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ABSTRACT

We carried out a U-Pb geochronological study of the Motodo, Ashidani, and Otani formations in the Hida
Gaien Belt of the Kuzuryu area, Fukui Prefecture, in the northeastern part of Southwest Japan, to constrain their
age of deposition. The LA-ICPMS U-Pb zircon ages we newly obtained are as follows. Andesitic volcaniclastic
conglomerate and tuff breccia of the Lower Member of the Motodo Formation were dated at 254.2 + 2.5 Ma (20)
and 253.0 = 3.6 Ma, respectively. A granodiorite clast of the Middle Member of the formation was dated at 252.6 +
3.6 Ma. The detrital zircons from the sandstone of the Middle Member of the Motodo Formation and the Ashidani
Formation both showed a unimodal age distribution centered at 272-271 Ma. Volcaniclastic sandstone of the Otani
Formation showed a multimodal age distribution with peaks at 241 Ma, 433 Ma, 493 Ma, 1720 Ma, and 2409 Ma.
Considering the age of tuff breccia and the conformable or interfingering relationship between the members of the
Motodo Formation, we interpret that the formation is of Late Permian to Early Triassic age. The youngest age-peak
from the volcaniclastic sandstone of the Otani Formation, 243 Ma, presumably indicate the age of syn-sedimentary
volcanism, suggesting that the formation is of Middle Triassic age. The Paleoproterozoic zircons in the Otani
Formation, on the other hand, indicate the sediment supply from a continent in the Middle Triassic. Combining the
new data and the results of previous studies, it is concluded that the Hida Gaien Belt holds evidence for continual
volcanism from the Ordovician to the Late Triassic.
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INTRODUCTION

The Hida Gaien (or Marginal) Belt is the tectonic belt
between the Hida and Oeyama or Renge belts of the Inner
Zone of Southwest Japan, and consists mainly of Middle to
Upper Paleozoic and Upper Triassic shallow marine beds
(Tsukada et al., 2004; Fig. 1). The constituent rocks of the Hida
Gaien Belt sporadically occur in the Omi—Shirouma, Fukuji—
Takayama, Naradani, and Kuzuryu areas in the northeastern
part of Southwest Japan (Fig. 1). The belt has been famous for
the occurrence of Paleozoic, especially Middle Paleozoic mega-
and microfossils since the early twentieth century (e.g., Kozu,
1910; Kato, 1913; Kamei, 1952; Igo, 1956; Kawai et al., 1957;
Hamada, 1959; Kato, 1959; Igo et al., 1980; Tsukada and Koike,
1997; Kurihara, 2004).

The Hida Gaien Belt is also characterized by the abundance of
volcanic, pyroclastic, and volcaniclastic rocks, which have been
well dated in the Fukuji-Takayama area. Ordovician or older
mafic volcanism is recorded in the Iwatsubodani Formation
(Tsukada, 1997), Ordovician—Silurian felsic volcanism in the
Hitoegane Formation (Tsukada and Koike, 1997; Tsukada,
1997), Devonian felsic volcanism in the Yoshiki Formation
(Kurihara, 2004), Carboniferous mafic and felsic volcanism
in the Arakigawa Formation (Isomi and Nozawa, 1957),
Early—Middle Permian felsic volcanism in the Mizuyagadani
Formation (Niko et al., 1987), Middle Permian mafic to
intermediate volcanism in the Sorayama Formation (Tsukada et
al., 1999; Tsukada and Takahashi, 2000), and Late Triassic felsic
to intermediate volcanism in the Tandodani Formation (Tsukada
et al., 1997; Tsukada and Niwa, 2005). Volcanic and related
rocks are also abundant in the Kuzuryu area of the Hida Gaien
Belt: e.g., in the Kagero, Shibasudani, Konogidani, Tomedoro,
Motodo, and Otani formations as described in a later section.
Although the ages of the Kagero and Shibasudani formations
have been determined by radiolarian biostratigraphy as Early
Silurian and Late Silurian—Devonian, respectively (Kurihara,
2003, 2004), and Late Cretaceous K-Ar and Ar-Ar plagioclase
ages were reported from the Konogidani Formation (Matsumoto,
2012b), many age-unknown formations have remained. The
insufficiency of biostratigraphical and geochronological data
impedes the full understanding of the geologic development of
Southwest Japan.

In this paper, we report newly obtained LA-ICPMS (laser
ablation inductively coupled plasma mass spectrometry), U-Pb
zircon ages from the Motodo, Ashidani, and Otani formations in
the northern part of the Kuzuryu area, Hida Gaien Belt. As will
be discussed later, the data suggests that these formations are of
Late Permian or Triassic age, quite discordant with the major
opinion that correlates the Motodo Formation with the Lower
Cretaceous Kanmon Group in western Southwest Japan. Hence
we compare the detrital zircon age distributions of the Motodo
Formation and Hayama Formation, which is correlated with the
Kanmon Group, as a control test. Finally we discuss the tectonic
setting of the Late Permian—Triassic volcanism recorded in the
Motodo and Otani formations.
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FIGURE 1. Index map showing the distribution of the constituent rocks
of the Hida Gaien Belt and the location of the Kuzuryu area drawn in
Fig. 2. Modified after Tsukada et al. (2004).

GEOLOGIC SETTING
Kuzuryu area of the Hida Gaien Belt

The Kuzuryu area lies in the southwestern part of the Hida
Gaien Belt. The constituent rocks of the Hida Gaien Belt widely
occur in the area and have been studied by many researchers (e.g.,
Kawai et al., 1957; Maeda, 1961; Kurihara, 2003; Otoh et al.,
2004; Fukui Prefecture, 2010; Matsumoto, 2012b). The Kuzuryu
area is mainly occupied by the following geologic units: the
Ise Metamorphic Rocks of the Renge Belt metamorphosed in
Late Carboniferous—Early Permian age (Kunugiza et al., 2004),
Lower Silurian Kagero Formation, Upper Silurian—Lower
Devonian Shibasudani Formation, Lower Devonian Kamianama
Formation, Carboniferous Fujikuradani Formation, Upper
Carboniferous Nagano Formation, Middle Permian Oguradani
Formation, Upper Cretaceous Konogidani Formation, age-
unknown Tomedoro, Motodo, Ashidani and Otani formations,
and Middle Jurassic-Lower Cretaceous Tetori Group (Fig. 2).
Among them, we studied the age-unknown Motodo, Ashidani,
and Otani formations. Here we introduce the outline of the three
formations.

Motodo Formation

The Motodo Formation (Kobayashi, 1954; Yamada, 1967)
extends eastward from the type locality, some 20 km to the west
of the Kuzuryu Dam, to the south of Otani (Kawai et al., 1957,
submerged in Lake Kuzuryu-ko at present; Fig. 2). There are
also narrow exposures of the formation near the upper stream of
the Konogidani Valley. The formation strikes east to ENE and
dips 30°-60°S, quite discordant with the geologic structure of
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the Tetori Group that dips and faces to the north. The Motodo
Formation consists of the Nakajima Tuff Breccia, Wasadani
Conglomerate, and Kumokawa Conglomerate members, in
ascending order (Ono and Takeuchi, 2001). The Wasadani
Conglomerate Member conformably covers the Nakajima
Tuff Breccia Member, whereas the Kumokawa Conglomerate
Member conformably covers or interfingers with the Wasadani
Conglomerate Member. The total thickness of the formation
exceeds 1,000 m (Ono and Takeuchi, 2001; Matsumoto, 2012b).

The Nakajima Tuff Breccia Member consists of andesitic tuff
breccia and volcanic breccia with blocks and lapillis of andesite
lava and pyroclastic rocks contained in the matrix of lithic tuff
(Ono and Takeuchi, 2001). The tuff breccia and volcanic breccia
rarely contain pebble- to cobble-sized limestone clasts that yield
Middle Permian fusulinids such as Lepidolina toriyamai (Omura,
1968).

The Wasadani Conglomerate Member consists mainly
of matrix-supported, ill-sorted massive conglomerate and
dark green or reddish purple sandstone. The conglomerate is
composed of pebbles to boulders of granitoids, felsic volcanic
rocks, limestone, and mafic volcanic rocks contained in the
matrix of dark green to dark gray coarse sandstone. The clasts of
granitoids and felsic volcanic rocks tend to be larger and better-
rounded, whereas those of the other rock types tend to be smaller
and worse-rounded. Ono et al. (2003) reported CHIME zircon
ages of 201 + 20 Ma and 202 + 30 Ma (Late Triassic—Early
Jurassic) from granodiorite pebbles of the member.

The Kumokawa Conglomerate Member consists mainly of
clast-supported, moderately- to ill-sorted, bedded reddish purple
conglomerate and reddish purple sandstone. The conglomerate
is composed mainly of pebbles and cobbles of reddish purple
sandstone and mudstone, along with rare limestone clasts (Ono
and Takeuchi, 2001). The limestone clasts yield Middle to Late
Permian fusulinids such as Codonofusiella sp., Reichelina sp.,
and Yangchienia sp. (Omura, 1968).

The data set as well as the lithological resemblance (dominance
of red beds) has become a strong basis to believe that the
Motodo Formation is correlated with the Lower Cretaceous
Kenseki Formation or Kanmon Group in the western part of
Southwest Japan (Kobayashi, 1954; Kawai et al., 1957; Ono
et al., 2003; Matsumoto, 2012b). Omura (1968), on the other
hand, proposed that the Motodo Formation is an Upper Permian
to Triassic formation from the following reasons: (1) the
Motodo Formation yielded no Mesozoic fossils; (2) the Motodo
Formation, dipping steeply to south along with the Paleozoic
formations, was presumably older than the Middle Jurassic to
Lower Cretaceous Tetori Group, which dipped gently to north; (3)
the paleomagnetic poles of the Motodo Formation and Kanmon
Group differed from each other.

Ashidani Formation

The Ashidani Formation (Kawai, 1956) extends eastward
from the type locality on the east of the Kuzuryu Dam to the
upper stream of the Akubaradani Valley (Fig. 2). The formation
strikes WNW to ENE, dips 60°-90°S, and apparently overlies
the Motodo Formation near the upper stream of the Konogidani

Valley. The apparent thickness of the formation is 1,000 m.
The Ashidani Formation consists of greenish gray, medium- to
coarse-grained sandstone and black mudstone, with a thin layer
of conglomerate and lenticular limestone bodies. The formation
has been strongly sheared and exhibits distinct schistosity and
lineation. The schistosity is defined by parallel arrangement
of the (001) plane of micas and/or the xy-plane of stretched
sand grains (x >y > z), and is parallel to the bedding plane.
The lineation defined by parallel arrangement of the x-axis of
stretched sand grains lies on the schistosity and gently plunges
to west or east. A lenticular limestone body near the type
locality yields Late Carboniferous fusulinids such as Fusulinella
pseudobocki (Kobayashi, 1954). Matsumoto (2012a) reported
SHRIMP U-Pb ages of detrital zircons from the Ashidani
Formation. He found that the age of detrital zircons ranges
between 280 Ma and 220 Ma and inferred that the Ashidani
Formation is a Triassic formation.

Otani Formation

The Otani Formaiton (Yamada, 1967) shows east-trending,
long and narrow distribution around the type locality at Otani,
along the lower stream of the Konogidani Valley (Fig. 2). The
formation strikes east and dips 60°—90°S. The apparent thickness
of the formation near the type locality exceeds 500 m. The
formation also occurs to the south of Lake Kuzuryu-ko (Fig.
2). The Otani Formation consists of conglomerates with the
dark green to dark brown matrix of altered andesitic to basaltic
volcaniclastic sandstone. The conglomerate is very ill-sorted,
containing grains of various sizes ranging from 0.5 mm to 70 cm,
and is rounded to sub-angular. Moreover there are some mappable
blocks (mainly of limestone) with the longest dimension of up
to several hundred meters. According to Matsumoto (2012b), the
clast composition of the conglomerate in an outcrop on the left
bank of the Konogidani Valley was andesite (33 %), basalt (24%),
limestone (15%), granite (9%), rhyolite (7%), and gabbro (6%),
in descending order. The limestone pebbles yield a coral fossil
Favosites sp., and fusulinids such as Fusulinella sp., Triticites
sp., Obsoletes sp., Schubertella kingi, Schwagerina japonica,
and Lepidolina kumaensis (Kawai et al., 1957; Yamaguchi and
Ota, 1965; Yamada, 1967; Matsumoto, 2012b). In addition, the
Metal Mining Agency of Japan (1980) reported whole rock K-Ar
age of 159.3 + 8.0 Ma from an andesite pebble of the Otani
Formation near Loc. 12111003 (Ichinomata bridge; Matsumoto,
2012b).

Nariwa area of the Akiyoshi Belt, Okayama Prefecture

The Nariwa area lies in the southern part of the Akiyoshi Belt
in the eastern Chugoku Mountains, Southwest Japan (Fig. 3).
The Nariwa area consists mainly of the Permian accretionary
complex of the Akiyoshi Belt, composed of Carboniferous to
Middle Permian reef limestone and chert and Middle Permian
terrigenous clastic rocks and felsic tuff (e.g., Sano et al., 1987).
The Upper Triassic shallow marine to terrestrial clastic rocks
of the Nariwa Group unconformably overlies the accretionary
complex (Otoh, 1985), and the Lower Cretaceous fluvial
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FIGURE 3. Simplified tectonic map of the eastern Chugoku Mountains
showing the sampling location of the Hayama sandstone (sample
13042802). Abbreviations—MB: Maizuru Belt, M.T.L.: Median
Tectonic Line, UTB: Ultra-Tamba Belt.

deposits of the Hayama Formation unconformably overlies them
(Suzuki et al., 2001).

Hayama Formation

The Hayama Formation (Suzuki et al., 2001), 300 m thick,
occurs in the northwestern part of the Nariwa Town, Takahashi
City, Okayama Prefecture. The formation was called the Kenseki
(or Inkstone) Formation (Kusumi et al., 1965) in the twentieth
century. The Hayama Formation consists characteristically
of upward fining red fluvial clastic rocks and is divided into
two members: the Eda Conglomerate Member and Sora
Mudstone Member, in ascending order (Suzuki et al., 2001).
The Eda Conglomerate Member consists mainly of limestone
conglomerate with minor clasts of chert, sandstone, and felsic
tuff, and is associated with red sandstone layers. The Sora
Mudstone Member consists mainly of red to reddish purple
mudstone, interlayered with red sandstone. Suzuki et al. (2001)
obtained a fission track age of 101 £ 4 Ma from zircons in a
felsic tuff layer of the Sora Mudstone Member and concluded
that the Hayama Formation is correlated with the Aptian
Shimonoseki Subgroup of the Kanmon Group in the western
part of Southwest Japan.

SAMPLE DESCRIPTIONS

We studied the following six samples and constrained their
age of deposition: (1) andesitic volcaniclastic conglomerate
of the Motodo Formation, (2) andesitic tuff breccia of the
Nakajima Tuff Breccia Member of the Motodo Formation, (3) a
granodiorite cobble of the Wasadani Conglomerate Member of

the Motodo Formation, (4) a sandstone matrix of the Wasadani
Conglomerate Member containing the above granodiorite
cobble, (5) sandstone of the Ashidani Formation, and (6) granule
sandstone of the Otani Formation. In addition, we carried out a
preliminary study of (7) red sandstone of the Hayama Formation.
Here follow the description of the samples studied.

Andesitic volcaniclastic conglomerate of the Nakajima
Tuff Breccia Member (Sample 11110801; N35°51°33.1”,
E136°31°22.7”)

Sample 11110801 of the Nakajima Tuff Breccia Member
of the Motodo Formation was collected from an exposure of
the lowermost part of the member along the middle stream of
the Sasogawa River (Fig. 2). The sample was of volcaniclastic
conglomerate with pebble- to cobble-sized clasts of andesite
lava, andesitic lapilli tuff, and felsic vitric tuff contained in the
matrix of dark reddish purple andesitic tuff to lapilli tuff. The
conglomerate is ill-sorted, subangular to moderately rounded,
and matrix supported. We crushed the clasts and matrix of the
conglomerate together and collected zircon grains. The zircon
grains were mostly euhedral and colorless, with some brown
grains. They had columnar shapes with the aspect ratio ranging
from 1.3 to 2.8 (1.7 in average). All zircon grains showed
oscillatory zoning in cathodoluminescence (CL) images, a
common feature of igneous zircons (Corfu et al., 2003).

Andesitic tuff breccia of the Nakajima Tuff Breccia Member
(Sample 12082601; N35°51° 53.8”, E136°28° 52.6”)

Sample 12082601 of the Nakajima Tuff Breccia Member of
the Motodo Formation was collected from an exposure of the
lower part of the member along the Kumokawa River (Fig. 2).
The sample was of tuff breccia consisting of clasts of andesite
lava and felsic vitric tuff contained in the matrix of dark purple
lithic lapilli tuff. We did not separate the clasts and matrix,
crushed them together, and collected zircon grains. The zircon
grains were euhedral to subhedral and colorless. They had
columnar shapes with the aspect ratio of around 2.5. All zircon
grains showed oscillatory zoning in CL images.

Granodiorite cobble of the Wasadani Conglomerate Member
(Sample 12082602; N35°51°25.2”, E136°31°40.2”)

Sample 12082602 of the Wasadani Conglomerate Member
of the Motodo Formation was collected from an exposure
of conglomerate of the lower part of the member along the
Sasogawa River (Fig. 2). The sample was a granodiorite cobble
comprising plagioclase (47%; partly saussuritized and/or
sericitized), quartz (22%), biotite (19%; partly chloritized), and
pink K-feldspar (12%). The volume ratio of quartz, plagioclase,
and K-feldspar was 27 : 58 : 15. The zircon grains we collected
were euhedral to subhedral and colorless. They had columnar
shapes with the aspect ratio ranging from 1.6 to 2.8 (mostly 2.5).
All zircon grains showed oscillatory zoning in CL images.
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Sandstone of the Wasadani Conglomerate Member (Sample
12082603; N35°51°25.2”, E136°31°40.2”)

Sample 12082603 of the Wasadani Conglomerate Member of
the Motodo Formation was collected from the same exposure
with sample 12082602 (Fig. 2). The sample was of feldspathic
arenite composing the matrix of conglomerate, and consisted
of feldspars (50%; partly saussuritized and/or sericitized), rock
fragments (21%), single quartz (20%), and matrix (9%). The
zircon grains we collected were mostly subhedral to anhedral
and colorless, with rare brown grains. They had columnar shapes
with the aspect ratio ranging from 1.6 to 3.2 (2.3 in average). All
zircon grains showed oscillatory zoning in CL images.

Sandstone of the Ashidani Formation (Sample 12111007;
N35°53°21.6”, E136°40°48.8”)

Sample 12111007 of the Ashidani Formation was collected
from an exposure along a logging road to the east of Mt.
Washikuradake (Fig. 2). The sample was of bedded lithic arenite
in the upper part of the formation, containing lithic fragments
of mudstone, felsic volcanic rocks, and chert. The sandstone
was ill- to moderately-sorted, sub-angular and had undergone
cataclastic deformation. The zircon grains we collected were
mostly euhedral to subhedral and colorless, with rare brown
grains. They had columnar shapes with the aspect ratio ranging
from 1.6 to 3.0 (2.4 in average). All zircon grains showed
oscillatory zoning in CL images.

Sandstone of the Otani Formation (Sample 12111003;
N35°52°49.2”, E136°43°39.5”)

Sample 12111003 of the Otani Formation was collected
from an exposure along a branch of the Akubaradani Valley to
the north of the Ichinomata bridge (Fig. 2). The sample was of
volcaniclastic sandstone—granule conglomerate composing the
matrix of ill-sorted conglomerate of the Otani Formation. The
sample consisted mostly of subangular fragments of altered
andesitic volcanic rocks with minor single quartz and feldspar
grains. The zircon grains we collected were mostly euhedral and
colorless, with rare brown grains. They had columnar shapes
with the aspect ratio ranging from 1.4 to 2.7 (2.0 in average). All
zircon grains showed oscillatory zoning in CL images.

Sandstone of the Hayama Formation (Sample 13042802;
N34°47°58.4”, E133°30°45.8”)

Sample 13042802 of the Hayama Formation was collected
from the lower part of the formation (Eda Conglomerate
Member), at an exposure along the middle stream of the
Shimagigawa River to the northwest of Nariwa Town, Takahashi
City, Okayama Prefecture (Fig. 3). The sample was of bedded
lithic arenite intercalated in thick red conglomerate beds of
the Eda Conglomerate Member. The sample consisted of lithic
fragments (60%), feldspar (20%), quartz (13 %), and matrix (7%).

The lithic fragments were mainly of felsic volcanic rocks. The
zircon grains we collected were mostly euhedral and colorless,
with rare brown grains. They had columnar shapes with the
aspect ratio ranging from 1.5 to 3.0 (2.4 in average). All zircon
grains showed oscillatory zoning in CL images.

ANALYTICAL METHOD

The zircon samples for analyses were prepared in accordance
with the procedures described in Kawagoe et al. (2012). The
measurement was carried out on laser ablation inductively
coupled plasma mass spectrometers (LA-ICPMS) equipped in
the (1) Earthquake Research Institute of the University of Tokyo
(ERI), and (2) Graduate School of Environmental Studies,
Nagoya University (NU).

The ICPMS instrument equipped in ERI was a Thermo
Elemental Plasma Quad 3 quadropole-based ICPMS connected
with a New Wave UP-213 LA system, which used the frequency
quintupled Nd-YAG 213-nm wavelength (Orihashi et al., 2008).
The measurement conditions were as follows: the ablation pit
size of 30 um, energy density of 11-13 J/cm?, and pulse
repetition rate of 10 Hz. The analyses were carried out in a peak-
jumping mode and the peaks of **Hg, **Pb, *’Pb, **Pb, **Th, and
U were monitored. Data were acquired in sequences of 28
analyses, consisting of 5 analyses of gas blank, 4 NIST (National
Institute of Standards and Technology, U.S.A.) SRM 610 glass
standard, 1 standard zircon (91500 zircon with the **Pb/**U age
of 1062.4 + 0.4 Ma; Wiedenbeck et al., 1995), 9 unknown, 4
SRM 610 standard, and 5 gas blank.

The ICPMS instrument equipped in NU was an Agilent 7700x
quadropole-based ICPMS connected with a New Wave Research
NWR-213-type LA system, which used the frequency quintupled
Nd-YAG 213-nm wavelength. The measurement conditions,
optimized to reduce matrix effects, were as follows: energy
density of 11.7 J/em™, pulse repetition rate of 10 Hz, pre-
ablation time of § s, ablation time of 10 s, and the ablation pit
size of 25 pm (Kouchi et al., 2012). The analyses were carried
out in a peak-jumping mode and the peaks of **Hg, **Pb, *’Pb,
*%Pb, **Th, and **U were monitored. Data were acquired in the
same sequences with the ERI system.

RESULTS

We sampled an outer part (rim or mantle) of collected zircon
grains with the laser ablation technique, and analyzed with
the ICPMS. After the analyses we processed the data with the
Microsoft Excel and Isoplot 3.70 softwares (Ludwig, 2008) and
drew various diagrams shown in this paper. Here follow the
results of our analyses (Table 1).



23

LATE PERMIAN-TRIASSIC VOLCANISM IN THE HIDA GAIEN BELT, SOUTHWEST JAPAN

€90 0°L6 T+ TLT '8 F RORT STO0 ¥ 80E°0 E100°0 F SvP00 vFI-SSOM FOTL B06 81 F 8LT ¢ F BTST 0T0°0 * SI1E0 L8000°0 F 000F0°0 #1°1-8 DM

960 €101 1€ F 68T 6°LF 0°68T 9€0°0 ¥ 60 €100°0 F TSRO0 €FI-SSOM Bl 6't6 91 F 65T TS F I'ErT 810°0 ¥ 06T°0 T8000°0 F THRE0'0 £1°1-8 DM
0L0 TTOL LTF LOE TLF €00€ 1€0°0 F €S£°0 110070 F LLVO'O TEI-SSOM 1T1 9°T6 SIF L9T 0S¥ TLHT L1070 ¥ 10€°0 080000 F 016£0°0 T1'1-8 DM
€60 1°€01 1€ ¥ €92 SLF TEST SE0°0 F 96T°0 TI000 F vOFO'0 TFI-5SDM €51 €96 Tl ¥ 79t 6F F 1'€sC FIOO F S6T°0 LLOOO'O F $00F00 [1°1-8 DM
990  L'66 S€F 86T €8 F S8ST 6E0°0 F 6870 €100°0  60¥0°0 OF'I-SSDM TEL 17001 SIF ST £6F BEST LID0 F ¥8T°0 #8000°0 ¥ 910£0°0 01°1-8 DM
€80 676 0€ ¥ €LT 08 F 6T €00 F 60£°0 €100°0 F L9F0O'0 6E1-5SDOM  TF1  6'L6 TI F 65T 8F F 9€CT €100 # 16T°0 9L000°0 F €10F0°0 6'1-8 DM
980 TH6 9T ¥ TET 0L ¥ 699C 600 F 1820 L1000 ¥ €TPO0 BEI-SSOM TO'L 9°L8 61 F 06T §9F £PSC o ¥ 1€8°0 0100°0  TOPO0 81-8OM
950 601 LEF 00€ 88 F §68T THO0 F £FE0 FI00°0 F €500°0 LEI-SSOM 00'1  S°L8 vl F 16T 09 F 9%ST 9100 F TEEO S6000°0 F 6T0F0'0 L'1-3 DM
IL0 €801 LTF 16T 69 F §897 1€0°0 F TEEO 110070 F STHO'0 9€1-5SDM 11T 0°F01 81 F 94T €9 F L'6ST 0700 F #LTO 01000 F SOF0'0 9 1-8 oM
98°0 T8O1 1€+ 96T 9LF RELT 9€0°0 ¥ 6££°0 CLO00 F PEFOD SEI-SSOM TIL 401 1T+ v¥T 89 F LPST £20°0 F 1LT0 11000 F €0v0°0  §1-8OMm
790 L001 9¢ ¥ TLT 98 F 969C 0F0°0 F LOEO FI000 F LTPOO PEISSOM 1€ 966 €1 F €9C T9F LE9T S10°0 # 86T0 860000 F 9LIF00 +'1-8 DM
680 ['SIT LEF 06T I8 F LI5C THOOF 0£E0 EI000 F S6£0°0 EE€1-55OM  0T1 €86 91 ¥ £9¢ £9F 8'8CT B10°0 ¥ 96T°0 0100°0 F 01700 €1-8 DM
690 FEI LEF LNT E8F FCeC P00 F LIED E[00°0 F pOFOD ZET-SSOH BF1 0101 £1 F $§T 1'9F §95T SI0°0  ¥8T°0 960000 F 650F0°0 T'1-8 DM
€S0 €96 € F 61T 06 ¥ €85C THO0 F LLTO FI00°0 F 60F0°0 TE1-550M 811 L'L6 S+ 18T 09 F 0§HT LI0D0 # 08T0 60000 F $LEEO0 1'1-8 DM
681 97T01 81 F 65T ¥eF TUST 0T0°0 ¥ 06T°0 9800070 ¥ 066£0°0 O£ 1-SSOM  (WT'ORIEIETT “WT'STIS, SEN FT09080T1) 219G0D) OIPOURID SIIGUIJA HEINWO[FUO)) [UBPESEAL
€90  S$'86 €€ F €LT I'§$ ¥ 6'9LT LEOO F 80£°0 €100°0 F 6£F0°0 6T 1-55 DM
650 011 LEF 08T £8F 6°TST P00 F LIEO £100°0 ¥ 00F0°0 BTI-SSDOM #FO 866 v ¥ L8T T6F vrLT 9p0'0 F 9TE0 SI00°0 ¥ SEF00 FI'T-IN
850 STO1 e ¥ 08T BLF PELT 9€0°0 ¥ 8170 CTLO00 F €EPO'0 LTI-SSOM 0OL°0 €06 viF 11g 89 F ¥08C 9100 F 8SE0 11000 ¥ $PP0O0  €1'TLN
€50 096 TTF 19 T9F 671LT STO0 F €6T°0 8600000 F B0EF00 9T I-SSDM  1L°0 17101 £€F 9LT 98 F S6LT LEODO F EIE°0 FI000 F €600  TI'TIN
L9 L'l 8¢ F ¥LT 06 ¥ L08T £P0°0 F 01E0 FLOOO F SPPO'0 STI-S5DM €90 676 £CF 66T YLF 9LLT 9200 F TFEO TLOO'0  0PFO0  T1'TIN
860 1°€01 €T F 19 09 F LTST 9700 ¥ £6T°0 F6000°0 F L6GEOO ¥TI-5SDM  8S0D 666 I F 6rT 6SF KT TI00 F LLT'O Fe000°0 F 6T6E0°0 OI'T-LN
990  t'L6 9¢€ ¥ 0LT L8 F 69LT 1+0°0 F +0£°0 FI000 F 6£V0°0 ETI-SSDOM 080  S'E6 LTF 1LT §LF T'EST 1€0°0 F 90£°0 TI000 ¥ 00FO'0  6'TIN
950 886 LEF BLT TeF 018C 00 F FIE0 S100°0 ¥ 900 TTI-SSOM 0F'0  1°LOI £€ F 08T L T89T LEOO ¥ 08T0 TIO0'0 + STPO'D 8TAN
'L Tool 8T F 69T ¥LF 965T TEO0 F 66T0 TIOO0 F 11F0'0 1TI-5SDM 890  L'S8 9T ¥ ¥I€ §9F LLLT 0E0°0 F 9LE0 01000 F 0bFO'0 L'TIN
w0 L'86 v ¥ 89T I ¥ LT 0S0°0 ¥ TOE0 LI000 F 0EF0'0 OT'I-SSOM L0 87001 STF UT 99 F L[ELT 620°0 F LOEO 0100°0 = ¥EFOD 9TIN
0S0 9t LEF 91T ¥eF 979C P00 F FLTO S100°0 F 91¥0°0 61'1-5SDM  BF'0  T66 YT F 09T T9F BULST LTO0 ¥ TETO 860000 ¥ [80v0°0 STIN
FLO 0L ir ¥ PEE F6F [C8C BPO0O F 680 SI00°0 ¥ TEPO0 SITT-5S0M  LL'O  S'L6 vl ¥ 08C 08 F 6TLT 9100 F LIEO 0800000 ¥ +TEFO0  H'TIN
L9°0 866 PEF 99C 98 F 99T 6€0°0 F 66T°0 FLOO0 ¥ TTRO'O LUTI-SSDM SO'L #7001 81 F €LT §¢F 0pLT 0200 ¥ 800 88000°0 ¥ [#EF0°0  €TIUN
90 66 9¢ ¥ TLT 68 F CELT 0F0°0 F LOEO FI00T0 F €EFO'0 9U'I-SSDM €90 17901 ¥l F 65T TSF TPLT 9100 F 06T°0 T8000°0 7 SHEFO'0  TTIAN
4 B B ) YT F LLT 69 F 989C 8T00 F ¥1E€0 1000 F 9Z¢0°0 SUI-SSDM 0F0  0°001 SEF PLT 6LF 6ELT 0F0°0 F 01£°0 €100°0 F FEFDO I'TIN
L9°0  Lt0l1 68 F 16T 96 ¥ 608C P00 F TEL0 S100°0 F SPPO'0 vI1-5S DM (.9°7S.87, 9€1 “W8'ES, IS, SEN 109080TT) B1221g [N MISIPUY HIIQUIB]A B1I2ag Jyn |, euifeyen
060 996 1T # §ST £9F £F9T £T0°0 ¥ 9870 01000 F 61F0°0 €115 DM
LF'0  L'66 9¢ ¥ €LT I'6 ¥ T9LT I¥0°0 F TIEO FIO00 F 8EF00 TITI-SSDOM €60 F'H6 SIF bLT 01 ¥ 65T LI0'0 ¥ 010 91000 F 60r0°0  TUI-LIN
1970 8°€01 €& ¥ 68T 01 # 8LT 6700 ¥ 6T£0 91000 F 1#P00 TI71-SSOM LVFOD  €L6 T+ 69T 0r 19¢ £10°0 ¥ £0E°0 91000 F FIv00  IUIRLIN
€' 0901 €T F LBT §9F R0LT 9T0°0 F LTEO 01000 F 6TF0'0 OU'I-SSOM L9D  L'86 Tl ¥ 85T 86 F 615T €100 # 9870 SI00°0 F 86£00  OI'I-IN
IL0 ool FCF SLT 69 F 9%ELT LTOO F 11E°0 L1000 F PEFO0 6'1°5SDM 190 €96 Tl = LST 96 F €L¥C £10°0 ¥ 88T0 SL00°0 F 1600 6'1°LN
€S0 SF01 0g€ F 10¢ 6L F 088T FEO0 F SHEO €100°0 F LSFOO  $'1-SSDM LSO TL6 vl F T9C 01 ¥ S§T 9100 F S§6T°0 91000 ¥ £0F00  ®ININ
€90 €96 LEF €9T 1T % TLT 00 F S6T0 LIOOO F TEK0°0 L 1-SSDM 090  S'T6 ¥l F 69T L'6 ¥ T6rT 9100 F +0£0 SI00°0 F v6E0°D  L'1-IN
950  vE0l 0EF 1LT voF TIOT £€0°0 ¥ 9080 SI000 * SIP0O0 97 1-SSOM #S°0  L'E6 £l F 89T 86 F L0ST S10°0 ¥ 10870 SI00°0 F L6E0D 91NN
91 tLOT 1T+ 6LT I'8 ¥ #65T ¥T0°0 F 91€°0 €100°0 F 11¥00  SI-SSDM #F0 096 I+ $9T LF LFST 100 F 66T°0 TIO00 F €0FO0  SI-IN
S0 8TO1 P F 98T Tl ¥ 8LT 0S0°0 ¥ 920 610070 F I¥F00 #1-55DM 950 8't6 Tl ¥ 89T &LF SIST €100 ¥ TOE0 TI000 F 86E00 #I-LN
£9°0 S001 6T F SLT 96 F 6ELT £E00 F 11E0 SI000 F vEFOD  €1SSOM EF'T  TB6 I+ §9T 8L F 909C £10°0 F 66T°0 TI000 # €170°0 € 1NIN
L90  6°LOT Ly F 10€ TI F 6LT SO0 F SHEO 02000 F TEPO'0 TI-SSOM 081 O°L6 I+ 09T §LF 9T TI00 # T6T0 TI00'0 ¥ 00FO'0  TI-IN
0L0  T'L6 9¢ ¥ L9T IT ¥ €LT I#0°0 ¥ 1020 L1000 9E¥0°0  1'1-SSOM 9%'0  8'L6 68 F S19C §LF L'SST 0100 F #6T°0 TLO0'0 + SOF00 I'1-1N
(W TORIEIETT “WT'STIS SEN E09080T 1) JU0ISPUES SIIGUIAJY e [BU0)) IUBPESEAY (uLTTIEIETT “W €L IS SEN STOB0LIIT) '[3D JSEIIUE[0A IPISIPUY LIIGUIATY BI2IIAG 0 |, eunifeen
nuL duos o, (BW)ATe N qd, o () 98 0 qd, LT Nyeo/dgg, ureiny AL dues o (W) ATe  jad, - (w) 2T ) ad, Mg/ g Mg/ el g ureiny

‘9je1owo[3u0) '[3)—uoneAdlqqy weidoisiy pue joid Asuap Ajiqeqoid ay) ur papn[oul Jou dI. JBY) SIUO JUBPIOISIP I SOI[BI Ul UMOYS SISA[euy
'$988 :/Ad,0; PUB Ner/Ady; UOIMIIQ SIUBPIOIUOD JO AINSBIW B SI (35 (./Qd,1)/(98B Nyer/Adisc)*00] = OUOI % “OT 3T SIOLID [[V "APMIS SIY) Ul pIZATeue Su0oIIz 10§ e1ep 01dojost qd-n T 4T19VL



Y. KAWAGOE, N. MORI, S. SANO, Y. ORIHASHI, K. YAMAMOTO, Y. ISHIZAKI, Y. KOUCHI AND S. OTOH

L To6 0€F 68T €LF 609T  FEODF 0€E0 ZI000 F €700 01°1-SV

8L0 £FF L+ a9 = L0 9600 F CFRO SIO00 F 8EFOO  671°SV
L0 €L6 SEF 0LT €6 F 169 0v00 F S0£0 SI00°0 F LIFODOD 818V
960 F08 0F ¥ 8IF FeF LT LPOO ¥ 89E0 SI000 * S0rP0°0 LISV
L0 T901 Lv ¥ LST Tl ¥ €Lt £50°0 F 6870 81000 F €€¥00 9ISV
[ LEF 96E 8y F 8 SPO0 F LLFO FIOODO F  6PF00 SISV
8L0 166 LeF 60¢ 0rF 90¢ P00 F SSE0 91000 F 98F0°0  tI-SV
€90 L°LOIT 9% F 05T I+ 69T 1[S00 F 6LT0 810070 = 9TFO0 £1-8V
990 1't6 6 F TEE 0r ¥ 60¢ SPO0 F L8E0 91000 ¥ 16¥0°0  TI-SV
160 T96 v ¥ 6T I F 18T 8F0°0 F EEE0 81000 F 9¥+0°0  9F' -8V €60 TTOI tEF S8T 6 F 606T 6E0°0 F $TE0 S100°0 = TOFO'0 "'1-SV
€L €66 61 F L9T '8 ¥ L'¢9C 0 F 1080 €000 F 1TH0'0 SF'1-SV (uZ8°8F.01 9ETT LS IT,E5 SEN *LOOTTITT) FUOISPUES IUOHEULIO ] UEPIYSY
0 TLe L1 ¥ €LT BLF 9697 61000 F 60£°0 TI00 * 1Tr00  #F -8V
080 TT6 SEF 6T £l F TLT €900 F 9£€°0 12000 ¥ 0£P0°0  EF'1-SV LLO vTOL SEF 9LT T6F L6e9T 6800 F £1£°0 S100°0 F LTYO0  LLT1-SS DM
o8 LLrl REF 6IC I+ 0L PO ¥ ESTO SI00°0 F LTPOO  THISY €60 €001 TF 9T TLF §T9C CTO0 F L6T0 11000 F 91#0°0  9L71-55 DM
190 €48 £FF LIS I+ 87 €00 F L9570 RIOOOD ¥ O0FFO0  TF ISV 1Lo 9ol SEF 6T ¥'6 F L68T 0F0°0 ¥ 9€£°0 ST00°0 F 09v0°0 SL1-SS DM
0 €96 e+ 18T 86 F €0LT 9E0'0 F 61E°0 SI000 F 8THO0 OF'1-SV  L90 €011 0€F T0E T8 F I'vlT  ¥E0°0 F LPED €100°0 F vEPO'0 FLT1-SS DM
9L'0  ST6 8E ¥ 68T 01 F L9C £P0°0 F 6TE0 LIOD0F €TPO0  6E'1-SV 901 0°101 € F 89T 98 F B'SHT SE0°0 ¥ TOE0 FLOOTO F 1TPO0  EL71-SS DM
0L0 IS8 £ F 90f £ F 19 190°0 ¥ ISE0 0co00 = CIr00 SEI-SVY ?6'0  TEOl 9T F PLT LULF §69T 0€0°0 ¥ 01E°0 CI00'0 F 0TYO'0  TL'I-SS DM
or 08 It ¥ FIf I+ L€C LPO0O F 2950 RIOODO F LOPOO  LETSV €90 1’16 SEF EET Lo+ ¥LLT 0r0'0 = £8T0 S100°0 F OFP0O'0 IL71-5S DM
L 0ol €0 F 65T 96 F £65T 9200 F 16T°0 SIO00F 11¥0°0  9€71-SV  BLO 6801 PEF 68T 06+ 8€9C 800 F 0EL0 PLOO'0 F [TP0°0 OL71-5S DM
Tl 616 ¥TF 86T 01 ¥ LT 800 F 1¥E0 91000 ¥ ££+0°0  SETI-SV 890 9101 tlF 09T £9F 09¢T SI0°0 ¥ TET'O 01000 F SOFO0D 6971-55 DA
9L'0 L7101 8r ¥ €0€ PL ¥ 60t SO0 F 8PE0 €000 F 0600 PEISY 790 866 €€ F 8T 6'8F L8PT  LEO0F LLTO PLOOTD F €6£0°0  891-SS DM
91 £001 ¥TF LLT 01 ¥ 6LT LTOOF #1€0 91000 ¥ THFO0  ELTI-SV 8L0 6011 €€ F 88T B8 F F6sT 8E0°0 F LTED FI00°0 F 11v0°0 LO71-55 DM\
040 TLE € F 165 or* 617 SLO0 F 68L70 9100°0 F 9rE00  CETSV L0 €756 Yo F 19T 08 F I'tLT LTO0 F £6T°0 €100°0 F $EPO0 9971-5S DM
80 9E8 Ly ¥ PIE arF e FEO0 F 90 0co00 ¥ SIP00  1E1°8V 690 ¥l €€ F 86T §6F E8RT 8€0°0 F TFED S100°0 ¥ 8SPO'0 S971-55 DM
8L0 6'€01 8¢ F €6T L8 8v0¢ £P0°0 F SEED PIOO0 F $8POC0 O[SV €90 +'801 St ¥ 9l1¢ L1+ 16T TE0°0 ¥ €920 8100°0 F T9P0'0 #9°1-55 DM
980 166 €€F 9LT SLF O0ELT LED'OF TIE0 TI000 ¥ £E40°0 6T I8V 96’0 1011 LT F 68T 8L F F8ET 0€0°0 * +TE0 TI00'0 F 60F0°0 £971-55 DM
SL'0 0766 €T F LT vSF L0LT 9T0°0 F 6080 980000 F 68TY00 8T [-SV ot 96 1T+ 69T UL gelt Y00 F ¥0E°0 CLOO'0 + €FPO0 TY'1-SS DM
't €6 9T F 16T 09 F THLT 0E0°0 F TEEO 600070 F 9FEr00 LTI-SV 90 066 CF 1L 8L F FELT STO0 ¥ 90£°0 TI0O0 F €EVO°0 197155 DMy
090 £€v01 LEF LST S8 F 6L9T P00 ¥ B3TO 1000 F P00 9T1-SV €S0 616 1T F LT 6L F I1'88T Y00 F 60870 €100°0 F LSPO'0  09°1-5S DM
190 €oir £ F I8 'Y+ 64 CO0 ¥ IRTO 01000 F 1PPO0  STI-SV L9000l CEF T6T 8’6 F RERT 0F0'0 F FEED 91000 F 0SSP0 6S71-55 DA
670 1°€6 8C F 68T £9F T69T CEOD ¥ 6TE0 01000 F LTPOO  #T'1-SV 90 Sv6 0F ¥ #5C I ¥ 69T P00 ¥ S8T0 LT000 F 9Tv0°0  8ST1-5S DM
20°0 9°001 CTF ILT 6'€F 6'TLT STO0F 90€0  H6000°0 F PTEFDD €T1-SV P11 6'86 9T F 16T L'8F 9F6T 0€00 = TEED F100°0 F 899070  LS1-S5 DM
LED  S06 9% ¥ 00t 01 ¥ TLT TS0 F vPE0 91000 7 [€v0°0  TTI-SV 9’0 9501 s F 6T Tl F LLT 090°0 ¥ vEE°0 0TO00 F 6EPO0D 9S71-55 DA
£9°0 6758 EF E£EE I8 F LERT REOD T KSECQ EI00°0 ¥ ESPOO  [TT-SV €001 9Tol YoF 9T 9L F BEST 9200 ¥ S6T°0 CL00'0 + SOV0'0  SSTI-5S DM
650 601 8t F 69T ol F T8 FEO0 F £0E°0 81000 7 Lyv00  OT' -8V Lo Teol St F S6T S+ I8C CS0°0 F LEEO £C00°0 F SPPO0 FSTI-SS DM
or o 9ort il ¥ 65T I'd ¥ 998 cCo0F I6c0 Hooo = §SP00 61718V IS0 +'96 e ¥ 19T £l F 8LT 9E0°'0 F 10€°0 1T00°0 ¥ 0FP0°0  €S71-5S DM
£L°0 07001 0€ ¥ #0E £8F BE0E FEO'O F 6FE0 £100°0 F €8F0°0  BI'I-SV 0’0 0°Tol SEF 99T £l F 19¢ 6800 = 00€°0 02000 F #1#0°0 TEI-58 DA
€90 0L6 LT+ 98C SL¥ €LLT LE0D ¥ £TE0 TI000 F 0FPO'0 LI'I-SV  BL0  L7€01 vEF LST €l ¥ LLT 6£0°0 ¥ 9TE°0 1Z00°0  6EP0°0  1S71-5S DM
£9°0  0°CT6 1T+ $6T 9 F TILT P00 F LEEO 01000 ¥ 0£v0°0  91'I-8V 90 8501 LEF LBT €1 F 1LT 00 F LTED 1T00°0 F 0EP0°0 0S71-55 DA
P90 L€ LTF ¥6T PLF I'SLT LE00 F SEE0 TI0O0 F 9ep0°0 SISV LS 87v01 & F P8¢ I+ ILT 0P0°0 ¥ 96T°0 9L00°0 F 0£P0°0 6871755 DM
01 8'%6 LTF €LT 69 F §19C 0€0°0 F 60£0 [T000F #1#0°0 ¥I'1-8V 650 LF01 SEF 6LT 66 F 1'99C o000 F 91€°0 91000 F TTRO'O BY'1-55 DA
PLO €66 81 F 8LC LS €9LT IZO0F S1€0 060000 F 6LEFO0 €ISV LED 696 9¢ ¥ €9T 01 ¥ TLT 0P0°0 ¥ 96T°0 9L00°0 F 0£P0°0 LP'1-SS DM
IL0  1'86 0€F 06T 8L F ¥PRT SE00F 1EL0 o0 = 1s+00  TI'I-SV £9°0 1°T0l €TF 9T 6LF £95T CTO0 F $6T°0 £100°0 F 90¢0°0 9F71-55 DM
¥6'0 €6 0F ¥ 8LT £6F §65T 900 F S1E£°0 SI000F 11¥0°0  11'1-8V L0 €L6 tr F SET ¥ €92 6v0°0 F 9870 810070 F 91v0°0  SF'1-5S DIM
AL aued o (BW) aTe Neer/Ad e (BN ase Ny N Ny ey ureiny ML auea o (ep)ade Nge/ad,,. () ade Ny gz Ngeed, NigeeMd e

24

(ponunyuo)) '1 A19V.L



25

LATE PERMIAN-TRIASSIC VOLCANISM IN THE HIDA GAIEN BELT, SOUTHWEST JAPAN

8L0 Tle 81 F €8T 6FF 0°8FC 0T0°0 F 9870 LLODOO F TTOEOD'D ST'1-AH
09°0 8901 €1 ¥ L6 res 1'v0l €100 F 101°0 |F000°0 ¥ LT910°0 #T'1-AH
P 9z F LII geF e LTOO F EELO 9800070 F FELIO0 EFTIAH
660 6’16 €1 F $T1 CEF 6Ell FIO00 ¥ 0ET°O FS000°0 F TRLIO0 TT1-AH
00 Tl 9 F 91¢€1 SEF SE6l 9F1'0 F E5FE 190070 ¥ 889T°0 1T I-AH
gen e 65 ¥ 0FF Pl F BoF SFO0 F TFSO ZE000 ¥ £080°0 O T-AH
¥o'0 0001 0T F LLT 0L F 89LT TTO0 F E1€°0 11000 F 6£F0°0 61 1-AH
90 998 99 F £CF £ F 9uf 800 ¥ LIS0 CCO00 F FREO0 8ITTAH
950 €16 tF F 90€ I1F 6LT 1S0°0 # TEE0 L1000 F €PF00  LI'1-AH
9L0  £101 SFF 06T 68 F LE6T 1S0°0 F 1££°0 FIO00 F 99¥0°0  91'1-AH
090 088 6F F 90F LRF O6RIC LSOO F ISED FIOOD F 92F00  STT-AH
1IT0  +9 €€ F L6T 6 F S98C 190°0 ¥ 0¥20 S100°0 ¥ #5F0°0  #11-AH
6L°0 L0l 0T ¥ 98T §9F 996C £TO0 F STE0 0100°0 ¥ ILFO0  €1'1-AH
88°0 166 81 F <0T F F 8T0C 610°0 F €2T0 SLOODD F S61E0°0 TI'I-AH
€10 606 6F ¥ €19 91 ¥ LES L9070 F 6T8°0 9Z00°0 F €060°0  T1'1-AH
€80 L'L6 8T F BLT T8 F 6'1LT 1EQ0 ¥ 91€°0 €100°0 ¥ 1EF0°0  OI'I-AH
Ly'o 196 e+ S6T 06 ¥ FE8T LEDO F LEEO FIO00 F 6¥F0°0  6'1-AH
g0 £l 0Fr ¥ 6.F L6 F FORT BP0 F ESFO SIO00 ¥ 6500 8T-AH
190 6°t6 9 F $TE I ¥ +0t FEO'0 F 9LE0 810000 F #8%0°0  L'I-AH
650 6'E6 S F PEE €1 F vIE £90°0 F 06£°0 0Z000 F 66¥0°0 9 1-AH
S8°0  §T6 6l F ¥6T 69 F 61LT TTO0 F 9£€°0 11000 F 17000 §1-AH
990 §98 8 F IEF I'S8 ¥ L4RT TEO0F 98F0 EI00°0 F 9¢k00  FI-AH
Il 0ee LI ¥ 811 s+ 9601 LIOOF €TI0 6L000°0 F SILIO0 SFI-AH 970 L00I FTF 69T SLF FOLT LTOO ¥ £0E°0 TI00°0 ¥ 8TFO0  €'1-AH
1€0 0°¢6 LTF 66T I ¥ 8LT 1£0°0 F £F2°0 R100°0 F 1#¥0°0 L' 1-AH §F0 T'E8 PEF 6CF L8F OFELD O OROD F ERED FIOOO ¥ EEFOO TTAH
€90 t'co 81 F 89T €6 F 8EET  0T00F TOLO S100°0 F SOPO'0 9¥ 1-AH 950 1°LOI 61 F 85T 'L ¥ 1'9LT TTO0 ¥ 6870 11000 F BEFD'O 1"1-AH
T80 €Lle & F TLT £l F €9T BF0°0 F LOEO 02000 F 61700 S¥1-AH (' SPOELETH *WF 8BS LPFEN *TORTHOET d1duwieg) auojspueg :uoneuLioy] ewresey
PO 68 Il 8 L6 F LI LS00 F LLf0 SI000 F 66800 FET-AH
Lo 9Le 0T F 68T I+ T8 TTO0 F 6ZE0 L1000 F L¥FOO  E€F1-AH FE0 T'801 651 F 08%F TeEF 0T¢ 0z0F 190 1S00°0 F 0¥80°0 LI'I-LO
L0 86 6EF PLT I F 0LT FRO0 F 010 0T000 F LTPDO  TFI-AH €1 T86 ITF L¥E LS+ ¥yt £TO0F SLTO 0600070 F TERE0°0 9U°1-LO
LSO L1101 It ¥ £T€ Tl ¥ 8Tt LYO'0 F vLEO 610070 F TTEO0  I¥1-AH €90 0°%6 ¢ F €67 teF 1'THT 0S0°0 F S8T°0 SI00°0 F £8€0°0 SIU'I-LO
6F0 1001 6T F 66F tl ¥ o66F 9E0°0 F $E9°0 TTOO'0 ¥ SOR0°0  OF 1-AH §e0 IENT 68 F ZIT or s ol 900 ¥ 6ET0 G000 ¥ 68£00 FITLO
&0 986 ¥6 ¥ TES STF IS IO+ 6970 0F00°0 ¥ SF80°0 6L 1-AH 90 ®L6 SLF LT 0FF TIFT TE0F 9£°01 SLOO0 F BESFO E0I'1-LO
19°0 6°TO1 ¥ F ILT 98 F E6LT  8TO0OF LOLO FLO0°0 ¥ €9F0°0  8E€1-AH L0 ¥96 tr F PEF TI ¥ 8tF SEO0F #9570 610000 F TOLOO TI'I-LO
S6°0 986 LEF 0ff £l ¥ STE £F0°0 F ¥8E°0 120070 + 81500 LE1-AH 0 €96 8L F £9T tlF ¥ST LROTOF 96T°0 €T00°0 F 10¥0°0  11°1-LO
090 8701 £EF ol £6F 6661 SE00 F 11T°0 S100°0 F SIE0°0  9¢€1-AH FS0 6’101 £t F €8F 71+ t6F SS0°0 F 0190 0ZO00 F +6L00  O1'1-LO
IL0  0°86 ¥ F 16T Il ¥ €8T BT00 F TEE0 L1000 F TEPOD0  SEI-AH 9%'0  t'E6 8¢ ¥ T9¥ 01 ¥ Zer LPO0 F LLSO L1000 F €690°0 6°1-1LO
PO LT FEF OFC £r+ 8¢ PO F 99270 02000 ¥ LPPOO  PET-AH 060 €901 PEF PST 01 F 69T BE0'0 F FRTO 9I00°0 F LTFOOD B I-LO
FED 6799 Ir ¥ I8F I+ 987 6RO F LEFO L1000 F SOPO°0  E€T-AH vS0 €501 IS F thr LI ¥ 89¢F €900 F 6F50 LTOO0 ¥ €5L00  L'1-LO
RS0 TH6 8T ¥ 0gg L ¥ 11¢€ £E0°0 F ¥8E0 61000 F vo¥0°0  TET-AH 8L0 £L01 9€ F 1ET 0l ¥ 8¢T 0r0°0 ¥ S5T°0 91000 ¥ Tet0'0  9I-LO
050 #001 ST F LLT I F 6LT 8T00 F vI1L0 L1000 F THPOO 1€ 1-AH 10 T'l6 L8 F B9LI 8t F 61L1 £E0F 1LY 9800°0 F 950£'0  SI-LO
0Lt Lve IT ¥ 6FE TIF I1g€ STO0 F 01%°0 610070 ¥ 9T50°0  0€'1-AH €80 £°%6 6 ¥ ILT 81 F 65T oro= 1£0 62000 F 01¥0°0  #1-LO
080 096 98 F TO06T OFF S8LT 86000 F 80£L°0  #9000°0 F S1+F0°0 6T 1-AH £9°0 £e0l Ly ¥ £5F 91 ¥ SoF SO0 F TS0 9Z000 ¥ 86LOO  £1-LO
9F  £°I8 REF 96€ FRF LG FROO F OIF0 EIO00 F 99800 8IT-AH 180 L't6 SEF 18T €6 F ELET 6E0°0 F 08T0 S100°0 F SLE00  TI-LO
080 §¢€6 0T ¥ ¥LT TEF 0957 TTOO F OLE0  €3000°0 F 1S0F0°0 LT 1-AH 0 €6 FEF 65T I'6 ¥ THFT SE00 F 160 F10070 F 98¢€00  I'I-LO
SP0 tE6 1T ¥ 9FE 1’9 F +'€CE  STO0F 90F'0  L6000°0 F SPIS00 9T 1-AH (S 6€.£F, 9E 1T “W81°6F.TS SEN “€00 L1 [Z1) AUOISPUES :UOHBULIO ] [UE)()
AL 2u0d 9 (N 98E N /ad . (BN) 938 0 /qd,,, N/ uresn) AL dued o (BAD 3FE N /Ad,,  (BN) 388 N /0d,, N/ N/ Uy urein

(panunuo)) "1 A14VL



26 Y. KAWAGOE, N. MORI, S. SANO, Y. ORIHASHI, K. YAMAMOTO, Y. ISHIZAKI, Y. KOUCHI AND S. OTOH

data-peint error ellipses are 2o

sample 11110801 280
0044 { 254.2 2.5 Ma
(N=12)
0.042 4
=
2
5
£ 0040 {
0.038 4
0.036 T r r
0.26 0.28 0.30 0.32 0.34

207ph/235Y

FIGURE 4. Concordia diagram for all the analytical data of detrital
zircons from volcaniclastic conglomerate of the Nakajima Tuff Breccia
Member of the Motodo Formation (sample 11110801). Abbreviation
(Figs. 4-10)—N: total number of analyses.

Andesitic volcaniclastic conglomerate of the Nakajima Tuff
Breccia Member (Sample 11110801)

We obtained, in ERI, 12 analyses from 12 zircon grains
collected from sample 11110801 of the andesitic volcaniclastic
conglomerate of the Nakajima Tuff Breccia Member, Motodo
Formation. All the data were concordant, with the % conc value
(100(*"Pb/*°U age)/(**Pb/**U age)) between 90 and 110. The
*Pb/**U ages of the zircons all fell between 247 Ma and 261
Ma (best estimate ages; Fig. 4) and their weighted mean was
254.2+2.5 Ma (20). The Th/U ratio of each analysis was 0.44—
2.43 and fell in the range of igneous zircon, Th/U>0.1 (Rubatto
and Hermann, 2003).

Andesitic tuff breccia of the Nakajima Tuff Breccia Member
(Sample 12082601)

We obtained, in ERI, 14 analyses from 14 zircon grains
collected from sample 12082601 of the andesitic tuff breccia
of the Nakajima Tuff Breccia Member, Motodo Formation. All
the data except one were concordant, with the % conc value
between 90 and 110. The **Pb/**U ages of the concordant
zircons all fell between 248 Ma and 281 Ma (best estimate ages;
Fig. 5a) and their weighted mean was 269.4+6.2 Ma. The Th/
U ratio of each analysis was 0.40-1.05 and fell in the range of
igneous zircon. We interpreted that the zircons were divided into
two age groups on the concordia diagram and the older group (10
grains) consisted of inherited or exotic zircons. We calculated
the concordia age of the younger group (3 grains); that was
253.0 + 3.6 Ma (Fig. 5b).

Granodiorite cobble of the Wasadani Conglomerate Member
(Sample 12082602)

We obtained, in ERI, 14 analyses from 14 zircon grains
collected from sample 12082602 of the granodiorite cobble
of the Wasadani Conglomerate Member, Motodo Formation.
All the data except two were concordant, with the % conc
value between 90 and 110 (Table 1). The **Pb/**U ages of the
concordant zircons all fell between 243 Ma and 264 Ma (best
estimate ages; Fig. 6) and their weighted mean was 252.6 + 3.6
Ma. The concordant age of the youngest zircon was 245.1 £ 5.9
Ma. The Th/U ratio of each analysis was 1.00-1.53 and fell in
the range of igneous zircon.

Sandstone of the Wasadani Conglomerate Member (Sample
12082603)

We obtained, in NU, 77 analyses from 77 zircon grains
collected from sandstone sample 12082603 of the Wasadani
Conglomerate Member. Detrital zircons formed a single cluster
on the concordia diagram at 308-248 Ma (Fig. 7a). We further
chose 74 concordant grains and drew a probability density plot
(Fig. 7b). The histogram of course showed a unimodal pattern
with the youngest concordant age of 248.7+ 8.8 Ma and %Pc
(percentage of Precambrian zircons) of 0. The peak on the
probability density plot was 271 Ma. The Th/U ratio of each
analysis was 0.40—1.64 and fell in the range of igneous zircon.

Sandstone of the Ashidani Formation (Sample 12111007)

We obtained 46 analyses from 46 zircon grains collected from
sample 12111007 of the Ashidani Formation in NU. Detrital
zircons formed a single cluster on the concordia diagram at
320-245 Ma (Fig. 8a). We further chose 34 concordant grains
and drew a probability density plot and a histogram with the
data interval of 50 Myr (**Pb/**U age; Fig. 8b). The diagrams
showed a unimodal pattern with the youngest concordant age
of 259.3 + 9.4 Ma and %Pc of 0. The youngest peak on the
probability density plot was 272 Ma. The Th/U ratio of each
analysis was 0.37-1.60 and fell in the range of igneous zircon.

Sandstone of the Otani Formation (Sample 12111003)

We obtained 17 analyses from 17 zircon grains collected
from sample 12111003 of the Otani Formation in NU. Detrital
zircons formed two clusters and two separate plots on the
concordia diagram (Fig. 9a, b): 270-235 Ma (53%), 520-430
Ma (35%), 1719 Ma (6%), and 2412 Ma (6%). We further chose
16 concordant grains and drew a probability density plot and a
histogram with the data interval of 50 Myr (**Pb/**U age; Fig.
9¢). The histogram showed a quasi-bimodal pattern with the
youngest concordant age of 237.4 + 9.1 Ma and %Pc of 12. The
youngest peak in the probability density plot was 243 Ma. The
Th/U ratio of each analysis was 0.26-1.30 and fell in the range
of igneous zircon.
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FIGURE 5. Analytical data of detrital zircons from andesitic tuff breccia of the Nakajima Tuff Breccia Member of the Motodo Formation (sample
12082601). a, Concordia diagram for all data; b, Concordia diagram for 265-240 Ma data set. The gray ellipse denotes the concordant age.
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FIGURE 6. Concordia diagram for all the analytical data of detrital
zircons from a granodiorite cobble of the Wasadani Conglomerate
Member of the Motodo Formation (sample 12082602).

Sandstone of the Hayama Formation (Sample 13042802)

We obtained 48 analyses from 48 zircon grains collected from
sample 13042802 of the Hayama Formation in NU. Detrital
zircons formed one cluster and four separate concordant plots
on the concordia diagram (Fig. 10a, b). The cluster is 348-248
Ma (80%), whereas the separate concordant plots are at 114—104
Ma (6%), 203 Ma (6%), 557 Ma (6%), and 1535 Ma (2%).
We further chose 37 concordant grains and drew a probability

density plot and a histogram with the data interval of 50 Myr
(**Pb/**U age; Fig. 10c). The histogram showed a multimodal
pattern with the youngest concordant age of 113.8 + 3.4 Ma and
%Pc of 8. The youngest peak on the probability density plot was
104 Ma. The Th/U ratio of each analysis was 0.26—1.30 and fell
in the range of igneous zircon.

DISCUSSION
Age of deposition of the Motodo Formation

Although most of the previous studies suggested that the
Motodo Formation is correlated with the Early Cretaceous
Kenseki Formation or Kanmon Group (e.g., Kobayashi, 1954;
Kawai et al., 1957; Ono et al., 2003; Matsumoto, 2012b), our
data do not support the idea. Considering the pyroclastic or
volcaniclastic nature of the Nakajima Tuff Breccia Member,
the hinterland must have been an active volcanic terrain that
probably supplied syn-sedimentary zircons. The two samples of
the Nakajima Tuff Breccia Member we studied, have a single
or younger age cluster at 254.2 £ 2.5 Ma (Sample 11110801)
and 253.0 + 3.6 Ma (Sample 12082601), strongly suggesting
that the member is a product of a Late Permian volcanic activity
(252.17-259.8 Ma; International Commission on Stratigraphy,
2013).

The **Pb/**U ages of the concordant zircons from the
granodiorite cobble of the Wasadani Conglomerate Member
all fell between 243 Ma and 264 Ma, with the weighted mean
of 252.6+3.6 Ma. The data indicate that the granodiorite
was crystallized in end Permian and was later supplied to the
depositional site of the Wasadani Conglomerate Member. The
detrital zircon ages of the matrix sandstone of the member
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FIGURE 7. Analytical data of detrital zircons from sandstone of the Wasadani Conglomerate Member of the Motodo Formation (sample 12082603). a,
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FIGURE 8. Analytical data of detrital zircons from sandstone of the Ashidani Formation (sample 12111007). a, Concordia diagram for all data; b,

Probability density plot with histogram.

make a single age cluster between 248 Ma and 308 Ma, with
a single peak in the probability density plot at 271 Ma. These
geochronological data from the Wasadani Conglomerate
Member indicate that the member is of Late Permian—Early
Triassic age or younger. However, considering the fact that
the Wasadani Conglomerate Member conformably covers the
Nakajima Tuff Breccia Member (Ono and Takeuchi, 2001) and
the latter member is a product of Late Permian volcanism in
the hinterland, we conclude that the Wasadani Conglomerate

Member is correlated with the Upper Permian—Lower Triassic.
Ono et al. (2003) reported CHIME zircon ages of 201 + 20
Ma and 202 + 30 Ma from granodiorite clasts of the Wasadani
Conglomerate Member. According to the paper, however, the
isochron of 201 + 20 Ma was strongly influenced by a couple of
spots with high UO: content that were likely on hydrothermally
grown parts of the zircons. Considering that (1) some 90
zircons from the Wasadani Conglomerate Member we analyzed
were all older than 243 Ma, and (2) the CHIME zircon ages
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diagram for all data; b, Concordia diagram for 700-100 Ma data set; ¢, Probability density plot with histogram. Note the difference in the detrital zircon

age distribution from the sandstone of the Motodo Formation (Fig. 7).

tend to be younger than biostratigraphically constrained ages
(e.g., Suzuki et al., 1992), we suggest that CHIME zircon ages
should carefully be reexamined and cross checked with the ages
obtained from other methods .

Our preliminary study of the Lower Cretaceous Hayama
Formation shows some differences in detrital zircon
geochronology from the Motodo Formation. Although we
analyzed only 37 concordant zircons of the Hayama Formation,
they surely include 114-104 Ma (late Aptian—early Albian) and

Precambrian zircons besides 348—248 Ma zircons. Among these
age clusters, the 348-248 Ma cluster is close to the age cluster
of the detrital zircons from the Wasadani Conglomerate Member
(sample 12082603; 308—248 Ma). However the presence of
Early Cretaceous and Precambrian zircons in the Hayama
sandstone is negative evidence for the correlation between the
Motodo and Hayama formations.

From these lines of evidence, we strongly suggest that the
Motodo Formation is an Upper Permian to Lower Triassic
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formation as Omura (1968) first proposed. The Motodo
Formation cannot be correlated with the Lower Cretaceous
Kanmon Group, although the occurrence of red bed is a common
feature.

Age of deposition of the Ashidani Formation

Matsumoto (2012a) already presented from the SHRIMP
dating that the age of detrital zircons of the Ashidani Formation
clustered at 280-220 Ma and inferred that the Ashidani
Formation is of Triassic age. We also showed that the detrital
zircons from sample 12111007 of the Ashidani Formation form
a single age-cluster at 320-245 Ma on the concordia diagram,
with a single peak in the probability density plot at 272 Ma. Our
data logically indicate that sample 12111007 of the Ashidani
Formation was deposited at 272 Ma or younger and support the
idea of Matsumoto (2012a) that the Ashidani Formation is a
Triassic formation, although more critical data are needed.

Age of deposition of the Otani Formation

The detrital zircon geochronology of the volcaniclastic
sandstone of the Otani Formation indicates that the age of
deposition of the formation is the Middle to Late Triassic.
The volcaniclastic sandstone of the Otani Formation contains
abundant fragments of andesitic volcanic rocks and the
clasts of conglomerate of the Otani Formation are mainly of
andesite and basalt (Matsumoto, 2012b). Hence we interpret
that the hinterland of the Otani Formation must have been an
active volcanic terrain that supplied syn-sedimentary zircons.
The sample of volcaniclastic sandstone we studied (sample
12111003), has the youngest age cluster at 270-235 Ma,
strongly suggesting that the clasts of volcanic rocks in the Otani
Formation are products of a Late Permian to early Late Triassic
volcanic activity. The youngest concordant age of detrital zircons
of 237.4 £ 9.1 Ma or the youngest peak age on the probability
density plot of 243 Ma likely indicate the timing of deposition of
the Otani Formation in front of an active volcanic terrain. In this
way we suggest that the Otani Formation can be correlated with
the Middle Triassic.

The whole rock K-Ar age of 159.3 + 8.0 Ma (Metal Mining
Agency of Japan, 1980) is evidence against our conclusion.
However, considering the heavy alteration of the Otani
Formation and Late Cretaceous thermal history (e.g.,
Matsumoto, 2012b), we interpret that the K-Ar age indicates an
age of alteration or cooling.

Possible changes of tectonic setting of the Hida Gaien Belt in
Early-Middle Triassic times

Although the Paleozoic to Triassic geologic units in the
Kuzuryu area are mostly bound by faults or shear zones (Otoh et
al., 2004; Matsumoto, 2012b) and do not preserve their original
succession, our data imply that the tectonic setting of the Hida
Gaien Belt may have changed in Early-Middle Triassic times.

The age distributions of detrital zircons in the Motodo and
Ashidani sandstone are unimodal, with no Precambrian zircons.
The unimodal age distribution suggests that the Motodo and
Ashidani sandstone was deposited apart from a large continental
block, because Precambrian zircons are generally concentrated
in the continental crust. Okawa et al. (2013, this volume) found
similar sandstones with unimodal zircon age distribution from
the Permian—Lower Jurassic formations of the South Kitakami
Belt. They interpreted that the Permian—Lower Jurassic
formations were deposited along an oceanic island arc. Likewise
the Motodo and Ashidani sandstones, probably of Late Permian
to Early Triassic age, may have formed in an oceanic-island-arc
setting. The Otani sandstone, on the other hand, contains some
Paleoproterozoic zircons (1719 Ma, 2412 Ma) along with some
younger (520—430 Ma) zircons. The Otani sandstones, probably
of Middle Triassic age, may have formed along an active
continental margin where Paleoproterozoic basement rocks
and 520-430 Ma igneous rocks were exposed and andesitic
volcanism was active. The tectonic setting of the Hida Gaien
Belt may have changed in Early—Middle Triassic times from an
oceanic island arc to an active continental arc.

The present-day Hida Belt is a candidate for the active
continental arc behind the Hida Gaien Belt. However we do
not accept the idea, because (1) 520430 Ma igneous rocks are
absent in the Hida Belt (Kunugiza and Kaneko, 2001) and (2)
the chemical composition of the granitic gravel in the Otani
Formaition is significantly differs from that of the Hida Granite
(Matsumoto, 2012b).

Comparison of the tectonic setting with the South Kitakami
Belt

The South Kitakami Belt records similar tectonic transition
with the Hida Gaien Belt, but the age of the transition was
different. As stated in the previous section, Okawa et al. (2013,
this volume) clarified that the Permian to Lower Jurassic
sandstones of the South Kitakami Belt show unimodal age
distribution of detrital zircons and interpreted that they were
deposited along an oceanic island arc. For example, the Lower
Triassic Osawa Formation of the Inai Group has a single age-
cluster at 324-243 Ma (Okawa et al., 2013, this volume).
Moreover the Inai Group bears some intercalations of red bed in
its lower horizons (Horikawa and Yoshida, 2006). These features
are common with the coeval Motodo Formation in the Hida
Gaien Belt, having a single age-cluster of detrital zircons at 308—
248 Ma, and bearing abundant red beds. The Motodo Formation
may have deposited in similar climatic and tectonic conditions
with the Inai Group.

In the South Kitakami Belt, the oceanic-island-arc setting
continued until Early Jurassic times. The unimodal age-
distribution of detrital zircons remains up to the Lower Jurassic
Shizugawa Group, and the mixture of Paleoproterozoic zircons
become evident from Middle Jurassic beds. Thus the tectonic
transition of the South Kitakami Belt from an oceanic island
arc to a continental arc took place in the Early-Middle Jurassic,
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some 70 Myr later than the similar tectonic transition in the Hida
Gaien Belt.

Implications of the new evidence for Late Permian—Triassic
volcanism

As described in the introduction of this paper, there was no
evidence for volcanism between the Middle Permian mafic to
intermediate volcanism in the Sorayama Formation (Tsukada et
al., 1999; Tsukada and Takahashi, 2000) and Late Triassic felsic
to intermediate volcanism in the Tandodani Formation (Tsukada
et al.,, 1997; Tsukada and Niwa, 2005). The Late Permian to
Triassic U-Pb ages from the pyroclastic and volcaniclastic rocks
of the Motodo and Otani formations suggest, for the first time,
that Late Permian to Triassic volcanic activities left impressions
to the Hida Gaien Belt. Combining the new evidence and
the results of previous studies listed in the introduction, it is
concluded that the Hida Gaien Belt holds evidence for continual
volcanism of Ordovician to Late Triassic times. During that
period of 270-Myr volcanism, significant tectonic transition from
an oceanic island arc to the continental arc, or the amalgamation
of oceanic island arc to a continental margin, may have taken
place in the Early-Middle Triassic.
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