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Abstract: The Inuyama Sequence, a coherent Jurassic chert-clastic unit in the Mino-Tamba Belt, central
Japan, represents structural styles characteristic of accretionary processes at a shallow structural level. It is
characterized by a series of regional-scale thrust sheets, which form a south-verging imbricate structure
asymptotically converging down into the master sole thrust of the Inuyama Sequence. Each thrust sheet,
consisting of an Early Triassic to Late Jurassic oceanic plate stratigraphy, is further subdivided into an upper
sheet and a lower sheet by an intrasheet detachment along the hemipelagic interval. The upper sheet is
characterized by a homoclinal structure with imbricate thrusts rooted into the intrasheet detachment, while
the lower sheet is characterized by the development of duplex structures and mesoscopic F, folds. Slip vectors
from all kinds of thrusts, corrected for tectonic rotation, are directed between SSE and SSW with respect to
the N60° E regional trend of the Inuyama Sequence.

The structural process of accretion can be resolved into the following four stages; (1) Formation of a
decollement zone was initiated within the hemipelagic horizon, and the stratigraphic section above the
decollement was progressively offscraped by in-sequence thrusting on the toe of the accretionary prism. This
offscraping process was followed by (2) underplating of hemipelagic and pelagic intervals to the base of the
prism in the form of duplexes with F, folds. This deformed section got a secondary thickening by (3) later-
stage imbricate thrusting due to the reactivation of some in-sequence thrusts and their extension to the
decollement, resulting in the formation of a series of regional-scale thrust sheets. Finally, (4) these imbricated
thrust sheets were uplifted over a younger accreted section by out-of-sequence thrusting, leading to substan-

tial thickening of the wedge.

1. Introduction

Seismic reflection profiles and drilling results
from modern accretionary prisms suggest three
structural processes characteristic of the prism
growth: offscraping of incoming sediments at
the toe of prisms, underplated by which material
is transferred to the base of prisms, and out-of-
sequence thrusting which causes substantial
thickening of prisms arcward of the toe (e.g.
Moore et al., 1932; Kagami et al., 1983; Moore et
al., 1985; Silver et al., 1985; Westbrook et al.,
1988). Among these, the offscraping process,
characterized by an imbricate fan structure and
a basal decollement, is clearly demonstrated by
seismic reflection profiles in many accretionary
prisms, including the Barbados (Westbrook ef
al., 1988; Shipley et al., 1994), Nankai (Aoki et
al., 1982; Moore et al., 1990) and Middle America
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(Watkins ef al., 1982). However, the other two
processes have not been well documented by
studies of modern accretionary prisms, because
seismic resolution rapidly decreases arcward of
the deformation front. In contrast, on-land
exposed accretionary complexes, easier to
observe in field, commonly represent more com-
plicated fold-thrust structures and stratal disrup-
tion, which resulted from the overall accretion-
ary processes. A few studies of such exposed
complexes have succeeded in demonstrating the
detailed geometric style and strain history of
regional-scale duplexes due to underplating
(e.g. Sample and Fisher, 1986; Murata, 1991;
Tokunaga, 1992), and major out-of-sequence
thrusts truncating previously deformed sections
(Platt et al., 1988; DiTullio and Byrne, 1990).

A part of the Jurassic Mino-Tamba Belt, cen-
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Fig. 1 Geologic divisions of the Mino~Tamba Belt into
units labeled A, B, C and D, with the distribution
of Jurassic accretionary complexes in the Inner
zone of Southwest Japan (inset). The classifica-
tion of tectonic units in the Mino-Tamba Belt is
modified from Wakita (1988) and Otsuka (1988).
In the inset, MTL means the Median Tectonic
Line, ISTL the Itoigawa-Shizuoka Tectonic Line,
and TTL the Tanakura Tectonic Line.

tral Japan, the coherent chert-clastic unit de-
scribed here (Fig. 1), allows us to construct a
series of accretionary processes at a shallow
structural level, including offscraping, underplat-
ing and out-of-sequence thrusting. The distinct
lithologies of this oceanic plate stratigraphic
succession and detailed biostratigraphic data
from previous studies (Yao et a/., 1980; Matsuda
and Isozaki, 1991) help in defining regional-scale
imbricate structures in the Inuyama Sequence.
Metamorphic studies indicate that the sequence
was accreted at a shallow level and not buried
deeper than the depth of prehnite-pumpellyite
facies (Hashimoto and Saito, 1970; Matsuda and
Isozaki, 1991; Kimura and Hori, 1993). Kimura
and Hori (1993) described the geometry of
regional-scale imbricate structures based on a
detailed biostratigraphic and structural analysis,
and proposed a development history consisting
of offscraping followed by underplating and out
-of-sequence thrusting.

In this paper, I present a new detailed descrip-
tion, including data on the structural geometry
and kinematics of duplex structures and out-of-
sequence thrusts in the Inuyama Sequence, and
offer a model of structural evolution of coherent
accretionary unit at a shallow level.

2. Qutline of Geology

2.1 Mino-Tamba Belt

The Japanese Islands had constituted a part of
the eastern margin of the Asian continent before
the opening of the Japan Sea in Miocene time
(Otofuji et al., 1985). The islands recorded con-
tinental growth due to the formation of ac-
cretionary complexes ranging in age from Pale-
ozoic to Miocene (Kanmera, 1980). The pre-
Jurassic, Jurassic and Cretaceous to Miocene
accretionary complexes are arranged parallel to
each other, with decreasing age from the conti-
nental side to the oceanic side (e.g. Ichikawa,
1990).

The Mino-Tamba Belt, exposed in the Inner
Zone of Southwest Japan (inset of Fig. 1), is
characterized by non- or weakly-metamor-
phosed Jurassic accretionary complexes which
consist of Late Triassic to earliest Cretaceous
terrigenous clastic rocks interbedded with older
oceanic materials, including basalt, ribbon chert
and limestone, ranging in age mainly from Car-
boniferous to Triassic (e.g. Mizutani, 1990).

The Mino-Tamba Belt in central Japan is
divided into four tectonostratigraphic units,
labeled A, B, C and D from north to south (Fig. 1).
These units are separated by north-dipping
thrust faults, and are arranged parallel to each
other with younger units exposed toward south
(Otsuka, 1988; Wakita, 1988).

Unit A includes the Sakamoto-toge, Samon-
dake and Hunabuse units of Wakita (1988), and
it consists dominantly of melange, including
Carboniferous to Triassic oceanic materials such
as basalt, chert and limestone, and Early to Mid-
dle Jurassic clastic rocks. Unit B comprises the
Nabi and Kanayama units of Wakita (1988) and
it is characterized by melange containing Trias-
sic to Middle Jurassic chert and Middle Jurassic
to earliest Cretaceous clastic rocks. Unit C,
called the Inuyama Sequence (Kimura and Hori,
1993), corresponds to the northern part of the
Kamiaso unit of Wakita (1988) and the complex
3 of Otsuka (1988). It is a coherent sedimentary
body characterized by a series of stacked thrust
sheets comprising an Early Triassic to early
Late Jurassic oceanic plate stratigraphy. Unit
D, which is equivalent to the complex 5 of Otsuka
(1988) and the southern part of the Kamiaso unit
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Fig. 2 Simplified map of the Inuyama Sequence in the Inuyama and nearby area. Compiled from Wakita et
al. (1992), Yamada and Wakita (1990), and Kimura and Hori (1993).
1: cover rocks including Neogene to Quaternary sediments and Late Cretaceous igneous rocks, 2: Unit B

consisting of melange including blocks of chert,

3 and 4: Inuyama Sequence (3: ribbon chert and siliceous

claystone, 4: clastic rocks), 5 and 6: Unit D (5: ribbon chert, 6: clastic rocks), 7: thrust faults and inferred ones,
8: strike-slip faults and inferred ones, 9: antiform and synform. See Fig. 1 for location.

of Wakita (1988), is a coherent sedimentary body
mainly consisting of the Late Jurassic sandstone
and mudstone intercalated with chert. The rela-
tionship between clastic rocks and chert in this
unit is not clear.

2.2 Inuyama Sequence

2.2.1 Geology

In this paper, it is described in detail and called
the Inuyama Sequence after Kimura and Hori
(1993).

The Inuyama Sequence has a regional trend of
N60°E (Fig. 1) and dips steeply northward, with
large-scale west-plunging upright folds such as
the Sakahogi Synform in the Inuyama area (Figs.
2 and 3). The regional trend is judged from an
enveloping surface of the upright folds. The
Sakahogi Synform plunges 78 to N82°W
(Kimura and Hori, 1993). Some WNW- to NW-
trending strike-slip faults truncate obliquely the
general trend of strata (Fig. 2). The sequence,
approximately 7000 m in structural thickness, is
composed of a large number of stacked fault
slices. Among these, six regional-scale thrust
sheets, labeled Sheets 1 to 6 in structurally
ascending order (Fig. 3), are identified as bodies
containing an almost complete stratigraphic suc-
cession of the Inuyama Sequence. The strata

within the thrust sheets preserve bedding and
original stratigraphic relation, although there
are many thrust faults parallel roughly to layer.

The reconstructed stratigraphic succession,
based on primarily detailed biostratigraphic
studies, is grouped into the four lithologic units,
in ascending order: siliceous claystone, ribbon
chert, siliceous mudstone, and clastic rock (Fig.
4a; Kimura and Hori, 1993). The thickness of
the stratigraphic section varies in each thrust
sheet, and is estimated to range from 350 to 500
m. Lithologic features of the succession suggest
that the lower two units, siliceous claystone and
ribbon chert, are pelagic, the overlying siliceous
mudstone is hemipelagic, and the uppermost unit
is trench-fill interval including turbidite sand-
stone and associated mudstone. This stratigra-
phic succession is commonly interpreted to
reflect migration of the depocenter from the
abyssal plain to the trench floor (Matsuda and
Isozaki, 1991; Kimura and Hori, 1993).

A number of sandstone dikes and sills occur in
the lower mudstone subunit of the clastic rock
horizon as well as near the boundary between the
ribbon chert and the siliceous mudstone horizons
(Fig. 4b). The origin of these dikes has recently
been discussed by Kimura and Hori (1993) and
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Fig. 3 Geologic map of the Inuyama Sequence of the Mino-Tamba Belt, Inuyama area, modified from Kondo
and Adachi (1975). Symbol f8 shows the locality described in detail in text. See Fig. 1 for location.

Kimura (1993).

Outcrops along the course of the Kiso River
provide 4 km of continuous and well exposed
section striking normal to bedding. The detailed
geological map there covers Sheet 2, Sheet 3 and
the lower part of Sheet 4, extending from the
southern limb of the Sakahogi Synform through
the hinge region, into the northern limb (Fig. 4b;
modified from Kimura and Hori, 1993). It is
based on detailed mapping (1:2500) and biostrati-
graphic data from several previous studies (Yao
et al., 1980; Matsuda ef «l., 1981; Mizutani and
Koike, 1982; Hori, 1986, 1988, 1990; Matsuda and
Isozaki, 1991; Kimura and Hori, 1993). Bedding
generally strikes ENE-WSW and dips steeply
north in the southern limb, and strikes NW-SE
and dips 70° to 90° southwest in the northern limb
of the synform (Fig. 4b).

2.2.2 Deformation history and restoration of
folding and back-tilting

The deformation history of the Inuyama
Sequence can be divided into two stages, both of
which predate Late Cretaceous felsic volcanism
(Kimura and Hori, 1993). The stage 1 displays

accretion-related deformation producing south-
verging thrusts and F, folds. F, folds formed in
association with thrust propagation. The stage 2
is characterized by left-lateral strike-slip faults,
associated with west - plunging large -scale
upright folds (F,), like the Sakahogi Synform.
Upright folds (F,) with wavelengths of 4 to 12 km
occur widely in the Inner zone of Southwest
Japan (Matsushita, 1953; Mizutani, 1964).

In order to determine the primary direction of
accretion in a horizontal-bedding reference
frame, the effects of post-accretion folding such
as the Sakahogi Synform and back-tilting of the
accreted units were removed using the procedure
of Kimura and Hori (1993). The Sakahogi
Synform is interpreted to have formed after back
-tilting resulting from the stage 1 of accretion
(Kimura and Hori, 1993). The effects of these
deformations were removed by the following
procedures: (1) Both the northern and southern
limbs of the Sakahogi Synform are rotated about
the synform axis with a plunge of 78° NW so that
they are parallel to the N60° E regional strike of
the Inuyama Sequence; (2) the bedding is rotated
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Fig. 5 Orientation of mean fold axes (a) and poles to mean axial planes (b) of mesoscopic F, folds in the ribbon

chert and siliceous claystone intervals from each thrust sheet of the Inuyama Sequence (after Kimura and
Hori, 1993). Lower-hemisphere, equal-area projection.

Raw and restored orientations are distinguished. The traces displaying two steps of procedure for
restoration are shown as large dots (unfolding) and small dots (back-tilting). Refer to text for the
procedure. Location of data points is given by alphabets with numbers. N and S indicate northern and
southern limbs of the Sakahogi Synform, respectively, and numbers correspond to sheet numbers (2 to 4).
H represents Hakama-fudo locality on Sheet 4 in the northern limb of the Synform. Numbers of folds
used to calculate each mean are 34 for N3, 39 for N4, 19 for H, 38 for S2, 30 for S3 and 34 for S4,
respectively. See Figs. 3 and 4b for location.

about the general strike until the bedding is
horizontal.

Figure 5 indicates vector means of axes and
poles to axial planes of mesoscopic F; folds in
the ribbon chert and the siliceous claystone inter-
vals (compiled from Fig. 15 of Kimura and Hori,
1993). The traces of restoration for folding and
back-tilting are also added in Fig. 5. The fold
attitudes were measured for each thrust sheet
along the section in Fig. 4a and in Sheet 4 at
Hakama-fudo in Fig. 3. After restoration using
the procedure presented above, the resulting fab-
ric of F, folds mostly shows the ENE or E-trend-
ing fold axes with southward vergence (Fig. 5),
although the fabric from Sheets 3 and 4 in the
northern limb of the synform indicates ESE-tren-
ding fold axes.

3. Geometry of Regional-scale Thrust Sheets

Different units of the Mino-Tamba Belt, i.e. A,
B, C (Inuyama Sequence) and D, are separated by
major boundary thrust faults (Fig. 1). Accord-
ing to detailed geological mapping (e.g. Wakita
1988 ; Kimura et al., 1989), these major boundary

thrusts can be traced sub-parallel to the attitude
of the hanging wall units, while they crosscut
internal structures of the footwall units. This
relationship is also recognized in the master sole
thrust of the Inuyama Sequence as described
below.

The geological map from the northern limb to
the hinge of the Sakahogi Synform (Fig. 3) dem-
onstrates a SW-verging imbricate structure
converging into the master sole thrust of the
Inuyama Sequence. A profile section (Fig. 6) is
constructed from the horizontal map view of Fig.
3, after restoration to a horizontal-bedding refer-
ence frame, and is oblique by 10° to 30° clockwise
to the slip direction inferred from F, fold attitude
of Sheets 3 and 4 in the northern limb (Fig. 5).
The profile shows a flat-ramp-flat structure of
Sheets 4 and 5 and constant thickness of each
thrust sheet except for ramp areas.

The structural relationship between the master
sole thrust and the underlying Unit D is also well
exposed in this area (e.g., near Ohwaki along the
Kiso River), and is described later in detail (see
Fig. 3 for location). In this area, the master sole
thrust is accompanied by a 200m-wide tectonic-
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Fig. 6 Profile section of the Inuyama Sequence showing a SW-verging imbricate structure of regional-scale
thrust sheets. The section is constructed from the horizontal map view of the northern limb of the
Sakahogi Synform shown in Fig. 3, after correction for folding and tilting. The legend for the lithologic
units is shown in Fig. 3. Modified from Kimura and Hori (1993).
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shear melange, whose fabric is discordant with
the underlying coherent strata of the Unit D.

4. Internal Structure of Regional-scale
Thrust Sheet

The internal divisions of a typical thrust sheet
in the Inuyama Sequence and its associated
deformation features are summarized in Fig. 7
(Kimura and Hori, 1993). A full thrust sheet is
divided into a lower sheet and an upper sheet,
which display major differences in structural
style, and are separated by a detachment zone
within the siliceous mudstone horizon (called the
‘intrasheet detachment’). Both the lower and
upper sheets are divisible into several slices, e.g.

labeled as A, B, and C in Fig. 7, and each slice is
further subdivided into subslices, e.g. labeled An,
Bn, and Cn (n=1 to 3) in Fig. 7. A slice is
recognized by a large structural repetition or
omission of strata across its boundaries, while a
subslice shows only a difference in structural
style of mesoscopic F; folds.

4.1 The upper sheet

The upper sheet is characterized by an im-
bricate homoclinal structure with a few meso-
scopic F; folds. Within this sheet, imbricated
slices are commonly characterized by part of the
siliceous mudstone interval with a scaly fabric at
their base, as demonstrated in the upper sheet of
Thrust Sheet 3 in Fig. 4b. This association sug-
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Fig. 8 Detailed sketch map of Sheet 4 in the northern limb of the Sakahogi Synform, showing bedding lines, F,

folds, faults, and divisions of slices.

Numbers correspond to radiolarian assemblage zones (Fig. 4a), arrows indicate younging directions and
symbol P indicates the locality described in detail in text. See Fig. 4b for location.

gests that these imbricate thrusts are rooted into
the intrasheet detachment developed along the
siliceous mudstone interval.

4.2 The lower sheet

The lower sheet generally contains several
slices stacked over each other with the develop-
ment of mesoscopic F; folds (Figs. 4b and 8),
which form duplexes between the intrasheet
detachment zone as a roof thrust and the basal
detachment as a floor thrust as discussed later in

detail. The terminology of duplex structure.

used in this paper is after Boyer and Elliott (1982)
and McClay and Insley (1986).

Younging directions, determined by radiola-
rian assemblage zones in the ribbon chert and by
the stratigraphic relationships, indicate that
some of these slices are overturned with a width
of 50 to 150 m in Sheet 4 (Figs. 4b and 8).

Presence of overturned slices indicates recum-
bent folding associated with thrusting. Similar
large recumbent folds are also present in road-
cut sections through Sheet 4 near Hakama-fudo
in the northern limb of the Sakahogi Synform 2
km northwest of the Kiso River section (see Fig.
3 for location).

Figure 8 shows a detailed map of the structure
of the lower sheet of Sheet 4, covering a 50m-
wide continuous outcrop along both sides of the
Kiso River in the northern limb of the Sakahogi
Synform. Along this section (Fig. 8), mesos-
copic F; folds plunge steeply in all slices as
shown in Fig. 9, the mean attitude of whose are
shown as labeled N4 in Fig. 5. The slip-direc-
tion of thrusting perpendicular to these fold axes
plunges 30° to-340° in the present reference frame,
and hence is oblique gently to the horizontal map
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Fig. 9 Attitudes of axes and poles to axial planes of mesoscopic F; folds in the lower sheet of Sheet 4 in the
north limb of the Sakahogi Synform. For the locations of each slice see Fig. 8. Lower-hemisphere,

equal-area projection.

view of Fig. 8.

A NE-SW profile section (Fig. 10a) is con-
structed from the horizontal map view of Fig. 8,
after restoration to a horizontal-bedding refer-
ence frame. Figure 10a displays that the lower
sheet of Sheet 4 forms a large recumbent anti-
clinal fold consisting of two anticlines and one
syncline with wavelengths of approximately 200
m. These fold structures are bounded by the
overlying intrasheet detachment and underlying
sole thrust. Two types of thrusts have been
recognized in the lower sheet (Figs. 8 and 10a): a)
the layer-parallel thrusts, and b) the low-angle
thrusts. The layer—parallel thrusts bound slices
and are deformed by large-scale recumbent
folds, while the low—-angle thrusts truncate previ-
ously folded strata (Fig. 10a).

Figure 11 displays the occurrence of a low-
angle thrust, which separates slice 4D from slice
4F (see Fig. 8 for location). The low-angle
thrust A clearly truncates the limb of an anti-
cline in the hangingwall.

A restored profile section drawn in Fig. 10a
implies that all axial planes of the recumbent
folds are truncated by south-verging low-angle

thrusts (labeled A, B, C and D in Fig. 10a). The
low-angle thrust D is correlated to the sole
thrust of Sheet 4 (Fig. 10a).

Figure 10b is an idealized section restored
from Fig. 10a, after removing displacement along
low-angle thrusts. This restoration along with
the structural geometry and stratigraphic rela-
tionship shown in Figs. 8 and 10a strongly sug-
gests that slices 4B, 4C, 4D and 4F formed a
continuous folded slice before low-angle thrust-
ing, while slice 4E, characterized by symmetric
mesoscopic folds, belongs to the underlying slice.
Thrust-related repetition of overturned slices 4B
and 4A are too complex to be restored. The
upper restored slice is estimated to be 100 to 200
m thick and more than 1500 m long from the
profile section of Fig. 10b.

The enveloping surface of the restored recum-
bent fold dips southwestward or forward after
restoration to a horizontal-bedding reference
frame, where the overlying upper sheet (i.e. slice
4G) displays a homoclinal structure parallel to
the intrasheet detachment (Fig. 10b). The dis-
cordant structural relationship between two res-
tored slices of the lower sheet and the upper
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Labels S and Z indicate S- and Z-shaped asymmetric folds, respectively. For location see Fig. 8.

sheet displays that the internal structure of the
lower sheet correlates with a forward-dipping
duplex overprinted by recumbent folding, which
is bounded by the horizontal intrasheet detach-
ment as a roof thrust and the sole thrust as a
floor thrust.

Vergence of mesoscopic F; folds is useful to
analyze kinematics of thrusting and recumbent
folding, because F; folds formed not only in
association with thrust propagation, but also as
parasitic folds of larger-scale recumbent folds
(Kimura and Hori, 1993). Vergence directions
of mesoscopic F, folds in each slice in map view
are shown in Figs. 8 and 9. S- and Z-shaped
asymmetric styles of recognized folds correlate

with southward and northward vergences,
respectively, after restoration to a horizontal~
bedding reference frame. S-shaped folds occur
not only in right-way-up slices, but also in
others; while Z-shaped folds occur only in over-
turned slices (Figs. 8 and 9). Both types of F,
folds have parallel fold axes (Fig. 9). Symmetric
F, folds occur frequently near the hinge areas of
the larger recumbent fold (e.g. in slices 4E and
the lower horizon of slice 4D in Fig. 8).

Figure 11 is a horizontal sketch, showing the
occurrence of mesoscopic F; folds near the hinge
area of a large-scale recumbent anticline (see
Fig. 8 for location). Here siliceous claystones
are generally characterized by the development
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Fig. 12 Schematic cross sections (a, b and ¢) illustrating a progressive deformation process within the lower sheet
of Sheet 4: (a) formation of a forward dipping duplex, (b) formation of a recumbent fold, and (c)
truncation by low-angle thrusts as out-of-sequence thrusting.

of M-shaped symmetric mesoscopic folds, traced
by thick dashed lines in Fig. 11. In contrast, the
chert conformably above the siliceous claystone
in overturned slice 4D is deformed by both Z- and
S-shaped folds (labeled Z, S, respectively in Fig.
11).

If mesoscopic folds are associated with recum-
bent folding, they are expected to have S-shaped
asymmetry in right-way-up slices, Z-shaped
asymmetry in overturned slices, and M-shaped
style in the hinge areas of recumbent folds. All
but S-shaped folds in overturned slices appear to
correlate with parasitic folds of large-scale

recumbent folding. Although the overprinting
relationship between S- and Z-shaped folds in
overturned slices has not been recognized, the
style and occurrence of these folds are available
for estimating of the chronological relationship.
S-shaped folds in overturned slices are typically
developed in the 50m-thick Middle Triassic chert
interval of slice 4D (locality P in Fig. 8), which is
separated by a layer-parallel fault from the
underlying less-deformed chert interval as
shown in Fig. 11. S-shaped folds there common-
ly have interlimb angles ranging from 30° to 60°,
half-wavelengths ranging from 50 to 150 cm and
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Fig. 14 Schematic cross section of slices 2B, 2C and 2D of Sheet 2 reconstructed from a detailed cross-section
presented by Kimura and Hori (1993), along the west bank of the Kiso River at Hoshakuji.
Slices 2B and 2C consist mainly of the ribbon chert, while slice 2D is composed of the siliceous mudstone
and clastic rock. MT, LT and EJ indicate Middle Triassic, Late Triassic and Early Jurassic ages of
ribbon chert, respectively. For location see Fig. 4b.

asymmetric chevron fold geometries, and gradu-
ally disappear upward. These features of folds
are similar to those of F; mesoscopic folds devel-
oped in the same horizon of right-way-up slice.
On the other hand, Z-shaped folds in overturned
slices occur sporadically as drag folds associated
with layer-parallel thrusting.

The different style and occurrence between S-
and Z-shaped folds in overturned slices as de-
scribed above suggest the following structural
history of F, folding: (1) F, folds with S-shaped
asymmetry were first developed in all slices in
association with south-directed thrusting. They
were successively followed by (2) the formation
of later-stage F, folds such as M-shaped folds in
the hinge area and Z-shaped folds in the overtur-
ned limbs as parasitic folds of recumbent folding.
In right-way-up limbs, the preceding S-shaped

folds are likely to have been tighter by simple
shear during recumbent folding.

The above mentioned structural geometry and
fabric in the lower sheet of Sheet 4 allow us to
reconstruct the progressive deformation process
of duplexes by shear in association with south-
directed thrusting as follows (Fig. 12): (1) a fore-
land-dipping duplex with south-verging mesos-
copic F, folds was initiated within the lower
sheet. It was progressively overprinted by (2)
large-scale recumbent folding with parasitic
mesoscopic folds, and finally (3) south-verging
low-angle thrusts truncated previously folded
strata as out-of-sequence thrusting. The sole
thrust was initiated as a floor thrust of a duplex
structure and then reactivated to play an out-of
-sequence thrust. .

Another type of duplex structure is suggested
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Fig. 15 (a) A horizontal section showing the sole thrust of Sheet 3 separating siliceous claystone above from

underlying laminated mudstone at locality f3 (see Fig. 4b for location).

(b) A detailed sketch of the

hanging wall of the sole thrust showing a number of secondary shear fractures. The orientation of

fractures and scaly foliation surfaces labeled by numbers 1 to 13 are plotted in (c).

(c) A stereograph of

fault fabric (lower-hemisphere, equal-area projection) with the orientation of slip-vectors from slicken-

sided surfaces.

by the occurrence of anticline and syncline F,
folds with wavelengths of 50 to 100 m recognized
in slices 2A and 2B of Sheet 2 and slice 3A of
Sheet 3 in the southern limb of the Sakahogi
Synform (see Fig. 4b for location). Regional-
scale structural geometry of this type of duplex
structure parallel to the transport direction of
thrust sheets cannot be observed, because all
outcrops showing such structures are only in the
southern limb of the Sakahogi Synform, where
the horizontal terrace of outcrops is oriented
perpendicular to the direction of thrusting.
However, the characteristic fold style may be
attributed to the forward limb of a fault-bend
fold or an antiformal stack (Fig. 13).

A typical example is demonstrated by the
profile section of Sheet 2 at Hoshakuji in the
southern limb of the Sakahogi Synform (Fig. 14).
It is a N-S-trending cross-section normal to F,
fold axes across slices 2B, 2C and 2D of Sheet 2
(for detailed section see Fig. 8 of Kimura and
Hori, 1993). Slices 2B and 2C consist mainly of
the ribbon chert, and slice 2D is composed of both

-which is 200 m wide.

the siliceous mudstone and the overlying clastic
rock. Slice 2C is characterized by the develop-
ment of symmetric mesoscopic F, folds. The
enveloping surface of F; folds in this slice forms
a pair of large-scale anticlinal and synclinal
folds (Fig. 14). In contrast, the overlying slice 2
D and the underlying slice 2B display a homo-
clinal structure with younging northward. The
structural geometry of slice 2C constructed from
Fig. 14, after restoration to a horizontal-bedding
reference frame, corresponds to the forward limb
of a fault-bend fold or an antiformal stack (Fig.
13).

5. Shear Zones and Slip-vectors of Thrust
Faults

Thrust faults are commonly accompanied by
shear zones with well-developed scaly foliation,
ranging from several mm to 13 m in width. The
master sole thrust, however, is characterized by
associated broad tectonic-shear melange zone,
The width of the shear
zones varies with lithology and stratigraphic
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position, and width of greater than 1 m occurs
only in the siliceous claystone and the siliceous
mudstone intervals. Scaly foliations in mud-
stone have polished surfaces with slickenlines
and form an anastomosing texture at the scale of
millimeters. Thrust fault surfaces within the
siliceous claystone, ribbon chert, and siliceous
mudstone intervals are generally coated by mud
films without any mineral veins, and those within
the clastic rock are commonly filled by calcite
veins. Three typical shear zones along major
thrust faults, shown in Figs. 15, 16 and 17, are
described below.

5.1 Shear zones of major thrust faults

5.1.1 The shear zone along the sole thrust of
Sheet 3 (locality f3 in Fig. 4)

This shear zone separates the overlying
siliceous claystone unit of Sheet 3 from the
underlying upper mudstone subunit of Sheet 2.
Along the shear zone, siliceous mudstone shows
a scaly fabric with lenses of chert and massive
siliceous mudstone (Fig. 15a). Slickenlines pres-
ent on secondary fault surfaces within the hang-
ing wall (Fig. 15b), on scaly foliation surfaces
within the shear zone, and on the northern bound-
ary surface of the shear zone (Figs. 15a and b)
have pitches of 76° to 88° from W. The mean slip

(a) A horizontal sketch of the shear zone along the sole thrust of slice 3C, Sheet 3 at locality f5 (see Fig.
The orientation of surfaces labeled by numbers 1 to 14 is plotted in (b).
stereograph of fault fabric (lower-hemisphere, equal area projection).

(b) A
See Fig. 15 for the legend.

—direction is 78° from W on the boundary fault
surface (Fig. 15¢), which is very close to the slip
-direction (85°from W) of the boundary fault
(fault 10 in Fig. 15b). This thrust-related fabric
is partly truncated by a NE-trending fault (fault
7) having subhorizontal slickenlines (Figs. 15b
and 15c).

5.1.2 The shear zone along an imbricate thrust
in the upper sheet of Sheet 3 (locality f5 in Fig. 4)

This shear zone separates the siliceous mud-
stone horizon of slice 3C above from the clastic
rock horizon of slice 3B below, and is marked by
a 13m-wide zone of siliceous mudstone with well
-developed scaly foliation. Figure 16a is a hori-
zontal section across the lower part of the shear
zone. Slickenlines on secondary shear fractures
or fault surfaces and on scaly foliations in the
shear zone have pitches of 82° to 95° from W (Fig.
16b). The mean slip-direction is 83° from E on
the boundary fault surface, which is almost equal
to the slip-direction (82° from E) of the boundary
fault. These thrust-related fabrics along the
shear zone are also locally overprinted by left-
lateral strike-slip, recognized by the presence of
subhorizontal slickenlines on faults 5 and 6 and
by the presence of steeply plunging S-shaped
drag folds (Figs. 16a and b).
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Fig. 17 Detailed geologic map of locality f8, Ohwaki (see Fig. 3 for location) showing deformation features near
the master sole thrust accompanied by the melange. The melange separates the siliceous claystone of the
Inuyama Sequence from the underlying alternating beds of sandstone and mudstone of the Unit D.
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Fig. 18 Horizontal sketches from the melange zone
associated with the master sole thrust of the
Inuyama Sequence in Fig. 17, showing (a) pinch
& swell structures in a sandstone bed associated
with small-scale normal faults, and (b) imbrica-
tion of sandstone lenses suggesting contractional
deformation caused by reverse faults.

5.1.3 The shear zone along the master sole
thrust of the Inuyama Sequence (locality 8 in
Fig. 3

The master sole thrust is accompanied by a
broad shear zone consisting of a 200m-thick
melange unit, which is well exposed along the
river terrace of the Kiso River (Fig. 17). The
melange there is overlain by the siliceous clays-
tone horizon of Sheet 1 and underlain by alter-

nating beds of sandstone and mudstone belong-
ing to the Unit D. Bedding structure of the under-
lying alternating beds is oblique to the boundary
fault between alternating beds and the melange
(Fig. 17), and hence it is crosscut by the boundary
fault.

The melange consists of blocks of various
types of materials in a scaly mudstone matrix.
The blocks are composed of sandstone, alternat-
ing beds of sandstone and mudstone, and ribbon
chert with a minor amount of siliceous mudstone.
Early Late Jurassic radiolarian fossils have been
obtained from siliceous mudstone within the
melange (Otsuka, 1988). The age of siliceous
mudstone is early Middle Jurassic in the
Inuyama Sequence (Fig. 4a), and late Middle to
Late Jurassic in the underlying Unit D (Adachi,
1982, 1988). Therefore, the age data suggest that
the melange resulted mainly from disruption and
mixing of rocks in the underlying Unit D.

Blocks of sandstone contain three different
kinds of deformation structures (Fig. 18), which
reflect a progressive deformation process as-
sociated with thrusting. The first type of struc-
ture is pinch-and-swell, boudinage and exten-
sional fractures filled by calcite or quartz veins
(Fig. 18a). The second type of structure is asym-
metric shaped sandstone blocks separated by
right-stepping normal fault arrays, which are
oblique to bedding and converge into bedding
(Fig. 18a). The sandstone beds commonly display
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Fig. 19 Orientations of slickenlines on fault and scaly foliation surfaces from the shear zone of the master sole
thrust of the Inuyama Sequence in Fig. 17; (a) Thrust faults (labeled t) and scaly foliation. (b) Strike-
slip faults. Lower-hemisphere, equal-area projection.

soft deformation associated with the first and
second types of structures, which reduce signifi-
cantly the thickness of the sandstone beds (Fig.
18a). These two types of structures are over-
printed by the third type of structure. The third
type of structure represents contractional defor-
mation caused by left-stepping reverse fault
arrays, which are oblique at low angle to bedding
and are filled by calcite or quartz veins (Fig. 18
b). Blocks of sandstone are commonly sheared
by cataclastic deformation in association with
anastomosing networks of fractures (web struc-
ture termed by Byrne, 1984).

In addition to subsidiary faults related to sand-
stone boudins as mentioned above, two different
kinds of mesoscopic faults are distinguished in
the melange and the overlying sheared siliceous
claystone unit. The first type of fault is char-
acterized by mud film-coated wavy surfaces
with slickenlines, which are oriented parallel to
slickenlines on scaly foliation surfaces of a
mudstone matrix in the melange (Fig. 19a),
having pitches ranging between 30° and 60° from
NW (Fig. 19a). These orientations, after resto-
ration to a horizontal-bedding reference frame,
are consistent with the general slip-direction of
thrusting (f8 in Fig. 20). These faults are also
closely associated with the asymmetric arrays of
sandstone boudin as mentioned above. Accord-
ingly, these faults are regarded as south-verging
thrusts. These thrusts are sometimes overprint-
ed or crosscut by the second type of faults. The
second type of fault exhibits planar fault sur-
faces filled with quartz and calcite veins and
have nearly horizontal slickenlines (Fig. 19b).
Associated drag folds and asymmetric shear
fabric of scaly foliation surfaces indicate left-

lateral slip. Hence, the second type of fault is
regarded as a left-lateral strike-slip fault. This
type of fault is particularly well developed near
the boundary between the siliceous claystone and
the melange units.

These structural features indicate that the
melange associated with the master sole thrust at
this location was produced by shear in associa-
tion with south-directed thrusting, and was later
overprinted by left-lateral strike-slip. In fact,
asymmetric array of sandstone boudin, scaly
foliation surfaces and thrust faults characteristic
of the melange at this location have been recog-
nized in many on-land exposed accretionary
complexes, and are characteristic of melanges
generated by tectonic-shear in association with
thrusting (termed tectonic - shear melange)
(Fisher and Byrne, 1987; Needam and Mackenzie,
1988; Kimura and Mukai, 1991; Kano et al., 1991).

5.2 Slip-vectors of thrusting

The slip direction data were collected from
major thrust faults at eight localities along the
Kiso River (boundary faults between tectonic
packets: localities f1-f7; the master sole thrust:
locality f8; see Figs. 3 and 4 for location). The
slip-direction of each fault, using the pitches of
slickenlines, was measured on fault surfaces
making boundaries of the shear zones along
thrusts at the localities {2, f3, f4, and 5 in Fig. 4.
On the thrust faults at the localities f1, {7, and 18
(Figs. 3 and 4), slickenlines on a number of sub-
sidiary faults and scaly foliation surfaces were
measured, and then their mean orientation was
calculated, because slickenlines were not found
on main boundary fault surfaces.

The orientation of slickenlines of the thrust
faults at the localities £3 and £5, as described
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Fig. 20 Slip-direction for major thrust faults at localities f1-f8 along the Kiso River in the Inuyama area (see

Figs. 3 and 4b for localities).
of slip-vectors (hangingwall-over-footwall).

Great circles show attitude of fault surfaces, and arrows indicate direction
Double circles on peripheries of stereonets show slip-

vectors after correction. The traces displaying two steps of correction for f3 and {7 are shown as large

dots (unfolding) and small dots (back-tilting).

before (see Figs. 15 and 16), were measured not
only on the boundary fault surfaces, but also on
the subsidiary fault surfaces. The resulting val-
ues show that the orientation of slickenlines on
the both surfaces is almost equal, as shown in
Figs. 15¢ and 16b.

On the sole thrust of Sheet 3 at the locality £6,
the slip-direction was calculated from the mean
direction of intersections between nine horses
and a roof thrust in a mesoscopic hinterland-
dipping duplex just above the shear zone.

The resulting pitches of slickenlines on the
thrust fault surfaces vary between 76° to 95°
from E in the southern limb, and between 26° to
42° from NW in the northern limb of the Saka-
hogi Synform (Fig. 20). As shown in Fig. 20,
after restoration to a horizontal-bedding refer-
ence frame, the resulting slip-direction of the
thrust faults trends between SSE and SSW with
respect to the N60° E regional trend of the
Inuyama Sequence.

The sense of fault slip was determined by
microscopic to mesoscopic asymmetric scaly
fabrics, including shear bands (localities f1-f5, {7
and £8), mesoscopic duplex (locality £6) and drag
folds (locality f2) (see Figs. 3 and 4). These asym-
metric fault fabrics indicate southward-directed
slip after restoration. Accordingly, slip vectors

Lower-hemisphere, equal-area projection.

from these different kinds of major thrusts lie
between SSE and SSW in a horizontal-bedding
reference frame (Fig. 20). The direction of slip
vectors is also consistent with those derived from
the orientations and vergence of mesoscopic F,
folds (Fig. 5b).

6. Discussion

The overall accretionary process of the
Inuyama Sequence discussed here is based on the
structural features described in the previous
sections. The geometrical structure and the
deformation process of the Inuyama Sequence
appear to be comparable to those of modern
accretionary prisms. These similarities are
being discussed first.

6.1 Structural features
cretionary wedges

High-quality seismic reflection data across
modern active accretionary prisms, such as the
Barbados Ridge and the Nankai Trough areas,
reveal a common set of thrust-related structures
(e.g. Kagami, 1985; Moore et al., 1985; Westbrook
et al., 1988; Brown et al., 1990; Moore et al., 1990;
Shipley et al., 1994). Recent studies of the fron-
tal part of the Nankai accretionary prism reveal
that these prisms can be subdivided, based on

of active ac-
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structural changes, into three tectonic zones,
from seaward to landward: the protothrust zone,
the imbricate thrust zone, and the out-of-
sequence thrust (or multiple decollement) zone
(Kagami et al., 1983; Taira et al., 1992) (Fig. 21Db).

According to Kagami et al. (1983), Kagami
(1985) and Taira et al. (1992), a brief description
of each tectonic zone is as the following. The
protothrust zone is located just seaward of the
frontal thrust of a prism. It is characterized by
development of box-folds and high-angle thrusts
in the stratigraphic section above the incipient
growth of a basal decollement. The imbricate
thrust zone is characterized by the seaward
propagation of in-sequence thrusting with a
series of imbricate thrust slices. All these
thrusts sole into a regional-scale decollement. A
basal decollement zone separates stacked im-
bricate thrust sheets above from nearly undefor-
med sediments below. The out-of-sequence
thrust zone is characterized by downward migra-
tion of the decollement zone to a deeper level and
by the development of low-angle thrusts which
cut the previously deformed structure of accreted
sediments. As a result, the prism thickens sub-
stantially and the slope steepens relative to the
other two zones. Such tectonic divisions and
accretionary process are similar to other active
accretionary wedges, although there are also
minor differences (e.g. Moore ¢t al., 1985).

6.2 Accretionary process of the Inuyama
Sequence

Figure 2la schematically illustrates ac-
cretionary processes of the Inuyama Sequence in
the frontal part of an accretionary prism, which
covers the protothrust, the imbricate thrust and
the frontal part of the out-of-sequence zones
(refer to Fig. 21b). This structural model is
improved from the model presented by Kimura
and Hori (1993).

Two significant geometric and kinematic con-
strains concerned with regional-scale structural
features are derived from the Inuyama Sequence:
(1) regional-scale geometry of the Inuyama
Sequence displays south-verging imbricate struc-
tures converging into a master sole thrust as
demonstrated in the cross-section of Fig. 6; (2)
the master sole thrust truncates the underlying
Unit D. These features of regional-scale thrust
system correlate with the structural features of
the out-of-sequence thrust zone in active
wedges.

In Fig. 21a, the rectangle D, located within the
out-of-sequence thrust zone, approximates the
cross—section of the Inuyama Sequence shown in
Fig. 6. The master sole thrust is regarded as a
low-angle out-of-sequence thrust, along which

the Inuyama Sequence was thrust over the
younger Unit D. The master sole thrust is illus-
trated to have been rooted into the decollement
in Fig. 21a, so that a series of thrust sheets can
turn to converge into a basal decollement of a
prism, as shown in Fig. 21a, after restoring the
dislocation along the out-of-sequence thrust. In
Fig. 21a, the decollement is inferred to have
occurred within the lowest siliceous claystone
interval, because the underlying rocks were se-
parated from the accreted rocks and were not
exposed. Itisillustrated in Fig. 21a that oceanic
crust was subducted below the decollement.
The master sole thrust of the Inuyama Sequence
is one of boundary faults, by which the Mino-
Tamba Jurassic accretionary complex is sub-
divided into major tectonic units. Accordingly,
the other boundary thrusts may also have been
developed as major out-of-sequence thrusts of
accretionary wedges.

Each thrust sheet has four types of major
thrust faults, as described in the previous section:
(1) the intrasheet detachment along the siliceous
mudstone horizon, which subdivides each thrust
sheet into a lower sheet and an upper sheet, (2)
imbricate thrusts within the upper sheet, rooted
into the intrasheet detachment, (3) duplex struc-
tures within the lower sheet, and (4) a sole thrust
of each thrust sheet.

From comparison with structural styles and
kinematics of the frontal part of an active prism,
Kimura and Hori (1993) regarded the intrasheet
detachment as an initial decollement zone, im-
bricate thrusts within the upper sheet as in-
sequence thrusts at the toe of a prism, and a sole
thrust as an out-of-sequence thrust in the out-of
-sequence thrust zone, and attributed the forma-
tion of duplex structures to underplating at the
base of a prism. This study further provided
detailed geometry and kinematics of duplex
structures and sole thrusts in the Inuyama
Sequence. These newly obtained data allow us to
clarify accretionary processes in detail.

On active wedges, although seismic reflection
studies have not succeeded in revealing internal
structures of underplated sections, the formation
of duplexes is commonly considered to be an
important mechanism for underplating in ac-
cretionary prisms (i.e. Silver et al., 1985; Moore
et al., 1985; Sample and Fisher, 1986). This idea
is supported by the presence of a few regional-
scale duplex structures from on-land exposed
accretionary complexes (Sample and Fisher,
1986; Murata, 1991; Tokunaga, 1992).

Geometrical features and structural fabric of
duplex structure in the Inuyama Sequence, de-
scribed in the previous section, have revealed
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Fig. 22 Line drawing of a seismic reflection section of the frontal Barbados Ridge prism at latitude 13°20'N
(after Brown and Westbrook, 1988). The upper part of trench-filled section is offscraped in front of the
prism, while the lower part is underplated at the base of the prism. Note that an underplated section
of a horizon X is successively truncated by landward-dipping imbricate thrusts at larger spacing interval
than the frontal thrusts at the toe. These truncations may correspond to the sole thrusts of thrust sheets

in the Inuyama Sequence.

that (1) a progressive deformation of formation
of duplexes below the intrasheet detachment
took place in association with south-verging
thrusting, and (2) duplex structures are crosscut
by a series of low-angle thrusts, the basal one of
which correlates with a sole thrust of Sheet 4.
The cross relationship between a duplex struc-
ture and a sole thrust indicates that the forma-
tion of duplex was followed by stacking along
sole thrusts. Hence, sole thrusts are not regard-
ed as in-sequence thrusts, but a kind of out-of-
sequence thrusts.

The other structural features of sole thrusts
are summarized as follows: (1) sole thrusts were
rooted into a basal decollement, (2) the attitude
of sole thrusts is generally consistent with a
homoclinal structure within the upper sheet of
each thrust sheet as shown in Fig. 6, and (3) a
series of sole thrusts displays flat-ramp-flat
structures in Fig. 6. The first two features
imply that sole thrusts were generated by
reactivation of preexisting thrusts such as in-
sequence thrusts and a basal decollement along
their almost entire lengths. The last feature sug-
gests that a series of sole thrusts were developed
sequentially seaward.

According to classifications of out- of -
sequence thrusts by Morley (1988), the sole thrust
correlates approximately with an end member of
out-of-sequence thrusts, an older in-sequence
thrust which is reactivated along their entire

length. Hence, sole thrusts of thrust sheets dif-
fer from out-of-sequence thrusts in the out-of-
sequence thrust zone of active prisms. I call the
sole thrusts ‘ later-stage imbricate thrusts’ here-
after.

Recent studies of active prisms indicate that
underplating occurs not only in the out-of-
sequence thrust zone, but also in the imbricate
thrust zone (e.g. Westbrook and Smith, 1983;
Kagami, 1985; Brown and Westbrook, 1988;
Taira et al., 1988). Among these sections, a
seismic profile section from the Barbados Ridge
Complex, as shown in Fig. 22 (after Brown and
Westbrook, 1988), offers the best clear structural
section that implies the underplating of a tur-
bidite sequence and hemipelagite, and associated
structural style. This seismic profile suggests
that underplated section was progressively
stacked by the reactivation of some in-sequence
thrusts along their entire length and further
extensions to the basal decollement. Structural
features of this seismic profile section and its
kinematics offer a modern analog of underplat-
ing and later-stage imbricate thrusting in the
Inuyama Sequence, as illustrated in Fig. 21la.
Thrusting along the sole thrust of thrust sheets is
likely to lead to shortening and thickening of
strata within the upper sheet in association with
reactivation of in-sequence thrusts which link
the overlying sole thrust to the intrasheet detach-
ment.
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In summary, this study offers a deformation
process of four-stage for the Inuyama Sequence
in the context of structural evolution of the
accretionary prism, ranging from the imbricate
thrust zone to the frontal out-of-sequence thrust
zone (Fig. 21a). (1) The stratigraphic section
above the decollement was offscraped by in-
sequence thrust faulting with forward propaga-
tion in the frontal part of the prism. This off-
scraping process was followed by (2) underplat-
ing of hemipelagic and pelagic intervals to the
base of the prism, which formed duplex struc-
tures with fault-related folds. This deformed
section got a secondary stacking by (3) later-
stage imbricate thrusting due to reactivation of
some in-sequence thrusts and their extension to
the decollement, resulting in the formation of a
series of regional-scale thrust sheets. These
three stages of deformation process successively
took place in the imbricate thrust zone. Finally
(4) these imbricated thrust sheets were uplifted
over a younger accreted section by out-of-
sequence thrusting, leading to substantial thick-
ening of the prism in the out-of-sequence thrust
zone.

7. Conclusions

Structural study of the Inuyama Sequence in
the Mino-Tamba Belt, central Japan demon-
strates accretionary processes of offscraping,
underplating and out-of-sequence thrusting.
Kimura and Hori (1993) described the structural
features of the Inuyama Sequence as follows: 1)
the Inuyama Sequence is characterized by the S
-verging imbricate fan system of the thrust
sheets having oceanic plate stratigraphy, which
are subdivided into two lithotectonic units separ-
ated by an intrasheet detachment zone, and 2) F,
mesoscopic folds in ribbon chert are closely
related to thrusting, and 3) the offscraping ac-
cretionary process followed by down-stepping of
the decollement and out-of-sequence thrusting.
This study further demonstrates the structural
evolution of accretionary process as the follow-
ing.

(1)The lower sheet of a thrust sheet, which is
below the intrasheet detachment, displays a for-
ward-dipping duplex overprinted by recumbent
folding and out-of-sequence thrusting and other
type of large scale structure such as the forward
limb of a fault-bend fold or a antiformal stack.

(2)The sole thrust of the Inuyama Sequence
with tectonic melange zone was activated as out
-of-sequence thrusting.

(3)Slip vectors of thrusting from major thrust
faults at eight localities were measured using the

pitch of slickenlines, asymmetric shear fabrics,
drag folds and a mesoscale hinterland-dipping
duplex. The resulting slip vectors trend between
SSE and SSE with respect to the N60° E regional
trend of the Inuyama Sequence. This direction is
consistent with those derived from mesoscopic F,
folds reported by Kimura and Hori (1993).

(4)The structural model of the overall accre-
tion of the Inuyama Sequence, which is improved
from the model presented by Kimura and Hori
(1993), is characterized by a four-stage deforma-
tion process consisting of in-sequence thrusting,
underplating, later-stage imbricate thrusting and
out-of-sequence thrusting, ranging from the im-
bricate thrust zone to the frontal part of the out
-of-sequence thrust zone in active accretionary
prisms.
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