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463. UPPER MIOCENE FORAMINIFERA FROM THE
KIYOSUMI FORMATION. BOSO PENINSULA*

NAOAKI AOKI

Institute of Geology and Mineralogy. Tokvo University of Education
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Introduction

Little has been studied on the foram-
inifera from the upper Miocene rocks
of the Boso Peninsula, because thev are
very sparsely fossiliferous. In 1962,
SaiTo reported five planktonic species
from the Kiyosumi formation. including
Globigerina nepenthes TODD and Globoro-
talic menardit miocenica PALMER, and
he considered that the middle horizon
of the Kivosumi formation is correlative
with the Venezuelan Globorotalia menar-
dii menardit/Globigerina nepenthes Zone.

Previously. KOMATSU (1958 MS) work-
ed out the Miocene stratigraphy of the
peninsula and he examined the forami-
niferal assemblages for zoning and cor-
relation. Recently, the writer observed
the Komatsu's collection now stored in
our institute, besides some materials
newly obtained from the type section
of the Kiyosumi. The purpose of this
paper is to record the several important
constituents of the Kivosumi fauna and
to describe five new species.

Acknowledgements are due to the
following persons: Mr. Naomiki Ko-
MaTst of the Teikoku Oil Company

* Received June 15, 1963: vead at 8dth
meeting of the Society at Sendai June 1. 1963

R A
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for kind information on stratigraphy:
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Yokichi TAKAYANAGI of the Tohoku
University for kind permission to ob-
serve his collection from Nobori; Prof.
Wataru HasnimMoTto of the Tokyo Uni-
versity of Education for supervision and
encouragements.

Fauna

Collections were made from the three
sections taken along the small tribu-
taries of the Obitsu River, in Kazusa-
machi, Kimitsu-gun. central part of the
Boso Peninsula. Despite of its meagre
population, about 110 benthonic species
were found in 35 samples, and the fauna
is dominantly composed of the follow-
ing species (in the order of abundance).

Urigerina proboscidea (SCHW AGER)
Stilostomella ketienziensis (Isn1zaki)
Bulimina strisgta p’ORBIGNY

Nonion cf. parkerae Ucio

+ Nodosaria " longiscata D'ORBIGNY
Robulus pseudorotulatus AsANO
Bolivinita quadrilatera (SCHW AGER)
“ Eponides ” umbonatus (Reuss), var.
Cussidulinag ci. subglobose¢ BrADY
Gyroidina komatsui Aoxi. n. sp.
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Uvigerina cf. ekitaensis AsaNo

Nonion pempilioides (Ficiirei. and Morl)

Pullenia bulloides (D'ORBIGNY)

Sphaeroidina bulloides (D'ORBIGNY)

‘Cassiduling sp.

Planwling wuellerstorfi (SCHWAGER)

Cibicides asanoi MATSUNAGA

Orthomorphina obitsuensis AOKi, n. sp.

Gyroidina profunda Aoki, n. sp.

Fissurina minima Aoki, n. sp.

Parafissurinag kiyosumiensis AoKi, n. sp.

Lagena hispida REuss

Lagena cf. aspera Reuss

Oolina melo ORBIGNY

Pyrgo murrhing (SCHW AGER)

Cibicides sp.

Gyroidina altiformis STEWART and STEWART

* Nodosaria™ tosta SCHWAGER

Bulimina rostratea BRavy

Sigmoilina schlumbergeri SILVESTRI

Ortlomorphina adrena (Cusiyiax and
LAIMING)

Epistomina elegans (0'ORBIGNY)

Fissurina annectens Burrows and HoLLAXND

Parafissuring sp. ci. P. dorbignyana
(WIESNER)

Epistominella rotunda (HUSEZIaA and
MARUHAST)

Pleurostomella alternens SCHWAGER

Description of Species

Robulus pseudorotulatus ASANO

Robulus pseudorotulatus Asaxo, 1938, Tohokn
Univ.. Sci. Rep., ser. 2,v. 19. no. 2, p. 201,
pl. 25, figs. 1. 3. 4: pl. 26. fig. 28: pl. 31,
figs. 3, 6. —— Asavo, 1951, [fust. Cat.
Japun. Tert. Foram.. pt. 15, p. 6. tis. 28,
29.

The Kiyosumi specimens are smaller
(less than 2 mm. in diameter} than the
typical Pliocene form of this species and
have 7-9 chambers in the final whorl.
The large, slightly protruded umbilicus
and narrow peripheral keel are distinc-
tive characters of this species.

It is widely known from the middle

Miocene to Pleistocene of Japan and it
is one of the dominantly occurred spe-
cies in the Kiyosum: formation.

Fissurina minima AOKI, n. sp.
Pi. 25, figs. la, b.

Test very small in size. unilocular,
compressed, almost circular in side view,
slightly longer than broad, lenticular in
apertural view, thickness about two
thirds of the height of the test; margin
subacute, not keeled : wall smooth; finely
perforate; aperture a short slit on the
periphery, with a short entosolenian
tube. Length 0.15mm., width 0.14 mm.,
thickness 0.09 mm. (holotype).

Holotype. Reg. no. 68001, from a river-
side exposure (Sasa River). ca. 800 m.
south of Katakura, Kazusa-machi, Kimi-
tsu-gun, Chiba Prefecture: sample no.
385, lower part of the Kiyosumi forma-
tion, upper Miocene. Collected by N.
KOMATSU.

This new species is characterized by
its very minute and circular test and
a very short entosolenian tube.

Fissurina minima is common but re-
stricted to the mudstone member of the
lower part of the Kiyosumi formation.

Parafissurina kiyosumiensis
AOKL n. sp.

Pl. 25, figs. 2a. b.

Test medium or large for the genus,
unilocular, compressed. nearly circular
in outline, but apertural end somewhat
protruding roundly from the general
outline of the test. thickness nearly two
thirds of the length, lenticular both in
cross section and in peripheral view;
periphery acute. with a narrow Keel,
which broader at the lower half of the
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test: wall smooth, translucent. finely
perforate ; aperture eccentric, an arched
slit, parallel to the periphery, with a
long entosolenian tube extending to the
base of the interior. Length 0.26 mm.,
width 0.23 mm., thickness 0.16 mm. (holo-
type).

Holotype, Reg. no. 68002, from a river-
side exposure (Kurotaki River), ca. 800m.
north of Godai-batake, Kazusa-machi,
Kimitsu-gun, Chiba Prefecture: sample
no. 279, middle part of the Kiyosumi
formation, upper Miocene. Collected by
N. Koyarsu.

This species is similar to " Fissurina
marginata (MONTAGU)” rarely found in
the Pliocene rocks of Japan. so it has
often been confused with the latter
species.

Parafissurina kiyosumiensis is frequent-
ly found in the lower half of the Kiyo-
sumi formation.

* Nodosaria" longiscata D'ORBIGNY
PL 25, figs. 10, 11.

Nodosaria longiscata DOrRBIGNY, 1846, Foram.
Foss. Bass. Tert. Vienne. p. 32, pl. 1. figs.
10-12 (fide ELris and MessiNa, 1940 ef
seq.. Catalogue of Foraminifera). Asa-
N0, 1953, Tohokw Unir., Inst (seol. Pal.,
Short Pap., no. 3, p. 8, pl. 1, figs. 20-22.

The specimens from the Vienna Basin
were re-studied by Marks (1952, Cush-
man Found Foram. Res., Contr., v. 2. pl.
2, p. 45) and Nodosaria arundinea SCH-
WAGER, 1866, from Kar Nicobar was as-
sumed to be a synonym of this species.

Fragments of this species are abun-
dantly found in the Kiyosumi formation.

Orthomorphina obitsuensis

AOKIL, n. sp.

Pl. 25, fig. 3.

Test small in size, uniserial. straight,
subcylindrical, sides nearly parallel or
slightly tapering; initial end rounded
with a button of clear shell material;
chambers distinct, about six in numer,
appressed in the earlier, inflated and
nearly as broad as high in the later
half ; sutures horizontal. somewhat in-
distinct in the earlier. distinct and de-
pressed later; wall finely perforate,
ornamented by numerous weak, longi-
tudinal striations, becoming smooth at
the last few chambers; aperture termi-
nal, central, a round pore in a thick and
short neck, without any tooth. Length
0.46 mm., width ca. 0.16 mm. ‘holotvpe..

Holotype, Reg. no. 68003, from a river-
side exposure (Sasa River), ca. 300 m
east of Katakura, Kazusa-machi, Kimi-
tsu-gun, Chiba Prefecture; sample no.
361, upper part of the Kiyosumi forma-
tion, upper Miocene. Collected by X.
KOMATSU.

This species is characterized by small-
er-sized test with weak longitudinal
striations on the surface and is easily
distinguishable from the species belong-
ing to the genus Orthomorphina STAIN-
FORTH, 1952.

0. obitsuensis is frequently found in
the Kiyosumi formation and sporadically
observed in the Pliocene of the Boso
Peninsula.

Stilostomella ketienziensis {ISHIZAKI)
Pl 25, fig. 4.

Ellipsonodosaric ketienziensis IsHizaxi, 1943,
Nat. Hist. Soc. Taiwan, Trans., v. 33, nos.
242-243, p. 684, tfs. 1,6, 1. ——Asano.
1951, Illust. Cat. Japan. Tert. Foram., pt.
15. p. 28, tfs. 121, 122,

Several related forms to this Japanese
species had been described, but the Boso
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specimens were compared only with the
Kechienji (Ketienzi) specimens and found
to be identical. The surface of this
species is smooth or ornamented with a
single or double rows of numerous. weak,
longitudinal spines on the lower half of
each chamber.

Fragments of this species are abun-
dant throughout the Kiyosumi formation.
It is also common in the Pliocene for-
mations of the Boso Peninsula.

Bolivinita quadrilatera (SCHWAGER)
Pl. 25, fig. 6.

Textularia quadrilatera«  SCHWAGER. 1866,
Novara Exped., Geol. Theil., v. 2. p. 253,
pl. 7, fig. 10.

This species is common in the middle
horizon of the Kiyosumi formation.

Tosaia hanzawai TAKAYANAGI
Pl. 25. figs. 12a. b.

Tosaia hanzawai TAKAYANAG) 1953, Tohoku
Unir., Inst. Geol. Pual., Short Pap.. no. 5,
p. 30. pl. 4, figs. 7. —— GALLITELLI, 1957,
U.S. Nat. Mus.. Bull., no. 215, p. 151,
pl. 34. fig. 18.

This species is first described from
the upper Miocene Nobori
Kochi Prefecture. It is verv rare and
several specimens were found from six
samples of the Kivosumi formation. All
are smaller and triserial throughout.

Bulimina striata D'ORBIGNY
Pl 25, figs. 14, 15.

Bulinina striata p'Orpicxy, CusHyaN and
PArRKER. 1938, Cusiman Lab. Foram. Res.,
Conlr.. v. 14, no. 4, p.90, pl. 16. figs. 1-3.

AsaNo, 1953, Tohoku Univ., Inst. Geol.

Pal., Short Pap.. no. 5, p. 6. pl. 2, figs. 24,

formation,

25. ——AsANo, 1958, Tohoku Univ.. Sci.
Rep.. ser. 2. ». 24. p. 8, pl. 1, figs. 4. 7, 8.
——MARKS, 1951, Cusltman Found. Foram.
Res., Contr., v. 2, pt. 2, p. 58.

This species is abundant and one of
the most commonly occurred species in
the Kiyosumi formation.

Uvigevina cf. akitaensis ASANO

Pl. 25, fig. 9.
Cf. Uvigerina akilaensis Asano, 1950, Illust.
Cat. japan. Tert. Foram., pt. 2, p. 14, tfs.
60-62.

This form has highly raised or lamel-
lated, longitudinal costae. which are dis-
continuous at the sutures. 1t is similar
to Uvigerina akitaensis Asaxo widely
known from the Pliocene to Recent de-
posits of Japan, but it differs in having
a shorter test and deeply incised sutures.
[t may represent a variety of this
species.

It is frequently found in the Kivosumi
formation and common in a sample
from the middle part of the Sasa River
section.

Uvigerina proboscidea SCHWAGER
Pl. 25, fig. 7. 8.

Uvigerina  proboscidea Scuwacer. 1866,
Novara Exped.. Geol. Thail. v. 2, p. 250,
pl. 7. fig. 96. ——Cusnmax, 1939, Geol.
Soc. Japan, Jour.. v. 46, no. 546, p. 151,
pl. 10, fig. 13. —Cusuymax and Tobpb.
1941, Cushman Lab. Foram. Res., Contr., v.
17, no. 3. p. 73, pl. 17, fig. 9; pl. 19, figs.
3-9. — Asano. 1953, Tohoku Univ.. Inst.
Geol. Pal., Short Pap.. no. 5. p. 10, pl. 2,
figs. 29-31. Curgr, 1929, Osaka Mus.
Nat. Hist.. Bull., no. 11.p. 26, pl. 7, fig.
5.

It is commonly and characteristically
found in the upper Miocene rocks of
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Japan and is the most common species
throughout the Kiyosumi formation.

Pleurastomella alternans SCUWAGER

Pleurostomella alternans SciiwaGer, 1866,
Novara Exped.. Geol. Thail, v. 2. p. 238,
pl. 6, figs. 79, 80. ——CuUsHMAN, 1939,
Geol. Soc. Japan, Jour.. v. 46, no. 5146, p.
152, pl. 10, fig. 1.

This Kar Nicobar species is sporadi-
cally found in the Kiyosumi formation.
It has been recorded from the Nobori
formation, Shikoku.

“ Fponides” wmbonatus REUSS, var.

Pl. 25, figs. 19a-c.

The periphery of Kiyosumi specimens
is narrowly rounded, differing from the
Pliocene ones of this species {ASANO,
1951, Hlust. Cat. Japan. Tert. Foram., pt.
14, p. 12, tfs. 91, 92), however. the inter-
mediate forms between the two are
often found in the present collection.
Maximum diameter of the largest speci-
men is 0.1 mm.

This variety is f(requently found in
the Kivosumi formation and is also ob-
served very rarely in the lower Pliocene
of the Boso Peninsula.

Gyroidina komatsui AOKIL. n. sp.
Pl 25, figs. 16a-c.

Test small, trochoid. ovate and slightly
lobulate in side view, thickness about
two thirds of the length, uneqally bicon-
vex, dorsal surface almost flat or more
or less convex. ventral side roundly
convex; periphery broadly rounded;
chambers 7 or 8 in the final whorl, in-

creasing moderately in size as added;
sutures distinct, slightly depressed, near-
ly radial, on the both sides; aperture
ventral, an elongate narrow slit, arched
along the base of the apertural face
extending toward the umbilical area;
wall thin, smooth, finely perforate.
Length 028 mm., width 0.22 mm., thick-
ness 0.20 mm. (holotype).

Holotype, Reg. no. 68016, {from a river-
side cxposure (Kurotaki River), ca. 700 m.
NW of Godai-batake, Kazusa-machi,
Kimitsu-gun, Chiba Prefecture: sample
no. 287, lower part of the Kiyosumi
formation, upper Miocene. Collected by
N. KoMmaTsu.

The present species is similar to
Gyroidina nipponica 1SHZAKI (1944, Nat.
Ilist. Soc. Taiwan, Trans., v. 34, no. 244,
p. 102, pl. 3, fig. 3) from Miyazaki, but
differs in its larger number of chambers
in the final whorl.

This species is named in honor of Mr.
Naomiki KomMAaTsU, oil-geologist. Teikoku
0Oil Company. in recognition of his work
on the Miocene stratigraphy of the Boso
Peninsula.

Gyroidina komatsui is commonly found
in the lower half of the Sasa and Kuro-
taki River sections of the Kivosumi
formation.

Gyroidina profunda AOKIL n. sp.
Pl 25, figs. 17a-c.

Test medium, trochoid, ovate in side
view, nearly equally biconvex, or ven-
tral side more convex than the dorsal
side, consisting of 2% or 3 whorls; peri-
phery narrowly rounded and lobulate
very slightly at the later part of the
test: chambers not inflated, about 7 in
the final whorl ; sutures somewhat indis-
tinct, oblique or nearly radial. slightly
curved, flush on the dorsal side, radial,
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very slightly depressed on the ventral
side; aperture ventral, an arched slit.
at the middle part of the basal margin
of the apertural face: wall smooth. very
finely perforate. Length 0.44 mm.. width
0.38 mm., thickness 0.28 mm. (holotype).

Holotype, Reg. no. 68017, from a river-
side exposure (Sasa River), ca. 400 m.
south of Katakura. Kazusa-machi, Kimi-
tsu-gun, Chiba Prefecture; sample no.
368. middle part of the Kiyosumi for-
mation. upper Miocene. Collected by N.
KOMATSU.

This species is very similar o Gyioi-
dina gemma Banpy (1953, J. Pal., v. 27,
p. 179, pl. 23, fig. 4) from off California,
but differs in having a more rounded and
smooth periphery and fewer chambers
in a whorl.

Gyroidina profunda is frequéntly found
in the Kiyosumi formation and also
common in the “Jowest Pliocene " rocks
of the Boso Peninsula.

Nonion cf. parkerac UCHIO
Pl. 25, figs. 18a, b.

Cf. Nonion parkerae Ucuio, 1960. Cushman
Found. Foram. Res., Spec. Publ.. no. 5. p.
60, pl. 4, figs. 9, 10.

Ci. Nonion barleeanus (WILLIAMSON), BANDY,
1961, Aficropaleontology, ». 7. no. 1, p. 16,
pl. 5, figs. 6.

Nonson nicobarense CusHMAaN, Isiuwapa. Hi-
uctr and KikucH1, Japan. Assoc. Petr.
Tech.. Jour.. v. 27, no. 3. pl. opposite
p. 79, fig. 5.

Nonion zaandamae bosoensis [Kuwano, 1962,
Res. Inst. Natur. Resources., Misc. Rep.,
nos. 58-59, pl. 19, fig. 9. (stomen nudtem).

The Boso specimens are not variable
in morphology and are very ciosely simi-
lar to this Californian species. The
typical Recent form is more compressed
with a slightly more angular edge, but
the difference is not significant. This

Explanation of Plate 25

(a, side or dorsal view: D, edge view: ¢, ventral view, unless otherwise noted.
Figs. 1, 3-6, 8-10. 12, 13, 15, 17, 18, 20, from Katakura; figs. 2, 7,
14, 16, 19, from Godai-batake: fig. 11, from Fudago.)

Holotype, Reg. no. 68001.

Parafissurina kivosumiensis Aoki, n. sp., x93. llolotype. Reg. no. 68002.
Orthomorphina obitsuensis Aoki, n. sp.. X69. Holotype. Reg. no. 68003.

Fig. 1 Fissurina mivima Aoki, n. sp., x150.

Fig. 2

Fig. 3.

Fig. 4. Stilostomella ketienziensis (Issizaxi), x69. Reg. no. 68001.
Fig. 5 Pleurostomella alternans SCHWAGER, X59. Reg. no. 68005.

Fig. 6. Bolivinita quadrilatera (Scuwacer), xX48. Reg. no. 68006.
Figs. 7. 8. Uvigerina proboscidea SciiwaGeR, x53. Reg. nos. 68007, 68008.
Fig. 9. Uvigerinag cf. akitaensis AsANO, x85.

Reg. no. 68009.

Figs. 10, 11. “ Nodosaria* longiscala p’'OrBIGNY, X26. Reg. nos. 68010, 68011.

Fig. 12.
Fig. 13.

Tosaia hanzawai TAKAYANAGL X100. Reg. no. 68012. b, basal view.
Cassiduling cf. subglobosa BrRapy, x100. Reg. no. 68013.

Figs. 14, 15. Bulimina striata D’OrRBIGNY, x48. Reg. nos. 68014, 68015.

Gyroidinag komatsui Aoki, n. sp., x93. Holotype. Reg. no. 68016.
Gyroidinag profunda Aoki, n. sp., x59. Holotype. Reg. no. 68017.

Fig. 16.

Fig. 17.

Fig. 18. Nonion cf. parkerae Uctiio, x69. Reg. no. 68018.

Fig. 19. * Eponides ” umbonatus (Reuss), var., x93. Reg. no. 68019.
Fig. 20. Robulus pseudoroludatus AsaNo, x29. Reg. no. 68020.



AOKI :  Miocene Kiyosumi Foraminifera Plate 25




463. Miocene Kiyosumi Foraminifera 169

species is characterized by a narrowly
rounded periphery, limbate sulures and
very coarsely perforate wall, and it
resembles . Anomalina wmbilicatula He-
RON-ALLEN and EArvLaxp (1932, Dis-
covery Rep., v. 4, p. 426, pl. 14, figs. 10-
42) from south of the Falkland Islands,
and Nonion padanum PERCONIG (1932,
VII Convegno Naz. Met. Petr.. Sez. 1,
Prestampia, p. 17, pl. 2, figs. 1, 2) from
the ltalian Mio-Pliocene. The latter two
priorly established species have not been
examined for comparison, but the pre-
sent species seems to be nearly identi-
cal.

It has already been recorded as ' No-
nion nicobarense CUSHMAX " from Japan.
but the Kar Nicobar species has a
“rounded"” periphery and fewer chambers
in the final whorl (CusHymaN, 1939, U. S.
Geol. Sure., Prof. Pap. 191, p. 17, pl. 4,
fig. 16).

The present species is congeneric with
Nautilus pompilioides FICHTEL and MoLlL,
1798, and may belong to the genus
Melonis MONTFORT, 1808, emended by
VoLosHINOVA (1958, Aicrofauna SSSR.
IX, p. 148) or Gavelinonion HOFKER, 1951
(1956, Skrifter Univ. Zool. Mus. Koben-

haven, XV, p. 116).

Nonion cf. parkerae is common in the
Kiyosumi formation and also in the
Pliocene of the Boso Peninsula.

Cassidulina cf. subglobosa BrADY
Pl 25, fig. 13.

Cf. Cassidulina subglobosa BrRADY, 1884, Rep.
Voy. Challenger, Zool., v. 9. p. 430. pl. 54,

fig. 17.

Kiyvosumi specimens referable to this
cosmopolitan species, have very small-
sized tests. The figured hypotype 1s
the largest specimen obtained.

It is frequent in the Kiyosumi forma-
tion.
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DIPHYPHYLLUM FROM ITOSHIRO., FUKUI

PREFECTURE, CENTRAL JAPAN*

HISAYOSHI 1GO

Institute of Geology and Mineralogy, Tokyo University of Education

RIFRTIIE R Diphyphytlom : FIULE R AL RS 2 LR R UGRG RERLIE

LT LT Nk

et Kato (i & b aMMx BN L -0 Cla# L. BREE8E1L 1.

L oTWgE XM, Al Diphyphyvllum delicutum MINATO

%8B AR

Koxnisu1 {1951) worked out the strati-
graphy and paleontology of the fossil-
iferous limestone distributed narrowly
in the Itoshiro area, Ono County, Fukul
Prefecture, central Japan. According to
him. the Paleozoic rocks distributed in
this area are surrounded by the so-called
* Ilida Metamorphic Complex " and are
slightly metamorphosed both dynamically
and thermally. He subdivided the Paleo-
zoic rocks as follows in descending order ;

Shimozaisho alternation of clayslate and
limestone .................. 210 m thick.
Shimozaisho Limestone ...... 250 m thick.

Koxistr reported several poorly pre-
served fusulinids and corals {rom the
upper part of the Shimozaisho Limestone.
such as FEoschubertella or Schubertella,
Fusulina ? sp. A, F.? sp. B, cfr. I lan-
ceolata (LEE and CHEN), Caninia sp. A,
sp. nov. ?, C. cfr. mapingense, C. cfr.
simpliseptata and C.? spp. indet.

Concerning the geological age of this
fauna he mentioned (IKONISHI, 1954, p. 12)
as follows ‘“ Through their comparison
with the species known from Asia and
its adjacence, the writer contends the

* Received June 12, 1963: rcad at the
Meeting of the Palaeontological Society of
Japan held in Sendai City, June 1, 1963.
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foraminiferal faunule to be probably
Moscovian and the corals are about the
same in age or a little younger, but as
young as Artinskian .

Although his fusulinids are in very
poor state of preservation, his conclusion
as to the Moscovian age of them was
upheld by the subsequent discoveries of
the Fusulina Zone in the Hida massif
(Ico, 1936). A Caminia faunule was also
found in the upper part of the Fusulina
Zone below the Triticites Zone in the
[chinotani Formation distributed in the
Fukuji district about 60 km northeast of
{toshiro (FuJimoro and Ico, 1958 IGo.
1961). Therefore, the geological age of
the Shimozaisho Limestone seems to be
Moscovian and there is no possibility of
it extending upwards into the Permian.
As will be described later Diphyphyliuimn
cfr. delicutum which was newly found
from the top of the Shimozaisho Lime-
stone resembles Diphyphyllum delicutum
MINATO and KATO and is also related
to D. equiseptatum YARE and HAYASAKA.
Both species were discriminated from
the Nagaiwa Series of the Kitakami
massif. As already pointed out by Mr-
NATO (1955) and MiNATO and KAaTO
(1957) this type of Diphyphyilum is a long
ranging type and it persisted from late
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Early Carboniferous to Early Permian.
Therefore, the present discovery of Diphy-
phvllum in the Shimozaisho Limestone is
not a strong positive suggestion of the
Moscovian age, however, the close simi-
larity between this specimen and D.
deliculum should not be neglected in a
discussion on the geologic age of the
mentioned limestone.

Description of Fossil
Genus Diphyphyllum LONSDALE, 1845
Diphyphyllum sp., cfr. D. delicutum
MINATO and KaTo
Text-figs. A-E.

cfr. Diphyphylium delicutum Mixaro and Ka-
o, 1957, Trans. Proc. Pal. Soc. japan.
N.S.. No. 28. p. 137, texi-figs. A-C.

Corallum fasiculate and phaceloid.
Carallites cylindrical and rather closely

\

disposed. Diameter of corallite 7 to
10 mm in full growth. Septa of two
orders, rather short and slightly flexuous.
Major septa 17 to 19 in number and
attain to about one half to one third of
corallite radius. Minor septa alternate
with major septa, short and less than
one half length of major septa. Dis-
sepiments in one row and concentrically
arranged.

In longitudinal section tabulae numer-
ous, about 10 in distance of one milli-
meter. Inner tabulae essentially hori-
zontal, rarely undulating and uniting
with not so clearly differentiated inclined
outer tabulae. Dissepimentarium narrow,
usually in one row and rarely in two
rows. No axial structure observed.

Remarks :—The present specimen close-
ly resembles Diphvphyllum delicutum
MiNATO and KATO in corallite size, short
septa, septal number and arrangement
of tabulae, but D. delicutum possesses

Text-figs. A-E. Diphyvphytlum sp., clr. D. delicutum MiNnato and
Karo: A. Longitudinal section, slightly modified: B. Longitudinal
section, partly tangential: C, Longitudinal section, slightly repro-
duced : D. Longitudinal section: E, Transverse section.
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slightly more numerous tabulae in the
corresponding distance. It is also related
to D). equiseptalum in many respects. ).
equiseptation has more numerous septa
and slightly larger corallite. Owing to
the poor state of preservation. specific
determination is reserved.

Occurrence :—WKONISHI's locality {a) Val-
ley. Itoshiro, Ono County, Fukui Pre-
fecture. Reg. no. 21714,
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Introductory Notes

Nautiloids are rather rare in the Cre-
taceous of Kyushu. YARE and Suimizu
(1924 described Cymaltoceras pseudoatlas
from the middle part of the Senonian
Himenoura Group, Amakusa, western
Kyushu. This was represented by a
single, well preserved specimen. In the
subsequent collection some fragmentary
specimens have been added to it from
the Himenoura Group, but they are in-
sufficient for accurate identification. In
a recent collection from the Albian
Yatsushiro Formation, Kumamoto [Pre-
fecture. one of us (T.M\.) has recognized
a small but interesting cxample of either
Heminautilus or Paracenoceras, which

* Received 7 November 1963: read 10
November 1963 at the 86th Meeting of the
Palaeontological Society of Japan.

-
es

awaits a full palaeontological description.
Whether Cymatoceras tsukushiense (Ko-
BAYASHI 1934) (em. KuMMEL, 1956), from
the Tertiary sandstone exposed in the
city of Fukuoka, is a relict or a derived
fossil i1s a problem to be settled.

In this paper we describe an interest-
ing specimen of (he cymatoceratinc nau-
tiloid recently obtained from the middle
part (Lower Cenomanian) of the Gosho-
noura Group of Shishi-jima, Kagoshima
Prefecture.

Before entering into the description,
short remarks are to be given on the
stratigraphic occurrence of the specimen
(see Fig. 1).

The stratigraphic sequence of the Go-
shonoura Group in Shishi-jima has re-
cently been described by one of us
(AMANO, 1962, p. 2-9). As in the type
area of Goshonoura island (see MATSU-
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MOTO. 1960, p. 53), the group is divided
into three formations, lower, middle and
upper. The middle division in Shishi-
jima consists of the following four mem-
bers in ascending order:

(a) Silty sandstone. about 180 m, with
Nipponitrigonia.

(b) Conglomerate and coarse-sandstone,
about 110 m.

(c) Sandstone, about 150 m, rich in tri-
gonians.

(d) Siltstone. about 220 m, with Gravsoe-
nites.

The nautiloid specimen was obtained
from the third member, which consists
primarily of fine- to medium-grained
sandstones, with intercalated dark grey
siltstone in the upper part. The sand-
stone may be occasionally conglomeratic
but the conglomerate does not form a
continuous bhed. The sandstone is mas-
sive in some parts and well bedded in
others. This member is rich in mollusca,
especially in trigonians. The fossils are
well accumulated in some parts to form
fossiliferous beds and lenticular bodies

2 KM
0 °=L= 0 100KM

Fig. 1. Geological sketch map of Shishi-jima (adapted from Asiaxo. 1962).
[, I, III: Lower. Middle and Upper Formations of the Goshonoura Group: a-d:

Members a.d of the Middle Goshonoura:

T: Lower Tertiary:

x : Type locality of Paracymatoceras tunghaicum.

1V ; Himenoura Group (Senonian):
Inset is

a map of Kyushu, indicating the location of Shishi-jima at the center of a small
circle and also those of Fukuoka and Kumamoto with F and K.
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but mav be scattered in other parts.
The mode of occurrence of the described
nautiloid belongs to the latter category.
The fossil was preserved in a massive,
grey, fine to medium-grained sandstone
which contains Acanthotrigonia pustulosa
(NAGAO). A. ogawal (YEHARA) and .l
dilapsa {YeEnara) It is fragmentary
and in its broken body-chamber small
gastropod shells {probably referable to
Turritella) are embedded.

On the evidence of ammonites, Gray-
sonites sp. cf. G. fountaini YOUNG, Gray-
sonites spp. indet, « and B {see MAaTsU-
MOTO., 1960), the fourth member is un-
doubtedly assigned to the Lower Ceno-
manian. We (AMANO et al. in MATSU-
MOTO, 1960) have, furthermore, concluded
that the Middle Formation of the Gosho-
noura Group is wholly referable to the
Lower Cenomanian on the grounds of the
stratigraphic relation and the contained
fossils. Therefore the Sandstone Mem-
ber (c), in which the described nautiloid
was found. is regarded as a lower part
of the Lower Cenomanian.

The described specimen is now pre-
served in the Type-specimen Room of
the Department of Geology, Kvushu Uni-
versity, Fukuoka, with register number,
GK. H6401.

Systematic Description
Family Nautilidae D’ORBIGNY, 1840
Subfamily Cymatoceratinae SraTH, 1927
Genus Paracymatoceras SraTH, 1927

Type-species :—Naultilus asper (OPPEL)
ZITTEL, 1868.

Remarks :—This genus, established by
SPATH (1927, p. 21), has received good
comments by MiLLER and HARRIS (1945,
p. 9; and also by KuizMEL (1956, p. 427:.

Paracvmatoceras tunghaicum sp. nov.
Pl. 26, figs. la-b: text-figs. 2, 3

Iolotype .—GK. H6401, an incompletely
preserved body-chamber and the last
portion of a phragmocone, in which the
test is partly preserved.

Description :—The conch isinvolute and
the umbilicus is closed. The body cham-
ber is subquadrate in section, slightly
broader than high. The measurements
show 61l mm in height and 68mm in
breadth of the whorl, but the specimen
is slightly deformed. The venter is
broad with a shallow median groove.
The flank is gently inflated and abruptly
bent at the umbilical shoulder to form
a nearly vertical umbilical wall. The
maximum breadth is somewhat below
the mid-height.

Fig. 2.
sp. nov.
cross section of the body-chamber, x1.

Paracymmaloceras tunghaicum
Holotype, GK. H6401, natural



176 Tatsuro MATSUMOTO and Masahisa AMANO
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Fig. 3. Paracymatoceras tunghaicum sp. nov. External
suture of the holotype. GK. H6401.

The ribbing is of cymatoceroid type,
consisting of numerous low ribs which
run almost radially, with slight flexuo-
sity, on the flank, curved backward on
the ventrolateral part and cross the
venter with a strong backward sinus,
forming chevrons. On the internal mould
the ribs are impressed on the venter
but the impression is very weak on the
flank. The ribs are close-set, being
separated by somewhat narrower inter-
spaces.

The suture is sinuous, consisting of a
broad and low ventral lohe, considerably
high, asymmetric, ventrolateral saddle, a
broad and moderately deep lateral lobe,
a small saddle close to the umbilicus
and a shallow and small umbilical lobe.
The internal suture is not clearly ex-
posed. The siphuncle crosses the septum
at a point somewhat dorsad from the
center.

Remarks :—Although a single, imper-
fectly preserved specimen is at our
disposal, the observed characters are so
distinctive that the establishment of a
new species is justifiable as discussed
below.

Comparison :—In the sinuous suture,
subguadrate whorl section with a ventral
groove and cymatoceroid ribbing this
species is generally allied to Paracymato-
ceras asper (OPPEL) (ZITTEL, 1868, p. 48,
pl. 3, fig. 1; MiLLER and HARRIS, 1945,
p. 9, pl. figs. 1-3; KumMMEL, 1956, p. 427,
text-fig. 23G, pl. 19, figs. 1, 2), the type-

species of Paracymatoceras SpaTH, 1927.
Accordingly it is to be referred to the
genus Paracymaloceras.

Besides the type-species. which occurs
in the Tithonian of Europe, five distinct
species and a few indeterminable species
of Paracvmatoceras have been known
from the Cretaceous of various areas in
the world (see KUMMEL, 1953, 1956). No
ventral groove is observed on all these
hitherto known Cretaceous species,
from which the present species is distin-
guished. MILLER and HAarris (1945)
suggested that those without ventral
groove might be separated from the
group of P. asper, but KUMMEL (1956)
holds that the genus Paracymatoceras is
variable in this respect. Anyhow it is
interesting to note that the present
species represents a Cretaceous example
of the group of P. asper with a ventral
groove.

The suture of the present species is
not quite identical with that of P. asper.
In the latter species there is no ventral
lobe and the dorsolateral saddle is larger
and more distant from the umbilicus
than in the present species.

Among the Cretaceous species, Paracy-
matoceras texanum (SHUMARD) (1860. p.
50), from the Washita Group of Texas,
as described by MiLLER and HaRrris
(1945, p. 10, pl. 3, figs. 1, 2; pl. 5. figs.
1-3; text-fig. 3) has deeper lateral lobe
than the present species and no ventral
lobe. It has a much more compressed
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conch than the present species.

As KuMMEL (1956) has pointed out,
certain species of Cymatoceras HYATT,
1884, have fairly sinuous sutures, being
trasitional to Paracymatoceras. Thus,
Cymatoceras  semilobatus  (SPENGLER)
{1910, p. 133 [9], pl. 26 [11], fig. da, b).
from the Lower OQotatoor Group of India,
has a lateral lobe which is similar in
outline to that of the present species,
bul has no ventral lobe and probably no
dorsolateral saddle. Cymaloceras cenoma-
nensis (SCHLUTER) (1876, p. 168, pl. 45,
figs. 1. 2), from the Cenomanian of Europe,
has a lateral lobe and a small dorso-
lateral lobe, which are similar to those
of the present species, but has no ventral
lobe. Its conch is broader and has finer
ribs than ours. Cymaloceras virgatum
(SPENGLER) (1910, p. 131, [73, pl. 26 (117,
fig. 3a, b: pl. 27 [12]. fig. 7c). from the
Lower Qotatoor Group (Upper Alhian)
of India, has a ventral lobe as shallow
as that of the present species bul its
ventrolateral saddle seems to be lower
than that of the latter. It has much
broader whorl than ours and peculiar,
diverging ribs.

Occurrence .—Hirokino-tani, Kashiwa-
guri, in the southern coastal area of
Shishi-jima, Kagoshima Prefecture: ap-
proximately 130°14/18” East Long., 32°
1552” North Lat.; in Acanthotrigonia
bearing Sandstone Member (the third
member in ascending order) of the
Middle Formation of the Goshonoura
Group. The specimen was collected by
M. AMANO.

Concluding Remarks

A nautiloid recently obtained from the
middle part of the Goshonoura Group,
probably Lower Cenomanian, of Shishi-
jima, off the southwest coast of Kyushu,

represents a new species of Paracymalo-
ceras, named P. tunghaicum. 1t has a
shallow groove along the mid-ventral line
like P. asper (OPPEL), the type-species,
from the Tithonian of Europe, being
dissimilar in this respect to other known
Cretaceous species of Paracymatoceras.
In suture it is similar to and somewhat
more sinuous than such species as Cyma-
toceras semilobatus (SPENGLER), from
the Upper Albian of southern India.
Whether Paracvmatoceras tunghaicum n.
sp. is a direct descendant of P. asper or
is an oftshoot from Cymatoceras by way
of a species with sinuous sutures may
be a question to be solved by further
discovery of various examples, especially
from the Lower Cretaceous sequence¥
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Explanation of Plate 26

Fig. la-d. Paracymatoceras tunghaicum sp. nov.

Holotype., GK. H6401, from a sandstore at Hirokino-tani, Kashiwaguri, southern coast

of Shishi-jima, Kagoshima Prefecture.

Sandstone Member. with Acanthotrigonia, of

Middle Formation of the Goshonoura Group. Two lateral (a, b), ventral (c) and frontal
(d) views. In Fig. 1d the whorl section is not in a right position (cf. Text-fig. 2),
while the siphuncle is shown at the bottom. Figures are all of natural size.
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Introduction and Acknowlegments

The Omi Limestone is distributed in
Nishikubiki County. Niigata Prefecture,
Central Japan. It has been studied by
many workers. such as HAYASAKA (1924),
KAawapa (1954) and Fulita (1958), but
no comprehensive paleontological study
has been published except for Hava-
SAKA's classical work. We have been
studying various fossils from this huge
limestone mass and are very fortunate
to find an excellently preserved rich
conodont fauna in the lower part of this
limestone. There has been no report of
a rich conodont fauna in Japan except
for recent brief note of Havasur (1963).
We studied this newly found conodont
fauna with keen interest. As the result
of the study we discriminated eleven
genera and sixteen species and bhecame
to believe that this conodont fauna ap-
parently indicates Early Pennsylvanian
or Late Namurian in age. This conclusion
must be noted about the geological age
of the lower part of the Omi Limestone

"« Received Jan. 6. 1964 read at the Annual
Meeting of the Society at Tokyo, Sep. 7, 1963.
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which was rather vague before our study.
This paper is the first report of our
continuous work on conodonts from Ja-
pan and other Asian districts.

Acknowledgments are due to Drs.
Haruvoshi FuJiMOTO, professor emeritus
of the Tokyo University of Education,
Wataru HasHiMOTO, professor of the
same university, Teiichi KoBAYASHI,
professor emeritus of the University of
Tokyo and Teturo HANAIL assistant pro-
fessor of the same university, for their
suggestions and encouragements. During
the senior author’'s stay in lllinois he
was indebted to Dr. Charles COLLINSON,
geologist of the Hlinois Stale Geological
Survey, for his guidance for the cono-
dont study. We also thank Mr. Hide-
toshi TocasHl of the Omi Denka Co.
Ltd.. for his help to our fossil collection
in the field. A part of expenses of this
work was defrayed from the Scientific
Expenditure Fund, Ministry of Education,
Japanese Government.

Stratigraphic Summary

The Omi Limestone is a thick lime-
stone mass ranging from the Early Car-
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boniferous {Tournaisian) to late Middle
Permian in age. According to Kawabpa
(1954) and Funta (1958) this limestone
can be subdivided into five lithogenetic
units as follows in descending order.

P,......Parafusulina and Neoschwagerina
Zones

P,......Pseudofusutina and Psendoscluca
rerina Zones

Ceovnnenn Triticites Zone

Coinn Fusulinella-Fusulina Zone

Cy......Millerella—Coral-Brachiopod Zone

The representing conodonts were col-
lected from C; of KAwADA and FuilTA.
The geological age of C; was very ob-
'scure, but HAYASAKA once discriminated
the following fossils, such as Amygdalo-
phytlum  giganieum (lIAYASAKA), Cor-
wenia ? omiensis (HAvYASAKA). Avophyl-
dum gracile HAYASAKA, Lithosirotion
somaense YABE and HAVASAKA, Stvlido-
phyllum sp., Chaetetes sp., Gigantopro-
ductus edelburgensis (PHILLIPS), .lvonia
cfr. aculeatus (MARTIN), Echinoconchus
punctatus var., Productus semireticulaius
MARTIN., Caemarophoria globulina PHilL-
LIPS, Martinia glabra decora PHILLIPS,
Reticularia lineata MARTIN, Syringothyris
cuspidatus MARTIN, Megistocrinus sp..
Actinocrinus aff. globrus PHILLIPS and
-others.

Unfortunately precise stratigraphic
positions of these fossils are still obscure.
{t seems to be necessary further inves-
tigation of these fossils from C; based
upon the present progressed paleon-
tology. The occurrence of Syringothyris
cuspidatus  from C; indicates Tour-
naisian age, and Gigantoproductus and
.others are thought to be the Visean.
Recently SarkacaMi 11962) proved the
-occurrence of Profusulinella from the
upper part of C; and described several
‘Carboniferous bryozoa. KATO and NAKA-
MURA (1€62) reported the occurrence of

Evasianites from the certain horizon of
C: and they briefly discussed about the
geological age of C;. Judging from
these evidence, Kawapa's Coral-Bra-
chiopod Zone or Fujita's Millerella-
Coral-Brachiopod Zone is thought to be
equivalent to the Tournaisian to Bashi-
kirian.

We collected many specimens of bra-
chiopods, ammonites, corals and others
from about 100 m. below of the Saka-
GAMI's Profusulinella-limestone. They
are not throughly worked out, but we
discriminated the following ammonites
in addition to FEoasianites sp.. such as
Gastrioceras sp.. aff. G. reticulatus Yin
and Paralegoceras sp.. These ammonites
may indicate the Reticuloceras Zone of
western Europe. The Reticuloceras Zone
is the Upper Namurian and thought to
be equivalent to the Lower Pennsylvanian
{MOORE, 1948; ELias, 1956). Our cono-
dont fauna was obtained from this am-
monite-bearing limestone, and as will be
discussed later the geological age of
this conodont fauna also indicates ex-
actly same age with the preliminary
conclusion from these ammonites and
brachiopods.

Faunal Summary of Conodonts

The collections were made in the Nishi-
yvama quarry of the Omi Denka Co. l.td.
along the Omigawa River (Text-fig. 1).
Stratigraphic position of conodont-bear-
ing bed is about 100 m. below of the
SAKAGAMI's Profusulinelia-1imestone.

\We have succeeded to separate numer-
ous specimens of conodonts from gray
to white sparry limestone by acetic acid
treatment and discriminated the follow-
ing species, namelv :—Hindeodella asia-
tica 1¢o and KOIKE. n. sp., H. paradeli-
catula 160 and KOIKE, n. sp. H. saka-
gamii 160 and KOIKE. n. sp.. Synprionio-
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Text-fig. 1. Map showing the fossil locality.

dina microdenta ELLISON, S. collinsoni
Ico and Koikg. n. sp., Fuprioniodina
dentata 160 and KOIRE, n. sp., Ligonodina
hanaii 160 and KOIKE, n. sp.. Roundva
subacordus {GUNNELL), Lonchodina ? nip-
ponica 1¢o and KOIKE, n. sp.. Qzarkodina
orientale 16o and KoIKE, n. sp.. Spalho-
‘gnathodus echigoensis 16o and KoOIKE, n.
sp.. Idiognathodus togashii 1go and Koike,
n. sp., Streptognathodus japonicus 1Go and
KoIKE, n. sp., S. expansus 1Go and KoIKE,
n. sp., Gnathodus opimus 160 and Kok,
n. sp. and Gnathodus sp.

Hindeodella asiatica and [l sakagamn
resemble A. armata STAUFFER and PLUM-
MER which was described from the Fast
Mountain Shale member, Mineral Wells
formation, Texas. [l paradelicatula is
also closely related with /1. delicatula
STAUFFER and PLUMMER from the Gra-
ford and Mineral Wells formation in
Texas. These three new species of

IMindeodeila ave veryv abundant through-
out the collections, and they are related
to the mentioned American species which
range from the Desmoinesian to Missou-
rian. Owing to the fragmentary state
of these described foreign specimens,
detailed comparison seems to be difficult.
Thus we proposed new species herein
based upon many complete specimens.
The genus Synprioniodina is known
from the LLower Devonian to Upper Car-
boniferous, but it is rather common in
the Devonian and Mississippian rocks.
S. mucrodenia is very abundant in the
treated material and it is similar to the
American specimens which were de-
scribed from the Cherokee Shale through
the Deer Creek Limestone {ELLISON,
1941) and also from the Middle Dimple
formation (Morrowan) in Texas 'ELLISON
and GRAVES. 1941). RoubEs '1952) de-
scribed Synprioniodina-assemblage from
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the Pennsylvanian of lllinois and his
illustrated specimens quite agree with
our specimens. S. collinsoni is rather
rare, but having unique denticles and is
very distinct from other previously de-
scribed species.

Fuprioniodina denlata is not so com-
mon in our collections. The genus
Fuprioniodina is rather long-ranged cono-
dont and has been known from the
[Lower Carboniferous to Triassic. Qur
new species resembles E. pulcella YOUNG-
QuisT and Downs described from the
Lower Pennsylvanian of lowa.

Ligonodina is also a long-ranged genus
of Coleodontidae and has been reported
from the Ordovician up to the Triassic
rocks. L. hancii is a rare species in
our collection and it may be related
with L. f{ypa (GUXNELL) and also with
L. lexingtonensis (GUNNELL) reporied
from the Desmoinesian and Missourian
of North America.

Roundya subacodus (GUNNELL) is also
a rare species in this fauna. Detailed
comparison between our forms and the
American ones seems to be difficult. but
they stand very close each other. Ac-
cording to ErLrisoN (1941), R. subacodus
ranges from the Desmoinesian through
Virgilian.

Lonchodina ? nipponica is also a rare
representative of this fauna. It resem-
bles L. ? ponderosa ELLISON in many
respects, if not entirely conspecific. [EL-
LISON's species ranges from the Desmoi-
nesian to the Lower Permian in Mis-
souri and Kansas.

Ozarkodina orientale is a common spe-
cies in our fauna and is related to O.
delicatula described by many workers
from the Kinkaid to various levels of
the Pennsylvanian in U.S. A. The Missi-
ssippian species of O. compressa REX-
ROAD described from lllinois is similar
to our Q. orientale.

Spathognathodus echigoensis is a rather
common species in this fauna and it
slightly resembles S. minutus (ELLISOX)
discriminated from the Desmoinesian to
Big Blue Series.

Idiognathodus togashii is a rather rare
throughout our collection. This new
species seems to be a primitive type
among this genus and resembles /. deli-
catus GUNNELL persisting in the Desmo-
inesian to lower Virgilian in Kansas
and Missouri.

Two forms of Streptognathodus are
discriminated from this fauna. S. japo-
nicus is very abundant and is a charac-
teristic representative in this fauna. but
it differs from many American species.
S. expansus is rare, but it resembles S.
wabaunsensis GUNNELL and other Pen-
nsvivanian species of U.S. A..

Gnathodus opimus is fairly common in
our collection, but it differs from most
of the American and European species.

As mentioned above the Omi conodont
fauna is deminated by Streptognathodus
japonicus, Gnathodus optmus, three new
species of Hindeodella, Synprioniodina
microdenta, Shathognathodus echigoensis
and Ozarkodina orientale.

Up to date a few papers treated the
Lower Pennsyivanian or Upper Naru-
rian conodonts were published, therefore..
it renders difficult to compare our fauna
with those from foreign countries. The
Omi fauna is characterized by entire
lack of the typical Mississippian genera,
such as Dollymae, Doliognathus, Scalio-
gnathus, Staurognathus, Taphrognathus,
and others. It is also never overlooked
that the characteristic Middle Pennsyi-
vanian to Upper Triassic genus of Gon-
dolella is avoided in the fauna. From
the above mentioned evidences the pre-
sent Omi conodont fauna apparently in-
dicates Early Pennsylvanian or Late
Namurian in age, and it is thought to-
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be one of the richest conodont faunas of
the mentioned age in the world.

Description of Species

Family Coleodontidae BRANSON
and MEHL. 1944

Subfamily llindeodellinae Hass, 1959
Genus Hindeodella BASSLER, 1925

Hindeodella asiatica 160
and KoOIKE, n. sp.

Pl 27, figs. 7 10

Bar-like unit with anterior bar flexed
inward as well as downward approxi-
mately 90 degrees. anterior end further
curved toward posterior. and hook-like
in shape. Posterior bar almost straight,
elliptical in transverse section, but flat-
tened except for blade-like near posterior
end. Aboral side of bar sharply edged
except adjacent to small pulp cavity and
distinctly grooved along midline.

Denticles of posterior bar two sizes,
very closely set and directed posteriorly
and angled about 70 degrees with bar.
Large denticles sharply pointed and
slightly curved inward. Smaller denti-
cles needle-like, variable in size and
shape, six to ten between adjacent larger
denticles. Denticles near posterior end
differ from those of most part of poste-
rior bar, strongly angled posteriorly
and make an angle of 40 degrees with
bar. One or two slightly smaller denti-
cles developed between adjacent larger
ones. Main cusp biconvex, larger than
any other denticles, arched posteriorly,
and curved inward.

Anterior bhar angled downward just
anterior to main cusp with abruptinward
flexure at about one-third length of
anterior bar from main cusp. Denticles

of anterior bar erect, discrete, larger
than small sized denticles of posterior
bar, and anteriorly increase in size.

Pulp cavity small with faint elevation
of lips.

Remarks -—Hindeodella asiatica closely
resembles H. armata STAUFFER and
PLUMMER described from the Pennsyl-
vanian Mineral Wells formation in Texas,
but our species is having more numerous
small denticles of the posterior bar and
well developed denticles of the anterior
bar. H fragilis HASS described from
the Early Mississippian Chappel Lime-
stone in Texas is also similar species
with our /1. asiatica, but the present
species is easily distinguishable in more
numerous small sized denticles of the
posterior bar and more distinctly discrete
larger denticles of the anterior bar. H.
bella STAUFFER and PLUMMER was based
upon the fragmentary posterior end. The
posterior end of H. asialica is almost
difficult to distinguish from /[ bella.

Reg. no. 23002 (Holotype)

Hindeodella paradelicatula
Ico and KOIKE, n. sp.

Pl 27, figs. 3-6

Bar slender, flexuous, very thin, and
flattened in transyerse section. Aboral
side sharply edged. but very fine shallow
groove developed except adjacent to oval
and small pulp cavity. Posterior end of
bar very thir blade-like, and not gro-
oved. Anterior bar bends inward slight-
ly and its angle about 120 degrees with
bar.

Denticles of posterior bar with sharply
pointed end, two sizes of larger and
smaller which bend posteriorly and make
an angle of about 50 to 70 degrees with
bar. Large denticles deeply penetrated
into bar and markedly bend toward an-
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terior. Smaller denticles about a half
length of larger ones and counted five
to seven between adjacent larger ones.
Denticles of posterior end make a small
angle with bar and alternate with larger
and smaller. Denticles of anterior bar
coalesced or discrete, seven or eight in
total number, and subequal in size and
shape with larger denticles of posterior
bar. but two or three minute ones de-
veloped near main cusp. Main cusp
largest in size. sharply pointed, and bi-
convex. Pulp cavity oval. small, and
surrounded by slightly elevated lips.

Remarks :—Hindeodella  paradelicatula
proposed hercin is based upon complete
specimens and it resembles closely H.
delicatula STAUFFER and PLUMMER de-
scribed from the Graford formation in
Texas. General feature of the bar and
the arrangement of the denticles are
almost same each other except for more
flattened bar of our species. Owing to
the fragmentary Texan species, detailed
comparison between both species seems
to be difficult.

Hindeodella sakagamii 1Go
and KOIKE, n. sp.

Pl 27, figs. 1, 2

Bar consisting of slender and almost
straight posterior bar, and curved ante-
rior bar. Posterior bar thin, flattened.
and finely grooved along sharply edged
aboral side. Anterior bar thinner than
posterior bar, blade-like, and angled
inward as well as downward. Inward
curvature with larger angle than down-
ward and makes an angle of about right
angle. Position of curvature located
about middle of anterior bar.

Denticles of posterior bar consisting
of larger and smaller ones. Larger den-
ticles biconvex, sharply pointed, directed

posteriorly, making an angle of 80 de-
grees in anterior part of bar, while about
30 to 40 degrees in posterior half. They
deeply penetrated into bar and strongly
bend anteriorly. Denticles of anterior
bar two Lypes in size. and almost same
with those of posterior bar except fewer
numbers of smaller denticles. Main cusp
slightly larger than denticles of posterior
bar and directed posteriorly with slight-
ly larger angle than those of other den-
ticles of posterior bar. Pulp cavity lo-
cated just beneath main cusp, small.
narrow, and with faint elevation of lips.

Remarks :—Hindeodella sakagamii re-
sembles closely 71 asiatica in mode of
inward curvature, but the present species
has a slight downward curvature of the
anterior bar, flat and thin both posterior
and anterior bars with almost similar
denticles.

Reg. no, 23007 {(Holotypc).

Subfamily Ligonodininae 11ass, 1959

Genus Synprioniodina ULRICH
and BASSLER, 1926

Swynprioniodina microdenta EvLLISON
Pl. 27. figs. 11-17

Svuprioniodina sp. GUNNELL, 1933, Jour. Pal..
rol. 7, p. 269, pl. 31. fig. 6.

Synprioniodina microdenta Eiriisox, 1941,
Ibid.. vol. 15. p. 119, pl. 20, figs. 43-46:
Fruson and Graves, 1911,  Alissouri
Univ., Sch. Min. Met.. Bull.. Tech. Ser..
rol. 14, p. 3.4, pl. L. fig. 10,

Two bars meet at forming of an angle
of about 40 degrees in common plane.
Posterior bar slender, very long, gently
arched. having sharply edged aboral side.

Denticles subequal. sharply pointed,
coalesced, and angled anteriorly to base
of bar at an angle of about 45 degrees.
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large denticles about twice larger than
smaller ones and alternate in most part
of posterior bar. Anticusp short. with
triangular small denticles coalesced at
based and inclined anteriorly about an
angle of 30 degrees with base of bar.

Main cusp at an apex of bifurcation
of bars, sharply pointed, curved inward,
about twice as long as other denticles
and three times or more near base as
wide as other ones. and expanded at
base on inward side into wide flaring
lip of pulp cavity, while outer side lip
depressed inward.

Aboral side of both bars traversed by
fine groove terminated in a deep conical
pulp cavity just below main cusp.

Remarks :—Our material is similar (o
ELLIsSoN's specimens described from Mis-
souri and Texas in many respects. The
inclination of the denticles of both bars
and week expansion of lip of pulp cavity
of the Japancse specimens slightly differ
from those of the American specimens.

Reg. no. 23015

Svaprioniodina collinsoni 160
and KoIkE, n. sp.

PL 27 figs. 18, 19

The blade-like bar meet at about right
angle. Posterior blade thin with sharp-
edged aboral side.

Denticles of posterior bar small, bicon-
vex, coalesced near base and laterally
compressed, crect in anterior part and
slightly curved posterior end.

Anticusp blade-like, with various sized
biconvex laterally compressed coalesced
denticles, and curved anteriorly. Main
cusp large, bhiconvex, sharply pointed
with broad base, sharply curved poste-
riorly, and slightly elevated ridge along
midline of posterior side, but shallow
groove developed in anterior side.

Aboral side of both blades traversed
bv distinct groove terminated in deep
conical pulp cavity beneath main cusp.
Pulp cavity with moderately elevated
triangular lips.

Remarks:—The present new species
differs from the previously described
species in blade-like bars, shape of main
cusp and denticles of the posterior bar
and anticusp.

Reg. no. 23028 (llolotvpe:.

Genus Fuprioniodinag ULRICH
and BassLER, 1926

Fuprioniodina dentata 1Go
and KOIKE, n. sp.

Pl 28, fig. 23

Bar-like units meet at forming of right
angle. Posterior bar thin with sharply
edged aboral side and pointed denticles.

Denticles of posterior bar slightly con-
vex inward, strongly arched toward
anterior, forming an angle of about 50
to 60 degrees, which subequal in shape
and size, laterally compressed, and bi-
convex with pointed end and broad base.

Anticusp short. having small triangular
denticles coalesced at base, and arched
anteriorly about at right angle with base
of anlicusp. Main cusp at apex of bi-
furcation of two blades, large. sharply
pointed, curved outward with elevated
keel along midline on inner side. and
expanded al base on inward side inio
flaring lip of pulp cavity, but on outer
side slightly concave.

Aboral side of posterior bar and anti-
cusp grooved. and its opening terminated
in a deep pulp cavity of inward side of
main cusp, extending to anticusp.

Remarks :—This species resembles Fu-
priontodina pulcella YOUNGQUIST and
Dowxs described from the Early Pennsyl-
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vanian shale of Knoxville. lowa, but the
denticles of posterior bar of the former
are more anteriorly arched and having
broad base.

Reg. no. 23026 (Holotype).

Genus Ligonodina BASSLER, 1925

Ligonodina hanait 1go
and KOIKE, n. sp.

Pl. 28, figs. 21, 22

Bar-like units meet at large angle.
Anticusp curved inward as well as down-
ward, with two separated denticles so
far as observable. Posterior bar thin,
with sharply edged aboral and oral sides,
and with one denticle so far as preserved.
Aboral side of bar finely grooved.

Denticles of anticusp sharply pointed,
curved inward, and circular in cross
section. Denticles of posterior bar later-
ally compreseed, and biconvex with sharp
pointed tips. Main cusp very long,
rather {lexible. arched posteriorly, having
sharply pointed tip. Basal part of main
cusp subtriangular in cross section, but
circular in most part. Pulp cavity large
and subrhombic at zboral opening, decp,
and merges into main cusp.

Renmarks :—Ligonodine hanaii resem-
bles closely L. tvpa (GUNNELL) than any
previously known species, but our form
has widely spaced denticles of anticusp
and may have larger pulp cavity.

Reg. no. 23038 (Holotype).

Subfamily Hibbardellinae MULLER, 1956
Genus Roundya Hass, 1953

Roundya subacodus (GUNNELL)

Pl. 28, fig. 20

Prioniodus subacodus GUNNELL, 1931, Jowr.
Pal., vol. 5, p. 216, pl. 29, fig. 9.

Prioniodus missouriensis GUNNELL. 193), [bid..
p. 246. pl. 29, fig. 9.

Idioprioniodus striatus GUNNELL, 1933, [bid.
vel. 7. p. 265, pl. 32, figs. 36, 37.

Hibbardella subacoda ELLisoN, 1941,
vol. 15, p. 118, pl. 20, figs. 22, 26.

Ibid.,

Main cusp large, long, sharply pointed,
and slightly curved posteriorly and
faterally with sharpest curvature near
two-thirds length from pointed end.
Sharp-edged lateral ridges developed in
main cusp and continus downward along
each limb of anterior arch. Posterior
side of main cusp grooved slightly ad-
jacent to each of lateral ridges, but
anterior side convex.

Denticles of anterior arch well deve-
loped, discrete, sharply pointed and
edged, biconvex, and arched anteriorly
and also inward slightly. Length of
posterior bar unknown. Denticles of
posterior bar subequal with those of
anterior arch but smaller and erect.

Aboral side of main cusp excavated
and subangular. Posterior bar distinctly
grooved. Pulp cavity beneath main cusp,
deep and conical.

Remarks .—The American specimens
described by GUNNELL (1933) and ELLISON
(1941) are having slightly different cur-
vature of the main cusp compared with
those of our specimens, but they are
fragmental and further detailed com-
parison renders difficult. The Mississip-
pian species of Roundya barnetiana HASS
is having more distinctly discrete den-
ticles.

Reg. no. 23027.

Subfamily Lonchodininae Hass, 1959
Genus Lonchodina BASSLER, 1925

Lonchodina ? nipponica 1co
and KOIKE, n. sp.
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Pl 27, fig. 20

Anterior bar longer than posterior bar,
stought, subtriangular in cross section.
Denticles of anterior bar three. stought,
discrete, rather widely spaced with ob-
tuse tip, and almost straight to slightly
curved posteriorly. Main cusp largest
and rounded in cross section. Posterior
bar short with two small discrete denti-
cles erected or slightlyv curved posteri-
orly. Aboral side of bar broadly gro-
oved, its opening continued from pulp
cavity. Pulp cavity large and shallow
beneath main cusp.

Remarks :—This new species resembles
Lonchodina ? ponderosa ELLISON, but it
differs 'n short anterior and posterior
bars, and development of the denticles.
Short bar, fewer numbers of denticles,
large pulp cavity, and broadly grooved
aboral side of the bar differ from the
typical Lonchodina. Generic position of
this new species is tentative.

Reg. no. 23037 (Holotype).

Family Prioniodontidae BASSLER, 1925

Subfamily Prioniodontinae
BAsSLER, 1925

Genus Ozarkodina BRANSON
and MEHL, 1933

Ozarkodina orvientale 1co
and KOIKE, n. sp.

PL. 27, figs. 21-23

Bar blade-like, thin, orally arched. and
laterally slightly curved. Blade thickest
near base of denticles. Anterior blade
longer than posterior one. Anterior
blade with six to seven laterally com-
pressed subequal closely set denticles,
directed posteriorly in most part, inclined
at an angle of 20 to 30 degrees with

base of blade.

Denticles of posterior blade seven,
laterally compressed somewhat smaller
than those of anterior blade, ciosely set,
partly coalesced. making almost right
angle with base of blade. Apical denti-
cles laterally compressed. sharp-edged,
pointed, almost twice in width and length
of other denticles, and arched making
an equal angle with those of denticles
of anterior blade.

Aboral side of blade sharply edged.
Pulp cavity long, extended into both
blades. narrow, deep, and with a moder-
ately elevated flaring lip tapered into
base of apical denticle.

Remarks :—Qzarkodina orientale resem-
bles more closely O. delicatula described
by STAUFFER and PLUMMER (1932), GUN-
NELL (1933), EriisoN (1941) and others
than any other described Pennsylvanian
species. It differs from O. delicatula in
more discrete denticles of the anterior
blade and fewer numbers of the denti-
cles in both blades. It also resembles
O. compress¢ REXROAD described from
the Kinkaid of Illinois, but REXROAD'S
species has more distinct and larger main
cusp than that of O. erientale.

Reg. no. 23012 (Holotype).

Subfamily Spathognathodontinae
Hass, 1959

Genus Spathognathodus BRANSON
and MEHL, 1941

Spathognathodus echigoensis
Ico and KOIKE, n. sp.

Pl 28, figs. 24. 25

Blade thin, laterally straight, slightly
arched with nearly straight aboral side
of anterior half.

Denticles subequal in size and shape,
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but become smaller toward both antert-
orlv and posteriorly, coalesced deeply
with sharply pointed tip and grooved
between adjacent denticles, and angled
posteriorly. The first two anterior den-
ticles erect and very thin.

Aboral side of blade sharply edged,
grooved along midline except pulp
cavity. DPulp cavity large, deep, with
expanded lip which continues to almost
posterior end of blade, and traversed by
longitudinal groove extending from
blade.

Remarks :—Spathognathodus echigoensis
resembles closely S. minutus (KLLISON),
but it differs from the American species
in almost straight aboral side of blade
and subequal size of the denticles, and
larger pulp cavity.

Reg. no. 23036 (Holotype:.

Family ldiognathodontidae HARRIS,
and HOLLINGSWORTH, 1933

Subfamily Idiognathodontinae HaRrris
and HOLLINGSWORTH, 1933

Genus Idiognathodus GUNNELL, 1931

Idiognathodus togashii 160
and KOIKE. n. sp.

Pl. 28, figs. 1-4

Plate lanccolate, pointed anteriorly as
well and posteriorly, widest near middle,
and steeply sided. Cup small and asym-
metrical, outer side slightly larger than
inner side. Axis almost straight, hut
feebly curved inward. Oral surface of
platform ornamented with parallel Llrans-
verse ridges consisting of coalesced nodes
at about two-thirds anterior part of plate.
Posterior part of platform split by blade
and also ornamented with longitudinal
ridges consisting of coalesced nodes.

Trough shallow, and restricted poste-
riorly. two-thirds or less length of plate.

Blade shorter than plate so far as ex-
amined specimens. Denticles of blade
rather large compared with size of blade.
Aboral side of blade grooved along mid-
line and its opening continued into ex-
panded pulp cavity. Aboral side of pulp
cavity entirely smooth.

Remarks :—This new species resembles
Idiognathodus delicatus GUNNELL, but it
can be distinguished easily from the latter
by the longitudinal ridge ornamentation
of the posterior part of platform.

Reg. no. 23034 (Holotype).

Genus Streptognathodus STAUFFER
and PLUMMER, 1932

Streptognathodus japonicus 1Go
and KoOIKE, n. sp.

Pl. 28, figs. 5-13

Cup asymmetrical, pointed anteriorly,
widest near middle, outer side always
larger than inner side. Platform lan-
ceolate and transverse section of oral
surface deeply concave. Oral surface of
platform ornamented with two or more
node-like parallel longitudinal ridges,
narrow and obsolescent toward anterior
end. Median trough rather shallow, de-
epest near widest part of cup, slightly
curved inward posteriorly.

Blade subequl in length to plate, very
thin in posterior end, thickest just be-
neath denticulated oral side. Denticles
of blade ten or more in mature specimen.
almost a half height of blade, but coa-
lesced each other at about two-thirds
from base. Denticles chevron-like in
lateral view, largest near posterior end.
gradually decreasing in size toward plate
and continued anteriorly as carina.
Carina short and one-fifth or less of
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length of plate, and merged into longi-
tudinal ridge of outer side.

Aboral side of blade finely grooved
along midline. Aboral side of expanded
pulp cavity entirely smooth, but rather
deeply grooved along midline.

Remarks :—The present new species
has rather broad variation in size, shape
of plate, and oral side ornamentation of
platform. [t resembles closely S. sul-
coplicatus YOUNGQUIST, HAawLEY and
MiLLER described {from the Permian of
[daho, but this Japanese form has more
irregular parallel ridges on platform. [t
also slightly resembles S. elegantula
STAUFFER and PLUMMER. S. gracilis
STAUFFER and PLUMMER, but it is easily
distinguishable therefrom by the oral
ornamentation of platform and short
carina.

Reg. no. 23032 {Holotype:.

Streptognathodus expansus 1Go
and Koike, n. sp.

Pl 28, fig. 14

Cup large, highly asymmetrical, point-
ed anteriorly, greatest width near middle
of cup, outer side larger than inner side.
Axis curved inward at junction of blade
and platform. Platform lanceolate, and
oral surface ornamented with fourteen
parallel transverse ridges ending abrupt-
ly at median trough and slightly ra-
diating from trough in anterior half of
cup. Two rows of various sized six
nodes developed in posterior part of
inner platform along axis and a row of
fewer numbers of node developed in
outer platform. Median trough shallow
and transverse section of oral surfacc of
platform slightly concave.

Blade subequal in length to cup, thin
troughout, with nine denticles. Denticles
of blade largest ncar postertor end,

chevron-like in lateral view. and coa-
lesced at base. Carina short and re-
stricted posterior end of cup. Aboral
surface of expanded pulp cavity smooth,
grooved along midline, its opening con-
tinued from blade.

Remarks:— 1t resembles ELLISON'S
(1941} specimens of Streptognathodus wa-
baunsensis Gunnell, but it has more
simple ornamentation of nodes necar po-
sterior part of the platform and fewer
numbers of denticles of blade.

S. excelsus STAUFFER and PLUMMER
and S. oppletus ELLISON are also allied
species of S. expansus. However, 5. ex-
celsus has more complicated ornamenta-
tion on the posterior part of cup, and S.
opletus has longer carina than those of
S. expansus.

Reg. no. 23033 ¢Holotype:.

Genus Gnathodus PANDER. 1856

Gnathodus optmus 160
and KOIKE. n. sp.

Pl 28, figs. 15-18

Axis straight to slightly angled inward
at junction of blade and carina. Cup
highly asymmetrical, pointed anteriorly,
widest at two-thirds from anterior end,
and outer side larger than inner side.
Oral surface of cup plain and smooth.

Platform grooved by shallow trough
along axis, deepest at posterior end, and
ornamented with node-like parallel ridges
longitudinally along carina. Denticles of
carina rounded in tip, fused, node-like,
and largest at widest part of platform.

Biade almost equal or slightly larger
than carina, very thin, and subequal in
thickness throughout. Denticles of blade
coalesced with sharp edged tip, and
chevron-like, which largest at posterior
end and decreased in size anteriorly.



190 Hisayoshi 6O and Toshio KOIKE

Aboral side of blade sharply edged. finely
grooved along midline. merging into ex-
panded pulp cavity. Aboral surface of
pulp cavity smooth and grooved along
midline and its opaning continued from
blade.

Remarks :—Gnathodus opimus resem-
bles G. dilatus STAUFFER and PLUMMER
and G. roundyi GUNNELL in two parallel
ridges, but our specimens have rounded
node-like low denticles of carina and
more expanded pulp cavity. It is easily
distinguishable from other described
Gnathodus by smooth oral surface of cup.

Reg. no. 23030 (Holotype).
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