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I. General Remarks

1) Introduction

Jurassic pelecypod in Japan seem important for the stratigraphy, palaeo-
ecology and palaeobiogeography, because of their abundant occurrence in
various facies of many localized sedimentary areas. Jurassic stratigraphy of
this country was commenced already near the end of the last century and
since then has been promoted by many authors, but few attempts had been
done on the pelecypod palaeontology by the midst of this century except
several works by YoOkoyAMA (1904), YEHARA (1921, 1927), KOBAYASHI (1926),
KoBAayvasHI and Suzukl (1937) and YABE and SATO (1942) on some trigoniids,
inoceramids, cyrenoids and a few other pelecypod groups. After the war,
however, KOBAYASHI, MORI and TAMURA surveyed carefully the rich Jurassic
trigoniids not only in Japan but also in various areas of the Pacific region,
discussing the classification and evolution. The study was lately accompli-
shed with the publication of their work entitled “ The bearing of the trigoniids
on the Jurassic stratigraphy of Japan” in 1959. On the other hand the
description of the rich pelecypod faunas of the Upper Jurassic Torinosu facies
in the Soma area of northeast Japan and the Outer Zone of Southwest Japan
was commenced by KIMURA (1951, 1956) and recently accomplished by TAMURA
{1959a-e, 19604-d).

Since 1954, 1 have engaged myself in the study on the Jurassic pelecypod
faunas distributed in various areas of the Northeast Japan and the Inner
Zone of Southwest Japan. Because of the unfavourable circumstances for
publication, the taxonomic discussion and specific description were not com-
piled in one monograph but separated into 20 papers as listed below :

1957a. Liassic Bakevellia in Japan. Japan. Jour. Geol. Geogr., Vol. 28, pp. 47-59, 2 pls.

1957b. Liassic Gervillia and Isognomon in Japan. Ibid., Vol. 28, pp. 95-106, 2 pls.

1957c. On the Occurrence of Cardinivides from the Liassic Kuruma Group in Central
Japan. Trans. Proc. Pal. Soc. Japan, N.S., No. 26, pp. 69-73, 1 pl.

1957d. Radulonectites, a new pectinid genus, from the Liassic Kuruma group in Central
Japan. Ibid., N.S., No. 27, pp. 89-93, 1 pl.

1957e. Liassic Chlamys, “ Camptonectes” and other pectinids from the Kuruma group in
Central Japan. Ibid., N.S., No. 28, pp. 119-127, 1 pl.

1958a. Liassic Volsella, Mytilus and some other dysodont species in Japan. Ibid., N.S,
No. 29, pp. 155-165, 2 pls.

1958b. A revicw of the so-called Liassic “cyrenoids” in Japan. Japan. Jour. Geol.
Geogr., Vol. 29, pp. 11-27, 2 pls.

1958c. Somec Hcttangian Pelecypods from the ¢ Trigomia-sandstone ” of the Shizukawa
group in Northeast Japan. Ibid., Vol. 29, pp. 99-110, 1 pl.

1958d. Supplementary descriptions of the Liassic pelecypod from the Kuruma and
Shizukawa . groups in Japan. Trans. Proc. Pal. Soc. N.S., No. 30, pp. 193-200, 1
pl.

1958¢. Taxonomic notcs on Cardinia with description of a new species from the Lias
of western Japan. Jour. Fac. Sci. Univ. Tokyo, Sec. 2, Vol. 11, Pt. 2, pp. 115-130,
1 pl.

1959a. Pelecypcds of the Mizunuma Jurassic in Miyagi Prefecture, with some strati-
graphical remarks. Trans. Proc. Pal. Soc. Japan, N.S., No. 34, pp. 66-78, 1 pl.
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1959¢. Bajocian pelecypods of the Aratozaki formation in Northeast Japan. Japan. Jour.

Geol. Geogr., Vol. 30, pp. 53 70, 1 pl.

1959d. Some pclecypods from the Tsukinoura formation in Miyagi Prefecture. Trans.
Proc. Pal. Soc. Japan, N.S., No. 35, pp. 133-137.

1959e. Some pelecypods from the upper Aratozaki formation including a new genus

) Kobayashites. Ibid., N.S., No. 35, pp. 138-141, 1 pl.

1959f. Late Jurassic Lipodont, Taxodont and Dysodont pelecypods from Makito, Cen-
tral Japan. Japan. Jour. Geol. Geogr., Vol. 30, pp. 135-150, 1 pl.

1959g. Late Jurassic Isodont and Myacid pelecypods from Makito, Central Japan.
Ibid., Vol. 30, pp. 151-167, 1 pl.

1959i. Lower Liassic Lamellibranch fauna of the Higashinagano formation in west
Japan. Jour. Fac. Sci. Univ. Tokyo, Sec. 2, Vol. 12, Pt. 1. pp. 31-84, 4 pls.

1960b. Pelecypods of the Jusanhama group (Purbeckian or Wealden) in Hashiura area,
Northeast Japan. Japan. Jour. Geol. Geogr., Vol. 31, pp. 13-22, 1 pl.

1960c. Jurassic Inoceramids in Japan. Jour. Fac. Sci. Univ. Tokyo, Sec. 2, Vol. 12, Pt.
2, pp. 277-328, 4 pls.

1960. (with M. Sccrta and Y. Nacunmo). Pelecypeds of the Upper Jurassic and Lower-
most Cretaceous Shishiori group in Northeast Jupan. Japan. Jour. Geol. Geogr.,
Vol. 31, pp. 85-98, 1 pl.

The taxonomic descriptions in above mentioned publications have dealt
with the greater part of the important representatives of the Jurassic pele-
cypod faunas hithero known in Japan, although several local faunules remain
undescribed because of the insufficient material. More than 90 genera and
more than 350 species of pelecypods can be distinguished in the Japanese
Jurassic. Therefore, 1 darc to say that we have completed the first stage of
the work.

However, little has been done as to their application to geology. Since
pelecypods are the most ubiquilous fossil group in the Japanese Jurassic, it
seems an essential problem for the Jurassic stratigraphy to recognize their
stratigraphical and geographical distribution on the basis of the facts in local
sedimentary areas. Many species of these pelecypods apparently occur in
certain limited stages and geographical provinces, and they are, of course,
important for intraprovincial correlation and palaeogeographical consideration.
Their occurrences are, however, much dependent on facies as many other
fossil groups, and attention must be paid also to their palaeoecology, especial-
ly mode of occurrence, assemblage and relationship between the bio- and
litho-facies.

Here 1 will summerize the stratigraphical and geographical distribution
of these pelecypods, and further discuss the zonation, palaeoecology and palaeo-
biogeography in some detail on the basis of the field observations and labora-
tory works. My special attention has been paid to the pelecypod faunas in
the Pacific region, since Japan belongs to the circum Pacific orogenic belt and
many evidences about pelecypod evolution, which may or may not agree with
those in Europe, can be expected. A comprehensive catalogue of Japanese
Jurassic pelecypods is added to this paper.

2) Acknowledgements
I express my most sincere thanks to Prof. Teiichi KoBayvasHI of the
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CUniversity of Tokyo, who kindly guided and encouraged me n completing
the study. He gave me valuable advices and assistances from his comprehen-
sive knowledge of geology and palaeontology since the year 1954 when I took
this subject for study upon his suggestion. 1 am deeply indebted to Dr.
Leslie R. Cox of the British Museum, Prof. Tatsuro MATSUMOTO of the
Kyushu University and Assist. Prof. Kdichird ICHIKAWA of the Osaka City
University for their kind advices and instructive informations about pelecypod
palaeontology. 1 appreciate also the kindness of Prof. Fuyuji TAKAIl, Assist.
Prof. Toshio KIMURA, Assist. Prof. Tetsuro HANAI, Assist. Prof. Tadashi SATO
and Dr. Akira TokUtvaMa of the University of Tokyo and Dr. Minoru TAMURA
of the Kumamoto University who gave me various assistances and frequent
opportunities for discussions in the laboratory.

3) Distribution and faunal ages

I divide tentatively the Jurassic pelecypod faunas of Japan into three
suits, namely, Lower (Hettangian-Aalenian), Middle (Bajocian-Bathonian: and
Upper iCallovian-Tithonian: ones. [t is not only for convenience’s sake but
also due to their correspondence with major sedimentary cycles. These pelecy-
pods may or may not associate with ammonites. Therefore, the faunas often
cannot be dated on firm bases. The symbols*, Jla-g, J2a-c, J3a-e and J4 in
Table 1, which are applied in this paper, show roughly estimated horizons
on the basis of the stratigraphic sequences and associated index fossils in a
few type areas.

DISTRIBUTION OF PELECYPOD-BEARING
JURASSIC SEDIMENTS IN JAPAN

O 100 200K
Kito

Fig. 1.

Lower Jurassic faunas are represented in the Shizukawa group in north-
east Japan (Kitakami mountainland), the Kuruma group in central Japan
(Hida plateau) and the Toyora group fexclusive of the main part of the Utano
formation) in west Japan (Nagato region). Some pelecypods from the Yama-

* The nomination is applied only for the indication of faunal ages instead of letter
nomination for local chronological division.
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oku formation of west Japan and the Iwamuro formation of the Kwanto
mountainland are considered also Lower Jurassic owing to their similar aspect
to the Kuruma fauna. The main localities of Lower Jurassic pelecypods
which are dealt with in this study are listed below :

a.’ Niranohama formation of the Shizukawa, Hashiura and Mizunuma areas in Miyagi
Prefecture.
1. Coast of Niranohama, Utatsu town (Jla-b); 2. Hoinyashiki of Hosoura, Shizu-
kawa town (Jlb); 3. East of Hosoura, Shizukawa town (Jla); 4. Ippaishimizu
of Hosoura, Shizukawa town (Jla); 5. North of Ippzishimizu of Hosoura, Shizu-
kawa town (Jla-b); 6. West of Yoriki, Uiatsu town (Jla); 7. Small island off
the coast of Gongen, Shizukawa town (J1b); 8 Magenosu, Kahoku town (Jla)
(Loc. 3, in Morl, 1949) ; 9. Oiwazawa, Kitakami village (Jla-b) (Loc. 4, in Mori,
1949) ; 10. Yokokurazawa, Kitakami village (Jla-b) (Loc. 5, in Mort, 1949); 11.
A tributary of Aikawazawa, Kitakami village (J1b) (Loc. 6, in Mort1, 1949) ; 12.
‘Mozasawa, Kitakami village (Jla) (Loc. 7, in Mori, 1949) ; 13. Tate of Onagawa,
Kitakami village (Jla) (Loc. 8, in Mori, 1949); 14. A tributary of Aikawazawa,
Kitakami village (J1b or Jlc); 15. Middle strecam of Futamataji, Mizunuma, Inai
village* (Jla) (cf. Havami, 1958h); 16. Southern slope of Mt, Kusakariyama,
Inai village* (Jla); 17. Northern slope of Mt. Kusakarivama (J1a).

b. Hosoura formation of the Shizukawa area in Miyagi Prefecture.
18. Small island off the coast of Gongen, Shizukawa town (J1¢); 19. Bentenzaki
of Hosoura, Shizukawa town* (J1f); 20. Jaou of Hoscura, Shizukawa town (J1g);
21. Akaiwazaki of Hosoura, Shizukawa town (J1g).

¢. Mizunuma formation of the Mizunuma areca in Miyagi Prefecture.
22. Middle stream of Kanagezawa, Mizunuma, Inai village* (?Jic).

d. Iwamuro formation of the Katashina arca in Gumma Prefecture.
23. East of the Iwamuro power plant along Koatazshina river, Akagine village
(?J1e or J1f) (cf. KivMuURa, 1952).

¢. Tsuchizawa formation of the Kuruma arca in Nagano Prefecture.
24. Kamikawara of Kuruma, Kitaotari village (J1); 25. Upper stream of Tsuchi-
zawa, Kuruma, Kitaotari village (J1); 26. Middle stream of Tsuchizawa, Kuruma,
Kitactari village (J1); 27. River cliff, south of Kuruma, Kitaotari village* (J1).

f. Kitamatadani formation of the Kurobe National Forest and Kotaki area of Niigata
and Tovama Prefcctures.
28. Upper stream of Kitamatadani, Kurobe National Forest* (?J1c) ; 29. Fukisawa-
dani, Kurobe National Forest (?J1c); 30. Shibakurazawa of Kotaki, Itoigawa city,
Niigata Prefecture (?J1c); 31. Lower stream of Nishimatazawa of Kotaki, Itoi-
gawa city (?J1c); 32. Matsuozawa of Kotaki, Itoigawa city (?J1lc); 33. Sakurao-
zawa of Kotaki, Itoigawa city (?J1¢); 34. Ohishi of Kotaki, Itoigawa city (?]Jic);
33. Yogurazawa of Odokoro, Itoigawa city (?Jlc); 36. Middle stream of Odokoro
river, Odokoro, Itoigawa city (?Jlc).

g. Negova formation of the Kurobc National Forest and Hzshidate arca in Niigata
and Toyama Prefectures.
37. Ncgoya of Daira, Kurobe Naticnal Forest* (J1d); 28. Kitadani of Daira, Kuro-
be National Forest (J1d); 39. Mouth of Teradani, Daira, Kurobe National forest
(J1d) ; 40. Kawagurodani of Daira, Kurobe National Forest (J1d); 41. Neiridani
of Daira, Kurobe National Forest* (J1d); 42. Upper s:ream of Aisawadani, Hashi-
date, Omi town, Niigata Prefecturc* (J1d); 43. A tributary of Aisawadani, Hashi-
date, Omi town (J1d).

h. Teradani formation of the Kurobe National Forest and Hashidate area in Niigata
and Toyama Prefectures.

* Many isolated outcrops.
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44. Lower stream cf Teradani, Daira, Kurobz Naticnal Forest (Jle); 45. Middle
stream of Kanayamadani, Hashidate, O.wi town, Niigata Prefecture (Jle).
i. Shinatani formation of the Kurcbe National Forest and the Hashidate and Agero
areas in Niigata Prefecture.
46. Upper stream of Kanayamadani, Hashidate, Omi town (Jle or Jif); 47. A
tributary of Kanayamadani, Hashidate, Omi town (Jle or J1f); 48. Upper stream
of Teradani, Daira, Kurobe National Forest (Jle or J1f); 49. Upper stream of
Shinatani, Agero, Omi town (Jle or J1f).
j. Otakidani formation of the Agero area in Niigata Prefecture.
50. Middle stream of Otakidani, Agero, Omi twon (J1f). (sec the geological map
and fossil list in KoBavyasH) et al. (19537) about Locs. 24-50).
Yamaoku formation of thz Osakabe area, Okayama Prefzcture.
51. Primary scheol at Ochiai, Osakabe town (Y1 and Y2 members*) (?J1 or J1f)
(cf. Konisni, 1954).
1. Higashinagano formation of the Toyora areca in Yamaguchi Prefecture.
52. West of Takayama, northeast of Higashinagano, Toyeda town* (J1b) (Locs.
1,2, in Havani, 19591); 53-56. Four lccalities at Higashinagano, Toyoda town
(J1b) (Locs. 3-6, in Havan, 19591) ; 57 59. Three localities at Higashinakayama,
Kikukawa town (J1b, Jlc) (Locs. 7-9, in Havawi, 1959i).
Nishinakayama formation of the Toycra area in Yamaguchi Prefecture.
60. Sakuraguchi, southwest of Ishimachi, Toyoda town (Jl¢) (Loc. 98, in MaTst-
vMotro and Oxo, 1947); 61. Ishimachi, Toyoda town* (J1f) (Loc. 27, in MaTsc-
MoTO and Oxo, 1947).
Utano formation of the Toyorz orea in Yamaguchi Prefecture.
62. Tcdani, southwest of Nishinakayama, Kikukawa town* (J1g) (2 Locs. 226, 230,
in MaTsumoTo, and Oxo, 1947).

Table 1.
HORJIZONS OF MAIN JURASSIC PELECYPOD FAUNAS IN JAFPAN
stage | symbol | Kitakami . | Kitakami Tetori Torinosu
a9 Qn west east Soma Kuruma JToyora

Bie_rl;/}isiaf_ J4 |2 Jusanhcra [I\ﬁ%lgg%ii BT -
! i up. Sakariot
' Tithonian J3e up.Kagoshio | Koyemada R boradoni

low. Kogoshio

cTTTo T J3d Tashngro
| Kimmeridgian J3c Mone Nakanosewa | ? Yambare Kurisaka
Oxfordian |30 ooz | ___
i Callovian |J3a| up Arcto ? Yamegemi | Kgizara Yatsup
e up. Utaro —
: Qa_tgo_nia_n_ J2¢c Awazu ?Naradan:

J2b| low. Arato | Tsunckizeka | ? Hotsuno

Bajocian - Thour
________ J2a] Aratozaki jf;g-“s'ggj a

Aalenian |J1g | upHosoura Rodayjima low. Utano
,—Toarc/an ni Otckidan o
PR T -2 %hmotom — Nishinakayamg)

. . e eradani
Pliensbachian
_____ Jid Negoya

Sinemurian | J1¢ | low Hosoura ? Kitamatadani
________ Higashinagane | -
H . J1b |vp Niranohamg|

ttangian
ettang/a J1a [lowNranohama

Middle Jurassic pelecypods seem comparatively poor in this country ex-
cept for several small faunas distributed in the following areas of northeast
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Japan.

o. Aratozaki formation of the Shizukawa, Hashiura and Mizunuma areas in Miyagi
Prefecture.

63. Akaiwazaki cf Hosoura, Shizukawa town (J2a); 64. Coast of Gongen, Shizu-
kawa town* (J2a); 65. Hinokuchi, Utatsu town (J2a) ; 66. West of Akaiwazaki,
Shizuhama, Shizukawa town (J2a); 67. Okami, Kitakami village (J2a) (Loc. 10,
in Mori, 1949); 68. Nakahara of Onagawa, Kitakami village (J2a) (Loc. 11, in
MoRI, 1949) ; 69. North of Mizunuma, Inai village* (J2a).

p. Kodaijima formation of the Ojika area in Miyagi Prefecture.
70. Southern coast of Kodaijima, Ishinomaki city* (J1g or J2a) ; 71. Northern coast
of Kodaijima, Ishinomaki city (J1g or J2a).

q. Tsukinoura formation of the Ojika area in Miyagi Prefecture.
72. Kodaijima strait near Tsukinoura, [shinomaki city (J2a) ; 73. East of Tsukino-
ura along thc Kinkazan highway, Ishinomaki city (J2a).

r. Kosaba formation of the Karakuwa arsa in Miyagi Prefecture.
74. Shibitachi, Karakuwa town (J2a); 75. West of Tadakoshi along the Higashi-
hama highway, Karakuwa town (J2a); 76. Matsubatake, Karakuwa town* (J2a).

s. Tsunakizaka formaticn of the Karakuwa area in Miyagi Prefecture.
77. Southwest of Tsunakizaka-pass in Kesennuma city* (J2b); 78. A valley, south
of Tsunakizaka in Kesennuma city (J2b).

t. Arato formation of the Shizukawa and Hashiura areas in Miyagi Prefecture.
79. West of Shizuhama along the Higashihama highway, Shizukawa town (J2b) ;

80. Kuromorisawa, Kitakami village* (? J2b, J2¢ or J3a) (Locs. 15, 16, in Mort,
1949).

Besides, some inoceramid fauna from the upper part of the Utano formation
at Utano of Kikukawa village (Loc. 81} in Yamaguchi Prefccture may be
upper Middle Jurassic or lower Upper Jurassic.

Upper Jurassic pelecypods are widely distributed in the Kitakami and
Soma regions of northeast Japan, Tetori region of central Japan and Torinosu
group in the Sakuradani-Kito, Monobegawa, Sakawa, Sakamoto and some
other areas of the Outer Zone of Southwest Japan. In the Kitakami mountain-
land Upper Jurassic pelecypods occur at the following localities:

u. Mone formation of the Karakuwa area in Miyagi Prefecture.
81. Udoura, east coast of Oshima island, Kesennuma city* (J3c).

v. Kogoshio formation of the Karakuwa area in Miyagi Prefecture.
82. East of Shishicri along Higashihama highway, Kescnnuma city (? J3e); 83.
West of Ycbaiji-pass, Kesennuma city (? J3e); 84. Wakagihama (Niranowaki),
east coast of Oshima island, Kesennuma city (J3e); 83. Isokusa, west coast of

Oshima island, Kesennuma city (J4); 86. Nagasaki, east coast of Oshima island,
Kesennuma city (J4).

w. Kozumi formation (Tashiro sandstone) of the Ojika area in Miyagi Prefecture.

87. West coast of Tashiro island, Ishinomaki city (? J3d); 83. West of Ayukawa,
Ojika town (? J3d).

As to the numerous localities of Middle Jurassic pelecypods in the Soma
group and Upper Jurassic ones in the Soma, Tetori and Torinosu groups,
MasaTANI 11950), MAEDA (1952a, b, 1957, etc.), KiMURA (1956} and TAMURA’S
(1959a-e, 1960a-f) reports including the locality maps and lists were already
published. Since I could not add any other localities to their results, list of
localities in these groups is omitted in this paper.
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List of Jurassic Pelecypods in Japan

In this list, the original specific name, author name of original description, altered
specific name, author name of subsequent desc iption, formation name (as to the com-
plicated Torinosu group of the Sakawa basin only the zone name is listed) and horizon
are treated. Generic names are arranged systematically, and the specific names alpha-
betically. Several undescribed pelecypods, whose generic reference is more or less
clear, are also listed with asterisks.

Family Solemyacidae GRAY
Genus Solemya LaMARCK, 1818
Solemyua kobayashii Taviura, 1960d, Torinosu belt, J3a.
Solemya suprajurensis Hay axn, 1959f, Mitarai, J3b.
Family Ctenodontidaec WoOIIRMANN
Genus Palaeoneilo HaLL, 1869
Palaeoneilo sp., Havawmi, 1959f, Mitarai, J3b.
Family Nuculidae GrRAY
Genus Nuculopsis GIRTY, 1911
Subgenus Palaeonucula QUENSTEDT, 1930
Nuculopsis (Palaeonucula) mitaraiensis Hayami, 1959f, Mitarai, J3b.
Nuculopsis (Palaeonucula) sp., Havami. 1959f, Mitarai, J3b.
Nuculopsis (Palaeonucula) sp., Havawi, 19391, Higashinagano, Jib.
Family Nuculanidae Apavs
Genus Nuculana LiNk, 1807
Subgenus Dacryomya Acassiz, 1840
Nuculana (Dacryomya) minutula KiniGrRaA, 1956 ; TAMURA, 1960d ; Torinosu belt,
J3a-]3e.
Nuculana (Dacryomya) stenodolichos KIMURA, 1956 ; TAMURA, 1959b, 19594, 19604 ;
Torinosu belt, Nakanosawa, Sakamoto, J3a-J3e.
Nuculana (Dacryomya) toriyamae Havyani, 19591, Higashinagano, J1b.
Subgenus Praesaccella Cox, 1840
Nuculana (Praesaccella) yatsushircensis Tamira, 1959b; TaMura, 1960d ; Saka-
moto, Torinosu belt, J3d-J3e.
Nuculana (Praesaccella) sp. ex gr. yatsushiroznsis TaMURA, HavyaMi, SuciTA and
Nacumo, 1960, Kogoshio, J3e.
Nuculana (Rollieria ?) erinoennsis KIMURA, 1936 ; Nuculana (Pruesaccella) evinoensis,
TAMURA, 1959b, 1960d ; Torinosu belt, Sakamoto, Miyakodani; J3a-J3e.
Nuculana (Praesaccella) sp., Havami, SuciTa and Nacuno, 1960, Kogoshio, J3e.
*Nuculana (Praesaccella) sp., Kiritani, J3b.
Family Parallelodontidae DaLL
Genus Parallelodon MEek and WORTHEN, 1866
Paraillelodon inflatus TAMURA, 1959b, Sakamoto, J3e.
Parallelodon aff. inflatus TamMURA, TAMURA, 1959d, Koyamada, J3e.
Parailelodon infraliassicus Hayami, 1959i, Higashinagano, J1b.
Parallelodon cf. infraliassicus Hayaxn, Hayami, 19591, Higashinagano, Jlb.
Paraillelodon kesennumensis Havami, in Havami, Stcita and Nacumo, 1960,
Kogoshio, J3e.
Parallelodon koikensis TAaMURA, 1959d; TAMURA, 1960; Nakanosawa, Kurisaka,
J3c-J3d.
Parallelodon niranohamensis Havay, 1958c; Havami, 1959a; Niranohama,
J1a-J1b.
Parallelodon sp., HavaMi, 1958d, Shinatani, J1le or Jif.
*Parallelodon sp., Tsukinoura, J2a.
Subgenus Torinosucatella TAMURA, 1959
Catella (Torinosucatella) kobayashii TAMURA, 1959b; TAMURA, 1959d, 1960d ; Paral-
lelodon (Torinosucatella) kobayashii, Hayaz, StciTa and Nacumo, 1960 ; Saka-
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moto, Nakanosawa, Kurisaka, Kogoshio, J3c-J3e.
Subgenus Palaeocucullaea ToKUYANA, 1960
Parallelodon (?) subnavicellus Hay ami, 19591, Higashinagano, J1b.
Family Cucullzeidae FinLAY and MARWICK
Genus Grammatodon MEEK, 1860
Grammatodon tekiensis KiniURA, 1956 ; Tavura, 1959b, 1959d, 1960d. Havawmy,
SueiTa and NaGgurMo, 1960 ; Terincsu belt, Kaisckiyama belt, Kurisaka, Miyako-
dani, Sakamoto, Nakanosawasa, Koyamada, Kogoshio, J31-J3e, J4.
Grammatodon toyorensis Hayami, 1959, Higashinagano, J1b.
Grammatodon sp., Havami, StciTA and Nacumo, 1960, Kogoshio, J3e, J4.
Grammatodon (?) sp., Havasi, 1958d, Shinatani, Jle or Jif.
Subgenus Indogrammatodon Cox, 1937
Grammatodon (Indogrammatodon) densestriatus TANURA, 1959d, Nakanosawa, J3c.
Grammatodon (Indogrammatodon ) nakanoi Havami, 1858c, Niranohahama, Jib.
Genus Cucullaea LaAMARCK, 1801
Cucullaea (s.1.) sp. ex gr. aalensis QUENsTEDT, Havami, 1959, Aratozaki, J2a.
Cucullaea (s.).) mabuchit Havyan, 1958c, Niranochama, J1b.
Cucullaea (s.1.) sp., Hayawmi, 1959¢c, Aratozaki, J2a.
Family Mytilidae FLLEMING
Genus Modiolus LaMAKCK, 1799
Volsella bakevelloides Hay Ay, 1958a ; Modiolus bakevelloides, Hay anmi, 1958d, 1959a ;
Niranohama, Jla.
Modiolus cf. bipartitus SOWERBY, TAMURA, 1960b, Nakancsawa, J3c.
Modiolus maedae Havyami, 1959f, Mitarai, J3b.
Modiolus magatame Havami, 1939i, Higashinagano, J1b.
Volsella sp., Hayami, 1958a, Shinatani, Jle or Jif.
Subgenus Inoperne CONRAD, 1875
Modiolus (Inuperne) plicatus SOWERBY, TaMura, 1960b, Nakanosawa, J3c.
Modiolus (Inoperna) sp., Havasi, 1959¢c, Aratozaki, J2a.
Modiolus (Inoperna) sp., Tavira, 1960b, Nakanosawa, J3c.
Genus Mytilus LinxE, 1758
Subgenus Falcimytilus Cox, 1937
Mpytilus (Falcimytilus) heranirus Havami, 1958a, Tsuchizawa, J1.
Mytilus (Falcimytilus) heramirus subsp., Havax, 1958a, Kitamatadani, (?) Jlc.
Mytilus (Falcimytilus) stricapillatus Hayami, 1958a, Shinatani, Tsuchizawa, Jle or
Jif.
Mpytilus (Faleimytilus) stricapillatus subsp., Hayawi, 1858a, Negoya, J1d.
Mytilus (Falcimytilus) sp., Hayawmi, 1958a, Negoya, J1d.
*Mytilus (Falcimytilus) sp., Kiritani, J3b.
Genus Arcomytilus Acassiz, 1842
Arcomytilus dairvensis KoBavasl and Hayawmi, in Havan, 1958a, (?) Shinatani,
Jle or J1f.
Brachidontes (Arcomytilus) laitmairensis (DE LoRIoL); TAasmURa, 1960b, 19604,
Nakanosawa, Kaisekiyama belt, J3c, J3e.
Arcomytilus sp., Havami, 1958a, Shinatani, Jie or J1f.
Genus Brachidonies SwaINsoON, 1840
Brachidontes (?) sp., Hayami, 1959f, Mitarai, J3b.
Family Pteriidae MEEK
Genns Pteria Scororl, 1777
Pteria (s.1.) kitakamiensis Hayazi, 1958a, 1959a, Niranohama, Jla.
Pteria masatanii TAMURA, 1960a, Nakanosawa, J3c.
Pteria (s.1.) sp., Havyami, 1959f. Mitarai, J3b.
“ Pteria” sp., TAMURA, 1960a, Nakanosawa, J3c.

Genus Pteroperna Morris and LyYCETT, 1853
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Pteroperna lingulata TAMURA, 19602, Nakancsawa, J3c.
Pteroperna pauciradiata TAMURA, 1960a, Nakanosawa, J3c.
Pteroperna sp., TAMURA, 1959a, Sakamoto, J3e.
Pteroperna sp., TAMURA, 1960a, Nakanosawa, J3c.
Pteroperna ? sp., TAMURA, 1960a, Nakanosawa, J3c.
Genus Somapieria TAMURA, 1960
Somapteria koikensis TaMURA, 1960a, Nakanosawa, J3c.
Family Aviculopectinidae ETHERIDGE, em. NEWELL
Subfamily Oxytominae ICHIKAWA
Genus Oxytoma MEEK, 1864
Oxytoma cf. cygnipes (YOoUuNG and BirD) ; Havann, 1959 ; Higashinagano, J1b.
Oxytoma inequivalvis (SOWERBY) ; Havax, 19591, Higashinagano, J1b. Jlc.
Oxytome kobayashii Hayawmi, 19591, Higashinagano, Jlc.
Oxytoma cf. miinsteri (GoLoruUss) ; Havaxt, 1939¢; Aratozaki, J2a.
Oxytoma tetoriensis Havami, 1959f, Mitarai, J3b.
*Qxytoma sp., Otakidani, J1f.
*Qxytoma sp., Y, member of Yamaoku, JI1.
Oxytoma (?) sp., Havani, 1958a, Shinatani, Jlc or J1f.
Genus Meleagrinelle WHITFIELD, 1885
Meleagrinella japonice Hayani, 18591, Higashinagano, Jle or Jif.
*Meleagrinelle sp., Niranohama, J1b.
*Meleagrinelle sp., Y, member of Yamzaoku, J1.
Family Posidoniidaz
Genus Posidonia BRoNN, 1828
*Posidonic sp. ¢x gr. ornati QUENSTEDT, Utano, Jlg.
*Posidonia sp., Hosoura, J1g.
*Posidonia sp., Tsunakizaka, J2b.
*Posidonia sp., Kaizara, J3a.
Genus Amonotis Kirrr, 1904
*Amonotis n. sp., Nishinakayama, Jle.
Genus Aulacomyelle Frriaxiy, 1910
Aulacomyella (?) sp., TAMURA, 1960a, Nakanosawa, J3c.
Family Bakevelliidas Kixc
Genus Bakevellia Kixg, 1848
Bakevellin (s.1.) cassianelloides Kosavasui and Havyani, in Havaai, 1957a,
Tsuchizawa, J1.
Bekevellic magnissima Hayami, 1957a, Shinatani, Iwamuro, Y; member of Yama-
oku, Jle or JIf.
Bakevellia negoyensis HAayami, 1957a, Negova, Jid.
Bakevellia ohishiensis Hayaat, 1957a, Kitamatadani, (?) Jic.
Bakevellia otariensis Hayami, 1957a, Tsuchizawa, J1.
Gervillia trigone YOKOYAMA, 1904; Bakevellia trigona, Havaxii, 1957a, 1959a,
Niranohama, Jla-J1b.
Bakevellia cf. trigona (Yokoyvania); Havawmi, 195¢a, Mizunuma, (?) Jic.
*Bakevellia sp., Tsukinoura, J2a.
Genus Geruillic DEFRANCE, 1820
Gervillia takiensis TAMURA, 1960d, Torinosu bzalt, Kurisaka, J3a-J3d.
Gervillia tatenosawensis TAMURA, 1960a ; TAaMURA, 1960d, Nakanosawa, Kurisaka,
J3c-J3d.
Gervillia sp., Havasi, 1957b, Niranohama, Jla.
Gervillia sp., Havanr, SuciTa and Nacumo, 1960, Kogoshio, J3e.
Subgenus Cultriopsis CossMann, 1904
Gervillia (Cultriopsis) shizukawensis Hayaxi, 1957b, 1958a, Niranohama, Jla.
Gervillia (Cultriopsis) sp., Hayasi, 1957b, Tsuchizawa, J1.
Genus Gervillella WaaGeN, 1907, em. Cox, 1940
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Gervillella (?) sp., TAMURA, 19582, Sakamoto, J3e.
Genus Kobayashites Havyami, 1959
Kobayashites hemicylindricus Havyanil, 1959e, Aratozaki, Tsukinoura, JZa.
Family Isognomonidae DaLL
Genus Isognomon SOLANDER, 1786
Perna rikuzenica YOKOYAMA, 1904 ; Isognomon rikuzenicus, Havaxu, 1957h, 1959a,
Niranohama, Hosoura, Jla-J1f.
Isognomon cf. rikuzenicus (YOKOYAMA), Havani, 1957b, Negoya, J1d.
*Isognomon ci. rikuzenicus (YOKOYANA), Aratozaki, J2a.
Isognomon sp., HAavAawmi, 1957b, Shinatani, Jle or J1f.
Isognomon sp., Havami, 1957b, Y, member of Yamaoku, J1.
Subgenus Mytiloperna THrRING, 1903
Isognomon (Mpytiloperna) ageroensis Hayail, 1957b, Shinateni, Jle or J1f.
Family Inoceramidae ZITTEL
Genus Parainoceramus VORONETZ, 1936
Parainoceramus lunaris Hay A, 1960c, Nishinakayama, Jle.
Parainoceramus matsumotoi Hayani, 1960c, Nishinakayama, J1f.
Parainoceramus cf. matsumotor Havavi, Havani, 1960c, Nishinakayama, J1{.
Parainoceramus sp. ex gr. matsumotoi Hayaxty, Hayani, 1960c, Nishinakayama,
J1f.
Inoceramus (s.1.) sp., Havami, 1959¢; Parainoceramus sp., Havasn, 1960c; Arato-
zaki, J2a.
Genus Inoceramus SOWERBY, 1814
Inoceramus (s.1.) fukadae Havari, 1960c, Kodaijima, J1g or J2a.
Inoceramus furukawensis Hayani, 1960c, Sugizaki, J3b.
Inoceramus sp. ex gr. fuscus QUENSTEDT, Havan, 1960c, Utano, Jlg.

Inoceramus sp. ex gr. galoi BoEin, Havani, 1960c, Arato, somewhere from J2b
to J3d.

Inoceramus hamadae Hayaxi, 1960c, Kaizara, J3a.
Inoceramus hashiurensis Havaxi, 1960c, Arato, somewhere from J2b to J3d.
Inoceramus (s.1.) kudoi Havyarii, 1960c, Hosoura, Jlg.
Inoceramus cf. lucifer vox EICHWALD, Havani, 1960c, Tsunakizaka, J2b.
Inoceramus maedae Havyami, 1960c, Mitarai, J3b.
Inoceramus maedae Hayaril, var.,, Havani, 1960¢, Mitarai, J3b.
Inoceramus maedae Hayawi, var.,, Havani, 1960c, Mitarai, j3b.
Inoceramus morii HavaMi, 1959c; Havawml, 1960c; Aratozaki, Kosaba, J2a.
Inoceramus (?) naganocensis Havami, 1960c, Nagano, J3b.
Inoceramus cf. nitescens ARKELL, ITavan, 1960c, Nagano, J3b.
Inoceramus ogurai KoBavyashi, 1926 ; Havaxi, 1960c; Utano, J2¢ or J3a.
Inoceramus utanoensis Kopayasui, 1926 ; Havyani, 1260c; Utano, J2¢ or J3a.
Inoceramus (s.1.) sp., Havai, 1960c, Kodaijima, Jlg or J2a.
Inoceramus (s.1.) sp.,, Havaxn, 1960c, Tsunakizaka, J2b.
Inoceramus (s.1.) sp., Havaxi, 1960¢, Mitarai, J3b.

*Inoceramus (s.l.) sp., Tsukinoura, J2a.

*Inoceramus sp., Shimohambara, (?) J2b.

Subgenus Mytiloceramus RolLIER, 1914
Inoceramus (Mytiloceramus) karakwensis Havani, 1960c, Tsunakizoke, J2b.

Family Pinnidae Gray
Genus Pinng LINNE, 1758

Pinna cf. mitis PimiLrirs, Tanura, 1960b, Nakanosawa, J3c.
Pinna sp. ex gr. sendsfootensis ARKELL, Havax, 1939f, Mitarai, J3b.
Pinna sp., TAMURA, 1960d, Keisekiyama balt, J3.
Pinna sp., Havami, Stcita and Nacuwo, 1960, Kegeshio, JSe.

*Pinng sp.. Kiritani, J3b.

Family Plicatulidae IREDALE
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Genus Picatula Larxtarck, 1801

Plicatula dichotomocosta TaxIiURrRA, 1939d, Nakancsawa, J3c.

Plicatula aff. dichotomocosta TAMURA, TaNURA, 1860d, Kaisekiyama belt, J3.
Plicatula praenipponica Havas, 1959, Higashinagano, J1b.

Plicatula subcircularis Havas, 19591, Higashinagano, J1b.

Plicatila yatsujiensis TAMURA, 1960d, Torinosu belt, Kaisckiyama belt, Miyako-

dani, J3a, J3.

*Plicatula sp., Shinatani, Jle or J1f.
*Plicatula sp., Niranohama, J1b.

Family Pectinidae LAMARCK

Genus Chlemys RODING, 1798

Chlamys camplonectoides T anuURrA, 1959d, Nakancsawa, J3c.

Chlemys iboibo KURATA and KiMURA, in KiMura, 19515 TaNiURA, 1959b, 1960d,
Kaisckiyama bezlt, Mitoda belt, Sakamoto, J3a-J3e.

Chiamys kobayashii HAyami, 1959d, Tsukinoura, Kosaba, J2a.

Chlamys kotakiensis Taxkal and Havani, in Havami, 1957e, Kitamatadani, (?)
Jic.

Chlemys kurumensis KonayasHt and Havaumi, in Hayaxi, 1957e, Tsuchizawa, J1.

Chlamys cf. kurumensis KoBayasnt and Havami, Havani, 1957e, Tsuchziawa, J1.

Chlamys mitaraiensis Hayani, 1959g, Mitarai, J3b.

Chlamys textorie (SCcHI.OTHEIM); Havawmi, 1959i, Higashinagano, Jib.

Chlamys sp., HAvAaM1, 1957e, Tsuchizawa, J1.

Chiamys sp., TAMURA, 1959d, Nakanosawa, J3c.

Chiamys (Chiamys) sp., TAMURA, 1959h, Sakamoto, J3e.

*Chlamys sp., Yamagami, (?) J3a,

Genus “ Aequipecten” FiscHER, 1887

Neithez kotsubu KIMURA, 1931 ; “ Aequipecten™ kotsubu, Ta\iURA, 1959b, 1959d,
1660d ; Kaisckivama belt Torinosu belt, Kurisaka, Sakamoto, Nakanosawa,
J3a-J3e.

« dequipecten” toyorensis Hayami, 19591, Higashinagano, J1b.

Aequipecten vulgaris KIMURA, 1951 ; “ Aeguipecten” vulgaris, TaAMmURA, 1959Dh, 1959d,
1960d ; Torinosu belt, Kaisekiyama belt, Kurisaka, Miyakodani, Nakanosawa,
Sakamoto, J3a-]J3e.

“ Aequipecten” sp., Havyami, 1959i, Higashinagano, J1b.

Genus Redulopecten ROLLIER, 1911

Chilamys nagutakensis KURATA and Kniura, in Kivura, 1951 Chlamys (Radul-
opecten) nagatakensis, TAMURA, 1959b, 1960d ; Mitoda belt, Sakamoto, J3, J3e.
Aequipecten ogawensis KiMURA, 1951 ; Chlamys (Radulopecten) ogawensis, TAMURA,
1939b, 1959d, 1960d ; Torinosu belt, Shiraishigo, Sakamoto, Nakanosawa, J3a-]3e.

Genus Camptonectes MEEK, 1864

Camptonectes cf. auritus (ScHLOTHEIM), Havawmi, 1959¢, Aratozaki, J2a.
Camptonectes aff. brouni CoX, TAMURA, 1959b, Sakamoto, J3e.
Camptonectes inexpectatus Havaxi, 1959a, Niranohama, Jla.

Camptonectes (?) mimikirensis KURATA and KIMURA, in KIMURA, 1951 ; TAMURA,
1960d, Kaisekiyama belt, J3.

“ Camptonectes” oishii Kosavasii and Havami, in Havami, 1957e, Tsuchizawa,
Kitamatadani, J1, (?) Jlc.

“Camptonectes ” subflabélliformis Hay i, 1957e, Kitamatadani, (?) Jlc.

Cumptonectes torinosuensis KURaTA and KiMURA, in KivmUra, 1951; TAMURA,
1960d ; Kaiszkiyvama belt, Kurisaka, J3, J3c.

Camptonectes sp., TAMURA, 1960d, Torinosu belt, (?) J3d.
Camptonectes sp., TaAMURaA, 1959d, Nakanosawa, J3c.
Camptonectes sp., Havami, 1959g, Mitarai, J3b.
*Camptonectes sp., Niranohama, J1b.

“ Camptonectes” sp., Havami, 1957e, Kitamatadani, (?) Jlc.
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“ Camptonectes” sp., Havyami, 1957¢, Shinatani, Jle or Jif.
Genus Radulonectites HAYRMI, 1957

Radulonectites japonicus Havari, 1957d, Tsuchizawa, J1.

Radulonectites japonicus Hay A, var. convexus, Havawmi, 1957d, Tsuchizawa, J1.
Genus Eopecten DouvILLE, 1897

Eopecten kurisakensis TaMURA, 1960d, Kurisaka, J3c.

Velata puncta KisMura, 1951 ; Eopecten punctus, Taxivra, 1959d, 1960d ; Kaiseki-
yama belt, Nakanosawa, J3c, J3.

FEopecten n. sp.,, TAMURA, 19539b, Sakamoto, J3e.

Eopecten (?) sp., Havani, 1957¢, Iwamuro, J1.

Family Amusiidae RIDEwWoOD
Genus Entolium MEEK, 1865

Entolium cf. calvum (GOLDFUss); Havawmi, 19591, Higashinagano, J1b, (?) Jlc.

Entolium cf. disciforme (ScutBLER); Havani, 1858c, Aratozaki, Kodaijima, (?)
Jig, J2a.

Entolium inequivalve Hayax, 1959g, Mitarai, J3b.

Entolium japonicum KURATA and Kivera, in Kivmcra, 19515 Tavivra, 1960d,
Kaisekivama belt, J3.

Entolium kimurai TamUra, 1939b; TanueRra, 1959d, 1960d ; Havas, SuGiTa and
NaGguMo, 1960; Sakamoto, Koyamada, Kurisaka, Torincsu bzlt, Kaisekiyama
belt, Kogoshio, J3a-]J3e.

Ewtolium cf. lunare (ROEMER) ; Havyami, 1959i, Higashinagano, J1b.

Entolium yatsujiense KURATA and KIMURA, in Kinera, 19515 TasURA, 1959h,
19594, 1960d, Torinosu belt, Go, Nagayasu, Miyakodani, Sakamoto, Nakancsawa,
J3a-J3e.

Entolium sp., Havami, 1957¢, Tsuchizawa, J1 (=Entolium cf. calvum (GOLDFUSS)
in Havyaai, 1939i).

Entolium sp., Hayami, 1959, Higashinagano, Jlc.

Entolium (?) sp., Havami, 1959i, Higashinagano, J1b.

Genus Somapecten KIMURA, 1951

Somapecten kamimanensis KimUra, 1951; TAaMURA, 1999b, 1939d, 1960d, Nakano-
sawa, Torinosu belt, Kaisekiyama bzlt, Kurisaka, Miyakodani, Sakamoto,
J3a-J3e.

Genus Variamussium Sacco, 1897

Propeamussium habunokawensis KiMURA, 1951; Variamussium habunokawense,
TaMURA, 1959b, 1960d ; Torinosu belt, Miyakodani, Sakamoto, J3a-J3e.

Variamussium cf. kabunokawense (Kinttra) ; Havanmi, StaiTa and NaGuo, 1960,
Kogoshio, J4.

*Variamussium sp., Hesoura, Jlc.

Variamussium (?) sp., Havaxi, 1957e, Teradani, Jle.

Family Limidaec D’OrRBIGNY
Genus Lima BRUGUIERE, 1957
“ Lima” sp., Havami, 19591, Higashinagano, Jlc.
Genus Plagiostoma SOWERBY, 1814

Lima (Plagiostoma) enormicosta TaMURA, 1958d ; TamURa, 1860d; Nakanosawa,
Kaisekiyama belt, J3c.

Plagiostoma kobayashii Hayaxi, 1959i, Higashinagano, J1b.

Plagiostoma matsumotoi Hayami, 19591, Higashinagano, J1b, (?) Jlc.

*Plagiostoma sp. ex gr. subcardiiforme (GRErPIN), Yamagami, (?) J3z.

Plaginstoma sp., Havawm, 1959i, Higashinagano, Jlc.

Lima (Plagiostoma) sp., TAMURA, 1838b, Sakamoto, J32.

Lima (Plagiostoma) sp., TAMURA, 1950d, Nakancsawa, J3c.

*Plagiostoma sp., Tsukinoura, J2a.
Genus Antiquilima Cox, 1943
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Antiquilima nagatoensis Hayami, 19591, Higashinagano, J1b.
Genus Ctenoides MorcH, 1853
Lima (Ctenvides) tosanz KvrRaTA and KiMURA, in KIMURA, 1951 ; TAMURA, 1959D,
1960d ; Kaisekiyama belt, Mitoda belt, Torinosu belt, Kurisaka, Miyakodani,
Sakamoto, (?) J3a, J3c-J3e.
Genus Limatule Woobp, 1839
Limatula akiyamae Hayaxil, in Havaui, Sucita and Nacumo, 1960, Kogoshio,
J4.
Limatula iwayce HAy ami1, 1959g, Mitarai, J3b.
Limatula reticulata Taritra, 1959b, Sakamoto, J3e.
Genus Clenostreon vox EicHwWALD, 1862
Ctenostreon japonicum Havanu, 1959i, Higashinagano, J1b.
Ctenostreon ojikense Hayami, 1959d, Tsukinoura, J2a.
Clenostreon proboscideum (SOWERBY) ; Tanura, 1959d, Nakanosawa, J3c.
Ctenoslreon sp. ex gr. proboscideum (SOWERBY), Havanu, 1959¢, Aratozaki, J2a.
Ctenostreon sp., Havaa, 19591, Higashinagano, J1b.
Family Ostrcidee Lasarck
Genus Liostree DouviLLE, 1904
Liostrea toyorensis Hayami, 19591, Higashinagano, J1b.
Liostrea sp., TanuRras, 1959b, Sakamoto, J3e.
Subgenus Catinule RoLLier, 1911
Liostrea (Catinula) ci. stoliczkai Cox, TAMURA, 1960d, Kaisekiyama belt, Kuri-
saka, J3, J3c.
Genus Ostrea LixxE, 1758
“Ostrea” sp., Hayantl, 1958a, Shinatani, Jle or J1f.
“Ostrea” sp., Havami, 19582, Tsuchizawa, J1.
*“QOstrea ” sp., Niranohama, Jla.
* Ostrea” sp., Ushimaru, (?) J3a.
Genus Exogyra Say, 1819
Exogyra kumensis TAMURA, 1959a; TaMURA, 1960¢, 1960d; Sakamoto, Nakano-
sawa, Kurisaka, Miyakodani, Kaisekiyama belt, J3c-J3e.
Genus Lopha RODING, 1798
Lopha cf. eruca (DEFRANCE) ; TAMURA, 1960d, Kaisekiyama belt, Kurisaka, J3,
J3c.
Lopha gregarea (SOWERBY) ; TAMURA, 1960d, Kaisekiyama belt, J3.
Lopha ctf. marshii (SowerBY), TaMmuRra, 1960d, Kaisekiyama belt, Torinosu
belt, Kurisaka
Lopha sazanami Hayanii, 19591, Higashinagano, J1b.
*Lopha sp., Niranohama, Jla.
Lopha sp., Hayani, 1959d, Tsukinoura, J2a.
Lopha sp., Havaan, 1959d, Tsukinoura, J2a.
*Lopha sp., Kogoshio, J3e.
Family Trigoniidae LayMarck
Subfamily Trigoniinae KoBayAsHI
Genus Trigonia BRUGUIERE, 1789
Trigonia senex KoBavasut and Mori, 1954, Niranohama, Jib.
Trigonia sumiyagura KoBavyasHl and Kaseno, 1947; KosavasHr and Mori,
1954 ; Havasn, 1959¢; Aratozaki, Kosaba, J2a.
Trigonia sumiyagura Kosayasnt and Kascyo, var.,, KoBavasHt and Mori, 1954,
Kodaijima, J1g or J2a.
Genus Geratrigonia KoBAYASHI, 1954
Trigonia hosourensis YOKOYAMA, 1904 ; Geratrigonia hosourensis, KopavasHr and
Mori, 1954; Hayawmi, 1959a; Niranohama, Jla, (?) Jib.
Geratrigonia hosourensis (YOKOYAMA) var. convexe KoBavasii, in KOBAYASHI
and Mori, 1954, Niranochama, Jla.
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Geratrigonia lata KoBavasHI, in KoBavyasHi and Mori, 1954, Niranohama,
J1a-J1b.
Geratrigonia kurumensis KoBayasHi, 1957a, Otakidani, J1f.
Genus Latitrigonia Koayasni, 1957
Latitrigonia orbicularis KoBavAasHI, 19572, Yambarazaka, J3b.
Latitrigonia pyramidalis Kosavyasur and TaMURa, 1957, Awazu, J2c.
Latitrigonia tetoriensis KoBayAsHI, 1957a, Yambarazaka, J3b.
Latitrigonia unicarinata Kosavasur and TaMUra, 1957, Yamagami, (?) J3a.
Latitrigonia unituberculata Kosayastl and TamURra, 1957, Yamagami, (?) J3a.
Genus lbotrigonia KOBAYASHI, 1957
Ibotrigonia masatanii KoBavasHi and TaxuURra, 1957, Awazu, Yamagami, J2c,
(?) J3a.
Ibotrigonia masatanii Kornavasti and Tavura, var,, Kosavasul and TaMURA,
1957, Yamagami, (?) J3a.
Genus Nipponitrigonia Cox, 1952
Trigonia sagawai YEHARA, 1926; Nipponitrigonia sagewai, KoBAyasHI, 1957c;
TAaMURA, 1960d ; Kaisckiyama, belt, Torinosu belt, Awazu, Yamagami, Nakano-
sawa, Kiritani, (?) Sugizaki, J2c-J3e.
Subfamily Prosogyrotrigoniinae KoBAYASHI
Genus Prosogyrotrigonia KRUMBECK, 1924 .
Trigonia inouvei YEHARA, 1921 ; YEHARA, 1931 ; Prosogyrotrigonia inouyei, KoBa-
yasH1 and Mori, 1954 ; Higashinagano, J1lb.
Subfamily Vaugoniinae KoBaAYAasHI
Genus Vaugonia CRICKMAY, 1930
Vaugonia awazuensis Kopavasii in KoBayasinr and TamURa, 1957, Awazy, J2¢.
Vaugonia kodaijimensis KoayasHl and Mori, 1955, Kodaijima, Tsukinoura, (?)
Aratozaki, J1g-]J2a.
Veugonia namigashira KoBayasHl and Mori1, 1955, Niranohama, J1b.
Vaugonia niranohamensis Kopavasim and Mori, 1955, Niranohama, Hosoura,
Aratozaki, Jib-J2a.
Vaugonia yambarensis KopayasHi, 1996, Yambara, J3.
Vaungonia yokoyamai Kosavyastil and Mori, 1955, Niranohama, Aratozaki, Tsuki-
noura, Jl1b-J2a. (=Trigonia v-costata YOKOYAMA, 1904, non LyceTT, 1872)
Vangonia yokoyamai forma gracilis KoBavasHi and Mor1, 1955, Niranohama,
J1b.
Subgenus Hijitrigoniea KoBayasui, 1955
Vaugonia (Hijitrigonia) genmiculata KoBayasHi and Mok, 1955; Hayawmi, 1959c¢,
Aratozaki, Kosaba, J2a.
Veugonia (Hijitrigonia) kojiwa KoBavyasul and Mok, 1955, Niranohama, J1b.
Genus Orthotrigonia Cox, 1952
Orthotrigonia corrugate Kosayasui and Mori, 1955, Niranohama, J1b.
Orthotrigonia midareta Kosayasur and Mori, 1955, Niranohama, J1b.
Genus Scaphotrigonia Cox, 1952
Scephotrigonia somensis Kobayasiii and Tamera, 1957, Yamagami, (?) J3a.
Subfamily Myophorellinae KoBaYASHI
Genus Myvophorella BAYLE, 1878
M}'oplzorella (Myophorella) dekaiboda KoBayasHi and TaAMURA, 1955, Nakanosawa,
3c.
Subgenus Promyophorella Kosayasul and TarCRa, 1955
Myophorelle (Promyophorella ?) hashimotoi KoBavasti, 1956; Tazura, 1960d,
Kurisaka, J3c.
Myophorella (Promyophorell) imamurai Kosayasui, 1956, Kiritani, J3b.
Myophorella (Promyophorella) obsoleta Kosavasti and Tanmura, 1955; Ko-
Bavasul, 1956; Havani, Staita and Nacuaso, 1960 ; Kogoshio, Hommura,
(?) Arimine, J3e-J4.
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Myophorella (Promyophorella) orientalis Kosavasul and Tamura, 1955; Ko-
BAYASHI, 19573, 1957b; Koyamada, Tashiro, Kogoshio, Yambarazaka, J3b-J3e.
Myophorella (Promyophorella) sigmoidalis KoBavyasHi and TAMURA, 1955 ; Hava-
M1, 1959¢; Aratozaki, J2a.
Myophorella (Promyophorella) sugayensis Kopayasui and Taumura, 1955, Yama-
gami, (?) J3a.
Myophorella (Promyophorella) sugayensis var. gemiculata Kobavasui and Ta-
MURA, 1955, Yamagami, (?) J3a.
Myophorella (Promyophorella) sp., TaMURA, 1959a, Sakamoto, J3e.
Mpyophorella (Promyophorella) sp., TAMURA, 1959a, Sakamoto, J3e.
Subgenus Haidaiz CRICKMAY, 1930, em. KoBavasHl and TaMmura, 1955
Myophovella (Haideia) crenulata KoBavasni and TamurRa, 1955; KoBavasHi,
1957b ; Nakanosawa, Mone, J3c.
Mpyophorella (Haidaia) crenulata var. lunulata KoBayasul and TAMURA, 1955,
Nakanosawa, J3c.
Myophorella (Haidaia) gracilenta Kopavasni, 1956; Tamrra, 1959a, 19604 ;
Kaisekiyama belt, Mitoda belt, Sakamoto, J3a-]3e.
Myophorella (Haidaia) ohmachii TAMURA, 19594, Sakamoto, J3e.
Mpyophorella (Haidaia) pulex TAMURA, 19592 ; TaMuRrA, 1960d ; Sakamoto, Tori-
nosu belt, Mitoda bealt, Kaisekiyvama belt, Kurisaka, J3a-J3e.
Myophorella (Haidaia) subcircularis KoBavyasi and TaMura, 1955, Nakanosawa,
J3c.
Myophorella (Haidaia) sp., KoBayasii, 1956, Kappazaka, (?) J3c.
Genus Linotrigonia vax HoepPEN, 1929
Trigonia toyamai YEHARA, 1923 ; YEUARA, 1927, 1931; Linotrigonia toyamai, Ko-
BAYASII, 1956d ; TAMURA, 1960d ; Torinosu belt, Kaisckiyaina, belt, Kurisaka,
Miyakodani, J3a-J3c.
Genus Qistotrigonia Cox, 1952
Oistotrigonia prima KoBavasHl and TamMura, 1955, Nakanosawa, J3c.
Family Unionidae FLEMING
“Genus Unio RETZIUS, 1788 "
Unio ogamigoensis KoBAYASHI and Suzuki, 1937, Ogamigo, J3 or later.
Family Pachicardiidae
Genus Cardinioides KoBavyasHt aud Icuikawa, 1952
Cardinioides ovatus Havami, 1957¢, Kitamatadani, (?) Jlc.
Cardinioides varidus Hayami, 1957¢, Tsuchizawa, J1.
Cardinioides (?) sp., Havawmi, 1957¢, Iwamuro, J1.
Family Cardiniidae Z1TTEL
Genus Cardiniec Acassiz, 1841
Cardinia ortentalis Hayawmi, 1939i, Higashinagano, J1b.
Cardinia toriyamai Havami, 19582 ; Havawi, 1959 ; Higashinagano, J1b.
Family Myoconchidae
Genus Myoconcha SOWERBY, 1824
Mpyoconcha (?) sp., TAMURA, 1960b, Nakanosawa, J3c.
Family Astartidae Gray
Genus Astarte SOwERBY, 1817
Astarte defecta TaMURrA, 1959a; TaAMURA, 1960c¢, 1960d ; Sakamoto, Nakanosawa,
Mitoda belt, Kaisekivama belt, (?) Kurisaka, J3c-J3e.
Astarte (?) sp. aff. hermanni OpPEL, TaMURA, 19592, Sakamoto, J3e.
Astarte higoensis Tanmura, 1959a; TAMURA, 1960d ; Sakamoto, (?) Torinosu belt,
J3e, (?) J3a.
Astarte kambarensis KimURA, 1956 ; TAMURA, 1960c¢, 1960d ; Torinosu Nakanosawa,
Koyamada, J3c-J3e.
Astarte kambarensis var. elongata KinMURA, 1956, Torinosu belt, J3e.
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Astarte ogewensis Kinura, 1836 Tanrra, 19592, 1960c, 1960d; Torincsu belt,
Sakemoto, Nakanosawe, J32-]3z.
Astarte cf. spitiensis StoLiczka, Havasi, Sceita and Nacuno, 1960, Kogoshio,
J3e-J4.
Astarte subdepresse Brake and HupLesTox, TaMura, 1960c, Nakancsawa, Ko-
vamada, J3c-J3¢.
Astarte sp., Hayani, 19391, Higzshinagano, J1b.
Astarte sp., Havan, 19591, Higashinagano, J1b.
Astarte n. sp., Havar, SuGrra and Nacunmo, 1960, Kogoshio, J4.
Astarte (?) sp., Havami, Sucira and Nacuaio, 1960, Kogoshio, J3e.
Genus Coelastarte BoEHM, 1893
Coelastarte cardiniiformis Havami, 1938¢, Niranohama, J1b.
Coelastarte sp. ex gr. cardiniiformis Ay, Havawmi, 1959¢, Aratozaki, J2a.
Astarte (Coelastarte) somensis Taxiura, 1960c, Nakanosawa, J3c.
Coelastarte sp., Havar, 1959i, Aratozzki, J2a.
Coelastarte sp., Hayami, Sucrra and Nacumo, 1960, Kogeshio, J3e.
*Cozlastarte sp., Kiritani, J3b.
Genus Pracconic StoLiczka, 1871
Praeconia cf. tetragona (Trraueym), Havasi, 19591, Higashinagano, Jib.
Genus Opis DEFRANCE, 1825
Subgcenus Trigonopis MUNIER-CHALMAS, 1887
Opis (Trigonopis) n. sp. aff. corallinga Daviox, Icuikawa, 1954, Osako, J3.
Opis (Trigonopis) torinosuensis KinCRA, 1956; Tamira, 1959c, 1960c, 1960d;
Torirssu bzlt, Kaiseckiyama balt, Nagayasu, Sakamoto, Nakanosawa, J3a-J3e.
Opis (Trigonopis) trigonalis TaMURA, 1959, Sakamoto, J3e.
Subgeaus Coelopis MUNIER-CHALMAS, 1887
Opis (Coelopis) tanourensis TaNURA, 1959¢, Sakamoto, J3e.
Opis (Coelopis ?) sp., TAMURA, 1960c, Nakanosawa, J3c.
Family Ncomicdontidae Casey
Genus Eomiodon Cox, 1935
Eomiodon (?) giganteus Havan, 1958b, Niranohama, Jla, (?) Jib.
Eomiodon kumamotoensis TaMURa, 1959c; TaMURA, 1960d; Sakamoto, Miyako-
dani, J3, J3e.
Cyrena lunulata YOKOYAMA, 1904 ; Polymesoda lunulata, SczCki and OvaMa, 1943
Eomiodon lunulatus, Hayami, 1958b, 1959b, Niranohama, Jla, (?) Jlb.
Fomiodon vulgaris Havawmi, 1958b, Kitamatadani, Negoya, Shinatani, (?) Otaki-
dani, Tsuchizawa, Niranohama, Tsukinoura, Iwamuro, Y, member of Yama-
oku, Jla J2a.
Eomiodon sp., Hayawmi, 1958b, Kitamatadani, (?) Jlc.
Eomivdon (?) sp.,, Havami, 1958b, Tsuchizawa, J1.
*Fomiodon sp., Aratozaki, J2a.
Genus Crenotrupezium Havyami, 1958
Crenotrapezium kitakamiense Havyami, 1960b, Jusanhama, (?) J4.
Crenotrapezium kurigata Havani, 1958b, Kitamatadani, Tsuchizawa, (?) Jlc, J1.
Crenvtrapezium kurumense Havani, 1958b, Kitamatadani, Negoya, Shinatani,
Tsuchizawa, Y, member of Yamaoku, (?) Iwamuro, Jlc-J1f.
?Genus Neomiodon FisCliER, 1887
Corbicula amagashiraensis Kopavasin and Sczuki, 1937, Amagashiradani, (?) J3.
Corbicula tetoriensis Konavasu and Suzokr, 1937; Corbicula (Mesocorbicula)
tetoriensis, SUzuki and Ovaia, 1943 ; Izuki, Numamachi, Ushimaru, Ogamigo,
J3.
Family Corbiculidae Gray
Genus Batissa Gray, 1852
Batissa antiqua KosayasHt and Sczuki, 1937, Izuki, Numamachi, J3.
Batissa yokoyamai Kopayasii and Stzuki, 1937, Izuki, Ushimaru, Numamachi, J3.
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Genus Filosina CaseEy, 1955
Filosina jusanhamensis Hayami, 1960b, Jusanhama, J4 (?).
Family Arcticidae NicoL
Genus Anisocerdia MUNIER-CHALMAS, 1863
Anisocardia sp., TAMURA, 1959¢c, Sakamoto, J3e.
Genus Isocyprine ROEDER, 1882
Isocyprina shizuhamensis Hayami, 1959¢c. Aratozaki, J2a.
Genus Arctica SCHUMACHER, 1817
Subgenus Somarctica TaMura, 1960
Arctica (Somarctica) abukumensis TANMURA, 1960c, Nakanosawa, J3c.
Genus Eocallista DouvILLE, 1912
“ Focallista™ regularis TAMURA, 1959¢, Sakamoto, J3e.
Genus Yokoyamainae Havami, 1958
Cyrena elliptica Yokoyvama, 1904; Polvmesoda elliptica, Stzeki and Ovama, 1943 ;
Yokovamaina elliptica, Havan, 1958b, 1959a; Niranohama, Jla.
Yokovamaina cf. elliptica (Yokovama), Havami, 1958b, Negoya, jld.
Yokoyamaina (?) sp., Hayami, 1958b, Tsuchizawa, J1.
Family Lucinidae
Genus Lucira Laxiarck, 1799
Lucine (s.1.) hasei Havyanu, 19391, Higashinagano, J1b.
“Lucina” (oishiyemensis TAMURA, 1960d, Torinosu belt, (?) J3d.
Lucina tsunoensis KinURra, 1956b; TAMURA, 1959¢, 1960d ; Torinosu belt, Kaiseki-
vama belt, Sakamoto, J3a-]3e.
Family Fimbriidae NicoL
Genus Fimbria« MEGERLE, 1811
Fimbria (?) tenuiconcha Havasi, 1959¢c, Aratozaki, J2a.
Fimbria sp., Hayani, 19591, Higashinagano, J1b.
Genus Sphaeriola STOLICZKA, 1871
Sphuaeriola nipponica Hav a1, 19591, Higashinagano, J1b.
Family Tancrediidae FisCHER
Genus Tancredia LyceTT, 1850
Tancredia rostrata TAMURA, 1959c, Sakamoto, J3e.
*¥Tancredia sp., Kiritani, J3b.
Family Cardiidae LAAARCK
Genus Cardium LINNE, 1758
Cardium (s.1.) naganoense Hayamr, 19591, Higashinagano, J1b.
Genus Protocardic BEvRICH, 1845
Protocardia inaii Havami, 1959e, Aratozaki, J2a.
Protocardia kurumensis Hayami, 1958d, Shinatani, Tsuchizawa, Jle or J1f.
Protocardia morii Hay ami, 1960b, Jusanhama, J4 (?).
Protocardia onoi Hay ami, 1959i, Higashinagano, J1b.
Protocardia tosensis KiMURA, 1956b ; TamUra, 1959a, 1960c, 1960d ; Torinosu belt,
Kurisaka, Sakamoto, Nakanosawa, Koyamada, J3a-J3e.
Protocardia sp., Hay axti, 1959g, Mitarai, J3b.
*Protocardia sp., Kiritani, J3b.
*Protocardia sp., Kogoshio, J3e.
Family Corbulidae FLEMING
Genus Corbuia BRUGUIERE, 1797
Corbula globosa TANURA, 1959c; TAMURA, 1960c¢, 1960d ; Sakamoto, Nakanosawa,
Koyamada, Mitoda belt, Torinosu belt, Kurisaka, J3c-]3e.
Corbula (?) sp., Hayami, 1960b, Jusanhama, J4 (?).
Family Pholadidae LEACH
Genus Myopholas DouvILLE, 1907
Mpyopholas cf. acuticostate (SOWERBY), TaAMURA, 1960b, Nakanosawa, J3c.
Family Pleuromyacidae ZITTEL
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Genus Plenromya Acassiz, 1843
Pleuromya hashidatensis Hav ani, 1958d, Teradani, Jle.
Pleuromya hidensis Hay aMmi, 1959g, Mitarai, J3b.
Pleuromya (?) punctostrice TaMURA, 1959c; TamurA, 1960b; Plewromya punct-
ostriaze, TANURA, 1960d ; Sakamoto, Nakancsawz, Torinosu belt, J3a-J3c.
Pleuromya sp., Hay axni, Stcita and Nacumo, 1560, Kogoshio, J3e-J4.
Pleuromya sp., Hayaxn, 19591, Higashinagano, J1b. .
Family Pholadomyacidac GrRAY
Genus Pholadomya SOWERBY, 1823
Pholadomya (?) ashikitensis TANMURA, 1939¢, Sakamoto, J3e.
Pholadomya somensis TaAMURA, 1960b, Nakanosawa, J3c.
Pholadomya cf. somensis TanMURA, TAViURA, 1960d, Kurisaka, J3c.
Pholadomya sp., Hay asi, 1959¢, Aratoczaki, J2a.
Genus Tetorimya Hayan, 1959
Tetorimya carinata HAayAami, 1959g, Mitarai, J3b.
Genus Neoburmesia YAaBE and SaTo, 1942
Neoburmesia iwakiensis YABE and SaTo, 1942; TaMURAa, 1960b, Nakanosawa, J3c.
Genus Goniomya AGassiz, 1843
Goniomya nonvscripta TAMURA, 1960b, Nakanosawa, J3c.
Goniomya cf. nonvscripta TAMURA, TaMURA, 1960d, Kurisaka, J3c.
Goniomya sp., TAMURA, 1959c, Sakamoto, J3e (=Goniomya nonvscripta TAMURA).
Genus Homomyae AGassiz, 1843
Homomya gibbose (SOwWERBY) ; TavitUkra, 1960b, Nakanosawa, J3c.
Homomya satoi Havy A, 1958d, Shinatani, Jle or J1f.
Homomya sp., Havyaxn, 1958d, Kuruma group (exact horizon unknown).
Genus Arcomya AGAassiz, 1843
Arcomya (?) sp., Tanura, 1959c, Sakamoto, J3e.
Familyv Burmesiidae HEALEY
Genus Burmesia HEALEY, 1908
Burmesia japonica Hayani, 1959a, Niranohama, Jla.
Tamily Thraciidae DarLL
Genus Thracia BLAINVILLE, 1824
Thracia fukushimensis TAMURA, 1960c, Nakanosawa, J3c.
Thracia shokawensis Hayawmi, 1959g, Mitarai, J3b.
*Thracia cf. shokawensis Havyanmi, Kiritani, J3b.
Thracia subrkhombica Hayami, 19584 ; Havaa, 1959a; Niranohama, Jla.
Thracia (?) sp., Hayvawmi, 19584, Shinatani, Jle or J1f.
Family Cuspidariidae FISHER
Genus Cuspidaria Narpo, 1840
Cuspidarin (?) praenipponica Hayaxi, 1959a, Niranohama, Jla.
Cuspidaria (?) sp., Havaxn, 19584, Niranohama, Jla. (=Cuspidaeria (?) praenip-
ponica Havy axi).
Cuspidaria (?) sp., Havanzi, 1958d, Shinatani, Jle or J1f.
Cuspidaria (?) sp., HAyawmi, 1960b, Jusanhama, J4 (7).

Besides, there are some Jurassic pelecypods, which were listed but remain
undcescribed, from the Sodenohama, Mone, Kogoshio and Kozumi formations
of south Kitakami (SHIDA, 1940; MATSUMOTO, 1953; ONUKI, 1956, etc.), the
Sugizaki and Arimine formations of Hida (MAEDA, 1957 ; MAEDA and TAKE-
NAMI, 1957, etc.. and the Torinosu group and its correlatives in Kyushu, Shi-
koku and Kii peninsula (ICHIKAWA, 1954; TAMURA, 1960e). As I have not
yet examined those collections, they are mostly omitted in this list.
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Table 2. Number of pelecypods in the Jurzssic of Japan
Family Kitakami  Hida Nagato Soma  Torincsu  Teoteal
Solemyacidae 0 1 0 0 1 2
Ctenodontidae 0 1 0 0 0 1
Nuculidac 0 2 1 0 0 3
Nuculanidae 2 1 1 1 4 8
Parallelodontidae 4 1 3 3 3 11
Cucullaeidae 6 1 1 2 1 9
Mpytilidae 2 11 1 4 1 18
Pteriidae 1 1 0 7 1 1v
Aviculopactinidae 2 5 4 0 0 11
Posidoniidae 2 1 2 1 0 6
Bakevelliidae 7 6 0 1 2 16
Isognomonidae 2 4 0 0 0 6
Inoceramidae 11 9 7 0 0 27
Pinnidac 2 0 1 1 5
Plicatulidae 1 1 2 1 2 7
Pectinidae 4 13 3 7 13 | 37
Amusiidae 3 3 4 3 5 15
Limidaz 4 1 7 4 4 18
Ostreidaz 5 3 2 1 6 16
Trigoniidaz 19 8 1 17 11 7
Unionidas 0 1 0 0 0 1
Pachicardiidaz 0 3 0 0 0 3
Cardiniidae 0 0 2 0 0 2
Myoconchidae 0 0 0 1 0 1
Astartidae 7 1 3 7 11 25
Neomiodontidae 5 7 0 0 1 12
Corbiculidac 1 2 0 0 0 3
Arcticidae 2 2 0 1 2 7
Lucinidae 0 0 1 0 2 3
Fimbriidae 1 0 2 0 0 3
Tancrediidae 0 1 0 0 1 2
Cardiidae 3 3 2 1 1 9
Corbulidae 1 0 0 1 1 2
Pholadiidae 0 0 0 1 0 1
Pleuromyacidae 1 2 1 1 1 5
Pholadomyacidae 1 3 0 4 5 13
Burmesiidae 1 0 0 0 0 1
Thraciidae 1 3 0 1 0 5
Cuspidariidac 2 1 0 0 0 3

Total 102 104 50 71 80 374
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II. Faunules and Zonation

Among various groups of Jurassic fossils ammonites are, of course, of
primary importance for the age dstermination and international correlation.
The specific range of pelecypods is generally much longer than ammonites’:
life range of a single pelecypod species is often as long as a third or even a
half of Jurassic period in which many ammonite zones are involved. Their
value as keen time-indicator for interprovincial correlation and palaeogeo-
graphical consideration is therefore much infcrior to ammonites. However,
pelecypods have some advantages for intraprovincial correlation among isopic
or even heteropic strata, because of their explosive development and common
occurrence in various rock types. They seem generally to have been able to
adapt to wider environment than ammonites. Incidentally, the occurrence of
Jurassic ammonites of this country is almost restricted to arenaceous shales
and sandstones of more or less off-shore facies. On the other hand, pelecypods
arc common in sandstones of various grain-size, sandy shales, black shales,
marls, limestones and even in conglomerate.

Since 1955 I have visited most of the Jurassic pelecypod localities so far
known in the North Japan and the Inner Zone of Southwest Japan, which
were listed in the preceding chapter and attempted to recognize the specific
assemblage in each fossil bed. Especially in the Kitakami and Hida mountain-
lands where similar facies appear repeatedly at many horizons of the strati-
graphic columns, the determination of life range of each pelecypod species is
indispensable for the Diostratigraphical consideration in ammonite-lacking
strata.

If onc intends to carry out a biostratigraphical subdivision of Jurassic
strata by means of pelecypods which is comparable in accuracy with that by
ammonite genera, it must be dependent on the specific or infra-spccific assem-
blages. Moreover, the subdivision must be based chiefly on the experince in
each local sedimentary arca instead of the introduction of faunal successions in
foreign type arcas. The faunal successions in the Jurassic of Japan are more
or less discontinuous, and many fossil groups may be disqualified for chrono-
logy, because of their colonial habits and considerable dependence on facies.
Taking care for these points, I tried to determine provisionally the range of
each pelecypod species and to distinguish many characteristic faunules which
seem useful intraprovincial correlation. Among Kitakami, Hida and Toyora
regions there are only a few common species. This fact indicates the dis-
tribution of faunules to be confined to each palaeobiogeographical province,
where the following zonations are independently established (Table 3).

1) Kitakami region

In the Kitakami mountainland, Hettangian, Sinemurian, Aalenian, Bajocian,
Tithonian and Berriasian pelecypod faunules are well represented, but
Pliensbachian deposit is unknown and Bathonian to Kimmeridgian species
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Table 3.
CHARACTERISTIC PELECYPOD FAUNULES IN NORTHEAST JAPAN AND INNER ZONE OF SOUTHWEST 1424N
region NORTHEAST JAPAN CENTRAL JASAN VEST JAPAN
] ':m| Eaf o8| ad 2
stage Kitakam) 92l A2RE 23] = Hida Nagatc
° &3 3’ 52|92/ 5
("Polymesoda” naumann: 1) X
LOW. NEOCOMIAN I—J,—(Frlasma Jusanhamensis 1) X
————Myophoreila obsoleta f. x ("Corbicula” tatorrensis 1.}
TITHONIAN "' )3e | Paraltetodon kesennumensis | X
lfg Myophoretia orientalis | X |x
rwe———E]
KIMMERIDGIAN { 13c | Myophoreta crenulata t x
: (Entolium inequvalve §)
Tetorimya carinata {.)
- (Inoceramys maedae 1)
OXFORDIAN | J3b [ Nipponitrigoma sagawar 1)
Latutrigonia tetorens:s |
) ” Inoceramus i, nitescens §
CALLOVIAN )34 |(fnoceramus hashurensis £) | 7 | X Inoceramus hamadae |
(/noceramus utanoensis |}
BATHONIAN J2¢
J2binoceramus karakuwensis f. X
. Charnys kobayashii 1 X (X
BAJOCIAN 123 | Kobayashites remicylindricus | X x
"7 |Trigonia s imiyagura XXX X
- ! 5
(Yaug i s £) X
AALENIAN i1g linoceramus kudor x {inoceramus sp exgr fuscus t
: Geratrigorua kurumnensis 1. [Posidonia sp.exgr ornati |
TOARCIAN nt Bakevellia magrissima V. | Parainoceramus matsumotoi |
Camptonectes  sp. 1.
Jte Pleurormya hashidatensis . |Parainoceramus lunaris t
PLIENSBACHIAN ]
nhd Bakeveliia negoyensis t
SINEMURIAN - )ic |Variamussium sp f. X Bakevellia ohishiensis { |\ onapashii 1|
Moleagrinella sp. 1. x| X (Chiamys kurumensss 1) P/isogmtrqoma inouyei
J1b |Trgonia senex t XX (Radutonectites japonicus L3 carginia  toriyamai .
HETTANGIAN .
J1a |Geratrigonia hosourensis {. XXX
Burmesia japorica X X

seem quite rare. Pelecypods occur most commonly in coastal and embayment
deposits, and the scarceness of pelecypods except for inoceramids and posidoni-
ids in the monotonous Arato formation and similar strata is possibly due,to
the too off-shore environment.

{1 Burmesia japonica faunule (Jla, Locs. 1, 15;

This faunule is found in the black bituminous shales of the lowermost
part of the Niranohama formation (lower Hettangian or? Rhaetic} at Shizu-
kawa and Mizunuma arcas, and composed of the following species: Burmesia
japonica HAYAMI¥, Modiolus bakevelloides HAYAMI), Bakevellia trigona (YOKO-
YAMA), Fomiodon vulgaris HAYAMI, TTiracia subrhombica HAY aM1 and Cuspidaria
(?) praenipponica HayaMml. The genus Burmesia, established by HEALEY 11908;
from thc Napeng beds of Upper Burma, has been reported from the Noric-
Rhaetic of Southeastern Asia. But the associated pelecypods in the Kitakami
region are commonly found also in the superjacent Geratrigowia hosourensis
beds, and thc age must not be much older than the latter faunule.

(21 Geratvigonia hosourensis (Jla, Locs. 1,3,4,5,6,8,9, 10,12, 13, 15, 16, 17;

The characteristic assemblage of this faunule is commonly found in the
black bituminous shales and sandstones of the lower Niranohama formation
(lower-middle Hettangian) in Shizukawa, Hashiura and Mizunuma areas, where
Geratrigonia hosourensis (YOKOYAMA)* forms striking fossil banks altogether

* Cheracteristic species of the faunule.
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with the following species: Parallelodon niranohamensis HAYAMI, Modiolus
bakevelloides (HAYAML), Pteria (s. 1) kitakamiensis HAYAMI*, Bakevellia trigona
(YOKOYAMA, Gervillia (Cultriopsts) shizukawensis HAYAMI*, Isognomon rikuzenicus
(YOKOYAMA), Camptonectes inexpectatus HAYAMI*, Eomiodon Ilunulatus (YOKO-
YAMA)¥, E. vulgaris HAYAMI, Eomiodon (?) giganteus Havyamri*, Yokoyamaina
‘elliptica {YOKOYAMA)*, Thracia subrhombica HayAaMI and Cuspidaria (?, praenip-
ponica HAYAMIL.  Modiolus, Thracia and Cuspidaria (?; are especially common
in the shaly part.

(3) Trvigonia senex faunule (J1b, Locs. 1, 2, 5, 9, 10, 11;

This faunule is seen in the strikingly crowded trigoniid banks of the
upper Niranohama formation {middle-upper Hettangian) in the Shizukawa area.
Trigonia senex KOBAYASHI* occurs in common with Pavallelodon nivanohamensis
HayaMl1, Grammatodon (Indogrammatodon ?) nakanoi HaYAMI*, Cucullaea (s. 1)
mabuchii HAYAMI®, Bakevellia trigona {YOKOYAMA), Isognomon rikuzenicus
(YOKOYAMA, Vaugonia niranohamensis KOBAYASHI and MORI, V. yokoyamai
KoBAYASHI and MORI, V. namigashire KOBAYASHI and MORT*, V. { Hijitrigonia)
kojiica KOBAYASHI and MORI*, Geratrigonia lata KOBAYASHI, Orthotrigonia
midarete KOBAYASHI and MORT*, O. corrugata KOBAYASHI and MORI*, Coelastarte
cardiniiformis HAYAMI*, Yebisites onoderai MaTSUMOTO® and Latomeandra yabei
EcucHI*. Some species of this faunule are also common in the similar
trigoniid banks of the upper Niranohama formation of the Hashiura area.

4. Meleagrinella sp. faunule (J1b, Locs. 7, 14;

This is an undescribed faunule but very characteristic of the uppermost
part of the Niranohama formation in Shizukawa and Hashiura areas. Mele-
agrinella sp.*, Camptonectes sp. and some other minute pelecypods forms a thin
crowded fossil bed. :upper Hettangian or lower Sinemurian;.

(> Variamussizm sp. faunule {J1c, Loc. 18}

This is also undescribed but seem to characterize the poor faunule of
the lowermost Hosoura formation (Hi in SATO, 1957, lower Sinemurian in the
Shizukawa area. Vewugonia ninanohamensis is found in association.

6 Inoceramus 's. L} Eudoi faunule (Jlg, Locs. 20, 21)

This faunule including Inoceramus (s. 1.} kudoi HaAYAMI*, Pinna sp.* and
Posidonia sp. occurs in the Aalenian Hammatoceras beds (SATO, 1954 of the
Hosoura formation in the Shizukawa area. Associate ammonites are Ham-
matoceras clibai, H. hosonurense, H. subtile, H. tuberculatum, II. kitakemiense,
Tmetoceras recticostatum, Ilyperlioceras sp. and Graphoceras spp.

(7) Vaugonia kodaifimensis faunule (J1g or J2a, Loc. 70,

This faunule comprising Vaugonia kodaijimensis KOBAYASHI and MORI¥,
Entolium cf. disciforme {SCHUBLER) and some other undescribed pelecypods is
found in several fossil banks of the Kodaijima formation in the Ojika area.
The age is not determinable in detail but presumably Aalenian or lower
Bajocian. Inoceramus fukakae HAYAMI* was found nearby. A few specimens
of V. kodaijimensis are known from the lower part of the Aratozaki forma-
tion in the Shizukawa area.

(8) Trigonia sumivagura faunule {J2a, Locs. 63, 64, 63, 67, 68, 69, 71, 74, 75
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This is one of the most widely distributed and characteristic faunule in
the Kitakami Jurassic. It is found in the lower part of the Aratozaki forma-
tion (lower Bajocian) in Shizukawa and the lower part the Kosaba formation
(probably same age) in the Karakuwa. In the Shizukawa area Trigonia sumi-
yagura KOBAYASHI and KASENO* occurs in common with Cucullaea sp. ex gr.
aalensis QUENSTEDT*, Modiolus (Inoperna) sp.*, Oxytoma cf. miinsteri BRONN*,
Inoceramus morii HAYAMI*, Parainoceramus (?) sp., Camptonectes cf. auritus
(SCHLOTHEIM*, Entolium cf. disciforme (SCHUBLER), Ctenostreon Sp. €X gr. pro-
boscideum (SOWERBY)Y*, Vaugonia niranohamensis KOBAYASHI and MOori, V.
{Hijitrigonia) geniculata KOBAYASHI and MORT¥, Myophorelle + Promyophorella)
sigmoidalis KOBAYASHI and TAMURA*, Coelastarte sp. eX gr. cardiniiformis HA-
YAMI*, Coelastarte sp., Isocyprina shizuhamensis HAYAMU®, Fimbria i?) tenuiconcha
HAvAaMI*, a soninid (?) ammonite, *“ Riynchonella” sp. and Isastraea sp. It is
of special interest that this faunule comprises several forms which are, if
not identical with, very similar to foreign famous Middle Jurassic pelecypods.
In the Kosaba formation this faunule is represented by Tyigonia sumivagura,
Vaugonia (Hijitrigonia) geniculata, Inoceramus morii, Lopha sp. and Fimbria (?)
tenuiconcha. 1In Hashiura area Trigonia sumivagura has not been found, but
the “ Nakahara sandstone ”, which is certainly an equivalent of the Aratozaki,
yields Vaugonia niranohamensis and V. yokoyamai. Vaugonia ' Hijitrigonia) cf.
geniculata and Myophorella (Promyopliorella) cf. sigmoidalis arc collected also
from the comparable formation in Mizunuma area. A varietal form of Trigonia
sumiyagura was described from the upper part of the Kodaijima formation in
the Ojika area. This faunule appears at the beginning of the Middle Juras-
sic sedimentary cycle in the Kitakami region and stratigraphically important.

(9) Kobayashites hemicylindricus faunule {J2a, Locs. 66, 72, 73i

This is found characteristically in the black bituminous slales of the
upper Aratozaki formation (lower Bajocian) of the Shizukawa area and the
Tsukinoura formation i{probably Bajocian) of the Ojika area. Kobayashites
hemicylindricus HAYAMI*, is accompanied by Isognomon sp. ex gr. rikuzenicus
(YOKOYAMA), Protocardia inaii HAYAMT®, and Fomiodon i?' sp. in the upper
Aratozaki and by Parallelodon sp., Bakevellia sp. and Eomiodon vulgaris HA-
YAMI in the Tsukinoura.

(10) Chlamys kobayashii faunule :J2a, Locs. 72, 74)

This is characteristic in the trigoniid-sandstone of the Tsukinoura forma-
tion (probably Bajocian) in Ojika. It is almost coeval with the preceding
faunulc but appears in different facies. The constituent species are Chlamys
kobayashii HAYAMY*, Ctenostreon ojikense HAYAMI*, Lopha spp. and Vaugonia
yokoyamai KOBAYASHI and MORI. Chlamys kobayashii is found also in the
upper part of the Kosaba formation of the Karakuwa area and the middle
part of the Tsukinoura formation of the Takenoura area, and scems important
in the Jurassic stratigraphy of the eastern belt.

(1Y) Inoceramus karakuwensis faunule {J2b, Locs. 75, 76

Inoceramus {(Mytiloceramus) karckuwensis HayaMmr¥*, I. cf. [ucifer VON
EicHwAaLD* and Posidonia sp. are known in the ammonite beds of the Tsuna-
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kizaka formation ‘middle Bajocian) of the Karakuwa area. Stephanoceras sp.
ex gr. plicatissimum and some other ammonite occur near this horizon. Ino-
ceramus lucifer has been treated as a Bajocian index in Alaska, and distributed
also in Prince Patrick and Sichota Alin (?) regions. Its coexistence with
Stephanoceras is highly probable.

112,  Inoceramus hashiurensis faunule 1j2b-J3¢, Loc. 80, etc.

Inoceramus hashiurensis HAYAMI* and I. sp. ex gr. galoi BOEHM* are known
in the middle (?; part of the Arato formation of Hashiura. Inoccramus galoi
is an index of Oxfordian age in Moluccas and New Zealand, but the exact
age of this faunule is indeterminable.

(13)  Myophorella crenulata faunule (J3¢, Loc. 81)

This undescribed faunule is characteristic in the upper part of the Mone
alternation formation of the Karakuwa area. Myophorella 'Haidaia: crenulata
Korayasil and TAMURA® associates with Myophorella (Promyophorella; sp. and
Nuculana sp. (Pl. XIV, Fig. 8. The age is not strictly determinable but the
occurrence of crenulata suggest that this faunule is roughly correlative to
that of the *“ Lima-sandstone” of the lower Nakanosawa formation (Kim-
meridgian) in the Soma area. Incidentally, Haidaia is unknown from other
horizons in the south Kitakami region.

114y Mpyophorella orientalis faunule (? J3d-]3e, Loc. 87)

Myophorella (Promyophorella) orientalis KOBAYASHI and TAMURA* occurs in
the Tashiro sandstone {upper Kozumi formationi of the Ojika area and i?)
the Kogoshio formation of the Karakuwa areca. The species is distributed
widely in Soma, Kitakami and Tetori regions and also in Mindoro island, and
ranges from Oxfordian to Tithonian (or Berriasian).

15y Parallelodon kesennumensis faunule :J3e, Loc. 84:

Parallelodon kesennumensis HAYAMI*, Gervillia sp.*, Entolium kimurai TA-
MURA, Coclastarte sp., Pleuwromya sp., Parallelodon (Torinosucatella- kobayashii
TAMURA, Substeueroceras sp.* and Trochocyathus ‘Platycyathus; sp.* are found
in the upper part of the Kogoshio formation of Karakuwa.

165 Myophorella vhsoleta faunule J3e-J4, Locs. 82, 83, 85, 86:

This faunule is found in the upper part of the Kogoshio formation and
Isokusa and Nagasaki blocks in the Karakuwa area, and Tithonian-Berriasian
in age. The ranges of the present and preceding faunules seem to overlap
each other, but the two are fairly different in specific assemblage. Alvophorella
(Promyophorella> obsoleta KoBaYASHI and TAMURA* associates with Nwculana
(Praeasccella: sp. ex gr. vatsushiroensis TAMURA, Grammatodon takiensis KIMU-
RA, Variamussium cf. habunokawense {KIMURA), Pinna sp., Limatula akivamae
Havanr®, Astarte cf. spitiensis STOLICZKA*®, Protocerdia sp. and Pleuromva Sp.
Some of these pelecypods are accompanied by Thurmanniceras isokusense,
Kilianeila sp. and an echinoid at Isokusa and by Olcostephanus sp., Berriasella
sp. and Spiticeras sp. at Nagasaki. This faunule thus comprises some clements
of the Torinosu and upper Soma groups. Many forms are identical or com-
parable with the species from the Nakanosawa and Koyamada formations of
Soma and the Kurisaka, Yatsuji, Kambaradani and Sakamoto formations of
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the Outer Zone of Southwest Japan.

17, Filosina jusanhamensis faunule 12 J4, Loc. 89

Filosina jusanhamensis HAYAMI® forms a striking fossil bank altogether
with Crenotrapezium kitakamiense HAY AMU*, Proiocardia morii HAY AMI, Corbula
() sp. and Cuspidaria (?, sp. in the middle part of the Jusanhama group
(Purbeckian or Wealden) of the Hashiura area. This is a unique faunule,
and its exact age and distribution outside this bed is as yet unknown.

(18 * Polymesoda’ nawmanni faunule

“ Polymesoda” naumanni NEUMAYRY, Bakavellta cf. shinanoensis |YABE and
NAGAa0o and some other cyrenoid pelecypods occur in the Ayukawa formation
of the Ojika arca (ONUKI, 1936. The first species is well known in the
Wealden Ryoseki group of the Kalsuragawa, Ryoseki and Sanchu Graben re-
gions, and indicates the Lower Cretaceous age of the Ayukawa formation.

2. Hida region

In the Hida mountainland Lower Jurassic pelecypods are well represented
in the Kuruma group and Upper Jurassic ones in the Tetori group. But
Middle Jurassic faunas seem poor. In this region ammonites and pelecypods
occur usually in different facies. Generally, this region constituled a more
or less restricted province at that time, and cosmopolitan pelecypod elements
are very rare. The following faunules are composed of several characteristic
species, though thcir cxact ages are not always confirmed.

1 Radulonectites japonicus faunule »J1, Locs. 25, 26, 27

This faunule is found in the black shales and sandstones of the Tsuchi-
zawa formation of the Kuruma area. The age is indeterminable but must be
somcwhere in Lias. The constituent pelecypods arc Radulonectites japonicus
HAYAMI®, R. japonicus var. convexus HAYAMI*, Mvtilus Falcimytilus: heranirus
Hayazu¥, M Fo stricapillatus HAYAMI,  Bakevellic  oteriensis  HAYAMI¥,
Bakevellia  s. ). cessianelloides KOBAYASHT and HavaMi*,  Isognomon  sp.,
“Camptonectes”™ vishii KOBAYASHI and Havawmi, Cardinivides varidus HAYAMI¥,
Crenotr.ipezium kurwmense HAYAML, C. kuricata HAYAML Eomiodon vulgaris
Hayayi and £. 7) sp.

2 Chiamys kurumensis faunule J1, Loc. 24

Chlamys  kurumensis KOBAYASHI and Hayani® coexists with Chlamys sp.,
Entolivm cf. calvum \GOLDFUSS. and Gervillia Culiviopsis? sp. in the medium
sandstonc of the Tsuchizawa formation at Kamikawara of the Kuruma area.
The pectinids are somewhat similar to those in the lower Liassic Higashi-
nagano formation of the Nagato region.

'3 Bakevellia ohishiensts faunule :? J1c, Locs. 28, 29, 30, 33, 34, 36

This faunule is characteristic of the Kitamatadani formation :probably
lower Lias in the Inugatake area, comprising the following species: Bakevellia
ohishiensis HAY AMI*, Mytilus (Falcimytilis: heranirus HAYAMI subsp.*, Chlamys
kotakiensis TAKALI and HAayAMI¥, “ Camiptonectes” oishii KOBAYASHI and Hava-
M1, “C” subflabelliformis Havyami®, “C” sp., Cardinvides ovatus HAYAMIY,
Crenotrapezium kurumense Havansiy, C. kurigata HayaMl, Eowiiodon vwlgaris
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HAavawMi and E. sp.*

(4  Bakevellia negovensis faunule iJ1d, Locs. 37, 38, 40, 41, 42, 43.

Bakevellia negoyensis HAYAMI* is characteristic in the Negoya formation
(lower ? Pliensbachian) of the Inugatake area and associates with Mviilus
stricapillatus HAY AMI subsp ¥, Isognomon sp., Crenotrapezium kurumense Haya-
M1, Eomiodon vilgaris and Yokoyamaina sp.

2y Plenromvya hashidatensis faunule : Jle, Locs. 44, 45

Plenvomya lhashidatensis HAYAMU* and Variamussiwom :?. sp.* occur in the
marine sandy shales of the Tcradani formation :upper Pliensbachian, of the
Inugatake area. _Amaltheus sp. and Canavaria sp. ex gr. geveriana associated
with them. But the most part of the Kuruma group is represented by much
different facies and the exact range of this pelecypod faunule cannot be
determined.

6 “Camptonectes” sp. faunule Jle or J1f, Loc. 46.

“ Camptonectes” sp* and Oxytoma sp. occur in the lower part of the Shi-
natani formation of the Inugatake area iupper Pliensbachian or Toarcian'.
It is also a unique facies in the Kuruma group.

7. Bakerellia magnissima faunule :Jle or J1f, Locs. 17, 48, 49, 51, 23

This is an important faunule in the embayment facies of the Inner Zone,
distributed not only in the Kuruma group but also in the Iwamuro and
Yamaoku formations respectively in Gumma and Okayama Prefectures. In
the Inugatake area Bakevellia magnissima HAYAMI* occurs in the black sand-
stones and shales of the middle-upper part of the Shinatani formation upper
Pliensbachian-Toarcian) in common with Parallelodon sp., Grammatodon ?)
sp., Modiolus sp., Arcomytilus sp., Mvtilus Falcimytilus. stricapillaties HAY A,
Isognomon - Mytiloperna) ageroensis HayaMr*, Isognomon sp., Ostrea sp., Creno-
trapezium kRurumense HAYANL, Eomiodon vilgaris Hay axti, Protocardia kurion-
ensis Havazn®, Homomya satoi HAYAMYY, Thracia sp., Cuspidaria ? sp. and
Psoudotrapezium sp.  Bakevellia magnissima is accompanied by Eopecten -2 sp.,
Curdinioides ? sp., Crenotrapezinm kurumense and Eomiodon vulgaris in the
lower-middle part of the Iwamuro formation and by Isognomon sp., Crenotrape-
ziwm kirumense n. subsp., Fomiodon vulearis, etc. in the Y, member of the
Yamaoku formation. There is no good evidence of the upper Liassic age for
these two fossil beds, but they are provisionally correlated to the Shinatani
formation in view of the similar aspect of peclecypod assemblage.

8 Meleagrinella sp. faunle (]J1, probably Jle or Jif, Loc. 51;

Meleugrinella sp., Oxytoma sp. and Nuculane Dacrvomyae: sp. constitute
a small faunule in the Y, member of the Yamaoku formation.

9 Gerutvizonia kurumensis faunule J1f, Loc. 50;

Gevatvigonia kurumensis KOBAYASHI* and Oxytoma sp., though rarely, occur
in the marine sandy shales of the Otakidani formation of the Inugatake area.
Upper Toarcian age is indicated by the occurrence of Grammoceras and
Hammatoceras.

100 Inoceramus hamadee faunule (J3a)

Inoceranmus hamadae HAYAMI® occurs in the Kaizara formation (Callovian)
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in Kuzuryu area. The formation is mostly composed of ammonite bearing
shales, and pelecypods are uncommon except some inoceramids, posidoniids
and pectinids. ‘“ Katroliceras” yokoyamai, Kepplerites (Seymourites) japonicus, K.
(S.) acuticostum, K. (S.; kuzuryuensis, * Grossouvria™ hikii and some oppeliids
are known, but the biostratigraphy of this formation should be further ex-
amined in future.

111y Tnoceramus cf. nitescens faunule (J3b)

Inoceramus cf. nitescens ARKELL* and 1. (?) naganoensis HAYAMI® occur in
the “ Nagano formation” of the Kuzuryu area. [Imoceramuts nitcscens was
established from the Corallian of England, and the occurrence of its com-
parable form agree well with the chronology suggested by Aranaosphinctes
matsushimai. An inoceramid from the similar black shale of Shimohambara
area seems close to cf. nitescens.

112} Latitrigonia tetoriensis faunule (J2b)

This faunule is represented by Latitrigonia tetoriensis KOBAYASHI* L.
orbicularis KOBAYASHI* and Myophorella {Promyophorella) orientalis KOBAYASHI
and TAMURA from the Oxfordian Yambarazaka formation of the Kuzuryu
area. This faunule must be ncarly coeval with the preceding, though the
lithology is somewhat different from the “ Nagano formation”.

:13)  Nipponitrigonia sagawai faunule (J3b}

Nipponitrigonia sagawai (YEHARA), Myophorella (Promyophorella: imamurai
KOBAYASHI*, Nuculana sp., Coelastarte sp., Tancredia sp. and Protocardia sp.
are common in the Kiritani formation of the Jinzu area (Oxfordian.. Nippoii-
trigonia sagawai has a wide lifc range in the Soma area and Outer Zone of
Southwest Japan, but the acmaeic development of the species in the Inner
Zone is very unique. Saegawai-like trigoniid occurs in the [noceramunus furw-
kawensis bearing Sugizaki sandy formation of the Furukawa area, which can
be correlated to the Kiritani formation.

14)  Inocevamus maedae faunule (J3b)

Inoceramus maedae HayaMmr* including several varietal forms is character-
istic in the lower part (M, member) of the Mitarai formation of Makito area.
This marine formation is generally assigned to the Oxfordian invasion phase,
but the exact age is indeterminable.

(15)  Tetorimya carinata faunule (J3b)

This faunule occurs in the tuffaceous siltstone of the middle part (M,
member; of the Mitarai formation of the Makito area, and is composed of the
following species: Tetorimya carinate HAYAMT®, Nuculopsis Palaconucula)
makitoensis Hay a1, Modiolus maedae HAYAMI, Pinna sp. ex gr. sandsfovtensis
ARKELL*, Pteria (s. ) sp., Chlamys mitaraiensis HAYAMI, Protocardia sp., Oxytoma
tetoriensis and Thracia shokawensis HAYAMI. Most of these species occur also
in the M; member but the frequency of each species is much different.
Tetorimya seems characteristic in the Upper Jurassic {mainly Oxfordian) of
the boreal region. Pinna sandsfootensis was originally described from the
Corallian of England.

16y Ewntolium inequivalue faunule (J3b)
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This is also a characteristic faunule occurring in the black shales of the
upper part ‘M, member) of the Mitarai formation of the Makito area, and
consists of the following species: FEwnfolium inequivalve HAYAMI¥, Solemvya
suprajurensis HAYAMY*, Paraeoneilo sp.*, Nuculopsis (Palaeonucula) makitoensis
HavaM1, Modiolus maedae HAYAMI, Brachidontes (7 sp., Oxvtoma tetoriensis
‘HavaMmrs, Chlamys mitaraiensis HAYAMI, Camplonectes sp.*, Limatula iwayae
HavaMI®, Pleuromya hidensis Hay am1¥, Tetorimya carinata Hayaml (rare; and
Thracia shokawensis Hayam1. This is one of the richest marine pelecypod
faunule in the Hida region, but the distribution of these species outside the
Makito arca is unknown except for a comparable form to T/wracia shokawensis
from the shaly part of the Kiritani formation. As | noted elsewhcre, Enfo-
linm inequivalve resembles closely F. orbiculare from the European Cenomanian
and F. manmudaris from the Volgian and (?; Valanginian of Siberia and
Spitzbergen. Generally, this faunule seems to be related to boreal faunas
instead of the Torinosu and Tethvan faunas.

17 Vaugonia yambarensis faunule ? J3c or later

Vaugonia rambarensis KOBAYASHI occurs in the conglomeratic Yambara
formation of Kuzuryu area. But other marine pelecypods are unknown in
the Itoshiro subgroup.

18 “ Corticuela” tetoriensis faunule

This is the most ubiquitous faunule in the brackish and non-marine beds
of the Tetori group. “Corbicula™ (Mesocorbicula; tetoriensis KOBAYASHI and
SuzuKI* is accompanied by Batissa antigua KOBAYASHI and SUZUKI*, Pila
nipponica, Malanoides vuigaris minima in the Yanogidani formation of Furu-
kawa, by Batissa yokoyamai KOBAYASHI and SuzUki and Melanoides vulgaris
minima in the Ushimaru formation of Makito, by * Unio” ogamigoensis KOBA-
YASHT and SUzUKI in Ogamigo, and by Viviparus onogoensis, Pila nipponica,
Melanoides vulgaris and M. vulgaris minima in the Izuki formation of Kuzuryu.
This faunule is thus found both in the Kuzuryu and Itoshiro subgroups, and
the range may cover the greater part of the Upper Jurassic.

3: Nagato region

In the Nagato region the Jurassic System was represented by the Toyora
and {?: Tovonishi groups, but the occurrence of pelecypods is restricted to a
few horizons in the former group. In the lower part of the Toyora group
considerable number of lower Liassic pelecypods occur fairly commonly, while
in the middle-upper part ammonite-bearing shaly facies is predominant and
pelecypods are quite rare except for several inoceramids and posidoniids.

'L Cardinia torivameai faunule (J1b, Locs. 53, 55, 57

This is one of the richest faunules in the Japanesc Jurassic, and found
in the lower part :Nbc, Nbs by MATSUMOTO and OxO, 1947 of the Higashi-
nagano formation in the Toyora area. It comprises the following species:
Cardinia torivamai HAYAMI®, Nuculopsis | Pulaeonucula: sp., Nuculana +Dacrvomya
torivainae HAYAMI, Parallelodon infraliassicus Havani®, P. cf. infraliassicus
HAYAMI®, P % subnavicellus HayaMmI®, Grammatodon tovorensis HAYAMI*,
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Oxytoma cf. cvgnipzs (YOUNG and BIRD)*, Chlamys textoria (SCHLOTHEIM),
“ Aequipecten™ toyorensis HAYAMI, “ A.” sp., Entolium cf. calvum {GOLDFUSS),
Entolium (?) sp., Plicatula subcircularis HAYAMI*, Plicatula praenipponica HAYA-
MI*, Plagiostoma kobayashii HAYAMI*, P. matsumotoi HAYAMI*, Antiquilima
nagatoensis HAYAMI*, Ctenostreon japonicus HAYAMT*, C. sp., Liostrea toyorensis
HavaMI¥*, Lopha sezanami HAYAMI¥, Prosogyrotrigahia inouyei (YEHARA)
(varietal form), Praeconia cf. tetragona (TERQUEM*, Astarte spp., Fimbria sp.¥,
Sphaeriola nipponica HAYAMI*, Lucina hasei HAYAMI*, Cardium {s. 1) naganoense
HAYAMI*, Neritopsis mutabilis HAYAMI*, N. elegans HAYAMT*, Promathildia sp.
ex gr. turritella (DUNKERY*, Pictavia toyorana HAYAMI*, Pseudomelania (?) sp.,
“ Dentalium” sp., Juraphillites sp.*, Rimirliynchia sp.*, Chomatoseris cyclitoides
(YABE and EGUCHI* and Isastrea sp. The age must be somewhere in lower
Lias. As I noted before (1959, p. 39, many species of the faunule are allied
to the lower Liassic faunas of the Western Europe, north Africa, Amur,
Sichota Alins and western Canada.

12y Prosogyrotrigonia inouyei faunule iJ1b, Locs. 52, 54, 56, 58)

Prosogyrotrigonia inouyei (YEHARA is contained in the preceding faunule,
but more abundant in the middle part of the Higashinagano formation. The
associated species are Nuculana (Dacryomya: toriyamae HAYAMI, Modiolus
magatama HAYAMI*, Meleagrinellu japonica HAYAMI, “ Aequipecten™ toyorensis
HavaMi, Entolium cf. calvum (GOLDFUUSS! and Plagiostoma matsumotoi HAYAMI.
Chomatoseris cyclolitoides is especially common in this part.

(3} Oxytoma kobayashii faunule (Jlc, Loc. 59)

This faunule is found sporadically in the upper part of the Higashinaga-
no formation, and consists of Oxytoma kobayashii Havyamr*, O. inequivalvis
(SOWERBY), Meleagrinella japonica HAYAMI, Entolium sp., Plagiostoma sp. and
“ Lima” sp.

4) Parainoceramus lunaris faunule (Jle, Loc. 60, etc.)

Parainoceramus lunaris HAYAMI*, Amonotis n. sp.* (Pl. 1, Fig. 7) and many
aptychi are characteristic in the lower part of the Nishinakayama formation
{Ne zone). Associate ammonites, Fontanelliceras cf. fontanellense®, Fuciniceras
primordiunt® and Paltarpites toyoranus* indicate upper Pliensbachian age.

(5)  Parainoceramus matsumotoi faunule (J1f, Loc. 61, etc.)

Parainoceramus matsumotoi HAYAMI* and its comparable forms are charac-
teristic in the middle-upper part (Nd zone and partly Ng zone) of the Nishi-
nakayama formation. They associated with Hildoceras chrysantemum, H.
inouyei, H. densicostatum, Harpoceras okadai, Pevonoceras subfibulatum, Dactylio-
ceras helianthoides and some aptychi. This member was correlated to Commune
and Falcifer Zones by ARKELL (1956).

(6) Posidonia sp. ex gr. ornati faunule (J1f, Loc. 62, etc.)

Posidonia sp. ex gr. ornati QUENSTEDT* forms a striking bed in the lower
part of the Utano formation (Up beds) of the Toyora area (Pl 1, Fig. 6).
Phymatoceras toyoranum was found nearby, and the age is assignable to
Aalenian.

(7y Inoceramus sp. ex gr. fuscus faunule (Jlg, Loc. 62, etc.}
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Inoceramus sp. ex gr. fuscus QUENSTEDT* occurs in the lower part of the
Utano formation (Uh beds). Hammatoceras cf. kitakamiense and Dumortieria ?
sp. from this horizon suggest Aalenian age. Inoceramus fuscus is known in
the Aalenian and lower Bajocian of Western Europe.

8 Inoceramus utanoensis faunule (J2c or J3a, Loc. 81)

This faunule consists of Inoceramus utanoensis KOBAYASHI* and I. ogurai
KoBAYASHI* from the upper part of the Utano formation. The age is un-
known in detail, but the upper Middle Jurassic or lower Upper Jurassic in
view of the resemblance of wtanoensis with Inoceramus kystatymensis and I.
retrorsus which are characteristic in the Bathonio-Callovian of boreal region.

These faunules include the main Jurassic pelecypod species hitherto known
in the Kitakami, Hida and Nagato regions. Their life ranges should be
further checked by more careful fossil-huntings, but such specific assemblages
may serve to a certain extent for age determination of pelecypod-bearing
strata which will be found in Japan and her surroundings in future.

Jurassic pelecypod genera have generally wide ranges and there are only
a few useful genera for detailed chronology. But if compared with Upper

Table 4.
RANGE OF SOME CHARACTERISTIC PELECYPOD GENERA

up low rmud. up. low.
Trigssic | Jurassic| Jurassic| Jurassic| Cret.

genera

P(Torinosucatella)
Modiolus(/noperna)
Somapteria -
Kobayashites _
Parainoceramus [ R
Inoceramus _——
Radulonectites _—

Somapecten JUS—
Antiquilima —_
Ctenoides —
Prosogyrotrigonfa -
Geratrigonia —
Vaugonia - =1
Myophorella
Latitrigonia _
Nipponitrigonia

Cardinioides _—
Cardinia —_—- i
Yokoyamaina — ;
Filosina ; ==+

Sphaeriola —--4-
Burmesia -t

Neoburmesia
Tetorimya —_

- JGpon -—— Wwerid
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Triassic faunas, the generic assemblage of Liassic faunas are clearly different.
On the other hand no striking faunal gap exists between Upper Jurassic and
Lower Cretaceous; it is very hard to distinguish the two by means of generic
assemblage. The range of pelecypod genera frequently varies between Europe
ane Pacific regions. Ouxytoma, Cadinia, Vaugonia, Coelastarte, Arcomytilus,
Eomiodon and some other genera seem to have appeared in Japan much
earlier than in Europe. Several genera, which are treated in Table 4 seem
to have appeared or disappeared at certain stages of Jurassic, and may be
uscful for rough estimaation of faunal age.

III. Biofacies and Palaeoecology

As the result of my observations on the various fossil-coeneses in the
Japanese Jurassic, it is concluded that the specific assemblage of pelecypods
is closely connected with the mode of occurrence, lithofacies and therefore
sedimentary environment. Since pelecypods are the most common fossil group
in Jurassic of this country, they seem to constitute important facies-indicators
for the palaeoecological work.

The Jurassic rocks of Kitakami, Hida and Toyora regions are mostly
composed of terrigenous material, i.e. sandstones, shales and conglomerates.
Pure limestone, dolomite, chert, phosphatic rocks, red beds and cvaporites are
unknown. In the Hida region detrital sediments unusually attain enormous
thickness, and bituminous or carbonoceous sandstones and shales were rapidly
accumulated in localized intermontane basins. The Kitakami region have
been more flattened at that time: the topography is reflecled in thc com-
paratively thin sediments, scarceness of basal conglomerate and predominancy
of ammonite-bearing shales showing calm deposition. Therefore, the sedi-
mentary environment was probably somewhat apart from that of Hida.

In view of the rock- and bio-facies and their combination, however, there
are many similar tendencies between the two regions. The Teradani forma-
tion of the Kuruma group and the Kaizara formation of the Tetori group are
ammonite-bearing sandy-shales, and very similar to the Hosoura and Arato
formations of Kitakami in the litho-facies and generic assemblage of pel-
ecypods. The pelecypod faunules in the bituminous or carbonaceous rocks
of the Hida region are fairly akin to those of the Shizukawa, Hashiura and
Jusanhama groups in the generic assemblage and mode of occurrence. Such
a facics is not predominant in the Toyora region but for some coaly layers
near the base. But the change of litho- and bio-facies from the sandy lliga-
shinagano to the shaly Nishinakayama formation is just comparable to the
sequence frem the Niranohama to the Hosoura formation in Kitakami. Taking
rock-facies, mode of fossil-occurrence and faunal asscmblage into considera-
tion, the Jurassic fossiliferous sediments of these three regions can be rough-
ly divided into three categories, namely, 1} Ammonite-facies, 2; Trigoniid-
facics and 3; Cyrcnoid-facies. These three facies are often seen in a strati-
graphic column of one area. The trigoniid-facies (mainly littoral coarse
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sandstone facies is usually found at the passage from cyrenoid to ammonite-
facies and zice verse, and indicates the initial or last stage of marine invasion
into the basin. though trigoniid does not always occur. The ammonite-facies
shows neritic and somewhat off-shore deposition, and the cyrenoid-facies lago-
onal and sometimes brackish environment. The ratio-of ammonite/pelecypod
seem t0 support this interpretation. In the ammonite-facies ammonite species
are generally not much smaller in number than pelecypod species, but in the
trigoniid-facies ammonites are quite rare and fossils are mostly trigoniids,
other thick-shelled pelecypods, belemnites and hexacorals. In the cyrenoid
facies no ammonite has ever been found.

This division probably cannot be applied to the Upper Jurassic Torinosu
group of the Outer Zone of Southwest Japan, because cyrenoid-facies is not
represented and calcareous open-sea facics is very predominant. The distribu-
tion of the Torinosu pelecypods has been recently studied by TAMURA (1939-
1960 in detail, and the Jurassic palaeocecology and facies division will become
more complete by taking his data into consideration.

1  Mode of cccurrence of organisms other than pelecypods

Refore entering into the palaeoecological interpretation by pelecypods, I
shall give a brief note on the distribution and mode of occurrence of am-
monites, aptychi, belemnites, gastropods, brachiopods, hexacorals, echinoids
and some other organisms found in the Jurassic of Japan.

‘1 Ammonites and aptychi

Ammonites are fairly common in the neritic sandy shales or muddy shales
which are more or less characteristic of the inundation phases in the North-
east and Inner Zone of Southwest Japan. In such shaly strata as the Nishi-
nakayama, Hosoura, Teradani, Tsunakizaka, Kaizara and upper Kogoshio
formations the individuals are assembled in some narrow and mainly massive
part. Parainoceramus, Inoceramus, Posidonia, Amonotis, Oxyloma and Variamus-
sim sometimes associate with ammonites in the Lower and Middle Jurassic,
and Inoceramus, -Astarte, Limatule and some other relatively thin-shelled pele-
c¢ypods in the Upper Jurassic. The relation of shell-form of ammonites to
sedimentary environment was observed by some authors. Sharp-edged dis-
coidal ammonites with ccmparatively smooth surface are said to be common
gencrally in fine-grained rocks such as marls and clays, while highly orna-
mented benthonic forms seem predominant in calcareous or detrital shelly
facies. In the Japanese Jurassic discoidal or planulate species are fairly
common in muddy or fine sandy facies, but thick and highly ornamented
forms appear comparatively rare.

Aptychi mainly “ Cornaptychus”;, ammonites’ opercula, arc fairly common
in two horizons of the Nishinakayama shaly formation altogether with some
thin-sheiled and fragile pclecypods and small ammonites (Pl. 1, Figs. 2-4..
There aptychi form more or less characteristic “ Aptychien schiefer ” in the
highly fissile shales of Ne and Nd members which are composed of frequent
alternation of whity silty and greyish muddy layers and show relatively calm
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environment. It is supposed that aptychi and small ammonites have been trans-
ported to different places by weak current. The present isolated specimens of
aptychi, especially the larger ones (figs. 2-3), are fairly similar to Cornaptychus
nagatoensis NAGAO, 1932, from the same horizon in the external feature and
outline. But it is difficult at present to determine their specific reference
because there are more than two species of hildoccratids in the fossil bed.
Aptychi in sitw are quite rare, but a harpoceratoid ammonite, probably
“ Hildoceras"” chrysanthemum YOKOYAMA, from the Nd beds has an operculum
“Tnear its aperture (Pl. 1, Tig. I}. Though the whorls are flatly compressed,

Yhere is no doubt that the ammonite has not been drifted far from its habitat.
In the Pliensbachian Teradani formation of the Kuruma group and the Upper
Jurassic Sakamoto formation of the Torinosu group aptychi are known very
sporadically. According to ARKELL (1956, “ Aptychi are especially common
in bituminous shales of the Toarcian and lower Kimmeridgian and in Titho-
nian limestones in many parts of the world.” It is an interesting fact that
these occurrences agree well with his statement.

‘2 Belemnites

Belemnites often associate with ammonites in the neritic shales but are
also common in more coarse-grained sandstones and coquina-like littoral
deposits. The difference of the occurrence of belemnites from ammonites may
be partly due to the brittle test which can be preserved in much more
agitated condition.

3. Gastropods

In the lower Higashinagano formation Neritopsis, Promathildia and Pictavia
form striking fossil beds with Gramsmatodon, Chlamys, Flagiostoma, Cardinia,
Sphaeriola and many other pelecypods (Hayawmi, 1960e). In the bituminous
beds of the Shizukawa, Kuruma and Tetori groups brackish gastropods often
associate with cyrenoid pelecypods (KOBAYASHI and SUZUKI, 1937, etc.). Juras-
sic gastropods are thus fairly common at certain horizons, but generally much
rarer than pelccypods both in number of species and individuals. Gastropods
at rocky shores are apt to be damaged and may be hard to be preserved in
comparison with pelecypods. But the scarceness seems a general tendency
both in the Triassic and Jurassic of Japan. More than 150 species of pele-
cypods were described from the Triassic of Japan, while only a few gastro-
pods are known. I cannot adduce the reason with certain confidence, but
mainta'n that thc rarity may be partly due to the scarceness of calcareous
deposits in the Triassic and Jurassic of the Kitakami, Hida and Nagato regions.
In the Outer Zone the Upper Jurassic Torinosu group and upper Soma group
contain nerineids and many other gastropods in the limestoncs and marls,
while the coeval deposits are represented by clastic rocks in the North Japan
and Inner Zone of Southwest Japan.

{4) Brachiopods

Generally, brachiopods cxcept for lingulae seem common in more off-shore
facies than normal pelecypods. In the Outer Zone rhynchonellids and tere-
bratulids are commonly found in the limestones and somewhat siliceous shales
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of the Torinosu group at Miyakodani, Sakawa and Nomazaki and the Nara-
dani formation at Sakawa and Sakamoto (TOKUYAMA, 1957, 1958, 1959; TaMu-
RA, 1960:. But brachiopods are comparatively rare in the Kitakami, Hida
z2nd Nagato regions. [t may be also due to the scarceness of calcareous open-
sea deposits. Only a few rhynchonellids are found in the fine sandstones of
the Higashinagano and Aratozaki formations and black shales of the Kogoshio
formztion. In the Aratozaki numerous valves of a small rhynchonellid are
contained in certain layers together with fragile right valves of Oxytoma and
some other thin pelecypods.

;31 Hexacorals

Many species of reef-building hexacorals were described by EGUCHI (1942,
1951 from the Torinosu limestone of the Outer Zonc. Isustraea and some
other colonial corals are found also in the trigoniid-sandstones of the Kita-
kami and Nagato regions. They are hermatypic but probably not reef-
builders, since neither reef limestone nor bioherm is known in the regions.
The distribution of reef corals is restricted to the shallow clear waters of
tropics, but one must pay attention to the fact chat hermatypic corals survive
also in temperatc areas without forming striking reefs. Some dendritic corals
are found in reworked pebbles of black impure limestone of the lower Kogo-
shio formation of Kitakami and remind one of their similarity to the Torino-
su limestone, but there is no other limy facies in the Kitakami, Hida and
Nagato Jurassics. The scarceness of corals in ammonite-bearing shales is
probably due to the inadequate factors for coral life. Although there is no
indication for the temperature of the sea-waters at present, it is highly pro-
bable that the stagnant muddy bottom condition and rapid sedimentation
arrested the development of reef corals. Solitary corals are abundant in the
lower Higashinagano and upper Kogoshio formations. Chomatoseris cyclolitoides
from the Higashinagano is hermatypic and probably a sandy inhabitant of
more or less agitated neritic or littoral condition. Trochocyathus (Flatycyathus)
sp. from the Kogoshio is ahermatypic, and probably lived on muddy bottom
of fairly deep and cool condition. (HAvAaMm1, SuGITA and NAGUMO, 1960°. The
small basal plate of the corallum suggest a calm environment. According to
WELLs 11956, 1957, Trochocyathus (Platycyathus) is known from the depth of
366-549 meters in recent seas, and there is a maximum development of
ahermatypic coral species between 180 and 360 meters, near the margins of
continental shelves in the “mud line” of MURRAY, though the distribution is
less restricted ecologically than hermatypics’.

(6) Stromatoporoids

Stromatoporoids often associate with hermatypic corals in the Torinosu
limestone (YABE and SuciyaMa, 1940, 1935, etc.), but no definite specimen is
found in the Kitakami, Hida and Nagato Jurassics.

(7) Crinoids

Columnar stellatcs of a pentacrinid occur in the lower Higashinagano
formation (P1. 2, EigedinBut no planktonic form is known in the Kitakami,
Hida and Nagato regions.
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(8) Echinoids

Numerous spines and a few bodies of “Cidaris” are contained in the
calcareous rocks of the Naradani, Torinosu and Soma groups, but echinoids
seem uncommon in the Kitakami, Hida and Nagato regions. Only a few
specimens were found in the Kogoshio, Teradani and- Kaizara formations.
Echinoids are generally said to dislike mud, which presumably clogs their
water system and to be found of sandy or limy bottom under clear water.
The rarity of echinoids in these regions is probably due to the inpredominancy
of calcareous and clear water condition.

19 Plants

The predomirancy of fossil plants is a striking feature in the bituminous
beds of the Inmer Zone of Southwest Japan. Many species of plants were
described or listed by Yoxovama, OisHI, KIMURA and others from the Kuruma
and Tetori groups. Gregarious plant beds are generally considered as brackish
or non-marinc sediments, because no marine fossils are found thercin. In the
Kuruma group especially the Kitamatadani, Negoya and Shinatani formations
plant beds with Cladophiebis, Nilssonia, Equisctites, Diciyophvilion and other
leaves alternate with cyrenoid shell-banks characterized by Bakevellia, Lomiodon
and Crenotrapezizm. Such a relation between plants and cyrenoids is seen also
in the Tetori group, Iwamuro and Yamaoku formations. In the Kitakami and
Nagato regions the Jurassic is represented properly by marine deposits, and
plant beds are restricted to several horizons of the lower Niranohama, Ogino-
hama, Mone and Kogoshio formations of Kitakami and Utano formaticn of
Nagato. Drift woods are, however, fairly common in marine beds especially
in the ammonite-bearing shales of Kitakami and Nagato. The oldest fossil
forest in this country is known in the upper Liassic Shinatani formation.
Many giant stems of [fquisetites stand subvertically to the bedding plane, and
FEomiodon beds and striking ripple marks are found near its base. The fact
reminds enough one of the Eguisetites forest, which grew near the shore of
an embavment. ‘

2: Pelecypod facies in the Kitakami Jurassic

The change of bio-facies and sedimentary environment of the Kitakami
region is wcll typified by the sequence of the Shizukawa area. I intend to
describe and discuss the biofacies of the Lower Jurassic on the basis of the
ficld observation in the environs of Shizukawa in some detail, and thcn to
deal with generalities.

1" Lower Jurassic biofacies in the environs of Shizukawa

As stated in the article for stratigraphy, the Jurassic sedimentation of
Shizukawa area began with the lower Niranohama formation under profound
embayment condit on. The bituminous rock-facies, abundance of cyrenoid
pelecypods and abscence of ammonites, belemnites and other purely marine
organisms tell that it was accumulzted in a kind of lagoonal condition, where
waters may have been stagnant. There are abundant bituminous material
and pyrite deposits which were probably originated in hydrogen sulphide.
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The embayment must have been restricted from open sea in its front by a
spit or a certain barrier, which prevented waves and coastal currents from
entering. Little is known of the salinity of the embayment, but it was pre-
sumably not much lower than open sea, so far as can be judged from the
assemblage of pelecypod genera. The fauna of the lower Niranohama forma-
tion has been called “cyrenids ”, because of the misidentification of two spe-
cies with Cyrena (=Corbicula), a brackish or fresh-water genus in Tertiary
and Recent times. But as the result of my p2laeontological study they are
most certainly nearly marine. Besides, Palallelodon, Modiolus, Bukevellia, Iso-
anomon, Pteria ts.1, “Ostrea”, Geratrigonia, Tnracia, Cuspidaria, -?- and Bur-
mesia are found in association with them (Havami, 1958¢, 19594 etc.,. The
occurrence of Campfonectes in the same horizon of the Mizunuma area may
support this interpretation, since pectinids probably cannot survive under
much decreased salinity. Most trigoniids are characteristic in the neritic or
littoral deposits such as the overlying upper Niranohama formation. But
Geratnigonia alone is very predominant in these cyrenoid beds not only in
Shizukawa but also Hashiura and Mizunuma areas.

Fossils, chiefly Fomiodon (?) giganteus in the less bituminous sandy layers
of the Niranohama (Nh, member), seem sometimes autochthonous in view of
the scattered occurrence and subvertical orientation of the comissure plane.
However, most fossils of the lower Niranohama are very crowded in several
banks and, if pclecypod valves are intact with ligaments, must be allochthonous.
Generally speaking, in a stagnant embayment, oxygen is gradually decreasing
and hydrogen sulphide increasing towards the bottom, where black muds are
accumulated and no organisms but for anaerobic bacteria can inhabit. These
crowded fossils were presumably derived from the communities which flour-
ished in less reducing and probably shallower environments. Generic and
specific assemblages of pelecypods is much different among fossil beds, but
two types of community can be distinguished. In some beds Geratrigonia,
Isognomon, Pteria (s.1. and some other genera indicating high salinity cccur
commonly with Bakevellia, Modiolus, Fomiodon and Yokovamaina (Geratrigonia-
subfacies), while in some other banks the former three genera cannot be
found and the fauna is composed of the latter four genera (Bukevellia-sub-
facies). Bakevellia and lomiodon are probably euryhaline genera, and could
adapt to wide environment of unstable salinity. Incidentally it has been
known that the number of constitucnt species decreases in brackish faunas
and that the number of individuals, however, often become larger than marine
ones. THIENEMANN’s law seems to hold truc in this case.

In some shaly layers Thracia, Cuspidaria (?) and juvenile Bakevellia and
Eomiodon are gregariously assembled. These thin pelecypods may be in-
habitants on muddy bottom, but the differential occurrence may be partly due
to the sorting by weak currents. “Ostrea” has a marked tendency to make
extremely crowded banks which look at a glance limestone lavers and to
exclude other pelecypods. It is probably due to temporal explosive propa-
gation of oysters in the embayment.
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The cyrenoid-bearing bituminous rocks merges upwards with the very
coarse sandstones of the upper Niranohama formation with striking Vewugonia
banks. Numerous valves of Vaugonia, Cucullcea and Coelastarte form many
banks, but no intact specimen is found. The shells are often fragmental and
surface-ornaments frequently effaced mechanically by waves. Sometimes gas-
tropods, belemnites and hexacorals associate with them, but organisms with
thin shells are scarcelv met with. At the bzsal part a thin laver of shell
sands is found and cross-laminations are often developed. The overlying sandy
shales (Ns, mcmber: show striking intraformational foldings, and their re-
worked pebbles are abundantly contained in trigoniid-banks. These facts
indicate that the sedimentation was carried out under fairly agitated waters
of littoral zone. I cannot prcsume that the vaugoniid fauna was living in
such a condition, because in modern sandy beaches the strongly agitated
waters may forbid the life of pelecypods except for a few subplanktonic forms
such as Donax which show unique method of rhythmic migration near the
shore-line.

Generally a thanatocoenesis of recent benthonic mollusks at sandy beach
is mostly composed of littoral and inner neritic clements which are the in-
habitants of about 30 meters at the deepest. The constituents of the upper
Niranohama fauna seem to have derived from such a range of depth. There
arc a few individuals of Bakevellia, Isognomon, Geratrigonia and Eomiodon
which are quite predominant in the embayment facies of the lower Nirano-
hama. They were probably derived accidentally from the lagoons behind a
certzin barrier.

The uppermost part of the Niranohama formation is composed of finer
well-sorted sandstones. Tawugonia occurs sporadically, and Meleagrinella and
Camptonectes are characteristic in certain layers. This suggests less agitated
and slightly more oftf-shore environment, and 1 distinguish it as Meleagrinella-
subfacics from typical trigoniid sandstones.

The fine sandstones of the uppermost Niranohzama alternate with and pas-
sing gradually into the dark grey sandy shales of the Hosoura formation. Its
lower part Hi member by SATO, 1957, is composed of well stratificd sandy
shales with considerable amount of sandy intcrcalations and vields Vawugonia
and Variamussium al some localities. Free circulation of waters can be ex-
pected for the lithology. Its main part {Ha, Hl, Hh members by SATO, 1957}
is dark and massive muddy shales and bcars many calcareous nodules at the
top. These members are believed to have becen deposited in more off-shore
and calm environments than the trigoniid-sandstones and Variamussium-sandy
shales. Fossils are never autochthonous in the Hosoura formation but do not
form so crowded beds as in thc Niranohama. Sometimes thin intercalations
of black sandstonc arc observed in Hl and Hh members, and Trigonia, Vaugonia
and some other coastal pelecypods are crowded. In several cases it is very
difficult to determine from field observation whether they are lenticular fossil
beds or reworked pebbles of the underlying trigoniid-sandstone.

Ignoring these pelecypods, the organisms of the Hosoura sea are confined
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to ammonites, belemnites, several thin-shelled pelecypods such as Imoceramus
ts.1.), Pinna, Posidonia and ill-preserved drift woods. Many individuals of
Posidonia form colonies in the upper part. The Hosoura formation was depo-
sited probably on neritic calm bottom, but the abundance of bituminous matter
suggest that the environment was still limited from open sea by a certain
b:arrier. In the Mizunuma area contemporaneous black shales yield some
pelecypods of embayment facies, and trigoniid-sandstone is not developed. It
may imply the presence of a meridional bay which was closed to the south.

The Aratozaki sandy formation covers disconformably the noduliferous
muddy shales of the Hosoura formation. Its basal part (As, member: yields
Cucullaea, Modiolus (Inoperna), Oxvioma, Camnptonectes, Fntolium, Ctenostreon,
Trigonia, Vaugonia, Myophorella, Coelastarte, Tsocyprina, Fimbria \?:, Pholadomya,
minute ammonites, rhynchonellid and massive hexacorals in some small len-
ticular fossil banks along the baszl plane. Oxytomea and brachiopod are espe-
cially common in thin layers of fine sandstone. The generic assemblage of
pelecypods is at a glance similar to that of the upper Niranohama fauna, but
the constituent species are much larger in number, in spite of the smaller
number of individuals. Pectinids and some other pelecypods with relatively
thin shells are common in this fauna and indicate neritic chzracter rather
than littoral. Considering the wide distribution of this fauna in the Kitakami
region, the bio-facies may imply wider and less restricted environment than
the trigoniid-sandstones of the Niranohzma.

The main part of the Aratozaki formation is composed of conglomeratic
coarse sandstones of littoral or deltaic origin, but its palaeoecology is not clear,
since no fcssils are contained except for some cyrenoids in bituminous inter-
calations. The small fauna comprises Avbayashites, Isognomon, Protocardia and
Eomiodon -7 and suggests that a certain local lagoonal condition may bhave
becn produced temporally at the time of the sedimentation of the coarse-grained
material.

The second transgression and inundation in this area are indicated by the
monotonous deposition of the Arato shaly formation. But the scarceness of
fossils except for a few ammonites and inoceramids makes it difficult to ana-
lyze the palacoecology by the change of bio-facies. In the lower part there
are many sandy intercalations on which curious Lebensspuren are sometimes
impressed ‘Pl 1, Fig. 9). ‘T'’hey are probably the crawling prints of a certain
gastropod in shallow sea bottom or tidal flant. The overlying noduliferous
muddy shales are lithologically similar to the uppermost part of the Hosoura
formation, though the size of nodules is much smaller. The main part of the
Arato formation is monotonous sandy or muddy shales and was deposited in
off-shore and calm environment. The litho- and bio-facies are similar to the
Hosoura formation in many aspects, and the two typify the ammonite-facies
in the Kitakami and the Inner Zone of Southwest Japan.

{2) Cyrenoid-facies

Cyrenoid-facies, well typified by the lower Niranohama formation of Shizu-
kawa, Hashiura and Mizunuma, are found at some other horizons in the south
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Kitakami region, showing similarlyJenclosed environments.

In the Tsukinoura formation of Oiika, Kobayashites, Parallelodon, Bakevellia
and FEomiodon form striking fossil banks in bituminous black shales. They
seem to interfinger with Chlemys- and Cienostreon-bearing coarse ferruginous
sandstones towards the southwest, and it is highly probable that the Kobayashi-
tes beds were deposited in a stagnant lagoon which was isolated from an
agitated sea of the south or west side.

The upper half of the Kitakami Jurassic is represented mainly by purely
marine deposits except for some plant beds in the Monec, Kogoshio and Ogino-
hama formations, and cyrenoid fauna has not been found. The Jusanhama
group of the Hashiura area, which may be Lowermost Cretaceous, bears strik-
ingly crowded fossil beds with Filpsina, Crenotrapezium, Protocardia, Corbula i?)
and Cuspidaria i?). The mother rock is not very bituminous, but the bio-facies
is distinctly of this category.

:3) Trigoniid-facies

The gregarious occurrence of trigoniids (mainly Vewugonia and 1lyophorella)
is intimately connected with coarse non-bituminous sandy lithology which
shows littoral and much agitated environment. Such trigoniid sandstones,
typified by the upper Niranohama formation of Shizukawa, are found at many
horizons especially in the Kitakami and Soma Jurassics. The faunas of the
lower Kosaba formation of Karakuwa and the Kodaijima formation of Ojika
are nearly coeval with the Aratozaki fauna of Shizukawa, Hashiura and Mizu-
numa, and bear similar specific assemblages and mode of occurrence. The
trigoniid sandstone of the Kosaba formation seems to pass gradually into Iso-
gnomon- and Lopha-bearing slightly bituminous sandstone towards the north,
and the embayment at that time may have been open to the south. The
trigoniid beds of the Tsukinoura formation is lithologically comparable with
the upper Niranohama, but Chlamys, Ctenostreon and other neritic genera as-
sociate with Vaugonia.

In the Upper Jurassic of Kitakami, trigoniid sandstones are found in the
Tashiro sandstone (upper Kozumi formation) of Ojika and the upper Mone
formation of Karakuwa. AMyophorella (Promyophorella) is the main constituent
of the faunas, and Myophorella (Haidaia), Nuculana and some other neritic pel-
ecypods occur in association in the latter beds. Myoplorella (Promyophorella)
is fairly common in the Kogoshio formation and Nagasaki-Isokusa blocks of
Karakuwa, but it does not form striking trigoniid sandstones and occur in
shales of much finer grain-size together with Grammatodon, Astarte, Pinna
and other neritic {or even pelagic) pelecypods and ammonites.

The sand-grains of this facies are variable in size and mineral assemblage.
The sandstones of the Niranohama and Aratozaki formations are fairly quart-
zose, while the Tashiro sandstone is very arkosic. The difference may be,
however, due to the different states of backland instead of maturity or sedi-
mentary environment, since Upper Jurassic sandstones of Kitakami and Soma
regions are always much more arkosic than Middle and Lower Jurassic ones.

(1) Ammonite facies
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Most individuals of Jurassic ammonites in the Kitakami region have been
found in dark grey or black sandy or muddy shales such as the Hcsoura and
Arato formations of the Shizukawa area. A few specimens are found in sandy
formations such as the Niranohama, Aratozaki and Kodaijima, but they seem
rather accidental. The Samuraihama formation of Ojika and the Tsunakizaka
formation of Karakuwa show similar litho- and bio-facies to the Arato forma-
tion of Shizukawa, Hashiura and Mizunuma. In the Tsunakizaka formation
pelecypods are rare in comparison with ammonites, but lnoceramus and Posido-
niq are fairly common at some localities.

The upper part of the Kogoshio formation of Karakuwa and the main
part of the Kozumi formation of Ojika are composed of black muddy shales
and assigned to this category. But the generic assemblage of pelecypods are
much different from the abhove mentioned ammonite beds of the Lower and
Middle Jurassic. [Inoceramus and Posidonia are unknown, while ammonites
are usually accompanied by rich pelecypods such as Nucwlana (Praesaccelle),
Parallelodon, Grammatodon, Entolium, Limatula, Myophorella, Astavie and Pleu-
romya. Such a generic assemblage is commonly seen in the shaly formations
of the upper Soma and Torinosu groups, and indicates probably lcss restricted
environments than Imoceramus-shales. The Kogoshio pelecypods are mostly
small in size, and the tendency is seen also in the shaly formartions of the
Torinosu group. But it is not due to dwarfing by geographical isolation,
since corresponding spccies are equally small in more sandy formations. The
common occurrence of Variamussium cf. habunokawense and its exclusive tend-
ency as seen in the Isokusa block suggest deep and more or less pelagic condi-
tion. OvaMa 1952 studied thc ecological distribution of pectinids and noted
Propecinussium and Palliorum can survive on deep muddy bottom where Chlamys
and other pectinids cannot inhabit. Similar mode of life can be expected for
Propeamussiwim and Variamussium, judging from the similar shell morphology.
Such an ecology of Veriamussium was studied also in the Torinosu group by
TAMURA '1960d:, and its coexistence with some species of Enfoliun: and Limatula
was announced. Trochocvathus (Platycyathus) is probably another facies-indicator

of outer neritic or bathyal environment for the upper part of the Kogoshio
formation.

3, Pelecypod Facies in the Hida and Nagato Jurassic

In the Jurassic of the Hida region cyrenoid-facies is very predominant,
and bituminous or carbonaceous sandstones and shales occupy the greater part
of all stratigraphical columns. Trigoniid sandstones are comparatively un-
developed in the lower half, though ammonite shales are found in some inva-
sion stages. On the contrary in the Nagato region ammonite-facies is the
most predominant, and trigoniid sandstones are restricted to the basal part,
and cyrenoid-facies is absent at all. Thus the Jurassic fossiliferous rocks of
the Inner Zone of Southwest Japan can be roughly divided also into three
facies, though the proportion among the three is much different among areas.
Since there are only a few common pelecypod species among Kitakami, Hida
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and Nagato, it is difficult to compare the bio-facies with that of Kitakami.
However, as to the relation between the bio- and litho-facies there are many
similar tendencies.

(1) Cyrenoid-facies

Bituminous tor carbonaceous; cyrenoid- and piant-bearing sandstones and
black shales are widely distributed in the Kuruma groﬁp tinclusive of the
Iwamuro and Yamaoku formations) and Tetori group which were sedimented
in intermontane basins. The Kitamatadani, Negoya, Shinatani and Tsuchiza-
wa formations of the Kuruma group bear gregarious Lomiodon beds at many
horizons. Other ubiquitous genera are Mytilus (Falcimytilus), Bakevellia, Iso-
gnomon and Crenotrapezium, and they are frequently accompanied by Clhlamys,
“Camptonectes”’, Radulonectites, ostreids, Cardinioides, Protocardia and Homomya.
These pelecypod beds are often adjacent to plant beds and probably accumulat-
ed under stagnant condition of profound embayment. Since pectinids cannot
inhabit in much decreased salinity, the cyrenoid-fauna may be properly marine
just as the lower Niranohama fauna of Kitakami. But in some cases, only
Bakevellia, FEomiodon and Crenotrapezium form fossil banks. The absence of
pure marine elements in such banks may indicate somewhat unstable salinity.
The abundance of pyrite and chalcopyrite of sedimentary origin in the fossil
beds is noticeable. It cannot be concluded always that the pelecypods are
actually inhabitants in such a reduced condition, for none is exactly autoch-
thonous except for a few doubtful cases. But pelecypods are often bivalved
and free from secondary destruction and water-wear, and their transportation
may be negligible in comparison with other facies.

The cyrenoid beds in the Iwamuro and Yamaoku formations contain similar
pelecypod species to the Kuruma fauna, and the sedimentary condition is
generally considered Lo be nearly the same.

“Corbicuda” beds are commonly found in the Jurasso-Cretaceous Tetori
group. The generic assemblage of the beds is, however, [airly different among
localities, as pointed out by KOBAYASHI and Suzuki (1937). At Ushimaru of
the Makito area “ Corbicula” (Mesocorbicula) and Butissa associate with Ostrea
and some other brackish elements, while at lzuki of the Kuzuryu area main
associated mollusks are Pila, Melanoides and Viviparus, and no definite marine
or brackish genus is found. Anyhow, the smaller number of constituent
pelecypod species and absence of any definite marine element may suggest
restricted environment and much decreased salinity.

2 Trigoniid-facies

Trigoniid sandstone is generally undeveloped in the Kuruma group, but
the non-bituminous sandstones at the passages from ammonite-facies to
cyrenoid-facies show similar lithological aspect to the trigoniid-facies of Kita-
kami. The lower part of the Shinatani formation is composed of well-sorted
fine-medium massive sandstones, yielding Cirlamys, © Camptonectes ” and Oxyloma.
Pectinid-bearing medium sandstone at Kamikawara of the Kuruma area is
also comparable with this facies.

In the Tetori group (Kuzuryu subgroup) trigoniid-facies show local deve-
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lopment in Jinzu, Furukawa, Arimine and Kuzuryu areas, of which the
Kiritani conglomeratic sandstone of Jinzu with numerous valves of Nipponi-
triconia and a few Myophorella, Coelastarte, Nuculuna and Tancredia is the
most striking. Similar assemblage is known also in the Sugizaki formation
of Furukawa. Mpyophorella and Latitrigonia are known in the Yambara con-
élomerate and Yambarazaka sandy formations of Kuzuryu, but they do not
form fossil banks.

In the Toyora region, similar sandstones are distributed in the basal part
of the Higashinagano formation, and represent the initial stage of early Liassic
transgression. As noted elsewhere (HAvaMmi, 1959i;, this formation does not
yield trigoniids but for Prosogyrotrigonia, but the mode of occurrence, generic
assemblage and lithology bear alliances to the trigoniid sandstones of Kitaka-
mi, especially to the lower Aratozaki formation. Hermatypic hexacorals,
brachiopods, columnar stellates of a pentacrinid and highly ornamented
gastropods are associate with the pelecypods in the fossil banks. The pre-
dominant pelecypod genera of the sandstone are Parallelodon, Grammatodon,
Chlamys, * Aequipecten”, Entolium, Plicatula, Plagiostoma, Liostrea, Cardinia,
Lucina and Sphaerviola. No intact specimen of pelecypod is found, and thin
pelecypod shells and apertures of gastropods are often broken. The fact
suggests that the sedimentary condition is attributable to fairly agitated
littoral and/or neritic bottom. The fossiliferous sandstone merges upwards
with finer bluish sandstone of more off-shore origin which contains sporadical-
ly Meleagrinella, Oxytoma, Fntoliwm and Plagiostomma. This subfacies may be
ecologically corresponding to that of the Meleagrinelia sandstone of the upper-
most Niranohama formation of Kitakami.

3,  Ammonite-facies

Ammonites and inoceramids are fairly common in the Hida and Nagato
regions, and their occurrence is properly confined to this facies characterized
by dark grey or black sandy of muddy shales. The lithology is almost equal
to the ammonite-facies of Kitakami, but in these two regions there are some-
what deviated subfacies characterized by the common occurrence of posidoniids,
pectinids, myacids and aptychi.

In the Kuruma group of the Hida region the Teradani and Otakidani
ammonite-bearing silty shales wedge themselves into the sequence of bitumin-
ous rocks (KOBAYASHI et al, 1957). They constitute two inundation phases.
Inoceramids and posidonids are unknown at present in the formations, but
the pelecypod faunules consisting of Variamussium? and Plewromya in the
Teradani and of Geratrigonia and Oxytoma in the Otakidani are quite different
from other faunules of the Kuruma group. The Y. beds of the Yamaoku
formation (Koxisn1, 1954; bear Nucwlana, Meleagrinelle and some marine pele-
cypods, and lithologically belong to this facies.

. The ammonite-facies developed in the Toyora group where the Lower to
Middle Jurassic sequence is mostly occupied by ammonite- and inoceramid
bearing muddy shales. The Nishinakayama formation is generally rich in
ammonites and inoceramids umainly Parainoceramus), and comprises also some
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characteristic aptychi- and Amonotis-shales at definite horizons. A considerable
amount of thin valves of Admonotis are concentrated in a thin layer of the
e

lower Nishinakayama formation (Ne beds) (Pl 1, Fig. 7. The aptychi-shales
in Ne and Ng beds show similar appearance :Pl. 1, Figs. 2, 3,4;. Thin valves
of Purainocerwsnus and small ammonites occur in the shales, but no larger
organism with heavy test is found in association. The lithology of the
Amonotis- and aptychi-shales is well characterized by the numerous thin
whity silty layers which alternate frequently with greyish muddy part and
cause the high fissility of the rocks. The Posidonia-shales in the Up beds of
the lower Utano formation (Pl. 1, Fig. 6) is not so fissile, but the fossil occur-
rence is very similar to the above cases. It may bec rather inadequate to
compare their sedimentary conditions to the * Aptychienschiefer” and
“ Posidonienschiefer ” in Swabia and some other areas of Western Europe,
whose petrography and bituminous matler have been precisely studied by
many authors. But it is certain that these subfacies indicate very calm and
stagnant bottom condition of an inland sea, where only thin shells such as
aptychi could be differentially derived from their habitat.

The main part of the Utano formation yields some plant fossils, but is
mostly occupied by marine sandy shales which contains inoceramids and a
posidoniid in the upper part.

The Kaizara and Yambarazaka formations and their comparable marine
strata are extensively distributed in the lower Tetori group Kuzuryu sub-
group) of the Hida plateau region. Perisphinctoids occur fairly commonly in
the silty or muddy shales. Inoceramus seems to have adapted to the environ-
ment, and many individuals are found at many localities. But the specific
assemblage is quite different among Kaizara, Nagano, lower Mitarai and
Sugizaki formations. As noted before (Hayami, 1960c), small forms are pre-
dominant in the Kaizara and Nagano formations of Kuzuryu, while the Mita-
rai forms are quite large and inequivalve and remind at a glance one of cer-
tain Cretaceous species. The pelecypod fauna of the Mitarai formation
(Havawmi, 19591, g) is the richest one in the ammonite facies of this country.
It consists of Solemya, Nuculopsis (Palaeonucula), Palaeoneilo, Modiolus, Pirna,
Oxvtoma, Chlamys, Camptonectes, Entolium, Limatula, Protocardia, Pleuromya,
Tetorimya and Thracia besides Inoceramus. The absence of trigoniid and
scarceness of heterodont pelecypods with thick tests are noticzable. A whity
tuffaceous siltstone is inserted in the middle part of the formation, where
Modiolus, Pinna and Tetorimya occur sporadically showing autochthonous
occurrence, as illuminated by MAEDA (1952b;. Pectinids and myacids are more
predominant in the dark muddy shales of the upper part. These pelecypods
were probably fond of calm, muddy and somewhat deep bottom of inland sea.

4; Ecological distribution of pelecypod genera*
The occurrence of the following pclecypod genera is confined to some

* The mode of occurrence of many Upper Jurassic pelecypods in the Soma and
Torinzsu groups studied by Taymura (1959, etc.) is also teken into consideration.
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definite sedimentary environment, if a few exceptional cases are ignored.

Parallelodon {s. s.) and Cucullaex (s. 1.} are most common in gregarious
trigoniid sandstones, but Grammatodon is found also in more off-shore facies.
Parallelodon (Torinosucatella) is restricted to open-sea environment. All genera
are quite rare in cyrenoid-facies. '

Modiolus occurs in various facies, but Modiolus (Inoperna) could live in
coastal environment of purely marine waters and Mytilus (Falcimytilis) is
most predominant in embayment condition of somewhat unstable salinity.

Bakevellia shows a marked development and attain large size in the
bituminous shales and sandstones of deep embayvment facies in Kitakami and
Hida regions, and almost always associate with FEomiodon and mytilids.
Triassic and Cretaceous bakevelliids in Japan often occur in purely marine
deposits and even in limestones, bul in the Jurassic such an occurrence is not
found.

Isognomon lives at present in littoral or neritic clear water of tropical and
subtropical seas. Jurassic species except for subgenus Mvi[operna, arc probably
sessil benthos as Recent ones in view of the wide byssal gape, but their
occurrcnce is restricted properly to bituminous cyrenoid-facies and only a few
specimens were found in trigoniid- and ammonite-facies. Inoceramus and
Parainoceranuss are, on the contrary, most common in neritic silty shales and
often associate with ammonites and Posidonia.  Only a few specimens are
“found in trigoniid sandstones such as the lower Aratozaki and Kodaijima
formations. It is a marked tendency that these thrce genera are absent at
all in the calcareous facies of the Outer Zone of Southwest Japan.

Oxytoma and Meleagrinella form characteristic communities in neritic fine
sandstones which seem to be slightly more off-shore than normal trigoniid
sandstones. A few specimens are known in neritic silty shales.

Entolium and Variamussium are 'probably free-swinming scallops. The
former is common in various neritic sandstones and shales, but the latter is
restricted to more or less pelagic off-shore deposits. Chlamys and Camptonectes
are neritic inhabitants but sometimes occur in trigoniid sandstones and even
cyrenoid shales. Plicatula seems a stenopic group since it is very common in
certain trigoniid sandstones but quite rare in other facies.

The occurrence of Plagiostoma and Ctenostreon, Which are believed to have
adhered to certain objects by means of byssi, is restricted to littoral and
neritic sandstones, and trigoniids and pectinids are often found in association.
But limids may be generally more stenohaline than pectinids in view .of the
absence of the former in the cyrenoid facies. Free swimming Limatula may
have lived generally in more off-shore environment than other groups of the
Limidac, and often is accompanied by Futolium and Varignuessium.

Geratrigonia could live exceptionally in profound embayment condition
altogether with Bakevellia, Isognomon and Fomiodon, but olher trigoniids are
r.estricted to purely marine conditions and form striking banks in agitated
llttorfil coarse sandstones. ‘They are also found in neritic shaly sediments,
but it seems a general tendency that trigoniids in shales are smaller in size
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than those in sandstones.

Cardinia and Coelastarte occur in littoral and neritic sandstones with
trigoniids, prionodonts and other pelecypods with heavy tests. Astarte seems
more euripic but their occurreace is restricted to pure marine deposits and
unknown in cyrenoid-facies. Most species hitherto listed as Astarte from
such embayment facies, if they have concentric sculptures, may be referable
to Fomiodon and some other genera of the Neomiodontidae.

Eomiodon is characteristic in bituminous shales and sandstones of deep
embayment origin, and quite ubiquitous in the Lower and Middle Jurassic
cyrenoid-faunas of Japan. The genus must have been able to adapt to un-
stable salinity. Crenotrapezium, Filosina and Yokoyamaina may have lived in
similar environments. “ Corbicula” (Mesocorbicula) and Batissa in the Tetori
group are probably brackish or non-marine inhabitants, since it never associate
with definite marine organisms.

Myacids with thin tests probably cannot adapt to much agitated condi-
tion. In view of their deep pallial sinus and mode of occurrence, they seem
to have adapted to soft bottom of calm environment. Pleuromya, Pholadomya
and Teforimye occur in neritic silty or muddy shales, and Burmesia and
Thracia seems quite

Cuspidaria i?; in bituminous shales of embayment facies.

euripic but occurs always in shales.

ECOLOGICAL DISTRIBUTION GF SOME JURASSIC
PELECYPOD GENERA IN JAPAN (schematized)
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According to TAMURA’s and my observations on the Soma and Torinosu
pelecypod faunas, Entolium, Variamussium, Limatula and Ctenoides are common
in shaly part, Plagiostoma, Camptonectes, Plicatula and large species of tri-
‘goniids in sandstones, and pteriids and Neoburmesiz in marly or limy rocks.
Grammatodon, Astarte and Protocardia occur in various rock-types. Though
the generic assemblage of the Soma-Torinosu fauna is much different from
those of Kitakami and the Inner Zone, there are many similar tendencies
about the ecological distribution of pelecypods. The tendencies also agree to
a certain extent with GIGNOUX’s observation (1926) on the European Jurassic
pelecypods.

The ecological distribution of above mentioned pelecypod genera in the
Kitakami, Hida and Nagato Jurassics is summerized in Fig. 2. The grain-size
of mother rocks, which may reflect the nature of bottom, is an easily deter-
minable factor (vertical axis). The degree of environment restriction (hori-
zontal axis) is presumed from the maturity of grains, the ratio of ammonite/
pelecypod, bituminous matter and mode of fossil occurrence, and the determi-
nation may be inevitably more or less subjective. But the distinctness of
lithology and bio-facies among ammonite- (neritic), trigoniid- (littoral) and
cyrenoid- iembayment) facies are fairly clear in the Jurassic areas dealt with
in this paper, and it can be well ascertained from many stratigraphical
columns that the trigoniid-facies appear at the passages from cyrenoid-facies
to ammonite-facies and vice versa.
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IV. DIalaeobiogeography

In Japan Jurassic sedimentary besins are highly localized. The fauna of
each sedimentarv region bears many characteristic elements and is clearly
different from those other regions. It may be partly due to the heavy
dependence of pelecypod distribution on sedimentary facies, but must be
dependent also upon certain biogeographic isolation. Since the distribution is
much related to litho-facies, the assemblages of pelecypod genera, which are
summerized before, seem to represent to a certain extent some physico-
chemical states of sedimentary environments idepth, bottom nature, salinity
and state of water agitation:. On the other hand, similar specific assemblages
between two isolated regions must imply an intimate sea connection. If one
finds two contemporaneous faunas of isolated basins are composed of similar
genera and subgenera but quite different in specific assemblage, one can
generally consider that their biogeographical connection is not intimate. In
this article 1 estimate the faunal connections among various Jurassic sedi-
mentary basins based on SIMPSON’s indices for faunal resemblance, and discuss
the palaeobiogeography in relation to the Jurassic surface feature of Japanese
islands which can be deduced from many stratigraphical points. I intend also
to make a brief review on the distribution and characters of the Jurassic
pelecypods in the Indo-Pacific regions on the basis of many previous works.

1: Palaeobiogeography of Early Jurassic Sea in Japan and its Surroundings

It scems reasonable to consider the Jurassic biogeography of Japan
scparately in the early (Hettangian-Aalenian;,, middle :Bajocian-Bathonian:
and later :Callovian-Berriasian) periods.

SATO :1956: noted that the Liassic ammonite faunas of the Toyora, Ku-
ruma and Shizukawa arc composed of fairly different elements, and that the
localization must be explained by the discrepancy of sedimentary period or
the sea conncction with different trends. The Pliensbachian and Tearcian
ammonites of the Toyora group (MATSUMOTO and OxNoO, 1947. bear a con-
siderable amount of Tecthyan (especially Italian} elements such as Fontanel-
liceras and Fuciniceras (ARKELL, 1956.. The Pliensbachian ammonites of the
Kuruma group are the mixture of a Tethvan clement, Canararia, and a boreal
one, -Lnaltheus (SATO, 1955). The Sinemurian and Aalenian ammonites of the
Shizukawa group is generally represented respectively by Aruioceras and
Hammatoceres which are common in the southeastern Asia and some other
areas of Pacific region. Bajocian and Aalenian ammonites of Alaska are said
not to be boreal, and SATO (1956; noted the Tmefoceras fauna of thc Hosoura
formation shows marked affinitics wilth those of south Alaska.

Similar lecalization is seen also in the Liassic pelecypod faunas. The
pelecypod faunas of the Shizukawa, Kuruma and Toyora groups are respec-
tively composed of 40, 52 and 48 forms (inc uding species, subspecies, and
varicties:. However, there are only a few comparable species among the
three groups isee Table 5). FEomiiodon vulgaris occurs commonly in the cyrenoid
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shales of the Shizukawa and Kuruma groups, and Enfolium cf. calvwm does in
the neritic sandy facics of the Kuruma and Toyora groups. But most other
pelecypods are endemic in each sedimentary region. These three palaeobiogeo-
graphical provinces seem distinct in Early Jurassic times. The Kitakami pro-
vince is well characterized by the prolific occurrence of Geratrigonia, Vaugonia
and other trigoniids. The appearance of Vawugonia already in the Lower Lias
is a striking feature in the Kitakami province. To the bituminous embayment
conditions may have adapted Bakevellia, Isognomon, Modiolus and Eomiodon
and somc aberrant genera such as CGeratrigonia and Yokoyamaina. It is of
special intcrest that Burmesia, which is characteristic of Lthe Noric-Rhaetic of
Upper Burma, Indochina and Moluccas, occur in the basal part of the Kitaka-
mi Jurassic. If the resemblance of Sinemurian and Aalenian ammonites be-
tween Kitakami and Moluccas is also considered, the sca of Kitakami may
have been intimately connected with the southwestern Pacific region.

In the Kuruma faunal province the cyrenoid faunas show a splendid
development, adapting to the bituminous environment of profound embayment.
Bakevellizx, Tsognomon, Vivtilus (Falcimytilus), Eomidon and Crenotrapezium are
represented by many forms and quite abundant, forming gregarious fossil
banks. The generic assemblage is similar to the cyrenoid fauna in the simi-
lar facies of the Kitakami province, but the greater part is specifically distinct.
The scarceness of cosmopolitan elements and predominance of specialized
genera and species suggest a restricted province for the Kuruma fauna.
Cardinioides and Radulonectites are two endemic genera of this province. The
former genus is restricted to the Inner Zone also in Upper Triassic times.

The lower Liassic Higashinagano fauna of the Toyora province bear some
cosmopolitan elements such as Oxytoma inequivalvis, O. cf. cygnipes, Chlamys
textoria, Entolium cf. calvum, E, cf. lunarve and Praeconia cf. telragona. These
species were originally described in Europe, and some of them later reported
from the Lias of Madagascar, Moluccas, Amur, Sichota Alins, Alaska, Alberta,
Nevada, Neuquén and some other regions of thc world. Other Higashinagano
species are mostly new, but thcir allied species are frequently found in the
Lias of Europe, North Africa and Pacific regions. The resemblance of the
pelecypods to the Amur fauna described by KipaRIsSOvA (1952) is noteworthy,
since the connection of the Toyora sea to the north has not been reported.
The Tethvan similarity of the Pliensbachian and Toarcian inoceramids and
posidoniids agrecs well with that of the ammonite fauna. The flourish of
Posidonia and Pardinoceramus in the upper Lias is known also in the western
Tethys region especially in Alps and Caucasus. In the eastern Tethys region,
however, Liassic fauna is not represented enough to discuss further the sea
connection between castern Asia and Europe.

If the occurrence of Haugia japonica (NEUMAYR) from * Mitoda of Sakawa
basin” is erroncous, there is no indication for the presence of Lias in the
Outer Zone of Southwest Japan. But in view of the similar assemblage of
':[‘orinosu pelecypod genera to Higashinagano, Liassic pelecypods, if discovered
in the Outer Zone in future, may be composed of similar elements to the
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Higashinagano fauna.
SiMPSON (1959 mentioned several indices to express the degree of faunal
resemblance between two isolated areas and discussed their adequacy in vari-

ous cases. One of his indices, —1—9£, is introduced here and calculated about

N,
the faunal resemblance among Lower Jurassic pelecypod species and genera
(independently: of Shizukawa, Iwamuro, Kuruma, Yamaoku and Toyora areas.
Here N, is the number of constituent species (or genera) of smaller fauna, and
C is common species for genera) between two faunas. Comparable species,
subspecies and doubtful occurrence are counted as 0.5. In Table 5, the nu-
merator is the index of specific resemblance and the denominator of generic
resemblance. In this case, it is safely concluded that the Toyora fauna is
quite different from other faunas both in specific and generic assemblages.
The Shizukawa fauna is fairly similar to the Kuruma in generic assemblage
but specifically quite different. The Iwamuro and Yamaoku faunas, though
their constituents may be too small to discuss the palaeobiogeography, scem
to be quite intimate to the Kuruma fauna.

Table 5.
FAUNAL RESEMBLANCE IN THE LOWER JURASSIC

species _
fauna genera Shizukawa | Iwarmuro | Kuruma | Yamaoku | Toyora
, 40 ! 2 ] 0
SHIZUKAWA | —7 2 15.5 4 7.5 gg
[
5 200 3 3 0 &8
IWAMURO 5 400 Z 3 0 5|5
52 50 | 600 3 7 S
wrRMA | 55~ | 556 | oo | 358
6 167 | 600 | 500 0o |33
YAMAOKU | 76~ | 667 | 00 | €67 L
48 0 0 21 0 2|2
TOYORA 37 778 J 308 | 167
0
Simpson’s formula _10N_C
]

2. Palaeobiogeography of Middle Jurassic Sea in Japan and its Srroundings

The Bajocian Aratozaki fauna of Kitakami bears some allied forms to
cosmopolitan species, such as Oxytoma miinsteri, Camptonectes auﬁtus, Entolium
disciforme and Ctenostreon proboscideum. But the occurrence of Vawgonia (s.s.
and Hijitrigonia), Cucwllaea and Coelastarte, some of which are hardly distin-
guishable from the species of the lower Liassic Niranohama formation, reminds
one of the peculiarity of the Kitakami province in the Lias. Inoceramaus morii
from the Aratozaki and 7. cf. /ucifer from the Tsunakizaka formation are
intimate respectively to I. swbambizuus from the Aalenian of Okhotsk and I
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[uciter from the Bajocian of Alaska and Prince Patrick. In this period ste-
ph2noceratids seem to have travelled far to the northern area, and there may
have been certain temporal faunal connection with those regions. Middle
jurassic pelecypod faunas seem rather rare in other regions than Kitakami
'mountainland. A trigoniid fauna of the Bajocio-Bathonian Awazu formation
of Soma comprises Vaugonia. Latitrigonia, Ibotrigonia and Nipponitrigonie, and
is morc akin to Upper Jurassic faunas than Lower Jurassic ones in gcneral
aspect. TOKUYAMA 1958) noted that the brachiopod fauna of the Narakani
formation of the Sakawa basin is of Bajocio-Bathonian, but associated pele-
cypods are too poor to be regarded as the representatives of the fauna on the
Pacific coast. It is of special interest that Imoceramus wutanvensis from the
upper Utano formation of the Toyora area is prabably conspecific with 1.
pvstatvmensis from the Bathonian of Lena. It may be an element of boreal
sea, éincc its allied species such as I. refrorsus seem very characteristic in
the Bathonian-Callovian of Siberia and Greenland. But no associated species
with the Inoceramus are known in the upper CUtano formation, and the
palaecbiogeographical relationship with other rcgions cannot be further

discussed.

3) Palaeobiogeography of Late Jurassic Sea in Japan and its Surroundings

The late Jurassic sedimentary areas are much diffcrent from early Jurassic
ones. Four palacobiogeographic provinces are distinguished in the Upper
Jurassic of Japan: they are Kitakami, Hida :Tetori;, Soma and Torinosu
provinces,

In many areas of the Kitakami region the Middle and Upper Jurassic overlaps
the Lower, and marine realm was much more extensive. But the number of
pelecypods is rather inferior to the Lower both in species and individuals. It
is probably becausc of the scarceness of embayment and littoral deposits
where normal pelecypeds are most common. The Upper Jurassic pelecypods
of Kitakami arc quite different from those of the Hida region {Tetori group)
except for Myophorella (Promyophorella) orientalis, but bear many similar
elements to the Soma and Torinosu faunas. Ayophorella (Huidaia) crenulata
from the Mone formation of Karakuwa suggests the similarity of the Mone
fauna to that of the “ Lima-sandstone” of the Nakanosawa formation in Soma.
The Tithonian and Berriasian pelecypods of the Kogoshio formation bear
many common or comparable species to the faunas of the Nakanosawa and
Koyamada formations of Soma, Kurisaka formation of Sakuradani-Kito, Yatsuji
formation of Sakawa and Sakamoto formation of Kuma, such as Parallelodon
(Torinosucatella) kobavashii, Grammatodon takiensis, Nuculana (Praesaccella) sp.
eX gr. vatsushiroensis, Intolium kimurai and Variamussium cf. habunokawense,

ARKELL 1936, p. 429, 599 noted that lower Kimmeridgian Mexican am-
monite, [doceras, occurs in the Arato formation of Shizukawa, and emphasized
the uninterupted sea-connection across the Pacific. SATO {1958 suggested the
generic assemblage of the Tithonian-Berriasian ammonites from the Kogoshio
formation is similar to that of Mexico. And similar assemblages were sub-
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sequently reported from Colombia (HaAas, 19560: and Peru (RIVERA, 1951, Diaz,
1959:.. Therefore, the Upper Jurassic sca of Kitakami muslL have been in-
timately connected with the Torinosu sea and Pacific ocean at that time.

The pelecypod fauna of the Tetori group is, however, quite different from
those of Kitakami, Soma and Torinosu except for a few trigoniids. The
neritic species from the Mitarai formation of Makito, as 1 11959f, g: described
in detail, bear some comparable forms to the Upper Jurassic iand Lower
Cretaceous; of Western Europc, Ural, Lower Yenisei and Alaska. Considering
also the occurrence of Kepplerites (Sevmourites) from the Callovian Kaizara
formation, the Tetori fauna is composed in part of boreal species. Inoceramus
cf. nitescens from the Nagano formation and Pinna sp. ex gr. sanssfootensis
from the Mitarai resemble Corallian specics of England, but most other
species, especially the cyrenoids™ in the embayment facies, seem indigenous Lo
the Tetori bazin. As to ammonites, two forms from the Arato and Ogino-
hama formations of Kitakami have been compared respectively with Kepplerites
(Seymourites) acuticostum and Kranaosphinctes matsushimai from the Callovio-
Oxfordian of the Kuzuryu arca.

As discusscd precisely by Tamura .1952d, 1960a-c), the Upper Jurassic
pelecypod fzunas of the Nakanosawa and Koyamada formations of the Soma
group are intimate with the Torinosu fauna of Shikoku and Kyushu. 61
Soma species and 76 Torinosu species were described by YABE and SATO
(1942), KIMURA 1951, 1956} and TAMURA (1959a-d, 1960a-d), of which 25 species
occur in common between the two provinces. Morcover, Modiolus bipartitus,
M. (Inoperna) plicatus, Arcomytilus laitmairvensis, Pinna wmitis, Caemptonectes
brownsi, Myopholas acuticostate, Pholadomya somensis and Homomya gibbosa are
known widely in the Upper Jurassic of Europe, Somaliland, Kenya and Cutch,
and the occurrence of identical or comparable specimens with them in the
Soma and Torinosu groups is quite important for palaeobiogeographical con-
sideration. KRUMBECK (1905) pointed out that the several species of Cidaris,
Terebratula, Alectryonia (=Lopha) and Nerinea in the Torinosu limestone are
identical or allied to those of the “ Glandarienkalk ” in Lebanon. Although
none of the Glandarienkalk pelecypods is as yet found in Japan, the generic
assemblage seems similar to the Soma-Torinosu fauna. It is, however, a
marked difference between the Torinosu and Etyopian provinces that FEligmis-
Gryphiaea fauna is unknown in the former. The generic assemblage of trigo-
niids is also somewhat different. Trigonia 1s. s.\, Indolrigonia, Laevitrigonia,
Iotrigonia and Pterotrigonia flourished in the Upper Jurassic (especially Argovian
and Tithonian: of Cutch (KiTCHIN, 1903 ; CoX, 1952), but those genera are unknown
in the Upper Jurassic of japan. On the other hand, Latitrigonia, Myopihorella
(Promyophorella and Haidaia), Linotrigonia and Nipponitrigonia which often
form trigoniid banks in the Soma-Torinosu province and sometimes in Tetori

* “Corbicula” tetoriensis KonavasH! and Stuzuki was announced from the Sichota
Alins region, but the specics was said to ccexist with some elements of the Lewer
Cretaceous Ryoseki fauna.
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basin, but scarcely known in Cutch and Etyopian province. It may be rightly
concluded that the Soma-Torinosu fauna includes many characteristic genera
and species of the Pacific region besides a considerable amount of Tethyan

. clements.
Table 6.
FAUNAL RESEMBLANCE IN THE UPPER JURASSIC

species ishiori ‘
fauna —genera S:é‘j-’;;g/ Soma Tetori Torinosu
SHISHIORI 26 45 7 ¢ g|w
+ OJIKA 19 12 9 1% & g
69 17.3 2 25 g g’
SOMA %2 632 iz 25__|£|E
43 38 L7 ! gl8
TETORI 526 %83 0|33
77 154 362 2.3 I
TORINOSU 40 73.7 65.0 34.5 2|2
, 100C
Simpson's formula —ON—

Siap3oN's indices :Table 6; calculated among the four Uwnper Jurassic
faunal provinces of Japan seem to reflect well the sea conncction among the
Kitakami, Soma and Torinosu provinces and also the isolation of the Tetori
fauna from those of Pacific sidc.

Examining widely distributed species in detail, it is noticed through the
Jurassic that most of them occur in neritic sandy or czlcarcous facies except
for a few comparable forms to foreign specics in muddy facies. The lower
parts of the Higashinagano, Aratozaki and Nakanosawa formations, which
bear the grezter part ef cosmopolitan species in Japanese Jurassic, are com-
posed similarly of fine to medium-grained sandstones :sometimes calcareous,
which were deposited on shallow bottom under free circulation of waters. On
the other hand, in restricted basins such as Kuruma and Tetori, conditicns
were apt to become peruliar and unstable, and cosmopolitan elements could
not settle, notwithstanding the fact that several specialized genera and species
show striking local development.

4) ““Eo-nippon Cordiilera® and its bearing on the Jurassic palaeobiogeo-
graphy
Korayasit (1941, 1947) opined that “ Eo-nippon Cordillera” appeared by
the Rhaetic Toyogatake and the Middle Jurassic Hida emergences in relation
to the Sambagawa metamorphism and prc-Ryoseki intrusion of the Sakaw
orogenic cycle. He noted further that the Jurassic litho- and bio-facies in the
Inner Zone of Southwest Japan are much different from those of the Outer
Zone, and that the Eo-nippon Cordillera ” formed a land barrier between the



296 I. Havawn

two sedimentary suits, just as the * Vindelizische Gebirge” between the
Alpine and German facies in Triassic pzriod.

In fact, the Upper Jurassic faunas of the Tetori group are different in
many respects from those of the Soma-Torinosu groups. Reef-building
hexacorals, stromatoporoids, calcareous algae, Cidaris, Nerinea and brachiopods
are common in the calcareous facies of the Soma-Torinosu groups, but scarce-
ly met with in the Inner Zone. The faunal discordance is well reflected also
in the generic assemblage of pelecypods. In the Soma-Torinosu faunas Paral-
lelodon (Torinosucatella), Grammatodon, Mbpodiolus (Inoperna), Pteroperna,
“ Aequipecten”, Somapecten, Variamussium, Ctenostreon, Clenoides, [xogyra,
Mvyophorclla (Haidala), Opis, Pholadomya, Neoburmzsia and Goniomya are im-
portant constituents, but those genera are scarcely found in the marine beds
of the Inner Zone. On the other hand, the important genera of the Tetori
marine fauna such as Nuculopsis { Palazonucula’, Oxytoma, Inocevamus, Posidonia
and Teforimvya, are unknown in the Outer Zone. Mbodiolus, Pinna, Chiamys,
Entolinm, Limatula, Protocardia, Thracia, Pleuromya and Soleniva were described
commonly in the two suits, but are represented by quite different and un-
related species. A similar tendency is found in the ammonite faunas: none
of the Tetori ammonites was ever found in the Torinosu and Soma groups,
though the main ammonite beds of the Tetori group may be slightly older
than thosc of the Quter Zone.

The Oxfordian Kiritani and (?) Sugizaki formations of the Hida region
show somewhat unique bio-facies in the Inner Zone. As noted by IMAMURA
{1933, 1959. and KoBavasHI (1956, the former formation bears Nipponitrigonia
sagawai which is common in the Soma-Torinosu groups. The fossil occurrence
seems to me fairly similar to the shell banks of the Kambaradani sandstone
of the Torinosu group in the Sakawa basin, though the age of the Kiritani
beds is probably older than the Kambaradani. For the similarity KOBAYASHI
(1947 presumed the presence of “ Kurisaka channel” which crossed diagonally
the Eo-nippon Cordillera and stretched from eastern Shikoku to the Tetori
basin, But the presence of the channel cannot be endorsed by other ammonite
and pelecypod species.

The Upper Jurassic fauna of the Kitakami province is intermediate be-
tween the Tetori and the Soma-Torinosu provinces in many respects. The
Callovian and Oxfordian faunas from the Arato and Oginohama formations
bear Sovinourites, Kranaospiiincies, Tnoceramus and Posidonia, and is quite
different {rom the Soma-Torinosu faunas, while the Kimmeridgian .?, Tith-
onian and Berriassian faunas from the Mone, Kogoshio and Kozumi formations
show marked similarity to the non-calcarcous formations of the Quter Zone.
It can be rcadily imagined that the Tetori and Torinosu seas were connected
in North Japan where the “ Eo-nippon Cordillera” decreased its height.

The significance of the ‘“Eo-nippon Cordillera” on the Jurassic biogeo-
graphy is thus very important. The Recent molluscan communities of the
Japan Sea coast is fairly different from the Pacific coast, but the Jurassic
biogeographical isolaticn is no less striking than th¢ Recent case.
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The development of the land barrier can be traced back into Early Juras-
sic times. Since no Liassic fossil is known in the Quter Zone, it is now
difficult to make clear the faunal isolation in Early Jurassic times. But if
one presumes that the Liassic fauna in the Outer Zone is composed of similar
genera to the Soma-Torinosu faunas, the more or less specialized pelecypods
of the Kuruma and Shizukawa groups must be extraneous from the Outer
Zone. The similarity of the Iwamuro and Yamaoku faunas to the Kuruma
fauna suggests that the land barrier at that time was situated somewhat
more southwards than the present watershed. The generic assemblage of the
Higashinagano pelecypods is fairly similar to the Torinosu fauna, though
none of them is actually conspecific. Among 27 genera of the Higashinagano
fauna, 5 are extinct already by the Upper Jurassic and 15 are represented
also in the Soma-Torinosu fauna sometimes by intimate (probably descendant:
species. Taking the Tethyan similarity of the Upper Liassic ammonites and
inoceramids into consideration, the Toyora sea was situated near the western
end of the land barrier and opened mainly to the south. The sea may have
connecled also to the Kuruma basin and further to the Amur geosynclinal
region, passing through the rear side of the land barrier.

The Upper Triassic faunas of the Inner and Outcr Zones of Southwest
Japan have been analized enough to consider the biogeography. The Carnic
faunas of the Mine, Nariwa, Nabae and Kochigatani groups have several
characteristic elements in respective areas but at the same time intimately
connected with onc another. The Mine group in the Inner Zone is more than
10 times thicker than the contemporaneous Kochigatani group of the Outer
Zone, but there are many common pelecypods between the two regions. The
Noric fauna is not yet completely analyzed, but the Lntomonotis fauna seems
to have sprcad very widely both in the Outer and Inner Zones. Therefore,

Tublz 7.
DISTRIBUTION OF MESQZOiIC CYRENOID(PLANT) BEDS
tectome T : . iQuter Zone of
N omee Inne; Zone | Kitakami (féé?k;(ﬂl) SWapan &|
age S.W Japan (west belt) | and Soma Not"afll;'gm’,m"
Lower Yoshimo Q¢unato Monobegcwa'
Ozroma Ryosek:
Cretaceoys | Tochio Jusenhama " 4 awa | Omoto
lzuki (Kogeshio)
Upperv Nurmamacht (Mone)
Jurassic Ushimcru (Oginohama)
Middle Toch'kube)
. Hatsuno
Jurassic Argtozaki | Tsukinoura -
lwamuro
Lower g’dmﬂotku_
ninatani :
Jurassic Negoya Mizunuma
Kitamdtadani| Niranohama
Upper | (Nariwa)
Tri . Mine
riassic
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Teble 8.

DISTRIBUTION OF MESOZOIC TRIGONIID SANDSTONES
(TRIGONIID-BEARING BEDS)

tectonic / : : : ; 2
nner Zone | Kitakami Kitakami Outer Zone
province of aka Soma of
age SW Japan (west belt) | (east belt) SW Japan
Lower (Oshima)
Cretaceous {1 sokusa) Yamanokarmi
(Nagosaki)
Yambara . Kambaradani
Upper Sugizaki Kogoshio Koyamada (Sakamoto)
J e Arimine Tashiro Nakanosawa | (Kuriscke)
rassIe | ) aka Mone Yamagami | Yatsuji
Middle _ (Awazu)
. Tsukinoura
Jurassic Arctozaki Kosaba
Lower (Otakidani) | (Hosoura) Kodaijima
Jurassic Higashinaganol Niranohama
Upper Hek!t
,ép ) (Nabae) (Usugatani)
Triassic (Mine)

KoBavasur’s opinion that the Eo-nippon Cordillera was developed by the
Rhaetic Toyogatake and succceding emergencies can be well endorsed from
the palaeobiogeographical point of view.

IL is interesting to see the zonal migration of cyvenoid-bearing embayment
facies from the Inner to the Outcr Zone :Table 7. Gregarious fossil banks
with FEomiodon and some other cyrenoids appeared aiready in the lower Lias
in the Hida region and the western belt of Kitakami, and .\nodontopiore banks
in the Carnic of the Nagato region show similar bio-facies. In the eastern
belt of Kitakami and Soma the first appearance of eomiodontids can be dated
as Bajocian. In the Outer Zone of Southwest Japan and northern Kitakami
region the development of such cyrenoid-facies is unknown until the Lower
Cretaceous Ryoseki epoch. A similar tendency is found as to the distribution
of plant beds. Upon KOBAYASHI’s suggertion O1sHI divided the Mesozoic floras
into the “ Rhaeto-Liassic Dictvophvllum suit™ and the * Wealden Onvchiopsis
suit”. Many floras belonging to the former suit occur in the Triassic Mine,
Nariwa and Shidaka groups and the Liassic Kuruma, Iwamuro and Yamaoku
formations of the Inner Zone, while the suit is unknown in the Outer Zone.
The first striking flora in the Outer Zone is found in the Lower Cretaceous
Ryoszeki group. T'he discrepancy is, 1 think, attributable to the different
topographical state of the two zones in the Jurassic times; that is to say,
intermontane and deep embayment conditions did not predominate in the
Outer Zone where the foregone Akiyoshi orogeny gave le:s effect than in the
Inner Zone.
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5 Distribution of Jurassic Pelecypods in the Indo-Pacific Regions

[ intend to make a brief review on the distribution, ascemblage and main
previous works of the Jurassic pelecypods in the Indo-Pacific regions, which
[ could refer to for this studv. For convenience I divide the regions into
'several provinces in accordance with ARKELL's division 1936

1- Indian Pcninsula and Himalayas :Cutch, Baluchistan, Attock, Ferghana,

Karakorum, Spiti and Upper Burma)

Since QprrEL '1863: and STOLICZKA (1866) described some Jurassic pele-
cypods from limalayas, many important works were pnblished by European
authors.

Nuwcwlopsis  Palasonucula’, Inoceramus, Awcella, Lima mainly Plagiostoma
and Linatula), Trigonia, Astarte and some other thin-shelled pelecypods from
the Spiti shales were monographed by HoLpHAUS (1913.. The fauna is some-
what similar to those of Moluccas and 3N-arc, and very important for the cor-
relation and palaeogeographical consideration in cooperation with the rich am-
monites. The bio-facies of the Spiti shales, | presume, is somewhat allied to
that of the ammonite shales in the Northeast and Inner Zone of Southwest
Japan. KiTciix (1903: described many trigoniids (rom the marine coastal
facies of Cutch on the shallow shelf of Gondwana. Cox 1937, 1940, 1941,
1952) greatly contributed to the description of the Middle and Upper Jurassic
neritic fauna of Cutch and general classification of Mesozoic pelecypods. About
120 species of palacotaxodont, prionodont, dysodont, isodont and schizodont
pelecypods were monographed by the authority. Nucwlopsis (Palaconucula),
Nuculana : Prazsacc2lla, Nuculana (Dacryomas, Grammatodon s.s. and Indogram-
maitodon, Modinlps s.s. and [inoperna:, Oxytomea, Bakevellia, Gareil=la, Isognomon
(Mytilopyna, Fliqinus. Clilamys, Eopocten, Camptonecies, Futolium, Plicctula,
Plagiostoma, Linstrea s, s. and Catinula', Gryphaca, Lophia and Trigonia seem
predominant. The Culch fauna is different from those of the Himalayan
geosynclinal region in the scarceness of [noceramus and -luccolie, but it may
be chiefly due to the contrary sedimentary enviconment. According to Cox,
a considerable amount of the Cutch pclecypods occur also in western Europe.
The abundance of Indegrammatodon, Eopscien, Eligmus and Griphaca shows
the Cutch sea was intimately connccted with East Africa. The generic
assemblage of trigoniids such as Indotrigonia, Lacvitviconie, Ioiriconia and
Plerotrigonia seems characteristic of the Indo-African region.

According to RekD (1931, 1936, the Eligmus-Gryphaza fauna is found also
in the Bathonian Namyau beds of Upper Burma. The development of Eomiodon
in the Bathonian seems a striking feature of the Tethyan region. Bathonian
species of the genus were hitherto reported from the Great Oolite and Great
Estuarine series of England ‘MorkiS and LYCETT, 1853; LYCETT, 1863; Cox
and ARKELL, 1948; ANDERSON and COX, 1949, the Larzac beds of south France
(Cox and MAUBEUGE, 19501, Madagascar, Kuar Bet beds of Cutch and Attock
district «Cox, 1935) besides the Namyau beds. In many places of those areas,
Eomiodon is accompanied by Protocardie, Corbule and Bakevellie, and the
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assemblage and lithology indicate a certain embayment condition just as the
cyrenoid faunas of Japanese Lias. In fact, the Bathonian FEomiodon beds
appear prior to the Macrocephalites-bearing pure marine deposits belonging to
the Upper Jurassic transgression.

In contrast with the abundance of Bathonian and later pelecypods, earlier
species seem much rarer in the Indian region. Only several trigoniids, limids
and pectinids are known in the Lias of Baluchistan :l{oLLAxD, 1909, Spiti
(SToLiczka, 1866) and Attock Cox, 1935. Some Bajocian species were
announced from Karakorum (STAESCHE, 1932:. Most of those species have
been said to be identical with European or Madagascar faunas, but the analysis
may not be satisfactory to make a biogeographical interpretation.

(20 Indochina and Indonesia (Tonkin, Laos, Annam, Cochin China, Thailand,

Malay :?), Sumatra, Borneo, Timor, Moluccas

In this region Jurassic pelecypods arc known in Phu-nhoquan, Sontay and

Na Cham of Tonkin, Tchepone and Sam Nena of northeast Laos, Hun-Nien

f Annam, Trian of Cochin China, Mae Sot and Chumphon of Thailand, ?

Singapore, Jambi of middle Sumatra, Sambas and Sarawak river of Borneo,
southwest Mindoro of Philippine, Taliabu, Buru, Misol and Ceram of Moluccas
and Timor.

Liassic species seem fairly common in Indochina ‘COUNILLOXN, 1909 ; MANSUY,
1914, 1919a, b:. Many species were comparcd with European famous pelecypods,
and the elongate forms of Cardnia are also of Europcan type. Middle and
Upper Jurassic species arc rarc except for a few pectinids and limids des-
cribed by Maxsuy (1920;. Taking the occurrence of Grvphaca arcuata in
some Uptoniae beds (FROMAGET, 1952y also into consideration, the Jurassic
pelecypod fauna of Indochina is more intimate with Europe and Indian regions
than north Pacific region. Astarte, Goniomya, etc. were described by NEWTON
(1905 from Singaporc, but SCRIVENOR :1931, is of opinion that the age is pre-
Rhaetic. The Eomiodon beds al the mouth of Chumphon river of south Thai-
land ‘Havyanil, 1960a; may be related te the Bathonian fauna of the Indian
region.

In Sumatra and Borneo the occurrence of Jurassic pelecypods is rather
sporadical. Astarte, Opis, Protocardic, Corbula, etc. described by Krause 1896,
VOGEL 11896, 1899-1902), NEwTON :1903:, and I'RECH and JIgysr 19220 from
the .? Middle Jurassic of Jambi and Sarawak are endemic species, and only a
few are comparable with thc faunas of Indian region. As pointed by Kosa-
YASHI (1957bi, Trigonia molengraifi NEWTON {rom Bornco is referable to
Mvophorella Iaidaia) which is fairly characteristic in the Upper Jurassic of
north Pacific region. KOBAYASHI {1957, described Solemiya, Latitriconia, Ruti-
trigonia, NMvophorella (Promyophorelia , Nipponitriconia and Cilaniys from the
Upper Jurassic or Lower Cretaceous along the Amaga river of Mindoro, and it
is quite interesting that some of them are identical or comparable with certain
Tithonian and Neocomian trigoniids in the Outer Zone of Japan. HAVASAKA
(1943) described a trigoniid near Mansaley of this island, which was refered
to Vaugonia by KOBAYASHI and MORI (1955 T wugonia shows special develop-
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ment in the Lower-Middle Jurassic of Japan, and the faunal connection be-
tween Mindoro and Japan is generally thought to be very close. Unfortunately,
most of these fossil beds in western Indonesia and Philippine are not yet
firmly dated, and the range of each species cannot be estimated in accuracy.
But it is evident that the faunas comprise many different elements from
Indian region.

Eastern Indonesia region including Taliabu, Buru, Misol, Ceram, Jamdena,
Timor and Rotti is important for the consideration of pelecypod evolution in
the western Pacific. The rich Liassic, Callovian and Oxfordian species were
described chiefly by German and Dutch authors. Liassic Palaeonucula, Gram-
matodon and Trigonia from Misol (WANDEL, 1936) show European affinity, but
the middle Liassic fauna of Timor and Rotti includes many aberrant forms
such as Gervilleioperna, Lithotis, Mytilus, (?) Nucula, “ Myophoria”, Opisoma, .?:
Paclhymegalodus, * Schafidutlia and Paradoxia (KRUMBECK, 1923).  Gervilleioperna
is known also in the middle Lias of North Africa {DUBAR, 1948; but all
species are unknown outside Timor and Rotti, suggesting a distinct small
province from other areas of this region. Middle Jurassic pelecypods are
known in Misol, and most forms are said to be identical with or allied to
FEuropean species SOERGEL, 1913; JAWORSKI, 1920; WANDEL, 1936, such as
Camptonectes lens, Entolium demissum, Ctenostreon pectiniforme, Plagiostoma
semicirculare and Oxyfoma miinsteri. But it seems more reasonable to regard
that those {orms are cosmopolitan elements, since they are mostly found also
in the Bajocian of Japan and South America. The Upper Jurassic faunas of
Moluccas are different from the Lower-Middle ones in generic assemblage and
are well characterized by the prolific occurrence of coarse-ribbed Inoceramus
(the group of /. galei in my classification, 1960c;, Awucella and Posidonic :BOEHM,
1907, 1912 ; HUMMEL, 1923 ; KRUMBECK, 1923, 1924 ; WAaNDEL, 1936,. The lno-
cevamus-bearing shaly facics is extensively distributed in the Oxfordian, and
the fauna shows an intimate sea conneclion with Spiti of Himalaya and 3N-
arc region. However, because of the scarceness of other faunas in the Upper
Jurassic of Moluccas, the faunal connection with the northern Pacific region
cannot be further ascertained.

3) Australia and 3N-arc

In this region Jurassic pelecypod faunas are known in Upper Sepik of
New Guinea, west and central New Caledonia, Kawhia of north New Zealand,
Hokonui of south New Zcaland and Western Australia.

In New Zealand the Jurassic pelecypod faunas are of primary importance
for stratigraphy, for ammonites seem comparatively rare excepl a {few definite
horizons. The fauna, which was monographed by MARWICK (1953}, is character-
i?ed by Otapiria, Kalentera, fluasting and some highly specialized groups be-
sides a considerable amount of Tethyan affinitics. Qtapiria, Kalentera, Oxytoma,
Entolium, Pssudoaucella and Clilamys occur in the Lias (TRECHMAXNN, 1923;
FLEMING, 1933 ; MARWICK, 1953;, but the distribution of these species is now
confined to New Zealand and New Caledonia. The occurrence of Sphaeriola
already in lower Lias is probably a striking feature of the Pacific region,
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since the genus is found also in the similar stages in western Japan and
Amur. Middle Jurassic faunas bcar some Tethyan elements such as AMele-
agrinella echinala and Camptonsctes cf. laminatus, but most other spccies
belonging to Variamussium, Astarte, Kalentera, Tancredia, Homomya and Pleuro-
mya are endemic. MARWICK referred some Bathonio-Callovian fossils to the
Spiti species described by STOLICZKA :1866) and HoLpHAUS (1913:. The Upper
Jurassic fauna of New Zealand is composed of Nuculopsis | Palaeonucula’,
Nuculana, Grammatodon Indogrammatodon, [noceramus, Ofapiria, Aucella,
Pinna, Plagiostoma, Astarte and Haastina. The resemblance of specific assem-
blage between the Upper Jurassic of Himalayas and this region is a striking
feature. Especially Oxfordian and later inoceramid faunas of New Zezland
and New Caledonia bear some common species with the Spiti shales such as
Inoceramus aff. everesti and Awcellu extensa. Coarsely ribbed inoceramids such
as Inoceramus galoi and [ Jaasti flourished in the Oxfordian-Tithonian of
New Zealand and New Caledonia (ZITTEL, 1864; TRECHMANXNN, 1923 ; MARWICK,
1953 ; BARTRUM, 1937 ; ROUTHIER, 1953 ; Avias, 1933 ; MILLIGAN, 1929 ; FLEMING,
19391, Most of the inoceramids and associate Awucella occur also in the Upper
Jurassic of Moluccas. The Jurassic of Moluccas and 3N-arc is generally
represented by geosynclinal facies, and trigoniid- and cyrenoid-facies seem
undeveloped.

The Jurassic fauna of Australia seem to be composed of quite different
species from the 3N-arc region. MOORE :1870) described manv species of
“Avicula ™, Pecten ™, Lima ", * Arca”, Astarte and Cucullaea from the “ Oolite ”
of Queensland and Western Australia, but their genevic references should be
revised in futurc. According to TEICHERT 1939, two specics of Awncelia from
the Kimmeridgian of Western Australia are identical with Misol fauna.
Frenguzlliclla moorsi is another common species beiween the Bajocian of Au-
stralia and Moluccas (WANDEL, 1936;.

4y [Lastern Siberia ‘Lower Amur, Sichote Alins, Lower Lena and Olenek)

In eastern Siberia marine Jurassic pelecypods occur in lower Amur, Bureya
basin, Okhotsk, Sichote Alins, lower Lena and Olenek. In the Amur gcosync-
line area tnhe lower Lias is represented by neritic pelecypod facies with
Curdinia, Plagiostoma, Ctenostreon, Chlamys, Myoconcha and Sphaeriola. The
generic and even specific assemblages seem to me to be fairly similar to the
coeval Higashinagano fauna of western Japan (KIPARISOVA, 1952; HavaMi,
195911, Middle liassic species seem comparatively rare except for some cos-
mopolitan species of Plicatula and Oxytoma. In Sichote Alins and Burcya area
of lower Amur, some specics of [moceramus occur in the Toarcian-Aalenian
(KIPARISOVA ct al., 1958, 1960; KcHUDOLEY, 1959).. The occurrence of [no-
cevamus eximius, I. cf. {ucifer and I. ambiguus suggests the faunal connection
with Alaska. [I. subambiguus from the Aalenian of Okhotsk is quite similar
to 1. morii of Northeast Japan. Bajocio-Bathonian pelecypods scem quite rare
in this region because of an extensive regression. LAHUSEN (1886) and
VORONETZ (1936; described Inoceramus retrovsits, Solemya, Modiolus, Tancredia
and some other thin-shelled pelecypods from the Lena and Olenek regions.
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The inoceramid was reported also from the Bathonio-Callovian of Greenland
(SPATH, 1932;, and can be regarded as an clement of boreal sea. Inocoramus
}glflzzoeizsis from the upper Toyora group of western Japan, which is a mem-
ber of the group of I retrorsus, seems to indicate the sea-connection with
‘boreal province together with the Szvmowrites-fauna in the Callovian of central
Japan ‘Kosavasii, 1947; Havawmi, 1960c). According to Krimuorz (1939. and
others, Modiolus shales with Modiolus, Meleagrinella and some Callovian boreal
ammonites occur in Bureya basin. Several specics of “ Eumorphotis” from
the Middle-Upper Jurassic were lately denominated as Arciotis. Besides,
Bureiemyva was reported from the Callovio-Oxfordian of this region and
Ancellaz secm quite common in the Kimmeridgian and Volgian, though [
could not refer to their original descriptions.

From thc biogeographical point of view, it is recognized that the faunal
connection betwecen eastern Siberia and the Inner Zone of Southwest Japan
was fairly intimate not only in the Triassic but also in many stages of the
Jurassic period. In fact, many related species appear almost coevally both in
the two regions as listed below :

Inncr Zone of Scuthwes:
Japan and Nerth Japan

Eastern Siberiz, Urzld

Lo ef Lima (Pl) parapuncta Kir. Plagiostoma matsumaoloi Hav.

Jurassic Chlamys textoria (SCNLOTIL) Chlamys textoria (SCHLOTH.)
Oxytoma cygnipes vor. Oxytoma cf. cygnipes

Middle Inoceramus subambiguus FCELINCEVA Inoceramus morii Hava

Jurassic Inoceramus cf. lucifer Inoceramus cf. lucijer
Inoceramus kystatymensis KOSCHELKINA  [noceramus utanoensis Ko,
Solemya strigata LAanvseN Solemya suprajurensis Hay.

Upper Entolitom nummudare (D'ORBIGNY) Entolium inequivalve Hay.
Lima consobrina D’ORBIGNY Limatula iwavae Havyan

Jurassic

Cardiniz amurensis KiPARISOVA
Sphaeriola sibirica Kip.

Modiolus sibiricus BORDYLEVSKY
Thracia cf. lata AGassiz
Pholadomya wralensis ORBIGNY

Cardinia torvivemaei Hav.
Sphaeriole nipponica Hav.

Modiolus maedee Hay A
Thracia shokawensis Hav.
Tetorimva carinata Ty asu

The presence of a brackish fauna in the Upper Jurassic of Sichote Alins
is very interesting for the consideration of palaeobiogeography and evolution
of cyrenoid pelecypods, since cyrecoids is quite abundant also in the Upper
Jurassic of the Inner Zone of Japan. But the discussion should be founded
on firmer palaeontological basis. In the boreal province no striking faunal
gap ‘exists between the Upper Jurassic and Lower Cretaceous. One pelecypod
species often occur both in the two epochs.

(5) North America (Alaska, Prince Patrick, British Columbia, Yukon,

Alberta, Pacific coast and Western Interior of U.S. A.:
In Alaska vox EicHwaLDp (1871) described Inoceramus and many other
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pelecypods as “ Neocomian or Gault species”, but MARTIN (1926 and many
others regarded them as Jurassic species. MARTIN listed numerous pelecypods
from the Lower, Middle and Upper Jurassic of Cook Inlet, Kenai peninsula,
Malanuska, Talkeetna, Alaska range, Susitina valley, Chitina valley and Ala-
ska peninsula, but the greater part of them is as yet undescribed. IMLAY
1955+ regarded Inoceramus lucifer and Awceilla mosquensis respectively as
Bajocian and Kimmeridgian indices of north and south Alaska. Awucella spiti-
ensis, an element of Spiti shales of Himalaya, occurs also in this region.
Although the detailed comparison with Japanese fauna belongs to a future
problem, it is now presumed that several pelecypods accompanied by Tmefoceras
and Stephanoceras in the Aalenian and Bajocian Texedni formation may be
allied to the faunas of the upper Shizukawa and lower Hashiura groups in
Northeast Japan. Besides, ULRICH {1910) proposed [noceramyva for a transitional
form batween Posidonia and Imoceramus from the undated Mesozoic terrain
of Yakutat area.

In Canada, Jurassic pelecypods are distributed widely in Prince Patrick,
west Yukon, and various localities of British Columbia and Alberta -FREBOLD,
1953:. FRrEBOLD (1957) described Cucullaea, Protocardia and Pleuromya from
the Toarcian, and Oxytoma and Goniomya from the Bajocian of Prince Patrick.
The lower Bajocian with OQxytoma jacksoni fauna is widespread in Melville,
Mackenzie King and Axel Heiberg islands besides Prince Patrick :TOZER,
1960., and the species shows the presence of faunal connection with Cape
Flora and Franz Joseph Land. Inoceramus lucifer is found also in Prince
Patrick. LEES (1934} reported a Liassic fauna including Gerviflia, Trigonia,
Modiolus, Pleuromya and Goniomya from the Laberge area of Yukon, but the
fauna is unknown in other places.

The pelecypod faunas in the Pacific coast of British Columbia were in-
vestigated by CRICKMAY (1928, 1930a, b;. He described Parallelodon {including
Gilbertwhitea), Grammatodon, Modiolus, Gervillia, Entolium, Pinna, Gryphaea,
Vaugonia, Mvophorella (Haidaia), Astarte, Pleuromya and many other pelecypods
from the Middle Jurassic of the Harrison Lake and Ashcroft areas. Some of
his newly established genera such as Askcroftia, Parapecten, Vaugonia and
Huaideia are important groups not only in British Columbia but also in vari-
ous areas of the Pacific region. FreEBOLD ‘1959 reported the occurrence of
Chlamys, Plagiostoma, Trigonia, Cardinia and Goniomya from the Sinemurian
and Bajocian of the Nelson-Salmo area. The fauna bears some European
affinities, but Cardinia aff. regularis Terquem seems not much different from
C. torivamai from the lower Lias of west Japan. In Vancouver Island and
Tvaughton Lake area Awcella occurs together with Oxfordian or later arctic
ammonites,

In the Canadian Rocky mountains and the foothills the Jurassic is well
represented by the characteristic Fernie shales. WARREN (1931), COLLET (1931)
and FrDBOLD 1957, reported some Sinemurian and Toarcian pelecypods com-
prising some cosmopolitan elements such as Oxytoma cygnipes, *“ Lima” terquemi,
Inoceramus cf. dubins, Lima cf. gigantea and Melzagrinella substriata. Mc-
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LEARN 1924}, WARREN (1932) FREBOLD (1957) described many pelecypods from
the Bajocian and Callovian of the Fernie shales in Alberta. The faunas are
composed of Cucullaea, Oxytoma, Inoceramus, Camptonectes, Entolium, Plagio-
stoma, Gryphaea, Trigonia, Protocardia, Arctica, Pleuromya and Corbula. These
.genera can be commonly found in the Jurassic of many other areas, but the
specific assemblage is quite different from either of Europe-Tethys and west-
ern and southern Pacific regions. The characteristic occurrence of Gryphaea
impressimarginate and Corbula munda at the Bathonian-Callovian passage
remind at a glance one of Eligmus-Grypheea fauna of the Ethiopian province,
but the constituent species seems quite different from each other. Oxfordian
Ancella is found also in Fernie shales together with cardioceratids.

In the Pacific coast of the United States Jurassic pelecypods are known
in east-central Orecgon, north and central California and west Nevada. (CGABB
1870, HYATT 71894 and CrICKMAY {1933 described Pinna, Entolium, Parapecten,
ctc. from the Lower and lower Middle Jurassic of Mt Jura area. MULLER and
FERGUSON 1939 listed some Liassic pelecypods from Hawthorne-Tonopar area
of western Nevada, and pointed out that CRICKMAY’s Parapecten appcar to be
nothing but the famous South American Liassic species, Wevla alata (BUCH).
Besides., Myophorella, Vaugonia, Entolium, Pholadomya, Chlamys and Goniomyva
occur in the lower-middle Lias, and some of them were lately described by
SANBORN :1960:.

PACKARD 1921 monograghed the trigoniids of California and some other
areas of Dacific coast, and many generic names were given them by CRICKMAY
1932 . In accordance with recent trigonian studies accomplished by Cox [1951)
and KOBAYASHI, MoRr1 and TAMURA (1954-19391, Trigonia, Vaugonia, Mvopho-
vella, M. ‘Haidaia’, M. {Promyophorella- seem to occur in this region. The
generic assemblage is more similar to the normal Jurassic trigoniid faunas of
Japan than Europe and India.

The Tithonian fauna of the Knoxville beds, which STANTON {1896) re-
garded as Lower Cretaceous, includes Nucula, Oxvtoma, Aucella, Inoceramus,
“Pecten™, Astarte, Opis, Lucina and Corbula. Cardiniopsis is characterislic of
the Knoxville. GILLET :1924" regarded the fauna as a member of boreal pro-
vince north-andine subprovince’, and the abundant Aucel/le may constitute an
element of northern sea. The ammonites of the Callovian-Kimmeridgian of
Sierra Nevada are also of boreal type, but the Knoxville ammonites appear
in part to show the connection with Mexican province. The Franciscan group
of the Coastal Range is at least in part Lower Cretaceous {SCHLOCKER et. al,,
1954, but some Tithonian :?; pelecypods including Awcella piochii occur in
the group in south California {EAasToN and IMLAY, 1955).

In the Western Interior Jurassic pelecypods are known from the Bajocian,
Callovian and Oxfordian of the Sundance inland sea facies and Kimmeridgian-
Tithonian non-marine Morrison formation in Utah, Wyoming and some other
states .InLAY, 1952, etc.;. MEEK 11877, etc. STANTON (1899), WHITFIELD and
HOVEY 11906: and Crickmay (1936} descibed some marine pelecypods such as

! . . - . 3. .
Cucullaeq, Modiolus, Gervillia, Meleagrinella, Camplonectes, Ostrea, Grvphaea,
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Trigonia, Astarte, Pholadomya, Pleurom~a, Tiracia and Cercomya chiefly from
the Bajocian and Callovian of Wyoming. It is noticeable that few pelecypod
species range from Callovian into Oxfordian, and that a certain faunal change
took place at the rcgressive period. The generic assemblage is not much
different from normal Middle-Upper Jurassic faunas of other regions, but most
constituent species are endemic in the inland sea. IMLAY 1957 discussed the
palaeoecology of the Sundance sea. making clear the relation between the
fossil assembiage and lithology. * Astarte, Trigonia, Plenroniyva, Grenumalodon
and Pinna were adapied to a considerable range of environment, as they lived
on sandy, shaly and limy bottoms. Mv#ilazs is commonly associate with Osiree
in shallow sandy deposits but not with Grypheza. On less sandy limy bottoms
lived such forms as Cuculleza, Nucwla, Ctenostreon, Ox lmna, Plagiostoma, Grv-
phaea, Ostrea, Lopua, Gervillie, Volsella, Pholadomya, Panopz, Homomya, Gonio-
mya, Cerconpya, Pleuromya, Protocardia and Inoceramus. On softer muddy bot-
toms lived [lsocyprina, Thracia, Pleuromya, Pholadomya, Panopz, Astarte, Trigonia
and Pinna, Opis and Corbis occur in the Middle Jurassic dolomites and lime-
stones with gypsum and red beds.” Such tendencies may or may not agree
with the bio-facies in the Jurassic of Japan which 1 described already. A
comprehensive study on the genus Awcella, which ranges from upper Oxford-
ian to Valanginian in North America, was accomplished by IMray .1959.

The non-marine Morrison formation of Wyoming, Utah and Colorado yields
many species of unionids MEEK and HAYDEN, 1858; WHITE, 1886; LOGAX,
1900 ; HENDERSON, 1935; BrRANSON, 1935; YEN and REESIDE, 1946, 1950 .

i6; Mexico and Gulf Coast

FELIX (1894, reported some Exogyre and Grypheea from the Upper Jurassic
of the Oaxaca area of south Mexico. CASTILLO and AGUILERA 1895 describ-
ed many pelecypods from the Sierra de Catorce in San Luis Potosi of Mexico.
The work was carefully revised by IMLAY (1940), and is known that the
Mexican Upper Jurassic fauna is well characterized by the prolific occurrence
of Grammatodon iprohably Indogramwmatodon), some characteristic trigoniids,
Aulacomyella, Mcleagiinella, Astarte, Arctica and (?) Solenomorpha. The distri-
bution of the fauna is now confined to the coastal deposits of the Mexican
geosyncline in Mexico and Gulf Coast, and the generic assemblage and as-
sociate ammonite seem more intimate to Tethyan faunas than thosc of the
Pacific coast and the Western Interior. Aulacomyella is said to have been
recorded only from middle Kimmeridgian.

In the Malone area of western Texas is displayed a splendid neritic cal-
careous formations with rich Upper Jurassic pelecypods. CracGix :1905 des-
cribed many species of Gryphaea, Fxogyra, Lima, Plicatula, Ctenostroen, Campto-
nectes, Gervillia, Mytilus, Modiolus, Pinna, Cucullaea, Astarte, Ptvchomya, Lucina,
Arctica, Pholadomya, Pleuromya, Anatina and Martesia. Many species are
common with the Mexican Upper Jurassic faunas, and a few are allied to
South American ones. There are a few intimate forms with the Knoxville
beds of California, but no species is common with the Western Interior. The
appearance of Steinmannella and. Apioirigonia seem somewhat earlier than
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western Pacific. Many elements of the Mexican and Malone faunas are known
in the Cotton Valley formation and Smackover limestone which belong to
the deeply buried Jurassic of Arkansas, Alabama, Louisiana and eastern Texas
(IanAY, 1941, 1945, The Smackover fauna is said to bear several European
affinities.

Lower and Middle Jurassic pelecypods are undescribed in this region ex-
cept a few species of Cllamys, Plagiostoma, Lopha, Trigonia, Astarte and Myo-
concha from the Lias of Sonora. Some species were compared with European
species, and there are several South American elements (JAWORSKI, 1929.

{7+ South America Peru, Chile, Mendoza, Ncuquen, Patagonia

The distribution of Jurassic pelecypods in South America is almost con-
fined to the middle and southern part of the Andine geosynclinal area, namely
Peru, Bolivia, north Chile, Mendoza, Neuquén and Patagonia. The assemblage
of pelecypods of these areas are very similar to one another, and this region
constitutes a distinct faunal province from other regions of Pacific. However,
1 am rather astonished to find that so many names of famous European
species have been given to South American pelecypods, though some of them
certainly should be separated from typical forms.

The Liassic faunas of this region are well characterized by the prolific
occurrence of [Wevia alata (BUCH! or its allied pectinids, Gryphaea (mainly G.
darwini:, Freguelliella, Vaugonia and Cardinia imainly densistriata-subgroup in
my classification, 1958e) (BAYLE and CoQuUAND, 1850 ; MORICKE, 1894 ; TILMANN,
1917 ; JAWORSKI, 1913, 1916, 1926a, b; WEAVER, 1931 ; FERUGLIO, 1934 ; LEANZA,
1942,. Other constituent genera are Nucwla, ** Cucullaea” (mostly Grammatodos,
Modiolus, Isognomon, Inoceramus {probably Parainoceramus), Gervillia, Oxvtoma,
Lopha, Gryphaca, Chlamys, Entolium, Variamussium, Plagiostoma, Ctenosteon,
Mzyoconcha, Astarte, Lucina, Arcomya, Homomya, Plewromya and Pholadomya.
The assemblage reminds at a glance one of normal European Liassic faunas.
In fact, “ drca” rhomboidalis, Oxytoma inequivalvis, Chlamys textovia, Enlolium
disciforme, Fopecten valatus, Arcomya elongata, Pholadomya hemicardia, Pleuro-
mya striatule and many other species from Neuquén indicate intimate faunal
connection with Europe. But some of them, especially the pectinids, are
known also in Japan and southeastern Asia and regarded as cosmopolitan
elements. As I noted before (1957d;, Camptonectes lens by LEANZA :1942: re-
sembles Readulonectites which is found in the Lias of Central Japan.

Middle Jurassic pelecypods seem also very common in this region especial-
Iy in the Bajocian at Espinazito pass of Argentina (GOTTSCHE, 1878; TORX-
QUIsT, 1898 ; BURCKIIARDT, 1903; JAWORSKI, 1926; WEAVER, 1931}. Nucuwlana,
Cucullaca, Modiolus, Oxytoma, Meleagrinella, Posidonia, Camptonectes, Entolium,
Trigonia, Jaworskiclla, Frenguelliella, Vaugonia (s. s. and Hijitrigonic, Myopho-
rella, Cardiniopsis, Astarte, Protocardia, Sowerbya, Gresslva, Plewromya and Pho-
ladomyva are well represented in this part. Many species range from Upper
Lias into Bajocian. Modiolus imbricata, Oxvtoma miinsteri, O. costata, Meleagri-
nella substiiata, M. echinata, Camptonectes laminatus, Entolium disciforme, Gryv-
bhaea calccola, G. subobata, Plewromyva jurassi, Pholadomya fidicula and many
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other forms are said to be identical with the Middle Jurassic faunas of Europe.
According to JAWORSKI (1926) an allied species to Inoceramus galoi, an element
of Moluccas and 3N-arc, occurs in the same stage. All the trigoniids of
Neuquén monographed by LAMBERT {1944) are endemic species in South
America. Trigonia, Frenguelliella and Vaugonia are well represented by many
species at various horizons until Upper Jurassic. PHILLIPI {1899) described
trigoniids and many other fossils from the Jurassic of Chile, and the fauna
is said to be mostly composed of endemic species.

Upper Jurassic pelecypods are known also in Neuquén and some other
areas (HAUPT, 1907; WEAVER, 1931; Diaz, 1959;, but the constituent species
are much smaller in number. Gervillia, Gryphaea, Trigonia, Ctenostreon, Modiolus,
Pleuromya, Pholadomya, Astarte and Lucing occur in the Callovian, and Awxcella,
“Ostrea”, Entolium, Apiotrigonia, Myophorella, Astarte, Lucina and Pholadomya
in the Tithonian.

The Jurassic faunas of Caracoles area of in the frontier between Chile
and Bolivia described by STEINMANN (1881) have similar specific assemblages
to those of Neuquén., Posidonia seems especially common in the Middle
Jurassic.

V. Evolution of Jurassic Pelecypods

To my regret, the Jurassic pelecypod specimens in Japan and its adjacent
territories are often worse than European ones in the state of preservation.
Nevertheless, I perceive that the evolution of Mesozoic pelecypods seems
fairly different in many respects between Pacific and European regions. There-
fore, it leaves much room for improvement upon the concept about the evolu-
tion of Mesozoic pelecypods which is generally founded on the evidences in
Europe. There are many common genera and subgenera between the two
regions, but some appeared much earlier in one region than the other. My
special attention has been paid on the faunas of the Pacific region, since
Japan belongs to the circum-Pacific orogenic belt and the region seems lagging
behind the European and Tethyan regions in the palaeontology. It can be
readily imagined that some peculiar physico-chemical conditions, which were
absent in Europe, were produced in the Pacific region by the strong Mesozoic
orogenic disturbances. It seems an interesting problem to recognize how the
different conditions have influenced on the generic and specific assemblages
and pelecypod evolution.

In this article are treated the stratigraphical and geographical distributions
of some pelecypod groups which are more or less commonly found in the Indo-
Pacific region. Presumable general trends of evolution, if ascertained from
the morphological transformation and stratigraphical occurrence, are also noted
in some detail. Jurassic pelecypod faunas arc generally much different from
Triassic ones in the generic assemblage. In fact, some genera appeared at
first in lower Lias and some other stages of Jurassic. But some other geners;
which have been said in many text-books to have appeared at first in Lias,
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are actually represented by a few species already in Upper Triassic. In north-
western Europe Rhaetic :or Infraliassic’ transgression took place on the Upper
Triassic non-marine terrains, and many pelecypod genera apparently evolved
since the stage. In view of the stratigraphical distribution of Triassic and
Jurassic species of the world, however, the faunal change must be said to be
fairly gradual.

The stratigraphical and geographical distribution of Jurassic pelecypods
belonging to more or less common genera in the Indo-Pacific regions are sum-
merized in the following tables. In this occasion | emend the generic refe-
rences of some species in the Pacific region in accordance to modern pelecypod
classification. Each vertical column does not mean phylogenetical relationship,
and each species has a certain vertical range. But the material seems not
enough to establish reliable genealogical trces and detailed range charts,
Comparable European species are also tabulated in the left columns.

(1} Solemyacidae appeared already in Silurian, and Solemya was seemingly
persistent during whole Mesozoic times without any striking morphological
transformation. It probably adapted to calm muddy bottom of neritic to con-
siderable depth, and made a bare living until Recent. Some of Jurassic Solemya
seem to have Acharax-like ligament position, but in most cases the ignorance
of ligament prevents me from determining the subgeneric references.

-2: Ctenodontidae are a primitive palaeotaxodont family ranging from
Devonian or earlier; to Jurassic. Mesozoic Palaeoneilo is probably a terminal
group of the family. In Cutch Palaeoneilo belaensis and P. indicus seem common
respectively in the Bathonian and Oxfordian, but their trace to the Pacific
region is as yet unknown.

3 Nuculidae are fairly common in various Jurassic stages of Indo-Pacific

Table 9.
NUCULOPSIS (PALAEONUCULA)

Zurope india Indonesia 3N-are Jagan ilexico 3. America

spitiensis
hyoxorpha
cf.menkii antigue
lrper stoliczeai

Jurassic =enxii taliadutica

L. tlanfordi
subnanseri | kaoraersis truncata

—— ———— g — = —— ey

pagivoensis

. cureiforzis
waltoni

variabilis
niddle
Jurassic
Laameri hamteri leufuensis
cf.eudorae
)
fauszanni o

cf.nausranny
subserraiensis

Lower

patagonidica
Jurassic

sutevelis

sp.
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Tahle 10.
/VUCULA ;VA (DACR ‘I/OM YA) & N(PRAESA CCELLA) * Luculana (Praesaccseila}
Surope India 3N-arc Japan S. Axerica
yatsushiroeasiax
stenodolichos
Upper minutula
Jurasaic erinoensis*
australis
jurianav
lacryna lacryma
Miadle
Jurassic
strietissiza
acuta
ecusinata
Lower doris
complanata
Jurassic grapaica
tenuistriata vexillata
texturata toriyamae
Table 11.
PARALLELODON * Parallielodon (Torimosicatelle)
Burope India 3N-arc Japan N. America
kobayashii*
kesernumnensis taffii
. "egertonianum” inflatus
upper koikensis
Juressic keyserlingii
. cardioceratanus
lerensis
micromorpha
pliddle
Jurassic bynei
rudis sp
hirsonensis )
Tugosus
sSp.
Lower deharensis
Jurassic
infraliassicus
buckmanni niranohamensis

regions, and most species of the family with entire ventral margins, 1 think,
belong to Nucwulopsis (Palaeonucule) which is persistent from Triassic and
probably ancestral to Cretaceous Leionucw/a. N. (P.) ci. hausmanni and allied
forms are known in the Lias of Moluccas, Timor and (?) South America.
Many cuneiform specics of Palaconucula allied to N. (P.) hammeri appeared in
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the Bathonian-Tithonian of Cutch and Spiti, and their trace into Pacific is
known in the Middle Jurassic of Miso!.

‘4> Nuculanidae are also common in the Jurassic of Indo-Pacific regions
and generally classified into Nuculana (Dacryomya), N. (Praesaccella’ and Rol-
lievia. Dacryomya occurs in Japan, New Zealand and Mendoza hesides India.
It scems a general tendency for Liassic species to have less prominent umbo
and more elongated posterior rostrum than Upper Jurassic ones. It is highly
probable that such Liassic species belong to the group called *“ Rvderia™ by
some authors and that true Dacryomya appeared at first in the Middle Jurassic
or later in the Pacific region.

:5: Parallelodontidae are not very common except for certain horizons
of limited area. Though Parallelodon is an important member of Jurassic
faunas in Japan, only some sporadical occurrences were announced in the
Upper Jurassic of India and Canada. No definite species was so far reported
from boreal and south Pacific regions. Parallelodon itself ranges from Devonian
to Jurassic, and the Uppermaost Jurassic species appear terminal. In fact, some
deviated forms from typical Parallelodon appear in the Upper Jurassic of Japan,
for instances, P. kesennumensis and P. (Torinosucatella; kobayashii. A similar
form to Torinosucatella is known in the Lias of Sweden (TROELSSON, 1951),
but it is a question whether there was a persistent stock of the subgenus
during the Jurassic period or not.

Table 12.
GRAMMATODON * Grametodon (Indogreanatodon)
Burope India 3N-arc Japan N. America Fexico 3. Anerica
egertonianus® purqse takiensie
eparsililzfat‘:ﬂ’ cassilineatus*
Upper - | taylori® & onsiatriatua delicstulus*
saticus iddurghurensis*
Jurassic concinnus kantkotensis*
jurianus reticulatuas*
virgatus*
sp.
andhouensis
bathonicue
Middle
J sic ornatus
sonninianus
semiornatus
ferniensis
8Dp.
Lower
Jurzsaic
toyorensaie
inequivalvie* inequivalvis® nayanoie

6) Cucullaeidae first appeared in Upper Triassic, and flourished world-
widely in Jurassic and Cretaceous. The differentiation of Grammatodon 's.s.),
G. {Indogrammatodon) and Cucullaea (s.1.) from Parallelodon occurred already
by the beginning of Jurassic, because each group can be found in the lower
Lias of Japan and some other areas. Liassic species such as G. inequivalvis
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and G. nakanoi are relatively small in size and probably early representatives
of Indogrammatodon. Upper Jurassic Indegrammatodon with large dimensions
and characteristic ornamentation is common not only in Cutch and Spiti but
also in Japan, 3N-arc, Mexico and Gulf Coast. Grammatodon toyorensis from
the lower Lias of Japan, G. andhouensis from tke Bathonian of Cutch and G.
takiensis from the Upper Jurassic of Japan are very similar to one another,
and a persistent trunk of Grammatodon (s.s.) is suggested to exist also in the
Indo-Pacific regions. Grammatodon is found also in Neuquén, Canada and
Western Interior, but its scarceness in the boreal region including Siberia
and Alaska is a remarkable fact. Typical species of Cucullaea are probably
did not yet appear in the Jurassic. Many Jurassic species described under
the generic name of Cucullaca are at least subgenerically separable from Cucul-
laea (s.s.;. Middle Jurassic species including Ashcroftia from Canada seem
especially common in the northern Pacific and South America. Megacucullaea
appeared in the Upper Jurassic of Indian region and survived into Lower
Cretaceous.

Table 13.
MOD[OLUS * Modiolus (Inoperna)
Surope Inii Indonesia Ja, Z.Siberia ¥.hzorica S.Azerica
g b Iniia pan 2. Hexico «Aneric
geniculata
solenoides
Spper cf.bipartitus nalonianus
- plicatus* subimbricatus
Jurassic perplicatus*
plicatus* naedae
plicatus* | glendayl rosii
bipartitus cf.bipartitus frankensis
imbricatus | imbricatus
sowerbyarnus*patchamensis
|
licatus* | .
Micdle s%lenoidescr .angustissimus
Jurassic giganteus | Cuneatus cf.giganteus
imbricatus |ixzericatus : sphenoproratus cyneatus
cuneatus abbreviatus |
plicatus* cf.scalatus| sp.* imbricatus
scalatus gigantoiden
8p. hillanus
Zower scalprus mollensis
scalprus
Jurassie P sceiprus
mandannaensis
hillanus
bakevelloides
L 1

7' Mytilidae ranging from Devonian to Recent flourished in the Jurassic,
and various groups were differentiated from persistent trunk of Aodiolus in
this period. Modiolus imbricatus and M. cuneatus flourished world-widely in
the Middle Jurassic. M. bipartitus and its allied forms occur in the Upper
Jurassic of Europe, India and Japan. M. maedae from the Oxfordian i?; of
inner Japan is probably intimate with certain Russian species such as AL
sibiricus and M. turkestanicus. Subgenus Inoperna is a well defined group in
Middle-Upper Jurassic and Cretaceous, and it has been said to have been
derived from certain Liassic ensiform species of Modiolus. M. (Inoperna) plicatus
shows a wide distribution in the Upper Jurassic of Tethys and Japan. But
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Jurassic species of Inoperna seem rare in other regions of Pacific, though
Cretaceous species are well represented in North America. Most Jurassic
mytilids without radial ribs, umbonal septum and anterior wing may belong
to Mytilus (Falcimytilus). Falcimytilus was probably branched from Modiolus
. in the Upper Triassic and Lower Jurassic, and its derivation is suggested by
many intermediate species in the Jurassic of various regions. Lycettia is
known in the Middle and Upper Jurassic os Tethyan regions but unknown in
the Pacific. Arcomxrtilus seems also rare, but some primitive (?) species occur
in the Lias of Japan, and typical species such as A. laitmairensis in the Upper
Jurassic of Tethys, Japan and Mexico.

(8) Pteriidae are said to have appeared already in Devonian, and many
Jurassic species were described from the Pacific region as Pleria (or Avicula),
though some of them are surely referable to the Aviculopectinidae. Pteroperna
seems to have flourished in the Middle and Upper Jurassic of India, Borneo,
Japan and Mexico, but probably is unknown in boreal province. Typical Pteria
appeared probably at first in the Upper Jurassic. and is found in the calcareous
deposits of Japan as well as European Corallian.

{9) Aviculopectinidae flourished chiefly in Upper Palaeozoic and Triassic,
and represented by Oxyiome and Meleagrinella in Jurassic and Cretaceous.
Oxytoma appeared at first in the Rhaetic in Europe, but in eastern Asia typical
representatives with large dimensions flourished already in the Carnic. O.
cygnipes or allied forms with small number of primary radials show cosmo-
politan distribution in lower and middle Lias. O. ineguivalvis mainly from the
Lower Jurassic and O. miinster: from the Middle-Upper Jurassic are also cosmo-
politan, and form a main trunk of Oxylome during the Jurassic period. Such
a species can be found in various areas of Pacific region except for North
America where O. jacksoni shows extensive distribution in Middle Jurassic

Table 14.
MELEAGRINELLA *Arctotis
Europe India 3k-are Japan B. 9iberia Mexico S. Axmerica
durangenais
Dpper louisianersis
Jurassic laevis echinata |temaulipana
ovalis
lenaensis*
echinate
Middle .
Juraceic ecLinatn intermedia*
schinate
ectinata
sinuata sudsIrieta
subsiriata
8p.
Lower
Jurassic
ap.
papyria R
Japonica cl.pafyria
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Table 15.
OXYTOMA
Europe India Indonesia |  3N-are Japan N. America | S. America
Upper
Jurassic munsteri | nunsteri | munsteri tetoriensis Wyomingersia
blairmorensis
i I
8p.
“iddle expanaa
Jurassic costata
submcecnnelli
" nclearnt
ninsteri of . oinsterd £ .min i o " costata
ctf.munsteri Jjacksoni rinsterd
septenirionalis
' ep. |
inequivalvis inequivalvig
Lower inequivalvis
Juraesic
inequivalvis
cygnipes sp. X cygripes
acenica cf.cygnipes
Table 16.
AUCELLA + Pseudaucella
‘Europe India Indonesia 3N=are 2. Siberia N. America
Tischeriana
lahuseni spitiensis Tlicata extensa ersi <ochi
pallasi leguminosa misolica plicata mos;;engls piochii
Upper lindstroemi | blanfordians {malayomaorica{®alayomaorica lip: t“l 5 Tugosa
PP motlolensis | Subpallasi ndetroeml | nogquensis
Jurassic subspitiensis|subspitiensis| Ochotica | eoncentrica
mosquensig boehmi piochei sritiensis
bronni bronni
MHiddle
Jurassic
subbronni
minima
marshalli#
Lower
Jurassic
times. Meleagrinella (=Echinotis) typified by M. echinata is also common in

Indo-Pacific regions.

belong to this genus.

{1960; proposed Arctotis, seem to be related to Meleagrinella.

(10}

Many species hitherto described as Pseudomonotis from
the Lower-Middle Jurassic of South America and Upper Jurassic of Mexico
In the boreal region Meleagrinella appears comparatively
rare, but several species with large dimensions and comparatively weak con-
vexity of left valve such as “Pseudomonotis” lenaensis, for which BODYLEVSKI

Aucellidae flourished in Upper Jurassic and Lower Cretaccous. It had
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been said that Awucelle is characteristic of the boreal province, but typical
species are common also in deep facies of Himalayas, Moluccas, New Zealand
and ? South Amecrica besides eastern Siberia, North America and Europe. In
North America, especially boreal province, Awucelle flourished sinch upper Ox-
fordian until Lower Cretaceous, and several zones have been recognized in
Alaska, Oregon and California by means of the assemblage of species. In
Himalaya, Moluccas and New Zealand several species of Awcelle are represented
in the Upper Jurassic shaly formations, but in Japan and many other areas
of Pacific I have not heard the occurrence of the genus. Pseudoaucella is
characteristic in the Lias of 3N-arc region, but the phyletic relationship be-
tween the two genera is unknown. Many authors consider Awucella to have
been derived from the Aviculopectinidae such as Meleagrinella POMPECK],
1901; IMLAY, 1959).

111} Posidoniidae ranges from Carboniferous to Jurassic. Jurassic Posidonia
is generally smaller than earlier species. P. ornati or its allies show cosmo-
politan distribution in Middle-Upper Jurassic. P. bromni from the Lias of
Europe and South America is said to have multivincular ligament structure
and some authors distinguish it as Steinmannia (or Awlacomya) from typical
Posidonia. 1f it is phyletically related to Inoceramyae from the Unknown Meso-
zoic group of South Alaska, they may be anccstral to some Middle Jurassic
or later inoceramids.

:12) Halobiidac were derived from Posidoniac in Triassic, and much de-
clined after Rhaetic. However, :lmonotis, Posidonotis and Aulacomyella occur
respectively in the Lower, Middle and Upper Jurassic of Tethys, Japan and
Mexico. These genera have usually narrow stratigraphical range and wide
geographical distribution just as Upper Cretaceous descendant genus Didymotis.

Table 17.
* Gervillia (Cultriopsie) ** Gervillella
[}
GERVILLIA + Bakevellia ++ Gervillaria
Europe India Indonesia Japan N.America S.hoerica
anceps** ap.
cinderella
Upper takiensie cor tas
Jurassi kantkotensis®* tatenosawensis
e avienloides**| si1jquass montanaensis+
siliqua*+® borneensis ¢ .
errieri leufuensis++
dolabrata
valtoni+
waltoni+ ct.oblonga
diddle acuta*s
Jurassic ovatar+ agheroftensis
northamptonensis*
dundriensis® ef.sulcata
aagnissima« pallas
negoyensis+ .
Lower otariensis~ cf.lapellosa
Jurassic cassianelloides+
of lanceolata Oiishiensisr |
shizudawWensis*
‘rigona+ |
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Though their phylogenetical relationship is not very clear, the intermittent
occurrences of this family in the Jurassic and Cretaceous offer exceptional
attractions to Mesozoic stratigraphers and conchologists.

{13) Bakevelliidae are a common group in many Jurassic faunas of Indo-
Pacific regions, but their specific assemblage and evolution seem much localized.
Bakevellia flourished especially in the embayment facies of Japanese Lias, and
often attains large size in comparison with Permian and Triassic species.
The distribution of B. waltoni is traceable in the Bathonian from Europe to
Cutch, and some pteriform “ Gervillia” from the Upper Jurassic of Mexican
region may be referable to the genus. In South America “ Gervillia” leufuensis
appeared in the Callovian prior to Gervillaria alaeformis and its allies which
flourished world-widely in Lower Cretaceous. It can be generally considered
that Lower and Middle Jurassic Gervillia (Cultriopsis: is ancestral to Upper
Jurassic and later Gervillia (s.s.). The stratigraphical occurrence of the two
groups in the Pacific region agrees well with the fact in Europe. Gervillella,
which may have been derived from Bakevellia in the Upper Triassic or Lower
Jurassic, is common in the Middle-Upper Jurassic or Europe and India but
scarcely found in the Pacific region. Cuncigervillia is more or less common in
the Lias of Europe, but unknown in Indo-Pacific.

Tablc 18
* Isognomon (Mytiloperna)
’SOGNOMON #* Gervilleioperna
Europe Indi Indonesia J; N.Americ S.Ameri
P a INeare apan . a .America
Upper subplanus glganteus bayani
Jurassic
mytiloides ¢f.subplanus americanusg®
mytiliformie* | patchanensis®
im0 1de
Midale bathonicus* isognozonoides
Jurassic
Tugosus wWeelaupensis
cf.rikuzenicus
isognomonoides
ageroensis*
Lower 8D
Jurassic timorensis* *
rikugzenicus

(14) Isognomonidae appeared at first in Middle Permian. Although Triassic
species of this family are scarce but for a few species of Waagenoperna
(=Edentuld), a persistent trunk, which is independent from that of the Bak-
evelliidae, can be expected through Triassic. Isogrnomon flourished in the
Lower and Middle Jurassic embayment condition of Japan, and apreared again
in the Lower Cretaceous without striking morphological change. Jurassic
Isognomon is usually equivalve and thick and frequently attains large size,
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Table 19.
/ NOCE; RAMUS * Parainoceranus
Zurope India indonesia 3N-arc Japan B. Siberia|N. AmericalS. dmerica
stoliczkai
graeitit | hasots | haasus
Upper sularun subhaasti furukawensis
Jurasaic sularun . maedae
nitescens| B8p. taliabuticus &aloi
‘rocerzmoides galoi cf.nitescens ex gr.galoi
hamadae obliiquiZormia
ogurai retrorsus |
utanocensis
fitsoni ef.galol yygtatyrensis
Niddle i:gs:git“s aashiurensis
Jurassgic :
ambiguus
volyplecus karaluwensis
. cf.lucifer! nenneri |ferniensis
Tuiseus morii lucifer
lucifer
cf.fuscus
dubius* Jadol subambiguus
substriatus* ussuriengis dubius* dubiue*
Lower pernoides® mateunotoit apoilo®
Jurassic lunaris

while Recent species often have inequivalve, irregular outlines and compara-
tively thin tests. Subgenus Mpytiloperna is found in the upper Lias of Japan,
Bathonian of Cutch and Upper Jurassic of South America. Gervilleioperna,
which seems at a glance intermediate between Bakevellia and Isognomon, ap-
peared coevally in the middle Lias of Timor and north Africa.

(15) Inoceramidae probably appeared at first in Upper Triassic, but their
world-wide distribution is found after Hettangian. As I have discussed before
(1960c), there are some general tendencies as to the morphological transforma-
tion of this family during Jurassic period. Small Liassic species often have
Bakeveliiag-like dentition and arc mostly referable to Parainoceramus. Middle
and Upper Liassic species of Parainoceramus spread not only in Europe and
western Tcthys but also in Japan, Canada and South America. They may be
the collateral ancestors to the group of Inoceramus fuscus with mytiliform or
rhomboidal outline, which is commonly found in the Aalenian-Oxfordian of
Europe, Caucasus and Japan. The group of Inoceramus lucifer with elongate
outline and strong constrictions is found characteristically in the Bajocian of
Alaska, Prince Patrick, eastern Siberia and north Japan. The group of fno-
ceramus Tetrorsus with more or less developed posterior wing, small apical
angle and irregular concentrics may be also boreal, and flourished in the
Bathonian-Callovian of Greenland, Siberia and western Japan. The group of
Inoceramus polvplocus (i.e. subgenus Mytiloceramus; with orbicular outline ap-
peared nearly coevally in the Bajocian of Europe and Japan. The group may
have been derived from Posidonia-like shells, as noted above. On the other
hand, the group of Inoceramus galoi, characterized by the regular coarse rib-
bing, developed in the Callovian-Tithonian of Himalayas, Moluccas and 3N-arc.
In the Uppermost Jurassic Amopaea with non-terminal umbo and more or less
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characteristic ““ lunule” associates with Inoceraimus in European Russia, New
Zealand and (?) Himalayas. [Inoceramus maedae from the (?) Oxfordian of inner
Japan has an unusually prominent umbo and highly inequivalve shells for
Jurassic species, and seems to belong to the group of Inoceramuts neocomiensis
which flourished properly in Lower Cretaceous. The evolution of inoceramids
seems thus fairly rapid in comparison with other pelecypod groups. Similar
species appeared often coevally in far distant areas, though certain species
groups show somewhat local development.

(16; Vulsellidae appeared in Jurassic, and it is known that Recent species
(and probably fossil species) live commensally with sponges. Eliginus ranging
from Bajocian to Callovian flourished especially in the Tethyan region. E.
rollandi or its allied forms show wide distribution in the Bathonian of east
Africa, Madagascar, Turkey, Cutch and Upper Burma. Bathonian deposits
are comparatively rare in the Pacific region, but it may bear somecthing on
palaeobiogeography and pelecypod evolution that no specimen of the genus
has ever been found therefrom.

(17} Pinnidae are said to be persistent from Palaeozoic and derived from
certain group of the Pteriidae. The cxtensive development of Pinna is, how-
ever, found at first in the Middle Jurassic. Many of Jurassic species in the
Indo-Pacific regions have a distinct median parting and fine radial striations
on the surface. Pinne mitis or its allied forms are distributed in the Upper
Jurassic of Europe, India and Japan. Tvichites is found in the Upper Jurassic
of Cutch but probably unknown in the Pacific.

181 Pectinidae flourished world-widely in the Triassic and later periods.
Undoubted Cllamys exists already in the Carnic of Japan and eastern Siberia.
Chlamys textoria 1s a cosmopolitan Liassic species, and constitutes one of main

Table 20.
CHL A M YS * "jequipecten”
Zurope India Indonesia Japen £, Siberia |N. America | S. Americe
iboibo
Upper vulgaris=
. camptonectoides
Jurassic i €
splendens lsubtextoria mitaraiensis
¢f.epiacopalia - meconnelli
ambigua ambigua
Middle suttextoriaCurvivariana
Jurasgic vininea
pardeios
dewalquei kobayashii
Lower Xurumensis
Jurassic textoria |kotakiensis textoria | textoria
textoria textoria
priscus*
. textoria
toyorensis®
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stocks of the genus in each region. Texferia and most other Liassic Chlamys
have comparatively flattenend right valves, but Middle Jurassic and later
Chiamys is generally equivalve except for the byssal part. Chlamys mitaraiensis
from the Upper Jurassic of Inner Japan, having Camptochlamys-likc lattice
ornamentation, is probably phyletically related to.some boreal Cllamys instcad
of Camptochlamvs. * Aequipecten” which 1 use for the group of “ Pecten”
priscus, is common in various Jurassic stages of Indo-Pacific regions as well
as Europe. Radulopecten is probably a Tethyan element, and its distribution
seems to bc confined properly to western Europe, Africa, India, {?; Mindoro
and outer Japan. Pseudopecten, Spondylopecten, Plesiopectenr are unknown in
Pacific. “ Pecten,, alata its allied well inflated forms occur commonly in the
Lias of South America. They seem most intimate to modern Pecfen :S.8.)
among various Jurassic scallops and may be ancestral to it. Parapecten ntla-
kapamuxanus, P. praecursor and P. acutiplicatus from the Pacific coast of North
America are probably related to the South American species, but such a pec-
tinid is unknown in the western Pacific region.

Table 21.
CAMPTONEC TES + Cemptonectes (s. 1.)
Burope 1ndia Indonesia 3N-arc Japan 2. Siberia(i, America|S. fmerica
aff, brewni
. cinikirensis® bellistriatus
Jpper . ) pertencistriatus
Juraseic terirosusnais* pietessiformis
indicus 8p.
. grandia* <
auritus
auritus
luchiangeneis
Middle laminatus cf.laminatus
Jurassic £ arcuatug
ef.browni eubbellissriatus
i+ albertensis
suritus . ef .auritus N lens
laminatus aalensis i laminatus
aclensis
8p.*
Laower
Juraseic
subflabelliformis*
i | oishii* | sp.
I inexpectatus

Camptonectes flourished explosively in the Jurassic period. But the presence
of typical Camptonectes-striations in certain Permian, Triassic and lower Lias-
sic species indicates that the origin of this genus can be traccd back into
earlier period than formerly supposed by some authors. It is probable that
Camptonectes was derived from the Aviculopectinidae parallel to other pectinid
groups. In the Lower and Middle Jurassic typical species auch as Camptonec-
tes auritus and C. laminalus are known in Japan, New Zealand and South
America besides various areas of the world. In North America C. bellistriatus
and its allies occur in the Upper Jurassic. Radulonectites, which is character-
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ized by Pleuronectites-like out-line and ventral radial grooves, is found in the
Lias of inner Japan. Several South American species such as Camptonectes
lens Leanza non Sowerby and Pecten soneadoensis Weaver are morphologically
similar to the Japanese species. FEopecten, a well defined pectinid group, was
probably derived from the Aviculopectinidae in Triassic, and Liassic species
are more or less common in Europe and India. It is found also in the Upper
Jurassic of India and Japan, but seems comparatively rare in Pacific.

Table 22.
EN rOL/UM * Variamussium
Eurove India Indonesia Il-are Japan 3. Siberiall. America|3, Amrxca‘
rabunokaver.se*
kimurai "
Jpper I .1apcmzl<:\m:Im“"'mﬂ"re
PP yatsujiense
Jurasgic l
5 leacai
inequivalve n
artitum vulcanicum
F herleini
corneolum
Middle demissum
Jurassic
demissum
parviaure
diseiforme cf.disciforme semlini ali):ﬁ}éfm
. equatle |3isciforme
hehli donalensis
Lower
Jurassic sp.* hehli
lunare coloradoense
calvum fossatum ¢f.lunare meexi
cingulatum cf.calvum

(19) Amusiidae especially Entolium and Varigmussium occur commonly
in many areas of Indo-Pacific. Entolium was probably originated in Upper
Palaeozoic Pernopecten and flourished in Mesozoic especially Jurassic. Several
Liassic species such as E. calvum often have shallow byssal notches. But the
fact does not mean that they were derived from Chlamys-like pectinids, because
such a notch can be observed also in Pernopecten and some Upper Jurassic
Entolium. E. disciforme is probably a cosmopolitan element, and comparable
forms to E. disciforme and E. demissum occur in the Upper Lias and Bajocian
of Japan, Moluccas and South America. E. japonicum and E. kimuragi from
the Upper Jurassic of Japan may be descendants from the group of E. calvum,
and E. yatsujiense from the group of E. /unare. In North America Entolium
is also common at some Jurassic horizons. Entolium nummulare and its allies
which constitute a well defined species group with distinct concentric sculp-
tures, flourished in the period from Oxfordian to Valanginian chiefly in boreal
province. E, inequivalve from the Upper Jurassic of inner Japan is intimate
to E. nuwmmulare and also to E. orbiculare from the Albio-Cenomanian of Eu-
rope and Greenland. Somapecten is a characteristic genus of this family. It
occurs commonly in the Upper Jurassic of outer Japan, and may be a small
branch from Entolium. Variamussium, which seems ancestral to Cretaceous
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Table 23.

PLICATULA # Plicatula {Harpax)
Surope India Indonesia Japan 3.3iberia B. America S.America
Mexico
vacasnsis
sp. sportella
Upper yatsujiensis
Jurassic blanfordi dichotonocosta
weymouthiana badiensis
peregrina
fistulcsa
tuterculosa
Middle
Jurassic
weberl
¢f,spinosar
rapa
Lower
. dakarensis* spinosat
Jurassic subcirevlaris
spinosa* praenipporica*
Table 24.
PLAGIOSTOMA
Europe India Indonesia| 3N-arc Japan 1E. Siberia|N, America|S. Americal
Jpper
Juressic j1agviugculum enormicoste
igid atrigillata
P88 Ip1antords
callovicum °31]-°'1°“I‘J cf.caréiiforme laeviusculun
e¢f.complanata
cardiiforme
cardiiforme|Jjumaraense
Kiddle hazelt
- zeltonense
Jurassic albertense
intermedium
sexicirculare semicireulare truncatifrone
i sexicirculars
l_, ] cardiiforuve
punctatun af?.giganteun succinetun
&iganteum i-anteun glganteunm
Lower  |compressum| & 527"
Jurassic |nodulosum nodulosum | nodulosum
suceinctua aff.ovalis| exaltatum | punctatua
parapuncty
garlandice, masaumot ol {subcompreasum
kobayashii |savrassovi l

and later Propeamussium, occurs at various horizons of Jurassic in Japan,
Cochin China, New Zealand, Canada and Neuquén.

{26) Plicatulidae are found aiready in the Upper Triassic of Japan, but
developed extensively in Lias and later stages. Early species such as P. spinosa,
which probably can be groupecd as subgenus Hurpax, are comparatively large
in size, and occur in the Lias of Japan, eastern Siberia and South America
and the Middle Jurassic of Moluccas. But they often associate with more

typical species of Plicatula.
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{21) Limidae are represented by many genera in the Jurassic whose as-
semblage is somewhat different from that of Triassic. Plagiostoma is gencrally
considered to have been derived from Triassic Mysidioptera. A few species of
Plagiostoma exist in the Upper Triassic of some regions, but its world-wide
development is found after Rhaetic. Plcgiostoma succinctum, P. giganteum, P.
nodulosum, P. semicirculare and P. cardiiformis show wide distribution also in
the Pacific region. Their stratigraphical occurrence agree roughly with those
in Europe. Some authors referred some Jurassic limids to Acesta, but Acesta
was, [ think, derived from Plagiostoma properly after Jurassic. Pseudolimea
is common at various horizons in European Jurassic. In Japan the genus
occurs already in the Upper Triassic, but Jurassic species are scarcely known
in the Pacific region except for P. duplicata from the upper Lias of Neuquén.
Antiguilima is known in the Lias and Aalenian of Europe, and A. nagatoensis
occurs in the lower Lias of western Japan. The genus resembles at a glance
Upper Jurassic and later Ctennides, though their phylogenetic relationship can-
not be warranted. Limatula, though Jurassic species are sometimes fairly devi-
ated from Recent typical species in outline, is common in many areas of Pacific.
Ctenostreon is an important member in many Jurassic faunas of Indo-Pacific.
C. proboscideum are probably a Tethyan elements, and its distribution can be
traced in the Middle-Upper Jurassic from Europe to India, Indonesia and Japan.
Lower Liassic species are known in western Japan and Amur. In South
America several species of Ctenosireon with much thickened ligament area
such as C. paucicostatum appeared in the Lias and succecded by some Callovian
species such as C. chilense.

{22y Anomidae are represented by Placunopsis in Jurassic period. Some
Upper Jurassic species occur in India and New Zealand.

Table 25.
CTENOSTREQON
Bur donesi sapan |2 Stveris |70 AT (5. tners
ope I . eria . erica
P! India ndonesia P! Mexico
riograndense
Tpper
Jurassic proboscideun
proboscideun
neuguense
chilerse
proboscideun
]
proboscideun
tiddle rugosum
Jurassic
raricostatum
wrightl oJikense pectiniforme
:-‘ectinifomtla pectiniforme sp. gikshanense wrighti
chlamidiforme
cf.terqueni paucicostatum
Lower
Jurassic
terquemi sp.
japonicum orientale
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Tuble 26.
GRYPHAEA
Zurope India K. America Mexico S, hzerica
nexicana
rlznoconvexa
Upper balli
Juraessic moogdanenain
loveta sicula ! ) 1 gilatata
dilatata hennigi impressimarginasa  leufuersis
tilokaza bilobata calcesla var. carirata
talli neuquexj.sis )
evinens cf‘.saz .5
cas lashioensis tricar
Middle cf.virassai
Jurassic sandalina sandalina
patera
minutula subovata
cadominensis calceola
calceola
cf.cymoium i
Lower eyabium _ e ef .cymoiva
rockymontana derwini
Jurassic
Table 27.
LOPHA
Zurope India Indonesia Japan N. America 5. America
&regarea
Upper gf -erucy
solitaria e¢f.marshii
Jurassic gragarsa eruce
xarsnii meevoyt
anor sa. infornis
marshii marshii
gregarea gregarea
Middle
Jurassic
solitaria sg. solitariz
pulligera SED. pulliga;era
longistrizsta
Tower
Jurassic i
2 gregarea keideli
aazanami
(23) Ostreidae become more common after Rhaetic, though Gryphaea, Lopha

and Liostrea which are the main represcntative genera of the family appeared
already in Triassic times. Gryphaea is said to have been derived from Liostrea
through Liostrea (Catinule), and the morphic transformation among the three,
in fact, seems gradual. Gryphaea seems very common in North and South
America since Lias besides Europe and India, but the genus is scarcely found



in many areas of western Pacific region. G. bilobate and many other Tethyan
species cannot be traced into Indonesia, 3N-arc and Japan. It is probably be-
cause the geosynclinal sedimentary condition in the western Pacific may have
inhibited its development. However, the distribution of sedentary species of
Lopha extends from Europe and India to Indonesia and Japan. L. marshii with
broad outline and radiating plications and Lopha eruca with narrow outline
and divaricate ribs constitute two stocks in the Middle-Upper Jurassic of these
regions. Helerosirea steinmanni from the Bajocian of Peru is said to possess
dimyarian adductors.

'24; Trigoniidae may have evolved polyphyletically from several groups
of the Myophoriidae, as suggested by some authors. KoBayasHi, Mor! and
TAMURA .1954-1939 studied this family and determined the generic positions
of many Jurassic species not only in Japan but also in various arcas of Paci-
fic. It was clarified by them that the evolution of trigoniids in the Pacific
region is somewhat different from European and Indian regions. The result
of their studies can be summerized as follows. Trigonia 's.s.) shows world-
wide distribution and occurs at various horizons of Jurassic in Indo-Pacific.
Frenguelliella is common in the Lower and Middle Jurassic of South America,
and it is probable that certain species of Vangonia were derived from Frenguel-
liella. It is interesting to see in many species of Vaugonia that there are
Frenguelliella, Jawcorskiella and Vangonia-stages in their ontogeny. Some authors
suggested that Vaugonia was derived from lvophorella, but in Japan Vaugonia
appeared already in lower Lias prior to the first appearance of AMyvophorella—a
fact denying the evolutional trend from JMvophorella to Vaugonia. Vaugonia
flourished in the Middle Jurassic of South America but seems comparatively
rare in North America. Myophorella is on the contrary more common in north

Table 28.
* Frengueli: ellz
]‘”GONIA #% Jaworsxiella -
Europe India Indeching Japan N. America Mexico S.America
minuta
spitiensis rudicoatata
Trper nitida "
.. . americana
Jurassic reticulata rirandaensys)
20llesensisn|
corderol
elongata | ¢longata
prora
casalope «heraensis ceasiops
tealei
Hifdle ealel
vurassic
sterzaeri
rIcrei* auciyagura denticulaste
B ’H bS
cf.denticulata JureSiardtise
costata aff. costatd irexpzetatad
Lovwer
Jurasaic
. chuoutenais
litteri taniase
senex N
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Pacific. The distribution of Myophorella {Promyophorella) orientalis extends
from north Japan to Mindoro. Myophorella (Haidaia; is also common in north
Pacific and seems especially common in outer Japan and Mexico. Geratrigonia,
Prosogvrotrigonia ( Jurassic species), Latitrigonia, Ibotrigonia and Nipponitrigonia
are quite interesting groups for the consideration of trigoniid evolution, but
their distribution is now confined to Japan and its surroundings. In the Indian
region Indotrigonia and Pterotrigonia are well represented in the Upper Jurassic,

Table 29.
VAUGONIA *+ Hijitrigonia
Zurove Indonesia 3N-arc Jazan N.Amnerica S. Anerica
Cpper
- ; picaimon
Sursessic colensise
yambarensis obliqua
flecta ; ovallei
moretcrni kawhiana avezuensis reciangularis
1iddle angulata praelonge
covuncoensis
Juraseic exosica
chunumayensis
aindorosnais yoioyarel ,gbéiq)ui! N go:tsg‘nei
ke Qoresc i a*
genicula<a® an ixggra't.;;a
7-co8tata* kodaijizensie
costatula a’f.coatatula,
Lower
Juraseic kojiva*
yokoyamai
niranohamene’s
naricashira ]
Table 30.
MYOPHORELLA ¢ Haidals
e hDerica
Zurore Indonesia 2N-are Japan texico S. Americe
obsocleta vyechelzkil
orientalis orier.talie proscabra*
. purex*
-rrer zolengraffis gracilenta* davwsoni®
J.rassic perlata dekaiboda
hudlestoni imamur: zontanaensis
clavellata crenulata®
ferrieri
sugayensis
imbricata
scarturgensis
iddle witcrelll
Juraseio
:r:.falgtﬂuu
eignate migmotdalis ovexa elgnata
=ndulate
formosa aff.formosa
_oder
Jureas.e
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and Jurassic trigoniids faunas are composed of much different genera {rom
Pacific ones. It is concluded that the rise and fall of trigoniids are fairly
different among regions, and that some groups show local development in
certain limfted biogeographical provinces.

.25% Pachicardiidae including Pachicardia, Heminajes, Trigonodus and Car-
dinioides developed in the Triassic of various regions, but most genera disap-
peared before the beginning of Jurassic. Only two endemic species of Cardini-
oides occur in the Lias of inner Japan.

Table 31

CARDINIA
Europe Indonesia Japan B, Siberis | N. imerica | S. America
Middle
Jurassic
inexpectata Jurensis
Lower philea
Juraesic hybrida sff. philea noatra densestriata
regularis nachamensie Iaff. collenoti andiun
henocquii latitruncata| ©rientalie anurensis > 1s
concinna ) toriyamai ?ff' hemocquii. °€

(26; Cardiniidae are known already from the Carnic of Japan, but the ex- 7
tensive development of Cardinia is known in Rhaetic and lower-middle Lias.
In the Pacific region Liassic species are found in Japan, eastern Siberia, Indo-
china, Canada and South America, bul the constituent species are quite dif-
ferent from European faunas. Splendidly imbricated species, which I (1958
treated as a subgroup of C. Aybride are distributed in northern Pacific,
while the subgroup of C. densestriata, characterized by the numerous concen-
tric lines between the imbrications is restricted to South America. Typical
Cardinia with large dimensions and more or less elongate-ovate outline occurs
in Indochina and Japan besides Europe but seems comparatively rare in Paci-
fic. In the Indian region Cardinia probably has not been found, but it is pos-
sibly due to the scarceness of lower Liassic deposits. Some species of Triassic
Palaeopharus and Pleurophorus show similar internal characters to Cardinia,
and it is highly probable that Cardinia was derived from certain preheterodont
pelecypods.

(27, Mpyoconchidae are persistent from Triassic. Jurassic species in the
Pacific region can be grouped into Myoconcha from South America and Kalen-
tera from New Zcaland. Myoconcha is known in the Lias of eastern Siberia
and (?: Upper Jurassic of Japan, but this family seems rare in other areas of
Pacific.

i28) Astartidae appeared at first in Upper Triassic and developed exten-
sively in Jurassic. Cretaceous species are also very common in various areas
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Table 32.
ASTARTE ¥ Coelastarte
Europe India Indonesia| 3N-arc Japan [N, Americal Mexico |[S. America
) 5 cf.epitiensis malonensis
gzm 18 kambarensis ef.rataleri
soverbyans sakamotoe;:eu nicropnyes| nipings
Upper scytalis gg:::ﬁ:i: neeki |breviacola
bbi
Juraesic | oo defecta | packa¥di mé%oliana
subdepressa subdepressa smeckoverensis
somensig® | ! hazzerdi
eastoni harrisonensis
bornesnsis morion
spitiensie
. rustica
¥1daze | ¥iltomt
purila
Juressic pulmae
szcavata® oir AM."}E"B
depresea sonniniarum gracilis
. excavaste*
¢legans olegans cf.cardiniiformis¥ ardium
subtetragona subcarinata sadtetragone
lurida voltzi .y antipodun
voltzi - cf.antipodunt 5 ol iae
Lower fontis
Jurassic
cardiniiformise*
app.

but Recent ones are not numerous, their distribution being confined properly
to cold seas. Liassic species are gencrally small in size, and typical species
with large dimensions, prosogyrous umbo, ventral crenules and characteristic
shell- convexity flourished chiefly in Aalenian and later. Typical Astrafe is
common in the Middle Jurassic of Cutch and South America and Upper Juras-
sic of Cutch, Himalayas, Japan and Mexico. A. spitiensis occur typically in
the Uppermost Jurassic of Himalayas, and allied forms are found also in New
Zealand and Japan. Cezlastarie is known in Bajocian and later in Europe and
South America, but in Japan C. cardiniiformis appeared already in Hettangian,
though it has not distinct ventral crenulations. Pracconia appearcd in the
lower Lias of Japan just as in Europe.

:29) Neomiodontidae including several Mesozoic cyrenoid genera at first
appeared already in Lias prior to the Corbiculidae. Fomiodon existed in the
lower Lias of Japan and flourished until Bajocian, but in Tethys regions its
development is found in Bathonian and later. Crenotrapezium, which was
probably derived from Fotrapezizum-like cyprinid pelecypods and is characterized
by the carinated trigonal outline and clongated lateral tceth with numerous
transverse crenulations, often associates with Fomiodon in the Lias of Japan.
However, the two genera are scarcely known in other areas of the Pacific
region.

'30) Corbiculidae at least in part may have derived from the Arcticidae
and Neomiodontidae in late Jurassic and early Cretaceous times, and may be
a polyphyletic family. Although somc Jurassic cyrenoids were referred to
Corbicula {=Cyrena), Polymesoda and Batissa in Japan and some other areas,
none is typical of those genera. Only Filosing, which is typically known in
the Wealden of Europe and said to have arisen from Upper Jurassic Eocallista,
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Table 33.
EOMIODON
Burope India Indonesia Japan
kumamotoensis
Upper cuneatus
Jurassic

fimbriatus indicug chumphonensis
angulatus Inamtuensis
nortonensis| namyauensis

Middle
Jurassic
vulgaris
Lower
Jurassic
vulgaris
lunulatus

occurs in the Purbeckian or Wealden beds of north Japan. The eclongation
and crenulation of lateral teeth, which are commonly seen in many genera of
the Corbiculidae and Neomiodontidae, are a marked tendency in brackish and
non-marine heterodont pelecypods.

(31, Arcticidae (=Cyprinidae) flourished in Jurassic and Cretaceous times,
and constitute an ancestral group to Cretaceous and later venerid pelecypods.
Although many characteristic genera are known in the European Jurassic,
Jurassic species seem less common in the Pacific region. Several species from
the Bajocian of Canada and Upper Jurassic of Mexico and Western Interior
were referred to Arctica. In Japan Arctica (Somarcticay which is characterized
by the smaller anterior cardinal 3a and apparently intermediate between Eocal-
lista and Arctica (s.s.), occurs in the Upper Jurassic. Yokoyamaina, having a
distinct pallial sinus and cyprinid like dentition, is found abundantly in the
lower-middle Lias of Japan, though the family reference is uncertain. Besides,
Isocyprina, Eocallista and Anisocardia occur sporadically in the Middle and Upper
Jurassic of Japan.

{32: Lucinidae are said to have developed since Triassic. Lucina ‘s.l.)
hasei from the lower Lias of western Japan has subvertically elongated ad-
ductor scars of Lucina-type, A lot of Jurassic species were hitherto described
as Lucinra from South America, Mexico and Japan besides Europe, but their
generic references should be revised in future, because typical Recent species
of Lucina has almost edentulous hingement and may be fairly deviated from
norn al Jurassic species.

(33) Fimbriidae (=Corbidae) including Fimbria, Sphaeriole and Sphaere
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flourished especially in Jurassic. Sphaera is known chiefly in the Middle
Jurassic of Europe, but in Japan, eastern Siberia and New Zealand the genus
occurs already in the lower Lias. It seems highly probable that Sphaeriola
evolved from Triassic Schafhdutlia by the differentiation of chevron-like cardinal
tooth 3 into distinct 3a and 3b. Jurassic Fimbria occurs commonly in Europe
and north Africa, but in the Pacific only two forms are known in the lower
Lias of Japan and Middle Jurassic of South America.

Table 34.
TANCREDIA
N. Azerica
Buro Indonest, N-arc .
Fe onesis 3 Japan Mexico 8. America
louisianensis
rostrata texana
Upper plana knowltoni
Jurassic " monLeo
curtansata sp. cf.donaciforaia
truncata
Middle angulata sllani
extensa
Juraseic
canacensis
Lower
Jurassic
l marcignyana
Table 35.
PROTOCARDIA
3urope India Indonesia Japan N. America S. Americs
morii
iosensis
Upper shumardj
Jurassic
tenuicostata SP.
zultiformis
crasgicosta schucherti
grandidieri
buckrani
Middle
Jurassic stricxlandi
obliquat euostricslanii
striatule inaii quata
srecta etriatula
kurumensis koeiti
. cf.hillana
wower
Jurassic
feiliczpianua prilippianun .
or.oi
rhaeitica
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:34) Tancrediidae and Quenstedtiidae flourished world-widely in the Middle
and Upper Jurassic. Tancredic and Quenstedtia occur commonly in the Upper
Jurassic of Mexico and Western Interior, but seem rather rare in the western
Pacific region.

135) Cardiidae appeared in Triassic and flourished in Jurassic and later.
The greater part of Jurassic species of the family belongs to Profocardia
which survived until Cretaceous and is succeeded by Nemocardium in Cenozoic.
Protocardia seems an euripic genus and occurs abundantly in various facies
in the Jurassic of Japan, Burma, Borneo, North and South Americas. Cardium
asaphum and C. (s.1.) nagancense respectively from the Lias of Neuquén and
Japan show much different surface-ornamentation from Profocardia. The two
species are, of course, not typical Cardium, but imply the presence of other
stocks of the Cardiidae than Protocardia.

Tablc 36
Europe Indis Indonesia Japan ¥. America
sp.
Ugper slobosa 2aloniana
¥
Jurasaic
. . borneensis
oxcniensis eastonii
vogeli
zunda
buclkmani
Midéle lyrata lyrata
Jurassic
cZ.involuta
Lower
Jurassic

-36; Corbulidae appeared probably at first in Middle Jurassic. Bathonian
and Callovian species of Corbula, though their generic reference should be
further examined, are common in India, (?) Borneo and Western Interior of
North America.

+37: Pholadidae mostly composed of boring shells occur at first in (?)
Middle Jurassic with the appearance of Mvopholas. A comparable species
with Tethyan M. acuticostata occurs in the Upper Jurassic of Japan.

i38) Pleuromyacidae are common in every stage from Triassic to Lower
Cretaceous, and numerous species of Pleuromyae developed in Indo-Pacific as
well as in Europe. In North America Bajocian and Callovian species are es-
pecially common, while only a few species are known in each area of western
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Table 37.
PLEUROMYA
2 a5 Ind 1 3N J E. Siberi N. Aserica S. America
Surope India ndonesia -are apan . eria Mexico
* inconstonse
subcoapressa
Upper runctostriae
Ju < alduini
Wraselc |uniformis | uniformis impressa |
sumnissiornatal
hidensis obtusiprorata|cf.varians
alduini postculninatalcf -alduing
}
T
weberensis
5 5 hyncheph
unif?mis milleformis ¥ yo?:io:gaora
Middze merginata nuda
: hectica
Jurassic Turnsi
alduini antolycus
jurasei chlutosensis Jjurassi
simplex gottschel
rotundata striatula
unioides urnula rotundata
striatula liasine
Tower liesina rashidatensis cf .unioides]
Jurassic cf.gregarius
yukonensis
sp.
Table 38.
PHOLADOMYA % fetorimya
3Surope Indi. Ind 1 Japan N. 4porica S. America
ndia ndones. . .
» 8 P Mexico
donacinna BArcous
paucicostata
praeposita
Upper hegig:’g‘g“ inequiplicata
: kingi
Jurassic aulticostatas somensis sonensis 102%:
uralensist cf.multicostata ocerinata¥ | Ppenderis
prlagemanni
Hiddle
Jurassic
acostae
s ebbreviata
cf.angustate P fidicule
fidicula ancéine
voltzi donacina corrugata
ambigua cf, Jortunata
amoigua
Lover henicardie
Juraesi
urassie volizi

Pacific. South American species from the Lias and Bajocian are mostly iden-
tical or closely allied to European famous species.

(39) Pholadomyacidae also appeared in Triassic but their explosive de-
velopment is found in Jurassic. Pholudomya is quite common in the upper
Lias and Bajocian of South America and Upper Jurassic of North America
and Mexico. In the western Pacific region, however, the genus seems uncom-
mon, and it is probably due to the predominance of coarse clastic and geosyn-
clinal sediments and impredominance of marly facies of calm sedimentary con-



332 I. Havay:

‘Table 3¢.
Burope 3K-arc Japan N. America S. America
Upper ipt
. nonvscripta
Jurassic literata depressa
hemicostata
literate
Middle
Juraseic v-seripta
duboisi
sp.
probascidea cf.duboisi
proboscidea
Sp.
Lower heteropleura
Jurassic
a’1’.heteropleura
Table 40.
HOMOMYA
Burope India 35-are Japan N. America | S. America
gallatirensis
Upper
Jurasaic gibbosa gracilis
gibbosa
Miadle
Jureseic - signicollina
gibbosa £ibbosa
jurozephyriensis
neuguena
bodenbenderi
satoi obliquata
Lower
Juraseic

dition where Pholadomya and other thin-shelled myacids developed. [t may
be the same as to the distribution of Jurassic Grvplieca. Telorimya carinata,
an aberrant myacid, occurs in the {?) Oxfordian of inner Japan. Similar species
are known in the Oxfordian of Ural and Upper Jurassic of Alaska, and the
genus flourished chiefly in boreal province. Homomya occurs in the Upper
Lias, Bajocian, and Upper Jurassic of Japan, New Zealand, North America and
South America. H. gibbosa seems a cosmopolitan species. Goniomya is.com-
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paratively rare except for several species from the Lias of Canada and Neu-
quén and Upper Jurassic of Himalayas, Queensland and Japan. Neoburmesia is
a characteristic genus found in the Upper Jurassic of Japan. The absence of
chondrophore suggests that the genus belongs to the Pholadomyacidae instead
-of the Burmesiidae.

(40) Burmesiidae, though the taxonomic position has not been firmly set-
tled, seem a characteristic family found chiefly in the Noric-Rhaetic of south-
eastern Asia. A lower Liassic species of Burmesia is found in north Japan,
and the range of the family extends into Jurassic.

Table 41.
THRACIA
Europe Japan B, Siberia N. America
't .
Jata cf.lata maloniana
fukushimensis montanaensis
Upper weedi
Juraesic. shokawsnsis canadensis
depreasa
depreesa
len:
¥iddle 91: sna
Jurassic i
dubia
convexa
sp.
Lover
Jurassic
subrhombica

(41) Thraciidae appeared at first in Triassic, and flourished in Jurassic.
Thracia is common in the shaly facies of Japan, Siberia and North America
besides Europe, but the genus is scarcely known in southern Pacific.

(42) Cuspidariidae flourished probably after Jurassic, but several species
from the Upper Triassic and Jurassic of southeastern Asia and Japan constitute
a well defined taxonomic group showing Cuspidaria-like rostrate outline, and
may belong to the family.

Summary

For the last ten years the greater part of the Jurassic pelecypod faunas
in many localized sedimentary areas of Japan was described by KOBAYASHI,
MoRI, TAMURA, KIMURA and myself. More than 90 genera and more than 350
forms have been distinguished in various Jurassic formations of Kitakami,
Hida, Nagato, Soma and the Outer Zone of Southwest Japan. Pelecypods are
the most ubiquitous fossil group in these regions, and the faunas seem im-
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portant for the stratigraphical, palaeoecological and palaeobiographical consi-
derations besides the palaeontology proper. In this paper I summerize and
discuss their stratigraphical and geographical distribution, zonation, palaeo-
ecology and palaeobiogcography, based on the hitherto published taxonomic
descriptions and my field observations, and make some intcrpretations on- the
pelecypod evolution in the Pacific region.

In the Kitakami region 17 faunules, which are characterized respectively by
Burmesia japonica, Geretrigonia hosourensis, Trigonia senex, Mclecgrinella sp.,
Variemussium sp., Inocevamus kudoi, Vaugonia kodaijimensis, Trigonia sumi-
yagura, Kobayashites hemicylindricus, Chlumys kobayeashii, Inoccranius karokuwen-
sis, Inoceramus hashiurensis, Myophovella orientalis, Parallelodoir kesennuwmensis,
Myophorella obsoleta and Filosine jusanhamensis, are important [or biostrati-
graphy and intraprovincial correlation. The Kuruma-Tetori fauna of the Hida
region comprises 18 faunules characterized by Rudulonectites juponicus, Chlamys
kurumensis, Bakevellia ohishiensis, Bakevellia negoyensis, Pleuromva hashidaten-
sis, “ Camptonectes” sp., Bakevellia magnissima, Meleagrinella sp., Geratrigonia
kurumensis, Inoceramus hamadae, Inoceramus cf. nitescens, Latitrigonia tetori-
ensis, Nipponitvigonia sagawai, Inoceramus maedae, Tetovimva carincta, Entolium
inequivalve, Vaugonia vambarensis and “ Corbicula™ tetoriensis, though their ages
are nol always determinable strictly. In the Toyora region 8 faunules repre-
sented by Cardinia torivamai, Prosogyrotrigonia inouyei, Oxvtoma kodavashii,
Parainoceramus tunaris, Parainoceramus matsumotoi, Postdonic sp. ex gr. ornaii,
Inoceramus sp. ex gr. fuscus and Imoceramus wutanocnsis occur in ascending
order.

Because of the considerable dependence of pelecypod distribution on facies,
the faunas are important facies-indicators in the Japanese Jurassic. In the
Kitakami region and thc Inner Zone of Southwest Japan, the fossiliferous
sediments can be roughly divided into three categories, namely ammonite-facies
{off-shore neritic shales), trigoniid-facies (near-shore or littoral sandstones; and
cyrenoid-facies (embayment shales and sandstones). Trigoniid-facies shows
generally somewhat agitated sedimentary condition, and ammonite- and cyre-
noid-facies calm and somewhat stagnant environments. Inocercmus, Posidonia,
Pleuromya and some other thin-shelled forms are predominant in the ammonite-
facies, Oxytoma, normal trigoniids, prionodonts and heterodonts with heavy tests
in the trigoniid-facies, and Bakevellia Isognomon, Mytilus, Eoniodon and some
other cyrenoids fairly characteristic in the cyrenoid-facies. This division is,
however, inapplicable to the bio-facies of the Outer Zone where calcareous
and open-sea sediments are predominant.

The marked difference of generic and specific assemblage of pelecypods
among Jurassic sedimentary regions of Japan may be partly due to various
sedimentary cnvironments but at the same time must be dependent also on
certain biogeographical isolation. In the Lower Jurassic, Kitakami, Kuruma
(inclusive of Iwamuro and Yamaoku) and Toyora regions constituted three
distinct faunal provinces. In the Upper Jurassic the Tetori fauna suggests
an almost distinct province from that of the Outer Zone, but it is found that
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the Kitakami, Soma and Torinosu faunas are intimately connected with one
another, as shown with SIMPSON’s indices of faunal resemblance. The greater
part of the Kuruma, Tetori and Kitakami pelecvpods is endemic, but Tethyan,
Pacific and even cosmopolitan elements are not rare in the sandy or limy facies
of the Toyora, Kitakami (in part), Soma and Torinosu faunal provinces. In
‘certain stages of Middle-Upper Jurassic boreal elements are found in the
Tetori and Tovora regions. ‘The differcntiation of Jurassic fauna into the
outer and inner suits is attributable to the development of ““ Eo-nippon Cordil-
lera”, a land barrier, which stretched longitudinally from west Japan to north-
east Japan.

The cvolution of Mesozoic pelecypods seems fairly different in many re-
spects between the Pacific and European regions. There are, of course, many
common genera and subgenera between the two regions, but some appeared
much earlier in one region than the other. For instance, Oxytoma, Vaugonia,
Cardinia, Coclastarte, Sphaeriole and some other genera appeared somewhat
earlier in eastern Asia. South American and Indian faunas bear marked af-
finities with European ones, but many characteristic genera and species are
found in the Pacific region especially in Japan, Indonesia and 3N-arc.
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Jurassic Fossils from Nagato and Kitakami

Plate XIV



Explanation of Plate X1V

Figs. la-b. “ Hildoceras” chrysanthemum YOKOvAMa. Compressed specimen with nearly

S

complete body chamber and operculum near the aperture, x1.5. Loc. Aptychi-
shale of the Nishinakayama formation (Ng beds) at Ishimachi, Toyoda town,
Yamaguchi Prefecture (Toarcian).

Figs. 2-3. “Cornaptychus” a sp., x2. Opercula of a harpoceratid like the preceding

Fig. 4.
Fig. 5.

Fig. 6.
Fig. 7.

Fig. 8.

Fig. 9.

species. Loc. ditto.

“ Cornaptychus” b sp., X2. Loc. Aptychi-shale of the Nishinakayama formation
(Ne beds) at the southwest of Ishimachi (upper Pliensbachian).

Pentacrinus sp., x3. Loc. Cardinia-sandstone of the Higashinagano formation
at the south of Higashinagano, Toyoda town. (lower Lias).

Posidonia sp. ex gr. ornati QUENSTEDT. Slab with many specimens, x2. Loc.
Posidonia-shale of the Utano formation (Up beds) at Todani, southwest of
Ishimachi (Aalenian).

Amonotis n. sp. Slab with many specimens, x3. Loc. Amonotis-shale of the
Nishinakayama formation (Ne beds) at the south west of Ishimachi (upper
Pliensbachian).

Myophorella (Haidaia) crenulata KoBayasHi and TavUra. Rubber cast from
left external mould, x1. Loc. T7rigonia-sandstone of the Mone formation (Sm,
member) at Udohama of Oshima, Kesennuma city, Miyagi Prefecture (Oxford-

-ian or Kimmeridgian).

? Trail of a gastropod. x1. Loc. Ah, member of thc Arato formation at the
west of Hosoura, Shizukawa town, Miyagi Prefecture.

All specimens illustrated are kept in the Geological Institute, University of Tokyo.
Photo by UEeku.
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