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512. MOLLUSCAN FAUNA OF THE HIGASHI-INNAI FORMATION
OF NOTO PENINSULA. JAPAN-II; REMARKS ON MOLLUSCAN
ASSEMBLAGE AND DESCRIPTION OF SPECIES

KOICHIRO MASUDA

Department of Geology, Miyagi University of Education, Sendai

AEB L) WEDNFF OBk (LB 11, FLBRNIR S MO AW 71> & UTE

DFTE, WILEO AW e B

L ERFO MRS BB R S L 2 W55

iclic, S THMEZEHL b STOMSEOMRILT e 7, # WM # — 5

Concluding Remarks on
Molluscan Assemblage

The stratigraphical and geographical
distributions of the molluscan shells and
the other fossils from the Higashi-Innai
Formation are shown in Tables 1-4.
For the sake of convenience the strati-
graphical and geographical changes of
the molluscan assemblages will be de-
scribed from the lower to the upper
horizon.

(a) First horizon

During this stage the environmental
conditions may not have heen favourable
to the molluscs because of the rapid
deposition of the sediments and unstable
sedimentary basin. However, gradually
the conditions changed and the environ-
ment became favourable to the molluscs.
The molluscan assemblages are generally
characterized by the few number of
species and individuals and by such
brackish water genera as Ostrea, Vicarya.
Vicaryella, Cerithidea, Batillaria, Nas-
sarius, etc.

* Received February 10, 1966: read Sept.

25, 1965 at Nagasaki.
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From the little change in the assem-
blages from the different localities and
their rather uniform and extensive dis-
tributions in the present field it is in-
ferred that the molluscs were able to
survive the environmental conditions in-
volving variable and extreme salinities
and temperatures. The environmental
conditions of the first horizon may have
been a shallow embayment (Fig. 1).

(b) Second horizon

With the opening of this stage the
seas continued to transgress towards the
south from the north.

The faunal assemblage of this stage
is varied, being composed of hesides the
molluscs, corals. echinoids, larger forami-
nifera and others. The molluscan species
become very numerous in both species
and individuals compared with the first
horizon. The distributions of the mol-
luscs are shown in Figs. 2 and 3. The
distributions of the hard bottom dwelling
molluscs coincide with the distributions
of such fossils as corals, bryozoans, cal-
careous algae, etc.

From the figures and tables it is no-
ticed that the molluscan species show
wide variation in the assemblage geo-
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Fig. 1. Palcogcographical map of the First horizon.
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Fig. 2. Distributions of Vicarya callosa japonica YABE and HATAL Vicaryella ishiiana
(YokovyamA) and Vicaryella notoensis Masupa (large circle: abundant to common occur-
rence of that species; small circle: few to rare occurrcence of that species).
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Fig. 3. Relative abundancy of hard bottom dwelling molluscs (dark colored).
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graphically. Among the molluscs there
are some good ecologic indicators as Vi-
carya callosa japonica Y ABE and 11ATAL
Vicaryella notoensis MASUDA, Nassarius
notoensis MASUDA, Kaela sp.. Cyclina
Japonica KAMADA, etc. These are good
indicators of brackish water ecological
conditions. The occurrence of allopatric
forms as Vicaryella notoensis MASUDA,
V. ishitana (YOKoYAMA). Nassarius noto-
ensis MASUDA, N. minoensis ITOIGAWA,
Cyclina japonica KAMADA and C. lunulala
MAKIYAMA are important for consider-
ation of the palecenvironmental condi-
tions during deposition.

From the fossils, it is inferred that
the brackish environmental conditions
existed in the southern area near Kana-
gura, in the vicinity of Awagura and in
the vicinities of Kobunayama and Fujio.
Elsewhere the conditions are inferred to
have been marine. From the lithologic
characters and the thickness variation in
the vicinity of Kakuma there may have
existed a channel extending from Otani
to near [ujio through Kakuma (Fig. 4).

(¢) Third horizon

This stage is represented by only a
few fossil localities. The molluscan spe-
cies from the uppermost part of Loc. No.
24 comprise brackish water forms as
Vicarya callosa japonica Y ABE and HA-
TAal, Vicarvella notoensis NASUDA, etc.
Those {rom other localities are few in
species and individuals but consist of a
marine assemblage.

Judging from the lithological char-
acteristics. fauna and distribution it is
thought that there was some fluctuation
during the marine transgression of this
stage or at least some differential move-
ments. The map of this stage is shown
in Fig. 5.

(d) Fourth horizon

The seas of this stage extended to the
southern area and the carbonaceous

sandy siltstone near Kydden yielded
many molluscan shells but the fossil
molluscs are contained in the glauconite
bearing coarse-grained sandstone at other
localities. The molluscan fauna from
Kytden (Loc. No. 22) consists of Raela
sp.. Saxolucina k-hataii {OTUKA), Cerith-
idea sp., etc. It seems that there may
have been a small embayment in the
vicinity of Ky{iden opened towards the
northwest. The paleogeographical map
of this stage is shown in Fig. 6.

(e) Conclusion

From the faunal elements and the
paleogeography it is considered that the
Higashi-Innai Formation was deposited
under the influence of a warm and shal-
low sea as shown by the occurrence of
tropical to subtropical molluscs as Ctena,
Kalelysia, Euchelus, Monilea, Turbo. Neri-
ta, Littorinopsis, Rissoina, Architectonica.
Vicarya, Vicaryella, Pachycrommium, Cy-
praea, Apollon, Oliva, Vexillum, Mitra,
Philbertia, Cythara, Conus, etc. This
view is upheld by the associated occur-
rence of reef building corals and by the
assemblages of the smaller foraminifera
as pointed out by AsaNoO (1953).

Geological Age and Correlation

The Higashi-Innai Formation is char-
acterized with such fossil molluscs as
Anadara makiyamai HAaTAl and Nisi-
YAMA, A. kurosedaniensis 1ATAI and
NisivaMa, Chlamys ishidae MASUDA,
C. wwamurensis ITOIGAWA, Crassatelliles
suyamensis OINOMIKADO. Felaniella fer-
ruginata (MAKIYAMA)Y, Joannisiella mei-
sensis MAKIYAMA, Saxolucina k-hataii
(OTUKA). Pillucina yokoyamai (OTUKA),
Clinocardium ogurai (OTUKA). Cyclina
Japonica KAMADA, C. lunulata MAaKI-
YAMA, Dosinia akaisiana NoMura, D.
tugaruana NOMURA, Protothaca tateiwai
(MAKIYAMA), DPitar itoi (MaKIYAMA),
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Katelysia nakamurai IKEBE, Soletellina
minoensis YOKOYAMA, Cultellus izumo-
ensis YOKOYAMA. Turbo ozawai OTUKA,
Littorinopsis miodelicatula Oyama, Archi-
tectonica kurodac Tsupa, Cerithidea kan-
pokuensis MAKIYAMA, Vicarva callose
japonica YABE and Hartat Vicarvella
ishiiana (YOKOYAMA), V. noloensis MA-
supaA, Cerithium ancisum {(YOKOYAMA),
Calyptraea tubura OTUKA, Polinices mets-
ensis MAKIYAMA. Neverita coficazae
(MAKIYAMA), Pachycrommium japonicumn
KANNO, Sinum  ineptum (YOKOYAMA),
Apollon osawanoensis TSUDA. Chicoreus
asanot MASUDA, Conus tokunagai OTUK A,
etc. Among the molluscan species the
Recent species or the ones referable to
the Recent species are only nine such as
Lima cf. goliath SOWERBY, Ostrec cf. den-
selamellose LISCUKE, Phylyctiderma cf.
japonica (PILSBRY), Lucinoma acutilinea-
tum (CONRAD). Cryptomya busoensis Yo-
KOYAMA, Joannetia cf. cumingi (SOWER-
BY), Solen cf. gouldi DUNKER. Dentalium
cf. hexagonum GouLp and D. weinkaufji
DUNKER.

This formation is also characterized
with larger foraminifers as AMiogvpsina
kotot HANzAWA and Operculing com-
planata japonica HaNzAwWA and with
the Orito Flora (IsHinaA, 1964) which cor-
responds to the Daijima Flora (Huzioka,
1949).

From the above mentioned accounts
the geological age of the Higashi-Innai
fauna is considered to be Early Miocene
(Masupa, 1962a, 1963).

From the molluscan species given in
the faunal lists the Higashi-lnnai For-
mation is considered to be a correlative
of the faunas of the Heirokudo, Meisen
and Ennichi Formations in Korea, the
Kurosedani Formation of Toyama Pre-
fecture. the Uchiura and Kunimi of
Fukui, the Kawai of Shimane, the Orito
and Tsugawa of Niigata, the Nishi-

kurosawa of Akita, the Ainaigawa and
Tanosawa of Aomori. the Takinoue of
Hokkaido, the Mizunami of Gifu, the
Tsuzuki of Kyoto, the Fujishima of
Wakayama, the Tsuvama of Okayama,
the Shébara of Hiroshima. the Kaiseki-
zan of Mie, the Shiratori of [wate, the
Kunugidaira of Fukushima and the Ajiri
of Miyagi Prefectures.

Description of New Species and
Remarks on Some Species

Family Nuculanidae
Genus Saccella WOODRING, 1925
Saccella saikaiensis MASUDA, n. sp.
Pl 35, figs. 1a-b, 2, 3

Holotype :—DGS*, Reg. No. 4494,

Description :—Shell small, moderately
thick, moderately inflated, transversely
elongated. longer than high: antero-
dorsal side slightly convex, passing
gradually into rounded anterior margin ;
postero-dorsal side nearly straight, des-
cending abruptly into broadly rounded
ventral margin ; posterior margin bluntly
pointed. Beak somewhat curved, pointed.
situated at nearly half of disc length.
Surface with much curved ridge extend-
ing from beak to posterior end. sculp-
tured with conspicuous, coarse, smooth
concentric lines nearly equal to their
interspaces in width. Escutcheon nar-
row, oblong, lanceolated. defined by
ridge: lunule narrow, sharply defined
by ridge from beak to near anterior
end ; interior character unknown.

* Abbreviation for the Dzpartment of Geo
logy. Faculty of Education. Tohoku Univer
sity. Sendai.
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Dimensions (in mm) :(—

Height 7.8 7.8 —
Length 12.9 13.4 13.2
Depth D** 3.0 ca. 3.0

Mollusean Fauna of the Higashi-Innai

7.4 6.3 6.0 5.8
12.0 1220 ca. 9.5 10.2
2.8 2.2 2.2 2.5

*—holotype ; **—breadth

Remarks:—The present species resem-
bles Saccella minoensis 1ToiGAWA (1960,
p. 263, pl. 1, fig. 1) from the Mizunami
Group, Gifu Prefecture, but is distin-
guishable therefrom by its smaller shell,
coarse concentric lines on surface, beak
at nearly central part of disc, one radi-
ating ridge extending from beak to pos-
terior end and sharply defined lunule.
Saccella gordonis (YOKOYAMA) (1920, p.
177, pl. 19, figs. 4, 5) from the Pliocene
Naganuma Formation, Kanagawa DPre-
fecture is distinguished from the pre-
sent one by its sharply pointed posterior
end, two radiating ridges and fine con-
centric lines. Also distinguishable from
Saccella confusa toyomaensis KAMADA
(1962, p. 50, pl. 2, figs. 1-5) from the
Miocene Numanouchi Formation, Fuku-
shima Prefecture by its rather large
and short shell.

Type locality :—Loc. No. 23.

Occurrence:—Type loc.—C; Loc. No. 3
—C: Loc. No. 4—F.

Family Pectinidae
Genus Aequipecten FISCHER, 1887

Aequipecten matsunagiensis
MASUDA, n. sp.

Pl 35, figs. 4-6

Holotype :—DGS, Reg. No. 4506.

Description :—Shell small, moderately
inflated, higher than long, nearly equi-
lateral except [lor auricles, nearly equi-
valve: valves radiately ribbed, apical
angle about 90°. Right valve with about

19, elevated, rather squarish. round-top-
ped radial ribs and fine concentric growth
lines ; radial ribs nearly equal or a little
narrower than their interspaces, some-
times with faint, fine, shallow furrows
on surface near ventral margin; inter-
spaces flat-bottomed; auricles medium
in size; anterior auricle larger than post-
erior one, with prominent byssal notch,
sculptured with a few radial threads and
concentric lines; posterior one truncated
behind at about right angle, with sculp-
ture similar to anterior one; hinge with
distinct cardinal crura, shallow and nar-
row resilial pit with short, distinct lateral
ridges, widely open and distinct cteno-
lium. Left valve with sculpture nearly
equal to right wvalve. Interior surface
rather distinctly folded, with flutings
near ventral margin.

Dimensions (in mm) :—

Valve Right* Right Right Left
Height 21.0 14.0 8.5 10.0
Length 18.5 12.0 7.8 9.0
Depth 5.0 — — 2.5

*—holotype

Remarks . —This species is distinguish-
ed from dequipecten yanagawaensis (No-
MURA and ZINBO) (1936, p. 337, pl. 20, figs.
2a-b) from the Miocene Yanagawa For-
mation, Fukushima Prefecture by its
subequilateral shell, smaller apical angle,
fewer roundtopped radial ribs and no
intercalary threads. Chlamys ishidae
Masupa (1962a, p. 171, pl. 18, figs. 21-24)
from the Miocene Kurosedani Formation,
Toyama Prefecture is distinguished from
the present one by its larger number of
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rounded radial ribs, intercalary threads
and characters of marginal serration.
Type locality :—Loc. No. 32.
Occurrence —Type loc—R; Loc. No.
3—R; Loc. No. 36—C.

Family Mytilidae
Genus \Modiolus LAMARCK, 1799
Modiolus wanizakiensis MASGDA, n. sp.
Pl. 35, figs. 8a-b, 9

Holotype :—DGS, Reg. No. 4510.

Description :—Shell rather small, very
thin, elongated, expanded posteriorly.
moderately inflated; antero-dorsal side
short, concave, rather abruptly passing
into bluntly pointed anterior end; pos-
tero-dorsal side long. nearly straight near
beak, rounded near posterior end, pas:
sing gradually into rounded posterior
margin; ventral margin nearly straight
except for rounded antero- and postero-
ventral margins. Beak rather low, situ-
ated near anterior end. Surface with
very faint, fine concentric growth lines

slightly folded near margin. Interior
characters unknown.
Dimensions (in mm) :—
Height 18+ 21 2%
Length 30.5 35 -
Breadth 10.5 ca. 11.0 15.8
*—holotype
Remarks:—This  species resembles

Modiolus yasuhirol KAMADA (1962, p. 72,
pl. 3. figs. 13, 14) from the Numanouchi
Miocene, Fukushima Prefecture but dif-
fers by its small, protruded anterior end
and rounded posterior corner.
Type locality:—Loc. No. 33.
Occurrence :—Type loc.—C.

Family Myochamidae
Genus Myvadora Gray, 1840
Myadora suzuensis MASUDA, n. sp.
Pl. 35. figs. 10, 11

Holotype :—DGS, Reg. No. 4513.

Description :—Shell medium in size,
rather thin, triangularly elongate oval
in shape, longer than high; apical angle
about 120°; antero-dorsal margin nearly
straight, passing gradually into broadly
rounded ventral margin; postero-dorsal
margin gently curved downwards, pass-
ing abruptly into posterior margin and
truncated behind; ventral margin broad-
ly rounded. Right valve somewhat in-
flated; sculptured with very coarse,
rather irregular, smooth concentric lines
which are narrower than their inter-
spaces and rather well-developed Kkeel
extending from beak to posterior corner,
making elongated posterior border which
is sculptured with broad, smooth con-
centric lines. Beak situated at nearly
half of disc length. Left valve nearly
flat, with sculpture nearly equal to right
valve. Interior margin smooth; hinge
with elongated, rather wide excavation
bounded by distinct ridge; other interior
characters unknown.

Dimensions (in mm).—

Valve Right* Right Left
Height 10.0 10.2 6.2
Length 13.2 — 7.5
Depth 3.2 ca. 3.5 —

*—holotype

Remarks :—The present new species is
distinguished from Mvyadora okadae
HaTar and Masuna (1960, p. 33, figs. 1,
2) from the Miocene Moniwa Member of
the Hatatate Formation, Miyagi Prefec-
ture by its elongated shell, broad, smooth
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concentric lines and rather well develop-
ed keel. Myadora ikebei HABE {1950, p.
27, pl. 4. figs. 4-6), a Pleistocene and
Recent species of Japan, can be distingu-
ished by its ill-developed keel on the
surface and regularly spaced coarse con-
centric lines.

Type locality -—Loc. No. 24.

Occurrence :—Type loc.—F; Loc. 33—F.

Family Carditidae
Genus Glans MEGERLE. 1811
Glans naomiae MASUDA, n. sp.
Pl. 36, figs. 13a, b, 14

Holotype - —DGS, Reg. No. 4517.

Description :—Shell small, moderately
thick, subovate, moderately inflated;
antero-dorsal side short, concave in front
of beak, passing gradually into rounded
ventral margin; postero-dorsal side long,
rounded. passing gradually into ventral
margin; beak pointed. curved forwards,
situated anteriorly at about 2/3 of shell
length; lunule small, sharply defined.
Surface with about 22, elevated. conspi-
cuously imbricated radial ribs and fine
concentric growth lines; radial ribs some-
what broader than their interspaces;
scales on radial ribs disc-like, rather flat,
becoming closely packed and imbricated
towards ventral margin and inclined
apically. Interior margin with distinct
coarse dentalion; muscle scars faintly
impressed ; anterior cardinal and poste-
rior cardinal teeth of left valve somewhat
developed; hinge characters of right
valve unknown.

Dimensions (in mm):— Height 9.,
length 10.1, breadth 6.0 (holotype): height
7.0, length 7.6 (paratype).

Remarks :—The present genus is rather
rare in the Tertiary strata of Japan and
may be the first record.

Glans hirasei (DaLL) (Kira, 1960. p. 130,
pl. 52, fig. 20), a Recent species of Japan,
can be distinguished from the present
one by the large and subquadrate shell
Glans sagamiensis KURODA and HABE
(HABE, 1961, p. 122, app. 37. pl. 55, fig.
14), a Recent species of Japan, also can
be distinguished from the present one
by its larger and subquadrate shell,
nearly equal radial ribs and interspaces.

The description of the present species
is based upon a single cojoined shell and
a single small. 1solated shell; they may
represent rather young shells. The new
name is taken after the name of my
daughter. Naomi MASUDA.

Tvpe locality:—Loc. No. 35.

Occurrence:—Type loc.—R; loc. No.
23—R.

Family Lucinidae
Genus Ctena MORCH. 1861
Ctena hatair MASUDA. n. sp.
Pl 35, figs. 15-20

Holotype . —DGS, Reg. No. 4521.

Description :—Shell rather small. mode-
rate in thickness, inequilateral. longer
than high. slightly inflated ; antero-dorsal
side rather long. somewhat concave in
front of beak. passing gradually into
broadly rounded ventral margin; postero-
dorsal side short, rounded, merging into
ventral margin: beak pointed, some-
what curved forwards, situated posterior-
ly at about one-third of shell length;:
lunule small, oblong, rather distinct.
Surface with radial ribs. intercalary
threads and concentric growth lines:
radial ribs ten or a little more, somewhat
broader than their interspaces, divided
into two parts near beak and further
bifurcate at about half of disc height:
intercalary threads between radial ribs
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usually appear at upper half of disc and
sometimes bifurcate ventrally: second-
ary intercalary threads between radial
ribs and primary intercalary threads ap-

Dimensions (in mm) . —

Height 9. 8+ 11.2 9.6
Length 1.1 12.4 10.4
Depth 3.0 3.5 30

Koichire MASUDA

pear near ventral margin; concentric
growth lines distinct. Lateral teeth
rather large and distinct ; inner margin
finely crenulated.

9.0 9.0 7.5 6.0
10.0 10.0 8.2 6.2
2.5 — 2.0

*—holotype

Remarks :—This new species is named
in honor of Professor Kotora HATAlI of
the Tohoku University.

The present species resembles Ctena
minoensis Iroicawa (1960, p. 269, pl. 2.
fig. 6) from the Miocene Mizunami group
of Gifu Prefecture and Ctena delicatula
(PILsBRY) (1904, p. 555, pl. 41. figs. 15, 16).
a Recent species of Southern Japan. But
the former is distinguished from hataii
by its small shell, coarse radial ribs and
no intercalary threads, and the latter by
its large shell and rather simple surface
sculpture.

Type locality :—Loc. No. 30.

Occurrence :—Type loc.—C: Loc. No.
25—F; Loc. No. 32—R: Loc. No. 35—F;
Loc. No. 36—R.

Family Veneridae
Genus Cyclina DESHAYES, 1849
Subgenus Cyclinorbis MAKIYAMA, 1926

Cyclina (Cyclinorbisy lunulata
Maxkivama, 1926

Pl. 35, fig. 33

1926. Cycelina (Cyclinorbis) lunulata Maxi-
YAMA, four. Coll. Sci., Imp. Univ. Kyoto,
Ser. B. Vol. 2. No. 3. p. 158, pl. 13, fig. 1.
Cyclina (Cyclinorbis) lunulata MAakri-
yAaMA, Kasmapa, Trans. Proc. Palaeont.
Soc. Japan, N.S.. No. 6, p. 170, pi. 15,
figs, 5, 6.

1952.

Holotype :—Geological Survey of Ché-
sen (Korea), Reg. No. 32.

Remarks:—In 1952 KamMADA described
Cuyelina japonica, n. sp. based upon the
specimens from the Higashi-Innai Form-
ation at Tokunari (Loc. No. 12) in the
present field and discussed on the Recent
and fossil species of the genus Cvelina
of Japan and Korea.

Among the specimens from the Higashi-
Innai Formation, the ones referable to
Cyclina japonica KAMADA occur only at
‘Tokunari (Loc. No. 12), the type locality
of Cyclina japonica. The specimens from
the localities other than just mentioned
are referred to Cvycline lunulata MAKI-
YAMA.

From the morphological characters it
is evident that Cyclina japonica KAMADA
is closely related to Cvelina lunulata
MAKIVYAMA.

Type locality:—Nanseki, Meisen Dis-
trict, North Korea.

Occurrence.—l.oc. No. 23—F; Loc. No.
24—F; Loc. No. 3—F.

Genus Paphia ROpING, 1798

Subgenus Paphia s.s.

Paphia (s.s.) euglypla ohiroi MASUDA,
n. subsp.

Pl 35. figs. 22, 23

Holotype :—DGS. Reg. No. 4527.
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Description :—Shell rather large, trans-
versely elongated, moderately inflated;
antero-dorsal side short, broadly concave,
passing gradually into rounded antero-
ventral margin; postero-dorsal side long,
slightly convex bhut rounded near poste-
rior end and merging into rounded pos-
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-~

nearly straight : beak situated anteriorly
at about 2/3 of shell length. Surface with
very coarse, round-topped concentric
lines ; concentric lines rather fine near
beak but tend to become coarse and to
strengthen with growth. Interior char-
acters unknown.

7.5 23.5 23.5 20.5
8.0 48.0 43.0 ca. 36.0
— — 7.2 7.0

*_holotyvpe

tero-ventral margin: ventral margin
Dimensions (in mm) :—
Height 29.0* 29.5
Length 53.0 52.0 ca
Depth 9.0 —
Remarks :—This new subspecies is

much related to Paphia euglypta (PH1LIPPI)
(1848, p. 76, pl. 7, fig. 3), a Recent species
of Southern Japan, but it is distinguish-
able therefrom by its oblong shell, broad-
ly concaved antero-dorsal side and very
coarse concentric lines. ‘This species can
be distinguished from Paphia exillis
takaokaensis Snyro (1957. p. 145, pl. 2,
figs. 5-7, 21-22) from the Miocene Mliya-
zaki group of Miyazaki Prefecture by
its large shell and very coarse concentric
lines. Paphia pseudoliratus  VREDEN-
BURG (1928. p. 457, pl. 31, figs. 2-5;) from
the Miocene Mekran Series of India is
distinguished from the present one by
its concentric folds which are broader
than their intercalary furrows.

This new subspecies is named in
honor of Mr. Siyit OHIRO who helped the
writer in the field.

Type locality - —l.oc. No. 38.

Occurrence :—Type loc—F; Loc. No.

Dimenstons (in mm) :—

Height 25. 3~ 21.2
Length 43.0 34.5
Depth 8.5 7.5

37—C: Loc. No. 39—R.

Paphia (s.s. suzuensis NMASUDA, n.sp.
Pl. 35, figs. 24. 25

Holotype :—DGS, Reg. No. 1530.

Description :—Shell of medium size,
moderately inflated, transversely elong-
ated; antero-dorsal side short, slightly
concave, passing gradually into rather
acutely rounded anterior margin ; postero-
dorsal side long, nearly straight, passing
gradually into rather acutely rounded
posterior margin: ventral margin broadly
rounded ; beak pointed, situated anterior-
ly about one-third of shell length: escu-
tcheon narrow. rather sharply defined.
Surface with rather low, irregular, some-
what lamellated, close-set, coarse concent-
ric lines: concentric lines at postero-
dorsal side somewhat more prominent
than those of other parts, broader than

their interspaces. Interior characters
18.0 140 12.5 8.5
29.0 22.5 20.0 12.5
— 5.5 3.3 3.0

*—holotype
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unknown.

Remarks :—The present species can be
distinguished from Paphia hirabayashii
Oruka (1938, p. 12, pL 1, fig. 9. pl 2,
figs. 16, 19) from the Miocene Shiroyama
[Formation, Shizuoka Prefecture by its
much elongated shell and finely lamel-
lated coarse concentric lines. Paphia
grata tsumaensis SHUTO (1957, p. 153, pl.
12, figs. 9-11) from the Miyazaki Miocene,
Miyazaki Prefecture resembles the pre-
sent species, but SHUTO's species is dis-
tinguishable from suzuensis by its fine
concentric lines. This species can be dis-
tinguished from Paphia pseudoliraius
VREDENBURG (Op. cit.) by the shell form
and surface sculpture.

Type locality :—Loc. No. 30.

Occurrence . —Type loc.—F; Loc. No.
23—F.

Genus Venerupis LAMARCK, 1818

Subgenus Amygdala ROMER, 1857

Venerupis (Amygdala) takagii

(MAsuDA), 1955
PI. 35, figs. 28a, b, 29

1955. Callista chinensis lakagii

No. 20, p. 121, pl. 19, fig. 7.

Holotype :(—DGS, Reg. No. 2501.

Remarks :—Callista chinensis lakagii
was described by the writer from the
ligashi-Innai Formation at Tokunari
(Loc. No. 12) based upon two. small, un-
favourably preserved specimens. Numer-
ous rather well preserved specimens
referable to takagit were collected from
the Higashi-Innai Formation at different
localities. These specimens show that
takagit should be refered to the genus
Venerupis and subgenus Amygdala and

Masupa,
Trans. Proc. Palaeont. Soc. Japan, N. S,

that the type specimens may be young
shells.

The newly collected specimens take
the following description: Shell medium
to small, rather thin, moderately inflated,
transversely elongated; antero-dorsal
side short. slightly rounded, passing
gradually into rounded anterior margin;
postero-dorsal side long, nearly straight,
grading into rounded posterior margin;
ventral margin nearly straight 1o slight-
ly rounded at central part of shell but
tend to become rounded at both antero-
and posterior ends; beak pointed, situ-
ated anteriorly at about 3/5 of shell
length, escutcheon narrow, rather dis-
tinctly defined. Surface sculptured with
numerous, close-set, rater low, fine radial
threads and fine concentric growth lines ;
radial threads nearly equal to their
interspaces ; concentric lines rather more
distinct at anterior part than at posterior
part and appear somewhat decussated.
Pallial sinus large, deep, nearly hori-
zontal; upper line subparallel with
lower, broadly rounded at end; interior
margin smooth; hinge characters un-
known.

The present species resembles Verne-
rupis (Amygdala) japonica (DESHAYES)
(KIRA, 1960, p. 144, pl. 56, fig. 23), a Re-
cent species of Japan, but it is distin-
guishable therefrom by its rather small,
oblong shell, nearly straight ventral
margin, rather low, close-set radial
threads, faint, fine concentric growth
lines and large pallial sinus. Another
closely related species is Venerupis
(Amygdala) variegata (HANLEY) (SOWER-
BY, 1855, p. 696, pl. 151, figs. 133-138),
a Recent species of Southern Japan, but
variegata has a rather large shell, some-
what rounded postero-dorsal side and
shallow pallial sinus.
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Dimensions (in mm) :—

Height 11. 5+ 185 16.8 13.5 13.4 6.5
Length 19.2 27.8 25.3 21.0 21.3 11.2
Depth - 9. 8+ 5.0 4.0 — 2.3

* _.holotype: ** —breadth

Type locality :—l.oc. No. 12.

QOccurrence :—Type Loc.—F; Loc. No.
33—R; Loc. No. 35—C.

Family Erodonidae
Genus Anisocorbula IREDALE, 1930

Anisocorbula ohirei MASUDA. n. sp.
Pl. 35, figs. 35a-b, 36a-b

Helotype :—DGS. Reg. No. 4546.

Description :—Shell rather small,
moderately inflated, oblong. inequilateral ;
right valve slightly larger than left
valve at ventral margin; antero-dorsal
side shorter than postero-dorsal side;
slightly rounded but somewhat concave
in front of beak, passing gradually into

Dimensions (in mm) :—

Height 6.5* 7.5
Length 9.5 10.2
Depth 4, D+ 3.0

5.2 4.5 2.1
82 6.2 3.6
2.0 — — —

broadly rounded ventral margin ; postero-
dorsal side somewhat rounded, passing
abruptly into ventral margin. DBeak
small, pointed, situated somewhat ante-
riorly. Right valve with numerous,
subequal, rather coarse, low, smooth con-
centric lines which are narrower than
their interspaces, well developed keel
extending from beak to postero-ventral
corner, posterior border elongated with
coarse concentric lines and ill developed
keel from beak to postero-dorsal end.
Left valve smaller than right, with sur-
face sculpture equal to right valve ex-
cept for obsolete keel from beak to
postero-dorsal end. Interior surface
smooth ; hinge with small but somewhat
distinct resilial pit; muscle scars rather
distinct.

w
[31 3 =)

*__holotype : **—breadth

Remarks:—This species is distinguish-
able from Anisocorbula peregrina (Yoxo-
vaMma) (1923, p. 55, pl. 6, figs. 14, 14a)
from the Miocene Fujishima Formation,
Wakayama Prefecture and Anisocorbula
osawanoensis Tsupa (1960, p. 79, pl. 3,
figs. 10a-c) from the Kurosedani Miocene,
Toyama Prefecture, in having small,
rather thin shell, numerous, rather coarse
but low. smooth concentric lines and
less distinct and small resilial pit.

Type localily: —Loc. No. 36.

Occurrence . —Type loc.—F; Loc. No.
24—F; Loc. No. 30—F; Loc. No. 32—F;

LLoc. No. 33—R.

Family Haliotidae
Genus Haliotis LINNAEUS, 1758
Haliotis notoensis MASUDA, n. sp.
Pl. 36. fig. 1

Holotype :—DGS, Reg. No. 4551,
Description :—Shell small, thin, auri-

form, low; whorls low, about four in
number, separated by rather indistinct
sutures ;

about two younger whorls
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smooth. Body whorl very large, low,
somewhat shouldered. with a little more
than ten small openings on shoulder
and with somewhat elevated. curved,
coarse longitudinal threads and num-
erous, unequal, rather fine spiral threads;
longitudina! threads narrower than their
interspaces, more elevated than spiral
threads and somewhat granulated ; spiral
threads at periphery under shoulder
nearly equal, smooth, much more distinct
than those on surface, about five in
number, narrower than interspaces.

Dimensions (in mm):—Height ca. 48,
width 14.0x19.5 (holotype): height 50,
width 29.0x20.0; width 22.0%17.0 {para-
Lype).

Remarks:—From Haliotis diversicolor
REEVE (1846, pl. 12, sp. 39), a Recent
species of Southern Japan, the present
new species can be distinguished by its
strong longitudinal threads, fewer spiral
threads on periphery and fine spiral
threads on surface.

Type locality:—Loc. No. 24,

Occurrence:-—Tyvpe loc.—R; Loc. No.
10—F; Loc. No. 30—F; Loc. No. 32—R.

Family [Fissurellidae
Genus Tugali Gray, 1843
Tugali notoensis MASUDA. n. sp.
Pl. 36. figs. 2a-b

Holotype :—DGS, Reg. No. 4552.

Description :—Shell rather small, low-
conic ; apex prominent, directed posterior-
ly, situated at about 3/4 of shell length:
anterior surface somewhat concave;
posterior surface broadly rounded. Sur-
face with numerous longitudinal riblets
and concentric lines, making reticula-
tion : riblets rather low. unequal, some-
what broader than their interspaces;:
concentri¢ lines rathr conspicuous at an-

terior margin; slit fasciole a little ele-
vated. Aperture elongate oval, tapering
posteriorly ; interior margin finely denti-
culated.

Dimensions (in  mm): — Height 7.5,
length of aperture ca. 220, breadth of
aperture 13.5.

Remarks:—This new species is dis-
tinguished from Tugali decussatoides
(Nomura and Hatal) (1936b, p. 148. pl.
17, fig. 11) from the Miocene Kubota
Formation, TFukushima Prefecture by
the position of its apex, broadly rounded
posterior surface and more riblets.

Type locality :—Loc. No. 24.

Occurrence :—Type loc.—R: Loc. No.
30—R.

Family Trochidae
Genus Euchelus PuiLirri, 1847

Fuchelus notoensis MASUDA. n. sp.
Pl. 36, figs. 4a-c. Sa-c, b6a-¢

Holotype :—DGS, Reg. No. 4554.

Description :—Shell rather small to
medium in size, turbinate conical, with
four post nuclear whorls and one and a
half nuclear whorls; spiral angle about
90°. Whorls rounded. shouldered, sepa-
rated by distinctly channeled sutures:
nuciear whorls smooth. rounded ; surface
with several, conspicuous. fine granu-
lated. unequal spiral threads and some-
what oblique, fine longitudinal threads;
two spiral threads on first post nuclear
whorl, tend to increase their number by
intercalation downwards, nearly equal
to their interspaces: interspaces with
oblique, fine threads. Base of body
whorl with fine, distinct. finely granu-
lated, nearly equal spiral cords which
are subequal to their interspaces. Aper-
ture rather wide, suboval; outer lip
rather thick, denticulated within; inner
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lip sharply defined; umbilicus rather

narrow, deep, crack-like ; columela near-
Dimensions (in mm) :—

Height 5.8 «¢a. 9.6
Diamcter 7.0 «ca. 10.0

Molluscan Fauna of ihe Higashi-Innai

V]
X2
—

ly straight, subvertical.

5.0 4.3 4.0 3.4
6.0 5.4 4.8 4.0

*~holotype

Remarks:—The present species is dis-
tinguished {rom FEuchelus ornatissimus
Yorovama (1926b, p. 374, pl. 43, figs. 7,
8) a Pleistocene species of Atsumi Penin-
sula, Aichi Prefecture by its rather low
whorl and distinct, deep umbilicus.
Euchelus minoensis IToicawa (1960, p.
275, pl. 3. fig. 10) from the Miocene
Mizunami Group, Gifu refecture resem-
bles the present new species but differs
in having rather higher whorls sculp-
tured with rather less prominent granu-
lated spirals. three post nuclear whorls
and no dentation within the outer lip.

Type locality:—lLoc. No. 24.

Occurrence: —'I'ype loc.—I;

30—F; Loc. No. 35—R.

[.oc. No.

Genus Calliostoma SWAINSON, 1840
Calliostoma otaniensis MASUDA, n. sp.
Pl. 36. figs. 7a-b

Holotype :—DGS, Reg. No. 1406.

Description :—Shell small, conical, with
about six whorls of which one and a
half are nuclear whorls; spiral angle
about 55°. Whorls shouldered, separated
by distinct, impressed sutures; sculp-
tured with rather strong, granulated
spiral threads which are broader than
their interspaces; three primary and one
seconcary spiral threads in penultimate
whor!l and three primary and two sec-
ondary spiral threads on body whorl.
Base of body whorl with about nine,
fine, smooth spiral threads. Aperture
subquadrate ; outer lip simple ; inner lip

thin; columella oblique.

Dimensions (in mm) :—Height 4.6, dia-
meter 3 (holotype).

Remarks:—This new species resembles
Calliostoma kurodar 1K:BE (1942, p. 275,
pl. 28 figs. 13a-c), a species living in
Toyama Bay, Japan, but kurodai is dis-
tinguishable from ofaniensis in having
larger shell, a little more spiral angle
and less distinct shoulders.

Tvype locality :—Loc. No. 30.

Occurrence: —Type loc.—R.

Genus Aonilea SwaINsox, 1840
Monilea yoshiot MASUDA, n. sp.
Pl. 36, figs. 8a-c. Ya-c. 10a-b

Holotype :—DGS, Reg. No. 4556.

Description :—Shell medium in size,
conical, with two nuclear and four post
nuclear whorls; spiral angle about 90°.
Whorls moderately high, rounded, sepa-
rated by somewhat channeled sutures:
nuclear whorls low, smooth, rounded:
surface with several, unequal rather
low, more or less lamellated. smooth
spiral threads and oblique, faint., fine
incremental lines; spiral threads three
on first post nuclear whorl and increase
their number by intercalation towards
base. Base of body whorl moderately
rounded, with several (about seven), low.
flat-topped, smooth spiral cords which
are much broader than their interspaces.
Aperture subovate, oblique; outer lip
thin, simple ; inner lip rather thick with
weak denticles; umbilicus medium,
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rather deep ; columella oblique.

Dimensions (in mm) :—

9.0*
11.5

Height
Diameter

S w»
[ G+ ]

1

9.0

10.5

Kcichiro MASUDA

8.0
10.0

SN
oW
]

o~

7.5
9.0

*—holotype

Remarks :—Monilea cingulata MAKI-
YAMA (1927, p. 60, pl. 3, figs. 3, 4) from
the Pliocene Dainichi Formation. Shizu-
oka Prefecture resembles the present
new species, but it can be distinguished
from yoshioi by its larger shell, larger
number of post nuclear whorls and
larger number of spiral threads. Homa-
lopoma hidaensts ITOIGAWA (1960, p. 277,
pl. 3. figs. 12a-b) and Homalopoma tuki-
yosiensis OyaMa and SAKA (1944, p. 138,
pl. 14, figs. la-c), both from the Miocene
Mizunami Group. Gifu Prefecture also
resemble the present species, but both
differ by the shape and height of the
spire, strength of spiral threads and
aspect of the umbilicus.

The specific name is given to the name
of my son, Yoshio MAsupa who was
born recently.

Type locality :—lLoc. No. 39.

Occurrence:—Type loc.—A; Loc. No.
30—-C.

Dimensions (in mm):—

Height

5.0*
Diameter 5.2

Qi o

.8
.8

1o

Monilea hamadae MASUDA n. Sp.

Pl. 26, figs. 1la-c, 12a-c. 13a-b, la-c

Holotype .—DGS, Reg. No. 4558.

Description :(—Shell rather small, rather
thin, conical, with two nuclear and four
post nuclear whorls ; spiral angle a little
less than right angle. Whorls shoulder-
ed. somewhat rounded, separated by dis-
tinctly channeled sutures ; nuclear whorls
low. smooth, rounded ; surface with two,
strong, elevated spiral threads, one
rather weak subsutural thread and faint,
fine, oblique longitudinal threads, rarely
with a few, fine intercalary threads;
spiral threads much narrower than their
interspaces. Base of body whorl round-
ed, with about seven, rather low, smooth
spiral cords which are nearly equal to
their interspaces. Aperture subovate;
outer lip thin; umbilicus very wide, deep,
with fine spiral cords.

*—holotype

Remarks :—The present new species is
distinguished from Monilea yoshioi Ma-
suba described in this article by its
smaller and somewhat higher shell.
shouldered whorls, two conspicuous
spiral threads and very wide umbilicus.
Homalopoma tukiyosiensis OvyAmMa and
SAKA {(Op. cit) resembles the present
one, but differs from the present one by
its larger and higher shell, flattish

whorls, shallow sutures and larger num-
ber of spiral threads. Alonilea (Rossi-
leria) osawanoensis Tsupa (1959, p. 81,
pl. 3. figs. 15a-b) from the Kurosedani
Miocene of Toyama Prefecture also re-
sembles the present one, but it is dis-
tinguishable from hamadae by its higher
shell, slightly shouldered whorls, surface
sculpture and characters of inner lip.

Type locality :— Loc. No. 23.
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Occurrence :—Type loc.—C: Loc. No. 3
—C: Loc. No. 30—R.

Family Turbinidae
Genus Turbo LINNAEUS, 1758

Subgenus Marmorostoma
SWAINSON, 1829

Turbo (Marmorostoma) ozawai
OTUKA, 1938

1938. Turbo (Lunella) ozawai Ovvka. four.
Fac. Sci.. Imp. Univ. Tokyo, Sec. 2, Vol.
5. Pt 2, p. 36 pl. 3. figs. 22-24.

1959. Turbo (Marmorostoma) cf. ticaonica
Reeve, Horikosni in KoBavastr and
Horikosti. Japan. Jour. Geol. Geogr..
Vol. 29, Nos. 1-3. p. 19, pl. 4, figs. 1a,
b. text-fig. b.

Syntyvpe :—GT*, Reg. No. 10018.

Remarks:—This species was first de-
scribed by OTUKA from the Miocene Shé-
bara Formation, Hiroshima Prefecture
based upon two opercula, thus the shell
characters remained unknown. In 1958
Horikosu illustrated Turbo (Marmoros-
toma) cf. ticaonica REEVE. a Recent
species of the Philippine, from the Mio-
cene Uchiura Formation. Fukui Prefec-
ture based upon a single shell without
the operculum. At that time he stated
that from the characters of the oper-
culum OTUKA'S ozawar should be referr-
ed to the subgenus Alarmorostoma and
“if vzawai is found together with a
shell of Turbo cf. ticaonica at any fossil
locality, OTUKA’s denomination is vali-
dated for Turbe cf. ticaonica .

The abundant shells and opercula
from various localities in the present
field show that the former can be referr-
ed to the HORIKOSHI'S Turbo cf. ticaonica

* Abbreviation for the Geological Institute,
University of Tokyo.

REEVE and the latter to OTUKA's ozawai.

The shells and opercula from the Hi-
gashi-Innai Formation take the following
description : Shell medium, thick, ovate-
conical; whorls six of which two are
nuclear ones; spiral angle about 70°.
Nuclear whorls smooth. rounded; post
nuclear whorls moderately rounded, more
or less shouldered. separated by im-
pressed sutures; surface with several,
elevated, strong., unequal, more or less
rounded spiral cords, fine interstitial
threads and fine but rather distinct in-
cremental lines; first post nuclear whorl
with three, unequal, strong spiral cords
which are much narrower than their
interspaces and three, weak. fine spiral
threads. Body whorl with six, strong,
unequal spiral cords, a fine interstitial
spiral thread between strong spiral cords
and rather distinct oblique incremental
lines ; spiral cords forming shoulder and
occasionally more or less granulated at
upper part of whorl; base rounded, with
seven to eight, strong, more or less
granulated, unequal revolving threads
and rather distinct incremental lines.
Aperture subovate; outer lip rather
thin: inner lip rather sharply defined
by thin callus; columella somewhat con-
cave. Operculum slightly elongate-oval,
much inflated, asymmetrical in profile;
base slightly inflated. Surface rounded,
with numerous, fine, unequal, rounded
tubercles; fine tubercles sometimes con-
nected with each other and with irre-
gularly granulated lines subparallel with
base. Base more or less undulated by
rather distinct coiling, with faint, fine
incremental lines and very faint, fine
radial threads which can be observed
only by lens.

Turbo (Marmorostoma) ticaonica REEVE
(1848, pl. 5. sp. 23) is distinguished from
the present one by its larger, umbilicated
shell and larger number of spiral threads.
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The present species also resembles Turbo
parvuloides NoMURA (1940, p. 35. plL 3,
figs. 2a-b) from the Miocene Moniwa
Membzr of the Hatatate [Formation. Mi-
vagi Prefecture and also Turbo (Marmo-
rostoma) minoensis IToiGawa (1960, p.
278, pl. 4, figs. 2, 3) from the Miocene
Mizunami Group of Gifu Prefecture.
However, it differs therefrom in having
larger shell and fewer coarse spiral

threads.

The shells from the Higashi-Innai For-
mation show considerable variaton in
morphological features, though the oper-
cula are similar with one another except
for the surface tubercles. That is to
say, the specimens from Loc. Nos. 24, 30
and 32 have somewhat higher shell,
somewhat fewer interstitial spiral threads
and coarse, smooth spiral cords but with

Explanation of Plate 35

(All figures in natural size, unless otherwise stated)

Figs. 1la-b, 2, 3. Saccelle saikaiensis MASUDA, n. sp.
2, 3, paratype, DGS. Reg. No.
Aequipecten matsunagiensis MAsUDA, n. sp.

Loc. No. 23. x2.
Figs. 1, 5, 6.
Loc. No. 32.

1a-b, holotype. DGS. Reg. No. 4494 :
4495; Loc. No. 3. x2............... p- 32
4, holotype. DGS, Reg. No. 4506 :

[3%)

3, paratyp2, DGS. Reg. No. 4635 ; Loc. No.3. 6. paratype, DGS, Reg. No.

4507 0 Loc. NO. 32 o e e e p. 323
Fig. 7. Placopecten protomollitus (Noatura). DGS. Reg. No. 4509: Loc. No. 32.
Figs. 8a-b, 9. Modiolus wanizakiensis Masupa, n. sp. 8a-b, holotype, DGS, Reg. No. 4510

Loc. No. 31. 9, paratype. DGS, Reg. No. 4511 : Loc. No. 31 cee..p. 324
Figs. 10, 11.  Myadora suzuensis MASUDA, n. sp. 10, paratype, I)Gb Reg No 451l loc. No.

21, x2. 11, holotype, DGS, Reg. No. 4513: Loc. No. 20, x2. .. ..o oo p. 324
Fig. 12. Crassatellites suyamensis Oinosmikapo. DGS. Reg. No. 1415: Loc. No. 30.

Figs. 13a-b, 14. Glans naomiae Masupa, n. sp. 13a-b, holotype, DGS. Reg. No. 4517 ; Loc.

No. 35. x2.
Figs. 15-20. Ctena hataii MASUDA, n. sp.

No. 4525: Loc. No. 24. x2.

14, paratype. DGS, Reg. No. 4518 ; Loc. No. 23. x2. ........... ..p. 325
15, holotype, DGS, Reg. No. 4521 : Loc. No 30 x2.
16, 17, 19, paratype, DGS, Reg. No. 4523 : Loc. No. 30. x2.

18. 2). paratype, DGS. Reg.

.......................................... p. 325

Fig. 21. Siratoria siratoriensis (OTUKA). DGS, Reg. No. 4535; Loc. No. 3.

Figs. 22, 23. Paphia euglypta ohiroi Masupa. n. subsp. 22, holotype. DGS. Reg. No. 4527 :
Loc. No. 38. 23, paratype. DGS. Reg. No. 4523 Loc. No. 39.. .p. 326

Figs. 24, 25. Paphia suzuensis MAsuDA, n. sp. 21, paratype, DGS, Reg No 4:;'79 I.oc \o 30.

25. holotype, DGS, Reg. No. 4530: Loc. No. 30. ... ... i, p. 327

Figs. 26, 27a-b, Leukoma itoigawae Tsuba.
Figs. 28a-b, 29

5S. Reg. No. 4532: Loc. No. 30. x2.
Venerupis (Amygdala) takegii (MASUDA).
.......................................... p. 328

DGS, Reg. No. 4537 : Loc. No. 35.

Fig. 30. Clementia japonica MasupA. DGS, Reg. No. 4540 Loc. No. 23.

Fig. 31.
Figs. 32.

Pitar itoi (MAKIYAMA).
“ Venus "™ sp.

Figs. 34a-b.
Figs. 35a-c, 36a-b.
4546 : Loc. No. 24. x2.

DGS. Reg. No.
DGS, Reg. No. 1545; Loc. No. 24.
Fig. 33. Cyclina (Cyclinorbis) lunulata MAKIYAMA.
Anisocorbula peregrina (YOKOyAMA).

4536 ; l.oc. No. 23.

DGS. Reg. No. 4538 : Loc. No. 23. . .p. 326
DGS, Reg. No. 4549 ; Loc. No. 24. x2.

Anisocorbula ohiroi Masubpa, n. sp. 35a-c, holotype, DGS., Reg. No.
36a-b, paratype, DGS, Reg. No. 4547 :

Loc. No. 30. x2. ....p. 329

Fig. 37. Raeta sp. DGS, Reg. No. 4541 : Loc. No. 12.

Figs. 38a-b. Cardilia toyamaensis Tsupa.

DGS. Reg. No. 45

43 ;: Loc. No. 35.
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no distinct tubercles compared with the
individuals from Loc. No. 35. INo and
KAMETAKA (1943) state that the develop-
ment of tubercles or spines in Turbo is
related with the environmental condi-
tions, that is to say. the shells with ill-
developed spines are usually found in
rather calm water and those with well
developed spines in the influence of
rough water conditions. Therefore, it

Dimensions (in mm):—

Shell:
Height 36.5 35.0
Diameter 31.0 32.0
Operculum:
Height 7.6 7.0
Maximum 17.3 18.3

diamcter

Type localily :—Suketd, Shobara-machi,
Higa-gun, Hiroshima Prefecture.

Occurrence:—Loc. No. 1—F (shell;;
Loc. No. 3—F (shel}: Loc. No. 10—F
(shell and operculum) : Loc. No. 24, oper-
culum—A. shell—F; Loc. No. 30—F
(shell and operculum); Loc. No. 32, shell
—C, operculum—A ; Loc. No. 33—F (oper-
culum) ; Loc. No. 35—A fshell and oper-
culum).

Family Neritidae
Genus Nerita LINNAEUS, 1758
Nerita ishidae MASUDA, n. sp.
Dimensions {in mm) :—

Height 10. 5* 18.
Diameter 14.0 21.

seems that from the development of ths
tubercles in ozawai from the Higashi-
Innai Formation the environmental con-
ditions in the vicinity of Loc. No. 35
mayv have been of rocky bottom influ-
enced by strong waves and currents.
This view is supported by the hard
bottom dwelling molluscan assemblage.
reef building corals, calcarcous algae,
etc. and also by the lithologic facies.

340 32.0 30.0 13.0
32.0 26.0 24.5 10.5
6.5 7.2 5.0 3.6
16.4 16.0 12.8 9.2

Pl. 36, figs. 23a, b, 24a-c. 25

Holotype:—DGS. Reg. No. 4564,

Description :—Shell of medium size,
thick, semi-globose ; whorls minute : sur-
face smooth but with faint, fine incre-
mental lines. Body whorl very large,
ventricose, with regularly rounded peri-
phery. Aperture crescent form: outer
lip sharply angulated, regularly rounded
anteriorly, somewhat projected bhelow.
rather thin, thickened inwards and denti-
culated on inner margin: inner lip dis-
tinct, finely denticulated; callus thick.
makes wide, flat smooth platform and
inclined inwards.

I
—

=
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—
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*—holotype

Remarks :—Nerita kamigiriensis 1101
GAWA (1960, p. 140, pl. 6. figs. 14, 15
from the Mizunami Miocene of Gifu
Prefecture is distinguished from the

present new species by its several, small,
irregular granules on the columella area.
Nerita subgranulosa NAGAO (1928, p. 117,
pl. 12, figs. 4, 4a, pl. 19, figs. 14, 14a) from
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the Eocene Shirataka Formation of North-
ern Kyushu, Kumamoto Prefecture differs
from the present one by its surface
sculpture, angulated shoulder and small
granules on the flattened inner lip.

The denticulation of the inner margin
of the outer lip can be seen in rather
large specimens but not in the younger
specimens.

This species is named in honor of Dr.
Shiré IsHIDA of the Geological and Min-
eralogical Institute of Kyoto University,
who collaborated with the writer in the
field.

Type localily :—Loc. No. 30.

Occurrence:—Type loc.—A; Loc. No.
1—F; Loc. No. 10—F; Loc. No. 23—R;
Loc. No. 24—R; Loc. No. 32—F; Loc.
No. 33—F; Loc. No. 35—R: Loc. No. 39
-

Family Lacunidae
Genus Lacuna TURTON, 1827

Lacuna japonica MASUDA, n. sp.

Pl. 36, figs. 26a-b, 27

Explanation of Plate 36

Fig. 1. Haliotis notoensis MASUDA, n. sp. Holotype, DGS, Reg. No. 4351 ; Loc. No. 24. x2...p. 329
Figs. 2a-b. Tugali notoensis Masuba, n. sp. Holotype, DGS, Reg. No. 4552; Loc. No.
24. x1. ..p. 330

Fig. 3. Collisella sp. DGS ch \IO 1553

Figs. 4a-c, Sa-c, 6a-c.
Reg. No. 4555; Loc. No. 24. x25.
x 2.5,

Figs. 7Ta-b. Callzastoma otamens:s NIAbUDA n. sp.
300 X5

Figs. 8a-c, 9a-c, 10a-b.

Figs. 11a-c, 12a-c, 13a-b, 14a-c.
Reg. No. 4558 : Loc. No. 3. x25.

Loc No. 3. x25. ... ... ..c.ciiviinnni...

Loc. No 3 ><2
Fuchelus noloensis Masupa, n. sp. da-c¢, 6a-c, paratype, DGS,
5a-c, holotype, DGS, Reg. No. 4554 ; Loc. No. 24.

.p. 330
IIolotype DGS Reg No MOb Loc \*

.......................................... p. 331
Monilea voshioi MAsuDpA, n. sp. Ba-c, holotype, DGS, Reg. No.
4556 ; Loc. No. 39. x2. 9a-c, 10a-b. paratype, DGS. Reg. No. 4557 : Loc. No. 39. x2..
Monilea hamadae MASUDA, n. sp. lla-c. holotype, DGS,
12a-¢, 13a-b. l4a-c, paratype. DGS, Reg. No. 4559 ;
......................................... p. 332

.p. 331

Figs. 15a-b. Solariella sp. DGS, Reg. No. 4560 ; Loc. No. 1. x1.
Figs. 16a-b, 17a-b. Protorotella shukuborensis IToicawa. DGS, Reg. No. 4561 ; Loc. No.

3. x2.
Figs. 18a-b, 19a-b, 20a-b, 2la-c, 22a-c.
20a-b, 2la-c, 22a-c, DGS. Reg. No. 4562 :

Loc. No. 32, x1..........................

Figs. 23a-b, 24a-c, 25.

Turbo (Marmorostoma) ozawai OTUKA.
Loc. No. 35. x1.
.......................................... p. 333
Nerita ishidae Masuba, n. sp.

18a-b,
19a-b, DGS, Reg. No. 4563 ;

23a-b, holotype, DGS, Reg. No.

4564 ; Loc. No. 32. x2. 2la-c, paratvpe. DGS, Reg. No. 1648 Loc. No. 30. x1. 25,

paratype. DGS, Reg. No. 4565; Loc. No. 10. x2.. .
Figs. 26a-b, 27. Lacuna japonica MASUDA. n. sp. 2():1 b, holotype DGS R(.g No 4:)66
27, paratype, DGS, Reg. No. 4567 ; Loc. No. 30. x5............... p. 336
Figs. 28a-b, 29a-b, 30a-b. Littorinopsis miodelicatula OvAMA.

Loc. No. 30. x5.
Loc. No. 24. x2.
Fig. 31
Figs. 32a-b, 33a-b, 34a-b.

Figs. 35a-c.

.p. 335

28a-b, DGS, Reg. No. 4568 ;

29a-b, 30a-b, DGS, Reg. No. 4569 ; Loc. No. 32. x2.
Pseudoliotia sp. DGS, Reg. No. 4570 ; Loc. No. 35. x5.

Rissoina naomige MASUDA.
4571 ; Loc. No. 24. x5. 32a-b, 34a-b, paratype, DGS, Reg. No. 30. x5.
Architectonica kurodae Tsupa. DGS, Reg. No. 4572; Loc. No, 24. x1

33a-b, holotype. DGS, Reg. No.
............ p. 337
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Holotype :—DGS, Reg. No. 4566.

Description :—Shell very small, moder-
ately thick, globose, with about five
whorls; spiral angle about 90°. Whorls
roundly shouldered. separated by rather
distinct sutures; surface smooth. Aper-
ture wide, ovate; outer lip thick, round-
ed; inner lip with thin callus; umbilicus
rather wide, deep and oblong.

Dimensions {(in mm) :—Height 3.2, dia-
meter 3.0 (holotype) : height 2.2, diameter
2.0 (paratype).

Remarks .—This new species is distin-
guished from Lacuna i-haeyasakai No-
MURA (1938, p. 272, pl. 33, figs. 4a-b)
from the Pliocene Tatsunokuchi Forma-
tion, Miyagi Prefecture by its larger
spiral angle and rounded, thick outer lip.

Type locality .—l.oc. No. 30.

Occurrence :—Type loc.—F.

Family Rissoidae
Genus Rissoina D'ORBIGNY, 1840
Rissoina naomiae MASUDA, n. sp.

Pl. 36. fig. 32a, b, 33a, b, 34a, b

Dimensions (in mm) :—

Holotype :--DGS, Reg. No. 4571

Description :—Shell small, rather thick,
elongate-conical, imperforate, with seven
whorls, two nuclear whorls lacking:
spiral angle about 30°. Whorls moder-
ately inflated. separated by somewhat
channeled sutures; sculptured with dis-
tinct longitudinal ribs and numerous
spiral threads: longitudinal ribs sub-
vertical, rather strong, more or less
rounded, extending from summit to
lower suture, about 25 on body whorl,
about 21 on penultimate whorl and tend
to decrease their number towards upper
whorls ; last longitudinal rib makes a
prominent, rounded varix on back of
outer lip; interspaces between longi-
tudinal ribs broader than ribs them-
selves; spiral threads usually faint and
fine but tend to become distinct towards
lower part of body whorl. Body whorl
contracted below; base rounded, with a
strong, rounded. longitudinal costellated
spiral cord. Aperture subovate, with
rather acute angle posteriorly ; outer lip
prominent, marginate, anteriorly tortile:
inner lip smooth, with rather thick callus,
slightly concave.

Height 6.0* 7.5 6.8 6.5 5.2 5.0
Diameter 2.6 3.0 2.5 3.0 2.3 2.2
*—holotype

Remarks:—The present new species
resembles Rissoina rosea (DESHAYES)
(SowtRrBY, 1878, pl. 5, sp. 42), a Recent
species of Southern Japan and Risseina
submerculialis YOKOYAMA (1920, p. 73,
pl. 4, fig. 15), a DPleistocene species of
Central Japan, but it differs from the
former by its numerous spiral threads

and no columella plait and from the
latter by its large and long shell, larger
number of subvertical longitudinal ribs
and rather thick callus.

Type locality:—Loc. No. 30.

Occurrence :—Type loc.—A; Loc. No.
1—F; Loc. No. 10—C: Loc. No. 24—F;
Loc. No. 35—T.
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FUSULINIDS FROM THE FUNAFUSEYAMA LIMESTONE

IN YAMAGATA-GUN., GIIF'U PREFECTURE. JAPAN
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Introduction

Mt. Funafuseyama (1043.3mj) and its
adjacent area has been studied by many
geologists and palentologists, namely
IisakA {1932), Kopavyasni (1951) l¢o and
OcAwA (1938), Isumn and his collabora-
tors (1963, 1964), NaxaMmura (1965), and
others. llowever, most of the studies on
the fusulinids from this area were the
descriptions of new and interesting
species from only several restricted lo-
calities. The Funafuseyama Limestone
is distributed about 12 km in east-west
and about 9 km in north-south direction
in  Yamagata-Gun, Gifu Prefecture.
From the extensive distribution and
good development as well as yield of
fusulinids, the limestone of this area is
considered imporiant for establishment
of a standard biostratigraphic sequence
of the fusulinids and for a basic column
for interregional correlation.

Fortunately the writer at the advice
of NAKAMURA who worked out the

* Received March 19, 1966 : Read June 18,
1966.
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geology of the limestone was able to
collect to abundant fusulinids. Based
upon the fusulinids and the geology of
the limestone. which may serve as a
standard, the writer in this article at-
tempts interregional correlation.
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Stratigraphic notes

According to NaAKAMURA (1963, the
rocks of the Funafuseyama area can be
classified into two major units. One is
the non-calcareous group and the other
is the calcareous group. The former is
subdivided into the Kanzaki and Tsu-
baki lithogenetic units. The Kanzaki
Formation is composed mainly of chert
intercalated with schalstein and lime-
stone lenses. The T'subaki Formation is
composed mainly of sandstone, shale
and chert intercalated with schalstein
and limestone lenses.

The Funafuseyama Limestone is com-
posed mainly of grayish white, gray,
dark gray and black limestones and
dolomite intercalated with schalstein.
The Kanzaki Formation of the non-cal-
careous group overlies the Tsubaki
Formation in the western part of the
area with conformity but is superposed
on the formation in the eastern part, in
other words, they interfinger with one
another. The Funafuseyama Limestone
of the calcareous group lies upon the
Kanzaki FFormation with conformity.

The succession of the strata from the
older to the younger in the non-calcare-
ous group is {rom sandstone and shale
to chert in the western part and from
sandstone to shale in the eastern part.
In the calcareous group the lowest
observable strata is sandstone, and this
grades upwards into shale through chert
to limestone. The non-calcareous group
and the calcareous group are stratigra-
phically contemporaneous but in differ-
ent lithofacies according to NAKAMURA
(19633. The relation can also be upheld
by paleontological evidence of the mutual

occurrence of fusulinids as, Neoschwa-
gerina margaritae. N. sp. and Yabeina
igoi, from the limestones of both groups.
On the other hand, lco and Ocawa
1958) once stated that the stratigraphic
relationship between the Funafuseyama
Limestone and the Kanzaki Formation
is doubtful. but the larger part of the
formations are contemporaneous with
one another and the lower part of the
latter may be older than that of the
former.

Paleontological remarks

1. Zoning of the Funafuseyama Limes-
tane

The Funafuseyama Limestone can be
classified into four zones and five sub-
zones based upon the respective chrono-
logical ranges of the fusulinids collected
from the limestones of the present area.
The zones and subzones recognized in
upward sequence in the Funafusevama
Limestone are:

Pseudoschicagerina zone
Paraschwagerina
subzone

Parafusulina zone

Neoschwagerina zone

(Acervoschwagerina)

Neoschwagerine fuwensis subzone
Neoschwagerina colaniae-rotunda subzone
Neoschwagerina margaritae-craticulifera
subzone

Yabeina zone
Yabeina igei subzone

In spite of the occurrence of fusulinid
species from most of the localities of
ths Funafuseyama Limestone, particular
species characterizing the Parafusulina
zone were not recognized. it is. however,
expected that the Parafusulina japonica
subzone can be separated from the
Parafusulina zone by future detailed stra-
tigraphic work and refined study of the
Paragusulina species in this area.
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From the above cited fusulinid zones
of the [unafuseyama Limestone, the
time range of this limestone is consi-
dered to be longer than hitherto believed
as_once suggested by lco and Ocawa
(1958).

2. Description of each zones
1) Paraschwagerina(Acervoschwagerina)
subzone

This subzone is distributed mainly in
the Hatsushikadani area (refer to locality
map for all localities and locality num-
bers) and is characterized by the oc-
currences of Paraschwagarina (Acer-
voschwagerina®) sp., Psevdofusulina kraf-
fti, Psf. sp.. Yangchienia sp., Codono-
Susiella sp., and Schuberiella sp.

This assemblage referrs them to the
Pseudoschwagering zone. This fossil
zone is relatively poor in fossil yield
just as the Paraschwagerina (Acervo-
schwagerina) subzone of the Ibukiyama
Limestone, Gifu Prefecture, according to
KoBAYAsHI (1957). The locality numbers
are indicated in the locality map. toge-
ther with the geographical or local
names of the area in which they occur.

Locality names Locality numbers
Hatsushikadami .......... 401, 185, 391, 395
Kanzaki .................. 71

2) Parafusulina zone

This fossil zone includes the Kanzaki
and Tsubaki Formations of the non:
calcareous group and the Funafuseyama
Limestone of the calcareous group. The
outstanding species of this zone are
Parafusulina  japonica, P. mizutanii.
Pseudodoliolina ozawar and Neoschwa-
gerina nipponica.

This fusulinid fauna is similar to the

* The writer considers the Acervoschwa-
gerina subzone of Kosayvasii (1957) to be
equivalent to the Paraschwagerina (Acer-
voschwagerina) subzone.

fusulinids of the Parafusulina japonica,
Pseudodoliolina ozawai and Neoschwa-
gerina nipponica zones of the Akasaka
Limestone, Gifu Prefecture. Those zones
are characterized by the occurrences of
Parafusulina japonica, Pseudodoliolina
ozawa! and Neoschwagerina nipponica,
respectively, as already pointed out by
MORIKAWA (1958). The following species
were discriminated from the Parafusu-
lina zone of the Funafuseyama Limes-
tone:

Yangchienia sp., Codonofusiella sp., Schu-
bertella sp., Parafusulina exilis, P. gifuensis,
P. funafusensis. P. japonica, P. giganto-
japonica, P. kinosakii, P. takeyamai. P. okubo-
ensis. P. tanivashikiensis, P. mizutanii, P.
lruncata, P. tomeganensis, P. ozawai, P. yabei,
P. kinshoensis. P. parakingsakii, P. undata, P.
neoensis, P. takeii, P. gumbeli, P. sp., Chuse-
nella douvillei, Verbeekinu sp., Misellina
claudiae, Pseudodoliolina ozawai, Neoschwag-
erina nipponica, N. paranipponica.

The fusulinids from the Parafusulina
zone are abundant both in individuals
and number of species. Chusenella
douviller from this zone of the Funa-
fuseyama Limestone closely resembles
the same species recorded from the
Maokou Limestone, Kwangsi, China by
SHENG (1963). Chusenella douvillei from
the Maokou Limestone is stated to occur
in association with Schwagerina pseudo-
compacta, S. quasibrevipola, S. quasiregu-
laris, S. pingdingensis, Chusenella coni-
cocylindrica. Pseudodoliolina pulchra and
Neoschwagerina kwangsiana. This fusu-
linid assemblage belongs to the Neo-
schwagerina zone of SHENG. Therefore,
it is very interesting that Chusenelia
douviller from the Funafuseyama Limes-
tone occurred from the Parafusulina zone
and not from the Neoschwagerina zone
as in China. From the occurrence from
the Parajusulina zone Chusenella must
be considered to range from the Para-
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fusuling zone up to the Neoschwagerina
zone.

The localities are as follows.

Locality names Locality numbers

Funafuseyama ....10,14,15

Nakagoshi ........ 416, 173, 420, 415, 88. 91, 92

Mizude............93,410, 413, 56, 60, 57

Fukase............ 45,52.118,110, 1

Kashibaradani ....69, 63,121,107, 189,191,
192,193 414

Iwatani ....126, 164,162, 92, 156.98,136

Nakagashi ........ 132,142

Shiraiwa ..........139

Oiwake............30,104.6,3,26,5,25 29

Mahira............ 220,221, 222,21

Takaradani........381

Enbara............197,82

Kanzaki .......... 322

Akadaru ..........297,351

3) Neoschwagerina fuwensis subzone
Neoschwageaina fuwensis is the chara-
cteristic species of this subzone and is
associated with Yangchienia sp., Codono-
Sfustella sp.. Parafusulina exilis, P. ja-
ponica, P. kinosakii, P. taniyashikiensis,
Pseudodoliolina ozawai, Neoschwagerina
nipponica and other fusulinids. These
fusulinids first appear in the upper part
of the Parafusulina zone and extend
into the lower part of the Neoschwagerina
zone. For such reason this subzone may
better be placed in the Parafusulina-
Neoschwagerina zone as already pointed
out by Morikawa (1960). However. in
order to emphasize the importance of
Neoschwagerina fuwensis as a stratigra-
phic key and paleontological horizon,
the writer proposes this subzone.
The localities are as follows.

Locality names Locality numbers

Nakagashi .......... ..., 421,90, 91
Oiwake ...............o...27
Enbara ..........................326,22

4y  Neoschwagerina colaniae-rotunda sub-
zone

1 - yo4 .
Funafuseyama limestone 341

This subzone is characterized by Neo-
schwagerina as Neoschwagerina colaniae
and N. rotunda. Those two characteris-
tic species were collected in association
with Yangchienia sp., Parafusulina exilis,
P. japonica, P. gigantojaponica. P. gifu-
ensis, . kinosakii, P.{akevamai, P. tani-
yashikiensis. P. kinshoensis, Verbeekina
sp.. Pseudodoliolina ozawai, Neoschwage-
rina nipponica, N. akasakensis, N. {uw-
ensis, N. colaniae, N. rotunda, and N. sp.
from the Localities given below.

Neoschwagerina colaniae and N. rotun-
da are restricted in chronological distri-
bution to this subzone and occurred
only from the Limestone. However,
KAMMERA {1961) reported that Neosch-
wagerina rolunda is a member of the
Neoschwagerina craticulifera zone, which
occurs in the [Kozaki [Formation at
Shimofukami, in the Kuma massif,
Kumamoto Prefecture.

The localities are as follows.

Locality names Locality numbers

Mizude ... . ... o 409. 405, 404

Fukase ........................51, 119,40

Oiwake ........................27

Enbara ........................22,328.80
5) Neoschwagerina margaritae-craticuli-

fera subzone

In this subzone, Neoschwagerina mar-
garitae, N. craticulifera, and N. larga are
the conspicuous species, and they are
associated with Parafusulina japonica,
P. kinshoensis, Verbeekina vebveeki, V.
sp., Pseudodoliolina ozawai and Neosch-
wagerina sp. The subzone is situated
in the upper part of the Funafuseyama
Limestone.

The localities are as follows.

Locality names Locality numbers

Nakagoshi........................... .87
Mizude . ... .. ... e 43,47
Fukase .... ....23
Nakagashi ..287
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Shiraiwa ........... ... i 2
Oiwake ... .o e 101
Mahira ... 323

6) VYabeina igoi subzone

This subzone is the uppermost fusu-
linid bearing horizon in the Funafuse-
yama Limestone, and is characterized
by the occurrence of Neoschwagerina
margaritae, N. sp., and Yabeina igoi.
Yabeina 1goi, from its structure, seems
to bhe the most primitive form of the
genus Yabeina.

The Akasaka Limestone yielded such
fusulinids as Yabeina globosa, Y. katoi,
Y. inouvei and Neoschwagerina minoensis.
This fauna is thought to represent a
horizon higher than the VYabeina igoi

Table 1.

subzone above mentioned.

The fusulinids characterizing this sub-
zone of the Funafuseyama Limestone
were collected from the following locali-
ties.

Mizude. ... i L2
Tsubaki

3. Range chart of the fusulinid fossils
from the Funafuseyama Limestone
The fusulinid fossils discriminated
from the abundant rock samples collect-
ed from the Funafuseyama area are
listed in the Range chart, which shows
the respective ranges of the different
species are their relationship with the
established zones and subzones.

Range charl of the fusulinid fossils

from the Funafuseyama Limestone.
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4. Correlation

From the paleontological evidence of
the fusulinids, the writer attempted to
correlate the zones and subzones re-
cognized in the Funafuseyama Limestone
with some well known areas in Central

Japan, where paleontological and geo-

logical studies have been undertaken and

published.

1} Correlation with the Omi Limestone
According to KAWADA (1954), the Omi

Limestone, Niigata Prefecture ranges in
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geological age from the early Carboni-
ferous (Viséan-Tournaisian) to the middle
Permian (Kungrian) based upon the
paleontological evidence of the fusulinid
fossils. The fossil zones of the Permian
System of the Omi Limestone are the
Pseudoschwagerina-Pseudofusulina  zone
of the P, Formation and the Neosch-
wagerina zone of the P, Formation. The
P, Formation is overlain by the P, For-
mation with conformity. The Pseudo-
schwagerina-Pseudofusulina  zone  is
characterized by Pseudoschwagerina and
Paraschwagerina in the lower part of
this zone and of Pseudofusulina in the
upper part. The time range of Pseudo-
Jusulina is apparently longer than that
of Pseudoschwagerina and Paraschwag-
erina, and [’seudofusulina is also sup-
erior in numbers and species in com-
parison with the latter two genera.

Therefore, Pseudofusulina is considered
to characterize this zone.

The limestone of the P, Formation
has yielded Pseudofusulina kraffti, a
species which also occurred from the
Paraschwagerina {(Acervoschwagerina)
subzone of the Funafuseyama Limestone.
However, Pseudofusulina vulgaris, which
occurred from the upper part of the P,
Formation was not found in the materi-
als from the Paraschwagerina (Acer-
voschwagerina) subzone of the Funafuse-
yama Limestone, although IGo and Qga-
wA (1958) recognized it in Lthe lower
part of the Funafuseyama Limestone,
which probably corresponds to the Para-
schwagerina (Acervoschwagerina) subzone
of the writer.

Accordingly, the  Paraschwagerina
(Acervoschwagerina) subzone of the
Funafuseyama Limeslone may be cor-
related with this zone of the P, Forma-
tion of the Omi Limestone.

On the other hand, the Neoschiwagerina
zone of the P, Formation can be sub-

divided into three fossil assemblages
based upon the outstanding species,
namely, the lower is the Schwagerina
(=Parafusulina) japonica assemblage ;
the middle is the Neoschwagerina dou-
villet and N. craticulifera assemblage ;
and the upper is the Neoschwagerina
margaritae assemblage.

Thus, a part of the P, Formation may
correspond to the Neoschwagerina mar-
garitae-craticulifera subzone of the Funa-
fuseyama [Limestone from the mutual
occurrence of Neoschwagerina craticuli-
Sfera and N. margaritae.

The fusulinids discriminated from the

rolling limestone blocks of the Omi
Limestone are Sumatrina c¢fr. annae,
Yabeina cfr. globosa and others. These

fusulinids belong to the Yabeina zone,
and are thought to have been derived
from the uppermost part of the Neo-
schwagerina part of the Neoschwagerina
zone of the P, Formation. If the Yabe-
ina zone is actualy developed in the up-
permost part of the Neoschwagerina
zone of the P, Formation, the Yabeina
1got subzone of the Funafuseyana Lime-
stone may be correlated with the part
between the lower part of the Yabeina
zone and the uppermost part of the
Neoschwagerina zone of the Omi Lime-
stone.
2) Correlation with the Akasaka Lime-
stone

MORIKAWA (1958) recognized 15 fusu-
linid zones in the Akasaka Limestone,
This limestone is situated at about 29 km
west from the present area. The 15
fusulinid zones, in ascending order, are
as follows:

Pseudoschicagerina zone
Pseudofusulina grunum-avenae zone
Parafusulina zone
Parafusulina japonica zone
Pseudodoliolina ozawai zone
Neoschwagerina nipponica zone
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Neoschwagerina zone
Neoschwagerina fuwensis zone
Neoschwagerina rotunda zone
Neoschwagerina colaniae zone
Neoschwagerina craticulifera zone
Neoschwagerina margaritae zone
Neoschiwcagerina larga zone

Yabeina zone
Yabeina igoi zone
Yabeina globosa zone
Yabeina katoi zone
Yabeina inouyei zone
Neoschiwagerina minoensis zone

The Pseudofusulina grunum-avenae
zone which is the lowest fusulinid zone of
the Akasaka Limestone is characterized
by Pseudofusulina grunum-avenae, and
Parafusulina  truncate hesides other
fusulinids. This zone is equivalent to
the horizon Np? (Benijima) described by
OzAwA (1927), and is considered by Ko-
BAYASHI (1957) to correspond to the
Paraschwagerina (Acervoschwagerina)
subzone of the Ibukiyama Limestone,
and also by the writer to the Parasch-
wagerina (Acervoschwagerina) subzone
of the Funafuseyvama Limestone, because
of the occurrence of mutual species.

Therefore, the Pseudofusulina grunum-
avenae zone of the Akasaka Limestone
can be correlated with the Paraschwag-
erina (Acervoschwagersna) subzone of
the Funafuszyama Limestone.

According to the correlation table of
MIkAMT (1965), the Akasaka Limestone
and the Ibukiyama Limestone do not
always correspond to limestones of the
same names mentioned by KOBAYASHI.
There may be confusion in stratigraphic
terminology, subdivision of the limestone
and other problems. Thus, it seems
evident that there still remains more
room for study concerning the correla-
tion of those limestones.

The characteristic species discrimi-
nated from the Parafusulina japonica

zone to the Neoschwagerina larga zone
of the Akasaka Limestone, point to that
they can be correlated with the Para-
fusulina zone to the Neoshwagerina mar-
garitae-craticulifera  subzone of the
Funafuseyama l.imestone.

The Yabeina igoi zone of the Akasaka
Limestone which is characterized by Ya-
beina igol is associated with Neoschwa-
gerina margaritae,Verheekina sp., Yabeina
cfr. multiseptata and other fusulinids.

The Yabeina igoi zone of the Akasaka
Limestone can be correlated with the
Yabeina igoi subzone of the Funafuse-
vama Limestone, from the mutual occur-
rence of the short-ranged species, Yabe-
ina igol.

3) Correlation
Limestone

The Ibukiyama Limestone was sub-
divided by KoBAyvasui (1957) into the
following subzones ; (in ascending order)

Paraschwagerina (Acervoschwagerina)

subzone

Pseudofusulina ambigua subzone

Parafusulina sapperi subzone

Neoschwagerina craticulifera subzone

Neoschwagerina margaritae subzone

Yabeina subzone

The Paraschwagerina (Acervoschwa-
gerina) and Pseudofusuling ambigua sub-
zones which is in the lower part of the
Ibukiyama Limestone has yielded [’ara-
schwagerina (/Acervoschwagerina) c¢fr.
kagemoriensis, Paraschwagerina (Acer-
voschwagerina) sp., Schwagerina hawhkinsi,
Pseudofusulina ambigua. Psf. cfr. vul-
garis, Psf. sp., Minojapanella sp.. Schu-
bertella sp. and other fusulinids.

This fusulinid fauna from the Ibuki-
yama Limestone is quite similar to that
of the Funafuseyama Limestone, and

show that the two can be correlated
with each other.

The Parafusulina sapperi subzone to
the Neoschwagerina margaritae subzone

with the [bukiyama
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of the Ibukiyama Limestone can be cor-
related with the Parafusulina zone to
the Neoschwagerina mragaritae-craticuli-
Jfera subzone of the Funafuseyama Lime-
stone, based upon the occurrence of
many important mutual species as Para-
Susulina japomica, P. gigantojaponica,
Pseudodoliolina ozawwai, Neoschwagerina
nippomica, N. craliculifera, N. margaritae
and others.

Although the correlation between the
limestones mentioned ahove seems to be
reasonable, it should be noted that Neo-
schwagerina fuwensis, N. rotunda, and
N. colanige from the lower part of the
Neoschwagerina zone of the Funafuse-
yama and Akasaka Limestones have not
been found from the lower part of the
Neoschwagerina zone of Ibukiyama Lime-
stone, and Neoschwagerina larga from
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the upper part of the Neoschwagerina
zone of the Funafuseyama and Akasaka
Limestones has not been recorded from
the upper part of the Neoschwagerina
zone of the Ibukiyama Limestone.

The Yabeina subzone of the uppermost
part of the Ibukiyama Limestone which
overlies with conformity the Neosch-
wagerina margarilae subzone has yielded
no definitely determined species of Vabe-
ina, although the following ones have
been found, namely, Yabeina cfr. katoi,
Y. ¢fr. cascadensis, Y. sp., Neoschwa-
gerina craticulifera, N. margaritae, Ver-
beekina, verbeeki, and Pseudodoliolina
ozawali.

Moreover, {from the phylogenetic rela-
tion of the subfamily Neoschwagerina
from the Akasaka l.imestone, according
to MoriKAwa and Suzukl (1961), the

Table 2. Correlation between the Funafuseyama
Limestone and other arcas.

-
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range of VYabeina katoi represants the
time range of the Yabeina globosa to Y.
inouyei zone of the Akasaka Limestone.
and also associated with Neoschwagerina.

Though the Yabeina spzcies from the
Yabeina subzone of the Ibukiyama Lime-
stone is not identical with Yabeina katoi
but rather nearer to Yabeina cfr. katoi,
the uppermost Yabeina subzone of the
Ibukiyama Limestone can probably be
correlated with the Yabeina katol zone
of the Akasaka Limestone.

From the reasons given above, the
writer considers that the Yabeina igoi
subzone of the Funafusevama Limestone
may be correlated with the lower part
of the Yabeina subzone of the Ibukiyama
Limestone.

Systematic Description

Genus Parafusulina DUNBER
and SKINNER, 1931
Parafusulina funafusensis
MATSUMARU, n. sp.

PL 37, figs. 1-14

Description:  Shell small, fusiform.
with nearly straight to slightly convex

Measurements (in mm) :

PL

Iig. “ I..
7 1 ! 4.3
37 2 3.6
37 3 3.5
37 4 ?
37 5 !
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axis of coiling, polar ends bluntly point-
ed. Mature specimens of 1 to 5 volu-
tions, measure 35 to 43mm in length
and 19 to 23 mm in width, giving form
ratios of 1.8 to 2.0, shell gradually ex-
pands from first volution outwards. fusi-
form throughout shell growth.

Proloculus large. usually irregular,
with outside diameter of 0.37 to 0.50 mm,
averaging 042mm. Chambers expand
slowly, nearly uniform in height in cen-
tral part of shell but become higher
nearer to poles. Average height of
chambers from first to fifth volution in
adult specimens about 012, 0.13, 0.22,
0.25, 0.23 mm, respectively.

Spirotheca thin, composed of tectum
and coarse keriotheca in outer volutions
and fine Kkeriotheca in inner volutions.
Average thickness of spirotheca from
first to fifth volution in adult specimens
about 0.034. 0.035, 0.054, 0.068, 0.068 mm,

respectively.

Septa thin, closely, and regularly
fluted throughout shell. Fluting reach
outer spirotheca near polar regions.

Chamberlets small and low.

Chomata and tunnel indistinct. Axial
deposits fill all volutions except central
portions.

il
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Z
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Height of Volutions | Thickness of Spirotheca
1 | 2 | 3 . 4 ! 5 ‘ vz | s } 5
010 | 009 | 02l | 020 | 018 | 0.030 l 0. 0337" 0.063 © 0.063 | 0.050
0.15 0.11 0.23 ‘ 0.34 | 0.053 | 0. 037 0.073 | 0. 093
0.08 0.17 ' 0.25 0.20 0.017  0.030 0. 050 0. 050
0. 07 0.11  0.17 ‘ 0.23 ‘ 0.29 0.027 0.027 0. 053 0.077 0. 087
0. 14 | 0.14 ‘ 0.23 | 0.19 0. 033 0. 040 0. 050 0. 057
0.15 ' 0.19 | 0.22 | 0.37 ; 0. 047 | 0. 043 0. 036 0. 067
P | Fig L. w FR. NV D.P
o6 . 3y | 0.53
1 ‘ 7 | 25 |3 060
Height of Volutions Thickness of Spirotheca
1 2 3 4 1 2 3 4
0.11 0.18 0.24 0.37 0. 037 0. 040 0.050 0.090
0.17 0.33 0. 10 0.37 0. 030 0. 060 0.067 0. 067
 Septal count .
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Explanation of Plate 37

Figs. 1-14. Parafusulina funafusensis MATSUMARU. n. sp.
1-Axial section, holotype, x12. IGPS coll. cat. no. 86620-a.
2-Axial section, paratype, x12. IGPS coll. cat. nn. 86620-b.

5-Axial section, x12.
3. 4. 8, 9-Oblique sections. x12.
6, 7-Sagittal sections, x12.

10-Fig. 6. enlarged 60 times, to show the proloculus pore and spirothecal structure of the

tectum and coarse keriothcca.

11-Fig. 1. enlarged 56 times, to show the spirothecal structure of first to fifth volutions.
12-Fig. 7. enlarged 52 times, to show the proloculus spur.
13-Fig. 4. cnlarged 51 times, to show the proloculus pore and the circum-proloculus

chamber.

11-Tig. 3. enlarged 55 times. to show the spirothecal structure in oblique section.
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514. ON A REPTILIAN SKELETON FROM THE PALAEOZOIC

FORMATION OF SAN PAULO, BRAZIL*

TOKIO SHIKAMA
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National Science Museum, Tokyo
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Brazilosaurus sanpauloensis

LIS S ES G

In Autumn of 1964, Mr. Zyuichi SAIKI
in Fukui City, formerly a member of the
Imperial Diet, submitted the writers a
reptilian skeleton for study, which was
donated to him by Mr. Inosuke HaNa-
YaMA in Tatui, San Paulo, Brazil, dur-
ing his journey there in April of 1964.
HaNavaMma found the fossil in his farm
in Tatui during the clearing of land.
His farm is situated 16 km NW of Tatui
City and the area is composed of late
Palaeozoic formations. From the lower
Permian Irati formation, Mesosaurus
brasiliensis MCGREGOR was reported in
1908, and generally speaking Mesosaurus
is rather common in the Brazilian Per-
mian. The fossil now on hand is pre-
served in a light creamy to grey lime-
stone of fine lamination. The bed which
yielded the fossil may belong to the Irati
formation.

1965.

~ * Received Aprii 19, 1966 ; read January.

Here the writers extend their cordial
thanks to Mr. Saiki for his generous
offer of the specimen for study. Also
they express their hearty gratitude to
Prof. F. HUENE in Tubingen, Prof. A.
RoMER of the Harvard University, Dr.
L.I. PRICE in Rio De Janeiro, Miss R.
FusgejimMa of the National Science Mu-
seum, Tokyo for their valuable sugges-
tions and kind help during the course
of this study.

Brazilosaurus sanpauloensis
gen. & sp. nov.

Pls. 38, 39

Holotvpe: A skeleton belongs to Z.
SaIKl and is preserved at the National
Science Museum in Tokyo.

Locality: Haxavama's farm,
NW of Tatui, San Paulo, Brazil.

Formation : lrati formation (?); lower
Permian.

16 km
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Description: Skull, vertebrae and cos-
tae of presacral region and fore limb
largely preserved; skull and cervic ver-
tebrae preserved on their left lateral
side, while thoracic- and lumhar regions
on their dorsal side, and a torsion is
found on posterior part of cervic ver-
tebrae, by which the animal much bent
its neck backward. Caudal region and
hind limb almost unknown.

Animal slender, elongate and small-
sized tike Mesosaurus. Cervic region
very long and fonger than skull. Animal
272 mm long as preserved: skull, verte-
brate column of cervic region and that
of thoracic-lumbar region 46, 8 and
136 mm long respectively. Body very
narrow, about 25 mm wide at ninth
thoracic vertebra. Fifteen cervic-, nine-
teen thoracic-lumbar-, one sacral- and one
caudal vertebrae are retained. Detailed
precise characteristics of each bhone,
especially of skull and jaw, almost in-
visible because surface of bone detached.

Skull and teeth.

General outline of skull rather like
that of Mesosenrus. It is very long,
low and with strongly projected snout
and small cranium. Characteristic of
this animals, teeth short and not so much
developed as in Mesosaurus. Orbit rela-
tively large, 6 x4 mm in diameters, sub-
quadrate and situated above the thickest
portion of lower jaw. Premaxilla long,
narrow and acutely projected forward.
Nasal also long and narrow. but maxilla
relatively thick and high compared with
that of Mesosaurus. Preorbital and
postorbital foramens as seen in Mesos-
aurus unclear in preservation. Jugal and
prefrontal probably same as that of
Mesosaurus. Dorsal margin of cranium

gently curved and its posterior dorsal
corner broken. Parietal detached from

skull preserved apart from it, irregurllay
quadrate and has corrugated surface.

Postorbital runs vertically, narrow, for-
ming a posterior margin of orbit and
with relatively distinct posterior margin.
Quadratojugal relatively thick and supra-
temporal broad and developed. Surface

of posterior portion of cranium corru-
gated. Cranium relatively larger than
that of AMesosaurus.

Text-fig. 1. Skeleton of Brasiliosaurus
sanpauloensis sp. nov.

L.ower jaw long. narrow and straight,
its ventral margin not recurved as in
Mesosaurus; it is highest at a point
just below posterior margin of orbit.
Posterior dorsal corner of jaw broken.
Dentary large, long and very straight.
Suprangular and angular relatively short
and high. There are many homoeodont
teeth which are short, acutely pointed, a
little curved backward, probably conical
and seem te be pleurodont.
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Text-fig. 2. Skull of Brasilosaurus sanpauloensis sp. nov.

M: Maxilla, Pm: Premaxilla,
Prelrontal,  J: Jugal,
Sq : Supraquadrate, D:
Atlas, Ax: Axis.

Dentary,

Premaxilla
Maxilla

Nasal

Frontal
Parictal as preserved
Postorbital
Quadratojugal
Supratemporal
Lower jaw
Dentary
Angular
Supraangular

Vertebrae

As first costa as preserved being at-
tached to sixteenth vertebrae, there
seems to be fifteen cervic vertebrae,
stout and relatively broad transversally.
Four vertebrae from fifth to cighth,
longer than broad and fifth vertebrae
longest of them. Atlas relatively short
and with well developed neural spine,
dorsal margin of which much convex
upward and posterior dorsal corner dis-
tinctly projected aftward. Transverse
process running postero-laterally. Axis
slightly longer than atlas and has vaulled

N: Nasal,
Po: Postorbital,
A Angular,

Longitudinal width

F: Frontal, 1: Parietal, Prf:
Qj: Quadratojugal. Q: Quadrate,
Sq : Supraangular, At:

Maximum height

12,24 1.7+ (mm)
19.1+ 2.9+
14. 4+ 1.3+
12. 4+ 1.0+
4.0 3.2
1.7+ 4.3+
81+ 0.8+
6.9+ —
41.9 3.2
33.9% 1.9
16. 34 1.3+
12. 24 1.5+

neural spine. Third cervic vertebrae
relatively short. quadrate in transverse
view, with recurved dorsal and aft mar-
gins; transverse process relatively thick.
Fourth cervic vertebra longer than third
one with relatively straight dorsal mar-
gin. Fifth and sixth vertebrae elongate
quadrate in lateral view, with straight
dorsal margin and thick transverse pro-
cess. Four vertebrae from seventh to
renth ones quadrate in lateral view.
Eleventh and twelfth cervic vertebrae
relatively short and fifteenth vertebrae
wider than long.
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Dorsal side of thoracic-lumbar verte-
brae preserved and centrum of them
becomes wider posteriorly from first to
eleventh vertebrae. Left lateral borders
of centrum from twelfth to ninteenth
vertebrae broken, especially eighteenth
one. Centrum of thoracic-lumbar verte-
brae generally wider than long, although
third one almost as wide as long; they
are quadrate in general outline and their
right lateral margins gently convex out-
ward. Neural spine relatively thick and
projected posteriorly as seen in fifth,
eighth — eleventh vertebrae. Left trans-
verse process preserved on vertebrae

Tokio SHIKAMA and Hivoshi OZAKI

from fourth to eighth, flat, longer than
wide and its free margin irregularly
curved. Spine-like short transverse pro-
cess is [ound on left posterior side of
vertebrae from twelfth to fourteenth.
This may indicate that vertebrae poste-
rior of eleventh belong to lumbar region.
Transverse process of eleventh and
twelfth cervic vertebrae also spiny and
much pointed. Pelvic girdle seems to
be jointed with the twentieth vertebra
as preserved. it may be a sacral verte-
bra. Only one caudal vertebra preserved,
which is small sized, quadrate and a
little wider than long.

Cl Cc2 C3 C4 C5 Co6
Median longitudinal length of centrum 414 4.3+773.3+ 5.7 7.5 6.7
Transverse width of ditto at middle — — — — — -
Maximum height 7.3 1.5 4.3 4.5 5.3 5.2
Cc7 C8 C9 Cl0 Cl1 Ci2 Cl13 Cl4 Cl5 Tl T2 T3 T4
69 61 64 45 45 43 51 56 57 58 65 68 3.7
—_ — — — — — — 6.6 6.9 6.9 6.8 6.8 6.8
6.6 7.4 8.3 10.0 9.6 8.3 6.1 —_ —_ — — —
TS5 T6 T7 T8 T9 T10 T11 TL12 TL13
6.5 6.4+ 6.7+ 7.9+ 7.6 6.7+ 6.0x 6.6+ 6.3+
7.0-8.3 7.0-9.1 7.5-9.7 8.2-9.8 8.6 8.6 8.8 8 1+ 7.5x
TL14 TL15 TL16 TLL7 TL18 TLY S1 CAl
7.0+  6.8%& 6.5+ 6.7+ 61z 44+ 55 58 (mm)
8.7+ 8. 44 8.6 8.4+ 7.24 6.6 6.5 6.6
Costae and sixth vertebrae. [solated costae of
There are preserved above twenty right and left third, left fourth, left fifth,

costae on right side and seven costae on
left side of the skeleton. First costa of
both sides jointed with first thoracic- or
sixteenth vertebra from first cervic one.
Both right and left costae jointed with
vertebrae on first, second, seventh, eighth
and ninth ones, while right costa jointed
with vertebrae on fourth, tenth-seven-
teenth ones ; left costa jointed with fifth

right sixth, sixteenth, seventeenth and
eighteenth are preserved on right side
of the skeleton. Right sixth costa pre-
served in a position nearest to skull, and
sixteenth, seventeenth and eighteenth
costae arranged in distant positions.
Costa gently curved although its proxi-
mal portion strongly curved. Distal
portion of two-third of total length be-
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comes thicker gradually distalward. It
is not pachyostosed as seen in Meso-
saurus.

First right, first and second left costae
preserved turning forward: first costae
as preserved relatively short and first
left one preserved only proximalliy.
Second left costa also turned forward.
Right and left third costae preserved
appressed to each other and parallel
with vertebrate column. Right fourth
costa as preserved running between
fourth thoracic-lumbar- and sixth cervic
vertebrae; left fourth costa lies poste-
riorly of right fourth costa in parallel
situation. Right fifth costa as preserved
concave outward, lies posterior side of
left fourth costa and right eighth costa.

Palacozoic Brazlosaurus n. gen.
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Left fifth to ninth costae preserved in
their natural position. Right sixth costa
preserved between skull and right
eighth costa, concave outward and re-
taining an entire outline of costa. Left
seventh—seventeenth costae preserved in
their natural position. Distal portion of
ninth—thirteenth costae closelyappressed
to each other. Sixteenth and seventeenth
costae of probably right side run
straight and detached from their natural

position. Right eighteenth costa also
detached from eighteenth thoracic-
lumbar vertebra and concave inward.

There are seen many fine small sized
ventral costae on ventral side of third
to eighth cervic vertebrae.

1 2 3
‘ R L R L R L
Length as preserved along the anterior border ‘ 6.4 24.0 28.0 28.6 31.2 16 l__
Width at distal end as preserved — L5 1.0 1.4 1.8 1.8
4 5 6 7 8 9
—_— — e, ———— —_— —_—
R L R L R L R L R L R L
T34 271 358 30.2 329 304 300 317 37.7 341 214 357
1.4 1.5 1.8 1 1.8 1.5+ 2.1 1.9 1.8 1.9 1.8+ 2.0
10 11 12 13 11 15 16 17 18
— e
R R R R R R R R L R
35.1+ 20,04 14.2 23.0 28.2 23.6 22.6 8.0 18.5 24.6 (mm)
1.8+ 1.7 1.5 1.5 1.7 1.6 2.1 1.2 —_ 1.7
Girdle and limbs view and shaft narrowest at middle.
Scapula and coracoid unknown. There Distal end wider in right humerus as

is a suboval bone of small size, attached
to the distal end of left fourth costa,
34%x18mm, and has a corrugated sur-
face; it may be a part of pectoral
girdle but details unknown.

Humerus rodlike, straight. becoming
slightly wider distally in right one and
shows distinct expansion of distal end.
Proximal margin of head slightly re-
curved as seen in left humerus. On
left humerus, head trigonal in lateral

preserved than in left one and posterior
margin of right one much concave back-
ward while its anterior margin almost
straight ; its distal margin also straight.
Distal end of left humerus convex dis-
tally and not so much expanded as in
right one. Right humerus probablv in-
dicates its outer side and left one its
anterior or posterior side. Head of right
humerus broken off.
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Maximum length as preserved

Width of proximal margin as preserved

Ditto of distal margin

Ulna and radius of left side preserved
but ulna broken on its middle of shaft.
They are straight, slender and narrow:

| Right Lelt

’ 27.4 20,2 -(ui m)
2.2 5.2

I 8.8 4.6

both proximal and distal ends not so
much expanded.

) Utna Radius
Maximum length as preserved 10.5+ 13.1 (mm)
Width of proximal end as preserved 2.1 1.9

Three carpal bones of left side pre-
served attached to distal ends of ulna
and radius. They are subcircular and
anterodistal one situated near distal
end of radius smallest. They may cor-
respond to ulnare, intermedium and
radiale as seen in AMesosaurus. ‘Their
dimensions as follows from anterior to
posterior ones; 1.6x25, 34%19, and
24%2.0mm. Small bones of centrale

unpreserved except one preserved beside
right fifth metacarpus: it is suboval and
1.7x1.3mm in dimensions.

Right metacarpi of three bones [rom
third to fifth preserved hetween left
fourth and right fifth costac. They are
celongate trigonal, slender, straight and
narrow ; proximal margin gently curved
and distal end broken off ; middle bone
as preserved longest.

111 v \Y
Maximum length as preserved 3.9 5.9 5.3 mm
Maximum width of proximal end 1.2 1.2 1.3

Right ilium preserved detached from
skeleton and in a position apart from
left posterior side of it. The bone large
sized, subtrigonal and with recurved and
long three margins, the upper one of

Distance between both ends of upper border ................ ...
Width of acromion border ............
Length along fore margin ......... ...
Median height as preserved........... ... ... .. ... .. i,

which being longest. Anterior margin
straight and short while posterior one
concave aftward. Proximal margin gen-
tly curved and concave upward. Acro-
mion border convex downward.

v 1004 mm
5.2

Explanation of Plate 38

Brazifosaurus sanpauloensis SHKaAMmA and Ozaki, gen. & sp. nov. Holotype, natural size.
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Two fragments of bone preserved
scattered in a position posterior of ilium
but whether it belongs to ischium or to
pubis is unknown. At left side of ninth
thoracic-lumbar- and sacral vertebrae.
there are preserved rodlike bones, and
at right side of them two rodlike bones.
Largest bone of left side may be proxi-
mal portion of left femur. It is 14.6 mm
long as preserved, gently curved. concave
forward and head not so much expanded
with straight proximal margin of 4.1 mm
length. The other two bones of both
sides may be proximal portions of tibia
and fibula respectively. ‘Tibia slender,
straight and with head not so much ex-
panded: right one is 80 and left one
85 mm long as preserved. Fibula larger
and stouter than tibia with stout sub-
trigonal head: it is much expanded, 1.0
and 4.5mm in maximum width on right
and left ones respectively. Right and
left fibula 12.1 and 8.7mm long respec-
tively.

Diagnosis: Skull elongate, narrow and
low, with developed snout. Orbit large
and supratemporal-parietal region de-
veloped with corrugated surface. Teeth
short, many, conical, a little curved back-
ward and may be pleurodont. Fifteen
cervic, ninteen thoracic-lumbar (probably
ten thoracic and nine lumbar), one sacral
vertebrae are divided. Transverse pro-
cess lanceolate on fourth to eighth
thoracic-lumbar vertebrae and short
spiny on twelfth to fourteenth one.
Neural spine thick and developed. Cer-
vic region very long, longer than skull
and with spiny transverse process.
There are many fine spiny ventral costae
on ventral side of cervic column. On all
thoracic-lumbar vertebrae there are
jointed costae of slender shape and gen-
tle curvature; costae not pachyostosed.
Humerus slender, relatively long and its
distal portion much expanded. Ulna,

radius and f(ibula slender and rodlike.
Ulnare, intermedium and radiale as in
Mesosaurus. llium relatively large and
its three margins moderately recurved.
Considerations: In general outline
this species is rather like Mesosaurus,
but is clearly different from it by shorter
teeth. more cervic vertebrae, longer neck,
unpachyostosed costae and by more
strongly developed cranium with cor-
rugated surface etc. In AMesosurus there
are ten cervic vertebrae. Many skulls
of M. brasiliensis McGREGOR described
by J.H. MCGREGOR and F. v. HUENE
have extremely long teeth which are
more extended than dorsal margin of
upper snout or ventral margin of lower
jaw when upper and lower jaws are
closely set to each other as seen in this
specimen. In this specimen there is seen
no trace of long teeth. We can not ac-
cept these differences as owing to growth
stages or sexual dimorphism. They are
fundamental and anatomical characteris-
tics. Al brasiliensis is reported from the
lower Permian Irati formation of South-
eastern Brazil and Urguay. M. tenui-
dens GERVAIS, the type species of the
genus Mesosaurus GERVAIS. reported
from the lower Permian bed between the
Dwyka and Ecca formations in South
Africa. has also relatively large sized
skull and twenty-nine presacral verte-
brae. Hence Aesosaurus is safely ex-
cluded from comparison with this spe-
cies.  Nofeosaurus africanus BROOM,
regarded bv HUENE as same as A eso-
saurus fenuwidens, is out of comparison
owing lack of specimens compared.
Stereosternum tunudium Corr,. known
from the Permian of San Paulo, Brazil
is about 80 cm long and has thirty-four
presacral (eleven cervic and twenty-three
thoracic-lumbar) vertebrae, and rather
allied outline of skeleton. [But it is alse
distinguished by relatively short neck,



)y

less number of cervic vertebrae and
pachyostosed costae. Both Mesosaurus
and Stereosternum carry a very long tail,
and perhaps this species also has a long
tail as long as presacral region, hence it
might be more or less 540 mm in body
length, generally corresponding to the
size of Mesosaurus. Bra:zilosaurus
stands rather apart from the stock of
Mesosaurus and  Stereosternum from
taxonomical points of view. In long
neck it may be nearer Sauropterygia
than Ichtyosauria.
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Explanation of Plate 39

Brazilosaurus sanpanioensis SHikanma and Ozaxs, gen. & sp. nov. Holotype, x2.
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Ammonites bravaisianus was establish-
ed by p'OrbiGNY (1841, p. 308, pl. 91,
figs. 3-4) for several specimens from the
Cretaceous of Uchaux and Mondragon,
Vaucluse, France. On the basis of sub-
sequent collections from the Turonian
of the Uchaux basin, RomMAN and Maz-
ERAN (1913, p. 22, pl 1. figs. 13-17) re-
described the same species under the
generic name Prionotropis. It is noticed

Trans. Proc. Palaeont. Soc. Japan, N. 5. No. 64, pp. 359-365, pl. 40, Dec. 15, 1966

515. NOTES ON AMMONITES BRAVAISIANUS D'ORBIGNY
FROM THE CRETACEOUS O FRANCE*

TATSURO MATSUMOTO and MASAYUKI NODA**
Department of Geology, Kyushu University, Fukuoka

7% v 2QPWFRE Ammonites bravaisianus D’ORBIGNY {T20VT: A7 5 v &
A sR Uchaux gEEEFED . {240 v 8 { 7 A& iz, DORBIGNY 7 L &
ZhA fEEORIE L KT D D . 2SR BT OFHRRE LORE I TR
PELBELTHSE. FOCY —OENAREHPRITROEE AL HEHL T xo5HEN
MRIGT, v b g T RiERELC e EHOZA Y EWERIZEEE L7, Rovax
& MazeRrRAN (1913) #iF ¢ Uchaux #iibipo{EoREMI L3, FTREELTVv55
FIUESEOERICET D X<, oo RO TR D oL Do AT Subpriono-
cyclus neptuni % S. branneri Y X F@IL. W52 Subprienocyclus (Collignoni-
ceratidae) (zfid 5.

A BT E S (BRI O KENRE VT ERG Inoceramus teshioensis ¥ (5
a—g=T L) o RRINFIEPWMBLL - C. 75 A EOREEAR AL EE
T HA, AMEOL OOV TR, SElE 2HEL S E TR T T 50k, <
LRttt gy aod ¥4, AlEiE75 /A 2RF =—a=7T v 140 Coilopoceras re-
quienianum-Romaniceras deverianum ‘{9 of5E1IEL, TUELED LI DETHLE 50

cEb. Bk - fF IR 2

Furthermore, we have obtained a num-
Introduction ber of specimens., from the zone of [no-

in question.

that the illustration of D'ORBIGNY by SORNAY (1959, p. 16, 18).

drawing is not quite identical with that
of RoMAN and MAZERAN by photographs.

sociate, July-Dec., 1965, at the Department of
Geology, Kyushu University.

* Read June 18, 1966; Reccived April 30

ceranius teshioensis, approximately Up-
per Turonian, in the Cretaceous deposits
of the Onogawa basin, eastern Kyushu,
Japan. which are referable to the species

This species was referred to Schloen-
bachia by LEONHARDT (1897, p. 58, pl. 6.
fig. 3), to Gauthiericeras by GROSSOUVRE
(1894, p. 93: 1901, p. 124), to Collignoni-
ceras? by WRIGHT and WRIGHT (1951,
p. 38). and to Prionocyclus by Basse and

It is. thus, obviously necessary to set-
tle the question of types, to make clear
the diagnosis and extent of variation

and to know the taxonomic position of

*+ Masayuki Nova: Visiting Research As- this species. One of us (T.M) have
recently had an opportunity to study
D'ORBIGNY's syntypes at the Institut de
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Paldontologie, Mus¢um National d'His-
toire Naturelle, Paris. We have, further-
more, studied more carefully the speci-
mens on loan. This paper presents re-
sults of our study. The specimens from
Japan are taken into consideration, too,
but their full description will be given
in a separate paper.

Before going further, we wish to thank
Dr. Jacques SORNAY. Paris, for his kind
help to this study. and Mr. C.W. WRIGHT,
London, for critical reading of the tvpe-
script. Dr. Itaru HAvAMI, Fukuoka, has
assisted us in various ways.

Types

Twelve specimens from Uchaux (Vau-
cluse) of Ammonites bravaisianus in the
Collection of D'ORBIGNY., Muséum Na-
tional d’'Histoire Naturelle. Paris, are
available for study. They are presumed
to be syntypes. They are all small
more or less incomplete, and represented
by internal moulds whose matrix is cal-
careous sandstone, weathered to brown-
ish. None of them agrees with D'ORr-
BiIGNY's illustration (1841, pl. 91, figs. 3-
4), which must have been much restored,
perhaps synthesised from several speci-
mens and magnified (probably about
twice as large as the natural size). Al
though D'ORBIGNY (1841, p. 309) indicated
the dimensions of a representative speci-
men, they do not agree with those of
his illustration nor with those of any
syntypes before us. This measured
syntype, if it ever existed, seems to be
missing. [f we temporarily put numbers
from left to right and from bottom to
top on the twelve surviving specimens
which are fixed on one tablet (figured
here in PL 40, Fig. 6, No. | specimen
(Pl. 40, Fig. 2) is most similar to the
original illustration. It is, however. in-
completely preserved. without its nucleus,

and scems to represent an extreme end
of the variation of the species (see
Variation).

No. 2 specimen (Pl. 40, Fig. 1) is the
largest of the twelve, comparatively bet-
ter preserved, very close to what RoOMAN
and MAZERAN (1913) called a typical
form. It is accordingly designated here
as the lectotype of Ammomtes bravaisi-
anus DP’'ORBIGNY. The other syntypes (of
the twelve) are identified as probably of
the same species, except for No. 5 speci-
men. which has constrictions and no
keel and obviously belongs to a different
species, probably of the Puzosiinae.

Although the other specimens figured
by ROMAN and MAzERAN (1913, p. 22,
pl. 1, figs. 13-17) in the collection of the
University of Lyon are not at our dis-
posal, they are so clearly described and
so finely illustrated that we can be sure
of their specific identity with the lecto-
type. The largest of them (RomaN and
Mazeran, 1913, pl. 1, fig. 17) probably
represents an adult shell. This is sup-
ported by another example of a similar
size from Japan.

Specific Characters

The shell is comparatively small, at-
taining a diameter of 60mm or so in a
probably adult shell. [t is discoidal,
having an umbilicus about 33 to 45 (?)
percent of the diameter. The whorl en-
larges moderately on the average, em-
bracing slightly less than a third to
about fifth of the inner one. It is higher
than broad, with a proportion about 10:6

to 8. Tts flanks are slightly convex or
flat ; venter narrowly arched; umbilical
shoulder abruptly rounded; umbilical

wall low and steeply inclined.

The venter is provided with a distinct,
continuous, median keel, which may ap-
parently look entire bul is actually ser-



Ammonites bravaisianus D'ORBIGNY 361

rate. The serrations, which correspond
in number to the ribs, are weak in the
early growth-stage but moderately
strong in the adult stage.

The flank, except in the very early
growth-stage (of 2-5mm in diameter),
is ornamented with numerous. fine, some-
what prorsiradiate and gently sigmoidal
ribs, about 34 to 56 (or perhaps more!
per whorl. which are szparated by inter-
spaces as narrow as or slightly broader
than the ribs. They are as a rule alter-
nately long and short. The longer ribs
have a bullate, rather weak tubercle at
the umbilical shoulder. The shorter ones
normally arise from a point slightly
ahove and ahead of the umbilical bulla
of the longer ones, but sometimes are
nearly in contact with the latter, as if
branched at the bulla. Every rib is
provided with two ventrolateral tuber-
cles, lower, {or inner) and upper (or
outer). The lower one is small, at which

the rib is bent somewhat forward. The
upper one is clavate or obliquely elong-
ated. situated on a line fairly close to
the median keel. At this tubercle the
rib is bent strongly forward and then
weakened as it approaches the keel.
The suture consists of E. L. U., U,
(=S). U, and [. The elements are rather
massive and not much deeply incised.

Variation

It is reasonable and natural to assume
that the lectotype and ten other syntypes
of D'ORBIGNY represent a single variable
species. because one grades into another.
This is, furthermore, supported by the
specimens described by RoMAN and
MAZERAN, with whom we agree in ad-
mitting a considerable extent of varia-
tion of the species in question.

The following measurements illustrate
the situation.

Specimen Diameter Umbilicus Height Breadth  B./H. Ribs
Lectotype 15.5(1)  5.8(0.37) 6.2¢0.40) 3.8(0.31) 0.61 52
Syntype No. | 14.3 6. 4(0.44) 5.000.35) 4.4(0.30) 0.8 36

No. 3 1.8 5.2(0.44) 4.2(0.36) 3.5(0.30) 0.8 42

" No. 4 15.0 5.2(0.35) 5.6(0.37) ¢4.000.27) 0.7 12x3(?)
" No. 7 12,5 4. 8(0. 38) 5.3(0.42) — —  50(?
n'ORBIGNY, p. 309 20 7 (0.35) 7 (0.3) 5 (0-25) 0.71 ~40-60"
* p'ORBIGNY. pl. 91, f. 3-4 29.0 12.8¢0. 14y  10.4(0.36) 8.500.29) 0.7 34
* R4+M., pl I f 13 14.4 5.5(0. 38) 5. 5(0. 38) — — 46

,plo 1 £ 14 cl5 5 (0.33) 6.3(0. 42) — —  36(+a)

.pl. L 15 12.3 4.8(0.39) 4. 7(0. 38) — — 50

,pl. 1, 16 14.0 5.4(0.38) 3. 7(0.40) — — 36

. plo 1, f 17 ¢60 24 (0.4)  ¢19.6(0.33) — — 36(?)

* as measured from the illustration.

To know precisely the extent of
variation we should collect sufficiently
numerous specimens from the type- and
other localities. At present we are un-
able to do field work in Irance, so we

depend on the previous collections. As
far as these materials are concerned, a
considerable number of specimens show
a form in which the whorl increasses
moderately, with its height (.35 to 040
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of diameter, the umbilicus is also moder-
ately wide, occupying about 35 to 40
percent of the diameter, and ribs are
numerous (45 to 50). comparatively fine
and gently flexuous. The lectotype de-
signated above falls within this range.
Although it has a comparatively higher
whorl, it is not at the extreme end of
the variation, since there is a form, ex-
emplified by RoMAN and MAZERAN's pl.
1. fig. 14, in which the whorl is higher.
more involute, more narrowly umbilicate
(33 percent of diameter), and has denser
and more numerous ribs. On the other
hand syntype No. 1 (Pl 40. Fig. 2) seems
to represent the other end of the varia-
tion, seeing that its umbilicus is fairly
wide (44 percent) and the ribs are coar-
ser, less numerous and less flexuous.
D'ORBIGNY's drawing also comes close
to this extreme form. Syntype No. 3
(PL. 40, Fig. 3) is as widely umbilicate
and as thickly whorled as No. 1, but
has more numerous, denser, gently
flexuous ribs. Syntype No. 4 (Pl. 40,
Fig. 4) is as narrowly umbilicate as the
lectotype but its ribs are coarser and
less numerous than in the latter and are
denser and more flexuous than in No. L

Examples from the Onogawa Group,
Japan, seem to show another aspect of
variation in which the umbilicus is com-
paratively wide but the ribs are fine
and numerous (Pl. 40. Figs. 7, 8). They
could be grouped as a subspecies which
is separable from the French one.

Affinities and Generic Attribution

The present species is closely allied
to Subprionocyclus neptuni (GEINITZ) (see
MATSUMOTO, 1939, p. 112; 1965, p. 52),
a world-wide Turonian species, in var-
ious respects but is distinguished by its
less involute, on the average more wide-
ly umbilicate whorl, The former has

as a rule regularly alternating longer
and shorter ribs which do not show
such distinct branching as in certain
growth-stages of the latter. S. neptuni
has stronger but less numerous umbilical
tubercles and more frequent shorter
ribs. [t is noted, however, that the ex-
tents of variation somewhat overlap each
other between the two species with
regard to the involution of whorl, size
of umbilicus, proportion of breadth to
height, etc. Moreover, in some imma-
ture shells of S. neptuni fine, numerous
ribs of alternating length occur without
branching on a part of the whorl in
addition to the paired ones. This looks
as if it foreshadows the diagnostic
character of the present species. A
specimen from Hokkaido (MATSUMOTO,
1965, p. 54, pl. 13. fig. 1) may exemplify
such a connecting feature. In the ado-
lescent and adult stages of S. neptuni
ribs are coarser, much more distant and
more prorsiradiate and the tubercles and
serrations are stronger, probably reflect-
ing certain characters of the ancestral
Collignoniceras woollgari (MANTELL) (see
MATSUMONO, 1965, p. 11).

The comparatively coarsely ribbed
variety of the present species is some-
what similar to Subprionocyclus branneri
(ANDERSON) (emended by MATSUMOTO,
1959, p. 109; 1965, p. 50). but the latter
has still coarser, stronger, more distant
and less numerous ribs, in which shorter
ribs are much fewer. Its keel! is more
strongly serrate and its whorl section is
rather rectangular, being not so slender
as that of the present species.

Some of the variable immature shells
of Collignoniceras woollgari (MANTELL).
as described under subgroup D by Ma-
TSUMOTO (1965, p. 14), may resemble the
present species, but they have more
distinctly simple, almost equally long,
less flexuous and more prorsiradiate
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ribs. The distinction in the adolescent
and adult stages is great between the
two species.

In the present species a serration of
the keel corresponds to each rib, al-
though the character is obliterated or
apparently modified on the weathered
surface of some specimens (including
syntypes). This species is. accordingly,
not referable to Prionocyclus in which
the serrations are fine and more num-
erous than the ribs, the upper ventro-
lateral tubercles are normally indistinct,
the lower ventrolateral tubercles are
prominent and the ribs are less flexuous,
nor is it referable (o Gauthiericeras in
which the median keel is entire or very
finely crenate, faint side keels may de-
velop and the ventrolateral tubercules
are not double.

To sum up Ammonites bravaisianus is
most closely allied to but distinguished
from Subprionocyclus neptuni and cer-
tainly attributed to the genus Subprio-
nocyclus, as one of us (MATSUMOTO,
1965, p. 54) has already mentioned.

(ccurrence

D'OrBIGNY (1841, p. 310) indicated the
occurrence of his original specimens in
“ Le grés vert supérieur d'Uchaux et de
Mondragon, prés d'Orange (Vaucluse).”
We have not examined the specimens
from Mondragon. Grés vert d'Uchaux
(Vaucluse) (D'ORBIGNY, 1841, p. 419} in
southeast France is referred to Turonian
(see SORNAY, 1956, p. 359).

RoMmAN and MazeERAN (1913, p. 4) cited
HEBERT's (1875) subdivision of the Gres
d'Uchaux and stated that the third level
(from the bottom) is the principal layer
from which came the gastropoda and
cephalopoda described in their mono-
graph, of which the species of more
stratigraphical importance for correla-

tion are [Lcwesiceras mantelli WRIGHT
and WRIGHT (=Pachydiscus vaju in Ro-
MAN and MAZERAN, [ewesiceras romant
SOrRNAY, 1964) (WRIGHT. 1966, personal
communication). Romaniceras devertanum
(0’ORBIGNY) and  Baculites undulalus
’ORBIGNY—all widespread Upper Tur-
onian species. Subprionocyclus bravai-
sianus (D'ORBIGNY) occurs in the same
fossiliferous bed along with Coilopoceras
requienianum (D'ORBIGNY). This layer
is referred to Upper Turonian by BASSE
and SORNAY (1959, p. 18), too.

In Touraine, the type area of the
Turonian in the northern province of
France, this species is recorded as oc-
curring in the *Craie a Bryozoaires ",
Upper Turonian, along with Romaniceras
deverianum (D'ORBIGNY) and Coilopoceras
requienianum (see GROSsouvkie, 1901, p.
336; BAssk and SornAy, 1959, p. 16).
We have not yet examined the speci-
mens of this species from Touraine.

FriTscH and Scoroexpacn (1892, p.
29, pl. 8, fig. 5; pl. 16, fig. 1) reported
“ Ammonites bravaisianus” from the
Weissenberger and other beds of Bo-
hemia, while LEONHARDT (1897, p. 58.
pl. 6, fig. 3) described * Schloenbachia
bravaisianus ' from the Brongniartizone
of " Oberschlesia " (now in Poland), but
we cannot give good comments without
seeing the specimens.

In Japan, as seen in the sequence of
the Upper Cretaceous of the Onogawa
basin, eastern Kyushu, probable exam-
ples of Subprionocyclus bravaisianus oc-
cur in a hed above that of Subpriono-
cyelus nepluni (GEINITZ) and below that
of Subprionocyclus normalis (ANDERSON).
A probable example of S. branneri has
been obtained from the same level as S.
bravaisianus. S. neptuni occur in the
zone of [noceramus hobetsensis, appro-
ximately lower Upper Turonian, while S.
bravaisianus, S. branneri and S. normalis



364 Tatsuro MATSUMOTO and Masayuki NODA

in the zone of [Inoceramus leshioensis,
approximately upper Upper Turonian.

A specimen described as Prionotrepis
sp. by RoMaN and MAZERAN (1913, p. 25,
pl. 4, fig. 18, 18a) is probably identified
with S. branneri ANDERSON [=S. crisi-
atus (BILLiNGuUrsT)]. [t came from the
very layer where S. bravaisianus occur-
red more abundantly. We would like
to know whether the same succession of
the species of Subprionocyclus as that in
Japan is maintained or not in the Tur-
onian sequence of France and various
other areas in the world.

P.S. C.W. WRIGHT has recently given
us information that S. neptuni, S. hitch-
inensis, S. branneri and S. normalis all
occur together at Hitch Wood in England.
He does not agree wilh us to distinguish
S. bravaisianus from S. neptuni {letter
Sept. 9, 1966).
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