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Molluscan Fossils from the Ochiai Formation, the Tanzawa Mountains, Central Japan
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Yoshiaki MATSUSHIMA, Kiminori TAGUCHI & Kiyotaka CHINZEI

Abstract. Seventy-two species of molluscan fossils are described from the Late Miocene to
Early Pliocene Ochiai Formation, the uppermost constituent of the Tanzawa Group in the northern

part of the Tanzawa Mountains. The molluscan fauna is a peculiar mixture of shallow to deep

water dwellers, dominated by rocky bottom gastropods. Origin of the mixed nature of the fauna

is discussed in relation to the tectonic development of the Tanzawa Mountains. Comparison of

the nearby areas is also given.

Key words: Tanzawa Mountains, Ochiai Formation, Late Miocene to Early Pliocene age,

molluscan fossils, Zushi-Ochiai type fauna, tropical - subtropical species
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1a, 1b: Perotrochusaosimai Ozaki 1958, OO0 0O O0OO0OO OO , KPM-NN0010701, Loc. 4
2a,2b: Perotrochusaosimai Ozaki 1958, 00O OJO0OO0OOOO , KPM-NN0010702, Loc. 9
3: Haliotis koikei Shibata1957, 000000 , KPM-NN0010714, Loc. 8

4: Haliotis koikel Shibata1957, OO O OO0 , KPM-NN0010713, Loc. 4

5: Haliotis koikei Shibata1957, 0O 0000 , KPM-NN0011154, Loc. 8

oool, 2, 3 4:x1, 5:x0.8
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1: Cédlanasp, 0ODOO0OOO0OOOOO, KPM-NNO011311, Loc. Z-3

2: Ginebisjaponicus (Dall 1925), DoO0O0O0O00O0 , KPM-NN0010737, Loc. 1

3a, 3b: Chlorostoma narusei (Shibata1957), 0O 00000 , KPM-NN0010731, Loc. 9

4a, 4b: Omphalius pfeifferi (Philippi 1846), 0 O 0O , KPM-NN0010730, Loc. 3

5: Suchiumsp., 0000000, KPM-NN0010739, Loc. 4

6a, 6b : Turbo (Lunatica) robustus Ozawa & Tomida1996, 0O OO 00O , KPM-NNO0010706, Loc. 4
7a, 7Tb : Phanerolepida transenna (Watson 1879), 000D O00O0OO00O , KPM-NN0011196, Loc. 4
0001, 3 4,5, 6:x1, 2, 7a x1.5, 7b: x4.5
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1a 1b, 1c: Turbo (Lunatica) robustus Ozawa & Tomidal1996, 0O OO0 OO , KPM-NNO010705,
Loc. 4

2a,2b: Turbo (Lunatica) robustus Ozawa & Tomida1996, 0O OO OO0 (O), KPM-NN0010709,
Loc. 3

3a, 3b: Trubo (Lunatica) robustus Ozawa & Tomida1996, 0O OO OO0 (O), KPM-NN0011306,
Loc. 8

0o0o1,2,3:x1
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1a, 1b, 1c: Astraeaomorii Shibata1957, OO O O0OO0OO , KPM-NN0010715, Loc. 9
23, 2b, 2c: Astraeaomorii Shibata1957, OO O O0OO0OO0O0O , KPM-NN0010720, Loc. 9
ooogl, 22x1
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oos5000

1a, 1b, 1c: Bolma (Bolma) virgata (Ozaki 1954), OO OO OO0 OO , KPM-NN0010727, Loc. 9
2a,2b: Serpulorbiscf. dentiferus (Lamarck 1818), 0O OO OO0 0O , KPM-NN0010760, Loc. 9
3a,3b,3c: Glossaulaxsp.,, 000000000, KPM-NN0010747, Loc. 3

4a,4b: Naticasp., DO0OO0OO0OO00O, KPM-NN0010744, Loc. 2

5a, 5b: Fusitriton galea Kuroda& Habe 1961, 00O OO0 OO , KPM-NN0010778, Loc. 3
o001, 2, 5:x1, 3, 4x15
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1a, 1b, 1c: Cymatium cf. nicobaricum (Roding 1798), OO O OO , KPM-NN0011309, Loc. 4
23,2b: Cymatiumsp.b, 000000000 b, KPM-NN0010754, Loc. 1

3a,3b: Cymatiumsp.a, D000 O0O0O0O0O a KPM-NN0010752, Loc. 4W

4a,4b: Charoniasauliae (Reeve 1844), 0O OO0 OO , KPM-NN0010758, Loc. 3

5: Charoniasauliae (Reeve1844), 0O 0O OO0 , KPM-NN0010779, Loc. 9

6a, 6b: Charonia sauliae (Reeve 1844), DO O 0000 , KPM-NN0010753, Loc. 4W
00010 6:x1
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1: Charoniasauliae(Reeve1844), OO0 OO0 , KPM-NN0010757, Loc. 9

2a,2b: Hindsia cf. magnifica (Lischke 1871), 0 0O 00O , KPM-NN0010785, Loc. 7N?

3: Sphonalia declivis (Yokoyama1926), 000000000 , KPM-NN00101459, Loc. 1
4: KelletiabrevisOzaki 1954, 000000000 , KPM-NN0010763, Loc. 9

5: KaelletiabrevisOzaki 1954, 000000000 , KPM-NN0O010764, Loc. 3

6a, 6b: KelletiabrevisOzaki 1954, DO O 0OO0O0O00O 0O , KPM-NN0010762, Loc. 9
7a,7b: Cantharussp., 000000000, KPM-NN0010784, Loc. 9

8a, 8b: Babylonia elata (Yokoyama1926), 000000 , KPM-NN0010751, Loc. 11E
9a,9b: Latirussp., DOOODO0OOO0OOO, KPM-NN0O010756, Loc. 6

o0oo1l0 9:x1
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ogos8oog

1a, 1b: Neptunea aff. kuroshio OyamainKiral959, DOOOOOOOOO , KPM-NN0010774, Loc. 9

2a,2b: Neptunea aff. kuroshio OyamainKiral1959, 00000000 OO , KPM-NN0010773, Loc. 2

3: Neptunea aff. kuroshio OyamainKiral959, 0000000000 , KPM-NN0010772, Loc. 2

4a, 4b: Neptunea aff. kuroshio OyamainKiral959, 0000000000000 , KPM-NN0O010770,
Loc.9

5a,5b: Neptunea aff. kuroshio OyamainKiral959, 0000000000000 , KPM-NNO010776,
Loc. 3

6a, 6b: Fulgorariastriata Yokoyama 1925, 00000000 , KPM-NN0010780, Loc. 9

7a, 7b: Fulgorariastriata Yokoyama 1925, 00000000 , KPM-NN0010782, Loc. Z-1

8: Fulgorariastriata Yokoyama 1925, 00000000 , KPM-NN0010781, Loc. 9,

93, 9b: Columabrium pagoda (Lesson 1834), 000000 0O , KPM-NN0010755, Loc. 7N

00010 9:x1



c
S
5

£

5
L
B
<

[&]
S

Q
£

£

S
®
)

(o]
Lo

8

®
E
=
=




Y. Matsushimaet al.

ooonoOd

la,1b: Conussp.c, 00000000 ¢, KPM-NN0011248,Loc. 8

2: Conusspa, 00000000 a, KPM-NN0010787,Loc. 3

3: Conussp.b, 00000000 b, KPM-NN0010788,Loc. 4

4: Conusspd, 00000000 d, KPM-NN0011350,Loc. Z-1

5a, 5b :  Acila divaricata (Hinds 1843), 0 00000 0O , KPM-NN0010796, Loc. 9

6 : Acila(Truncacila) insignis (Gould 1861), 0 O 0O 00O , KPM-NN0011110, Loc. 8

7: Portlandia lischkei (Smith 1885), 0 0 00O 0000 , KPM-NN0011378, Loc. 9

8 : Portlandia lischkei (Smith 1885), 0 0 0 OO OO OO , KPM-NN0011304, Loc. 4

9a, 9b :  Glycymeris albolineata (Lischke 1872), 0 O OO OO , KPM-NN0010802, Loc. 4W
10a, 10b :  Glycymeris osozawaensis Kanno 1966, 0 0 0 0 00O 0O , KPM-NN0010814, Loc. 3
11a, 11b: Glycymeris osozawaensis Kanno 1966, 0 0 0 00 00O , KPM-NN0010806, Loc. 8
12 : Limopsis tokaiensis Yokoyama 1920,0 0 0 0 000000 , KPM-NN0010841, Loc. 1
0001,40 12:.0 x1, 2,3:0 x1.5
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1: Amussiopecteniitomiensis (Otukal1934), OO O OO0 O , KPM-NN0010836, Loc. 8
2: Acestayagenensis (Otuka1939), 0O OO0 OOOO , KPM-NN0010838, Loc. 9

3: Acestayagenensis (Otuka1939), 0O0O0OOO0O0O0OO , KPM-NN0010839, Loc. 9

4: Acestayagenensis(Otukal1939), 00O OO0 O OO , KPM-NN0010837, Loc. 9
0001,4: x1, 2,3: x0.8
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Mytilus corsucus Gould 1861, O 0O O , KPM-NN0010843, Loc. 4W

: Chlamys miurensis (Yokoyama 1920), 0 00000 , KPM-NN0010835, Loc. 3

: Chlamys miurensis (Yokoyama1920), 000000 , KPM-NN0010833, Loc. 3
Felaniella usta (Gould 1861), 0 0 0 0O O , KPM-NN0010878, Loc. 3

Megacardita panda (Yokoyama1927), 00O O0O00O , KPM-NN0010845, Loc. 3

6a, 6b: Megacardita panda (Yokoyama1927), DO OO0 00O , KPM-NN0010847, Loc. 2
7. Megacardita panda (Yokoyama1927), 00000000 , KPM-NN0010844, Loc. 3

8: Glanshirasei (Dall 1918), O oo o0O0O , KPM-NN0010877, Loc. 1

93, 9b: Glanshirasel (Dall 1918), OO OO0 O, KPM-NN0011331, Loc. Z-5

10a, 10b : Indocrassatella oblongata (Yokoyama 1920), 0000000 , KPM-NN0010879, Loc. 3
11: Keenaea samarangae (Makiyama1934), 00000000 , KPM-NNO011358, Loc. Z-1
Oo0010 11:x1

U'I-bwl\)H
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Lucinoma annulatum (Reeve 1850), 0 O OO0 OO , KPM-NN0010864, Loc. 9

Lucinoma annulatum (Reeve 1850), 0000 O 00O , KPM-NN0010867, Loc. 2

Lucinoma annulatum (Reeve 1850), 00000 00O , KPM-NN0011335, Loc. Z-1

. Conchocela hisecta (Conrat 1849), oo ooQd , KPM NNO0010862, Loc. 9

Sa, 5b: Lutraniasp., 0O00O0O00O0O0O, KPM-NN0011292,Loc. 3

6: Macoma praetexta (Martens 1865), 00 00000 , KPM-NN0010888, Loc. 9

7. Macomacalcarea (Gmelin1791), 00 OOO0O OO , KPM-NN0010890, Loc. 5

8a, 8b: Calyptogena cf. kawamurai (Kuroda1943), 00O 00O , KPM-NN0011265, Loc. 2 or 3
9a, 9b: Calyptogena cf. kawamurai (Kuroda1943), 00 00O , KPM-NN0010870, Loc. 9

10: Calyptogenasp., 00 OOO0OO0O0O0O, KPM-NN0011338, Loc. Z-1

11: Calyptogenasp., 00 O0DO0OO0O0OO0O0, KPM-NN0011353, Loc. Z-2

123, 12b: Venus (Ventricolaria) toreuma Gould 1850, 0 0 0 0 0 00O , KPM-NN0010874, Loc. 3
13: Mercenaria yokoyamai (Makiyama1927), 00O OO0O00OO , KPM-NN0010798, Loc. 7N
00010 14:x1

-bwl\)H
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1a, 1b: Mercenaria yokoyamai (Makiyama1927), 00 OO O0O00O0OO , KPM-NNQ010797, Loc. 2
2a,2b: Mercenaria yokoyamai (Makiyama1927), 000000000 , KPM-NN0010799, Loc. 9
3: Mercenariayokoyamai (Makiyama1927), 000000000 , KPM-NN0010798, Loc. 7N
4: Protothaca (Notochione) jedoensis (Lischke 1874), 0O 00O O , KPM-NN0010871, Loc. 8

5g, 5b: Pitarsp, 000000 DOOO0OOO , KPM-NNO011375, Loc. 10

6: Phacosoma japonicum (Reeve 1850), 0O OO 0O , KPM-NN0010868, Laoc. ?

7a, 7b: Meretrixsp.,, 00000000, KPM-NN0011293, Loc. 2

8a,8b: Corbulidaegen.O sp.indet, OO OOOO , KPM-NN0011291, Loc. 4

9: Zrfaeasp.?, 00DODO0DO0DOOO? KPM-NN0010883, Loc. 3,

10a, 10b : Penitella kamakurensis (Yokoyama 1920), 0 00 00O , KPM-NN0010882, Loc. 1

11: Pictodentalium vernedei (Sowerby 1860), 0 0O 00O , KPM-NN0010793, Loc. 13
Oo0010 11:x1
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000d0o0o0oooo0odooD,203. 0000000000000 . 0odoooooooooooooog,
(32): 27-68. (Y .Matsushima,K.Taguchi & K.Chinzei, 2003. Molluscan Fossils from the Ochiai Formation, the
Tanzawa Mountains, Central Japan. Bull. Kanagawa prefect, Mus. (Nat. Sci.), (32): 27-68.)
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Summary

The Ochiai Formation is the uppermost member of the Miocene Tanzawa Group which constitute the Tanzawa Mountains
in the central part of Honshu Island. The Tanzawa Mountains are considered to be a former volcanic mass located on the
Izu-Bonin Arc, and collided with central Honshu due to the subduction of the Philippine Sea Plate under Honshu during the
late Neogene. The Tanzawa Group consists mainly of submarine volcanic and volcaniclastic deposits, with clastic sedi-
ments in its uppermost part. The clastic sequence is the sediments reclamated the narrow trough located between the
Tanzawa and Honshu. The lower half of the clastic deposits, Jike Formation(CN9 of nannoplankton stage), is composed of
deep sea mudstone, and the upper half, Ochiai Formation, consists of conglomerate of submarine debris flow origin. The
conglomerate, 300 m thick and latest Miocene to early Pliocene (CN10-CN11) in age, is thought to be sediments of the final
stage of trough reclamation. It is composed of cobble and boulder of altered volcanics derived from the Tanzawa Mountains
and smaller gravel of older sedimentary rocks originated from Honshu.

The conglomerate contains abundant molluscan fossils. Seventy-two species of mollusks were recognized from the Ochiai
Formation, and 20 species from the Jike Formation. The molluscan fauna in the Ochiai Formation is characterized by
abundant shallow marine species intermixing with dwellers of various habitats, including those of the upper bathyal envi-
ronments. The fauna is rich in species living in the intertidal to the upper neritic rocky bottoms, Turbo, Haliotis, Astraea,
Kelletia, Charonia, etc. These are associated with bivalves inhabiting shallow sandy and muddy bottoms, such as Glycymeris,
Chlamys, Megacardita, Mercenaria. All these shells are scattered in the conglomerate; many are broken, water-worn, and
bivalves are mostly separated, indicating long distance transportation with gravel by density currents. Associated with these
shallow water mollusks, there are species living in the lower neritic to the upper bathyal zones including dwellers of rocky
and gravelly bottom such as Perotrochus, Acesta, muddy and those of fine sandy bottom such as Hindsia, Limopsis, etc.
Also, some are living mainly in the upper bathyal depths, such as Ginebis, Phanerolepida, Acila, Protlandia. Only two
species show autochthonous mode of occurrence. Macoma calcarea was found from black sandy mudstone as aggregates
of articulated small individuals. Articulated shells of Acila insignis, lower neritic to transitional zone dweller, were also
found in the muddy sandstone.

These species suggest the water depth of the trough being upper bathyal, toward 1,000 m deep in maximum. Calyptogena
spp. from the Ochiai and the Jike Formations are bivalves symbiontic with chemosynthetic bacteria and living in the lower
neritic to the abyssal depths in the trench and continental slope of the subduction zone.

The molluscan faunas similar in composition and age to the fauna of the Ochiai Formation are known from the nearby areas,
Osozawa conglomerate of the Fujikawa Valley, basal part of the Zushi Formation of the Miura Peninsula, Senhata Forma-
tion of the central Boso Peninsula, and others. These assemblages contain many species in common, and they are all more or
less intermixture of shallow and deepwater species as seen in the Ochiai Formation. Ozawa & Tomida (1992) named these
faunas collectively as the Zushi Fauna. The principal constituents of the Zushi Fauna are those of the tropical - subtropical
species indicative of invasion of warm water fauna from the south. Chinzei & Matsushima (1987) called these faunas the
Zushi-Ochiai type fauna as compared with the Shirahama type fauna distributed in the Izu Peninsula. The Shirahama type
bears endemic tropical molluscan species, and suggest the geographical position of the Izu massif far south of the present

position during Late Miocene to Early Pliocene age.
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