
intRoduction

The Japanese Islands are composed of several geologic
units related to active subduction along an orogenic front
(e.g., Ichikawa, 1990; Isozaki et al., 2010). These geologic
units underwent several processes, such as deformation,
metamorphism, exhumation, and denudation. Mid-Mesozoic
Accretionary Complexes (ACs), comprising the Tamba-Mi-
no-Ashio, Chichibu composite, Samarka, Khabarovsk,
Taukha, and other terranes, are widely exposed in East Asia
(e.g., Wakita and Metcalfe, 2005) (Fig. 1a). 

Some Late Mesozoic strata show intercalations of
siliceous and muddy clasts which are presumed to have
originated in the mid-Mesozoic ACs.

In general, clasts within sediments are supplied from the
surrounding geologic units and indicate the provenance.
Some researchers have investigated the clasts within the
Late Mesozoic strata and discussed their provenance by
petrology and geochemistry (e.g., Asiedu et al., 2000; Lee
and Lee, 2000). Some previous studies have clarified that (i)
sediments within the Hayang Group of the Gyeongsang Su-
pergroup in the southeastern Korean Peninsula include
clasts which derived from mid-Mesozoic ACs (e.g., Lee and
Kim, 2005); (ii) sediments within the Tetori Group of
Southwest Japan include quartzite clasts which derived from
basement rocks of the southeastern Korean Peninsula (e.g.,
Kim et al., 2007). These data indicate that Southwest Japan
and the southeastern Korean Peninsula had close paleogeo-
graphic relationships and exchanged sediment supply in the
Middle-Late Mesozoic (Lee, 2008). Microfossils, such as
radiolaria and conodonts, can assign the age to the siliceous

and muddy clasts which derived from ACs. Some re-
searchers determined the initiation of the denudation of the
mid-Mesozoic ACs based on the age of the microfossil-
bearing clasts found within Late Mesozoic neritic-continen-
tal strata in East Asia. Takeuchi et al. (1991) presumed that
Triassic and Jurassic radiolarian-bearing clasts within the
Tetori Group in the Toyama Prefecture derived from the
mid-Mesozoic ACs. They concluded that the mid-Mesozoic
ACs were already uplifted and denuded in the late Neoco-
mian (Early Cretaceous). Matsukawa and Takahashi (1999)
found Permian and Triassic radiolarians from chert clasts
within the Otaniyama Formation of the Tetori Group in the
Gifu Prefecture. They proposed that the mid-Mesozoic ACs
had been exhumed earlier than the age presumed by
Takeuchi et al. (1991). Kamata et al. (2000) discovered lat-
est Jurassic (Tithonian) radiolarians, which occur commonly
in muddy rocks of the mid-Mesozoic ACs, in conglomerates
of the Kisadong Formation of the Hayang Group in the
southeastern Korean Peninsula. They speculated that the lat-
est Jurassic ACs were uplifted on land during deposition of
the Hayang Group. Traditionally, Southwest Japan has been
geologically subdivided into the Inner and Outer zones (e.g.,
Ichikawa, 1990). Ishida et al. (2003) compiled radiolarian-
bearing clasts within the Inner and Outer zones of South-
west Japan and the Hayang Group. These authors indicate
that denudation of the mid-Mesozoic ACs started during
Late Jurassic at least in the Outer Zone and possibly in the
Inner Zone, and intensified during Early Cretaceous. 

The mid-Mesozoic ACs in East Asia are characterized by
long-term accretion, suggesting that their denudation should
also occurred in stages. The initiation of the ACs denudation
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ABSTRACT

Late Mesozoic neritic-continental strata of East Asia show intercalations of conglomerates including microfossil-bearing clasts. Some clasts are presumed to
have originated in mid-Mesozoic accretionary complexes (ACs) of East Asia. Microfossils (e.g., radiolaria, conodonts) in these clasts can provide age con-
straints. Relationships between rock facies and age in sequences of the mid-Mesozoic ACs have been clarified in previous studies; therefore, the rock facies and
the age of the clasts offer a clue about denudation history and provenance of the mid-Mesozoic ACs. This study compiles previous studies of microfossil-bear-
ing clasts within the Late Mesozoic in the Outer and Inner zones of Southwest Japan and in the Gyeongsang Supergroup in the southeastern Korean Peninsula.

The compilation, at present, recognizes three denudation stages (Stages A, B, and C) of the mid-Mesozoic ACs. Stage A (Oxfordian-Hauterivian) is char-
acterized by an initial and narrow denudation. The denudation of the mid-Mesozoic ACs started at some point in this stage, but it was of limited extent. Stage
B (Barremian-early Albian) is characterized by wide denudation: the mid-Mesozoic ACs became largely exposed. Afterwards, some younger geologic bodies
of the mid-Mesozoic ACs, which were structurally underlying, were exposed and denuded. Stage C (late Albian–) is characterized by denudation of almost all
the mid-Mesozoic ACs. This denudational evolution might be related to some tectonic and igneous events in East Asia, such as the uplift of the Tetori Group
in the late Hauterivian-early Barremian and the initiation of the granitic magmatic activity in the middle Albian. 
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Fig. 1 - Index maps of the examined microfossil-bearing clasts. (a) mid-Mesozoic accretionary complexes in East Asia (modified from Koji-
ma and Kametaka, 2000), (b) Inner Zone and Outer Zone of Southwest Japan, (c) Late Mesozoic strata in the Hokuriku District (modified
from Maeda, 1961), (d) Sub-basins of the Gyeongsang Supergroup in the southeastern Korean Peninsula (modified from Mitsugi et al.,
2001). M.T.L.: Median Tectonic Line. Reference numbers: 1: Ishida and Hashimoto (1997), Ishida (1999); 2: Umeda and Sugiyama (1998);
3: Kashiwagi and Isaji (2015); 4: Umeda et al. (1995); 5: Saida (1987); 6: Matsukawa and Takahashi (1999); 7: Ito et al. (2015b); 8: Kojima
(1986); 9: Takeuchi et al. (1991); 10: Tomita et al. (2007), Takeuchi et al. (2015b); 11: Ito et al. (2012, 2014); 12: Chang et al. (1990), Yao
and Chang (1990); 13, 14: Kamata et al. (2000); 15, 16: Mitsugi et al. (2001); 17: Mitsugi et al. (2001), Chang et al. (2003); 18: Adachi and
Choi (1995). The reference numbers correspond to Fig. 3 and Tables 1, 2, and 3; however, an occurrence site by Adachi and Choi (1995) (=
18) is not shown in this figure, and there are two occurrence sites by Chang et al. (1990) and Yao and Chang (1990) (= 12). 



has been discussed in several papers, but few researches
have shown a staged denudation. This is because fossils
valuable for age assignments are scarce in microfossil-yield-
ing conglomerates of the Late Mesozoic. Recently, new am-
monoid fossils have been found in the Tetori Group of the
Inner Zone of Southwest Japan (e.g., Sato and Yamada,
2005; Goto, 2007; Sato et al., 2008; Handa et al., 2014; Go-
to and Handa, 2014). Additionally, zircon U-Pb ages have
been determined on sandstones of the Late Mesozoic in the
Inner Zone and the Gyeongsang Supergroup (e.g., Hayashi
et al., 2010; Lee et al., 2010; Kawagoe et al., 2012;
Takeuchi et al., 2015a). These recent advances allowed to
revise the age assignments of the strata. Furthermore, in re-
cent years the authors and others studied microfossil-bear-
ing clasts within the Late Mesozoic strata in the Inner Zone
(Ito et al., 2010; 2012; 2014; 2015b; Sakai et al., 2012). This
study synthesizes previous studies of microfossil-bearing
clasts and recently-revised ages of microfossil-yielding con-
glomerates of the Outer and Inner zones of Southwest Japan
and of the Gyeongsang Supergroup in the southeastern Ko-
rean Peninsula. On the basis of this compilation, our paper
attempts to draw a staged denudation history of the mid-
Mesozoic ACs in the late Mesozoic. 

geneRal featuRes of an accRetionaRy
complex and pRocesses of clast supply

The mid-Mesozoic ACs are composed mainly of oceanic
deposits and terrigenous clastics comprising chert-clastic
sequences (chert, siliceous mudstone, mudstone, and sand-
stone in ascending order). This lithologic change from
pelagic deposits to terrigenous clastics, reflects transition
from abyssal plain to trench, indicates an ocean plate
stratigraphy (e.g., Matsuda and Isozaki, 1991; Kimura and
Hori, 1993) (Fig. 2). Relationships between lithostratigra-

phy and biostratigraphy of chert-clastic sequences in the
mid-Mesozoic ACs have been clarified using microfossils
(e.g., Matsuoka et al., 1998; Nakae, 2000): pelagic cherts
range from Pennsylvanian (Late Carboniferous) to Late
Jurassic; hemipelagic siliceous mudstones and terrigenous
clastics range from Late Triassic to earliest Cretaceous. The
Tamba Belt Research Group (1995) found Middle Triassic
radiolarians in mudstones of the Tamba terrane of South-
west Japan.

An AC grows by accretion at a convergent plate bound-
ary and is characterized most often by landward dipping
units (Mascle et al., 1986). Consequently, the age of these
units becomes systematically younger seawards and struc-
turally downwards. In the mid-Mesozoic ACs, the age of
the uppermost chert and the age of the siliceous mudstone
and coarse clastics of the sequences become systematically
younger southwards and structurally downwards (e.g., Mat-
suoka, 1992). Constituents of an AC are landward driven
by younger ACs and then exhumed. The exhumed con-
stituents are then denuded and finally supplied to sedimen-
tary basins (Fig. 2).

late mesozoic neRitic-continental 
stRata including micRofossil-beaRing

clasts

Some microfossil-bearing clasts, presumed to have origi-
nated in the mid-Mesozoic ACs, have been reported from
some Late Mesozoic neritic-continental strata in the Outer
and Inner zones of Southwest Japan and in the Gyeongsang
Supergroup in the southeastern Korean Peninsula (Fig. 1, 3).
In this chapter, we report the inferred ages of the conglom-
erates yielding the clasts. The details of the microfossil-
bearing clasts are shown in Tables 1, 2, and 3. Age assign-
ments in this paper are after Gradstein et al. (2012). 
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Fig. 2 - Simplified scheme of an orogenic front showing the processes from accretion to re-deposition via exhumation and denudation. 
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outer zone of southwest Japan

Monobegawa Group
This group is distributed along the Suita-Shokuta tecton-

ic line in Shikoku (Fig. 1b). In the Tokushima area, the
Monobegawa Group is subdivided into the Tatsukawa,
Lower Hanoura, Upper Hanoura, Hoji, and Fujikawa forma-
tions, in ascending order (e.g., Kozai et al., 2005). The Low-
er Hanoura Formation yielded Barremian ammonoids (e.g.,
Shasticrioceras nipponicum Matsumoto) (Matsukawa and
Eto, 1987). Based on the lithostratigraphical relationships
with the Lower Hanoura Formation, we inferred that the
Tatsukawa Formation correlates to the Hauterivian. 

The Tatsukawa and Lower Hanoura formations have
conglomerate interbeds including microfossil-bearing clasts
(Ishida and Hashimoto, 1997; Ishida, 1999). The Tatsukawa
Formation includes Permian chert clasts. Middle and Late
Triassic radiolarians are found in chert clasts within both the
Tatsukawa and Lower Hanoura formations. In the Lower
Hanoura Formation, a chert clast yielded Pliensbachian-ear-
ly Toarcian radiolarians, such as Gigi fustis De Wever;
mudstone clasts yielded late Bathonian-early Callovian radi-
olarians, such as Striatojaponocapsa plicarum (Yao) and
Striatojaponocapsa conexa (Matsuoka). 

Shiranezaki Formation
The Shiranzaki Formation is distributed over the Toba

area (Fig. 1b). This formation and the Imaura and Matsuo
groups cover the mid-Mesozoic ACs and the Kurosegawa
belt. Sugiyama et al. (1993) found latest Tithonian-early
Valanginian radiolarians [Pseudodictyomitra carpatica
(Lozynyak)] from the Matsuo Group, which conformably
overlies the Shiranezaki Formation. Oxfordian radiolarians
[e.g., Kilinora spiralis (Matsuoka)] occur in a mudstone bed
of the Shiranezaki Formation (Sugiyama et al., 1993). How-
ever, Tricolocapsa tetragona Matsuoka, which does not oc-
cur in Late Jurassic but in Middle Jurassic, co-occurred with
radiolarians from the mudstone bed. Umeda and Sugiyama
(1998) pointed out the possibility that the Oxfordian radio-
larians from the mudstone bed are not autochthonous but re-
deposited fossils. 

Clasts within conglomerates of the middle Shiranezaki
Formation yielded radiolarians (Umeda and Sugiyama, 1998).
Permian radiolarians occur in siliceous rock clasts; Permian
and Middle-Late Triassic radiolarians occur in chert clasts.
No Jurassic radiolarians were found in any clasts. 

Choshi Group
The Choshi Group, distributed over the Choshi area (Fig.

1b), comprises five formations: the Ashikajima, Kimigahata,
Inubozaki, Toriakeura, and Nagasakihana formations in as-
cending order (Obata et al., 1975; 1982). Barremian am-
monoids were found in the Ashikajima and Kimigahata for-
mations (e.g., Obata and Matsukawa, 2007; 2009); Aptian am-
monoids occur in the Inubozaki and Toriakeura formations.

Kashiwagi and Isaji (2015) obtained radiolarians from
two chert clasts within the Ashikajima Formation. A chert
clast yielded Middle Permian radiolarians; another chert
clast yielded Middle Jurassic radiolarians (e.g., Stichocapsa
japonica Yao, Striatojaponocapsa sp., Eucyrtidiellum sp.). 

According to Kashiwagi and Isaji (2015), the specimens of
Striatojaponocapsa sp. obtained from the chert clast can be
identified as S. conexa, S. plicarum and/or S. synconexa
O’Dogherty, Goričan and Dumitrica. They therefore conclud-
ed that the chert clast has a late Bathonian-early Callovian
age. 

inner zone of southwest Japan

Sasayama Group
The Sasayama Group, distributed over the Sasayama

area (Fig. 1b), is divided into the Lower and Upper forma-
tions (Yoshikawa, 1993). It had been thought that the
Sasayama Group corresponds to the Tithonian-Cenoman-
ian on the basis of a fission-track dating of tuff (e.g., Mat-
suura and Yoshikawa, 1992; Yoshikawa, 1993). Hayashi
et al. (2010) revised the age assignment of the Sasayama
Group. According to them, Albian-Maastrichtian ostracods
(e.g., Mongolocypris, Eucypris) occur in the Lower For-
mation; the youngest zircon age of the tuff of the Lower
Formation is 106±9 Ma. Hayashi et al. (2010) concluded
that the Lower Formation corresponds to the Albian-Ceno-
manian. 

Umeda et al. (1995) found conodonts and latest Permian,
Middle-Late Triassic, and Early Jurassic radiolarians in
chert clasts within the Lower Formation. Canoptum sp. cf.
C. rugosum Pessagno and Poisson was obtained from a
chert clast. Canoptum rugosum occurs in the Pliensbachian-
early Toarcian. 

Tetori Group
The Middle Jurassic-Early Cretaceous Tetori Group is

distributed over the Hokuriku District (Fig. 1c). This group
is characterized by marine and continental clastic deposits
and is subdivided into the Kuzuryu, Itoshiro, and Akaiwa
subgroups, in ascending order (Maeda, 1961). 

Saida (1987) found Triassic and Jurassic radiolarians in
clasts within the Tetori Group in the Tamodani area.
Japonocapsa sp. cf. J. fusiformis (Yao) (described as Tri-
colocapsa? cf. fusiformis Yao) was obtained from a con-
glomerate. Japonocapsa fusiformis occurs in the Aalenian-
early Bajocian. He did not specify the strata, but Fujita
(2002) recognized it as the Kamihambara Formation. The
Kamihambara Formation yielded early Tithonian ammonoid
(Parapallasiceras) (Sato and Yamada, 2005). 

The Otaniyama Formation of the Itoshiro Subgroup is
distributed over the upper portion of the Shokawa River.
This formation was assigned to the Late Jurassic-earliest
Cretaceous on the basis of the stratigraphic relationship
with the underlying Mitarai Formation, which is an am-
monoid-bearing level. However, Sato et al. (2008) discov-
ered Berriasian ammonoids (Neocosmoceras) in the Mitarai
Formation. The overlying Okurodani Formation has a con-
cordant age of 135±7 Ma based on a fission-track dating
(Gifu-ken Dinosaur Research Committee, 1993), which
corresponds to the Valanginian (139.4-133.9 Ma).
Kusuhashi et al. (2006) determined zircon U-Pb ages of
130.0±1.7 Ma and 129.8±1.0 Ma for the Mitarai Formation
and of 132.9±0.9 Ma, 131.4±0.9 Ma, and 117.5±0.7 Ma for
the Okurodani Formation. According to these datings, the
Otaniyama Formation probably corresponds to the
Valanginian. Matsukawa and Takahashi (1999) found Per-
mian or Triassic radiolarian fossils from chert clasts of the
Otaniyama Formation, although their detailed taxonomic
names were not shown. 

Ito et al. (2015b) reported Triassic and Jurassic radiolari-
ans from chert clasts of the Itsuki Formation. Two chert
clasts yielded Aalenian and Bajocian-early Bathonian radio-
larians, respectively. The youngest zircon grain from the
sandstone of the lower Itsuki Formation has a concordant
age of 127.2±2.5 Ma (Kawagoe et al., 2012) corresponding
to the Barremian (130.8-126.3 Ma).
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Yokoo Conglomerate
The Yokoo Conglomerate is distributed over the Yokoo

area. Some researchers have considered it as a component of
the Tetori Group (e.g., Nozawa et al., 1975). Campanian-
Maastrichtian pollen occur in the Oamamiyama Volcanic
Rock (Kasahara and Shimono, 1974), which covers the
Yokoo Conglomerate. 

Chert clasts within the Yokoo Conglomerate yielded Per-
mian radiolarians (Kojima, 1986). One chert clast includes
Lopingian (Late Permian) radiolarians, but another chert
clast includes Guadalupian (Middle Permian) radiolarians.
Although the Akiyoshi terrane, a Permian AC of Southwest
Japan, also contains Permian cherts (e.g., Ishiga et al., 1986;
Ito and Matsuoka, 2015; 2016), the youngest Permian cherts
in the Akiyoshi terrane correspond to the late Guadalupian
(Uchiyama et al., 1986). Hence, at least the former chert
clast derived from the mid-Mesozoic ACs.

Late Mesozoic strata in the Toyama and Niigata prefectures
Late Mesozoic strata which are distributed over the west-

ern Gifu, Toyama, and Niigata prefectures have been
thought to belong to the Tetori Group. Recently, Matsukawa
et al. (2014) defined the Late Mesozoic strata in the eastern
Gifu and Toyama prefectures as the Jinzu Group based
mainly on lithological differences. In contrast, Takeuchi et
al. (2015a) redefined the Late Mesozoic strata in the north-
ern Toyama Prefecture. According to Takeuchi et al.
(2015a), the Mizukamidani and Kurobishiyama formations
belong to the Tetori Group, but the overlying formations
(Shiritakayama, Uchiyama, and Oyashirazu formations) are
not comprised in the group. On the other hand, Sano (2015)
stated that the Mizukamidani and Kurobishiyama forma-
tions can be correlated with the Managawa, Jinzu, or Tetori
Group. The Minami-matadani Conglomerate Member, the
Wasabu Alternation Member, and the Yakushizawa-migi-
mata Conglomerate Member belong to the Akaiwa Sub-
group of the Tetori Group according to Takeuchi et al.
(1991) whereas Matsukawa et al. (2014) considered that the
Minami-matadani Conglomerate Member is comprised in
the Jinzu Group. This paper does not deal with the belong-
ing of these Late Mesozoic strata. 

The Yakushizawa-migimata Conglomerate Member is
distributed over the upper portion of the Kurobegawa River.
The Wasabu Alternation Member underlies conformably the
Yakushizawa-migimata Conglomerate Member and has the
following ages based on a fission-track dating: 119±6 Ma in
the Kamioka area (Gifu-ken Dinosaur Fossil Excavation
Party, 1996); 125±10 Ma in the Kamioka area (Gifu-ken Di-
nosaur Fossil Excavation Party, 1997); 113±6 Ma in the
Jinzu area (Board of Education of Toyama Prefecture,
2003). These ages correspond to the Aptian (126.3-113.0
Ma), although the Gifu-ken Dinosaur Fossil Excavation Par-
ty (1996; 1997) pointed out the possibility of rejuvenation
of their fission track ages. In this study, the Yakushizawa-
migimata Conglomerate Member is assigned tentatively to
the Aptian. Takeuchi et al. (1991) obtained Permian, Trias-
sic, and Jurassic radiolarians from conglomerates within the
Yakushizawa-migimata Conglomerate Member. They found
also Permian radiolarians in mudstone pebbles of the Mina-
mi-matadani Conglomerate Member, but probably these
mudstone pebbles have not originated in the mid-Mesozoic
ACs. This statement comes from previous studies of the
mid-Mesozoic ACs, that reported no Permian mudstone ex-
cept for latest Permian siliceous claystones. 

The Kurobishiyama Formation is distributed over the

northeastern Toyama and western Niigata prefectures. Based
on stratigraphical relationships to the underlying Mizukami-
dani Formation and dacite dykes, Takeuchi et al. (2015a)
concluded that the Kurobishiyama Formation corresponds to
the Aptian. Tomita et al. (2007) reported Permian and Mid-
dle-Late Triassic radiolarians from chert clasts within con-
glomerates of the lower Kurobishiyama Formation; Takeuchi
et al. (2015b) then showed the radiolarian images. They also
reported Permian radiolarians from a mudstone clast of the
Mizukamidani Formation. However, the clast probably did
not originate in the mid-Mesozoic ACs. 

Ito et al. (2012) obtained Middle-Late Triassic and Juras-
sic radiolarians from chert clasts, and Jurassic radiolarians
from a siliceous mudstone clast within sections exposed in
the right bank of the Sakaigawa River in the Itoigawa area,
Niigata Prefecture; Ito et al. (2014) discovered Bajocian-
early Bathonian radiolarians from a siliceous mudstone clast
within the same sections. Ito et al. (2012; 2014) interpreted
these sections as the Mizukamidani Formation. Takeuchi et
al. (2015a), however, redefined the Shiritakayama Forma-
tion and designed the sections as the type locality. Although
further lithostratigraphic study is necessary to discuss the
belonging, this paper tentatively follows the latter opinion.
Two tuff layers of the Oyashirazu Formation, which over-
lies the Shiritakayama Formation, have ages of 89.7±4.5 Ma
and 96.6±4.8 Ma on the basis of a K-Ar dating (Yamada et
al., 2001), which correspond to the Coniacian (89.8-86.3
Ma) and Cenomanian (100.5-93.9 Ma), respectively.
Takeuchi et al. (2015a) presumed that the Shiritakayama
Formation corresponds to the Albian, our study follows this
interpretation. 

gyeongsang supergroup 
in the southeastern Korean peninsula

The Gyeongsang Supergroup is a non-marine deposit dis-
tributed over the southeastern Korean Peninsula (Fig. 1d).
This supergroup is subdivided into the Sindong, Hayang,
and Yuchon groups in ascending order (e.g., Chang et al.,
1990; Chang and Park, 2003). Aptian-early Albian pollen
(e.g., Retimonocolpites, Clavatipollenites, Tricolpites) oc-
curs in the Hayang Group (Choi, 1985; 1989; Yi et al.,
1993). Kim et al. (2005) obtained an 40Ar/39Ar hornblende
age of 113.4±2.4 Ma from a volcanic pebble of the Silla
Conglomerate in the lower part of the Hayang Group. Sano
et al. (2006) determined a U-Pb age of 115±10 Ma on a di-
nosaur tooth from the Hasandong Formation of the upper
Sindong Group. The youngest zircon age in the Jinju For-
mation of the upper Sindong Group is 106.0±1.9 Ma (Lee et
al., 2010). In this paper, the Hayang Group corresponds to
the Albian (113.0-100.5 Ma). 

Hayang Group
Microfossil-yielding conglomerates are interbedded in

the Dongwhachi, Kumidong, and Kisadong formations of
the Hayang Group (Chang et al., 1990; 2003; Yao and
Chang, 1990; Kamata et al., 2000; Mitsugi et al., 2001). The
Kisadong and Donghwachi formations are distributed over
the Yongyang Sub-basin; the Kumidong Formation is dis-
tributed over the Uisong Sub-basin; the Kumidong Forma-
tion corresponds to the lower Donghwachi Formation (e.g.,
Chang and Park, 2003). On the basis of the aforementioned
age assignments of the Hayang Group, in this study we as-
sign the Donghwachi (Kumidong) and the Kisadong forma-
tions tentatively to the early and late Albian, respectively. 
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Chang et al. (1990) and Yao and Chang (1990) reported
radiolarian occurrences from conglomerates within the
Donghwachi and Kisadong formations. They classified
these radiolarians into the following four age groups: latest
Middle-Late Permian, Middle Triassic, Late Triassic, and
middle Early-early Middle Jurassic. 

Kamata et al. (2000) obtained Permian-Cretaceous radi-
olarians from a conglomerate within the Kisadong Forma-
tion. Although they reported the occurrence of Amphipyn-
dax stocki (Cambell and Clark) which appeared in the Al-
bian (Bragina, 2004), no specimen was imaged by Kamata
et al. (2000). Amphipyndax ? spp. shown by Kamata et al.
(2000, Plate 2, T) can be identified as Jurassic species of
Amphipyndax. Kamata et al. (2000) also extracted Permian,
Middle-Late Triassic, and Early-Middle Jurassic radiolari-
ans from conglomerates within the Donghwachi Forma-
tion. Pliensbachian-early Toarcian radiolarians (e.g., Ka-
troma sp. cf. K. clara Yeh) were obtained from the con-
glomerates. 

Mitsugi et al. (2001) reported Permian, Triassic, and
Jurassic radiolarian occurrences from the Kumidong Forma-
tion. They also found middle Bathonian-early Callovian ra-
diolarians (e.g., Eucyrtidiellum unumaense dentatum Baum-
gartner) in a chert pebble and Rhaetian-Hettanginian radio-
larians (e.g., Canoptum praeanulatum Pessagno and
Whalen) in a siliceous mudstone pebble. The latter pebble,
however, also yielded Triassocampe sp., which occurs in
the Anisian-early Norian. Subsequently, Chang et al. (2003)
reviewed the Cretaceous stratigraphy in Korea and showed
part of the results of Mitsugi et al. (2001). 

Hayang Group?
Adachi and Choi (1995) found Permian radiolarians in

the Gyeongsang Supergroup from the Yongyang Basin.
However, they did not mention the name of the radiolarian-
yielding formation. According to previous studies, the radi-
olarian-bearing formation is probably the Hayang Group,
but it is not certain. 

denudation stages of the mid-mesozoic
accRetionaRy complexes

Fig. 3 shows a summary of the aforementioned age as-
signments of each neritic-continental deposit and the micro-
fossil-bearing clasts. On the basis of the features of the mid-
Mesozoic ACs in East Asia and of this summary, we recog-
nize three stages of the denudation history and a pre-stage. 

pre-stage (callovian)

Previous studies of microfossil-bearing clasts indicate
that the mid-Mesozoic ACs had not been denudated until
the Kimmeridgian at the earliest. Permian, Triassic, and
Jurassic radiolarians were obtained from chert clasts within
Middle Jurassic conglomerates of the mid-Mesozoic ACs
(e.g., Saito and Tsukamoto, 1993; Ito et al., 2016, in press)
but not from neritic-continental strata. Microfossil-bearing
clasts have occurred in some pre-Tithonian neritic-continen-
tal strata in the Inner Zone of Southwest Japan (e.g., Ku-
mazaki and Kojima, 1996; Takemura et al., 1996; Kameta-
ka, 1997). These clasts, however, have yielded only Permian
radiolarians which could have originated in pre-Mesozoic
units (e.g., Akiyoshi and Maizuru terranes). 

stage a (oxfordian-hauterivian)

This stage is characterized by an initial and narrow de-
nudation. The Shiranezaki Formation includes mid-Meso-
zoic AC-derived clasts (Umeda and Sugiyama, 1998). The
Shiranezaki Formation corresponds to the Oxfordian if the
radiolarians are not re-worked, indicating that the denuda-
tion of the mid-Mesozoic ACs started in the Oxfordian at
the earliest. The Kamihambara Formation, corresponding at
least partially to the Tithonian based on the early Tithonian
ammonoid occurrence (Sato and Yamada, 2005), has in-
terbeds of microfossil-bearing clasts presumed to have orig-
inated in the mid-Mesozoic ACs (Saida, 1987). This occur-
rence indicates that the initiation of denudation of the mid-
Mesozoic ACs started in the Tithonian. However, there are
a few reports of mid-Mesozoic-AC-derived clasts in previ-
ous studies, suggesting that the denudation was narrow in
extent. The Tatsukawa Formation of the Monobegawa
Group, corresponding to the Hauterivian on the basis of the
lithostratigraphical relationship with the Barremian Lower
Hanoura Formation, yielded Permian and Triassic radiolari-
ans from chert clasts presumed to have originated in the
mid-Mesozoic ACs (Ishida and Hashimoto, 1997; Ishida,
1999). The Otaniyama Formation, which can correspond to
the Valanginian in this study, also has intercalated chert
clasts yielding Permian or Triassic radiolarian assemblages
(Matsukawa and Takahashi, 1999) although there is no de-
tailed description of these radiolarians.

However, the stratigraphic position of the interbedded
microfossil-bearing clasts and their age is not fully elucidat-
ed. Further studies of the clasts within the Kamihambara
Formation together with the age assignment of the forma-
tion are important for the estimation of the timing of the ini-
tial denudation.

stage b (barremian-early albian)

This stage is characterized by a wide denudation. Micro-
fossil-bearing clasts presumed to have originated in the
mid-Mesozoic ACs occur in the following geologic bodies:
the Lower Hanoura Formation of the Monobegawa Group,
the Lower Formation of the Sasayama Group, the Ashikaji-
ma Formation of the Choshi Group, the Itsuki Formation of
the Tetori Group, the Kurobishiyama Formation, the
Yakushizawa-migimata Conglomerate, and the
Donghwachi and Kumidong formations of the Hayang
Group. The ages from the previous studies suggest that
these formations correspond partially to the Barremian-ear-
ly Albian. The Yokoo Conglomerate and the Shiritakayama
Formation might correspond to these strata although their
age assignments remain matter of debate. In contrast to
Stage A, more occurrences of microfossil-bearing clasts
have been reported. This increment suggests that the mid-
Mesozoic ACs had been denuded widely during this stage.
The following facts are consistent with this suggestion. The
Obuchi Formation of the Tetori Group is characterized by
orthoquartzite-dominant conglomerates in contrast to the
overlying Itsuki Formation characterized by chert-bearing
conglomerates (Ito et al., 2015b). The Tatsukawa Forma-
tion does not include evident Jurassic clasts whereas the
Lower Hanoura Formation includes some Jurassic clasts
(Ishida and Hashimoto, 1997; Ishida, 1999). Both the Itsuki
and Lower Hanoura formations correspond to the Barremi-
an on the basis of zircon dating and ammonoid occurrences,
respectively. 
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Additionally, this stage is characterized by supply of
clasts yielding Middle Jurassic radiolarians (Ishida and
Hashimoto, 1997; Ishida, 1999; Ito et al., 2015b; Kashiwagi
and Isaji, 2015). Based on the general features of the mid-
Mesozoic ACs, Middle Jurassic siliceous mudstone clasts
derived from Middle Jurassic or early Late Jurassic ACs;
Middle Jurassic chert clasts derived from late Middle Juras-
sic or younger ACs. Because the mid-Mesozoic ACs range
in age from the Late Triassic to earliest Cretaceous (e.g.,
Matsuoka et al., 1998; Nakae, 2000), Middle Jurassic and
younger ACs are younger in whole the mid-Mesozoic ACs.
In addition, the age of each sequence within the mid-Meso-
zoic ACs become systematically younger southwards and
structurally downwards (e.g., Matsuoka, 1992), Middle and
younger ACs were structurally located in a lower position.
These results indicate that some younger geologic bodies in
the mid-Mesozoic ACs, which were structurally located in a
lower position, had been exposed and denuded by the time
when these formations were deposited. 

The uplift event of the Tetori Group, caused by strike slip
movements involving duplication of the mid-Mesozoic
ACs, has been suggested on the basis of lithological and
some fossil faunal changes (e.g., Matsukawa et al., 2006;
Haggart et al., 2006; Matsukawa and Fukui, 2009). Accord-
ing to these authors, this event and a marine transgression
occurred in the late Hauterivian-early Barremian in East
Asia, which is consistent with the initiation of Stage B. 

stage c (late albian-)

This stage is characterized by denudation of almost all the
mid-Mesozoic ACs. The Kisadong Formation yielded abun-
dant Tithonian and Cretaceous radiolarians (Kamata et al.,
2000), although these radiolarian origins are uncertain and
some Cretaceous radiolarian images were not shown. Some
of the radiolarians occur in the Early Cretaceous ACs in the
mid-Mesozoic ACs (e.g., Matsuoka, 1998), which are nearly
the youngest of the mid-Mesozoic ACs (e.g., Matsuoka et
al., 1998; Nakae, 2000) and are structurally located in the
lowest position. Meanwhile, the Donghwachi and Kumidong
formations, which stratigraphically underlie the Kisadong
Formation, did not yield Tithonian and Cretaceous radiolari-
ans. Consequently, if part of these radiolarians did not derive
from the matrix but from a clast, Tithonian and Cretaceous
microfossil-bearing clasts probably started to be supplied be-
tween the depositional time of the Donghwachi (Kumidong)
and Kisadong formations in the Hayang Group. These results
suggest that the Early Cretaceous ACs, which are almost the
youngest and are structurally located in the lowest position,
started to be denuded in the late Albian. 

The mid-Mesozoic ACs have been denuded earlier and
supplied the latest Mesozoic and Cenozoic strata with micro-
fossil-bearing clasts (e.g., Umeda, 1997; Kashiwagi, 2012),
although some clasts are possibly re-reworked deposits.

Isozaki et al. (2010) highlighted that the dated zircon
grains are clustered into seven distinct groups, including
110-90 Ma granites (middle Albian-late Turonian). The
110-90 Ma granites probably belonged to the continental arc
system that can be traced for more than 3000 km along East
Asia (Takahashi, 1983). Subduction of the Izanagi-Kula
ridge, probably associated to the granite implacement, oc-
curred around 120-110 Ma (Isozaki et al., 2010), which cor-
responds to the late Aptian-middle Albian. The initiation of
granite emplacement could be consistent with initiation of
Stage C. 

concluding RemaRKs

This study analyzed microfossil-bearing clasts within
Late Mesozoic neritic-continental deposits in the Outer and
Inner zones of Southwest Japan and the Gyeongsang Super-
group in the southeastern Korean Peninsula from the stand-
point of staged denudation of the mid-Mesozoic ACs. On
the basis of the collected data, the denudation history and
the clasts provenances of these regions is summarized be-
low. The mid-Mesozoic ACs started to be denuded in the
Oxfordian-Tithonian. Since the Barremian, the denudation
of the mid-Mesozoic ACs became extensive. Furthermore,
supply of Middle Jurassic microfossil-bearing clasts within
Jurassic ACs became common since the Barremian. The
Early Cretaceous ACs, which are nearly the youngest in the
mid-Mesozoic ACs, started to be denuded in late Albian.
These denudational changes seem to be correlated to some
events in East Asia, such as the uplift of the Tetori Group in
the late Hauterivian-early Barremian and the initiation of
granite emplacement in middle Albian. However, further in-
vestigation is needed to prove this correlation of events. 

On the other hand, the lithology of some microfossil-
bearing clasts from previous studies remains undetermined.
This is because they were obtained from residues of whole
conglomerates with use of hydrofluoric-acid (HF) solution.
Microfossils in residues can be extracted from the matrix
too. An effective method to elucidate relationships between
rock facies of clasts and their age, such as observation of
HF-etched surfaces to determine the radiolarian markers (Ito
et al., 2015b), will provide information for further discus-
sion of staged denudation history of the mid-Mesozoic ACs. 
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