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ABSTRACT 
This paper discusses the results and the recent status of the study by radiolar­
ians as tracers for erosional events, especially for those of Jurassic and pre-
Jurassic accretionary complexes in the Outer Zone of SW Japan. As a test 
case to clarify the provenance of radiolarian-bearing gravels in conglomerates, 
the author reviewed the work previously done to trace the source rocks 
within oceanic-plate stratigraphy successions from monomictic chert-pebble 
conglomerates of the Lower Cretaceous Ryoseki-Monobegawa group. The 
group is a molasse typical of paralic sedimentary facies in the Outer Zone of 
SW Japan. 
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RÉSUMÉ 
De l'utilisation des radiolaires comme indicateurs de provenance des graviers 
dans les molasses crétacées inférieures (zones externes du SW Japon). 
Le présent article discute des implications qu'a l'utilisation récente des radio­
laires comme indicateurs d'événements érosifs, en particulier de ceux de com­
plexes d'accrétion jurassiques et anté-jurassiques au SW Japon. Comme 
étude de cas pour éclairer la provenance de graviers à radiolaires des conglo­
mérats, l'auteur effectue une revue des séries stratigraphiques synthétiques à 
partir des conglomérats monogéniques à galets de cherts du groupe Ryoseki-
Monobegawa du Crétacé inférieur. Ce groupe molassique est de faciès sédi-
mentaire paralique typique des zones externes du SW Japon. 
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INTRODUCTION 

In the last two decades, radiolarian researchers in 
Japan made an effort to clarify the Permian, 
Triassic and Jurassic biostratigraphy, and estab­
lished many radiolarian biostratigraphic zones 
(e.g., Ishiga 1986, 1990; Matsuoka & Yao 1986; 
Yao 1990; Matsuoka 1995 etc.) wi thin accre-
tionary complexes (AC; Taira et al. 1981). They 
analyzed bed by bed the faunas from blocks of 
pelagic sediments in melanges and olistostromes. 
It contributed to reconstruct the oceanic plate 
stratigraphy (OPS) from these tectonically dis­
rupted sedimentary rocks (e.g., Matsuoka 1984; 
Ishida 1987; Hada & Kurimoto 1990; Isozaki 
1997a) , as well as to distinguish geologic units 
and to clarify their spatial distribution (Mizutani 
1995). 

R a d i o l a r i a n s are i m p o r t a n t indexes for the 
Paleozoic and the Mesozoic. Their size averages 
10"^ mm. They are therefore small enough to be 
reworked as an inclusion into clasts of various 
size and even in sand grains. This property is 
effective to analyse erosional events. Radiolarians 
are available for identifying source rocks of elas­
tics. 
T h e "clast ic approach" of r ad io la r i an da t ing 
appears particularly appropriate for chert-bearing 
ter rane ana lys i s of the C a n a d i a n C o r d i l l e r a 
(Cordey 1 9 9 2 ) . In case of Ca l i fo rn i a Coas t 
Ranges, analysis of radiolarian chert-pebbles is 
more effective than sandstone component not 
only for the provenancial study but also for clari­
fying the tectonic movement along the transform 
fault (Seiders & Blome 1984, 1988). 
This paper deals with erosional events following 
the setting of accretionary complexes. This is one 
test case in the reconstruction of OPS from the 
gravels and clasts in the monomictic conglome­
rates. In this case, radiolarians in gravels are used 
as tracers for erosional events. This type of test 
will become a great help to study the orogenic 
and/or erosional events in the marginal area of 
the Late Mesozoic East Asian continent. 

GEOLOGY OF S W JAPAN 

W i t h respect of the c o n t i n u i t y of the pre-

Neogene orogenic units and ACs, at least the 
southwest side of the Tanakura Tectonic Line is 
regarded as S W Japan. The post-Neogene geolog­
ical province of S W Japan is subdivided into the 
Inner Zone on the con t inen ta l s ide and the 
Outer Zone on the trench side by the Median 
Tectonic Line (MTL) . Based on a paleobiogeo-
graphical study, the left-lateral slip movement 
a l o n g the M T L is r ega rded to reach abou t 
1 5 0 0 k m after the E a r l y C r e t a c e o u s t i m e 
(Tazawa 1 9 9 3 ) . Concern ing the pre-Neogene 
geo logy , nappes and k l i ppes of the Pe rmo-
Triassic orogenic units and Jurassic ACs are dis­
tributed in the Inner and the Outer zones of S W 
Japan (Fig. 1). The Inner Zone of S W Japan is 
composed of the Hida, Marginal Hida, Akiyoshi, 
Sangun, Maizuru, Ultra-Tamba, and the Mino-
Tamba belts from the north to the south. 
The Hida Belt is mainly composed of gneisses 
with intrusion of Permian-Jurassic granites. The 
Tetor i g roup of the M i d d l e J u r a s s i c - L o w e r 
Cretaceous shallow-marine and non-marine for­
mations unconformably overlies these gneisses 
and granites. The Hida Belt is situated in the 
most continental side of S W Japan, and is sup­
posed to t h r u s t on the A k i y o s h i , S a n g u n , 
Maizuru and the Ultra-Tamba belts. 
The Marginal Hida Belt is situated between the 
Hida and the Mino-Tamba belts. It is supposed 
to thrust upon the Mino-Tamba Belts togethef 
with the Hida Belt. The Marginal Hida Belt is 
composed of Paleozoic complex with Triassic for­
mation that are unconformably overlain by the 
L o w e r - M i d d l e Ju ra s s i c K u r u m a g roup . T h e 
Paleozoic complexes appear to be serpentinite 
melanges that inc lude blocks of g laucophane 
schists, amphibolites, Early-Late Paleozoic clastic 
sediments with limestones. 

The Akiyoshi Belt is composed of the Middle-
Late Paleozoic ACs and the Mesozoic cover for­
mations. The Late Paleozoic ACs contain large 
blocks of Carboniferous and Permian limestones 
with basalts as well as blocks of Permian cherts, 
mudstones and sandstones. The Mesozoic shal­
low-marine and brackish cover formations are 
the Tr iass ic N a r i w a g roup and the J u r a s s i c 
Yamaoku formations. 
The Sangun Belt is mainly composed of 180-
230 M a glaucophane schists and slates that are 
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FIG. 1. — Zonal distribution of pre-Neogene orogenic units and accretionary complexes in SW Japan. A, Hida; B, Marginal Hida; C, 
Akiyoshi; D, Sangun; E, Maizuru; F, Ultra-Tamba; G, Mino-Tamba belts of the Inner Zone; H, Sambagawa-Mikabu; I, North Chichibu; 
J , Kurosegawa; K, South Chichibu belts; L, Shimanto Superbelts of the Outer Zone. MTL, Median Tectonic Line; TTL, Tanakura 
Tectonic Line. 

or ig ina ted from muds tones , sandstones , and 
basalts with cherts of the Late Permian ACs. 
The Maizuru Belt is composed of Paleozoic basic 
rocks (Yakuno o p h i o l i t e ) and M i d d l e - L a t e 
Permian slope basin deposits (Maizuru group) 
that are unconformably overlain by the Lower-
Middle Triassic Yakuno group. 
The Ultra-Tamba Belt is subdivided into three 
nappes. The highest nappe of the UT3 is com­
posed of Upper Permian mudstones and green­
stones wi th cherts and Upper Carboniferous 
limestones. Intermediate nappe of the U T 2 is 
composed of Upper Permian siliceous mudstones 
with Lower-Middle Permian bedded cherts. The 
lowest nappe of the U T l is composed of Middle-
Late Permian muds tones and greenish sand­
stones. The Permian formations of the U T l are 
unconfo rmab ly over la in by the n o n - m a r i n e 
Lower Cretaceous Sasayama group. 

The Mino-Tamba Belt is composed mainly of 
the Early Jurassic-earliest Cretaceous ACs that 
are intruded by the Late Cretaceous Ryoke gran­
ites. They are unconformably overlain by the 
Late C r e t a c e o u s v o l c a n o - c l a s t i c fo rmat ions 
(Nohi rhyolites) and the Paleogene non-marine 
c o n g l o m e r a t e s . T h e Ea r ly J u r a s s i c - e a r l i e s t 
Cretaceous ACs are subdivided into several tec­
tonic uni ts . T h e y are composed of Permian, 
M i d d l e - U p p e r T r i a s s i c a n d L o w e r - M i d d l e 
Jurassic cherts with Early Triassic siliceous clay-
stones, Jurassic-earliest Cretaceous mudstones 
and turbidites. These ACs also contain blocks of 
Upper Paleozoic limestones and basaltic green­
stones. 

The Outer Zone of S W Japan is composed of 
the S a m b a g a w a - M i k a b u , Nor th C h i c h i b u , 
Kurosegawa , S o u t h C h i c h i b u bel ts and the 
Shimanto Superbelt from the north to the south. 
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The Sambagawa-Mikabu Belt is composed of the 
Sambagawa crystalline schists and the Mikabu 
greenstones. This belt is supposed to consist of 
the Ear ly J u r a s s i c - E a r l y C r e t a c e o u s A C s . 
Multiple nappe structure is characteristic in this 
belt. The Sambagawa crystalline schists are com­
posed of basic and pelitic schists with quartz and 
psammitic schists. Some of the intercalated calcar­
eous schists in the basic schists are originated 
from the Upper Triassic limestones (Suyari et al. 
1980a). The Mikabu greenstones are composed 
of low-metamorphosed gabbros, dolerites, pillow 
basalts and basaltic hyaloclasti tes with Upper 
Jurassic cherts (Faure et al. 1991) , mudstones 
and Upper Triassic limestones. They experienced 
H-P/L-T metamorphism during the Cretaceous. 
Metamorphic grade is higher in the northern 
nappes. 

The geometry of the Kurosegawa Belt with res­
pect to the Jurassic A C is not yet settled suffi­
ciently. However, after the Early Cre taceous 
time, the non-metamorphosed Jurassic A C and 
the pre-Jurassic A C of the Outer Zone of S W 
Japan are distributed in a terrane that is called 
the C h i c h i b u S u p e r t e r r a n e . T h e C h i c h i b u 
Superterrane is subdivided into the pre-Jurassic 
AC of the Kurosegawa Belt, and the Jurassic AC 
of the North Chichibu and the South Chichibu 
belts. 

The Kurosegawa Belt is situated in the central 
part of the Chichibu Superterrane, and is com­
posed of the Paleozoic A C that is unconformably 
overlain by the Mesozoic cover formations. This 
belt is subdivided into the north and the south 
units. In the south unit, pre-Jurassic A C is com­
posed of Permian and Middle Paleozoic forma­
tions that are unconformably overlain by shallow 
marine and paralic formations of the Midd le -
Upper Triassic Daonella-Monotis beds, Middle-
Upper Jurassic Torinosu group and the Lower 
Cretaceous Takegatani group. The Permian for­
mations are melanges and slope basin facies. The 
Middle Paleozoic fromations appears with ser-
pentinites as lenticular bodies that are composed 
of gneisses, granites and the Silurian limestones. 
The north unit is composed of the Permian A C 
that is unconformably overlain by the Lower 
Cretaceous paralic formations of the Ryoseki-
Monobegawa group. The north unit lacks the 

Midd le Paleozoic formations and the Triassic-
Jurassic cover formations. 
The North Chichibu Belt (NCB) is distributed 
in the north side of the Chichibu Superterrane. 
The NCB is composed of latest Triassic-Middle 
Jurassic ACs that consist of Permian, Midd le -
Upper Triassic and Lower Jurassic cherts with the 
Early Triassic siliceous claystones, Lower-Middle 
Jurassic mudstones and turbidites. These ACs 
also contain blocks of the Upper Paleozoic lime­
stones and basaltic greenstones. 
The South Chichibu Belt (SCB) is composed of 
M i d d l e J u r a s s i c - e a r l i e s t C r e t a c e o u s A C s 
(Nakagawa group) and the Late Jurassic-Early 
C r e t a c e o u s s lope b a s i n f o r m a t i o n s of the 
Torinosu group. T h e M i d d l e Jurassic-earl iest 
Cretaceous ACs are subdivided into several tec­
tonic units that have the accretion polarity reju­
venating from the north to the south. They are 
composed of Permian, Midd le -Upper Triassic 
and Lower-Middle Jurassic cherts with the Early 
Triassic siliceous claystones, Middle Jurassic-ear­
liest Cretaceous mudstones and turbidite sand­
stones. These ACs also contain Upper Paleozoic 
limestones and basaltic greenstones. 
The Shimanto Superbelt is subdivided into the 
Nor th S h i m a n t o Belt ( N S B ) and the South 
Shimanto Belt (SSB). The NSB is composed of 
late Early-Late Cretaceous ACs and slope basin 
formations. These ACs contain the Lower-Upper 
Cretaceous cherts, and the Izuhara and Hayama 
slope basin formations contain olistoliths of the 
Triassic limestones from the S C B . The SSB is 
composed of the Paleogene-Miocene ACs and 
the slope-basin formations. 

GEOLOGICAL SETTING 

A nappe model of the S W Japan was proposed 
when the recent radiolarian works in Japan has 
started (Faure 1983a, b). At first, the Kurosegawa 
Belt was proposed to be a lower unit as a rem­
nant of the subducted microcontinent (Faure 
1985; Caridroit & Charvet 1986). In compari­
son with the geology of the Inner Zone of S W 
Japan, the Kurosegawa Belt was proposed to be a 
klippe above the Chichibu Klippe (Isozaki et al. 
1992). According to Suzuki & Itaya (1994) , the 
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FIG. 2. — Geological outline map of the Chichibu Superterrane. 1 , Sotoizumi group (Upper Cretaceous slope basin sediments); 
2, Ryoseki-Monobegawa group (Lower Cretaceous paralic sediments); 3, Takegatani group (Lower Cretaceous shallow marine sedi­
ments); 4, north unit of the Kurosegawa Belt (Permian accretionary complex); 5, south unit of the Kurosegawa Belt (Permian accre-
tionary complex with Middle Paleozoic blocks and Triassic-Jurassic cover formations); 6, North Chichibu Belt (Lower-Middle Jurassic 
accretionary complex); 7, South Chichibu Belt (Middle Jurassic-Early Cretaceous accretionary complex). 

K-Ar ages of the p r e - J u r a s s i c A C in the 
Kurosegawa Bel t are Late Tr iass ic to Ear ly 
Jurassic (194 -225 M a ) . The K-Ar ages of the 
Jurass ic A C in the North C h i c h i b u Belt are 
Middle Jurassic to earliest Cretaceous. 
The Ryoseki-Monobegawa group in the Outer 
Zone of S W Japan is characterist ic of paralic 
facies of the Early Cretaceous age (Tashiro 1986; 
Tashiro & Kozai 1991; Kozai 1996; Ishida et al. 
1992, 1996). The group unconformably overlies 
pre-Jurassic (Permian) melanges of the north unit 
of the Kurosegawa Belt (Ishida et al. 1992). The 
Kurosegawa Belt is subdivided into the north 
and the south units. They are situated between 
the Jurassic A C of the North and the South 
Chichibu belts (Fig. 2 ) . In the south unit, pre-
Jurassic A C with blocks of gneisses, granites and 
Silurian limestones is unconformably overlain by 
the Triassic shallow-marine formations (Sakashu 

unconformity: Ichikawa et al. 1953). Thus, thin 
shallow-marine Triassic and Jurassic formations 
overlie the Paleozoic complexes in the South 
Kurosegawa unit, whereas they never distribute 
in the north unit . The Ryoseki -Monobegawa 
g roup and the equ iva l en t Takega t an i g roup 
u n c o n f o r m a b l y o v e r l i e bo th u n i t s of the 
Kurosegawa Belt. T h e group is composed of 
brackish conglomerates and shallow-marine sedi­
ments . T h e y y i e ld autochthonous Barremian 
mollusks (Matsukawa & Eto 1987). 
T h e Lower C r e t a c e o u s f o r m a t i o n s of the 
R y o s e k i - M o n o b e g a w a g roup are c o m p o s e d 
mainly of conglomerates, sandstones and mud-
stones with seams of tuffs, limestones and coals 
(Fig. 3 ) . In East Shikoku, the group is subdi­
vided into the Tatsukawa, Lower and Upper 
Hanoura, Hoji and Fujikawa formations (Ishida 
et al. 1 9 9 2 , 1 9 9 6 ) . These fo rma t ions y i e l d 
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FIG. 3. — Stratigraphie columns of the lower formations of the Ryoseki-Monobegawa group in East Shikoku. 
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FIG. 4. — Composition and vertical change of gravels in the Ryoseki-Monobegawa group, East Shikoku. 

autochthonous ammonites, bivalves, echinoids, 
foraminifers and radiolarians with allochthonous 
plants, non-marine bivalves and dinosaur teeth. 
They indicate Barremian to Albian ages. The 
radiolarian zonation of the Ryoseki-Monobegawa 
group is subdivided into the Archaeodictyomitra 
pseudoscalaris (Barremian), Sticbomitra communis 
(upper Aptian) and Pseudodictyomitra pentaco-
laensis ( m i d d l e A l b i a n ) assemblage zones in 
ascending order (Ishida & Hashimoto 1991a) . 
These zones are c a l i b r a t e d by co -occu r r i ng 
ammonites. These formations form sedimentary 
cycles that are characterized by upward thinning 
and fining sequences under the effect of trans-
gressive events. Growth of the deltaic fan is syn­
c h r o n o u s w i t h the e u s t a t i c c h a n g e . T h e 
conglomerates are more than 100 m thick, and 
are frequently in tercala ted in many horizons 
(Fig. 3) . 

Characteristics of the conglomerates, especially 
the size, roundness, lithology and sorting of the 
gravels differ in horizons. Basal conglomerate of 
the group is characterized by basaltic greenstone 
gravels and serpentinite blocks that are interpre­
ted as the result of debris flows. Round gravels of 
quartz-porphyry and fine granite increase in the 
upper hor izons , e spec ia l ly above the Upper 
Hanoura formations. In the upper part of the 

Tatsukawa formation and the Lower Hanoura 
formation, there are many chert-pebble conglom­
erate beds of monomict ic origin (Fig. 4 ) . The 
chert-pebble conglomerates are composed of 
round chert pebbles of a few cm in diameter that 
occupy more than 9 0 % of the gravels (Fig. 4 ) . 
They are well sorted, and clast-supported. For 
this study, the author studied these monomictic 
chert-pebble conglomerates with special respect 
to reconstruct the provenancial OPS, and extrac­
ted radiolarians from chert pebbles and mud-
stone clasts. 

PREPARATION AND PROCESSING OF 
SAMPLES 

This study needs some information about OPS 
of sedimentary basements and/or terranes of ori­
gin from radiolarian-bearing gravels in mono­
mict ic conglomerates . For this purpose, it is 
necessary to clarify the relationship between the 
li thology of gravels and their radiolarian ages. 
Particularly, reconstructing the OPS of terranes 
from grave ls in m o n o m i c t i c c o n g l o m e r a t e s 
requires to be able to distinguish the lithology of 
gravels, whether they are of pelagic or continen­
tal origin, as well as to determine their radio-
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FIG. 5. — Middle-Late Triassic and earliest Jurassic radiolarians from the chert pebbles of the Ryoseki-Monobegawa group in East 
Shikoku. A, Triassocampe longicephalis Kozur & Mostler; B, Annulotriassocampe campanilis Kozur & Mostler; C, D, Triassocampe 
aff. scalaris Dumitr ica, Kozur & Mostler; E, Gigi fustis De Wever; F, Parahsuum simplum Yao; G, Corum speciosum Blome; 
H, Pararuesticyrtium mediofassanicum Kozur & Mostler; I, Hindedorcus holdsworthi Sugiyama; J , Theocorys sp. A of Nakaseko & 
Nishimura; K, Hozmadia reticulata Dumitrica, Kozur & Mostler; L, Tiborella cochleata (Nakaseko & Nishimura); M, Beturiella robusta 
Dumitr ica, Kozur & Mostler; N, Eptingium manfredi robustum Kozur & Mostler; O, Eptingium nakasekoi Kozur & Mostler; 
P, Eptingium cf. manfredi Dumitrica; Q, Pseudostylosphaera spinulosum (Nakaseko & Nishimura); R, Pseudostylosphaera sp. C of 
Kojima & Mizutani, 1987; S, Pseudostylosphaera japónica (Nakaseko & Nishimura); T, Capnodoce sarisa De Wever; U, Trilonche 
japónica Nakaseko & Nishimura; V, Sarla (?) externa Blome; W, Acanthocircus vigrassi Blome. Scale bars: 100 pm; a, W; b, H, L-P , 
R-V; c, A-G, J, K, Q; d , I. 
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larian age. In the marginal area of East Asia and 
Japanese Islands, Jurassic and pre-Jurassic ACs 
originate from OPS that are mainly composed of 
chert-clast ic sequences. In these chert-clast ic 
sequences, sediments start from pelagic bedded 
cher t s , and they g r a d u a l l y c h a n g e u p w a r d s 
towards alternating beds of turbidite sandstones 
and mudstones (trench-fill turbidite) by way of 
hemipelagic siliceous mudstone beds. 
R e g a r d i n g the c o n g l o m e r a t e s in the Lower 
Cretaceous Ryoseki-Monobegawa group, the fol­
lowing method of processing is used. If gravels 
are larger than 20 mm in diameter, and it is easy 
to isolate them from the matrix, gravels of cherts 
and mudstones are chemically processed separate­
ly. If gravels are too small (less than 20 mm in 
diameter) and difficult to isolate separately from 
the hard matrix, slabs of conglomerates about 
5 mm thick are made. Then, gravels are cut off 
using pliers. After that, the fragments of pebbles 
are classified lithologically into cherts or mud­
stones. In the Ryoseki-Monobegawa group, the 
matrices of conglomerates are usually composed 
of sandstones. They contain not only chert clasts 
but also mudstone grains that are less than 2 mm 
in diameter. In the study, the matrices of con­
glomerates are separated from the gravels before 
processing. This method shows that the matrices 
yield quite different kind of radiolarians abun­
dantly compared with those from the chert grav­
els. The samples were processed by 3-7% diluted 
HF for about 12 hours. The process was repeated 
several times. 

RADIOLARIAN AGE OF GRAVELS AND 
CLASTS 

The chert gravels of chert-pebble conglomerates 
of the Ryoseki-Monobegawa group yield Middle-
Late Triassic, and earliest Jurassic radiolarians 
(Fig. 5) . Among them, Hindedorcus holdsworthi, 
Eptingium nakasekoi, E. cf. manfredi, Triasso-
campe aff. scalaris, Annulotriassocampe campanilis, 
Trilonche japónica, Pseudostylospbaera japónica, 
Beturiella robusta, Pseudostylospbaera spinulosum, 
P. sp . C of K o j i m a & M i z u t a n i ( 1 9 8 7 ) , 
Triassocampe longicephalis, Pararuesticyrtium 
mediofassanicum, Hozumadia reticulata, Tiborella 

cochleata are characteristic of the Middle Triassic. 
Hindedorcus holdsworthi was reported from the 
chert beds of the Kinkazan, Mino-Tamba Belt 
(Sugiyama 1992). This species is characteristic in 
Hozmadia gifuensis a s semblage of the ea r ly 
Anisian age. Eptingium nakasekoi was reported 
from the Paraceratites trinodosus zone (Illyrian) in 
the Balaton Hills, Hungary (Kozur & Mostler 
1994) . Eptingium cf. manfredi is closely related 
with the same species that was reported from the 
bedded chert sequences in the Inuyama area of 
the Mino-Tamba Belt. The species occurs with 
Triassocampe deweveri and Ladinian conodonts 
(Yao 1982) . Triassocampe aff. scalaris co-occurs 
with Anisian conodonts from the chert beds of 
the S o u t h C h i c h i b u Bel t ( I s h i d a 1 9 8 4 ) . 
Annulotriassocampe campanilis was reported from 
the Fassan beds of the Balaton Hills, Hungary 
(Kozur & Mostler 1994). Trilonche japónica co-
occurred with Triassocampe deweveri in the chert 
of the S o u t h C h i c h i b u Be l t ( N a k a s e k o & 
Nishimura 1979) . Pseudostylo-sphaera japónica 
was described from the chert beds of the South 
Chichibu Belt (Nakaseko & Nishimura 1979) . 
This species co-occurs with Neogondolella hasla-
chensis in the late Anisian-early Ladinian chert 
beds of the Sikhote-Alin and Sakhalin (Bragin 
1991). Another reports on occurrences are from 
bedded cherts in the Mino-Tamba Belt (Yao 
1982) and the Nadanhada, NE China (Kojima 
& Mizutani 1987). Beturiella robusta was report­
ed from the "Nodosus bed" about the Anisian/ 
Ladinian boundary in the southern Dolomiten 
Alps (Dumitrica et al. 1980). Pseudostylosphaera 
spinulosum was reported from chert beds of the 
South Chichibu Belt (Nakaseko & Nishimura 
1 9 7 9 ) , a n d from the u p p e r A n i s i a n - l o w e r 
L a d i n i a n che r t beds in the n o r t h e r n m o s t 
Sakhalin with Pseudostylosphaera japónica (Bragin 
1 9 9 1 ) . Pseudostyloshaera sp. C of Koj ima & 
Mizutani (1987) has slightly twisted polar spines. 
This species was reported from the late Anisian 
to Lad in ian bedded chert in the Nadanhada 
Range. Triassocampe longicephalis is described in 
the early Ladinian (middle Fassanian) beds of the 
V i n c e n t i n i a n Alps , I ta ly (Kozur & Mos t l e r 
1 9 9 4 ) . Pararuesticyrtium mediofassanicum is 
known in the Ladinocampe multiperforata zone of 
the middle Fassanian beds in the Vincentinian 
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FIG. 6. — Photomicrographs showing clasts (sand sizes) of mudstones (dark) and cherts (light) in the matrix part of the chert-pebble 
conglomerates. These mudstone clasts contain many radiolarian tests (small round circles). A-D, Psammitic matrices of the chert-
pebble conglomerates in the Ryoseki-Monobegawa group, East Shikoku. Scale bars: 1 mm. 

Alps, Italy (Kozur & Mostler 1994). Hozumadia 
reticulata is reported from the lower Ladinian 
beds in the Southern Alps (Dumi t r i ca et al. 
1980) . The species is characteristic in Spongo-
silicarmiger italicus zone of the lower Fassanian 
(Kozur & Mostler 1994) . Tiborella cochleata is 
reported with Triassocampe deweveri from chert 
in Inuyama, Mino-Tamba Belt (Nakaseko & 
Nishimura 1979). 
T h e U p p e r T r i a s s i c r a d i o l a r i a n s such as 
Capnodoce sarisa, Theocorys sp. A, Sarla (?) exter­
na, Acanthocircus vigrassi and Corum speciosum 
are extracted from chert pebbles. Capnodoce sari­
sa is described from the Upper Triassic forma­
t ions in Turkey and S ic i ly (De Wever et al. 
1979). This species occurs with Theocorys sp. A 
and Carnian conodonts from the gray chert in 
Shimo-aso of the Mino-Tamba Belt (Nakaseko 
& Nishimura 1979). Sarla (?) externa is reported 

from the upper Carnian (?)-middle Norian beds 
in Mid-East Oregon (Blome 1983) . Acantho­
circus vigrassi was reported from the Triassic 
(upper Carnian (?)-middle Norian) Cabin mud-
stone in East Oregon (Blome 1984). Corum spe­
ciosum is d e s c r i b e d from the R a i l C a b i n 
muds tone ( lower -middle Nor ian) in Oregon 
(Blome 1984) . Paleosaturnalis sp. are extracted 
with Sarla (?) externa from a chert pebble in the 
conglomerate. 

Parahsuum simplum and Gigi fastis of the earliest 
Jurassic mater ials are also found in the other 
chert gravels. Parahsuum simplum is the index 
species of the P. simplum zone (Hori 1990). This 
species is widely reported from the bedded chert 
in Mino-Tamba , Ashio, North Ch ich ibu and 
South Chichibu belts (Yao 1982; Suyari et al. 
1982; Ishida 1983; Sashida 1988). Gigi fastis is 
reported from the calcareous chert in the lower 
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FIG. 7. — Early, Middle and Late Jurassic radiolarians from the small clasts and pebbles of mudstones in the chert-pebble conglom­
erates of the Ryoseki-Monobegawa group in East Shikoku. A, Parahsuum ovale Hori & Yao; B, Parahsuum (?) grande Hori & Yao; 
C, Dictyomitrella kamoensis Mizutani & Kido; D, Ristola dhimenaensis (Baumgartner); E, F, Archaeodictyomitra suzukii Aita; 
G, Tricolocapsa fusiformis Yao; H, Tricolocapsa aff. fuslformis Yao; l-K, Tricolocapsa plicarum Yao; L, Tricolocapsa cf. ruesti Tan; 
M, Slichocapsa japónica Yao; N, Tricolocapsa cf. parvipora Tan of Yao; O, Theocapsomma cordis Kocher; P, Q, Slylocapsa oblon-
gula Kocher; R, Eucyrtidiellum unumaensis (Yao); S, Eucyrtidiellum nodosum Wakita. Scale bars: 100 pm; a, A, D; b, B, C, E-G, l-L; 
c, H, M-S. 
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FIG. 8. — Middle-Late Jurassic and earliest Cretaceous radiolarians from the small clasts and pebbles of mudstones in the chert-
pebble conglomerates of the Ryoseki-Monobegawa group in East Shikoku. A, B, Pseudodiclyomitra primitiva Yao; C, Sethocapsa 
pseudouterculus Aita; D, Eucyrtidiellum pyramis (Aita); E, Sethocapsa horokanaiensis Kawabata; F, Hsuum maxwelli Pessagno; G, 
H, Stichocapsa naradaniensis Matsuoka; I, Protunuma japonicus Matsuoka & Yao; J , Cinguloturris carpatica Dumitrica; K, L, 
Tricolocapsa conexa Matsuoka; M, Stylocapsa lacrimaris Matsuoka; N, Stylocapsa (?) spiralis Matsuoka; O, Gongylothorax favosus 
Dumitrica; P, Stichocapsa robsta Matsuoka. Scale bars: 100 pm; a, A-J, L, M, P; b, K, N, O. 
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Liassic (Sinemurian-?Pliensbachian) Budva zone 
in the Dinarides, Montenegro (Gorican 1994) . 
The related species co-occur wi th P. simplum 
from chert in the Katsuyama Sect ion of the 
Mino-Tamba Belt (Hori 1990). 
M a t r i c e s of the cher t -pebb le cong lomera t e s 
contain many small clasts of mudstones as well as 
small clasts of cherts. Their diameters are less 
than 2 mm. Among these mudstone clasts, some 
are composed of micaceous black mudstones. 
The others are siliceous mudstones and tuffa-
ceous ones that are usually dark gray or black 
colored. They commonly contain many radiolar­
ians (Fig. 6 ) . These small clasts of mudstones 
and some mudstone pebbles in the chert-pebble 
conglomerates yield the Early Jurassic, Middle-
early Late Jurassic, Late Jurassic, and the earliest 
Cre taceous rad io la r ians (Figs. 7, 8 ) . A m o n g 
them, the Early Jurassic materials are Parahsuum 
ovale and Parahsuum (?) grande. Parahsuum ovale 
has its range in the Parahsuum simplum zone. 
This species is nearly the same age as P. simplum, 
but appears later in the bedded chert sequences 
of the Mino-Tamba Belt (Hori 1990). This spe­
cies is also reported from the black mudstone of 
the North Chichibu Belt in Kyushu, S W Japan 
(Hori 1990; M i y a m o t o & Kuwazuru 1 9 9 3 ) . 
Parahsuum (?) grande is the index species of the 
zone that belongs to the Upper Lower Jurassic 
(Hori 1 9 9 0 ) . The Midd le -ea r ly Late Jurass ic 
materials are Tricolocapsa plicarum, T. fusiformis, 
T. aff. fusiformis, T. conexa, T. parvipora, T. cf. 
ruesti, Gongylothorax favosus, Eucyrtidiellum unu-
maensis, E. nodosum, Theocapsomma cordis, 
Dictyomitrella kamoensis, Archaeodictyomitra cf. 
suzukii, Stichocapsa japónica, S. robusta, 
Stylocapsa oblongula, Hsuum maxwelli, Ristola 
dhimenaensis. T h e y are r e p o r t e d from the 
Tricolocapsa plicarum zone and Tricolocapsa conexa 
zone or Stylocapsa (?) spiralis zone of Matsuoka 
( 1 9 9 5 ) , and/or Tricolocapsa tetragona interval 
zone (IZ; Ca\lovia.n)-Foremanella hipposidericus 
zone (Oxfordian) of Aita (1987) . For example, 
Tricolocapsa conexa ranges from the Tricolocapsa 
tetragona IZ to the Foremanella hipposidericus 
zone of Ai ta ( 1 9 8 7 ) . It also ranges from the 
Tricolocapsa conexa zone (upper Bathonian) to 
the Stylocapsa (?) spiralis zone (Oxfordian) of 
Matsuoka ( 1 9 9 5 ) . This species is regarded to 

indicate the UA zones 6-15 of Gorican (1994) 
and the UA zones 4 -7 of In te rRad J - C W G 
(1995) . These zones are correlated with the late 
Bajocian to Bathonian or Callovian. Tricolocapsa 
parvipora has its range in the Tricolocapsa tetrago­
na YL-Amphipyndax tsunoensis YL of Aita (1987) . 
This species is regarded to indicate the UA zones 
3-5 of Baumgartner (1984) , and the UA zones 
6-7 (InterRad J -C W G 1995) that are correlated 
with the late Middle-early Late Jurassic (middle 
Ba thonian to Ca l lov ian or ear ly Oxford ian) . 
Cinguloturris carpatica, Stylocapsa lacrimaris, 
Stylocapsa (?) spiralis, Stichocapsa naradaniensis, 
Protunuma japonicus are characteris t ic of the 
Stylocapsa (?) spiralis zone-Cinguloturris carpatica 
zone (Lower-middle Upper Jurassic) of Matsuoka 
& Yao (1985) , and the Stylocapsa (?) spiralis zone-
Hsuum maxwelli zone (uppermost Ca l lov ian-
Kimmeridgian) of Matsuoka (1995) . The latest 
Jurassic and earliest Cretaceous mater ia ls are 
Pseudodictyomitra primitiva, Sethocapsa horoka-
naiensis, Sethocapsa pseudouterculus, Eucyr-tidiel-
lum pyramis. Among them, Pseudodictyo-mitra 
primitiva is the zone index species (Matsuoka 
1 9 9 5 ) . Sethocapsa pseudouterculus a n d 
Eucyrtidiellum pyramis are characteristic of the 
lowest Cretaceous Ditrabs sansalvadorensis zone 
(Aita 1 9 8 6 ) . According to Kawabata ( 1 9 8 8 ) , 
Sethocapsa horokanaiensis r a n g e s from the 
Tricolocapsa yaoi assemblage zone (AZ) to the 
Pseudodictyomitra primitiva KL of Matsuoka & 
Yao ( 1 9 8 5 ) . This species occurred part ly with 
P. primitiva or E. pyramis in the chert-siliceous 
mudstone sequences of the Sorachi group. 
O t h e r a s s e m b l a g e s i n c l u d e Ear ly and La te 
Permian radiolarians such as Pseudoalbaillella 
scalprata morphotype postscalprata, Follicucullus 
porrectus, F. scholasticus, F. charveti, Albaillella 
asymmetrica, A. triangularis, A. excelsa, A. aff. 
levis and Nazarovella sp. (Fig. 9 ) . According to 
Ishiga (1990) , Pseudoalbaillella scalprata morpho­
type postscalprata has its range in the upper 
Lower Permian. Albaillella asymmetrica ranges 
from the upper Lower to lower Middle Permian. 
T h e other species have ranges in the Upper 
Permian F. scholasticus zone to the Neoalbaillella 
ornithoformis zone or the N. optima zone (Ishiga 
1990, 1991). Among them, Follicucullus scholas­
ticus, F. porrectus and A. triangularis are extracted 
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FIG. 9. — Permian radiolarians from the mudstone clasts (A-H) and chert pebbles (l-T) in the chert-pebble conglomerates of the 
Ryoseki-Monobegawa group in East Shikoku. A-D, Follicucullus charveti Caridroit & De Wever, every ventral spine below sinus is 
broken off; E, Follicucullus scholasticus Ormiston & Babcock.; F, G, Follicucullus porrectus Rudenko; H-J, Albaillella triangularis 
Ishiga, Kito & Imoto; I, Ventral wing-side view. Ventral wing is broken off; K, Albaillella aff. levls Ishiga Kito & Imoto of Kuwahara, 
1997; L, Albaillella excelsa Ishiga, Kito & Imoto; M, Follicucullus scholasticus Ormiston & Babcock; N, O, Follicucullus porrectus 
Rudenko; P, Nazarovella sp.; Q, Albaillella asymmetrica Ishiga & Imoto; R-T, Pseudoalbaillella scalprata morphotype postscalprata 
Ishiga. Scale bars: 100 pm; a, D, F-H, N, P, Q; b, A-C, E, l-M, O, R-T. 
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from che r t p e b b l e s a n d m u d s t o n e c l a s t s . 
Follicucullus charveti is only extracted from the 
mudstone clasts, whereas Pseudoalbaillella scal-
prata morphotype postscalprata, Albaillella asym-
metrica, A. excelsa, A. aff. levis and Nazarovella 
sp. are extracted from the chert pebbles. 

RECONSTRUCTION AND CORRELATION 
OF OCEANIC PLATE STRATIGRAPHY 

Age determinations on chert and mudstone grav­
els and fine clasts of mudstones allows a recon­
struction of "continuous" stratigraphy ranging 
from Middle Triassic to the lowest Cretaceous 
(Fig. 10). The succession reveals a chert-clastic 
sequence that is usually found in place in the 
Jurassic AC, with clear lithologic boundary be­
tween chert and mudstone just in the Parahsuum 
simplum zone of the Lower Jurassic (Hori 1990; 
Matsuoka 1995). 

In the Chichibu Superterrane, Jurassic A C is dis­
tributed both in the South and North Chichibu 
belts (Fig. 2 ) . They are very close to the studied 
fo rmat ions , and have OPSs of che r t - c l a s t i c 
sequences. Compar ing the OPS of the North 
C h i c h i b u Bel t w i t h the O P S of the S o u t h 
C h i c h i b u Be l t , t he c o m p l e x of the N o r t h 
Chichibu Belt was accreted earlier (Fig. 11). The 
chert facies of the North Chichibu Belt ends in 
the uppermost Triassic Canoptum triassicum zone 
or the lowest Jurassic Parahsuum simplum zone 
(Suyari, etal. 1982; Ishida 1985). On the other 
side, chert facies of the South Ch ich ibu Belt 
continues into the Middle Jurassic Laxtorum (?) 
jurassicum zone-lower Upper Jurassic Stylocapsa 
(?) spiralis zone (Matsuoka 1984, 1996; Ishida 
1 9 8 5 , 1 9 8 7 a ; H o s h i n a etal. 1 9 9 5 ; Isozaki 
1997b) . The OPS of origin inferred from the 
gravels is correlative with the OPS of the North 
Chichibu Belt rather than with the OPS of the 
South Chichibu Belt (Fig. 11). 
Concerning the Permian, two types of geological 
columns are reconstructed. The first one is com­
posed of chert ranging from the Lower to the 
Upper Permian. The second one is composed of 
the Upper Permian mudstone facies character­
ized by the occurrence of Follicucullus charveti. 
The distribution of F. charveti is strictly restricted 

among the Late Permian faunas. The fauna that 
includes F. charveti is distributed in the Upper-
Permian pel i t ic facies of the Maizuru , Ul t ra-
Tamba and the Kurosegawa belts (Caridroit & 
De Wever 1986; Ishiga 1990; Isozaki 1997a ) . 
Upper Permian mudstone-clasts are probably 
derived from these belts. On the contrary, Upper 
Permian cherts are commonly included in the 
Jurassic A C of the North and South Chichibu 
belts in the Outer Zone of S W Japan (Fig. 11). 
In the Inner Zone, they are common in the 
Jurassic AC of the Mino-Tamba Belt (e.g., Ishiga 
& Imoto 1980; Kuwahara 1997). 

PROVENANCE OF CHERT AND 
MUDSTONE GRAVELS IN RYOSEKI-
MONOBEGAWA GROUP 

Among these rad io lar ian-bear ing gravels and 
clasts, Triassic to Early Jurassic chert pebbles and 
Early to early Middle Jurassic mudstone clasts are 
probably der ived from the A C of the North 
Chichibu Belt. On the contrary, the late Middle-
Late Jurassic and earliest Cretaceous mudstone 
clasts are considered to be derived from the equi­
valents of the Torinosu group (Ishida 1994). The 
same species of late Middle-Late Jurassic and the 
earliest Cretaceous radiolarians are common in 
the Tor inosu g roup . T h e Tor inosu g roup is 
u p p e r M i d d l e - U p p e r J u r a s s i c a n d lowes t 
Cretaceous open-sea and shallow marine sedi­
ments composed of mudstone facies with small 
amount of sandstones, muddy limestones and 
conglomerates . The thickness is thinner than 
250 m. The Torinosu group is now distributed 
in the South Chichibu Belt and the south unit of 
the Kurosegawa Belt where the group unconform-
ably overlies the pre-Jurassic ACs and the Triassic 
shal low-marine formations (Fig. 11) . On one 
hand, the shallow-marine Triassic formation is 
never d i s t r i b u t e d in the no r th u n i t of the 
Kurosegawa Belt nor North Chichibu Belt where 
the Ryoseki-Monobegawa group unconformably 
overlies the Permian A C directly. There are large 
s t r a t i g r a p h i c a n d fac ies g a p s b e t w e e n the 
Permian A C and the Lower Cretaceous paralic 
formations in the north unit of the Kurosegawa 
Belt, whereas the Lower Cretaceous Takegatani 
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FIG. 10. — Schematic columns showing the oceanic plate stratigraphy of the provenancial terranes. They are inferred from the radio-
larian-bearing chert-pebbles and mudstone-clasts in the chert-pebble conglomerates of the Ryoseki-Monobegawa group. 
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FIG. 11 . — Stratigraphy of the upper Paleozoic and Mesozoic formations in the North Chichibu, South Chichibu and Kurosegawa 
belts in the Chichibu Superterrane, East Shikoku. 

group and the Masakidani formation that are 
equivalent of the Ryoseki-Monobegawa group 
overlie the Torinosu group in the south unit of 
the Kurosegawa Belt and the South Chichibu 
Belt. There are not important stratigraphie gaps 
nor facial differences among the Torinosu group, 
Ryoseki-Monobegawa group and its equivalents 
(Fig. 11). 
As a result, the author considers that these chert 
pebbles probably originated from the chert-clas­
tic sequences and/or complexes of the North 
Chichibu Belt. It also indicates that the Lower to 
l o w e r M i d d l e J u r a s s i c A C s of the N o r t h 
Chichibu Belt probably cropped out at the conti­
nental side of the Ryoseki-Monobegawa group, 
and were already eroded in the Early Cretaceous. 
On one hand, pebbles and small fragments of 
mudstones containing the Late Middle to Late 
Jurassic and the earliest Cretaceous radiolarians 
p r o b a b l y o r i g i n a t e d from the l a t e M i d d l e 
Jurassic-earliest Cretaceous cover formations that 
are the equivalent of the Torinosu group. The 
equivalents of the Torinosu group were spread 
widely above the North Chichibu Belt and they 
were eroded together at the same orogenic event. 

PROVENANCE OF ACCOMPANIED 
FUSULINACEAN-LIMESTONE PEBBLES 

In addition to chert pebbles, the conglomerate of 
the Lower Hanoura formation also conta ins 
small gravels of micritic limestones. Limestone 
gravels usually do not derive from long distances, 
as r iver waters u sua l ly have ac id ic chemica l 
conditions. They contain Permian and Carboni­
ferous fusul inids species of Fusulinella, Neo-
schwagerina a n d Yabeina. A m o n g t h e m , 
TV. craticulifera is characteristic of these micritic 
limestone gravels. Large blocks of white micrites 
that contain species of Neoschwagerina, Yabeina 
and Fusulinella are characteristic in the Jurassic 
ACs of the North and South Ch ich ibu belts, 
whereas the Colania-Lepidolina bearing muddy 
limestones are characteristic in the Kurosegawa 
Belt (Ishii 1 9 9 0 ) . It suggests that the North 
Chichibu and the Kurosegawa belts belong to 
two distinct units. It is also remarkable that the 
fusulinid-bearing white micrite pebbles are in­
c l u d e d in the c h e r t - p e b b l e c o n g l o m e r a t e s . 
Therefore, these micri te pebbles are probably 
derived from the limestone blocks of the North 
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Chichibu Belt. They are transported together 
with the radiolarian-bearing chert pebbles and 
muds tone clasts . Based on pa leocurrent evi­
dences ( M a t s u k a w a & Tsuneoka 1 9 9 3 ) and 
facies analysis (Ishida et al. 1992, 1996) , sedi­
ments of the Ryoseki-Monobegawa group were 
transported from the northwest to the southeast. 
The direction of transport is relevant to a poten­
tial provenance from the North Chichibu Belt. 
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