1985 A, B; Mizurant et al.,
1987), and on an inter-terrane compari-
son by means of radiolarian fossils
(Kodma et al., 1987) were done to recon-
struct the paleogeographic and paleo-
tectonic setting. These studies suggest
that clastic rocks of the Mino terrane
were derived from a Precambrian meta-
morphic terrane, and were deposited
somewhere along the Western Pacific
margins.

Components of the sedimentary com-
plex of the Mino terrane provide an
useful clue to the paleotectonic setting.
The Permian greenstone is inferred to
have been derived from abyssal tholeiitic

basalts and alkalic basalt (T aNaka, 1970,
1975), and are associated with limestone
bodies of the coral-reef type (HATTORI,
1982). Bedded chert is mostly of Per-
mian to Triassic age, consisting mainly
of microcrystalline quartz together with
abundant remains of radiolarians. It is
characterized by the lack of detrital
grains. Triassic bedded chert locally
interfingers with alkalic basalt (HATTORI
and YosHmMURa, 1983 ; Waxkrra, 1983,
1984).

Chert, greenstone and limestone were
formed in an oceanic environment far
from the cratonic region. These rocks
of oceanic affinity occur as blocks or
slabs embedded in variously disrupted
sequences of sandstone and shale which
consist of detritus derived from a
Precambrian continental crust (ApacHI,
1971, 1973, 1976). A convergent plate
margin seems to be suitable for the
paleotectonic setting where “oceanic”
materials were encountered and mixed
with terrigenous sediments.

There is another evidence indicating
that the sedimentary complex of the
Mino terrane is broadly related to plate
convergence or subduction. Six tectono-
stratigraphic units identified in the Mino
area are composed of almost the same
rock types. Age determination of each
rock type suggests that lithostrati-
graphic assemblages of each unit
essentially have similar original coars-
ening-upward succession (Fig. 21). The
age of the same rock type in the
succession is slightly different among
the six units, and the age of terrigenous
rocks varies from Early Jurassic to
earliest Cretaceous. The coarsening-
upward succession of each unit is usual-
ly composed of bedded chert, siliceous
shale, dark gray shale and turbidite
locally associated with massive sand-
stone in ascending order. The results of
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litho- and biostratigraphic reconstruc-
tion represent the increase of the influ-
ence of terrigenous detrital material as
the age becomes younger.

The sirnilar coarsening-upward se-
quences from pelagic deposits to thick
beds of medium- to coarse-grained clas-
tic rocks through hemipelagic argillite
are regarded as the ancient trench
deposits by PipEr et al. (1973), VonN
Huene (1974), Moore and Karig (1976),
Dickinson (1982) and Lasu (1985). Even
in the modern sediments, a complete
vertical section of a coarsening-upward
succession is recovered at Deep Sea Dril-
ling Project Site 298 in the Nankai trough
(Moore and KArig, 1976).

Accretion of trench-fill deposits and
subsequent disruption within an accre-
tionary wedge reasonably explain the
variously disrupted heterogeneous as-
semblage derived from the original
coarsening-upward succession in the
sedimentary complex of the Mino ter-
rane. Thus I favor the convergent
margin for a possible tectonic setting of
the sedimentary complex of the Mino
terrane.

Nature of the Melange in
the Kanayama Unit

The origin of melange is controversial,
and many workers have assigned
tectonic, sedimentary, diapiric or poly-
genetic origins to melange. Inasmuch as
a variety of origins have been proposed,
definitive criteria should be needed
to distinguish them (Ravymonp and
TerrANOVA, 1984). In this report, I
adopt the following criteria : (1) nature
of contact of the melange body with its
surroundings, (2) whole shape of the
melange body, (3) nature of the shale
matrix, (4) contact features of the clasts
with the shale matrix, (5) shape of the
clasts, (6) age, lithology and size of the

“clasts.

Relationship of the melange to the
adjoining units

The Late Jurassic (?) to Early Creta-
ceous melange of the Kanayama unit
are surrounded by the Middle Jurassic
Nabi, Kamiaso and Funafuseyama units,
and the Kanayama unit is separated
from the Funafuseyama unit by one of
the major faults in the Mino area. The
Kanayama unit is interposed in the
distribution of the Nabi and Kamiaso
units, and divides them into two
segments, respectively (Fig. 4). The
contacts of the Kanayama unit with the
Nabi and Kamiaso wunits are not
observable directly. Several features
such as “interfingering” and the occur-
rence of small-scale melanges in the
Nabi and Kamiaso units imply that the
melanges of the Kanayama unit were
originally intruded into the Nabi and
Kamiaso units and also between them.

“Interfingering” between the Late
Jurassic (?) to Early Cretaceous me-
lange of the Kanayama unit and the late
Middle Jurassic turbidite sequences of
the Nabi unit suggests that the melange
of the Kanayama unit was originally
intruded into the sequences of the Nabi
unit. In the “interfingering” part, the
melange of the Kanayama unit includes
several blocks of limestone. Strangely
enough, a limestone block is also
embedded in the turbidite of the Nabi
unit. The occurrence of the limestone
block appears accidental but it is easily
explained by the shale injection into
turbidite. The limestone block in the
turbidite of the Nabi unit is a remnant
after the surrounding shale was swept
away from the turbidite during compac-
tion. Similar structure is observed in
the siliceous shale blocks of the
Kanayama melange (W akiTa, 1988).
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The Nabi unit contains many slices of
melange (Fig. 12). Since the age of the
shale or siliceous shale in the melanges
i1s not determined, I described the
melanges as a member of the Nabi unit.
The melanges are lithologically similar
to those of the Kanayama unit. Shale
injection into clasts occurs in the
melanges of the Nabi unit as well as in
the Kanayama melange. Therefore, the
melanges in the Nabi unit may be
branches of the melanges of the
Kanayama unit.

The melanges of the Kanayama unit
are generally in fault contact with the
sandstone-dominant stratigraphic se-
quence of the Kamiaso unit. Small-scale
melanges of several tens of meters thick
are locally embedded within the bedded
sequences only near the boundary
between the Kanayama and Kamiaso
units.

Shape of the melange bodies

Melanges of the Kanayama unit,
deformed by faults, lost their original
shape. It is likely that the lateral
extension is over several tens of
kilometers, and the maximum width in
N-W direction is about 10 km.

Microscopic features of the shale matrix

The shale matrix is weakly foliated,
but encloses a number of rock frag-
ments having no sheared margin (Plates
VI, VII). The rock f{ragments are
usually rounded or subrounded (Plate
VI-1, 2, 6), but are sometimes rhombic,
lenticular or irregular (Plate VI-3, 4, 5).
And, some of the fragments are rotated,
and the direction of their elongation is
slightly oblique to the elongation of
more ductile fragments such as siliceous
shale (Plate VII-1, 2).

Densely aggregated sericite are devel-
oped and arranged subparallel to the

elongation of most clasts (Plate VII-5,
6). The scaly foliation is weakly devel-
oped and is oblique to the arrangement
of minerals and rock fragments in the
shale matrix, suggesting that the scaly
foliation was developed after the

melanges obtained block-in-matrix fab-
ric (Plate VII-4).

Shale injection into the clasts

Shale injection into clasts is very
common feature in the melange of the
Kanayama wunit. The shale injection
occurs particularly in siliceous shale and
sandstone clasts, and ranges from
microscopic to mappable scale.

The Kanayama melange contains a
large block of over 8 km long, consisting
of massive sandstone and turbidite
which form a coherent stratigraphic
sequence (Fig. 22). The shape of the
blocks is highly irregular, showing
“interfingering” with the surrounding
matrix. Even into the interior of the
blocks, a branch of melange of several
tens of centimeters thick pierces tur-
bidite at steep angles with bedding. In
the southern margin where no mappable
intrusion occurs, shale matrix contain-
ing smaller clasts of sandstone and
chert is injected into massive sandstone
in a complex manner (Fig. 22).

Mesoscopic features of shale injection
are characteristic of siliceous shale
clasts (Plate V-2-6), as described by
Wakita (1988) in the Kanayama me-
lange. There is good exposure for
observation of such shale injection into
siliceous shale (Fig. 23) in the western
end of the Kanayama melange. The
siliceous shale is of late Middle Jurassic
age, and constitutes a block together
with Early to Middle Jurassic bedded
chert. Shale injection, ranging in width
from a millimeter to several meters,
occurs in siliceous shale part. Shale
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== (dominantly pelitic with small clasts)
shale

sandstone interbedded with shale
thick-bedded sandstone
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Fig. 22 Route map and geologic sketch map showing relationship between melange matrix
and a large block composed of coherent sequence of sandstone and shale in the
Kanayama melange in the eastern part of the study area. Symbols are the same as

in Figure 5.

injection occurs subparallel or slightly
oblique to the stratification of the
siliceous shale, and clearly cuts through
the stratification. The shale, which is
injected into the siliceous shale block,
includes angular fragments of siliceous
shale which are disintegrated from the
host rock. One of the siliceous shale
fragments is rotated against the host
siliceous shale during the shale injection
(Plate V-2).

Siliceous shale, particularly “pebbly
siliceous shale” sometimes encloses
sandstone fragments. These sandstone

fragments are often associated with a
small amount of dark gray shale. The
shale encloses sandstone fragments in
some cases, and 1s associated with
sandstone fragments as “tail” or
“pressure shadow” around them in
other cases (Plate V-4, 6). These fea-
tures show deformation of shale during
compaction. During the dewatering,
ductile shaly parts were swept away
from the place of injection, and then
sandstone fragments alone were left
behind in the host of siliceous shale.
Under the microscope, dark gray
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Fig. 23 Shale injection into a large siliceous shale clast in western end of the Kanayama
melange, near Shimoda bridge (Lat. 35°38" 14", Lon. 136°57 04").
1. melange matrix (dominantly pelitic, with small clasts), 2. siliceous shale,
3. sandstone, 4. “Toishi-type” siliceous shale, 5. quartz porphyry, 6. no exposure

clayey materials are injected into
siliceous shale (Plate VI-5), and break
that part of the siliceous shale into
angular smaller-sized fragments (Plate
VI-3, 4).

Shale injection occurs not only in
sandstone and siliceous shale clasts but
also in clasts of basic tuff, “Toishi-
type” siliceous shale, chert and dis-
rupted turbidite (Plate V-1).

Shape of the clasts

Clasts ranging in diameter from 5 to
100 cm have diverse shapes such as

lenticular, rhombic, hexagonal, triangu-
lar, rounded and subrounded.

Some of the sandstone clasts are
highly irregular in shape, and they
sometimes have re-entrant angles (Fig.
24, Plate IV-1), although the rough
external forms are triangular rhombic
or hexagonal subangular. Surrounding
shale is forcefully injected into sand-
stone clasts, and a vein extends toward
the core of sandstone clasts from the
end of each shale injection in places.
Small disintegrated sandstone frag-
ments are scattered around the larger
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E] Sandstone

Fig. 24 Shape of sandstone clasts in the Kanayama unit.

sandstone clast (Fig. 24). Some of
siliceous shale and chert clasts also
show similar features to the irregular
shaped sandstone clasts (Plate IV-2, 4).

Age, lithology and size of the clasts

Clasts of the melanges are composed
of sandstone, chert, siliceous shale,
greenstone and limestone. Chert yields
Triassic to Middle Jurassic radiolarians,
while siliceous shale yields Middle
Jurassic to earliest Cretaceous radio-
larians. There is no fossil evidence of
the age of sandstone, limestone and
most of greenstone, although greenstone
is associated with Triassic bedded chert
in a slab (Fig. 18).

E Shale

Scale bar =5cm.

Small chert clasts (<50 cm) tend to
be different in age from larger ones
(50 cm) in the Kanayama melange.
The small chert clasts are of Early to
Middle Jurassic age and rarely contain
Late Jurassic fossils, whereas the larger
chert clasts are mostly of Triassic age.

Wakita (1988) has reconstructed three
successions of protoliths from which
clasts of the Kanayama melange were
derived. The reconstruction was done
on the basis of age and lithology of
clasts in the Kanayama melange. These
successions are lithologically similar but
different in age among three localities.
Clasts derived from several protoliths
which originally show distinct strati-

— 729 —




Bulletin of the Geological Survey of Japan. Vol. 39, No. 11

graphic successions are distributed
almost at the same horizon. The
explanation of this lies in a fact that
these protoliths were dislocated from an
original site as large rock bodies, and
then broken into smaller-sized clasts
almost at the same time.

One of the reconstructed successions
is composed of Triassic to late Middle
Jurassic bedded chert, early Late
Jurassic to earliest Cretaceous siliceous
shale and Early Cretaceous (?) sand-
stone and shale. The other recon-
structed successions of protoliths have
similar lithology but the age of each
rock type is slightly different from one
another (W AKITA, 1988).

Wedge-Collapse Hypothesis

“Depositional contact” between clasts
and shale matrix reminds us of sedi-
mentary mixtures such as olistostromes.
Small-scale gravitational features such
as slumps and mud debris flows are
most common near the base of the
trench-slopes (Karig, 1983). Seismic
reflection profiles show the occurrence
of sliding blocks and slabs or chaotic
sediments derived from submarine
sliding in various parts of present-day
continental slopes (Ucnurr, 1967 ; MOORE
et al., 1970, 1976 ; KaAric et al.,1980).
Although it is clear that the bedding of
slump sediments has been disrupted in
various ways, most of slump sediments
are derived from slope sediments. There
is no evidence that chaotic slump
sediments contain any blocks derived
from previously scraped off pelagic or
hemipelagic sediments. Superficial grav-
itational sliding on the continental slope
can provide fragmentation of slope
sediments, but seems to be insufficient
to mix oceanic materials with trench-fill
deposits.

Recently, OxramMura and Y AMAZAKI
(1987) has proposed a new idea regard-
ing the origin of melanges on the basis
of observation of the modern accretion
wedge in the forearc region around
Japan. They assumed that an accre-
tionary wedge and slope deposits fall
down behind the subducting seamount,
break up into fragments and mix with
fragments of the top parts of the
subducting seamount (Fig. 25).

This “wedge-collapse hypothesis” is
attractive in considering the origin of
large chaotically mixed rock bodies in
which blocks are enclosed in unfoliated
to weakly foliated shale matrix. A
subducting seamount forces the forearc
material landward and makes a swell in
a land side of the subducting seamount
and a depression of the inner trench
slope in an ocean side of the seamount
(Yamazakt and OKAMURA, in press).
Variously deformed or disrupted sedi-
mentary complex can be produced by
the subducting seamount.

The melanges of the Kanayama unit
contain rounded to subrounded blocks
and elongated slabs enclosed in ductilely
deformed shale. The wedge-collapse,
however, is unlikely to cause the ductile
flow of mud, and can only produce
numerous angular fragments and blocks
into which the accretionary wedge
disintegrated.

The Kanayama unit of Late Jurassic
(?) to Early Cretaceous age is inter-
posed in the Nabi and Kamiaso units of
Middle Jurassic age, and divided these
units into two segments, respectively.
The age of each rock type is younger in
the Kanayama unit than in the adjoining
units. If wedge-collapse had produced
the melanges of the Kanayama unit, one
side (ocean side) of the melanges unit
must have been produced later than the
Kanayama unit. The discordant occur-
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Fig. 25 Wedge-collapse model for the formation of sedimentary melange (“olistostrome”),

(after OkAMURA and Yamazaxi, 1987).

rence of the Kanayama unit with the
surrounding units is unlikely to fit the
wedge-collapse hypothesis.

Wide distribution of shale injection
into clasts in the melanges of the
Kanayama unit indicates the existence
of overpressured shale in the whole unit.
During the collapse the overpressured
shale may be intruded into the overrid-
ing sequences in the lower part of the
wedge, but is unlikely to occur in the
upper part.

The above arguments indicate that the
wedge-collapse process cannot directly
cause the melanges of the Kanayama
unit. There is a good possibility, how-
ever, that the wedge-collapse by sub-
ducting seamounts caused rough frag-
mentation and mixing in the first stage
of the melange formation of the Mino
terrane.

Diapiric Hypothesis

An alternative hypothesis for the
formation of the melanges in the
Kanayama unit is that of diapiric origin
(Fig. 26).

Mud diapirism is a common process in
active convergent margins as well as
passive continental margins. Mud vol-
canoes, which are superficial manifes-
tation of mud diapirs, cover the surface
of the subduction complex in the
Barbados. The relationship between
mud volcanoes and mud diapirs is clear-
ly shown in seismic profiles (Bigu-DuvaL
et al., 1982 ; WEsTBROOK and Smrth, 1983 ;
Brown and WESTBROOK, 1987).

Undercompacted and overpressured
argillaceous materials rise up through
the overlying denser succession toward
the surface and then erupt as a mud
volcano. Mud volcanoes in West Timor
appear to convey some rock fragments
from the underlying formations with
dominant mud extrusion (BARBER et al.,
1986). BARBER et al. (1986) has proposed
a diapiric model for the formation of
melange by linking widely distributed
chaotic deposits to the eruption of mud
volcanoes in Timor and eastern Indo-
nesia. Recently, it has been widely
accepted that mud diapirism is one of
the mechanisms for the formation of
melanges (WiLLiam et al., 1984 ; CowaN,
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Fig. 26 Diapiric model for the formation of melanges in the Kanayama unit.

1985 A, B; Raymonp, 1984 ; BECKER and
Croos, 1985 ; BARBER et al., 1986 ; L asH,
1987).

The most definitive criterion for
diapiric melange is the shape of melange
body. The diapiric melange in Timor
forms a roughly circular plug (BARBER
et al., 1986). In the Appalachian region,
Lasu (1987) reported diapiric melange
discordantly surrounded by bedded
sequences.

Unfortunately the original shape of
the melange is not clear in the Kana-
yama unit. The relationship between the
melange and the adjoining units implies
that the melange has been intruded into
the adjoining units and divided them into
more than two segments. Shale injection
into clasts of various sizes and rock
types 1is very characteristic of the
melanges in the Kanayama unit. These
features can be explained by forceful
injection of highly pressured to over-
pressured mud into the clasts.

The shapes and features of sandstone
clasts in the melanges of the Kanayama
unit are very similar to those of the
diapiric melange in West Timor and
Sabah (Bareer et al., 1986). It is likely
that the irregular shape and re-entrant
angle of the sandstone clasts resulted

from the difference of the pore-fluid
pressure between the clasts and the
shale matrix. The characteristic fea-
tures due to overpressured shale strong-
ly suggest that the essential mechanism
of forming the melanges of the
Kanayama unit is diapiric process.

The younger ages of the components
of the Kanayama unit relative to the
adjoining units are consistent with the
diapiric hypothesis. During the forma-
tion of the accretionary wedge, younger
sediments are accreted on the oceanic
side at the toe of the wedge. Imbricated
thrusting forces the younger sediments
into structurally lower portion of the
accretionary wedge. Upward movement
of the diapiric shale may bring frag-
ments which consist of relatively younger
sediments than the host sequences.

The reconstruction of protolith from
which the clasts of the melange were
derived suggests that several types of
slabs showing coarsening-upward suc-
cession broke up into fragments. The
upwelling of overpressured shale may
break up the overriding wedge composed
of previously accreted sediments of
coarsening-upward succession.

WesTBROOK and Swmrra  (1983) and
BarBer et al. (1986) insisted that over-
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thrusting of allochthonous sheets can be
attributed to overpressured shale which
is important for the diapirism. The
Sakamoto-toge, Samondake and Funa-
fuseyama units thrust up to the Nabi,
Kamiaso and Kanayama units in the
same manner as the overthrusting of
Type II suite on Type I suite (IsHIGA,
1983 ; Imoro, 1984) in the Tamba area.
In the same way, stacked slices of
Triassic bedded chert and Middle
Jurassic clastic strata of the Nabi and
Kamiaso units moved and rested on the
clayey deposits which were original
materials of melange matrix of the
Kanayama unit (Fig. 26).

The Nabi and Kamiaso units of Middle
Jurassic age must have been relatively
more densely consolidated than the light
buoyant clayey deposits of the tectoni-
cally underlying Kanayama unit of Late
Jurassic to Early Cretaceous age. Piling
up of these thrust sheets may have
contributed to produce overpressure and
density inversion. Faults must have
made paths through which the shale
diapirs rose up, but essential mechanism
of the faulting is still ambiguous.

Fragmentation and Mixing Process
in the Melange

As discussed in the preceding section,
mud diapirism was an essential mecha-
nism in producing the melanges of the
Kanayama unit. Diapiric process, how-
ever, was not exclusive cause for the
fragmentation and mixing in the me-
langes of the Kanayama unit. The me-
langes had undergone several processes
before they obtained the present chaoti-
cally mixed fabric.

The fragments and blocks in the me-
langes display various shapes such as
rounded, rhombic and irregular. These
clasts of various shapes occur together

in outcrops or even in hand specimens.
The variety of clast-shape is due to the
multiple fragmentation and mixing pro-
cesses. The rotated lenticular fragments
were formed by simple shear under high
confining pressure, the rhombic frag-
ments of sandstone and siltstone were
produced by layer-parallel extension,
and the shape of the highly irregular
clasts, into which the surrounding shale
was injected, was influenced by the over-
pressured shale. These shapes of clasts
suggest that some processes such as
slumping and localized shearing were
responsible for the fragmentation prior
to mud diapirism.

The arrangement of the larger slabs
in the southern margin of the Kanayama
melange appears to show the breakup of
slabs from the original succession of
coarsening-upward sequences. There,
slabs of bedded chert, siliceous shale,
turbidite and massive sandstone in the
melange are arranged in the same order
as in the succession of the Kamiaso
unit, although each slab is surrounded
by the matrix of the melange (Fig. 16).
Such occurrences of the slabs in the
melange can also be explained by diapi-
ric process by which stacked protoliths
exhibiting coarsening-upward succession
were broken up and disrupted.

Modern diapirs and mud volcanoes
are small, ranging from several meters
to several kilometers in diameter. In
Barbados, several mud volcanoes are
linked in a line and constitute a chain of
mud volcanoes (BrowN and WESTBROOK,
1987). By means of linking of numerous
mud diapirs, the pre-existing accretion-
ary wedge gradually disintegrated into
blocks and slabs of the melange.

Melanges of the Kanayama unit in-
clude large blocks and slabs ranging
from 10m to several kilometers in length
as well as smaller fragments. Most of
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Fig. 27 Fragmentation and mixing process in the melanges of the Kanayama unit. The
upper part shows progressive disruption of accreted sediments on various scale.
F: thrust, M: melange matrix, tb: disrupted turbidite, sil: siliceous shale,
ch : bedded chert, ss: massive sandstone and turbidite

chert in the large slabs and blocks is of
Triassic age, while Early to Middle
Jurassic radiolarians are generally
obtained from smaller chert fragments
(<50cm). These differences in age I
between the larger and smaller clasts
suggest that the smaller fragments of

the younger chert may have risen and
large blocks and slabs of the older chert
may have sunk or stayed in the diapir,
although more data are necessary for
clarifying the fragmentation and mixing
process in the diapir.

It is concluded that the present fea-
tures of the melanges of the Kanayama
unit were caused by progressive process
of the fragmentation and mixing, includ-
ing the diapiric, sedimentary and tec-
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tonic processes (Fig. 27).

SUMMARY

On the basis of age, composition and
fabric, the sedimentary complex of the
Mino terrane is divided into six tec-
tonostratigraphic units, namely the
Sakamoto-toge, Samondake, Funafuse-
yama, Nabi, Kanayama and Kamiaso
units.

The Sakamoto-toge unit consists
mainly of Early to Middle Jurassic
melanges marked by the occurrence of
Carboniferous limestone clasts.

The Samondake unit is composed
mainly of massive sandstone and tur-
bidite of late Early Jurassic to late
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Middle Jurassic age. Small amounts
of chert blocks are scattered only at
the lower portion of the unit.

The Funafuseyama unit is charac-
terized by slices of Middle Jurassic
melanges and disrupted turbidite, and
slices of Permian greenstone, limestone
and chert.

The Nabi unit comprises slices of
Middle Jurassic to early Late Jurassic
variously disrupted turbidite, slices of
massive sandstone and melange of
unknown age, and slices, slabs and
blocks of Triassic bedded chert. The
bedded chert is locally associated
with Triassic greenstone (alkali ba-
salt).

The Kanayama unit is divided into
the Kanayama melange and the Neo
melange both of which are Late Juras-
sic (?) to Early Cretaceous in age.
The melanges includes various sizes of
clasts of sandstone, chert, siliceous
shale, greenstone and limestone in
weakly foliated shale matrix.

The Kamiaso unit is characterized
by stacked slices each of which con-
sists of coarsening-upward succession
including Early Triassic (?) “Toishi-
type” siliceous shale, Middle Triassic
to Early Jurassic bedded chert, Middle
Jurassic siliceous shale, late Middle
Jurassic shale and early Late Jurassic
(?) turbidite and massive sandstone in
ascending order.

The Sakamoto-toge, Samondake and
Funafuseyama units can be correlated
with Type II suite of the Tamba area,
while the Nabi, Kanayama and Kami-
aso units can be compared with Type
I suite of the Tamba area.

The Sakamoto-toge and Kamiaso
units can be correlated with the Hirayu
and Sawando zones in the Kiso area,
respectively.

ITI. Accretion in the convergent margin

and subsequent deformation in the
accretionary wedge are geologic pro-
cesses suitable for the formation of
the sedimentary complex of the Mino
terrane.

The intrusion of the melange body
into adjoining units, shale injections
into clasts, irregular shaped clasts,
and younger age of siliceous shale and
chert than surrounding units strongly
suggest that the major process of the
melange formation in the Kanayama
unit is mud diapirism.

Mud diapirism was an essential
mechanism but was not exclusive one
to produce the melanges of the Kana-
yvama unit. The present features of
the melanges of the Kanayama unit
were caused by progressive process of
the fragmentation and mixing, includ-
ing the diapiric, sedimentary and tec-
tonic processes.
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Plate I

Massive sandstone of the Samondake unit at Nigure, south of Kuzuryu-ko.
Turbidite of the Samondake unit at Uchigatani.

Well-bedded turbidite of the Nabi unit at Tarumi.

Slightly disrtupted turbidite of the Nabi unit at Mino city.

Weakly disrupted turbidite of the Nabi unit at Horado.

Rhomboidal fragments of sandstone cut by normal faults in weakly disrupted
turbidite of the Nabi unit, at Horado. Scale is 10 cm long.
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Plate I

Bedded chert as a block of the Kanayama melange showing conjugate fold,
south of Kariyasu.

Bedded chert as a block of type A melange of the Funafuseyama unit at Ozu.
Pillow lava of the Funafuseyama unit, east of Hachiman.

Alternating limestone (light gray) and chert (gray) in the Funafuseyama unit
at Ozu.

Wadano conglomerate of the Kamiaso unit at Mugi.

Conglomerate of the Samondake unit including numerous shale fragments,
south of Kuzuryu-ko.
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Plate I

Thoroughly disrupted turbidite of the Nabi unit at Neo.

Dismembered sandstone originally interbedded with shale in thoroughly
disrupted turbidite of the Nabi unit at Mino city.

Sandstone blocks and shale matrix of melange in the Sakamoto-toge unit at
Sakamoto-toge. Wood stick is 25 cm long.

Fragmented shale matrix of the Kanayama melange in the Kanayama unit at
Kariyasu.

Sandstone (ss), chert (ch) and siliceous shale (sil) clasts embedded in shale
matrix of the Kanayama melange in Kanayama unit at Kanayama.

Sandstone clasts embedded in shale matrix of the Kanayama melange in the
Kanayama unit at Kariyasu.
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Plate IV

Sandstone clasts in the Kanayama melange of the Kanayama unit at
Kanayama. Shale is injected into the margin of the clast.

Siliceous shale clasts in the Kanayama melange of the Kanayama unit at
Kanayama. Scale is 4 X 5 cm.

Chert (ch) and sandstone (ss) clasts of the Kanayama melange in the
Kanayama unit at Kariyasu.

Chert (ch) and sandstone (ss) clasts of the Neo melange in the Kanayama unit
at Neo.

Greenstone (basaltic lava) clasts in type B melange of the Funafuseyama unit
at Ozu.

A manganese carbonate clast in the Kanayama melange of the Kanayama
unit, north of Kanayama.
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Plate IV




Plate V

Shale injection into a large block of disrupted turbidite in the Kanayama
melange of the Kanayama unit at Okukanayama.

Rotated siliceous shale clast in dark gray shale matrix which is injected into a
large siliceous shale block in the Kanayama melange of the Kanayama unit,
near Shimoda bridge, south of Kariyasu. Scale is about 18 cm long.

Shale injection into siliceous shale block of the Kanayama melange in the
Kanayama unit, near Shimoda bridge, south of Kariyasu.

Dark gray shale lens embedded in siliceous shale block in the Kanayama
melange of the Kanayama unit, near Shimoda bridge, south of Kariyasu.
Shale contains smaller sandstone clasts. Shale appears to have been originally
injected into siliceous shale and then have deformed into lenticular shape.

Shale injection into siliceous shale which occurs as a block in the Kanayama
melange of the Kanayama unit, near Shimoda bridge, south of Kariyasu.
Shale includes small fragments of siliceous shale and sandstone.

Sandstone clast in “pebbly siliceous shale” in the Kanayama melange of the
Kanayama unit at Kanayama. The sandstone clast is originally accompanied
with shale which is injected into siliceous shale and is swept away during
compaction.
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Plate VI

Photomicrographs of argillaceous part (shale matrix and rock fragments) of
the melange of the Kanayama unit.

Plane polarized, section cut normal to the elongation of clasts, and the
foliation. Scale bar is 0.5 mm long.

Rounded to subrounded siltstone fragments enclosed within unfoliated shale
matrix.

Close-up of small siltstone fragments in Plate VI-1.
Shale matrix injected into a siliceous shale clast which disintegrates into
smaller fragments. Note the disruption in the siliceous shale part caused prior

to its fragmentation.

Shale matrix containing numerous siliceous shale fragments. The shale also
includes basalt fragments (bs).

Siliceous shale fragment with injection of shale matrix.

Subrounded fragments of siliceous shale and siltstone enclosed within unfo-
liated finer-grained matrix.
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Plate VI




Plate VI

Photomicrographs of the argillaceous parts (shale matrix and rock
fragments) of the melanges of the Kanayama unit (1-5: Plane polarized
light, 6 : crossed nicols). Section is cut normal to the elongation of clasts and
the foliation. Scale bar is 0.5 mm long.

Shale matrix of melange, containing fragments.

Close-up of rotated fragments in Plate VI-1.

Fragmented clast in the melange caused by shearing.

Scaly foliation in shale matrix.

Rounded to subrounded fragments of siliceous shale and siltstone in shale
matrix.

Densely aggregated sericite in shale matrix. (the same position in the same
sample as that of Plate VI-5).
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