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ABSTRACT

The Mesozoic strata of the Haidateyama area, Oita Prefecture, Kyushu, are distrib-
uted in several narrow subbelts within the Chichibu Belt. On the basis of stratigraphical
and paleontological studies, they are classified into the following formations: the Kashi-
mine (Carnian) and Shinkai (Tithonian) Formations in the Shinkai subbelt; the Moto-
yamabu (Upper Tithonian-Lower Berriasian ?) and Yamabu (Hauterivian-Barremian)
Formations in the Yamabu subbelt; the Koshigoe (Hauterivian-Lower Barremian ?),
Haidateyama (Lower Barremian), Tamarimizu (Upper Aptian) and Sukubo (Upper Al- -
bian) Formations in the Haidateyama subbelt; the Osaka (Barremian-Aptian), Tamari-
mizu (Upper Aptian) and Higashidani (Albian) Formations in the Osaka subbelt. Among
them, the Koshigoe, Haidateyama, Osaka and Higashidani Formations are combined
under the name of the Haidateyama Group, while the Yamabu, Tamarimizu and Sukubo
Formations under the name of the Amabe Group. Six brackish to shallow-marine bivalve
faunas, namely, the Yamabu, Koshigoe, Haidateyama, Tamarimizu, Osaka and Sukubo
faunas, are discriminated in the Lower Cretaceous. In this paper, the stratigraphy is de-
scribed in some detail, with remarks on correlation, and the features of the bivalve faunas
are made clear. ‘The faunal comparison with other areas of the Chxchlbu Belt ‘together

" with the faunal change in time and space, is also discussed. - : g

In the Chichibu Belt, many characteristic bivalve faunas have been recogmzed from
various localities of different depositional environment and geologic age. They are rough-

" ly grouped into the Monobegawa-Type Fauna, the Nankai-Type Fauna and the Inter-
mediate-Type Fauna. The Koshigoe, Haidateyama and Osaka faunas belong to the
Monobegawa-Type, while the Yamabu, Tamarimizu and Sukubo faunas to the Nankai-
Type. Judging from the difference in litho- and bio-facies between the Ha:dateyama and
Amabe Groups, it is presumable that there were two “deltas” where the Lower Cretaceous
brackish-water to neritic sediments were thickly plled up. The older rocks of the Kurose- -
gawa Tectonic Belt might have been upheaved early in the Cretaceous to form chams ‘of
islands near the boundary between the two “deltas”. L
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and later Cretaceous rocks are rich in molluscan fos-

I II\TRODUCTION sils, especially ammonoids and inocerami, together

The Cretaceous strata of Japan are most exten-  with planktonic microfossils. Zonation and interna-
sively dlstnb_uted in the meridional zone of Hokkaido, tional correlation have recently been made successful-
where they are represented by an almost continuous ly on the basis of these mega- and micro-fossils. In

marine sequence of whole Cretaceous age. The Albian contrast to wide outcrops of the fossiliferous Upper
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Cretaceous strata in Hokkaido, the Lower Cretaceous

deposits are distributed narrowly in some .isolated ..
area of Honshu, Shlkoku and Kyushu in addltlon to

Hokkaido.

The Lower Cretaceous System in the Chichibu
Belt, the Outer Zone of Southwest Japan, has been
considered to have been formed on an unstable shelf
with the basement of the Upper Paleozoic-Jurassic
Chichibu Supergroup. It is represented by sediments
of brackish-water to neritic (near-shore and offshore)

environments; non-marine beds with plargts and brack- }
ish-water shells are frequently interfingered with ma-

rine ones which contain index species of ammonites
and other marine bivalves. Therefore, the geological
age of the former can be determined by that of the lat-
ter in terms of the international scale. The results
have recently been summarized by MATSUMOTO et al.

(1982), which would be most ‘useful for the correlation

of continental deposits in Eastern Asia. Nevertheless,

our knowledge on the Lower Cretaceous biostratig-

rahy and paleontology of the Chichibu Belt still re-
mains very insufficient, owing to the complicated
geologic structure and the scarcity of well-preserved
index fossils. It is necessary to establish an appro-
priate scheme of biostratigraphic zonation available
for wide areas.

Recently, the detailed stratigraphical and pale-

ontological studies on the Lower Cretaceous of the -

Chichibu Belt have rapldly been advanced by a number
of authors (HAvaMmI, 1965-66; HaYaMI and Oui,
1980; MATSUKAWA, 1977, 1979, 1983; MATSUMOTO et

al.,

MoTo, 1968; OHTA , 1982; TAMURA , 1980; TANAKA
and Kozal, 1982; TANAKA et al.,
al., 1980; TAsHIRO and Kozal, 1984; TASHIRO and

1968; MaTtsumMoTo and TASHIRO, 1975; MATSU. .
MOTO et al., 1980; NaKAI, 1968; NAKAI and MATSU- .-

1984; TASHIRO et

TANAKA

am also indebted to Emeritus Prof. Yoshihisa OuTa of

_ Fukuoka Umversny of Education for; his helpful advice
“and kmd review of the manuscnpt Speclal acknowlege-
‘ments are due to Eméritus Prof. Tatsuro MATsSuMoTO

of Kyushu University for his valuable suggestions and
kindness of determining ammonites, to Prof, Masayuki

" Tasniro of Kochi University for his critical reading of

the manuscript and kindness of examining bivalve fos-
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and fossil faunas of the Haidateyama area in Oita Pre-
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shima University and Emeritus Prof. Y. OHTA of
Fukuoka University of Education.

The Haidateyama area in Oita Prefecture is
situated near the eastern end of the Chichibu Belt in
Kyushu. Fairly fossiliferous Lower Cretaceous marine
and non-marine deposits crop out there, and prolific
bivalve faunas, the exact ages of which are checked by
ammonites, occur from various localities. Therefore,
the area in question seems to be one of the favourable

fields to make up for a deficiency of the Lower Creta-
ceous stratlgraphlcal and paleontologlcal data in Ja- .
pan. The main purpose of this study is to establish .
the stratlgraphy of Mesozoic (especially Lower Creta-

ceous) strata in the Haidateyama area, and to make
clear the stratigraphic positions and geological ages

of the molluscan faunas. The faunal comparison with -

other areas of the Chichibu Belt is also discussed. Fur-
thermore, brief notes on paleogeography and geologic
history in relation to the Kurosegawa Tectonic Belt
are added.
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I. VOUTLINE OF GEOLOGY .

" The Haidateyama area is located in eastern Kyu-
shu, and belongs geotectonically to the middle subbelt
of the Chichibu Belt (Fig. 1). The investigated area
extends about 6-10km from east to west and approxi-

‘mately 15km from south to north, and is underlain
mainly by rocks ranging in age from Middle Carbon-

" iferous to Upper Cretaceous, with a.partial covering
‘of the Quaternary volcanic ejecta.

‘The bulk of the basement rocks is represented

,by the Middle Carboniferous to Jurassic strata. They

are composed of slate. (partly phyllite), feldspathic
greywacke-type sandstone, chert and subordinate lime-
stone, with a small amount of greenstone and con-
glomerate, showmg in some places a facies of olisto-
strome. They form a considerably complicated struc-

" ture with steep to vertical dip, original bedding planes

being often changed to shear planes. Fossils such as

fusulinids, calcareous algae, smaller foraminifers,

corals and radiolarians are obtained locally.
The Chichibu Belt of the Haidateyama area is
divided into several parallel to subparallel subbelts

'by tectonic lines of ENE-WSW trend. They are named

the Shinkai, Yamabu, Haidateyama and Osaka sub-
belts from south.to north (Fig. 2). The tectonic lines
are represented by steep faults or thrusts as well as
by strongly contorted and sheared rocks. Along the
tectonic lines, occur gneiss, amphibolite, guartz por-

vphyry, porphyrite, diabase, serpentinite, granite and

schist which are referable to the constituent rocks of

. the Kurosegawa Tectonic Belt in Shikoku. The eastern

margin of the investigated area is cut by the Kabuno-

ki fault trending NNE-SSW or NE-SW.

.The'Mesozoic strata in the southernmost Shin-
kai subbelt consist of the Kashimine (Carnian) and
Shinkai (Tithonian) Formaitons. The Shinkai Forma-
tion forms a synclinal structure with an axis approxi-
mately trending ENE-WSW, and is in fault contact
with the Kashimine Formation which is interposed in
the axial part. The Upper Mesozoic strata in the Ya-
mabu subbelt are composed of the Motoyamabu (Up-
per Tlthoman-Lower Berriasian ?) and Yamabu (Hau-
terivian-Barremian) For mations. The Yamabu For-
mation forms an asymmetric synclme with an axis
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of E-W trend, and unconformably covers the Moto-
yamabu Formation. The Lower Cretaceous System in
the Haidateyama subbelt, lying on the basement rocks
with a clino-unconformity, is divided into the Koshi-
goe (Hauterivian-Lower Barremian ?), Haidateyama
(Lower Barremian), Tamarimizu (Upper Aptian) and
Sukubo (Upper Albian) Formations. They foim a gen-

tle semibasin structure cut by a fault on the soui;hern’
side. The Lower Cretaceous System in the northern- - .
most Osaka subbelt is classified into the Osaka (Bar- - -

remian-Aptian-); . Tamarimizu -(Upper Aptian) and
Higashidani.(Albian) Formations.. As a whole, they
form an anticlinal structure with an axis trending
ENE-WSW (Fig. 3). “The Koshigoe, Haidateyama,
Osaka and Higashidani Formations are combined
under the name of the Haidateyama Group, while the
Yamabu, Tamarimizu and Sukubo Formations under
the new name of the Amabe Group. The two groups
are possibly interfingering with each other.

The Mesozoic strata of the" Haldateyama area
have certain characteristics concerning their distribu-
tion and sedimentary facies as follows. " - -

1). Roughly speaking, there is a tendency that the

geological age of the formations becomes younger to
. wards the north. '
2). Each of the Mesozoic formations usually shows -
a hemicycle of sedimentation, begining with conglom- . -
erate or sandstone, passing upwards to alternation

of sandstone and siltstone, and endmg with s1ltstone
or shale.
3). It is worthy to note that certain formatlons

contain small lenses of oolitic limestone or biohermal

limestone.

cloven as the Paleozoic rocks. The stratification is
well preserved except along faults or tectonic lines.
Neither appreciable metamorphism nor intrusive ef-
fect of granite and serpentinite has been observed.

II. STRATIGRAPHY
A. MESOZOIC STRATA IN THE SHINKAI SUBBELT

_ The Shinkai subbelt is located in the southern-
most. part of the investigated area, and is bordered on
the north by the Kashimine Tectonic Line and on the
south by the Shinkai Tectonic Line. The Mesozoic
strata developed in this subbelt are classified into
the Kashimine and Shinkai Formations.

Historical review : In 1954, FuJi described the
Upper Jurassic beds ‘which consist of. conglomerate,
sandstone and shale under the name of the Shinkai
Formation. He correlated it to the Torinosu Group of
South Shikoku. Subsequently, TAMURA (1960) brief-
ly reported the stratigraphy and geologic structure
of this formation, and the occurrence of Nerinea sp.
and Cidaris sp. from a lenticular limestone. The no-
menclature was taken over by TERAOKA (1970), and -

by OHTA and TANAKA (1980). Recently, the bivalve

fauna referable to the Early Triassic (Carnian) in age
was dlscovered by myself from the sandy shale which

~ has s6 far béen inclided in the upper member of the

Shinkai Formation- (TANAKA et al., 1985). This Up-
per Triassic beds are newly named the Kashlmme For-
mat1on -

. 1.’Kashimine Formation '~
The Mesozoic strata are mostly mtensely folded‘ SR
and faulted but they are not so highy contorted and ;

¢""Name: New name derived from a place-name,

' Kas{himine, 8:5km southwest of Shinkai, Honjo-son,

Pacific ' Océen

Fic. 1. Map showing the geotectonic division of eastern Kyushu and western Shikoku

(After YAMADA et al. 1982).

Sa: Sangun Belt, Ry: Ryoke Belt, Sm: Sambagawa Belt, C: Chichibu Belt, Sh:
- Shimanto Belt, MTL: Median Tectonic Line, BTL: Butsuzo Tectonic Line.
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1: Mesozoic rocks, 2: Basement rocks (Chichibu Supergroup), 3: Metamorphic
and plutonic rocks of the Kurosegawa Tectonic Belt.
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TABLE 1. CORRELATION OF THE STRATIGRAPHIC DIVISION OF THE MESOZOIC STRATA IN
THE HAIDATEYAMA ATEA AMONG AUTHORS .

Tashiro et ta & Tana c
: | |Nada,(1972 Teraoka Fujii
STANDARD . AGE This - paper al.(1983)] |ka,(1980) 197;) et (1970) (1954)
C : ] Higashi-| [
-Sukubo | e .
Higashi.- v Sukubo % dani F. g U. .
F. : 4 g sulabo. | -
) dani . = E E M.
“Albian F. Hl  HK4 F. .
F 2 & Roshigoe| S
: & F. =] L.
%Tamarimi-% % b HK3 ] otne ™ T
: i 'ama
‘ Aptian g I ”” l g Osaka % g Koshigoe| g . T rimi
| E F. E HK2 U
2 ! g F. % gl =< Ochidani
é Barremian Yamabu hnzonon ar—
12 2] Eﬂaidate- E 11 Z[Haidate- | || ki
= < F. &lyama F. [ |= yaam
g B a 1811 7 TITTITITTINT
. = Koshigoe s T '
Hauterivian F 1
YTONTTTTT ﬂl[lﬂﬂﬂr' punnt T4 ;
' g Valanginian ' ; 1= |
‘ Yamatia R :Yb3 " Yamabu Yamabu
’ F. § b2 R F.
Berriasian {______ - = Ybl=
Moto s . e nmm‘"‘r DY e ink
: yanabe . higeat Shinkai a8 shirkai | | | shinkat
E Tithonian - N 5 b g = 1l ; L
. ) : T & [HT T
18 Kashiming § ' 0
— , F.. .
& Carnian : < § ]

F1G. 3. Geological profiles of the Haidateyama area. Lines of sections are shown in
Fi1c. 21, o . e
Ta: Tano Formation, Su: Sukubo Formation, Hi: Higashidani Formation, H:
Haidateyama Formaiton, Ko: Koshigoe Formation (L: Lower member, U: Upper
member), Y: Yamabu Formation (L: Lower member, U: Upper member), Mo:
Motoyamabu Formation, Sh: Shinkai Formation, Ka: Kashimine Formation, B:
Basement complex, K: Metamorphic and plutonic rocks of the Kurosegawa
Tectonic Belt.
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Minamiamabe-gun, Oita Prefecture.

General conception: The Kashimine Formation
is characterized by gray-greenish sandstone, and con-
tains the Kochigatani-type bivalve fauna of early
Late Triassic.

Stratotype: The holostratotype (B in Fig. 5) is
along the Ooyabu valley, about 2km east of Kashimine.

Thickness :

Distribution: The formation crops out very lim-
itedly in the central part of the Shinkai subbelt, being
infault contact with the Shinkai Formation to be de-
scribed below.

Lithology and fossils : ‘The Kashimine Forma-
tion is generally composed of greenish-gray medium-
to coarse-grained sandstone with intercalation of
thinly bedded conglomerate, followed by alternating
beds of sandy shale and shale and further by muddy
sandstone. The alternating beds contain marine fos-
sils such as Halobia sp., Tosapecten sp., Otapiria sp.
and Unionites sp.

2. Shinkai Formation
Name: The formation name was introduced. by
Fuarr (1954). Itis derived froma place-name, Shinkai.
General conception: The Shinkai Formation is

composed of conglomerate, sandstone and shale, show- .

ing a hemicycle of sedimentation. Small lenses of

the Tormosu-type hmestone are included i in its upper ’

part. .
Stratotype: The holostratotype (A in Flg. 5) is

f 17
————==1 12

11
10

F1G. 4. Legends for the stratigraphic columnar sections.
1: Unconformity, 2: Conglomerate, 3: Red sedi-
ments, 4: Conglomeratic sandstone, 5: Coarse-
to medium-grained sandstone, 6: Fine-grained
sandstone, 7: Sandstone and shale in alternating

(sandstone being predominant ), 8: Sandstone -

and shale in alternation (both being approxi-
mately inéqual amount), 9: Sandstone and shale-

in alternation’ (shale being predominant ), 10:

Mudstone or'sandy shale, 11: Limestone, 12: Silt-
stone or sandy shale, 13: Brackish-water shells,
14: Marine organisms, ‘15: Plants; 16: Ammo-
nites, 17: Fault.

70m (columnar section D in Fig. 6). -

_to alternation of sandstone and shale.

“"TANAKA:

along the Ooyabu valley, east of Kashimine.
" Thickness : '150m in maximun (columnar section
A in Fig. 7).

Distribution: The formation occupies the main
part of the Shinkai subbelt, forming a gentle semi-
basin structure with an axis of ENE-WSW trend..

Lithology and fossils : The Shinkai Formation
rests unconformably upon the granitic rocks, which
belong to the older metamorphic and plutonic complex
of Kurosegawa Tectonic Belt. It begins with basal
conglomerate and passes upwards through sandstone
The basal con-
glomerate comprises mainly pebbles and cobbles of
various kinds of igneous rocks (granite, granodiorite,
quartz-porphyry ete.), with minor amount of sedimen-
taries (sandstone, chert, limestone etc.). The alterna-

‘tion of sandstone and shale of the upper part laterally

changes to dark-gray shale, which includes lenses of

* limestone of less than 5m thick. The limestone is com-

posed mainly of bioclasts, oolites, intraclasts and
other carbonate fragments, and contains abundant
fossils such as hexacorals, stromatoporoids, calcare-

ousalgae and cidarid spine. Well-preserved radiolarian

fossils listed in Table 2 are collected from the shale.

B. Mnsozoxc STRATA IN THE YAMABU SUBBELT

The Yamabu subbelt is located to the north of
the Shinkai subbelt, and is delimited on the north by
the Motoyamabu Tectonic Line and on the south by
the Yamabu Tectonic Line. The Mesozoic strata de-

_veloped there are classified into two formations, the

Motoyamabu and the Yamabu. The Yamabu Forma-
tion is included in the newly introduced Amabe Group.

Historical review: The Lower Cretaceous System
in the Yamabu subbelt, which is characterized by the
predominance of white feldspathic quartz-sandstone,
was primarily named the Yamabu Formation by
Fuait (1954). He considered that the main part of the
formation might be correlated to the Ryoseki Group,
especially the Ryoseki Formation of southern Shikoku
and the Kawaguchi Formation of Yatsushiro area,
western Kyushu. A similar correlation was accepted
by MaTsumoro (1954, 1967) and TERAOKA (1970).
Nopa (1972) reported the occurrence of Berriasella
and other ammonites from dark gray shale intercalat-
ed in the basal conglomerate, and concluded that the
Yamabu Formation is partly of marine origin and
probably ranges down to the Berriasian in age. Recent-
ly, OHTA and TANAKA (1980) subdivided the forma-
tion in question into three members: the lower member
contains ammonites, while the middle and upper
members yield many brackish-water shells (“Ryoseki
fauna”) and terrestrial plants’ (“Ryoseki flora”). In
this paper, the ammonite-bearing lower member of
Ohta and Tanaka (1980) is separated from the Yama-
bu Formation proper, and is called the Motoyamabu
Formation. Thus, the Mesozoic strata developed in
the Yamabu subbelt are. represented by the marine
Motoyamabu Formation and the mostly non-marine
Yamabu Formation.

1. Motoyémabo_ Formation .

Name:.. New name. Motoyamabu is the name of

~-.a place which is'located about 1.5km north-northeast

of Katauchi, Mie-cho. - -~ '
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F16. 5. Map showing the.localities of stratotypes and localities of fossils in the Shinkai

subbt,
é : 50
] . ~o(m)

F1G. 6. Stratigraphic columnar sections of the Kashimine Formation.

Carnian

L]
o
= 'E‘ 50
e
' i
0 >
(m)

Fic. 7. Stratigraphic columnar sections of the Shinkai Formation.
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TABLE 2. 'LIST OF THE RADIODARIAN FOSSULS FROM THE SHINKAI FormaTioN (Loc. .

Su 03).

SPUMELLARIA

Acaeoniotyle sp.
Alievium (?) sp.
Angulobracchia (?) sp.’
Archaeospongoprunum imlayi Pessagno

A. Spp.

Cromyodruppa sp. aff. C. concentrica Lipman
Crucella sp. cf.
c. Sp.
Flustrella (1) sp.
Haliodictya sp.
Homoeoparonaella elegans (Pessagno)
Orbiculiforma sp. cf.

0. spp.
Paronaella bandyi Pessagno

0. quadrata Pessagno

p, sp. cf. P kotura Baumgartner

L. sp. cf. P. mulleri Pessagno
b, sp.
P.(?) sp.

Praeconocaryomma (1) sp.. -
Sphaerostylus lanceola (Parona) Group
Spongodiscus sp.
Spongopyle sp. aff. S. insolita Kozlova

S. Spp.

Triactoma sp.

Tripodictya (1) sp.

Tritrabs hayi (Pessagno)

T. sp. aff. T. casmaliaensis (Pessagno)

T. sp.

C. theokaftensis Baumgartner

NASSELLARTA

Amphipyndax (?) sp..
Archaeodictyomitra apiara (Rlst)

A. sp. aff. 4. broweri(T.S.Hok)
A. spp.

Cinguloturris carpatica Dumitrica

c. sp. cf. C. carpatica Dumitrica

c. © sp.

Drolyus (?) sp.

Eucyrtidium (?7) ptyctum Riedel and Sanfilippo
E.(?) Ssp.

Hsuum SPp.

H.(?) sp )

Lupherium (?) sﬁ.

Mirifdeus mediodilatatus (Rust)

Mo Spp. o

Napora spp. B

Parvicingula Spizéf-.P.'cosmoconica(Foreman)

p. . hsui;Pessggno

p. - sp;Acf.P; hsui Pessagno

P, o sp.aff. P. hsui Pessagno
p.(7) spp.

Podobursa sp. cf. P. triacantha (Fischli)
b, Spp.

Protunuma Sp. D
Pgeudodictyomiyra Sp.A

p. sp.B
Sethocapsa Spp.

5.(?) Spp.
Solenotryma sp.A

S. sp. B

S. sp.

Stylocapsa (?) spralis Matsuoka
5.(1) sp. '

Tricolocapsa Sp. A
Xitus Spp.
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General conception: The Motoyamabu Forma-

tion is characterized by the development of dark gray
shale including Tithonian-Berriasian ammonites.
Stratotype: The holostratotype (C in Fig. 8) is

along the valley of ENE-WSW trend, about 1.5km east

of Katauchi.

Thickness : 50m (columnar section C in Fig. 9).

Distribution: The formation is very narrowly
distributed near the southern margin of the Yamabu
subbelt, overlain unconformably by the Yamabu For-
mation to be described below.

Lithology and fossils: The present formation is
composed of alternating beds of sandy shale and mud-
stone in the lower part and dark gray shale in the up-
per. The basal part is not exposed owing to the presum-
able fault. In addition to Berriasella sp. and Pseudo-
osterella sp. which had been reported by Nopa (1972),
‘Tithoniceras sp. and Thurmanniceras (?) sp. were
collected by myself from the upper shale.

2. Yamabu Formation

Name: The formation name was first introduced
by Fuair (1954). It is derived from a place-name, Ya-
mabu, 1.5km westnorthwest of Katauchi.

General conception: The Yamabu Formation is
characterized by white arkose or feldspathic quartz-
sandstone. It yields brackish-water pelecypods and
gastropods (“Ryoseki fauna” ), together with plant
remains. This formation is subdivided lithostratigra-
phically into two members, the lower and the upper.

Stratotype: The holostratotype (D in Fig. 8) is
along the road-cutting on the southern slope of Mt.
Ohyama, east of Katauchi. The parastratotype (E

in Fig. 8) is along the valley of NW-SE trend adjacent -

to the holostratotype. :

Thickness: 500m - in maximum (columnar sec-
tion E in Fig. 9). .

Distribution: The formation occupies the main
part of the Yamabu subbelt, forming an asymmetric

syncline with an axis of E-W trend. It overlies uncon-
formably the Motoyamabu Formation locally, and
oversteps directly the pre-Cretaceous rocks in most
places. Along the eastern margin, however, a fault
(Kabunoki Fault) is traceable between the Yamabu
Formation and the basement complex.

Lithology and fossils: '
a. Lower member

The lower member shows an upward-fining hemi-
cycle of sedimentation, consisting generally of con-
glomerate, sandstone, alternating beds of sandstone
and mudstone, and mudstone in ascending order. The
thickness is about 250 m. The basal conglomerate is
made up of well-rounded boulders, cobbles and pebbles
of various kinds of igneous and sedimentary rocks
(granite, aplite, diorite, quartz-porphyry, porphyry,
sandstone, shale, chert etc.). The matrix is usually
sandy, and rarely muddy. The succeeding sandstone is
represented by white to white-gray, fine- to medium-
grained arkose or feldspathic quartz-sandstone. Thin
layers of shale are intercaldated in it. The remaining
part is mainly composed of sandstone and mudstone
in alternation, with rather thick mudstone at the top.
A graded bedding is observable in the alternation.
b. Upper member ‘
’ The upper member, about 250m thick, overlies
conformably the lower member, andis overlain with
a distinct unconformity by the Sukubo Formation to
be described below. It also shows an upward-fining
hemicycle, begining with conglomerate. The conglom-
erate is similar in lithology to that of the lower mem-
ber, with more muddy matrix. The main part of this
member is chiefly composed of thick sandstone and
alternating beds of sandstone and mudstone, while
the uppermost part of dark-gray sandy shale. Ripple
marks are observable at the top and bottom of inter-
bedded sandstone. ‘

The Yamabu Formation contains abundant brack-
ish-water shells, together with plant remains.” They

.

Motoyamabts <3
.‘-"'\ 'j "‘/“-':""r/\';" R

131373

10 Km

F1c. 8. Map showing the localities of stratotypes and localites of fossils in the Yamabu

subbelt.
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- TaBLE 3. LisT oF THE MOLLUSCAN FOSSILS FROM THE YAMABU FORMATION.
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Bakevelloides (Yoshimopsis) nagatoensis Ohta
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are shown on Table 3. Among the listed species,
Hayamina sp., H. carinata, Isodomella matsumotoi,
Bakevelloides nagatoensis and' Eomiodon nipponicus
are diagnostic. Besides, poorly preserved marine bi-
valves such as Pterotrigonia sp. and Astarte (Yabea)
sp. are rarely obtained from thin layers of medium-
to fine-grained sandstone near locality Y07.

C. MES0zOIC STRATA IN THE HAIDATEYAMA SUBBELT

The Haidateyama subbelt occupies a central part
of the surveyed area, and is delimited on the north by
the Osaka Tectonic Line and on the south by the Moto-
yamabu Tectonic Line. The Lower Cretaceous strata
are typically exposed around Mt. Haidate (754m) sit
uated on the boundary of Minamiamabe-gun and Ono-
gun. Another exposure is found in the vicinity of Ta-
kaya, north of Mt. Haidate. The Lower Cretaceous
System in the Haidateyama subbelt is divided into the
Koshigoe, Haidateyama, Tamarimizu and Sukubo For-
mations, of which the former two are included in the
redefined Haidateyama Group and the latter two in
the Amabe Group. The Amabe Group is a new name
derived from a district-name, Minamiamabe-gun.

Historical review: The stratigraphy and geologic

structure of this area were previously reported by

Fuonr (1954 ). He described the Cretaceous strata
characterized by the development of red-colored. con-
glomerate and sandy shale under the name of the Hai-

dateyama Formation, and correlated it to the Albian -

Yatsushiro Formation of western Kyushu. The name
of the Haidateyama “Group” was later used by TERA-
oK A (1970) instead of “Formaiton”. Teraoka suggest-
ed that this group may include somewhat younger sedi-
ments than the Yatsushiro Formation. Nopa (1977)
obtained a specimen of ammonite from the lower mem-
ber of his Haidateyama Formation, and concluded
that the age of the formation ranges down probably
to the latest Barremian or earlist Aptian. TANAKA
and OHTA (1980) reexamined the stratigraphy of the
“Haidateyama Group” at its type locality, and di-
vided it into the Haidateyama, Koshigoe and Sukubo
Formations in ascending order, of which the Koshigoe
Formaiton is all of brackish-water environment. Ta-
SHIRO, TANAKA and MATSUDA  (1983) also attempt-
ed the stratigraphic division, and pointed out that
the Aptian-Lower Albian strata are lacking in this
area.

upon my recent research.

1. Koshigoe Formation .

Name: The formation name was first used by
TERAOKA (1970). It is derived from a place-name,
Kamikoshigoe, 1.2km east of Mt. Haidate. This for-
mation is nearly correlated with the Haidate I and II
formations of TASHIRO et al. (1983).

General conception: The Koshigoe Formaiton,
an equivalent of the Yamabu Formation and of the

Ryoseki Formation in Shikoku, is characterized by the -

frequent occurrence of red-colored rocks, with inter-
calation of brackish-water shell beds and plant beds.
It is lithostratigraphically subdivided into the lower
and upper members.

Stratotype: The holostratotype (B in Fig. 10)
is on the north-western slope of Mt. Haidate. The

The following is the revised stratlgraphy based .

parastratotype (C in Fig. 10) is along the road from
Kamikoshigoe to the summit of Mt. Haidate. - .

Thickness: 900m in maximum (columnar section
A in Fig. 11).

Distribution: The Koshigoe F ormatlon is distrib-
uted widely around Mt. Haidate, from its western
slope to Sukubo, forming a gentle semi-basin struc-
ture with an axis of ENE-WSW direction. The lower
member is also'exposed in the Takaya area. The for-
mation covers the pre-Cretaceous basement rocks -
with a clino-unconformity both in the Mt. Haidate
and Takaya areas, although a fault contact is observ-
able in some places.

Lithology and fossils :
a. Lower member .

The lower member, about 400m thick, is com-
posed mainly of thick-bedded reddish conglomerate
with occasional intercalation of thin layers of coarse-
to medium-grained sandstone and sandy shale. The con-
glomerate is moderately sorted, comprising sub-
rounded to rounded boulders and cobbles of chert, sand-
stone and granitic rocks. The maximum diameter of
boulders reaches 50cm. The interbedded sandstone
ranges in thickness from a few centimeters to 50cm, and
changes laterally to sandy shale. In the Takaya area,
the reddish conglomerate of 150m thick referable to
the lower member is exposed.

'b. Upper member

The upper member, about 500m thick, overlies

‘conformably the lower member in some places and

oversteps directly the basement complex in others. Its

. top is covered by the Haidateyama Formation to be
- described below. It is composed mainly of conglom-

erate with intercalation of layers of sandstone and
shale, showing the repetition of upward- fining minor
sedimentary cycles, each of which is 30-70 m thick.
The conglomerate comprises somewhat rounded peb-
bles and cobbles of chert and sandstone. Both the
sandstone and shale in the middle and upper parts of
this member yield abundant non-marine shells belong-
ing to the so-called Ryoseki fauna. They are shown
on Table 4. Among the listed speceis, Hayamina bungo-
ensis and Costocyrena otsukai are most diagnostic.

2. Haidateyama Formation
Name: The formation name was introduced by
Fusir (1954).° It is derived from a mountain-name,

Haidateyama (Mt. Haidate ). This formation is nearly

identical with the Haidate III formation of TASHIRO
et al (1983).

* General conception: The Haidateyama Forma-
tion is characterized by sandy faciesin the lower part
and muddy facies in the upper. Abundant shallow
marine bivalves, belonging to the Ishido type fauns,
and a few important ammonites are found.

Stratotype: The holostratotype (a part of A in

- Fig. 10) is on the road-cutting and cliff located 0.5kn
_south-southeast of Mt. Haidate. The parastratotype

(a part of E in Fig. 10) is on the road-cutting, 1.0-1.
5km southwest of Sukubo, Notsu-cho.

Thickness: 250m in rough estimation (columnar
section A and E in Fig. 11).

Distributuion: The formation is distributed near
the summit of Mt. Haidate and near Sukubo, overly-
ing conformably the upper member of the Koshigoe
Formation. Another limited exposure occurs in the
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vicinity of Ishiba dam, east of Takaya, where a fault
relation with the Koshigoe Formation is presumable.

Lithology and fossils: The Haidateyama Forma-,
tion begins with conglomeratic sandstone, and is fol-
lowed by fine-grained sandstone with intercalation of
alternating beds of ‘sandstone and shale, and further
by thick-bedded dark gray sandy shale and shale. The
basal conglomeratic sandstone is about 5m thick, and
is composed mainly of rounded granules of chert and
sandstone, changing laterally to pebble-conglomerate.
The upper thick-bedded sandy shale and shale are 150
m thick and lithologically unchangeable laterally, con-
taining marine fossils such as cephalopods, pelecypods,
gastropods and echinoids at several horizons. The
identified species are listed on Table 5. .The alter-
nating beds of sandstone and shale in the lower part
also yield some molluscan fossils.

3. Tamarimizu Formaiton

‘TANAKA

Name: The formation name was introduced by
TerRAOKA (1970).. Tamarimizu is the name of a place
which is located about 3km southeast of Notsu-xchl,
Notsu-cho. _

General conceptiqn: The Tamanm1zu Formation
is distributed both in the Haidateyama subbelt (Taka-
ya area) and in the Osaka subbelt (Tamarimizu area)
to be described below. It is characterized by the pre-
dominance of fine-grained arenite sandstone. Abun-
dant bivalves are found in addition to ammonites.
There is a difference in fossil contents between the
Takaya and Tamarimizu areas, and it is considered
that the somewhat higher honzon is exposed in the
latter area.

Stratotype: One of the stratotypes (J in Fig. 14)
is at the quarry located about 0.8km southwest of
Tamarimizu, Tamarimizu area. The other stratotype
(a part of Iin Fig. 10) is on the road-cutting near
Ishiba dam, Takaya area.

32°58'38"

Motoyar_nabu :

1.0 Km

Fi1G. 10. Map showmg the localities of stratotypes and localities of fossils in the Haxdate-

yama subbelt.
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TABLE 4. LisT OF THE MOLLUSCAN FOSSILS FROM THE KOSHIGOE FORMATION.

08t1ea SPs sesessassssssesassssasasssss.K0101, Kol02, Kol03, Sul05
 Protocardia SP. cesseciesccscscsosssses.K0102

Eomiodon aff. matsumotoi Ohta...........Kol0l, Kol02

Hayamina bungoensis Ohta...s.;..........H103, Kol01, Kol02, Kol03, Sul05

Coétocyréna'otéukai (Yabe and Nagao)....Kol01, Kol02, Kol03

Tetoria (Haidatina) koshigoensis Ohta...Kol0l, Kol02, Kol03

Pul8idi8 SPe eevesessesesesesasssesasss.K0l0l, Kol0O2

"Corbicula" sp. PN ‘%3 117

TABLE 5. LIST OF THE MOLLUSCAN FOSSILS FROM THE HAIDATEYAMA ForMATION,

Portlandia cf. sanchuensis Yabe and Nagao.............H105

Cosmetodon nipponicus (Nagap).........................HIOS, Sul06

Nanonavigs yokoyamai (Yabe and Nagao)......eeesesss....H105, HI06, Sul06, 1104
Modiolus aff. subsimplex d'Orbigny...cveeeeereesssses HI0S

Amygdalum ishidoensis (Yabe and Nagao)..eeeeeeeesses.. 1104

Pinna  SP. sseecsescccssssccssnssssensssscsessssssss.H105, Sul06, 1104
Pterinella shinoharai Hayami...oovveaienianens esveee..H105, Sul04

Gervillaria haradae (Yokoyama).iv.eveseseassesosssss. .H105, H106, Sul06, 1104
Gervillia (s.s) forbesiana d'Orbigny...eeeseesesse....H105, Sul04, 1104

Entolitm SPs sesevssescsssesosscsaccnsannas esseneses HI05 ;
Neithea (S.S) atava (ROMEL)«senseersssnsensensnsensss H105, HI06, Sul02, 1104
Plicatula kiiensis Hayamie..eevevineennannsn sevasssss H105, Sul06, 1101, I104
P. . SPe teeeerrtrnaiesitieseiierennecennaeennss 1104

Rastellum {Arctostrea) carinatum (Lamarck) eseeeeseoss.Sul02, SulO4, 1102
Nipponitrigonia aff. gakamotoensis (Yehara)...........SulQ?7
Pterotrigonia (s.s).pocilliformis (Yokoyama) A form...H104, H105, H106 Sull4

Astarte (s.s) subsenecta (Yabe and Nagao).............??%9?..!%9? H105, H106

A. SP. NOV. As cevenes ..................;.......??}9?..¥%9?.H105
A. SP. NOVe Bu serseieieeereninnssreesoneennnns 1104

A. (Yabea) shinancensis Yabe and Nagao...........H105, 1104
Globocardium Sp. eeceecsssosose crensea ceesssnninaneed 1104

Pachythaerus kagaharaenszs (Yokoyama) e sesesesnsisnses . HO5, 1104

© Panopea (Myopsis) plicata (Sowerby).,.Q....... ..... +».H105, Sul02, Sul06, Sul0?7
' Pholadomya sp. .....................;.................HIOS, 1104 ,
" GONLomYa SPe sessseccrseesnens sesesiescsasenssasssses H105, Sul02, Sul07
' .. Ptychomya densicostata (kaoyama)....}........... ..... H105, H106
' Plectomya sp. cf. P. aritagawana Hayami...............SulOZ

Heteraster macroholcus (Nishimura).....eeeseeesesssas.H105, H106, Sul02

H. bungoensis Tanaka and Noda... ....... essee. H105, H106, SulO4
H. SPe sseeeresncscans N 13 (173
Pseudowashitaster mysticus TANAKAe v eveeneererrennnnns H105,_H106

. Crioceratites cf. koechlini (Astier).....ceceeves.....H105
Uhligia SP. ceeovcveecrccscanss eeesessesanresssassss HIOS
Heminautilus lallierianus (d'Orbigny).ceveeeececeennns H105
Cymatoceras SPP. sseeesessessssosse ceeene teererrevans ..1104

Pedioceras SP. seesseccessnncnses feeesesrensecasanannn 1104
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L TABLE 6. L1sT OF THE MOLLUSCAN FOSSILS FROM THE TAMARIMIZU FORMATION.

" Cucullaea fuazz Hayaml..........................TaSOl'
GZycymerts SPe teusiesntositsiietacsntteanananns Ta501
Pinna cf. robinaldina 4'0rbigny...eseevesssess..Tas01

Gervillia cf. fbrbeszana d' Orblgny..............1103
Nippononectes tamarimizuensis m.s. tesesensenes .Ta501
Neithea (Neithea)syriaca amanoi (Hayan1)........Ta501'

Pterotrigonia cf. hokkaidoana (Yehara)....... ...Ta501, 1103
Mippanitrigonia aff. kikuchiana (Yokoyama)...;..TaSOI
Astarte (s.s) subsenecta Yabe and Nagao.........Ta501, 1103
Protocapdta amanoi Tashiro and Matsuda........;.I103

Xenocar'dzta amanoi (Hayam]_) I - 10 ) .

Cheloniceras sp. ceesecsateittiticneieaaaens.... 1103
Dufrenoyia aff.justinae (Hill)............ vee...1103

‘ TABLE 7. LIST OF THE MOLLUSCAN FOSSILS FROM THE SUKUBO FORMATION.

" Nucula (Leionucula) haidatensis Tashiro and Maﬁsuda.;,....;SulOl;'Su103

Mesosacella insignis (Nagao).........e..... ceeereeseeass...Sul0l, Sul03-
Nanonavis pseudocarinata Tashlro and Matsuda.....e.eeeesnn. SulOl, Sul03
Modiolus sukuboensis Tashiro and Matsuda...........}....;..SﬁlOl, Sul03
Pinna (Pinna) aff. . robinaldina d' Orbigny..ceeereereennnenns Sul0l, Sul03-

- Inoceramus anglicus Wbod.........;;.,.........;...;..; ..... Sul03 N
Neithea (Nezthea) matsumotoz Hayaml ............ '.;.;........SuIOI Sul03
Parvamussium SPe seesess ...................................SulOl .
Plicatula spSulOl Sul03
‘Pterotr¢gonza (Pterotrzgonza) cf. yokoyamaz (Yehara).......SulOl Sul03, Su109 B

P (Ptilotrigonial} tanakai Tashiro and Matsuda..SulO3 : :
Astarte (Astarte) subsenecta Yabe and Nagao.;..............SulOl, Su103,‘3u109
A. ‘ (Yabea) akatsui Hayaml........................ ..... Sul01, Sul03
A, , (Nicaniella) sukuboensis Tashiro and Matsuda.......S5ul03
Bungoella yabeaformzs Tashiro and Matsuda............... «++Sul03
Pachythaerus nagaoi (MALSUMOEO) wev v e evennneassnsnnnnnnnn ...Sul01, Sul03

? Granocardium (Ethmocardium) SPe ceseesessscsscssescsssssssSul03 -
Leptosolen sp. ............................................Su103
Pholadomya (Phladomya) sp.. ................................SulOl Sul03
P (Bucardiomya) SP. seseecesscssasssasssssassssss.S5ul03 ‘
Goniomya (Goniomya) cf. subarchiaci Nagao.:seessseesnnssss.Sul0l, Sul03
Plectomya amabeana Tashiro and Mé;suda...;..Q.,....Q..;;...Su101,‘Su103
Platymyoidea nipponica Tashiro and Matsuda...eceveeeeeesss.Sul03
? Laternula SP: tesesasiticeniaiiatiititiiiatisiesesaesss..Sul03

'Idiohamifes cf. subspiniger Spath.........;;...,.........;.SulOB
I, . cf. favrinus Pictet......eeevieiianaieanaastt..5ul03
Hamites cf. tenuicostatus Spath...eceieseseeseseeacsscesss.Sul0l
? Protanisoceras cf. iternotuberculatus (Leymry)..,........Sle3
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Thickness: 80m- (columnar section I in Fig. 11).

Distribution: In the Haidateyama subbelt the
formation is distributed only in a very limited area
near Ishiba dam, being interspaced between two paral-
lel faults of NE-SW trend.

Lithology and fossils: The Tamarimizu Forma- -

_ tion of the Takaya area is composed mainly of mas-

sive, fine-grained, greenish-gray arenite sandstone,

with a conglomerate at the base’ (i;he very base not
exposed) and with alternating beds of sandstone and

shaleat the top. The conglomerate comprises pebbles.

and cobbles of various kinds of igneous and sedimenta-
ry rocks (granite, diorite, porphyrits, ‘sandstone,

shale, chert etc.). The matrix is bluish and sandy.'
The greenish-gray arenite sandstone of the main part -

is about 70m thick, changes laterally to sandy shale,
and contains marine fossils such as cephalopods, pele-
cypods and gastropods at several horizons. Table 6
shows the list of identified species from the Tamari-
mizu Formation in the Tamarimizu area (Loc Ta501)
and Takaya area (Loc. 1103).

4. Sukubo Formation

Name:
TerAoKA (1970). It is derived from a place-name,
Sukubo, 3km east-northeast of Mt. Haidate. This for-
mation is nearly correlated with the Haidate IV
formation of TASHIRO et al. (1983). -

General conception: The Sukubo Formation is
characterized by dark gray mudstone in the main part.
It yields abundant marine fossﬂs (bwalves and am-
monites) of late Albian age:

Stratotype The holostratotype. (a part of E in

Fig. 10) is on the road-cutting located about 1.7km
east of Mt. Haidate. It mcludes fossxl locahtles, Su

101 and Sul03.

Thickness: 40m '(columnar section E in Fig. 11)..

Distribution: The formation shows.a cuneiform
distribution between two faults of NNW- SSE and
NW-SE trends on the eastern slope of Mt. ‘Haidate. It

is also exposed narrowly near Ishiba dam (Takaya .-

area).

Lithology and fossds The Sukubo Formation is
mainly composed of dark gray mudstone with thin
interbeds of finegrained sandstone in,the lower part.
In the Takaya area occurs a rhythmic alternation of
sandstone and shale. The mudstone contains abun-
dant well-preserved marine’ bivalves, ‘together: with
ammonites. The identified species are listed on Table7.

D. MES0ZOIC STRATA IN THE OSAKA SUBBELT

The Osaka subbelt occupies. the. northernmost
part of the surveyed area. It is delimited on the south

by the Osaka Tectonic Lihq and is ‘covered on the
north by the Upper Cretaceous Tano Group and the -
Two narrow.zones are .

Quaternary volcanic ejecta.
separated by the interposition of basement complex
extending in ENE-WSW trend. The Lower Cretaceous
strata are distributed in two areas, that is, the Osaka

area (central and western parts of the.subbelt) and.

the Tamarimizu area (eastern part of the subbelt).
Owing to the covering of the Quaternary volcanics, it

is fairly difficult to make clear the stratigraphy and

geologic structure of the Cretaceous rocks in detail.

The formation name was first used. by .

TANAKA

~The Lower Cretaceous System developed in the
Osaka subbelt is divided into the Osaka, Tamarimizu
and Higashidani Formations, of which the first and
the third are included in the Haidateyama Group and
the' second in the Amabe Group.

- Historicalreview: The stratigraphy and geologic
structure of this subbelt were first reported by Fuair
(1954) and then by TERAOKA (1970). TERAOKA separat-
ed the Tamarimizu Formation from the Haidateyama
Formation of Fujii, and reported: the occurrence of

.Cheloniceras (?) sp. (preliminary identification by
- Marsumoro ) from the former. This fact suggests a

possibility of the presence of the Upper Aptian in the
so-called Haidateyama Group (s.1.). On the basis of

_ my recent reserch, the Lower Cretaceous stratigraphy

of the Qsakg subbelt is summarized as follows.

1. Osaka Formation :
Name: New name, derived from a place-name,

" Osaka, about 3kn east-northeast of Ichiba, Mie-cho.

"General conception: The Osaka Formation is
characterized by sandstone, often calcareous and some-

times conglomeratic, accompanied with alternating

beds of sandstone and shale and sandy shale. Lenses
and nodules of limestone are included. Shallow ma-

_rine bivalves and other fossils are found at horizons.

Stratotype: The holostratotype (C in Fig. 12)is
along the narrow path, about lkm southeast of Osaka.
Thickness: 250m in rough estimation (columnar

| sectlon C in Fig. 13).

Distribution: This formation is dlscontmuously

" distributed from Osaka to Tamarimizu in two zones
. separated by the exposure of basement rocks.

As a
whole, it forms an anticlinal structure with an axis
trending ENE-WSW, modified by parallel faults. The

" base of the formation is in fault contact with the

pre-Cretaceous rocks, while the top is unconformably
overlain by the Upper Cretaceous Tano Group.
thhology and fossils: In the Osaka area, the
lower half of this formation is composed of conglom-
eratic orpebbly sandstone, medium- to coarse-grained
caleareous sandstone, alternating beds of  sandstone
and shale, and dark gray sandy shale in ascending or-

- der. Patches of limestone are frequently included in

the massive sandstone. The upper half is mainly com-
posed of fine-grained sandstone accompanied with
conglomeratic sandstone and dark gray siltstone.

Lenses of limestone are also included. The conglomer-

. atic sandstone often contains. subrounded granules

and pebbles of chert, sandstone, shale and granitic
rocks, yielding hippuritids (bivalve). In the Tamari-

- mizu area, the formation consists of conglomerate
.and thick-bedded sandstone with intercalation of thin-
bedded sandy.shale.

" locally.

A lenticular limestone occurs

The Osaka Formation contains abundant shallow
marine. fossils. such as pelecypods (including hip-
puritidis and rudistids), gastropods, corals, bryozoans
and echinoids. Ammonites are also obtained from the
Tamarimizu area (Loc. Ta502). Locally, the lower
part yields brackish-water shells (Loc, Hg05). Table 8

~ shows the list of identified species.

2. Tamarimizu Formation :
Thickness: 40m-(columnar section J in Fig. 15).
" Distribution: In the Osaka subbelt this forma-
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Fic. 12. Map showiﬁg ;tlie‘ localities of stratotypes and localities of fossils in the Osaka
subbelt (Osaka area). . . S SR
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F1G. 13. Stratigraphic columnar sections of the Haidateyama Group in the Osaka subbelt
(Osaka area).
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TABLE 8. LIST OF THE MOLLUSCAN FOSSILS FROM THE OsAkA FORMATION.

Nuculopsig (Palaeonucula) ishidoensis (Yabe and Nagao)....0S04, 0S06

Nanonavis yokoyamai (Yabe and Nagao)..e.eeeseevsceeecese..Tad02

Pinna cf. robinaldina d'Orbighy eeeevsecevassescennceness..0507

Gervillia aff. forbesiana d'Orbigny..cceeeeeccciccacesss..0504

Gervillaria 08akaensis MuS. «e.eessseesesssesssscrassssss08502, 0503, 0S05, 0S06, 0SO7

G, 'f. sp. ceevesrassesssrsesssssssnssssessancensssss0S04, Ta502
Neithea atava miensis MeS. ceesesssssescssvsssssssassssssa0502, Ta502
N SPe sesectattncatttinstnstecsntecsacsnsncsnnnessss0306, 0SO7

Chlamys SPe ceesesesosososessesnssassosssssassssssnanssesssladl
Entolium sanchuensigs Hayami....ecveevvseervocsvesecssessssTad02
Isognomon cf. sanchuense (Yabe and Nagao)...oeeeeeeeses...Ta502

I, cf. choshtensza Hayaml..........................OSOZ

Rastellum (Arctostrea) carinatum (Lamark).................OSOZ 0s03, 0S04, 0S08,. HGO2
unphidonte (Anphidonte) of. subhaliotoidea (Nagao)........ T892 0503, G2

A. . (Ceratostrea) cf. yabei (Nagao)...eese.eessss..Ta502

A, . SPe eersesersenseeeianieieness...0502, 0S03, 0S4

LODHA SP+ veeesansesssessnersnsssnssssseonsssssssnsensseesaTas02
Pterotrigonia (s.s) pocilliformis (Yokoyama) B form.......0802, 0SO4, 0SO7, 0S08, 0SQ9

. CE. Hokkaidoana (Yehara)......n.......... 13502 0505 o506
Nipponitrigonia cf. kikuchiana (Yokoyama)......e.eeeees...0802, 0S03, 0SO4
N, U SPe csreceseiiiiarianttienseisneniaasaas..Ta502

MCardita" sp. ............................................0806

Astarte (s.s) subsenecta Yabe and Nagao.....eteeeves......0802, 0S03, 0SO4, 0S06, 0S07
0s09, Ta502

A. (s.s) semicostata NagaO.eseeseesasosessossossasccnnnoslonanss.0506
A (Trautsholdia) minor (Nagao)....eeeseesecassessss.0506, 0S07
A (Yabea) cf. shinanocensis Yabe and Nagao...........Ta502

ANLRONYA SPeveesvrseennreanssccsasssssssssnnnnsanssnesesss0S06

Laevicardiun cf. ishidoensis (Yabe and Nagao)..eeeesee....0506

Pachythaerus cf. kagaharaensis (Yokoyama)....seeoeessoo...0502, 0S04

GOShOrai@ SPe sesvevsesesesssnssasessanssessssssnnasssnsss0802, 0507, Ta502
Ptychomya densicostata NagaO.essesssssscscssssssssessesss.0503, 0S04

P, densicostata hasei M.S. vvveeeeeescnsssnssanses.0502, 0506, 0S07, TaS02
Pachytraga SP. «.eie.. tesssesssesesssccssonsansesenensssss0502, 0S06, 0SO7, Ta502
Panopea (Myopsis) cf. plicata (Sowerby)...iieeseeeesssss..0S06, Ta502

Pholadomya cf. brevitesta Nagao......esevsvsersssenseeessTas02

Myopholas SP. eeeeceeseeseceecnssnnssassnssssssssansanssss0S02, 0S03

Plectomya cf. aritagawana Hayami......eeoeveennenennssses 0802, 0S04, 0S06, Ta502
Caestocorbula minima Hayami,...eeeeveeanas ...;............0804; 0s06, 0s07

c. . shikamai Hayami.......eveseeneeenseesnsss..0502, 0S03, 0SO4, 0S06, 0S07
Rasatriz cf. suzukii HayaMi.........eeeeuessessensnnanss,.0504, 0S06
Meg0calli8ta SPe seeevvecasessosssssessssassssnsnsnsassss.0802, 0503

Hayaming SP. veeeesseesssssosessaoncsaceasessssesssssrsss s HGOS

Pygurus (Pygurus) posterozxpansus Tanaka .......i........,OSOZ, 0S06

Hypophylloceras cf. onoensis (Stanton)...eseeeseeeesesss..Ta502
Shasticrioceras Sp. seveessessssssevessssesssssscassasnsssTad02
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F1G. 14. Map showing the localities of stratotypes and Iocahtxes of fossils in the Qsaka

subbelt (Tamarimizu area).

Bdrre.i Aptian lAlb‘i.

0om

Haidateyamd Gl A.G. [H G.

FtG 15. Stratigraphic columnar sections of the Haxdateyama and Amabe Groups in the ’

Osaka subbelt (Tamanmlzu area)

tion is exposed only in a narrow area near Tamari-
mizu. The base (northern border ) is cut by a presum-
able fault from the Osaka Formation, while the top
(southern border ) is apparently conformably overlain
by the Higashidani Formation to be described below.

Lithology and fossils: . The Tamarimizu Forma-
tion of the Tamarimizu area is composed mainly of
weathered, fine-grained, brownish arenite sandstone,
with interbeds of thin-bedded, dark grayish sandy
shale. Fossﬂs obtamed are shown on Table6.

3. ngashldam‘ Formatlon
Name: The formation name was first used by
TERAOKA (1970). It is derived from a place-name,

Higashidani, about Tkm southsouthwest of Notsulchx, '

Notsu-cho.

General conception: The Higashidani Formatmn
is characterized by thick-bedded regular alternation
of sandstone and shale. It may partly be correlated
with the Sukubo Formation from its stratigraphic
position, although there is no fossil evidence.

Stratotype: ‘The holostratotype (F and G in

Flg 12) is along the path from Ishiba dam to Tana—
ka, east of Osaka.
- Thickness :
Fig. 13).
Distribution: This formationis dlscontmuously
distributed from Osaka to Tamarimizu in two zones
separated by the exposure of basement complex. It
forms apparently an anticlinalstructure with an
axis of ENE-WSW trend, modified by faults. The base
of the formation is cut by fault from the pre-Creta-
ceous rocks, while the top is unconformably overlain
by a thick basal conglomerate of the Tano Group.
In the Tamarimizu area, the present formation seems
to overly conformably the Tamarimizu Formation,
though there is a rapid change in lithology.
Lithology: The Higashidani Formation is com-
posed of rhythmic alternation of sandstone and shale,
with a conglomerate at the base and a white arkose
sandstone at the top. The conglomerate is about 50m
thick, consisting mainly of rounded cobbles and peb-
bles of chert, sandstone and shale and rarely of those
of granitic rocks. It laterally changes to granule-

250m (columnar sectlon F or G in
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conglomerate. Each of the sandstone layers in alter-
nating beds ranges in thickness from a few centime-
ters to 40cm, showing a gradded beddmg and parallel
lamination. Small-scale slump structures are observ-
able in a certain horizon. ;

IV. GEOLOGICAL AGE AND CORRELATION

The paleontological studies on marine faunas in
the Haidateyama area have been pursued by many

workers; for instance, TASHIOR et al. (1985) on ma- ~

rine bivalves, HaraMrand Nopa (1977) on pectinids,
Nobpa (1972, 1977) on ammonoids, YEHARA (1923),
TaMURA (1978), KoBavasul and NakaNo (1958) on
trigoniids, TANAKA et al. (1984), TANAKA (1984) on
echinoids. I have also collected many molluscan fos-
sils from more than 50 localities distributed at least
in 20 stratigraphic horizons. Among them, ammonoids
are especially important for international correlation.
In this chaper, the geological age of the Mesozoic for-
mations in the Haidateyama area is discussed on the
basis of ammonoids and bivalves, and the correlation
among various areas within the Outer Zone of South-
west Japan is attempted. For the correlation, not only
the fossil evidence but also the stratigraphic records
including sequence of strata, characters of sediments,
cycle of sedimentation and disconformities are taken
into consideration. The results are summarized in
Table 9.

1. Kashimine Formation %

The identified species from the Kashlmme For:
mation are too small in number to conclude an affi ‘inity
with the already-known faunasin Japan Neverthless,
genera significant for ageconsideration are contained.

The bivalve fauna similar to that ‘of the Kashimine
Formation is known to occur from'the Lower Kochi-
gatani Subgroup of Shikoku (KATTO, 1982), which
contains Halobia and Tosapecten as common genera
and is characterized by the occurrence of Paratrachy-
ceras aff. hofmanni and other ammonites of Carnian
age. In Central Kyushu, the Takagochi and Tanoura
Formations, corresponding to the Lower Kochigatani
Subgroup, are characterized by the occurrence of
Carno-Norian ammonites together with abundant bi-
valves. Especially, the middle Takagochi Formation
(TAMURA et al., 1985) is well correlated to the Kashi-
mine Formation by the presence of Halobia, Tosapec-
ten, Otapiria and Unionites. The bivalve fauna of the
Tanoura Formation' (MATSUMOTO-and KANMERA,
1964) also closely resembles that of the Kashimine
Formation, though Mytilus, Palaeopharus and. Fren-
guelliella are unknown in the latter. - -

From the faunal aspects and lithological charac-
ters, as well as from the geological situation, the Ka-
shimine Formation is best comparable to the Lower
Kochigatani Subgroup, and is ass1gned to the Sakawan
stage (Carman) . .

2 Shmkal Formatlon

- The radiolarian fossils from the Shmkal Forma-
tlon, which have already been reported by TANAKA et
al. (1985), are listed in Table 2. This radiolarian fau-
na contains some elements of the so-called Pseudo-

o ,:4 Yamabu Formatmn;'. C
They are Halobia, Tosapecten, Otapiria and Unionites, ..

TANAKA

dictyomitra primitiva-P . sp. A assemblage-zone pro-
posed by Yao et al. (1982), Yao (1984) and Yao et al.
(1985) from the Kii-Yura area. It also resembles in
generic and even in specific level the Mirifusus bayleyi
assemblage of Mi1zuTaNI (1981) in the Mino Belt and
the Mirifusus mediodilatatus-Pseudodictyomitra cf.
carpatica assemblage of NISHIZONO et al. (1982) in the
Chichibu Belt of Kyushu. Thus, the Shinkai Forma-
tion is assignable to the Tithonian, and is safely cor-
rélated to a part of the Torinosu Group. The correla-

¢ tion baséd on radiolarians is compatible with that on
corals (after YAVIAGIWAS personal’ information).

3. Motoyamabu Formatlon

The Motoyamabu Formation is. characterized by
the occurrence of ammonites such as Berriasella aff.
patula, Pséudoosterella sp. and Thurmanniceras (?)
sp., togéther with & fautiloid, Tithonoceras sp. NOoDA
(1972) considered that at least the basal part of the

.. Yamabu Formation (author s Motoyamabu Forma-

tion) 1nd1cates Berriasian in age on the basis of Ber-
ritsella aff. patula and Pseudoosterella sp. However,
there are some questions about the range of the Ber-
riasian and Valanginian-ammonites in Japan (NoDa,
1972; SATO, 1958) The océurrence of Tithonoceras
sp. is, though very ‘rare,. also, noteworthy, because
the genus is one of the index fossils of Tithonian. Ac-
cording to KuMMEL (1956), this genus occurs in the
Tithonian strata of Critnea, Riissia. Thus, the Moto-
yamabu Formation is proba"biy correlated with the
Tithonian to Lower Berriasiamr (?). The discovery of
Tlthonoceras sp. not onlyxen.ables us to attempt the
world-wide correlation; but ,.also may contribute to
the problem of the J urassw-C"retaceous boundary.

L 1{» t

The Yamabu Formatlon is characterlzed by the
predommance of white feldspathlc quartz-sandstone,
and:yeilds brackish molluses listed in Table 3. Among
the identified species, Isodomélla matsumotoi, Bake-
velloides (Yoshzmopszs) nagatoensis, Eomiodon ma-

" tsumotoi, E. nlppomcus* ‘Hayamina sp. and Plusides

nagatoensis are common or diagnostic. ‘This forma-
tion has hitherto been compared with the so-called
Ryoseki Formation in-the Outer  Zone -of Southwest
Japan. From the faunal aspectsand lithological char-
acters, the lower member .especially. resembles -the
Uminoura Formation of the: Yatsushiro: area ‘(OHTA
and Moui, 1976) and the Yoshimo. Formation of the
Shimonoseki area (HAse, 1960; OHTA 1981) rather
than the type Ryoseki Formation of the Monobegawa
area. Besides, the upper member contains Hayamina
carinata , which has been reported from the Upper
Barremian Shobu Formation’of the Katsuuragawa
area (TASHIRO and OHNIsHI, 1985). Therefore, the
formation in question can be correlated:approximately
with the Hauterivian to Upper Barremian. Thin layers
of sandstone containing marine bivalves characteristic
of the Haidateyama Formation are intercalated in the
upper member. This fact may suggest the presence
of the Barremian marine dep051ts in the Yamabu For-
mation.. : :

5. Koshlgoe Formatlon ‘
The Koshigoe Formation is charactenzed by. the
frequent occurrence of red-colored rocks, and contains
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non-marine molluscs listed in Table 4. The age of the
formation is not determined precisely, because no lead-
ing fossil has been obtained. It is, however, probably
referable to the Hauterivian to Lower Barremian (?),
judging from the following lines (TASHIRO et al.,
1983).

1). The bivalve fauna of the Koshigoe Formation is
closely similar to the Ryoseki fauna distributed wide-
ly in the Lower Cretaceous of the Outer Zone of South-
west Japan.

2). The Haidateyama Formation, which is charac-
terized by the occurrence of Lower Barremian ammo-
nites, covers conformably the top of the Koshigoe
Formation.

From the fossil-contents and the stratigraphic

position, the formation in question is comparable to

the Shiroi Formation of the Sanchu area (MATSUKA-

WA, 1977, 1979, 1983), the Yuasa Formation of the

Aridagawa area (HIRAYAMA and TANAKA, 1965), the
Izumikawa Formation (SAkA et al., 1979) and the
Matsuo Formation (OBATA et al., 1979) of the Shima
area, the Tatsukawa Formation of the Katsuuragawa
area (Nakal, 1968) and the Ryoseki Formation of
the Monobegawa area (TASHIRO et al., 1980).

6. Haidateyama Formation

The Haidateyama Formation is characterized by
the occurrence of ammonites, nautiloids, marine bi-
valves and echinoids. They are listed in Table 5. The
identified cephalopods are Crioceratites cf. kochlini
(AsTiER ), Uhligia sp., Pedioceras sp., Heminautilus
lallierians (d’ORBIGENY ) and Cymatoceras spp. (pre-
liminary identification by MATSUMOTO ). According
to THOMEL (1964), Crioceratites aff. kochlini has
been recorded from the Lower Barremian of Europe.
InJapan, C. cf. kochlini occurs from an equivalent of
the Monobe Formationin the vicinity of Kochi City
(MaTsumoTo ot al., 1982). Heminautilus lallierianus
has been reported from the Lower Barremian of France
and Bulgaria (d'ORBIGNY, 1840-42; DIMITROVA,
1967), and is obtained from the Aridagawa Formation
of the Aridagawa area (OBATA and OGAwA, 1976).
The other cephalopods are also characteristic of the
Lower Barremian of the Tethys province. Thus, the
Haidateyama Formation can safely be assigned to the
Lower Barremian. This is supported by the occurrence
of the Ishido-type molluscan fauna (TASHIRO et al.,
1983; TASHIRO, 1985), and also by the discovery of
early Barremian-type echinoids such. as Heteraster
macroholcus, H. bungoensis, H. sp. and Pseudowashita
ster mysticus (TANAKA etal., 1984). From the fossil-
contents and the stratigraphic position, the Haidate-
yama Formationis correlative with the Hachiryusan
Formation of the Yatsushiro area (MATSUMOTO and
KANMERA, 1964), the Monobe Formation of the
Monobegawa area (TASHIRO, 1980), the Hanoura For-
mation of the Katsuuragawa area (TAsHIRO and Ma-
TSUDA, 1983), the Arida Formation of the Aridagawa
area (OBATA and Ocawa, 1976) and the Ishido
Formation of the Sanchu area (MATSUKAWA, 1983;
OBATA et al., 1976)

7. Tamarimizu Formation

The Tamarimizu Formation is characterized by
the predominance of arenite sandstone, showing a
shallow marine facies. It contains ammonites and bi-

valves listed in Table 6. The identified ammonites are
Cheloniceras sp. and Dufrenoyia aff. justinae (HILL)
(preliminary identification by MATSUMOTO ). Chelo-
niceras has been known from the Upper Aptian strata
of the Tethys province including the stratotype area.
In Japan, it occurs from the Kimigahama and Naga-
sakihama Formations of the Choshi area (OBATA et
al., 1975), the Hoji Formation of the Katsuuragawa
area (NAKAI, 1968), the lower part of the Hibihara
Formation and the Hagino Formation of the Monobe-
gawa area (TASHIRO et al., 1980; MATSUMOTO et al.,
1982) and the Hinagu Formation of the Yatsushiro
area (OBATA and MAaTsuMoto, 1977). Dufrenoyia
aff. justinae has been recorded from the Upper Aptian
of Texas (ADKINS, 1928) and Taiwan (MATSUMOTO
et al., 1965). Thus, the Tamarimizu Formation is
undoubtedly assigned to the Upper Aptian.

The present formation is distributed both in the
Takaya area of the Haidateyama subbelt and in the
Tamarimizu area of the Osaka subbelt. There is a
clear difference in faunal aspect between the two areas.
The bivalve faunule of the Takaya area closely resem-
bles that of the Upper Aptian Hagino Formation of
the Monobegawa area, while the bivalve faunule of the
Tamarimizu area is very similar to that of the Lower
Albian (?) Ikuna Formation of the Katsuuragawa area
(TAsHIRO and KAWAJI, 1985). Therefore, the latter
may represent somewhat higher horizon than the for-
mer. .

8. Sukubo Formation

The Sukubo Formation contains abundant bi-
valve shells, together with ammonites. They are listed
in Table 7. The bivalves have already been described
by TASHIRO et al.(1985). The identified ammonites
are Idiohamites cf. subspiniger, 1. cf. farrenus and
Hamites cf. tenuicostatus (preliminary identification
by MATSUMOTO). These ammonites have been record-
ed from the Upper Albian of England (SpaTH, 1939).
Therefore, the Sukubo Formation is correlative with
the Upper Albian. Thisis supported by the occurrence
of Inoceramus anglicus, which also indicates late
Albian age (Woop, 1911).

9. Osaka Formation

This formation is characterized by the predomi-
nance of sandstone (often calcareous and sometimes
conglomeratic), and yields abundant shallow marine
fossils such as pelecypods (including hippuritids and
rudistids), gastropods, hexacorals, bryozoans and echi-
noids. In addition, ammonites, e.g., Shasticrioceras
sp. and Hypophylloceras cf. onoensis (STANTON) (pre-
liminary identification by MATsumoT0) are obtained
from the lower part (Loc. Ta502). Shasticrioceras,
which :indicates Barremian in age, has been recorded
from the Lower Horsetown Group in California (AN.
DERSON, 1938). In Japan, it occurs from the Ishido
Formation of the Sanchu area (MATSUKAWA, 1983),
the Idaira Formation near Lake Hamana (HAYASHI
et al., 1981), the Arida Formation of the Aridagawa
area (OBATA and OGAWA, 1976) and the Monobe For-
mation of the Monobegawa area (TASHIRO et al.,
1980). Hypophylloceras is a long-lived genus ranging
from Hauterivian to Maastrichtian. H. onoensis has
been reported from the Aptian of Carifornia.

The bivalve fauna from the lower part of the
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Osaka Formation is closely similar to that of the
Haidateyama Formation, and is comparable with the
faunas of the Monobe and Ishido Formations. On the
other hand, the bivalve fauna from the upper part re
sembles the faunas of the Kimigahama Formation of
the Choshi area (HAvAMI and OJ1, 1980) and the
lower part of the Hibihara Formation of the Monobe-
gawa area (TASHIRO et al., 1980), containing Aptian-
type genera and species such as Anthonya, Goshoraia,
Caestocorbula and Astarte (Trautsholdia) minor.
From the evidence of fossils mentioned above, the O-
saka Formation is roughly correlative with the Barre-
mian to Aptian. The correlation’ based on hippuritids
(Pachytraga etc.) in West Europe by PAGUIER (1905)
and KuTassy (1934) may also suggest the age of the
formation in question.
hippuritids is rather limited, though pachyodont pelec-
ypods, e.g., Praecaprotina yaegashii (YEHARA), Tou-
casia carinata var. Orientalis NAGAO and: Pachytraga
japonica OKUBO were reported by YEHARA (1920),
YABE and NAGAO (1926) and NAGAo (1933) from the
Miyako area of Kitakami and the Sorachi area of Ho-
kkaido, and also by OkuBo and. MATSUSHIMA (1959)
from the Akaishi area of Central Japan. I belive that
they are of great value for mterpretatxon of. paleoge-
ography and correlatxon

10. ngashldam Formatlon

Although there is no reliable fossil, the ngashl-
dani Formation may roughly be correlated to the Al-
bian or thereabout, judging from the following lines.

1). The Higashidani Formation conformably over-
lies the Tamarimizu Formation, the latter of which
is characterized by the occurrence of late Aptlan am-
monites.

2). The formation is comparable with the Fujlkawa
Formation of the Katsuuragawa . area (Nakai,
1968) and the upper part of the Hibihara Formation
of the Monobegawa area (Tanaka et al., 1984) from
its lithofacies represented by rhythmlcally alternatmg
beds of sandstone and shale. .

The formation may be almost contemporaneous
with the Sukubo Formation, but is a little older than
the latter based on the lithostratigraphic comparison
with the Hibihara Formation.

V. CHARACTERISTIC BIVALVE FAUNAS

Six bivalve faunas are discriminated in the Lower
Cretaceous of the Haidateyama area. They are the
Yamabu, Koshigoe, Haidateyama, Tamarimizu, Osa-
ka and Sukubo faunas. In this chapter, the features of
these faunas are described in comparison with the re-
lated ones in the Chichibu Belt, especially in Shikoku.
The Lower Cretaceous System of the Chichibu Belt in
Shikoku has been divided into the Monobegawa and

Nankai Groups by the difference in lithology and fau-

nal aspect, as reported by TAsHIRO (1985b). In the

Monobegawa Group, the Ryoseki-type brackish fauna, -

the Ishido-type fauna, the Yunoki-type brackish fauna,
the Hibihara-type brackish fauna, the Lower Hibihara-
type fauna and the Upper Hibiharatype fauna are
developed in ascending order (TASHIRO, 1985a). These
faunas are combined into the Monobegawa-Type Fau-
na. On the other hand, the Nankai Group is character-

In" Japan, the occurrence of -

ized by the Shobutype brackish fauna, the Igenoki-
type fauna, the Funadani-type brackish fauna, the
Hagino-type fauna and the Hiura-type fauna (TAsHI-
RO, 1985a; TASHIRO and -MATSUDA, 1985).  The
Nankai-Type Fauna is composed of these faunas of
the Nanka1 Group (Flg 16).

1. Yamabu brackish fauna’

The Yamabu brackish fauna is dlstrlbuted in the
Yamabu Formation of the Amabe Group, and is sub-
divided into two faunules, the lower and the upper.

(a). The lower faunule contains abundant brackish-
water shells such as Isodomella matsumotot, Bakevel-
loides (Yoshimopsis) nagatoensis, Eomiodon matsu-
motoi, E. nipponicus, Plusides nagatoensis, Tetoria
(Yoshimoa) yoshimoensis and Hayamina sp. This
faunule belongs to the Yoshimo-type brackish'fauna,
which is represented by the Yoshimo fauna (KoBAYA-
su1and Suzuki, 1939; HASE, 1960) distributed in the
Yoshimo Formation of the Shimonoseki area. A simi-
lar fauna has also been reported from.the Uminoura
Formation of the Yatsushiro area (OHTA and MOJI,
1976)(Table 10). '

(b). The upper faunule consists mainly of Haya-
mina carinata, Isodomella matsumotoi, Eomiodon
matsumotoi and Ostrea sp. It belongs to the Shobu-
type brackish fauna typically distributed in the Shobu
Formation of the Nankai Group. The Shobu-type fau-
na also comprises Hayamtna carznata, Eomwdon sp
and “Ostrea” sp. e

* The Yamabu brackish fauna, as a whole, belongs
to the Nankai-Type Fauna.

2. Koshigoe brackish fauna ,

The Koshigoe brackish fauna is distributed in
the Koshigoe Formation of the Haidateyama Group.
The representative species are Hayamina bungoensis,
Costocyrena otsukai and Tetoria (Haidatina) koshigo-
ensis. The identical or similar species are known
from the faunas of the Ryoseki Formation in the
Monobegawa area, the Tatsukawa Formatibri in the
Katsuuragawa area, the Yuasa Formation in the Ari-
dagawa area and the Shiroi Formation in the Sanchu
area, as shown in Table 10. These faunas belong to
the Ryoseki-type brackish fauna of the Monobegawa-
Type Fauna. One of the striking phenomena is that
the Kawaguchi Formation in the Yatsushiro area (OH.
TA, 1977) contains the elements both of the Ryoseki-
type brackish fauna and of the Yoshimo-type brackish
fauna, the latter of which belongs to the Nankai-
Type Fauna. Therefore, the Kawaguchi brackish fau-
na is referable to the intermediate-type between them.

3. Haidateyama fauna.

The Haidateyama fauna is developed in the Hai-
dateyama Formation of the Haidateyama Group.
the representative species are Nanonavis yokoyamai,
Amygdalum ishidoensis, Plicatula kiiensis, Pterinella
shinoharai, Gervillaria haradae, Neithea atava, Ras-
tellium (Arctostrea) carinatum, Pterotrigonia pocilli-

- formis A form, Astarte (Yabea) shinanoensis, Pachy-

thaerus kagaharensis and Ptychomya densicostata .
They are elements of the Ishido-type fauna of the
Monobegawa-Type Fauna (TAsHIRO, 1985a). The
Ishido-type fauna has been known from the Hachiryu-
zan Formation in the Yatsushiro area, the Monobe
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Formation.in the Monobegawa area, the Hanoura For-
mation in the Katsuuragawa area, the Arida Forma-
tion in the Aridagawa area and the Ishido Formation
in the Sanchu area, as shown in Table 11. Among the
representative species, Neithea atava and Pterotrigo-
nia pocilliformis A form are limited to occur in Upper
Hauterivian to Barremian, showing a wide geographi-
cal distribution. From the .faunal contents and the
lithological characters, the Haidateyama, Hachiryu-
zan, Monobe, Hanoura, Arida and Ishido Formations
are considered to be sediments of .shallow marine or
subt1dal condltlon.

4. Tamanmlzu fauna

The Tamarimizu fauna is dlstnbuted in the
Tamarimizu Formation of the Amabe Group. It com-
prises Cucullaea fujii, Nippononectes tamarimizuensis
(M.S.), Neithea amanoi, Pterotrigonia cf. -hokkaido-
ana, Nipponitrigonia aff. kikuchiana, Protocardia
amanoi and Xenocardita amanoi. The Upper Aptian
Hagino-type fauna, which is typically developed in the
Hagino Formation of the Monobegawa area, consists
mainly of Neithea amanoi, Pterotrigonia (Scabrotri-
gonia ?) moriana, Xenocardita amanoi and Protocar-
dia amanoi, as reported by TasHIR0 (1985a). Neithea
amanoi and Protocardia amanoi are common between

the Tamarimizu fauna and the Hagino-type fauna. The -

Lower Albian-? Hiura-type fauna, which is distributed
in the Ikuna Formation of the Katsuuragawa area, is
composed mainly of Modiolus cf. forcatus, Cucullaea
fujii, Pterotrigonia yokoyamai and P. hokkaidoana

TANAKA

(TAsHIRO, 1985a). . Cucullaea fujii and Pterotrigonia
hokkaidoana -are common between the Tamarlmxzu
and Ikuna Formations (Table 12).

Thus, the Tamarimizu fauna contains: the ele-
ments both of the Hagino-type and Hiura-type faunas
of the Nankai-Type Fauna. From the lithological and
faunal aspects, the Tamarimizu Formation shows very
shallow marine or intertidal environment.

5 Osaka fauna

The Osaka fauna is developed in the Osaka For-
mation of the Haidateyama Group, and is divided into
two faunules, the lower and the upper.
- (a) The lower faunule contains the following ele-
ments of the Barremian Ishido-type fauna: Nanonavis
yokoyamai, Entolium sanchuensis, Isognomon cf.
sanchuensis, Rastellium (Arctostrea ) carinatum,
Astarte subsenecta, A. (Yabea) shinanorensis, Pachy-
thaeous kagahaensis, Ptychomya densicostata, Pano-
pea (Mpyopsis) plicata, Pholadomya brevitesta and
Plectomya aritagawana. In addition to them, several
morphologically important species such as Ptychomya
densicostata hasei (M.S.), Gervillaria osakaensis
(M.S.) and Pachytraga sp. are obtained.

(b) The upper faunule contains.Pterotrigonia pocil-
liformis B form, P. cf. hokkaidoana, Astarte (Traut-
sholdia) minor, Anthonya sp., Caestocorbula minima,
C. shikamai, Rasatrix suzukii, Goshoraia sp., -Neithea
atava miensis (M.S.) and Pachytraga sp. This faunule
closely resembles the Lower Hibihara-type fauna. of
Aptian age (TASHIRO, 1985a) typically distributed in

- Monobegawa' - Type Fauna

Intermediate - Type

Fauna . Nankai - Type Fauna

| Upper Hibihara-type fauna 4
(upper Hibihara, Fujikawa,
Nishihiro Formations)

Albian

Formation

Lower Hibihara-type fauna .
(Hoji, lower Hibihara and

Miyaji Formations) .
Hibihara-type brackish fauna

{loewrmost Hibihara Formation]
Yunoki~type brackish fauna
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fauna

U
o
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=
|
|

Osaka |
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2 (0saka Formation)

ol Ishido-type fauna
"q._r(Ishido, Arida, Hanoura, -
e
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|

Igenoki-tyep fauna
(Tgenoki Formation)
Shobu-type brackish fauna
( Shoubu and Yamabu Fs.)

: lm”l §- Monobe, Haidateyama and
K X Ryoseki=type brackish fauna :
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TaBLE 10. LIST OF BIVALVES FROM THE RYOSEKI FORMATION AND ITS EQUIVALENTS .;
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TABLE 11. LIST OF THE BIVALVES FROM THE IsHIDO FORMATION AND ITS EQUIVALENTS
(AFTER TAsHIRO, 1985b, SUPPLEMENTED BY THE AUTHOR),
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TABLE 12. LiST OF THE BIVALVES FROM THE LOWER HIBIHARA FORMATION AND ITS
EQUIVALENTS (AFTER TASHIRO, 1985b, SUPPLEMENTED BY THE AUTHOR). - .
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Hibihara Formation
Hagino Formation
(Tashirg, 1985a,)
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Parvamussium hinagense -
Plicatula tosaensis
Isognomon cf.choshiensis
L. s v
~ Amphidonte (Ceratostreon) yabei:
A, (C.) subhaliotoidea
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TaABLE 13. LIST OF THE BIVALVES FROM THE Suxkuso FORMATION AND ITS EQUIVALENTS

(AFTER TAsx—nno ET AL. 1985)
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Mesosacella insignis 0] 0 0
Nanonavis pseudocamnata ‘ 0] ' 0
Modiolus sukuboensis : 0.
poe Pznna ( Ptnna) aff. robmaldma' 0 0 0
' Inoceramus anglwus ' ' o 0
Nezthea (Neithea) matswnotm 0
1 Parvamusszum sp. 0
Plicatula ‘Sp. : ,
Pterotrigonia ( Pf:erotmgoma) cf. yokoyamm, I “lo] "o o
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: Astarte (Astarte) subsenecta 0 -0 10
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.| Pachythaerus nagaoi .0
? Granocardtum ( E’thmocardzum) sp o
. Leptosolen sp. .0 0
Pholadomya ( PhoZadomya) sp.
P. . ( Bucardwmya) Sp. 0.
Goniomya ( Goniomya) cf. subarchzac‘z,
| Plectomya amabeana L
PZatymyozdea mppomca
|7 Laternula sp.

the lower part of the belhara Formation in the Mo-
nobegawa area. The Lower Hibihara-type fauna con-
sists mainly of Nucula (Pectinucula) tosaensis, Arca
(Eonavicula) minima, Glycymeris (Hanaia) matsu-
motoi, Nippononectes eleganus, Neithea aff. ficalhoi,
Pterotrtgoma poalltformzs B form, Anthonya kochi-
ensis, Goshoraia minima, Caestocorbula minima and
C. shikamai. A similar. fauna is known also from the
Hoji Formation in the Katsuuragawa area (TASHIRO,
1985a) (Table 12). It is worthy to note that. some of
the representative species of the Osaka fauna such as
Gervillaria osakaensis (M.S.), Neithea atava miensis
(M.S.) and Ptychomya densicostata hasei (M.S.) are

unkown from both the Ishldo-type and Lower Hlblhara-
type faunas.

Gervillaria osakaensis (M S.) is sxmllar to, G.
haradae, one of the elements of the Ishido-type fauna,
but the former is clearly distinguishable from the lat-
ter by its more vertxcally elongated outline, broader

hinge-plate and more consplcuous radial ribs.

Neithea atava miensis (M.S.) has some similari-
ties to N. atava, one of the dxagnostlc species of the
Ishido-type. fauna, but .the former is dxstmglshable
from the latter in its much longer size, larger apical
angle and more numerous secondary riblets. This sub-
species also somewhat resembles N. kochiensis from
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the Doganaro Formation of the Shimantogawa Group.

Ptychomya densicostata hasei (M.S.) shows two
noticeable zigzag arrangement of anterior riblets.
This is somewhat larger in size and more elliptical in
outline than P. densicostata, one of the diagnostic
species of the Ishido-type fauna.

Furthermore, the Osaka fauna contains Pachy-
traga sp. Chippritids), Archimedea cf. rigida (gastro-
pods) and Pygurus (P.) posteroexpansus (echinoids)
together with hexacorals and bryozoans. These fossils,
as well as the lithologic characters, may suggest that
the Osaka Formation has some resemblance to the
Urgonian facies of warm subtropical shallow-sea con-
dition. Thus, the Osaka Formation clearly differs
from the Haidateyama Formation in sedimentary
environment. ‘
ments of both the Ishido-type and the Lower Hibihara-
type faunas of the Monobegawa-Type Fauna, but
shows the characters of Urgonian faceies. The author
names such faunas collectively the Osaka-type fauna.

6. Sukubo fauna ( Koshigoe-type fauna by TASHIRO,

1985a)

The Sukubo fauna is distributed in the Sukubo
Formation of the Amabe Group. It has already been
described by TasHIRO, MATSUDA and TANAKA (1985).
This is probably the first record of the Late Albian
prolific shallow but purely marine bivalve fauna in
the Outer Zone of Southwest Japan. Several species
important for morphology or biostratigrapy, e.g.,
Inoceramus anglicus, Neithea matsumotoi, Nanonavis
pseudocarinata and Pterotrigonia (Ptilotrigonia) ta-
nakai etc., are contained in this fauna. Neithea ma-
tsumotoi, Astarte subsenecta, A. (Yabea) akatsuiand
Pinna sp. are common with the Ikuna fauna of the
Katsuuragawa area and the Yatsushiro fauna of the
Yatsushiro area. The lkuna and Yatsushiro faunas
are referable to the Nankai-Type Fauna, as pointed
out by TasHIRO (1985a). Therefore, the Sukubo fauna
may also belongs to the Nankai-Type Fauna. Further,
the Sukubo fauna contains Inoceramus anglicus,
Mesosacella insignis, and Idiohamites spp., which are
common with the Upper Hibihara-type fauna of the
Monobegawa Group (Table 13). These species are of
offshore environment.

VI. DiISCUSSION

A, FAUNAL CHANGE INTHE LOWER CRETACEOUS
oF THE CHICHIBU BELT

As reported by TasHIRo (1985a, b), the Lower’

Cretaceous System in the Chichibu Belt in Shikoku is
divided into the Monobegawa and Nankai Groups,

" whose bivalve faunas are named the Monobegawa-
Type and Nankai-Type Faunas, respectively. In addi-
tion, the Intermediate-Type Fauna containing the ele-
ments of both types is recognized. It is represented
by the fauna of the Kawaguchi Formation in the Ya-
tsushiro area. Therefore, the Lower Cretaceous bivalve
assemblages in the Chichibu Belt are classified into
the three faunas of Monobegawa-Type, Nankai-Type
and Intermediate-Type (Fig. 16). The faunal change
in time and space is summarized below.

The Osaka fauna contains some ele- .
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1. Vertlcal faunal change

The blostratlgraphm ranges of the Lower Creta—
ceous bivalve species are shown in Havami (1965-66)
and TASHIRO .(1985a), based on the occurrence from
various strata in Japan.

As to the Monobegawa-Type Fauna, an impor-
tant vertical change is recognized between the faunas
of Barremian and Aptian age, as pointed out by TA-
SHIRO (1985a). The Aptian Lower Hibiharatype fauna
is characterized by the first apperrance of Anthonya,
Nemodon, Glycymeris, Goshoraia, Nippononectes,
Caestocorbula etc., and by the degression of such
genera as Cosmetodon, Amygdalium and Ptychomya
which flourished in the Barremian Ishido-type fauna.
There are, of course, several species common between
the two faunas. They are Nuculopsis (Palaeconucula)
ishidoensis, Portlandia sanchuensis, Pinna aff. robin-
aldina, Gervillaria haradae, Gervillia forbesiana, Nip-
ponitrigonia sakamotoensis and Astarte subsenecta.

‘In the Haidateyama area, the upper Osaka fauna of

Aptian age contains such genera as Anthonya, Gosho-
raia and Caestocorbula , but the genera of Cosmeto-
don and Amygdalium which flourished in the Barremi-
an Haidateyama fauna are lacking. The species belong-
ing to the series of Pterotrigonia occur in successive
formations from Barremian to Aptian, showing some
modification in surface ornamentation. Pterotrigonia
pocilliformis A form is obtained from the Haidate-
yama Formation and its equivalents, while Pterotri-
gonia pocilliformis B form from the upper part of
the Osaka Formation and its correlatives. The most
representative species of the Ishido-type fauna, Nei-
thea atava , is limited to occur in the Barremian,
while Neithea atava miensis (M. S.) is found from
‘the Aptian (upper part of the Osaka Formation). Be-
sides, Neithea cf. ficalhoi has been reported by TASHI-
RO et al. (1980) from the lower member of the Hibi-
hara Formation of the same age. Thus, the Barremian-
Aptian faunal change bears a chronological meamng
rather than environmental one.

The vertical change is also recognized 'in the
brackish faunas of the Monobegawa Type Fauna. Par-
ticularly, the species belonging to the series of Costo-
cyrena show some morphological change in accordance
with their stratigraphic position, as pointed out by
TasHIRO (19858, b). Costocyrene otsukai is obtained
from the Hauterivian Koshigoe and Ryosecki Forma-
tions, C. radiatostriata from the Upper Barremian
Yunoki Formation, and C. minima from the basal
part of the Hibihara Formation of Aptian age. More-
over, the species belonging to the lineage of Hayamina
show a progressive modification in the shape of pal-
lial sinus (TAsHIRO and ONIsHI, 1985). Hayamina
naumanni and H. bungoensis are found from the Ryo-
seki and Koshigoe Formations respectively, while H.
solida from the basal part of Hibihara Formation
and the Hoji Formation. Such a change is useful for
correlation, though supplementary

The vertical faunal change in the Nankal-Type
Fauna is not clear. It is, however, considered that the
change from the Hagino-type to the Hiura-type fauna
gradually progressed as the age passes, as pointed out
by TAsHIRO (1985a). The species belonging to the
series of Pterotrigonia show some modification in sur-
face ornamentation in accordance with the stratigra-
phic level. Pterotrigonia (Scabrotrigonia ?) moriana,



Mesozoic Formations and their Molluscan Faunas in the Haidateyama Area, Oita Prefecture, Southwest Japan 31

which flourished in the Upper Aptian Hagino-type
fauna, became extinct, and Pterotrigonia hokkaidoana
and P. yokoyamai appeared in the Lower Albian Hiura-
type fauna and the Upper Albian Sukubo fauna.

As for the brackish faunas of the Nankai-Type
Fauna, the lower member of the Hauterivian-Barre-
mian Yamabu Formation yields abundantly Isodo-
mella matsumotoi, Bakevelloides (Yoshimopsis) na-
gatoensis and Hayamina sp, while the upper member
contains Hayamina carinata, Eomiodon matsumotoi
and “Ostrea” sp.

2. Horizontal faunal change

There is a marked difference in generic and specif-
ic composition between the Monobegawa-Type and
Nankai-Type Faunas. Remarks on the horizontal fau-
nal change in each age are given below.

a. Hauterivian fauna

The Koshigoe fauna (Ryoseki-type brackish fau-
na) differs from the lower Yamabu fauna (Yoshimo-
type brackish fauna), in that the former yeilds abun-
dantly Hayamina bungoensis and Costocyrena otsukai
and the latter contains Eomiodon matsumotoi, E.
nipponicus and Bakevelloides (Yoshimopsis) nagato-
ensis . This noticeable difference occurs between the
northern side (Koshigoe fauna) and the southern side

(Yamabu fauna) of the Motoyamabu Tectonic Line,
which corresponds to a branch of the Kurosegawa'

Tectonic Belt in Shikoku.

b. Barremian fauna

The Haidateyama fauna and the lower Osaka-

fauna contain some elements of the Ishido-type fau-
na, but the latter shows features of the Urgonian bio-
facies, yielding hippuritids, rudistids, peculiar gastro-
pods, hexacorals, bryozoans and echinoids. It may be
inferred that the sedimentary environment is substan-
tially different between the Haidateyama and lower
Osaka Formations. Furthermore, the Haidateyama

fauna and the contemporaneous upper Yamabu fauna .

clearly differ from each other in that the former is
of purely marine origin and the latter of mainly brack-
ish origin. It seems that brackish beds are interfinger-

ed with marine ones. (Pterotrigonia sp. and Astarte o
(Yabea) sp. are rarely found in the upper Yamabu' .

Formation.)

c. Aptian fauna

The most marked difference is observable be-
tween the Lower Hibihara fauna and the Hagino-Igeno-
ki fauna in Shikoku. According to TAsHIrRO (1985b),
about 50 species of pelecypods are identified in the
Lower Hibihara fauna and about 30 species in the
Hagino-Igenoki fauna. Among them, 13 genera includ-
ing 3 species (Gervillaria haradae, Gervillia forbesi-
ana and Pinna robinaldia) are common between both
faunas. In general, the Lower Hibihara fauna, which
belongs to the Monobegawa-Type Fauna, contains
abundantly Glycymeris, Caestocorbula, Pterotrigonia,
Nipponitrigonia and “Ostrea” , while the Hagino-
Igenoki fauna of the Nankai-Type Fauna yields Nei-
thea, Pinna, Protocardia, Scabrotrigonia (?) and
Cucullaea. From the faunal contents, the latter may
indicate more warm environment than the former. In

the Haidateyama area, the difference is observable
between the Tamarimizu fauna and the upper Osaka
faunule. About 26 species of pelecypods are discerni-
ble in the upper Osaka faunule and 11 species in the
Tamarimizu fauna. Among them, only 2 species,i.e.,
Gervillia cf. forbesiana and Pinna cf. robinaldina
are common between both faunas. Furthermore, the
upper Osaka fauna contains some elements of the

. Urgonian biofacies.

The faunal difference stated above is possibly
primarily due to paleogeographical and environmen-
tal factors rather than chronological ones. In Shikoku,
the Lower Hibihara fauna and the Hagino-Igenoki
fauna are developed on the northern and southern

, sjdes of the Kurosegawa Tectonic Belt, respectively.

d. Osaka-type fauna
The Osaka fauna contains some elements of both

" the Ishidotype and Lower Hibihara-type faunas. It
. contains also elements of -the Urgonian biofacies.

Further, Ptychomya densicostata hasei (M. S.), Nei-

. thea atava miensis (M. S.) and Gervillaria osakaensis

(M. S.), which are characteristic of the Osaka fauna,
have not yet been known from other areas. Neithea
atava miensis (M. 8.) is closely similar to N. Kochi-

“ensis from the Doganaro Formation of the Shimanto-

gawa Group (HAvAMI and KAwAsAwA, 1967). In
addition, hippuritids and hexacorals are obtained also
from the Shimantogawa Group in Akaishi Mountain
(OkuUBO and MATSISHIMA, 1959). These facts may
suggest that the depositional site of the Osaka For-
mation was close to that of the Shimantogawa Group.

e. Albian fauna '
As already reported by TAsHIRO et al.(1985), a
shallow marine bivalve fauna of Middle to Late Al-

_ bian age occurs very rarely in Japan. The Sukubu fau-

na (Koshigoe-type fauna by TASHIRO, 1985a) is almost
the only example. The Sukubo fauna yields some
species common with the Yatsushiro and Ikuna faunas
of the Nankai-Type Fauna (TasHiro and KawadJi,
1985). It also contains elements of the off-shore up-
per Hibihara-type fauna of - the Monobegawa-Type
Fauna.

B. COMPARSION BETWEEN THE HAIDATEYAMA
MR AND AMABE GROUPS

" The Lower Cretaceous System' in the Haidate-
yama area is divided into the contemporaneous but

-heteropic Ha1dateyama and Amabe Groups, which

correspond to the Monobegawa and Nankai Groups
in Shikoku, respectively.- The Haidateyama Group is
further subdivided into the Koshigoe, Haidateyama,

- Osaka and Higashidani Formations, while the Amabe
. Group into the Yamabu, Tamarimizu and Sukubo

Formations. The comparison between the two groups
are discussed below.

1. Geographical distribution

According to TAsHIRO (1985b), the Monobegawa
Group is exposed in general on the northern side of
the Kurosegawa Tectonic Belt, and lies unconformably
over the constituent rocks of the “Northern Chichibu
Belt”. On the other hand, the Nankai Group crops
out sporadically on the southern side of the belt, and
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is in fault contact with the rocks of the “Middle Chi-
chibu Belt”, often accompanied with the Upper Juras-
sic Torinosu Group. Thus, the geographical distribu-
tion of the two groups in Shikoku is separated dis-
tinctly by the Kurosegawa Tectonic Belt (Fig. 17).
In the Haidateyama area of Kyushu, the Haidateyama
Group is developed in the Haidateyama and Osaka sub-
belts, and the Amabe Group in the Yamabu, Haidate-
yama and Osaka subbelts.. The distribution of them
is'not so differentiated, but is overlapping. Neverthe-
less, branches of the Kurosegawa Tectonic Belt run in
parallel; dividing the Chichibu terrain into the above-
mentioned several tectonic subbelts. Particularly, the
Motoyamabu Tectonic Line separates the Hauterivian-
Barremian strata into the nortnern Koshigoe-Haidate-
yama Formation (Haidateyama Group) and the south-
ern Yamabu Formation (Amabe Group).

--Such being the case, the distributional pattern
of the Lower Cretaceous System in the Haidateyama
area differs to a certain degree from that in Monobe-
gawa and Katsuuragawa-areas of Shikoku(Fig. 18).

2 thhology
" The Hauter1v1an Koshlgoe Formatlon of the Hai-
dateyama Group covers unconformably the pre-Creta-

ceous rocks with a thickbedded .reddish conglomerate,
of possibly non-marine origin.. The succeeding upper
half of the formation is composed of conglomerate
with intercalation of layers of:sandstone and shale,
showing the repetition of minor sedimentary cycles..
The lithofacies is similar to that of the Ryoseki For-
mation of the Monobegawa Group in Shikoku.. On
the.other hand, the lower Yamabu Formation of -the
Amabe Group of the same age. overlies-unconformably
also the basement rocks in most places, and consists
generally of conglomerate, sandstone and mudstone
in ascending order, showing an upward-finning hemi-
cycle. The sandstone is represented by white to white-
gray, fine- to medium-grained .arkose or feldspathic
quartz-sandstone. The lithofacies.resembles that of
the Yoshimo Formation in Yamaguchi Prefecture and
the Kawaguchi Formation in Yatsushiro area.

The Barremian Haidateyama Formation of the
Haidateyama Group: is' composed mainly of sandy
facies in the lower part.and muddy facies in.the up-
per. The sandstone is represented by graywacke-type
one. The lithofacies is closely similar to that of the
Monobe Formation of the Monobegawa Group. The
Upper Aptian Tamarimizu Formation of the Amabe
Group is characterized by the predominance of fine-

o
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FiG. 18. Distribution map of the Lower Cretaceous in Kyushu and. Yamaguchi Prefecture
(B: After MaTsumoTo and KANMERA, 1964; C: After: HASD 1960). A: Haidate-
yama area, B: Yatsushiro area, C: Shimonoseki area. [Fxgure A) Si: Shinkai
Formation, Y: Yamabu Formation, K: Koshigoe Formation, H: Haidateyama
Formation, O: Osaka Formation. (Figure B) Ka: Kawaguchi Formation, Ha:
Hachiryuzan Formation, Hi: ‘Hinagu Formation; Ya: Yatsuhiro Formation, Mi:
Miyaji Formation, (Figure C} Yo: Yoshimo Formation. .
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grained arenite sandstone, and resembles closely the
Hagino Formation of the Nankai Group-in Shikoku.

The Barremian-Aptian Osaka Formation of the Hai-
dateyama Group is characterized by the association of
lenses and nodules of limestone and calcareous sand-
stone containing reef-building corals. It clearly differs
in lithology from the Haidateyama and Tamarimizu
Formations, but is somewhat. similar to the Ishido
Formation of the Sanchu graben.

The Albian Higashidani Formation of the Haida-
teyama Group consists of thick-bedded regular. alter-
nation of sandstone and shale, and is closely similar
to the middle Hibihara Formation of the Monobegawa
Group. The Upper Albian Sukubo Formation of the
Amabe Group is mainly composed of dark gray mud-
stone with thin interbeds of fine-grained arenite sand-
stone in the lower part. The lithology resembles that
of the Ikuna Formation of the Nankai Group. -

Generally speaking, the Haidateyama Group has
some similarities to the Monobegawa Group, while
the Amabe Group to the Nankai Group. As for the
sandstone, a graywacke-type is predominant in the
former, and an aremte-type in the latter.

3. Relatxonshlp between the Haidateyama and Amabe
Groups

In Shikoku, the original relationship between the
Monobegawa and Nankai Groups is not ascertained,
because their distribution is separated by the Kurose-
gawa Tectonic Belt. However, the Haidateyama and
Amabe Groups in the Haidateyama area are at least
partly in interfingering relationship, though in gener-

-TANAKA

al they are in fault contact with each other. For ex-
ample, ‘the Tamarimizu Formation of the Amabe
Group is apparently conformably overlain by the Higa-
shidani Formation of the Haidateyama Group-in the
Osaka subbelt. The brackish Yamabu Formation of
the Amabe Group isinterbedded in its upper part with
thin marine layers comparable with the Haidateyama
Formation of the Haidateyama Group. Besides, the
Sukubo Formation contains elements of the off-shore
Upper Hibihara-type fauna of the Monobegawa-Type
Fauna, together with abundant shallow marine bi-
valves of the Nankai-Type Fauna, suggesting the inter-
mixing of two different facies. The relationship be-
tween the Haidateyama and Amabe Groups is diagra-
matically shown in Fig. 19.

In general, the Lower Cretaceous System in the
Chichibu Belt is represented by sediments of brackish-
water to neritic environments; non-marine beds with
plants and brackish-water shells are frequently inter-
fingered with marine ones which contain index species
of ammonites and other marine bivalves. Recently,
the Cretaceous “delta” (used in a very wide meaning
of MooRE and AsQuisH, 1971 ) has been supposed by
TASHIRO and myself on the basements of the Chichibu
terrain, This is verified by the sedimentological stud-
ies in the Sanchu and Aridagawa areas (MATSUKAWA,
1983; MAEJIMA, 1985). Judging from the difference
in litho- and bio-facies, it is inferred that there were
two"“deltas”, corresponding to the Monobegawa and
Nankai Groups. The Lower Cretaceo us System in the
Haidateyama area may be regarded as the deposits
of the transitional zone between two “deltas”, because

Ou [ ' B '.
Age P Monobegawa G. | Haidatevama GJ Amabe G, Nankai G
: U il
dbien |2 Vatsuhizo T
| Higashidani F.' -
-
Hibihara O O I . e e —— — —
2 S F. - Temarimizu F)| B2gINO £,
Q Aptian | :
= .
& g Osaka F.
<
>
)
o
O .
Barreniian
o | Monobe F. |Haidateyama F.
g .
e .
Al Hauterivian|—:

77 Brackish-water
sediments

Marine sediments

Fig. 19. Figure showing the mterfmgermg relationship between the Haldateyama and

Amabe Groups.
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the Haidateyama and Amabe Groups show the inter-
fmgermg relationship as stated above. Moreover, it
is satisfactory to consider that there were barriers
between the two “deltas”, and that the barriers were

composed of constituent rocks of the Kurosegawa -

Tectonic Belt, because the conglomerate of the Lower
Cretaceous formations contams, though rarely, cob-
bles and pebbles of the granitic rocks referable to the
older plutonic rocks of the belt.. In other words, the
rocks of the Kurosegawa Tectonic Belt might have
been upheaved early in the Cretaceous to form the

small-scale “Kurosegawa paleo-xslands" (Fig. 20). .

The Osaka Formation, which is characterized by the
development of lenticular and nodular limestones of
Urgonian biofacies containing reef-building corals,
might be sediments near such islands.

VI SUMMARY AND CONCLUSION

.In this paper, the stratigraphy of the Mesozoic
formations in the Haidateyama area is described, and
the Lower Cretaceous bivalve faunas are analysed in
comparison with the related ones in the Chichibu Belt.
The results are summarized as follows.’

1. The Chichibu Belt of the Haidateyama areais
divided into several parallel to subparallel subbelts
by tectonic lines of ENE-WSW trend. They are named
the Shinkai, Yamabu, Haidateyama and Osaka sub-
belts from south to north. ‘The bulk of the basement
complex is represented by the Middle Carboniferous to
Jurassic strata, consisting of slate (partly phyllite),
sandstone, chiert ‘and subordinate limestone, with a
small amount of greenstone. Besides, the older meta-
morphic and plutonic rocks referable to those of the
Kurosegawa Tectonic Belt occur along the tectonic
lines.

2. The Mesozoic strata are classified into 10 for-
mations of Kashimine (Carnian), Shinkai (Tithonian),

Motoyamabu (Upper. Tithonian-Lower Berriasian ?),
Yamabu (Hauterivian-Barremian), Koshigoe (Hau-
terivian-Lower Barremian ? ), Haidateyama (Lower
Barremian ), Tamarimizu  (Upper Aptian), Sukubo
(Upper Albian), Osaka(Barremian-Aptian) and Higa-
shidani (Albian). The Koshigoe, Haidateyama, Osaka
and Higashidani Formations are combined into the
Haidateyama Group, while the Yamabu, Tamarimizu
and Sukubo Formationsinto the Amabe Group. Each
of the formations shows generally a hemicycle of
sedimentation, begining with the basal conglomerate
and or sandstone. It seems that the sedimentary basin
migrated towards the north with a change of times.

The movement of the Kurosegawa Tectonic Belt might

) have an effect on this stepwise migration.

3. Six characteristic bivalve faunas are recog-
nized in the Lower Cretaceous. They are the Koshigoe,
Haidateyama and Osaka faunas distributed in the Hai-
dateyama Group and the Yamabu, Tamarimizu and
Sukubo faunas in the Amabe Group. The first three
belong to the Monobegawa-Type Fauna, wh11e the rest
to the Nanka1-Type Fauna.

4 Judglng from the dlfference in distribution,
lithofacies and faunal contents between the Haidate-
yama and Amabe Groups, which correspond to the
Monobegawa and Nankai Groups in Shikoku respec-
tively, it is inferred that there were two “deltas” where
brackish-water to neritic sediments were accumulated.
The older metamorphic and plutonic rocks of the Ku-
rosegawa Tectonic Belt might have been upheaved ear-
ly in the Cretaceous to form the small-scale “Kurose-
gawa paleo-islands” near the boundary of the two
“deltas”. ' C '

5. It is presumed that along the Large-scale later-
al faults the Lower Cretaceous strata of the Chichibu
Belt might have been transferred from low latitudes
to the present site over several hundred kilometers or
more. According to the paleomagnetic study of SA-

‘ chdateyama
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“Koshigoe & chdqteyamg;
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F1G. 20. Paleogeographical reconstruction showing the relationship between the Haidate-

yana and Amabe Groups.
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KAI et al. (1985), the Kurosegawa paleoisland arc is
considered to have been transferred from low lati-
tudes (about 5° S) to the north during Late Jurassic
to Early Cretaceous. This conclusion is in accordance
with the results of paleomagnetic study of the Ryoseki
Series by SASAJIMA et al. (1985). A similar conclusion
has also been drawn from the analysis of bivalve fau-
nas; by TASHIRO (1985b), whom I agree in general vxew,
1f not at every pomt
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Fic. 21. Geological map of the Haidateyama area. 1: Aso pyroclastic flow deposits, 2:
Tano Group (Upper Cretaceous), 3: Sukubo Formation (Upper Albian), 4: Higa-
shidani Formation (Albian), 5: Osaka Formation (Barremian Aptian), 6: Tama-
rimizu Formation (upper Aptian), 7: Haidateyama Formation (Lower Barre-
mian), 8: Upper member of the Koshigoe Formation (Hauterivian-Lower Barre-
mian ?), 9: Lower member of the Koshigoe Formation (Hauterivian) 10: Upper
member of the Yamabu Formation (Barremian), 11: Lower member of the Ya-
mabu Formation (Hauterivian), 12: Motoyamabu Formation (Upper Tithonian-
Loewr Berriasian ?), 13: Shinkai Formation (Tithonian), 14: Kashimine Forma-
tion (Carnian), 15: Serpentinite, 16: Metamorphic rocks, 17: Granitic rocks, 18:
Chert, 19: Limestone, 20: Basement complex (Chichibu Super group).
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ExPLANATION OF PLATE 1

Crioceratites (Crioceratites ) sp. aff. C.(C.)
Koechlini (AsTIER)

IGSH-TH 6001 from loc. H105. Lateral view,
x 1.2

Figs. 2, 3. Idiohamites sp. cf. I. subspiniger SPATH
IGSH-TH 50301 from loc. Sul03. Lateral
views (2, 3), x 1.1

Hamites sp. aff. H., tenuicostatus SPATH
IGSH-TH 50302 from loc. Sul03. Lateral
view, x 1.3

Idiohamites sp. cf. I favrinus (PicTeT)
IGSH-TH 50303 from loc. Sul103. Lateral
view, x 1.8

Cheloniceras sp.

IGSH-TH 7004 from loc. 1103. Lateral view,
x 1.0

Heminautilus lallierianus (d'ORBIGNY)
IGSH-TH 6003 from loc. H105. Vertical view,
x1.1 ‘

Figs. 8, 9. Tithonoceras sp.

IGSH-TH 4002 from loc. M01. Lateral (8)
and frontal (9) views, x 0.8

Fig. 1.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig.10. Hypophylloceras sp. cf. H. onoense (STAN-
TON)
IGSH-TH 8002 from loc. Ta502. Lateral view,
x 1.0

Fig.11. Cymatoceras sp.

IGSH-TH 7002 from loc. 1103. Lateral view,
x 1.0

EXPLANATION OF PLATE 2

Figs. 1-3. Eomiodon matsumotoi OHTA
1. Rubber cast from a left external mould,x 1.3,
Loc. Y02.
2. Left internal mould, x 1.2, Loc. Y03.
3. Rubber cast from a left external mould, x1.3,
Loc. ditto.
Figs. 4-9. Isodomella matsumotoi OHTA
4. Rubber cast from a right external mould,
x 1.7, Loc. Y05.
5. Rubber cast from a right external mould,
x 1.2, Loc. ditto.
6. Right internal mould, x 1.1, Loc. YO1.
7. Rubber cast from a right external mould,
x 1.2, Loc. Y05.
8. Right internal mould, x 1.4, Loc. ditto.
9. Rubber cast from a left external mould, x2.0,
Loc. Y02.
Figs.10-12. Bakevelloides (Yoshimopsis ) nagatoenszs
OHTA
10. Rubber cast from a left external mould,
x 1.3, Loc. Y03.
11. Rubber cast from a left external mould,
x 1.4, Loc. ditto.
12. Left internal mould, x 0.8, Loc. Y01.
Figs.13,15. Hayamina sp.
13. Left internal mould, x 1.1, Loc. Y01.
15. Right internal mould, x 1.0, Loc. Y03.
Figs.14,16-17. Hayamina carinata TAsuiro and ONisHI
14. Right internal mould, x 1.6, Loc. Y04.
16. Rubber cast from a left internal mould,
x 1.0, Loc. ditto. 17.
Left internal mould, x 1.0, Loc. Y06.
Figs. 1-17. Yamabu fauna
Figs.18-20. Costocyrena otsukai (YABE and NAGAO)
18. Rubber cast from a right external mould,
x 8.0, Loc. Kol02.
19. Rubber cast from a right external mould,

Fig. 6.

x 3.0, Loc. ditto.-
20. Rubber cast from a left: external mould
- x 8.0, Loc. ditto.
Figs.21-22. Hayamina bungoensis OHTA .
21. Right internal mould, x 0.7, Loc. Sul05.22.
Left internal mould, x 0.7, Loc. Ko102.
Figs. 18-22. Koshigoe fauna -

EXPLANATION OF PLATE 3

Fig. 1. Goniomya sp :
Left valve, x 1.2, Loc. H105

Fig.2.  Cosmetodon nipponicus (NAGAO)
Right internal mould, x 1.3, Loc. ditto.

Fig. 3. Astarte subsenecta (Y ABe and NaGA0).
Rubber cast. from a right extemal mould,
x 1.2, Loe, ditto. .

Fig.4. . Nanonavis yokoyamai (YABE and NAGAo)

. Right internal mould,:x 1.0, Loc. ditto.

Fig. 5. Plectomya sp. cf. P. aritagawana Havamr
Right valve, x 1.1, Loc. Sul02.

Fig.6.  Panopea (Myopsts) plicata (SowERBY)

Right valve, x 1.1, Loc. H105. :
Figs. 7, 8. Pterotrigonia pocilliformis (YOKOYAMA) A
form
7. Right valve, x 1.2, Loc. H105 -
8. Right valve, x 1.1, Loc. ditto.
Ptychomya densicostata (YokoYAma )
Right valve, x 1.0, Loc. ditto.
Amydalum ishidoensis (YABE and NaGAao)
Left valve, x 1.0, Loc. 1104.
Gervillia forbesiana d’ORBIGNY
Right valve, x 1.3, Loc. Sul04.
Rastellum (Arctostrea) carinatum - (LAMA-
- RcK ) Ventral view of conjomt valves x 1.0,
Loc. dxtto .
.. Pinna sp..
_nght valve, x 1. 0 Loc. dltto
Fig. 14. .. Neithea atava (ROMER) . = .
. .. Right internal mould, x 0.8, Loc. H105
Fig.15. Pterinera shmoharat HAYAMI
' . . Rubber cast from a left external mould xOB
Loc. Su104. ‘
. Figs. 1-15. Haldateyama fauna

Fig. 9.
Fig. 10.
Fig. 11.

Fig. 12.

Fig. 13.

. ExXPLANATION OF PLATE 4, .

Caestocorbula minima Hayamr

Rubber cast from .a right external mould,

. x 2.8, Loc. 0S06.

Figs. 2, 3 Caestocorbula shikamai HAYAMI
' 2. Left valve, x 1.2, Loc. ditto. :

3. Rubber cast from a left. extemal mould,
x 1.2, Loc. ditto.
Nuculopsis (Palaeonucula)
(YABE and NAGAO) |
Right internal mould, x 2.0, Loc ditto.

.. Astarte (s.s.) subsenecta YaBE and NaGAO
Rubber cast from.a right. external mould,
x 1.0, Loc. 0S04.

Astarte (s.s.) semicostata NAGAO

Rubber cast from a right external mould,
-x 3.0, Loc..0S06. ’

“Cardita” sp.

Rubber cast from a nght external mould

x 3.0, Loc. ditto. .

Plectomya sp. cf. P. aritagawana HAvAMI

Rubber cast -from ‘a_left external mould,
-x 1.0, Loc. 0802. o .
Fig. 9-10, Coral gen. et sp. indet.

Fig. 1,

Fig. 4, ishidoensis

Fig. 5. '

Fig. 7.

Fig. 8.
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9.
10.
Fig. 11.

Fig. 12.

Fig. 13.

Fig. 14.

Fig. 15.

Fig. 16.

Fig. 17.

Fig. 18.

Fig. 19.

Hitoshi TANAKA

External view, x 1.4, Loc. ditto.

‘External view, x 1.4, Loc. ditto.-

Nipponitrigonia sp. c¢f. N. kikuchiana (Yo-
KOYAMA

Rubber cast from a left external mould,
x 1.2, Loc. OS04.

Panopea (Myopsis) sp. ¢f. P. (M.) plicata
(SoweRBY)

Right valve, x 1.2, Loc. OSOG

Anthonya sp.

Right internal mould, x 1.3, Loc. ditto.
Pterotrigonia pocilliformis (Yokovama) B
form

Rubber cast from a right external mould
x-1.0, Loc. 0S02.

-Pachytraga sp.-

Right internal mould, x 0.7, Loc. OSO7
Ptychomya densicostata hasei m.s.

Rubber cast from a right external mould,
x 0.9, Loc. 0S02.

Rastellum (Arctostrea ) carmatum (La-
MARK)

Lateral view of a left.valve, x 1.8, Loc. 0S03.
Neithea atava miensis m.s.

Rubber cast from a right external mould,
x 0.9, Loc. 0S02.

Gervillaria osakaensis m.s.

Rubber cast from a left external mould x0.9,

" " Loc. 0S06. '

Figs. 1-6.

DU 0 O

Fig. 7.

Fig. 8.

Figs.9-10.
9.

10.

Figs.11-12.

11.
2.
Fig. 13.
Figs. 14-16.
: 14,
15.
16.
Figs.17-18.

17.
18.

Figs.19-20."

19.
20.

Figs. 1- 19, Osaka faqna.’

"EXPLANATION OF PLATE 5. "

Cucullaea fujii HAY M1

Left'internal mould, x 1.4, Loc. Ta501.
Left internal mould, x 1.2, Loc. ditto.
Left internal mould, x 1.4, Loc. ditto. -
Left internal mould, x 1.4, Loc: ditto.

. Left internal'mould, x 1.4, Loc. ditto.
" Right internal mould, x 1.5, Loc. dltto

Glycymeris (Hanaia) sp.

‘Right internal mould, x 1.8, Loc. dltto.

Xenocardita amanoi Havami

Right internal mould, x 2.0, Loc. ditto.
Protocardia amanoi TasHIrRO and MATsuU-
DA

Rubber cast from a right external mould,
x 1.4, Loc. 1103.

Rubber cast from a right external mould,
x 2.0, Loc. ditto.

Pinna sp. cf. P. robinaldina d’ORBIGNY
Rubber cast from a right external mould,
x 1.3, Loc. Ta501. :

Rubber cast from a right external mould,
x 1.3, Loc. ditto.

Nipponitrigonia SD. aff. N. Rikuchiana
(Yokovyama) ;

Left internal mould, x 1.5, Loc. ditto.
Nippononectes tamarimizuensis m.s. -
Rubber cast from a left external mould, x1.5,
Loc. ditto. '

Rubber cast from a left external mould, x1.3,
Loc. ditto.

Left internal mould; x 1.0, Loc. ditto.
Neithea (Neithea) syrzaca amanoi (HAYA.

" MI)

Right internal mould, x 1.5, Loc. ditto.
Left internal mould, x 1.8, Loc. ditto.
Pterotrigonia hokkaidoana (YEHARA )
Left internal mould, x 1.1, Loc. ditto.
Left internal mould, x 1.3, Loc. ditto. -

Figs. 1-20. Tamarimizu fauna
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