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615. BIOSTRATIGRAPHIC STUDY OF
THE JURASSIC TOYORA GROUP*
PART III

HIROMICHI HIRANO

Department of Geology, Faculty of Science, Kyushu University
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Introductibn

This article is Part III of the serial
biostratigraphic study of the Jurassic
Toyora Group. In the preceding Parts
[~II lithostratigraphy and 6 genera in-
cluding 31 species of Domerian, Whitbian
and Yeovilian ammonites (Amaltheidae,
Dactylioceratidae, Hildoceratidae, and
Hammatoceratidae) were described. In
the present part comparatively un-
common 4 species of Hammatoceratidae,
Dactylioceratidae and Arietitidae and 6

* Received July 12, 1972; read Jan. 23, 1971,
at Tokyo.
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species of Lytoceratidae, Nannolyto-
ceratidae, Phylloceratidae and Juraphyl-
litidae are systematically described.
Zonation and correlation is discussed
by comparing the ammonoid assemblages
of the Toyora Group with European
standard. The characteristics of the
Toyora faunas are discussed by the
investigation of assemblages, comparison
with other faunas in Japan and com-
parison with some faunas of other region.

Palaeontblogy (continued from Part II)

Subfamily Hammatoceratinae
BUCKMAN, 1887
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Genus Planammatoceras
BUCKMAN, 1922

Type-species :— Planammatoceras plani-
forme BUCKMAN, 1922

Planammatoceras sp. cf. P.
kitakamiense (SATO)

Pl. 9, Figs. 7a-b

Cf. 1934. Planammatoceras kitakamiense SHi-
MIZU ; SHIMIZU in SHIMIZU & OBATA,
Cephalopoda, Iwanami book Co., vol.
32, no. 9, p. 119, fig. 58B (nom. nud.)

1947. Hammatoceras sp.; MATSUMOTO in
MAaTtsuMoTo & O~No, Sci. Rep. Fac.
Sci., Kyushu Univ., Geol., vol. 2, no. 1,
p. 29, pl. 2, fig. 4.

Cf. 1954. Hammatoceras kitakamiense SHI-
MIzU; SATO, Jap. Jour. Geol. Geogr.,
vol. 25, pp. 84-86, pl. 7, fig. 4, pl. 8,
figs. 3 & 5, pl. 9, fig. 4.

1956 Hammatoceras (Planammatoceras) cf.
kitakamiense  (SHIMIZU);  ARKELL,
Jurassic Geology of the World, Oliver
& Boyd Ltd., p. 421.

1962. Planammatoceras cf. kitakamiense SHI-
MIzU; SATO, Mém. Soc. Géol. France,
no. 92, p. 67.

1963. Hammatoceras (Planammatoceras) cf.
kitakamiense (SHIMIZU) ; TAK AL, MATSU-
MoTOo & ToRrIvama ed., Geology of
Japan, Univ. Tokyo Press, p. 83.

Cf. 1969. Hammatoceras kitakamiense SATO;
TaxkaHasHI, Sci. Rep. Tohoku Univ.,
2nd ser., vol. 41, no. 1, pp. 53-54, pl.
4, figs. 13-16.

Material :—A fragmentary specimen,
GK. G. 2804.

Description :—The whorls enlarge slow-
ly and consequently the umbilicus is
proportionally wide. The venter has a
keel. Ribs are nearly straight and
radial. They spring at the umbilical
seam or on the umbilical wall and run
to a point one-fourth of the flank, where
they bifurcate. The primary ribs are

strong and swollen where the bifurca-
tion arises. The secondary ribs are
weak on the middle of the flank and
become coarse toward the ventral
shoulder. The intercalatory ribs occur
in the middle of the flank. The second-
ary and intercalatory ribs are nearly
equally weaker than the primary. All
the ribs are not much elevated. They

" are weak in the' last 30° of the preserved

last whorl.

Measurements :—Whorl height of the
preserved last stage: ca. 50 (excluding
the height of keel). The maximum of
the radius: ca. 86 (excluding the height
of keel).

Comparison :—The present specimen is
very similar to the described specimens
of Planammatoceras kitakamiense (SATO)
(SaToO, 1954, pp. 84-86, pl. 7, fig. 4, pl. 8,
figs. 3 and 5, pl. 9, fig. 4, 1962, p. 67;
TAKAHASHI, 1969, pp. 53-54, pl. 4, figs.
13-16), from northeast Japan, in the mode
of ribs, but it is too fragmentary to
identify it definitely with that species.
For the time being I treat it as Planam-
matoceras sp. cf. P. kitakamiense.

Occurrence:—Loc. 57: 1.

Family Dactylioceratidae HYATT, 1867
Genus Dactylioceras HYATT, 1867

Type-species :— Ammonites  communis
SOWERBY, 1815 (subsequent designation
is pending in I.C.Z.N.)

Subgenus Dactylioceras HYATT, 1867

Dactylioceras (Dactylioceras) sp. cf. D.
(D.) helianthoides YOKOYAMA

'PL 9, Fig. 9

1947. Dactylioceras aff. helianthoides YoOKo-
vyaMma forma ambiguus MATSUMOTO;
MaTsuMoTO in MaTsumoTto & ONo,
Sci. Rep. Fac. Sci., Kyushu Univ., Geol.,
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vol. 2, no. 1, p. 26.

Material :—One specimen, GK. G. 2093.

Description:—The  whorls enlarge
slowly and consequently the umbilicus
is proportionally wide. The flank is
convexly rounded. The venter is not
observable, because of the ill preser-
vation. The whorls are ornamented
with primary, secondary and inter-
calatory ribs. The primary ribs spring
at the umbilical seam and go on radially.
They are fine, straight and widely inter-
spaced. The intercalatory ribs alternate
somewhat regularly with the primary
tibs, and they spring on the middle or
a point inner two-thirds of the flank.
‘The secondary ribs arise on the middle
of the flank. All the ribs on the outer
half of the flank are nearly equally
weak. The mode of ribs on the inner
‘whorls is not well known.

Measurements :—
No. D. U. U/D Rn}
GK. G. 2093 54.0280 0.52 30

Comparison :—The present specimen
is closley allied to those of Dactylioceras
helianthoides in the outline. The statisti-
cal data concerning the number of ribs
per half a whorl at the same diameter
is not obtained in D. helianthoides but
the number of ribs of the present
specimen may fall in the variation of
D. helianthoides. The present specimen
‘has secondary and intercalatory ribs on
‘the outer half of the flank, but D. helian-
thoides has these ribs on the ventro-
lateral area. The mode of ribs is
variable in D. helianthoides but no
specimen of that species has such long
secondary and intercalatory ribs.

As only a fragmentary specimen is at
my hand and the difference between the
present specimen and those of D. helian-
thoides is not so dominant as a whole,

I treat the present specimen under
Dactylioceras sp. cf. D. helianthoides.
Occurrence:—Loc. 13: 1.

Genus Peronoceras HYATT, 1867

Tvpe-species :— Ammonites fibulatus SOW-
ERBY, 1823 (subsequently designated by
BuckMAN, 1911).

Peronoceras subfibulatum (YOKOYAMA)
Pl. 9, Figs. 1-6

1904. Coeloceras subfibulatum YOKOYAMA;
Yokxkoyama, Jour. Coll. Sci., Imp. Univ.
Tokyo, vol. 19, art. 20, pp. 15-16, pl. 3,
Figs. 3-6.

1947. Coeloceras (Peronoceras) subfibulatum
Yokovama; MaTtsumoTo in MATSU-
Moto & On~o, Sci. Rep. Fac. Sci.,
Kyushu Univ., vol. 2, no. 1, p. 26.

1947. Coeloceras (Peronoceras) subfibulatum
var. intermedia MATsUMoTO & ONO;
MaTstmoTo & OnNo, ibid., p. 26.

1956 Peronoceras subfibulatum (YOKOYAMA) ;
ARKELL, Jurassic Geology of the
World, Oliver & Boyd Ltd., p. 421.

1962. Peronoceras subfibulatum (YOKOYAMA) ;
SATO, Mém. Soc. Géol. France, no. 94,
p. 59.

1962. Peronoceras subfibulatum var. intermedia
MaTsuMoOTO ; SATO, ibid., p. 59, sic.

1963. Peronoceras subfibulatum (YOKOYAMA) ;
Takal, MaTsumoTo & TORIYAMA ed.,
Geology of Japan, Univ. Tokyo Press,
p. 83.

Types:—Here one specimen, MM. 7066,
illustrated by Yokovama (1904, pl. 3,
fig. 6) is designated as-the lectotype,
which was obtained at loc. 1. Three
other syntyypes, MM. 7067, 7068, 7069,
which were also illustrated by YOKO-
YAMA (1904, pl. 3, figs. 3, 4 and 5, re-
spectively) and were obtained at loc. 47,
are referred to the paralectotypes of
the present species.

Diagnosis:—A species of Peronoceras
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which has fine, somewhat widely inter-
spaced and irregularly arranged ribs
and a comparatively small number of
tubercles. -

Description :—The whorls enlarge very
slowly and consequently the umbilicus
is proportionally wide. The lateral side
is rounded and the whorl-section is as-
sumed to be elliptical. Ribs are fine, not
much elevated and widely interspaced.
They spring at the umbilical seam and
run radially. At the middle or outer
one-third of the flank the two ribs are
looped by one tubercle, where two or
three. secondary ribs spring and they
cross the venter. Sometimes at middle
or outer one-third of the flank the
bifurcation arises without tubercles.
Simple ribs without tubercles are not
rare and in some specimens such ribs
are numerous. In one specimen, GK. G.
2177, spines are preserved at the ventro-
lateral area.

Measurements:—

. Rn} (pri-
No. D. U. U/D mary only)
MM. 7066 ca. 39.8 22.9 / ca. 31
MM. 7067 41.6 23.2 0.56 /
GK. G. 2171 36.2 18.2 0.50 ca. 28
GK. G. 2173 60.1 33.7 0.56 32

GK. G. 2175 32.3. 14.0 0.43 32

Remarks :—MATSUMOTO & ONO (1947,
p. 26) described a specimen as Perono-
ceras subfibulatum var. intermedia, sug-
gesting that Peronoceras subfibulatum
and Dactylioceras helianthoides are mor-
phologically serial through the variety.
In fact one specimen labelled as Perono-
ceras subfibulatum “var. intermedia is
somewhat similar to some specimens of
D. ‘helianthoides. In P. subfibulatum,
however, the ribs are looped in pairs to
a tubercle, which-is present on the
middle of the flank, and from the tubercle
two or three secondary ribs arise. On

the other hand in D. helianthoides the
tubercles are usually present on the
ventral shoulder and the ribs are never
looped in pairs to a tubercle, though
such a bifurcation sometimes occurs.
At least in these characters P. subfibu-
latum is distinguishable from D. helian-
thoides.

“Comparison :—The present species is
similar to Peronoceras fibulatum (SOW-
ERBY) (MONESTIER, 1931, pp. 43-44) in
the mode of furcation. But the present
species has not so many ribs and tuber-
cles as P. fibulatum, though the range
of the variations of those characters are
not precisely examined in the two
species. The mode of ribs of P. fibul-
atum seems to be more regular than
that of the present species.

The present species is similar to
Peronoceras subarmatum (YOUNG & BIRD)
(HOWARTH, 1962, p. 117, MONESTIER. 1931,
pp. 46-47) in the mode of ribs. In P.
subarmatum, however, the ribs are wider
and the tubercles are usually more
dominant than in the present species.

Occurrence:—Loc. 47: 8, loc. 35: 5,
loc. 28’7 : 4, loc. 3:4, loc. 13:2, loc. 2: 1.

Superfamily Psilocerataceae
HyAaTT, 1867

Family Arietitidae HYATT, 1874
Subfamily Arietitinae HYATT, 1874
Genus Arietites WAAGEN, 1869

Type-species : — Ammonites  bucklandt
SOWERBY, 1816 (I.C.Z.N. Opinion 305).

Arietites sp.
Pl. 9, Figs. 8a-b

Material:—A  single
specimen, GK. G. 11380.

fragmentary
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Description :—The venteristricarinate-
bisulcate. Two sulci are somewhat wide
and shallow. The median keel is a
little higher than other two and rounded.
‘Six ribs are preserved and are robust.
They are straight on the flank, curving
forward on the ventral shoulder and
reach the lateral keel. The interspace
is wider than the space of a rib.

Measurements :—Whorl-breadth: 4.8
(inter costae), 5.8.

Comparison:—The present species is
similar to Coroniceras bisulcatum BRU-
GUIERE by FREBOLD (1951, pp. 9-10) in
the mode of venter and ribs. Though
FREBOLD referred several specimens
(1951, pl. 6, fig. 3, plL. 9, fig. 1, pl 10, fig.
1, pl. 11, fig. 1, pl. 12, fig. 1, pl. 13, fig.
1) from British Columbia to Coroniceras,
I think it better to refer them to
Arietites because of the presence of
‘two sulci on the venter.

The present species resembles Arietites
bucklandi (SOWERBY) (DONOVAN, 1952, pp.
718-719) in the mode of venter, but in
‘the former the ribs curve more strongly
forward than in the latter.

Because the present species is repre-
sented by only a small fragmentary
specimen, more detailed comparison
cannot be done.

Occurrence:—Loc. 51: 1.

Suborder Lytoceratina HYATT, 1889

Superfamily Lytocerataceae
NEUMAYR, 1875

Family Lytoceratidae NEUMAYR, 1875

Subfamily Lytoceratinae
NEUMAYR, 1875

Genus Lytoceras SUESS, 1865

Type-species:— Ammonites fimbriatus
SOWERBY, 1817 (I.C.Z.N. Opinion 130).

Lytoceras sp. A
P1. 10, Figs. 2-3

1947. Lytoceras  (Thysanolytoceras ?) Sp.;
MaTsunmoro in MaTtsumoTto & Oxo,
Sci. Rep. Fac. Sci., Kyushu Univ., Geol.,
vol. 2, no. 1, p. 25.

1956. Lytoceras sp. ; ARKELL, Jurassic Geology
of the World, Oliver & Boyd Ltd., p. 421.

1962. Thysanolytoceras sp.; SATO, Mém. Soc.
Géol. France, no. 94, p. 58.

Material :—Eleven specimens GK. G.
2041-2044, 2049, 2051, 2061, 2064, 11331-
11333.

Diagnosis:—A species of Lytoceras
which has numerous fine ribs some of
which are associated with less elevated
crinkled riblets. Constrictions are in-
discernible or hardly discenible. The
umbilicus is usually wide proportionally
to the diameter.

Description :—The whorls enlarge very
rapidly or moderately but they are
evolute. The whorl-section is elliptical
and widest at the middle of the flank.
The fine ribs spring at the umbilical
seam and go on radially. They are
mostly simple but sometimes bifurcation
arises on the middle of the flank and
intercalatory ribs are rarely present.
There are some ribs in the interval of
two crinkled riblets. The adoral margins
of the crinkled riblets are accompanied
by the ribs. Therefore the riblets are
only crinkled adapically and their adoral
margins are smooth. The crinkled
riblets are not so elevated but as high
as the ribs and wider than the ribs. In
one specimen, GK. G. 11331, 6 weak
spiral ribs are discernible in some part

(40°).
Measurements :—
No. D. U. U/D H. Rnd

GK. G. 2043 35.6 14.7 0.24 12.1 /
GK. G. 2051 32.1 14.0 0.44 10.3 ca. 63
GK. G. 2064 13.9 57 0.41 6.0 /
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Comparison:—The present species is
similar to Lytoceras eudesianum (D’ORBI-
GNY) (PUGIN, 1964, pp. 28-33) in the
ornamentation, but the value of U/D is
larger in the former than in the latter.
The crinkled riblets of the former are
more numerous than those of the latter.

[ am observable only unfavourably
preserved specimens, and the diagnostic
characters are hot so well confirmed as
comparable with that species. There-
fore I treat the present specimens under
Lytoceras sp. A.

Occurrence:—Loc. 9: 5, loc. 18E: 2,
loc. 211, loc. 22: 1, loc. 287 : 1, loc. 30: 1.

Lytoceras sp. B
Pl. 10, Fig. 4

Material :—One fragmentary specimen,
GYU. M. 1019.

Description:—The  whorls  enlarge
rapidly and the umbilicus is proportion-
ally narrow, but are evolute. Three
constrictions are visible in 100° of the
preserved whorl and they are parallel
to the ribs. The angles between the
constrictions become small adorally and
are 50° and 25°, though the data are
poor to be generalized. Eight ribs are
present in the earlier interval of 50°
and four ribs in the later one of 25°.
They are radial and mostly accompanied
by the crinkled riblets, which are also
radial. The ribs become fine adorally
and the ' interspace become narrow
adorally. Sometimes bifurcation arises
on the ventral shoulder or at the umbi-
lical periphery. Eleven crinkled riblets
are present in the interval of 50° and
five are in that of 25°. They are often
accompanied by the ribs and therefore
their adoral margins are smooth.

Measurements:—The preserved whorl :
ca. 100°. The height of the last stage

of the last whorl: ca. 23.

Comparison :(—The present species is
similar to Lytoceras fimbriatus (SOWERBY)
(ARKELL et al.. 1957, pp. L 194-196) in
the mode of ribs, crinkled riblets and
constrictions. The present species, how-
ever, enlarge more rapidly and has more
numerous crinkled riblets thanL. fimbri-
atus (SOWERBY).

The present species is distinguished
from Lytoceras sp. A by its absence of
constrictions or rarity of them. The
whorls of the present species seems to
enlarge more rapidly than those of
Lytoceras sp. A.

As the present species is represented
only by one fragmentary specimen, I
treat it tentatively under Lytoceras sp.
B.

Occurrence:—Loc. 18B: 1.

Family Nannolytoceratidae SPATH, 1927
Genus Audaxlytoceras FUCINI, 1923

Type-species :— Lytoceras audax MENE-
GHINI, 1881 (subsequently designated by
ARKELL, 1957, p. L 199).

Audaxlytoceras ? sp.
Pl. 10, Fig. 9

1947. Lytoceras  (Thysanolytoceras?)  sp.;
MaTtsumoTo in MAaTsumoTo & ONo,
Sci. Rep. Fac. Sci., Kyushu Univ., Geol.,
vol. 2, no. 1, p. 25 (pars).

Material :—One fragmentary specimen,
GK. G. 2059.

Description :—This specimen is very
small. The whorls enlarge somewhat
rapidly but they are little overlapping
and the umbilicus is somewhat narrow.
The umbilical periphery is abruptly
rounded and the wall is steep. The
surface of the whorl has no ribs but
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some constrictions, which are somewhat
inclined backward on the umbilical wall,
curve forward abruptly at the umbilical
periphery, then go forward, and nearly
at the middle of the flank moderately
recurve backward. The angles between
the constrictions become smaller in ac-
cordance with growth, ca. 55° at dia-
meters from 11.9 to 12.7 mm., ca. 50° at
diameters from 12.7 to ca. 14 mm. and
ca. 30° at diameters from ca. 14 to ca.
15mm. No other ornamentations are
discernible on the surface of the whorls.
Measurements :—

No. D. U. U/D H.
GK. G. 2059 ca. 15 ca. 4 0.25 5.5

Comparison :—The present species is
somewhat similar to Audaxlytoceras
dorcadis MENEGHINI (MONESTIER, 1931,
pp. 10-11), from south France, in the
evolute and smooth shell with some
constrictions. As far as the observable
half a whorl is concerned, the frequency
of the constrictions is nearly equal to
each other. The former, however, is
distinguished from the latter by the
convex constrictions.

Occurrence:—Loc. 36?: 1.

Suborder Phylloceratina ARKELL, 1950

Superfamily Phyllocerataceae
ZITTEL, 1884

Family Phylloceratidae ZITTEL, 1884

Subfamily Calliphylloceratinae
SPATH, 1927

Genus Calliphylloceras SPATH, 1927

Type-species :— Phylloceras
ZITTEL, 1869.

disputabile

Calliphylloceras sp. A

Pl 10, Figs. 5-6

1947. Phylloceras (Calliphylloceras) sp.;
MaTstmoTo in MaTtsumoTto & ONo,
Sci. Rep. Fac. Sci., Kyushu Univ., Geol.,
vol. 2, no. 1, p. 25.

1256. Calliphylloceras cf. nilssoni (HEBERT) ;
ARKELL, Jurassic Geology of the World,
Oliver & Boyd Ltd., p. 421.

1962. Calliphylloceras cf. nilssoni (HEBERT) ;
SaTo, Mém. Soc. Géol. France, no. 94.
p. 58, [sic].

1963. Calliphylloceras sp.; Taxai, MAaTsu-
MoTo & Torlvyama ed., Geology of
Japan, Univ. Tokyo Press, pp. 83-84.

Material :—Six specimens, GK. G. 2017,
2021, 2022, 2024, 2029, 2036.

Description:—The  whorls enlarge
rapidly and consequently the umbilicus
is very narrow. They are involute.
Numerous fine ribs are discernible on
the whorls. They are parallel with
constrictions. The constrictions are
marked as furrows on the internal mould.
They are nearly straight or concave
adorally and somewhat prorsiradiate
but the last one at the diameter of 35-
56 mm. is very prorsiradiate. The angles
between constrictions slightly decrease
adorally. In one specimen, GK. G. 2029,
the angles are 60°, 60° and 50° at the
maximum diameter of 44.9mm. In
other specimen, GK. G. 2017, they are
60° and 50° of which the maximum
diameter is ca. 56 mm. Often both sides
of the furrows (=constrictions) are
swollen as ridges. Suture is exposed at
diameter 21 mm.

The first lateral lobe is narrow, deep
and tripartite, and the second lateral
lobe also is tripartite. The first lateral
saddle seems to be triphyllic and the
second lateral saddle is triphyllic.

Measurements :—

No. D. U. H. U/D
GK. G. 2021 35.8 ca. 6 ca. 19.8 ca. 0.17
GK. G. 2029 44.9 7.1 19.7 0.16
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Comparison :—The present species is
similar to  Calliphylloceras nilssoni
(HEBERT) (GURICH, 1933) in the mode of
volution and constriction. The former,
however, has a narrower first lateral
lobe and simpler suture than the latter.

As the described specimens are too
poorly preserved for exact comparison,
for the time being I treat them as
Calliphylloceras sp. A.

Occurrence:—Loc. 18: 3, loc. 53: 1, loc.
55: 1, unknown loc.: 1.

Calliphylloceras sp. B

PL 10, Fig. 7

Material:—Two specimens, GK. G.
11334, 11335.

Description:—The  whorls  enlarge

rapidly and are involute. -Consequently
the umbilicus is very narrow. Venter
is assumed to be rounded. Umbilical
periphery is rounded and the wall is
rather steep. Numerous fine lirae are
discernible on the surface of the shell.
They are fine, nearly straight and some-
what prorsiradiate. Constrictions are
very weak and obscure. They are
parallel with the fine ribs. In one
specimen, GK. G. 11335, an angle between
constrictions is ca. 40°, in the stage a
half whorl younger than that with
diameter of 78 mm. Suture lines are
partly visible. Lateral saddle seems to
be triphyllic but the details of the
suture are unknown.

Measurements :—

No. D. U. H. u/D
GK. G. 11334 ca. 71 <ca. 6 ca. 41 0.09
GK. G. 11335 ca. 8 ca. 9 ca.48 0.10

Comparison :(—The present species is
similar to Calliphylloceras sp. A in the
mode of volution, but is distinguished
by the straight fine ribs and much

weaker constrictions.

Calliphylloceras nilssoni (HEBERT) has
nearly straight but stronger constrictions
than the present species.

As the present species is represented
only by two fragmentary specimen, I
treat it tentatively under Calliphylloceras
sp. B.

Occurrence:—Loc. 4: 1, loc. 27: 1.

Genus Holcophylloceras SPATH, 1927

Type-species :— Phylloceras mediterra-

neum NEUMAYR, 1871.

Holcophylloceras sp.
Pl. 10, Fig. 8

1947. Phylloceras  (Holcophylloceras) sp.;
MaTtsumoTo in MATsuMoTOo & ONo,
Sci. Rep. Fac. Sci., Kyushu Univ., Geol.,
vol. 2, no. 1, p. 25.

1956. Holcophylloceras sp.; ARKELL, Jurassic
Geology of the World, Oliver & Boyd
Ltd., p. 421.

1962. Holcophylloceras sp.; SATO, Mém. Soc.
Géol. France, no. 94, p. 58.

1963. Holcophylloceras polyolcum (BENECKE) ;
Taxkal, MaTsumoTO & ToRIYAMA ed.,
Geology of Japan, Univ., Tokyo Press,
p. 83.

Material :—A. specimen, GK. G. 2016.

Description:—The  whorls enlarge
rapidly and are involute. The umbilicus
is very narrow. Low ribs are present
on the outer half of the whorl. They
are weak and parallel with constrictions.
Six constrictions are present on the pre-
served 150° of the last whorl, of which
two are comparatively clearer and are
moderately biconcave. They start from
the umbilical seam and proceed adapi-
cally. At about inner one-third of the
flank, they curve adorally and run
straightly. Theyrecurve adapically again
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at about outer one-third of the flank and
furthermore they curve adorally near
the venter. Two constrictions are
visible as furrows and their adoral side
or adapical side is swollen. Four con-
strictions are incompletely preserved
and are manifested as ridges.

Measurements :—

Height of the whorl of the preserved
Jast stage: 69.3 mm.

Comparison :—The present species is
similar to Holcophylloceras aff. polyolcum
(BENECKE) (SPATH, 1927, pp. 60-63), from
Cutch, and Holcophylloceras mediter-
raneum (NEUMAYR) (SPATH, 1927, pp. 58-
60), from Cutch, in the mode of volution,
ribs and the abundance of constrictions,
but is distinguished by its gentle curva-
ture of constrictions.

The present species resembles Holco-
phylloceras guettardi (RASPALL) (ARKELL
et al., 1957, p. L 190), from France, but
the constrictions occur more frequently
and curve more strongly in the former
than in the latter.

Occurrence:—Loc. 59: 1.

Family Juraphyllitidae ARKELL, 1950
Genus Harpophylloceras SPATH, 1927

Type-species :— Ammonites eximius HA-
UER, 1854

Harpophylloceras ? sp.
P1. 10, Fig. 1

1947. Rhacophyllites (Harpophylloceras ?) sp.;
MaTtsumoTo in MaTtsuMoTo & OnNo,
Sci. Rep. Fac. Sci., Kyushu Univ., Geol.,
vol. 2, no. 1, p. 25.

1956. Juraphyllites sp.; ARKELL, Jurassic
Geology of the World, Oliver & Boyd
Ltd., p. 421.

1962. Juraphyllites sp.; SaTto, Mém, Soc.
Géol. France, no. 94, p. 58.

1963. Juraphyllites sp.; TAKAI, MATSUMOTO
& Torivyama ed., Geology of Japan,
Univ. Tokyo Press, p. 84.

Material :(—A small specimen, GK. G.
2020.

Description:—The  whorls enlarge
rapidly and are involute. Consequently
the umbilicus is narrow. The ventral
shoulder is rounded, the flank is convex
and the umbilical periphery is rounded.
Therefore the whorl-section is assumed
to be elliptical. The venter has a thin
and low keel. A sulcus is not present.
The surface of the shell seems to be
ornamented with numerous and radial
fine ribs. The fine ribs, however, are
obscure because of the unfavourable
preservation. Two constrictions are
nearly straight and rectiradiate. Lateral
saddle of the suture is diphyllic.

Measurements :—

No. D. U. H. u/D
GK. G. 2020 12.9 2.8 6.0 0. 22

Comparison :—The present species is
similar to Harpophylloceras eximium
(HAUER) (ARKELL, 1957, p. L 191) in the
mode of constrictions. The degree of
involution of the former seems to re-
semble that of the latter, but this is
compared between specimen of dis-
similar size.

As only a small, unfavourably pre-
served specimen is at my disposal, more
detailed comparison is impossible.

Occurrence:—Loc. 52: 1.

Zonation and correlation

A. General

Ammonoid fossils are very abundant
in the Nishinakayama Formation, less
abundant in the Utano Formation and
rare in the Higashinagano Formation.
The Higashinagano Formation is incom-
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petent, the Utano Formation is difficult
for precise zoning because of a small
number of specimens and only the Nishi-
nakayama Formation is competent for
reliable zoning. The succession of am-
monoid fossils in the Nishinakayama
Formation is well exposed along a small
stream, Sakuraguchi-dani, where the
framework of zoning is established. The
zonation of the Nishinakayama Forma-
tion by MATSUMOTO & ONO (1947) in the
northern part is acknowledged also by
me but that in the southern part is re-
vised (Fig. 4). The stratigraphic and
geographic distributions of ammonites
and some other characteristic fossils are
mentioned below in ascending order.
The stratigraphic position of each fossil
locality is shown in the columns (Fig.
2 in Part II).

The correlation between two regions
should originally be done by the same
species in strict sence but the same
species is rare between the Toyora and
the standard area of Europe. Therefore
I use the similar species to the Toyora
species and the ammonoid assemblages
for the correlation in this article.

The geographic variation is only able
to discuss based upon the study of
variation in each population. No one
has studied on the variation of am-
monoids in the standpoint of population
concept since the description of am-
monoid species began. Therefore today
no one can distinguish or identify logi-
cally a Japanese ammonite from or as
a European one. Above all the variation
of a local population should be clarified.
I could clarify the variation of the
number of ribs in some species but |
could not treat other characters because
of the unfavourable preservation of the
material. Therefore the contents des-
cribed and discussed in this article are
the record of the characteristics based

upon the appearance of material. At
first study of ammonites in the stand-
point of population concept should be
done by the use of the favourably pre-
served material (In Japan favourably
preserved material cannot be obtained).

B. The Higashinagano Formation

No ammonites were collected from the
Member Nbc and only Pentacrinus sp.
was collected from its upper part. Ac-
cordingly the age of the Member Nbc
is not precisely determined. The sedi-
mentary features suggest that it did not
take so long time for the deposition of
this member and therefore its geological
age may De close to the superjacent
Member Ncs.

Various kinds of bivalves, gastropods,
scaphopods, ammonoids, brachiopods,
corals and crinoids have been reported.
Bivalvia and gastropods from Member
Ncs were described by HAYAMI, who
named them as Cardiniatoriyamaifaunule
(1958, 1959, 1960a, 1961, 1962). As to the
ammonoids Arietites sp. and Harpophyl-
loceras? sp. have been obtained from
this member. The corals are Chomato-
seris cyclolitoides (YABE & EGUCHI, 1933)
and an isastraeid, and the crinoid is
Pentacrinus sp. (HAyaMi, 1961). As re-
gards the age, it is said that several
pelecypods are identical with or closely
related to some Liassic (properly lower
Liassic) species hitherto known in
Europe, northern Africa or Canada and
that no Triassic (inclusive of Rhaetic)
element is found in the fauna (HAYAMI,
1959, p. 37). On the basis of Arietites
sp. | regard this member as lower Sine-
murian.

The geological age of the Member Nss
varies from place to place. At Higashi-
nakayama, the age is referred to lower
Domerian by the occurrence of Amaltheus
sp. cf. A. stokesi and Arieticeras sp. aff.
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A. apertum (Fig. 2d in Part II). In the
northern area, e. g., Higashinagano and
Sakuraguchi-dani, the age of this member
is considered at least in part as upper
Sinemurian, because a Domerian ammo-
noid is known from the basal part of
the Member Nm and a lower Sinemurian
ammonoid is known from the lower part
of the Member Ncs.

The age of the Member Nsh varies
locally. In the northern area, e.g.,
Higashinagano and Sakuraguchi-dani,
this member is assumed to be upper-
most Sinemurian stage. At Nishinaka-
yama-Higashinakayama district, not only
the Nsh but also the lower part of the
Nss is referred to Domerian substage.
No fossil indicating an Carixian age has
been obtained. The sediments of this
age is regarded to have been eroded
away, because there is conglomerate at
the base of the Nishinakayama Forma-
tion in the southern district.

C. The Nishinakayama Formnation

Various kinds of ammonoids have been
obtained from the Member Nm and
partly from Member Na and Nss at
about fifty localities. Zonal frame is
established in the sequence along the
Sakuraguchi-dani (Fig. 2a in Part I, Fig.
1) and three zones are confirmed by the
supplementary sequence along the Kogo-
dani (Fig. 2c in Part II), the Anda-dani
(Fig. 2b in Part II), the River Era, the
River Motoyoku and the River Sakota.
The three zones are discernible in the
northern two-thirds of the studied area.

They are the Fontanelliceras fontanel-
lense Zone, the Protogrammoceras nippon-
icum Zone and the Dactylioceras helian-
thoides Zone in ascending order as
mentioned below.

Fontanelliceras fontanellense Zone:
This zone is represented by Fontanel-
liceras fontanellense and about 25 to 50

m. in thickness. In addition, Canavaria
japonica, C. cf. sicula, Arieticeras cf.
pseudocanavarii, A. aff. apertum, Paltar-
pites toyoranus, P. paltus, P. aff. platy-
pleurus, Fuciniceras primordium, F. cf.
normanianum, Dactylioceras helianthoides
D. (Prodactylioceras) aff. italicum, Amal-
theus cf. stokesi and Calliphylloceras sp.
A are found from this zone. The lower
boundary of this zone is marked by the
appearances of Amaltheus, Arieticeras,
Canavaria and/or D. (Prodactvlioceras)
and is in oblique relation with lithost-
ratigraphic unit (Fig. 4). The index, the
first four genera and Amaltheus are
known as the indices of Domerian sub-
stage. Fuciniceras is usually known in
Domerian substage and questionably in
Whitbian substage (ARKELL, 1957, p. L
258). Dactylioceras has so far been known
in Toarcian and Calliphylloceras from
lower Jurassic to lower Cretaceous.
Accordingly, it can be said that the as-
semblage of this zone indicates Domerian
age, and more detailed discussion is
mentioned below.

Fontanelliceras fontanellense is known
from MONESTIER's subzone ¢ (=the
Gibbosus Subzone, DEAN et al, 1961) in
Aveyron (MONESTIER, 1934) and known
from the equivalent of the Spinatum
zone in Alta Brianza (VENZO, 1952).
Arieticeras pseudocanavarii and A. aper-
tum are known from MONESTIER’s sub-
zone ¢ (=the Gibbosus Subzone, DEAN
et al., 1961) in Aveyron (MONESTIER,
1934). A species is comparable with
Amaltheus stokesi, which is the index of
the lowest subzone of the Margaritatus
Zone. A species is comparable with
Fuciniceras wnormanianum, which is
known from the Davoei Zone to the
Margaritatus Zone in Haut Atlas (DRE-
SNAY, 1963), from equivalent of the lower
Margaritatus Zone in Huescar (DUBAR
et al, 1967) and from the Stokesi Zone
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Fig. 1. The zonal framework founded on the sequence in the Sakuraguchidani.

A black square corresponds to the locality number in the left side, which refers to

the number in systematic description.
the number of individuals.

(GEczi, 1970) in Hungary. A species is
very similar to Dactylioceras (Prodacty-
lioceras) italicum, which is known from
the equivalent of the Subnodosus Sub-
zone in Aveyron (MONESTIER, 1934) and
from the Davoei Zone in Hungary
(GEcz1, 1970).

On the basis of these correlation, the
Fontanelliceras fontanellense Zone is

The number beside the black square indicates

nearly correlated with the Margaritatus
Zone and a part of the Spinatum Zone.
The basal part may be correlated with
the base of the Stokesi Subzone and its
upper part may be correlated with the
lower Spinatum Zone.
Protogrammoceras nipponicum Zone:
This zone is represented by Protogram-
moceras nipponicum and about 50 m. in
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thickness. Protogrammoceras onot, P.
yabei, Lioceratoides yokoyamai, L.

matsumotoi, Harpoceras chrysanthe-
mum, H. okadai, H. aff. exaratum, H.
(Harpoceratoides) nagatoensis, Fucini-
ceras nakayamense, Dactylioceras heli-
anthoides, D. cf. helianthoides, Lyto-
ceras sp. A, L. sp. B and Calliphyllo-
ceras sp. B are obtained from this zone.
Protogrammoceras, Fuciniceras, Dacty-
lioceras and Lioceratoides are known
in upper Pliensbachian and the first
three genera are known also in lower

Toarcian. Harpoceras and Harpocera-
toides are known only in lower
Toarcian. Lytoceras and Calliphyllo-

ceras are known not only in the lower
Jurassic but also in the lower Creta-
ceous. It can be roughly said that
this zone indicates from the upper
part of Domerian to the lower part of
Whitbian. The more detailed cor-
relation is discussed below
Protogrammoceras is known from
the Stokesi Subzone and the Subiiodosus
Subzone in Aveyron (DEAN et al., 1961).
Protogrammoceras nipponicum, the
index of this zone, is very similar to
P. celebratum, P. marianii and P. bo-
narellii (see the description). P.
celebratum, P. marianii and P. bonavrellii
are known from Alta Brianza with
Amaltheus margaritatus (VENZO, 1952)
and P. celebratum is the index of the
Margaritatus Zone in south Europe.
In Portugal, Protogrammoceras is
mainly known from lower Domerian.
P. bonarellii is commonly known and

Fig. 2. The detailed mode of oc-
currence of fossils and lithofacies ob-
served at the river mouth of the
Motoyoku (loc. 4). The black square
indicates the part which each fossil
occurred. The number beside the black
square indicates the number of in-
dividuals.

Jurassic Toyora Group-I1I1
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restricted in the Margaritatus Zone in
Portugal (MOUTERDE; 1967). P. celebr-
atum and P. bonarellii are known from
the Stokesi Zone in Hungary (GECZI,
1970). P. cf. nipponicum is known with
H. (Harpoceratoides) cf. contectens, Cf.
Canavaria excellens, C. cf. morosa, Cf. P.
bonarellii, P. cf. marianii, Arieticeras cf.
domarense, Cf A. algovianum, Liparoceras
cf. bechei and Leptaleoceras dickinsoni
in Oregon (IMLAY, 1968).

Fuciniceras is known from the Stokesi
and the Subnodosus Subzone in Aveyron
(DEAN et al., 1961). Fuciniceras nakaya-
mense is abundant only in the P. nippo-
nicum Zone and is also the useful index
of the zone. F. nakayamense is similar
to F. boscense and F. falciplicatum and
a little to F. lavinianum (see the des-
cription). F. lavinianum is known from
the lowermost part of Domerian in
Huescar, Spain (DUBAR et al., 1967). F.
Sfalciplicatvm is known from the Stokesi
Subzone in Hungary (Geczi, 1970). F.
boscense is known from the Margaritatus
Zone in Aveyron (MONESTIER, 1934).

As mentioned above, the foreign
species to which the two species, P.
nippnicum and F. nakayamense, are
similar are known in lower Domerian.
At the same time, however, Toarcian
genera such as Harpoceras and Dactylio-
ceras are commonly known in this zone.
Harpoceras is the characteristic genus
of the Falcifer Zone in Europe (DEAN
et al., 1961). Dactylioceras helianthoides
is similar to D. crassiusculosum and D.
gracile, which are known from the
Bifrons Zone in Aveyron (MONESTIER,
1931).

I think the Protogrammmoceras nipponi-
cum Zone could be correlated with the
age from upper Domerian (the Spinatum
Zone) to lower Whitbian (the Falcifer
Zone) on the basis of these comparison.

Dactylioceras helianthoides Zone : This

zone is characterized by the abundance
of Dactylioceras helianthoides, Harpoceras
chrysanthemum and H. inouyei, and the
lower boundary being drawn immedi-
ately above the disappearances of
Protogrammoceras and Fuciniceras. The
upper boundary is drawn just below
the Member Na. Harpoceras chrysan-
themum and H. inouyei appear from the
uppermost part of the P. nipponicum
Zone but the occurrences in the part
are very rare and usually appear after
the disppearances of Protogrammoceras
and Fuciniceras. H. cf. mulgravium, H.
cf. exaratum, L. yokoyamai, L.matsumotot,
Hildoceras sp., Peronoceras subfibulatum
and Calliphylloceras sp. B are known in
this zone.

Harpoceras, Hildoceras, Peronoceras
and Dactylioceras (s. str.) are known as
the lower Toarcian genera (ARKELL,
1957) and Harpoceras is the character-
istic genus of the Falcifer Zone (DEAN
et al, 1961). Hildoceras is known from
the Bifrons Zone. Peronoceras subjibu-
latum is similar to P. fibulatum, which
is the index of the Fibulatum subzone.
No species which indicate the age later
than the Fibulatum subzone are known
from this zone and therefore 1 think
the uppermost part of this zone is cor-
related with a part of the Fibulatum
Zone. The basal part of the D. helian-
thoides Zone is not clearly and precisely
correlated with the European standard.
No parts of this zone and the P. nippon-
tcum Zone could be correlated with the
standard Tenuicostatum Zone. The basal
part of the zone could be correlated
with a part of the Exaratum Subzone
in consideration of the assemblage as
mentioned above.

Dactylioceras helianthoides sporadically
occurs in the Member Na. This member
is assumed to be Whitbian considering
the occurrence of D. helianthoides and
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Range chart of Domerian and Whitbian ammonite species in the Toyora

Amaltheus cf. stokesi

Arieticeras cf. pseudo-
canavarii

A. aff. apertum
Canavaria japonica
C. cf. sicula

Fontanelliceras fontanel-
lense

Paltarpites toyoranus
P. paltus

P. aff. platypleurus
Fuciniceras primordium
F. nakayamense

F. cf. normanianum

Protogrammoceras
nipponicum

P. yabei

P. onoi

Lioceratoides vokoyamai
L. matsumotoi
Harpoceras okadai

. cf. exaratum

. chrysanthemum

. inouyei

. cf. mulgravium

. (Harpoceratoides)
nagatoensis

Hildoceras sp.

Dactylioceras (Prodacty-
lioceras)- aff. italicum

D. (s.s.) halianthoides
D. cf. helianthoides
Peronoceras subfibulatum

T T T

Zone

Table 1.
Group and zonal correlation with the European standard zones and subzones.
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the ammonite assemblage of the over-
laying Member Up. These discussions
on correlation are concisely shown as a
range chart in Table 1.

D. The Utano Formation

Pseudolioceras sp., Grammoceras aff.
obesum, Phymatoceras toyoranum, Calli-
phylloceras sp. A and Bositra sp. are
known from the Member Up. The lower
limit of the Variabilis Zone is defined
by the appearance of Phymatoceratinae
in abundance and the upper limit is
drawn immediately below the first
occurrence of Grammoceras (DEAN et al.,
1961). The lower limit of the Thouar-
sense Zone is defined by the sudden ap-
pearance of Grammoceras and the upper
boundary is marked by the appearance
of Phlyseogrammoceras. In Toyora,
Grammoceras and Phymatoceras appear
simultaneously. The Member Up could
be roughly correlated with the Variabilis
and the Thouarsense Zones considering
the above mentioned ammonites assembl-
age.

Phymatoceras sp. is known from the
Member Ub and its age is considered to
be Yeovilian.

Planammatoceras cf. kitakamiense,
Dumortieria ? sp. and Calliphylloceras sp.
A are known from the Member Uh. In
addition to the discrepancy of appear-
ance and disappearance of genera bet-
ween Toyora and Europe, the contents
of ammonite assemblages in the Utano
Formation, especially in upper part than
the Member Up, is poor. Consequently
the correlation in zonal level is unable
to be done. The age of the Member
Uh may be referred to a part of Yeovil-
ian and a part of lower Bajocian (s.l.).
The discussions on correlation of this
group with European standard mentioned
above are concisely shown in Fig. 3.

Harpophylloceras sp. and Inoceramus

Geological ég Time | Lithostratigraphic
age 8§ unit unit
Callovian Kwanmon Group-
. \/\/\/\TA
Bathonian ut g
120- 650 m. w
Bajocian . laomph 2
I ]
) ! 90mUb 5
Aalenian K 120m.Up
A £
’ N '
c |Yeovilian | / 100m™3 )
o /| Dh. El
2 2l
@
S |whitpian | | Zone Nm 3
Pn ‘;:
&8 ) Zone | 120-150m. Z
< |Domerian Bl
4 Ef .
2 £
2 Zone w
o |Carixian
B o
a c
>
Sinemurian e
£
\ 0
Hettangian |\ o
\ 40m. T
Paleozoic angu?c;réﬁtsamorphic
Fig. 3. Modified stratigraphic se-

quence of the Toyora Group and its cor-
relation with international stage and
substage.

utanoensis are Kknown in the upper
horion of the Member Ut. It is said
that I. utanoensis is very similar to
Bathonian I. kystatymensis KOSCHELKINA,
1960 (HAayawmI, 1962). [ also think that
I. utanoensis KOBAYASHI, 1926 is hardly
distinguishable from Retroceramus kyst-
atymensis from the Bathonian of east
Siberia (KOSCHELKINA, 1963, pp. 150-151).
This member is supposed to be Bathonian
by this fact, but the accurate age of
the top of this member is not determi-
nable.
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Characteristics of the Toyora faunas

A. Assemblage
Ammonite fossils are rich in the
middleform ation and partly common in
the upper formation. The middle and the
upper formations are somewhat mono-
tonous black shale without any abrupt
change of lithofacies and biofacies.
Among various ammonoid species of
the Toyora faunas, Dactylioceras helian-
thoides shows the longest vertical range
and is accompanied by many species of
Domerian and Whitbian.
Protogrammoceras nipponicum is rarely
accompanied by P. onot and the ratio
of the numbers between themis 1:4 to
1:2 except the lowest part at the studied
outcrop (Fig. 2). P. yabei is accompanied
by P. nipponicum, but the number of
individuals of the former is always small.
Canavaria japonica coexists with Fon-
tanelliceras fontanellense, and both are
large in the number of individuals (e. g.,
51 of C.japonica, 30 of F. fontanellense).
Fuciniceras nakayamense coexists with
P. nipponicum and both are large in the
number of individuals (e.g., 11 of F.
nakayamense, 21 of P. nipponicum).
Generally speaking, in a bed with
Canavaria, Fontanelliceras and Fucini-
ceras, also Arieticeras occurs commonly
in many parts of the world. For some
reasons Arieticeras is poor in the Toyora
Group. Harpoceras has hitherto been
known as a lower Toarcian genus but
Harpoceras okadai occurs with some
Domerian species.

B. Comparison with other faunas of
Japan
The Liassic ammonoids are known
from the Shizukawa Group of northeast
Japan and the Kuruma Group of central
Japan. In the Shizukawa Group no
Pliensbachian ammonoids are known and

the Toarcian is indicated by Harpoceras
okadai, Hosoureites tkianus, Graminoceras
sp. and Phymatoceras sp. (SATO, 1956,
1962; TAKAHASHI, 1969). Harpoceras,
Grammoceras and Phymatoceras are
genera occurring in the Toyora fauna,
but as regards the specific rank only
Harpoceras okadai is common to the
Toyora fauna. In the Bajocian Member
Hh of the Shizukawa Group, Planammato-
ceras kitakamiense (SATO) is known and
a comparable species is known in the
Member Uh of the Utano Formation.

From the Kuruma Group, Amaltheus
sp. and Canavaria sp. are known as
Pliensbachian ammonoid. Toarcian is
indicated by only Grammoceras sp.
(KOBAYASHI et al., 1957). The Toyora
ammonoid faunas are characterized and
distinguished by the eminent Mediter-
ranean elements in the Domerian sub-
stage from other fauna in Japan. The
common ammonoid species are very
rare between the Toyora faunas and
other faunas of Japan for some reasons.
Palaeogeography, palaeocurrent and
faunal province were discussed in detail
by SATO (1956, 1960). Amaltheus from
the Toyora Group is newly described
and therefore the palaeocurrent drawn
by SATO (1960) should be partly revised,
if palaeocurrent was really the principal
factor to control the distribution of
ammonite fauna.

C. Comparison with some faunas of other
regions
C-1. The Tovora fauna in Domerian
substage
From the Nishinakayama Formation
the following 20 species of 11 genera
are ascribed to Domerian substage.
Arieticeras cf. pseudocanavarii, A. aff.
apertum, Canavaria japonica, C. cf. sicula,
Fontanelliceras fontanellense, Paltarpites
toyoranus, P. paltus, P. aff. platypleurus,
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Lioceratoides yokoyamai, L. matsumotoi,
Fuciniceras primordium, F. nakayamense,
F. cf. normanianum, Protogrammoceras
nipponicum, P.yabei, P. onoi, Harpoceras
okadai, Amaltheus cf. stokesi, Dactylio-
ceras helianthoides, D. (Prodactylioceras)
aff. italicum. This assemblage is charac-
terized by the predominance of Hildo-
ceratidae in both number of species and
that of specimens. The fauna is charac-
terized by the Tethyan elements, name-
ly most of the species have close affi-
nities to the species of the Tethyan
Realm as mentioned in the description.
According to HALLAM (1969), the nor-
thern boundary of the Tethyan Realm
is roughly corresponds to the line from
the Alpine fold belt, via eastern Siberia
and Japan to northern California. The
cause of the separation of ammonite
faunas between the Tethyan and the
Boreal Realm has not been clarified,
though some speculations and regional
studies have been done by many stu-
dents. 1 list up upper Pliensbachian
ammonite genera from the world, pay-
ing attention to localities of the Medi-
terranean region and compare them
with the Toyora fauna concerning the
similarity by the method of SIMPSON’s

. 2C
formula: NIENZ 100 (N1<N2, Number

of genera of each fauna; C, number of
common genera in two faunas).

The computed result (Table 2) indi-
cates that the Toyora fauna has a simi-
larity in the highest degree to the
Taormina fauna of Sicily Is. On the
other hand, the Taormina fauna has
similarity to the Toyora fauna in higher
degree than to any other faunas. Hue-
scar fauna in Spain is the second and
S. Pedro fauna in Portugal is the third
in the degree of similarity to the Toyora
fauna. These are said to be represen-
tative faunas in the Tethyan faunal

Table 2. Faunal resemblance in Domerian.
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province of Domerian substage. On the

contrary, in Yorkshire Coast, Dorset
Coast and Hebrides Is. the diversities
of their faunas are low, and also the
degrees of similarity to the Toyora
are low, though Yorkshire Coast fauna
is somewhat higher than the other two.

Recently, as to the upper Pliensba-
chian faunas of North America, some
studies have been published. Among
them eastern Oregon fauna (IMLAY, 1968)
shows some affinity with the Toyora
fauna, and some species are actually
compared with the Toyora species. In
the present quantitative treatment, ho-
wever, the eastern Oregon fauna does
not indicate high similarity to the
Toyora fauna. The eastern Oregon
fauna, however, has higher similarities
to the Aveyron, Alta Brianza and Hue-
scar faunas. It is caused by the higher
diversity of eastern Oregon fauna than
the Toyora fauna. The British Columbia
to southern Yukon fauna (FREBOLD, 1970)
has some affinity with the Toyora fauna,
though it has not high diversity and
has some boreal elements. The British
Columbia to southern Yukon fauna shows
a high similarity to the Bou-Rharraf
fauna in Haut Atlas at the same time.
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There are various degrees of diffe-
Tence among the faunas of the Tethyan
Realm and a certain fauna is not always
similar to -others. The difference is
assumed to be caused by difference of
local condition besides palaeogeogra-
phical circumstances. Therefore | re-
searched the lithography of the localities
‘in order to know a part of difference
-of local condition. In general survey,
calcareous sediments such as limestone,
marl and marly limestone are rich in
the Tethyan faunal Realm as HALLAM
(1969) noted. As to Toyora, eastern
‘Oregon and British Columbia to southern
Yukon, however, calcareous matter is
rare or absent and clastics predominate.
‘Some taxa which occur exclusively in
non-calcareous strata in the Tethyan
faunal Realm are some Liparoceratidae
«(e. g., Liparoceras, Becheiceras, Metacym-
bites), Harpoceratinae (Fanninoceras,
Whitbyiceras), Arieticeratinae (Leptaleo-
ceras) and Phylloceratidae (Tragophyl-
Adoceras-with question, Holcophylloceras).

These data of faunas outside Japan
-are based on the following references.

For the Brescia fauna BETTONI (1900),
‘the Haut Atlas oriental fauna DRESNAY
«(1963), Huescar fauna DUBAR et al. (1967),
British Columbia to southern Yukon
fauna FREBOLD (1970). Monte di Cetona
fauna FuUcCINI (1901, 1902), Taormina
fauna FUCINI (1923-28), Yorkshire fauna
HOWARTH (1955), Hebrides Is. fauna
HOWARTH (1957), eastern Oregon fauna
IMLAY (1968), Aveyron fauna MONESTIER
«(1934), S. Pedro fauna MOUTERDE (1967)
and for the Alta Brianza fauna VENZO
<(1952).

C-2. The Toyora fauna in Whitbian
substage
In the Toyora Group the following 15
-species of 7 genera are assigned to the
Whitbian assemblage. Dactvlioceras he-

lianthoides, D. cf. helianthoides, Perono-
ceras subfibulatum, Harpoceras chrysan-
themum, H. inouyei, H. okadai, H. aff.
mulgravium, H. aff. exaratum, Harpo-
ceratoides nagatoensis, Hildoceras sp.,
Protogrammoceras nipponicum, P. yabei,
P. onoi, Lioceratoides yokoyamai and L.
matsumotoi,

This fauna shows remarkably high
similarities to the Alta Brianza fauna,
the Pyrenees fauna and the eastern part
of the Paris Basin fauna (Table 3). The
Alta Brianza fauna shows the highest
similarity to the Valdorbia fauna, the
Pyrenees fauna and the eastern part of
the Paris Basin fauna. Alta Brianza
and Valdorbia are in the Mediterranean
region but the other two are not. The
Alta Brianza fauna, however, shows a
considerably high similarity with the
eastern part of the Paris Basin fauna.
The Toyora fauna shows somewhat
high similarities to the Dorset-Somerset
fauna, the Tage fauna, the eastern Cau-
casus fauna and the northern Alaska

Table 3. Faunal resemblance in Whit-
bian. Harpoceratoides is treated being in-
dependent of Harpoceras (Tables 3-4).
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fauna. The Dorset-Somerset fauna
shows the highest similarity to the nor-
thern Alaska fauna and a somewhat
high similarity to the eastern Caucasus
fauna but a low similarity to the Tage
fauna. The eastern Caucasus fauna
shows a high similarity to the British
Columbia fauna, but the British Colum-
bia fauna shows a low similarity to the
northern Alaska fauna. The Jebel
Tuwaiq and the Madagascar faunas are
peculiar and do not seem to have simi-
larities to the Toyora fauna, as far as
the available evidence is concerned.
Hammatoceratidae and Bouleiceratidae
are regarded as the Tethyan elements
by HALLAM (1969), but Bouleiceras is
restricted to Jebel Tuwaiq, Madagascar,
related areas and is unknown from the
western Mediterranean region. On the
contrary genera of Hammatoceratidae
are known as north as the Paris Basin
and Britain, and their distribution is
wide. A few ammonites of Hammato-
ceratidae occur in the Toyora fauna but
it is difficult to say that they are of the
Tethyan Realm. In Europe, high simi-
larity is shown between two adjacent
faunas and the longer the distance, the
lower the similarity (e.g.. Dorset-E.
Paris Basin-Jura Mts., Dorset-E. Paris
Basin-Pyrenees-Alta Brianza-Valdorbia-
Tage). In comparison with the Dome-
rian ones the Whitbian faunas show
higher similarity between the provinces.

The above data of the faunas outside
Japan are based on the following refe-
rences. '

For the Dorset-Somerset fauna ARKELL
(1933), Jebel Tuwaiq fauna ARKELL et
al. (1952), Northants fauna ARKELL (1933),
eastern Caucasus, east of the Paris Basin,
Jura Mts.,, Madagascar and Pyrenees
faunas ARKELL (1956), Valdorbia fauna
DONOVAN (1958), British Columbia, Al-
berta and southern Yukon fauna FRE-

BOLD (1970), northern Alaska fauna.
IMLAY (1955), eastern Oregon and Cali-
fornia IMLAY (1968) and for the Alta.
Brianza fauna VENzO (1952).

C-3. The Toyora fauna in Yeovilian sub--

stage

The Toyora fauna shows the highest:
similarity to the eastern Caucasus fauna
and low similarities to other faunas
(Table 4). In this substage, the Euro-
pean faunas show very high similarities
between the subprovinces and the longer
the distance the lower the similarity
(e. g., Dorset-E. Paris Basin-Pyrenees-
Tage-Valdorbia) and they generally
show low similarities to faunas of other-
regions. As regards North America, it
is noted that British Columbia, eastern
Oregon and northern Alaska show very
low similarity mutually throughout.
Domerian, Whitbian and Yeovilian.

The data of the faunas outside Japan
are based on the following references.

For the Dorset-Somerset fauna ARKELL
(1933), Jebel Tuwaiq fauna ARKELL et
al. (1952), eastern Caucasus fauna, east

Table 4. Faunal resemblance in Yeovilian.
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-of the Paris Basin fauna, Jura Mts.
‘fauna, Madagascar fauna and Pyrenees
fauna ARKELL (1956), Valdorbia fauna
‘DoNovAN (1958), British Columbia fauna
FREBOLD (1970), northern Alaska fauna
IMLAY (1955), eastern Oregon and Cali-
‘fornia fauna IMLAY (1968) and for the
_Alta Brianza fauna VENZzO (1952).

Conclusion

The Toyora Group is composed of
-conglomerate, sandstone, shale and al-
‘ternation of sandstone and shale and
-shale and 1200 to 1900 m. in thickness.

The group represents a sedimentary
cycle and it is divided into three forma-
‘tions, namely, the Higashinagano Forma-
‘tion of the transgressive phase, the
Nishinakayama Formation of the inun-
-dative phase and the Utano Formation
-of the regressive phase.

23 genera including 42 species of am-
monoids are identified and described.
“The age of the Toyora Group ranges
from Sinemurian to Bathonian as evi-
denced by these ammonoids and some
-other fossils.

A diachronous situation of the lithos-
‘tratigraphic unit is suggested from the
-data in the Higashinakayama area.

Three zones are recognized in the
middle part of the Toyora Group on
-‘the basis of ammonid assemblage. They
.are correlated from the Stokesi Subzone
-of the Margaritatus Zone to the Fibu-
Jatum Subzone of the Bifrons Zone. The
Member Up of the Utano Formation is
roughly correlated with the Variabilis
.and the Thouarsense Zones.

The Toyora fauna in Domerian sub-
stage is characterized by elements of
the Mediterranean or Tethyan faunas.

It is restricted only to Whitbian that
the Toyora fanua shows a somewhat
high similarity to that of western

-+ Boundary of zone
- B member
— B. formation
— Fault

Text-fig. 4. Map showing the zonation.
F: Fontanelliceras fontanellense Zone, P:
Protogrammoceras nipponicum Zone, D:
Dactylioceras helianthoides Zone.

Europe. The Toyora fauna shows a
somewhat low similarity to the faunas
of western and southern Europe in
Yeovilian substage.

There are some comparable species
between the Toyora fauna and the ea-
stern Oregon fauna, but high similarity
is not recognized in the generic assem-
blage.

Stratigraphic guide of localities
(loc. 1-59) ’

Member Ncs: Loc. 51, 52.
Member Nss: Loc. 50. ) .
Fontanelliceras fontanellense Zone: Loc. 11,
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12, 12B, 14, 16, 17, 18, 19, 29, 38, 39, 48, 50.

Protogrammoceras nipponicum Zone: Loc. 4,
9, 10, 13, 15, 18B, 18D, 18E, 20, 21, 22, 23,
24, 30,31, 32.

Dactylioceras helianthoides Zone: Loc. 1, 2,
3,5,6,7, 25,26, 27, 28, 28-28"", 33, 34, 35,
36, 40, 41, 42, 43, 44, 45, 46, 47.

Member Na: Loc. 8, 37, 49.

Member Up: Loc. 53, 54, 55.

Member Ub: Loc. 56.

Member Uh: Loc. 57, 58.

Member Ut: Loc. 59.
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Introduction

The Chilliwack Group is a thick se-
quence of upper Paleozoic clastic, carbo-
nate and volcanic rocks cropping out on
‘both sides of the International Border in
southwestern British Columbia, Canada

~.and northwestern Washington, U.S.A.
South of the border it includes rocks as
old as Devonian but north of the border
only rocks of Pennsylvanian and Permian
age have been recognized.

* Received Jan. 13, 1973; read Oct. 28, 1972
at Matsuyama.
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DALY (1912) gave the name Chilliwack
Series to the Paleozoic rocks of the
Chilliwack valley but the term Group
was substituted for Series on the 1944
Geologic Map of the Hope Sheet by
CAIRNES (Geological Survey of Canada
map 737A) to bring the nomenclature
in line with modern usage of strati-
graphic terminology. DALY (1912) found
limestone containing bryozoa, brachio-
pods and the fusulinid Fusulina elongata
south of the border in Washington and
GIRTY (in DALY, 1912, p. 515) suggested
that this fauna probably correlated with
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Text-fig. 1. Map showing Chilliwack fossil localities in southwestern British Columbia.

that of the Nosoni Formation of north-
ern California. THOMPSON, WHEELER &
HAzzAR (1946) regarded F. elongata
SHUMARD as probably belonging to the
genus Parafusulina. COOGAN (1960) and
SKINNER & WILDE (1965) described the
Nosoni Formation fusulinids and found
them to be advanced species of Para-
fusulina which are younger than forms
found in the Chilliwack Group.
HILLHOUSE (1965) noted fusulinid-bear-
ing limestone on the British Columbia
side of the border but they were too
poorly preserved for specific identifica-
tion. Their large size, however, indi-
cated a Permian age. In 1956 DANNER
started reconnaissance studies of the
Chilliwack area to continue field work
started several years earlier on the
Washington side of the border. DANNER
(1957) listed an abundant fusulinid fauna

from the Black Mountain area in Wash-
ington State which SKINNER (personal
communication) considered to be of Wolf-
campian age. Later the discovery of a.
Parafusulina in these collections (SKIN--
NER & WILDE, 1966) suggested a prob-
able early Leonardian age for this same-
fauna which contains one species of
Pseudofusulinella, two species of Schwa-
gerina and one species of Parafusulina..

MONGER (1966) started field work in.
the area in 1962 on his Ph. D. thesis and
made many fossil collections including
fusulinids. Specimens from one of his.
localities are included in the descriptions.
in this paper. He made the most accu-
rate geologic map that has yet been.
produced of the Chilliwack Group on the
Canadian side of the border and he rec-
ognized the probable diachronous nature:
of the Permian limestone bodies.
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Field work in the Chilliwack area by
W. R. DANNER and laboratory work car-
ried on at the University of British
Columbia by K. SADA as a post-doctoral
fellow was financed by grants from the
National Research Council of Canada.
Further work on this project was carried
out while DANNER was visiting Professor
at Hiroshima University under the aus-
pices of the Japan Society for the Pro-
motion of Science.

Geology

The Chilliwack Group is composed of
a sequence of argillites, fine- to coarse-
grained volcanic arenites, rare conglom-
erates, large and small limestone bodies
and near the top a volcanic unit of
altered basic to intermediate flows, tuffs
and silicified tuffs and chert. The base
is not exposed. The top is overlain
disconformably or is infault contact with
fine- to medium-grained volcanic arenites
and argillites of the late Triassic-early
Jurassic Cultus Formation.

In the Chilliwack area the maximum
total thickness of the Chilliwack Group
is estimated to be about 5700 feet
(MONGER, 1966). The sequence is com-
plexly folded and faulted and in some
instances is inverted. Most of the
Chilliwack rocks, except for the lime-
stones, are not distinctive enough that
they can be easily defined as formations
and used for correlation. However, the
limestones are diachronous and their
bases and tops are not stratigraphic
horizons, a phenomena noted in other
western Cordilleran North American
limestones of similar environment (SKIN-
NER & WILDE, 1965). Mostly it is only
fossils in the limestones that offer reli-
able indications. It is also very difficult
to identify whether the argillites and
fine- to medium-grained volcanic arenites

belong to the Chilliwack Group or to a
similar lithology of the younger late
Triassic-early Jurassic Cultus Forma-
tion.

Throughout the area of the Chilliwack
Group lower Permian and lower Penn-
sylvanian limestones form the two most
prominent marker units. Between them
is a clastic sequence ranging from fine-
to coarse-grained volcanic arenites and
coarse conglomerates. At several local-
ities this clastic sequence contains plant
fragments. It is between 450 and 800
feet thick in the Chilliwack area but
may be 300 feet or less in parts of
northwestern Washington.

Lower Permian fusulinid-bearing lime-
stone is found as large and small beds
and lenses. It is dark grey to light
grey and buff in color. Locally it is
dolomitized and contains a considerable
amount of black to grey secondary
chert. It is commonly cliff-forming and
where internally folded has thicknesses
of more than 2000 feet. The maximum
normal thickness found by MONGER is
300 feet. To the south in Washington
State it is generally thinner and may be
represented by two or more limestone
members separated by shales.

MONGER (1966), noted fusulinids to be
the commonest fauna in the Permian
limestone and found them to be most
abundant at the top of the limestone
bodies underlying the Chilliwack volcanic
unit. Associated with the fusulinids are
bryozoans, crinoid columnals and rare
gastropod and brachiopod fragments.
Large corals (Dibunophyllum ?) are often
present. Many of the limestone bodies
in the Chilliwack Group are recrystal-
lized and only outlines of the fossils are
preserved. Recrystallization is most
common in the eastern part of the area
nearer the contact with the Cenozoic
Chilliwack Batholith.
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Discussion of the Fauna

The Chilliwack Group early Permian
fusulinid collections from the Chilliwack
area of British Columbia contain Pseudo-
Sfusulinella danneri SKINNER & WILDE,
Parafusulina laudoni SKINNER & WILDE,
and Parafusulina mongerti, sp. nov. at the
top of the lower Permian limestone unit
or in numerous small limestone pods
underlying and interbedded with the
volcanic unit. A few schwagerinids oc-
cur in the larger limestone bodies but
our specimens are generally not well
enough preserved for description. Para-
Jfusulina is very abundant and in some
localities may be the only fusulinid
present. In contrast, to the south in
Washington at Black Mountain Para-
fusulina is rare at most localities and
schwagerinids are abundant and well
preserved.  Pseudofusulinella danneri
SKINNER & WILDE, is relatively abun-
dant at both of our localities and at
Black Mountain.

It seems apparent, as suggested by
MONGER (1966) that the Washington
fusulinid fauna described by SKINNER &
WILDE (1966) represents a slightly older
fauna than the fusulinids described here
from the Chilliwack area. However, we
do not have enough well preserved
schwagerinid material to describe and
to see if they correlate with the Black
Mountain fauna of SKINNER & WILDE.
The Chilliwack area early Permian Para-
fusulina zone seems to correlate most
closely with zone H in the McCloud
Limestone of California (SKINNER &
WILDE, 1965) and is of early Leonardian
age. The Chilliwack fusulinid fauna
appears to be younger than most of the
eastern facies of the Cache Creek Group
to the north in the Kamloops area of
British Columbia.

Chilliwack Fossil Localities

Locality M1: (James MONGER thesis
locality No. 5) Limestone on side of
logging road, just north of saddle, 24
miles south of Bridal Falls, altitude 4,000
feet. South side of Fraser River valley.

Locality D1: Talus blocks from hill-
side above lower forks of Liumchen
Creek. Along logging road and in creek
bed. Altitude about 2,000 feet. Many
of the fusulinids are silicified.

Systematic Paleontology
Subfamily Fusulininae von MOLLER, 1878
Genus Pseudofusulinella THOMPSON, 1951

Type-species :— Neofusulinella occiden-
talis THOMPSON & WHEELER, 1946

Pseudofusulinella danneri
SKINNER & WILDE

Pl. 11, figs. 1-13

1966. Pseudofusulinella danneri SKINNER &
WILDE. Pal. Contrib. Univ. Kansas,
Paper 4, pp. 42-43, pl. 34, figs. 1-5.

Description :—The shell of Pseudofusu-
linella danneri SKINNER & WILDE is small
and thickly fusiform, having a straight
axis of coiling and moderately pointed
poles. The lateral slopes are straight
to slightly concave. The mature shells
of seven to nine volutions of eight spe-
cimens are 5.25 to 7.00 mm. in length and
275 to 3.67mm. in width. The form
ratio ranges from 1.81 to 2.32.

The outside diameter of the proloculus
varies from 75 to 207 microns, commonly
113 to 188 microns. The shell is tightly
coiled in the inner three volutions and
expands rapidly and uniformly in the
outer volutions. The radius vectors of
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the 1st to the 9th volution of eight spe-
cimens are 94-132, 118-226, 245-321, 358-
491, 491-673, 675-887, 849-1170, 1435-1095

and 1748-1824 microns, respectively. The-

heights of the chambers are about the
same throughout the length of the shell
excepting in the extreme polar regions.
There the chambers slightly increase
in height.

The spirotheca is thin and composed
of the upper and lower dense layers, a
tectum and a thin porous layer. The
thickness of the spirotheca of the lst to
the 8th volution of eight specimenrs is
16-50, 23-50, 29-69, 29-96, 34-98, 36-92,
59-105 and 46-121 microns, respectively.
The proloculus wall is thin and its aver-
age thickness measures 37 microns.

The septa are almost plane in the
region of the tunnel and closely fluted
in the extreme polar regions. The septal
counts of the Ist to the 7th volution of
a specimen illustrated as Fig. 11 on Pl
11 are 11, 15, 20, 22, 23, 32 and 32, respec-
tively.

The chomata are well developed
throughout the growth of the shell,
reaching nearly to the tops of the
chambers. The tunnel angles are 18 to
23 degrees in the 8th volution.

Remarks and comparison:—The pre-
sent specimens resemble Pseudofusu-
linella danneri SKINNER & WILDE more
closely than any other known species
of the genus in the shell-shape, the

data. P.danneri was originally described
by SKINNER & WILDE (1966) from the
Permian Chilliwack Group in the Black
Mountain area, northwestern:-W.ashing:
ton. This species was mainly charac-
terized by the thick fusiform shells, the
large proloculus for a member of this
genus, the well developed chomata and
the straight to slightly concave lateral
slopes of the shells. The last one plays
an important role in the specific varia-
tion of this species. As shown by the
figures of the holotype and the para-
types. this reveals considerable variation
in the shell shape. The holotype (SKIN-
NER & WILDE, 1966, pl. 34, fig. 1) is thick
fusiform with concave lateral slopes but
the paratypes (SKINNER & WILDE, 1966,
figs. 2 and 3) are thick fusiform with
straight lateral slopes. We here desig-
nate the holotype as a-form and the
paratypes as -form. :

The specimens we described are also
as variable in their shell-shape as the
original specimens of the species de-
scribed by SKINNER & WILDE (1966). The
specimens illustrated here as Figs. 1, 2,
and 4 on Pl 11 coincide with a-form and.
the other specimens illustrated as Figs.
5 to 10 on the same plate are referable
to B-form in the shell-shape. The lat-
eral slopes of the former are concave
and the ones of the latter are straight.

Of these specimens the forms illus-
trated as Figs. 8 to 10 on PL 11, all

internal characters and the statistic belonging to B-form, are somewhat larger
Explanation of Plate 11
All x10 except fig. 13
Figs. 1-13. Pseudofusulinella danneri SKINNER & WILDE

1-10. Axial sections; Rg. No. M44, M42, M34, M43, M49, M48, M41, M45, D1 and M46,.

respectively.

figure of fig. 10 showing wall structure.

11-12. Sagittal sections: M50 and D7, respectively.

13. Enlarged.
x123.
Photos by K. Sapa
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than the holotype and paratypes of P.
danneri in size, having 6.35 to 7.00 mm.
in length and 3.10 to 3.67 mm. in width
of the shells. However, these specimens
quite resemble the paratypes of the
species in the shell-shape and -the other
internal characters of the shells. There-
fore we can hardly avoid the conclusion
that these should be the fully grown
specimens of Pseudofusulinella danneri.

The present specimens are somewhat
similar to Pseudofusulinella pinguis
SKINNER & WILDE (1965, p. 38, pl. 53,
figs. 6-10) from the upper part of the
McCloud Limestone of northern Cali-
fornia and (1966, p. 12, pl. 9, figs. 2-5)

. 026 . 039 . 041 . 029 . 041 . 059 . 072 . 092 . 059

.046 . 016 . 029 . 052 . 029 . 050 . 085 . 089 . 059
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.034.029.034.034.044 . 034 . 036 . 057 . 085
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. 849 1.435 1.748). 026 . 016 . 023 . 029 . 029 . 034 . 036 . 059 046 . 061

.491 . 673 . 887 1.170 1. 095 1. 824|. 046 . 050 . 050 . 069 . 096 . 098 . 092 . 105 . 121

Measurements of Pseudofusulinella danneri SKINNER & WILDE.
.150/. 132 . 118 .321 . 491 . 637 .675 1.170 1.397 1.824l. 046 . 050 . 044 . 069 . 071 . 098 . 073 . 080 . 098

Table 1.
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Description :—The shell of Parafusu-
lina mongeri SADA & DANNER, sp. nov.
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is large and elongate cylindrical, with
a straight axis of coiling and bluntly
pointed to rounded poles. The lateral
slopes are convex. The shell of the
holotype (Pl 12, fig. 1) is 15.75mm. in
length and 3.67 mm. in width. Its form
ratio is 4.29.

The outside diameter of the proloculus
is 250 to 450 microns. The proloculus
wall is 18 to 37 microns. The radius
vectors of the 1st to the 7th volution of
four specimens are 50-250, 350-450, 450-
650, 600-900, 800-1250, 1050-1600 and 1500-
2250 microns, respectively. The chamber
is nearly the same in height throughout
the length of the shell except the polar
regions.

The spirotheca is composed of a tectum
and coarsely alveolar keriotheca. The
thickness of the spirotheca is 18-56, 18-
37, 18-56, 56-75, 56-151 and 56-151 mi-
crons, respectively, for the 1st to the
6th volution.

The septa are thin, closely spaced,
narrowly, highly and regularly fluted
throughout the shell. Cuniculi are pre-
sent in the outer volutions. The septal
counts of a specimen are 14, 27, 29, 34,
41 and 40, respectively, for the 1st to
the 6th volution. The tunnel is very
narrow and less than 30 degrees in the
outer volutions. The chambers along
the axial region of the inner four to
five volutions are filled with dense de-
posits.

Remarks :— Parafusulina mongeri SADA
& DANNER, sp. nov. resembles P. laudoni
SKINNER & WILDE from northwestern
Washington more closely than any other
known American species belonging to
the genus. However, the former species
can be distinguished from the latter by
its cylindrical shell, the slower expan-
sion of the shell, the smaller proloculus,
the weaker and more regular septal
fluting, the lighter axial fillings and the
smaller tunnel angle. Parafusulina mon-
geri, sp. nov. bears a certain similarity
to P. belcheri THORSTEINSSON (in HARKER
& THORSTEINSSON, 1960, pp. 29-30, pl. 9,
figs. 1-5; pl. 10, figs. 1-5) from Grinnell
Peninsula, Arctic Archipelago. The ma-
jor difference between these two species
is that P. belcheri is smaller at maturity,
has weaker septal fluting, a broad tun-
nel angle and no axial fillings.

Occurrence:—Abundant at Loc. “D1”
in Chilliwack valley, British Columbia.
All of the illustrated specimens (Pl 12,
figs. 1-4; Pl 13, fig. 4) came from Loc.
“D1”.

Parafusulina laudoni SKINNER & WILDE

P1.-13, figs. 1-3, 5-6

1966. Parafusulina laudoni SKINNER & WILDE.
Pal. Contrib. Univ. Kansas, Paper 4, pp.
43-44, pl. 36, figs. 2-5.

Description :—The shell of Parafusu-

Explanation of Plate 12

All x10 except fig. 5

Figs. 1-4.

Parafusulina mongeri SApA & DANNER, sp. nov.

1. Axial section of holotype: Rg. No. D20. 2-3. Axial sections of paratype: Rg. Nos.

D16 and D14, respectively.

4. Sagittal section: Rg. No. D10.

Fig. 5. Tangential section of Parafusulina laudoni SKINNER & WILDE showing cuniculi.

x66.6. Reg. No. M46.

Photos by K. Sapa
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lina laudoni SKINNER & WILDE is large
‘ and elongate subcylindrical, having a
straight axis of coiling, bluntly pointed
poles and convex lateral slopes. The
shell of eight volutions of the typical
specimen (Pl 13, fig. 1) is 17.00 mm. long
and 4.35mm. wide, giving a form ratio
of 3.90.

' The proloculus is large and spherical
to subspherical. Its outside diameter
ranges from 350 to 550 microns. The
proloculus wall is thin, measuring 37

.018 . 018 . 018 . 018 . 056 . 056 . 056

. 037 . 056 . 037 .056 .075 . 151

. 151

.037 . 056 .037 .075 .037 .094 .113

Radius vector
.200 . 350 .550 . 800 1.050 1. 400

microns. The radius vectors of the Ist
to the 8th volution are 264-350, 434-550,
661-800, 887-1100, 1208-1600, 1605, 1907
and 2304 microns, respectively. The
chamber is nearly the same in height
throughout the length of the shell ex-
cept at the extreme polar regions.

The spirotheca consists of a tectum
| and coarsely alveolar keriotheca. The
thickness of the spirotheca of the lst to
the 8th volution of two specimens is 37,
37, 37-56, 56-94, 75-113, 94, 113 and 113
microns, respectively.

The septa are strongly fluted through-

. 800 1. 050 1.500

. 950 1. 200 1.650
. 250 . 450 . 650 . 900 1.250 1.600 2.250

.250 . 350 .500 .700

. 050 . 350 . 450 . 600

Prol.
. 250

out the length of the shell. The phreno-
theca are developed partly in the outer

. 350
50
. 450

R.

volutions. The septal counts of a spe-
cimen (PL 13, fig. 5) are 11, 22, 31, 40, 43

Ww.

and 44, respectively, for the 1st to the
6th volution. Their number in the 7th

15.75 | 3.67 | 4.29

| volution is unknown because of the in-
! complete test. Cuniculi are present in

— 1 4.25 | — {:ggg . 250 . 450 . 650 .900 1.250 1.600 2.250 | .037 .037 .037 .056 .075 .151

— | 3.7 | —
10.50 | 2.50 | 4.20
15.75 | 4.25 | 4.29

Table 2. Measurements of Parafusulina mongeri Sava & DANNER, sp. nov.

1

{ the outer volutions. The tunnel angles
are 40 to 45 degrees in the 6th volution
of a typical specimen. Heavy dense de-

2 110.50| 2.50 | 4.20 {:ggg .050 . 350 .450 .600 .800 1.050 1.500 | .018 .018 . 018 . 018 . 056 . 056 . 056

Max.

Pl
12
13

posits are present along the axial region.
Remarks:—In the shell-form, the inter-

12
12

Min.

Rg.
No.
D20
D23

nal biocharacters and the measured val-
ues, the present specimens show striking

Speci-
men

similarities to the specimens described
under the name of Parafusulina laudoni
by SKINNER & WILDE (1966) from the
Permian Chilliwack Group on the north
side of Black Mountain in Whatcom

D16
D14
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County, Washington. They may be con-
specific. The typical specimen (Pl 13,
fig. 1) is slightly larger in size.than the
holotype (SKINNER & WILDE, 1966, pl. 36,
fig. 2) of P.laudont, but this-falls within
the limits of the individual variation
of the species.

Occurrence:—Abundant at Loc. “M1”
in Chilliwack area, British Columbia.
All of the illustrated specimens (Pl 13,
figs. 1-3, 5-6) came from Loc. “M1”.
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Figs. 1-3, 5-6. Parafusulina laudoni SKINNER & WILDE
1-3. Axial sections: Rg. Nos. M52, M53 (the immature specimen) and M39, respectively..
5-6. Sagittal sections: Rg. Nos. M59b and M59a, respectively.

Fig. 4. Parafusulina mongeri SADA & DANNER, Sp. nov.

4. Axial section: Rg. No. D23.
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OMMA-MANGANJIAN MOLLUSCAN FAUNA IN THE

FUTATSUI AREA OF NORTHERN AKITA, JAPAN*
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Introduction '

“The molluscan fauna in the marine
Pliocene of the Japan Sea coast of Hon-
sshu has been generally called the Omma-
‘Manganjian fauna. The name was pro-
posed by OTUKA (1939a) who described
the fauna as “a fauna of the Japan Sea
during the Pliocene”. It has been
‘thought to be composed of cold deep
water inhabitants (OTUKA, 1939b ; HATAI
:and NISIYAMA, 1939 etc.). CHINZEI (1963)
noted that species characteristic to the
fauna are mostly dwellers of off-shore
muddy or fine sandy bottoms with ele-
‘ments intermingled from gravelly facies.

17, 1972; 16,
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He regarded the fauna as representa-
tive of the off-shore assemblages of the
Pliocene in Northeast Japan, and com-
pared it with the shallow sea assem-
blages of the Tatsunokuchian fauna.

In detail, however, the composition of
the fauna varies remarkably in different
areas and at different localities, even in
areas typical of the Omma-Manganjian
fauna such as Kanazawa (HATAI and
NISIYAMA, 1939 ; KASENO and MATSUURA,
1965) and Manganji in southern Akita
(OTUKA, 1936). This suggests that the
fauna includes assemblages representing
various types of environments, and that
the fauna does not always represent an
off-shore community. Detailed analysis
has only been done by KASENO and
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MATSUURA (1965) on the fauna in the
Kanazawa area. KASENO and MATSUURA
concluded that the molluscan fauna of
the Omma formation is composed mainly
of upper sublittoral species, although
the shells are mostly transported and
mixed with those of different habitats.

In this paper, the writer will present
a brief description of the molluscan
assemblages in the Pliocene deposits of
the Futatsui area, northern Akita Pre-
fecture. This area is known as one
where molluscan fossils belonging to
the Omma-Manganjian fauna are found
abundantly.

Analysis is made of the modes of
fossil occurrence and the type of sedi-
ments that contain the fossils. Five
types of molluscan assemblages can be
distinguished when discussion is con-
fined to the autochthonous individuals
or individuals transported only a short
distance. Each type of assemblage is
characterized by two or three predo-
minant or common species, and is in a
particular sedimentary facies. In this
respect, an assemblage may be regarded
as a unit whose constituents have a
close ecological relationship to each
other.

The combined occurrence of these
assemblages including the species com-
position of each assemblage is consi-
dered to be typical of the Omma-Man-
ganjian type molluscan fauna.

Acknowledgements: Professor Tetsuro
HANATI and the writer’s colleagues at the
Geological Insitute, University of Tokyo
made valuable suggestions during the
course of the study. Comments on stra-
tigraphical problems were made by Dr.
Jiro HIRAYAMA of the Geological Survey
of Japan. The manuscript was read by
Professor T. HANAI, and Mr. John
GRIMMER of the University of Califor-
nia, Los Angeles. The writer wishes to

express his deep thanks to these persons.

Qutline of stratigraphy and descrip-
tion of sedimentary facies

The Futatsui area is situated at the
northeastern corner of the Akita oil-
field. The upper part of the marine
Neogene is exposed in this area form-
ing gentle folds with a NNE-SSW trend.
The stratigraphy of the Neogene de-
posits in this area is similar to that in
the type-section of the oil-field in the
Akita area. In the study area the forma-
tions are dominated by marine clastic
deposits, while the Neogene deposits
exposed to the immediate east and the
north of the study area are rich in
altered volcanic materials known as the
Green-Tuff.

The lowest horizon exposed in the
area is the Upper Nanakura tuff mem-
ber of the Fujikotogawa formation (HI-
RAYAMA and SuMI, 1963). It is composed
of fine acidic pumices containing large
numbers of pumice blocks and other
lithic fragments. The tuff is correlated
with the top of the upper Miocene Fu-
nakawa formation of the Akita area.

The Upper Nanakura tuff is overlain
conformably by a grey massive siltstone
more than 450 m thick. This siltstone
is a part of the Kobinaizawa formation
(HIRAYAMA and Suwmi, 1963). The main
part of the siltstone is correlated with
the Tentokuji formation as judged from
the stratigraphic position and lithology.
It is a coarse-grained homogeneous silt-
stone, and is tuffaceous, containing
small fragments of volcanic glass, pla-
gioclase, hornblende and other crystals.
Thin layers of pumice-tuff and tuffa-
ceous fine-grained sandstone are found
rarely. The upper part of the siltstone
becomes sandy, and is intercalated by
very fine-grained silty sandstone. Mol-
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Text-fig. 1. Geologic map and fossil localities of the Futatsui area.

1-63 : fossil localities; A-M: the locations where the columnar sections (Text-fig. 2) are
measured. Symbols for geologic map; 1: sands and gravels, 2: bedded pumice tuff,
3: fine- and medium-grained sandstone, 4: siltstone, 5: the Upper Nanakura tuff.
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luscan remains are found sporadically
in- the upper ‘horizon of the siltstone.
They are the assemblage of muddy
facies referred to in the following sec-
tions. Foraminifera are also found in
the siltstone.

Near the northeastern corner of the
area, between Locs. 49 and 51, a con-
glomerate lens 50cm to 2m thick is
intercalated between the siltstone and
an overlying fine-grained sandstone.
It is composed of andesitic granules and
pebbles, and contains abundant water-
worn fragments of shells.

The siltstone is overlain conformably
by fine-grained sandstone. The sand-
stone probably corresponds to the Sasa-
oka formation of the Akita area although
the stratigraphic relationship between
the two is not possible to ascertain
directly because the sandstone is sepa-

rated from other areas of the oil-field
by anticlinal highs of the underlying
formations. The lithology of the sand-
stone resembles the Tofuiwa facies
(TAKAYASU, 1861) of the upper Sasaoka
formation at the type locality. The
sandstone is massive or very weakly
bedded with interbedded layers of pum-
ice-tuff. It is mainly composed of well-
sorted grains of volcanic rocks, crystals
and pumices. The sand fraction is 75 to
85 percent in general, and the modes of
the frequency distributions of the grains
average approxXimately 3.5¢. Medium- to
coarse-grained strata are exceptionally
seen in the lower part of the sandstone
in the southeastern corner of the area
(columns L and M in Text-fig. 2). Thin
layers of siltstone are also seen in the
southwest. The sandstone contains rich
molluscan fauna. They are grouped in

AR

Nanakura tufr

[

Text-fig. 2. Columnar sections of the upper Neogene deposits in the Futatsui area,
indicating the stratigraphic horizon of fossil localities.

A-M correspond to the localities indicated in Text-fig. 1. Symbols for sedimentary

facies; a: medium-grained sandstone,

b: fine-grained sandstone,

c: siltstone, d:

pumice tuff, e: thin tuff layer, f: conglomerate.
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this paper as the assemblages of the
fine-grained sand facies.

As shown in Text-fig. 2, the boundary
between the sandstone and the underly-
ing siltstone obliquely crosses the inter-
bedded pumice-tuff layers which are pro-
bably isochronous horizons. The sand-
stone occurs at the lowest horizon in
the northeastern part of the area while
the uppermost horizon of the siltstone
is seen in the western part of the area.
The sandstone is thickest in the north-
east where it is approximately 400 m
thick. It is 250 to 300 m thick in the
west.

The upper part of the sandstone
grades upward into a medium-grained
loose sandstone mineralogically similar
to the fine-grained part. This medium-
grained sandstone is poorly stratified
and rich in pumice grains. A cluster
of molluscan shells was found in a lower
horizon of the medium-grained sand-
stone in the western part of the area
(Loc. 63 of Text-fig. 1). Median diame-
ter of the grains of the sandstone at
Loc. 63 is 2.1¢ and the sand content is
approximately 65%.

The sandstone is overlain by well
bedded light grey pumice tuff beds.
The tuff beds are covered by thick
alternating sands and gravels which
form the plateau of Oonotai. Judging
from their sedimentary features these
tuff and gravel beds were considered
by HIRAYAMA and SuMr (1963) to be of
fresh water origin. As they are nearly
horizontal, they probably cover the un-
derlying slightly inclined sandstone un-
conformably.

Modes of fossil occurrence

The sediments in which fossil mol-
luscs are found can be divided into four
types, mud, fine-grained sand, medium-

grained sand, and gravels. The modes
of fossil occurrence can be closely cor-
related with these sediment types.

1. Muddy facies. The muddy facies
fauna is most common in the siltstone
beds which correspond to the Tentokuji
formation. The fauna also occurs spora-
dically in silty layers interbedded in the
lower part of the fine-grained sandstone.

Molluscs are scattered in the siltstone
with a frequency, in general, of 1 to 5
per square-meter of the outcrop. The
individuals usually do not have a par-
ticular orientation. At Locs. 14 and 40,
such flat shells as Nuculana and Pandora,
are found lying parallel to the bedding
planes of thin patches of very fine-
grained sandstone. Most of the bivalves
occur with conjoined valves except for
some specimens of Serripes groenlandica.
Minute sculpture of the shell-surface
and even fragile protoconchs of some
gastropods are well preserved. There
is no indication of transportation.

2. Fine-grained sand facies. Fossils
can be seen at most of the exposures
of the fine-grained sandstone, and they
are especially abundant in the western
area. In the usual case, they are scat-
tered very densely, and do not form
particular fossil beds. Exceptions are
found at Locs. 22, 31, 36, 38, 39 and 43,
where the shells are clustered in beds.
The number of individuals varies from
6 (Loc. 62) to more than 400 (Loc. 45)
per square-meter of exposure surface.

Bivalves are mostly conjoined even
when occurring in clusters. They are
randomly oriented in the sandstone ex-
cept for Mya cuneiformis which is nearly
vertical with the posterior upwards.
Gastropods, represented abundantly by
Turritella saishuensis, do not show any
marked orientation. The majority of
bivalves and gastropods do not show
evidence of transportation by water.
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3. Medium-grained sand facies. A
bed of shells was found at Loc. 63 in
the medium-grained sandstone. It is a
lens 20cm in maximum thickness and
more than 6 m in length. Bivalves are
invariably represented by odd valves
which are arranged parallel to the bed-
ding plane. Broken and fragmental
shells are abundant. Although the sur-
face sculpture of the shells is well pre-
served, they were undoubtedly trans-
ported and accumulated by water. Tests
of the flat echinoid, Echinarachnius cf.
humilis Nisiyama, are found in the lower
part of the shell bed.

4. Gravel facies. The gravel facies

Table 1.

fauna is found in the lenticular conglo-
merate at the base of the fine-grained
sandstone. Molluscs are all worn and
broken. They are mixed with the gra-
vels. The shells were probably trans-
ported by water from remote places.

Molluscan assemblages

Judging from the modes of occurrence
described above, the molluscs found in
the muddy and the fine sand facies can
be regarded as autochthonous, preserved
at or near the place of their origin.
The species observed at an outcrop are
considered to have some ecological rela-

List of molluscan fossils found in muddy facies in the Futatsui area.

Assemblage

Nuculana - Turritella nipponica

Locality
Species

12 13 14 17 18 23 24 27 40 48 49 50 51 52 53 56 57

‘ Turritella nipponica YOKOYAMA
Fulgoraria prevostiana (CROSSE)

oo

(e Je]

Buceinum tsubai KURODA

Veptunea sp.

Tectonatica tugaruana (NOMURA & HATATI)
Fusitriton oregonensis (REDFIELD)

Propebela sp.

Admete tabatai (YOKOYAMA)

Rectiplanes sadoensis (YOKOYAMA)

Turricula kaderleyi (LISCHKE)

Nuculana robai KURODA
Macoma calcarea (GMELIN) .

0O0—+ 0O—O0

Serripes groenlandica BRUGUIERE
Pandora pulchella (YOKOYAMA)
Acila cf. insignis (GOULD)

o
e o e O

Limopsis tokaiensis YOKOYAMA

Limatula kurodai OYAMA

Panomya beringiana DALL

Panomya simotomensis OTUKA .
Clinocardium sp.

Portlandia japonica (ADAMS et REEVE)

Nuculana sp.

Ennucula tenuts (MONTAGU)

Nuculana yokoyamai KURODA

Lucinoma acutilineatwn (CONRAD)
Venericardia ferruginea (CLESSIN)

Periploma sp.

Palliolum peckhami (GABB)

Astarte borealis (SCHUMACHER)
Thyasira bisecta (CONRAD)

Siphonodentalium sp.

Individual number / m? of outcrop;
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tionship to each other.

Molluscs found in the medium-grained
sand facies were apparently transported
as noted above. They are, however,
treated here tentatively as an assemblage
of the medium-grained sand facies since
they are thought to have lived not far
from the place of deposition judging
from the state of preservation. The
assemblage contained in the gravel
facies is a mixture of species from more
than one habitat.

1. Muddy facies

Molluscs found in the muddy facies
are listed in Table 1. The difference
in species compoesition by locality is
noticeable. This may result partly from
the chance of observation because the
density of individuals in the sediment
is extremely low.

The muddy facies fauna is charac-
terized by a richness of gastropod
species compared with the assemblages
in the fine-grained sand facies. The
fauna may be called the Nuculana—
Turritella nipponica* assemblage since
Nuculana robai and Turritella nipponica
are the species most commonly seen in
the muddy facies. Other characteristic
species of the assemblage are Recti-
planes sadoensis, Fulgoraria prevostiana,
Buccinum tsubai, Neptunea sp., Admete
tabatai, Macoma calcarea, Pandora pul-
chella, Panomya beringiana, Thyasira
bisecta, Portlandia japonica, etc. The
assemblage is typically seen at Loc. 24.

Turritella nipponica is relatively com-
mon in the upper part of the siltstone
and in the silty layers interbedded in
the fine-grained sandstone. In these

* Because two species each of Turritella,
Macoma, and Acila are recognized in this
area, the assemblages are termed by the
species names in order to discriminate be-
tween them.

lithologies the species associated with
T. nipponica are more or less different
from those found in the typical assem-
blage. Nuculana robai and gastropods.
are generally absent. In some localities,
e.g., Locs. 17 and 18, T. nipponica is
associated with Limopsis tokaiensis and
no other molluscan species. Limopsis
tokaiensis is commonly found in the
Turritella—Limopsis— Acila assemblage
of the fine-grained sand facies. These
facts suggest that the variety of assem-
blage characterized by T. nipponica and
Limopsis tokaiensis is the transitional
between the typical muddy facies as-
semblage and the fine-grained sand
facies assemblage.

2. Fine-grained sand facies

The molluscan fauna contained in the
fine-grained sand facies is characterized
by the predominant occurrence of Tur-
ritella saishuensis motidukii, Mya cunei-
formis and Macoma tokyoensis, except
in the northeastern part of the area
where the former two species are rare.
The fauna can be divided into two major
assemblages on the basis of the differ-
ence in species associated with the do-
minant three forms. The assemblages
are Turritella saishuensis— Limopsis—
Acila nakazimai, and Turritella saishu-
ensis—Macoma tokyoensis— Mercenaria.
Although no appreciable difference can
be detected between the sediments con-
taining the two assemblages, the stra-
tigraphic distribution of the faunas is
different. The Turritella—Limopsis—
Acila assemblage is concentrated in the
lower part of the fine-grained sandstone,
whereas the Turritella—Macoma— Mer-
cenaria assemblage is characteristic of
the middle part.

In addition to the two assemblages
above, an assemblage dominated by
Felaniella usta and Thracia kakumana
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Table 2.

List of molluscan fossils found in fine-grained

Assemblage

Turritella saishuensis -
Limopsis - Acila nakazimai

Felaniella
- Thracia

Locality
Species

15 16 19 20 25 26 28 29 30 31 33 34 41 42 4;7 35 36 1

Turritella saishuensis
motidukii OTUKA

©—00 - 000000 O —1—

|| Mohnia sp.

Macoma tokyoensis MAKIYAMA

| Mercenaria stimpsoni (GOULD) — e

o | O —

Clinocardium sp.
Anadara amicula (YOKOYAMA)

| Protothaca adamsi (REEVE)

| Mya cuneiformis (BOHM)

| Thracia kakuwmana (YOKOYAMA)

i| Serripes groenlandica BRUGUIERE
Felaniella usta (GOULD)

| Dosinia japonica (REEVE)

4 Acila cf. insignis (GOULD)

ceco @
,

|| Glycymeris yessoensis (JAY)

‘| Patinopecten kurosawensis (YOKOYAMA)

i| Peronidia protovenulosa (NOMURA)
Lucinoma acutilineatum (CONRAD)

|

Thyasira bisecta (CONRAD) .

Macoma calcarea (GMELIN)

.| Yoldia notabilis YOKOYAMA
Spisula voyi (GABB)

‘| Astarte borealis (SCHUMACHER)

| Panomya simotomensis OTUKA

Venericardia ferruginea (CLESSIN)
‘| Aeila nakazimai OTUKA
Limopsis tokaiensis YOKOYAMA

—O0——0 00 ce
—O0—0 00O O . ©e

© °© (0]

Individual number / m2 of outcrop: @ >10,

‘is found in the middle horizon of the
‘fine-grained sandstone.

.a) Turritella saishuensis—Limopsis—

Acila nakazimai assemblage

This assemblage is characterized by
‘the abundant occurrence of Limopsis
tokaiensis and Acila nakazimai associated
with Turritella saishuensis motidukii. In
general Mya cuneiformis, Venericardia
JSerruginea and Macoma tokyoensis are
also found commonly. Other subordinate
species and individuals are few in num-
ber. The associations simply composed
of Turritella or Turritella and Mya are
included in this assemblage. This as-
semblage is concentrated in the lower
part of the fine-grained sandstone and
in the west.

© 10-6,05-3, <2

Detailed study reveals that the as-
sociation of species found on the same
bedding plane or within a single layer
is simple in composition, but varies with
locality or horizon. The following as-
sociations of species can be recognized;
species are arranged in the order of
abundance of individuals.

Turritella (monospecific) Loc. 20
Turritella— Mya Locs. 26, 34
Turritella— Mya— Limopsis Loc. 33
Turritella— Mya— Acila Loc. 28
Turritella—Limopsis  Locs. 26, 29, 31
Turritella—Limopsis— Venericardia
Locs. 30, 45
Turritella— Acila— Limopsis Loc. 42
Limopsis— Acila—Turritella Loc. 26
Limopsis— Acila— Mya Loc. 26
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Turritella saishuensis - Macoma tokyoensis - Mercenaria
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Limopsis— Venericardia Loc. 26 kyoensis and Mercenaria stimpsoni asso-

Limopsis—Mya Loc. 19
The greatest number of associations are
found at Loc. 26, where five different
associations are observed repeatedly
within a 30 m sequence. The differences
in species associations probably indicate
minor environmental differences. Acila
and Venericardia do not occur together.
This may suggest that the two species
were in competition for the same ecolo-
gical niche, as the modes of life of these
genera are quite similar to each other.

b) Turritella saishuensis—Macoma tokyo-
ensis— Mercenaria assemblage
This assemblage is characterized by
the common occurrence of Macoma to-

ciated with Protothaca adamsi, Anadara
amicula, Clinocardium sp., Dosinia ja-
ponica, and some other bivalves. Tur-
ritella saishuensis motidukii is abundant
at most of the localities, and Mya cunei-
formis is also commonly found. Other
noteworthy species in this assemblage:
are Tellina protovenulosa, Spisula voyi,
Mactra kurikoma, and Patinopecten kuro-
sawensis although they are rare. These
species have been reported from several
areas of the Omma-Manganjian faunal
distribution as the important consti-
tuents of the fauna. A large and well
preserved shell of Patinopecten kurosa-
wensis was collected at Loc. 44. Shells.
of Serripes groenlandica and Glycymeris
vessoensis were recognized at several
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localities. They are rare, ordinarily oc-
curring as single valves, some of which
are broken. These species are probably
not indigenous to the assemblage.

The relative abundance of some of the
associated species is somewhat variable.
“The assemblages of Locs. 2 and 21 are
dominated by Acila insignis, and those
of Locs. 22 and 38 by Anadara amicula.
In general, Anadara amicula becomes
dominant toward the upper horizon of
‘the fine-grained sandstone. At Locs. 22
and 38, shells of Anadara amicula are
mostly conjoined valves which are found
in shell beds 5 to 10 cm thick. Macoma
tokyoensis, Clinocardium sp., etc., are
found in the immediate upper and lower
horizons of the Anadara beds, but are
not seen within the beds.

At Loc. 43, the shells of Turritella
saishuensis, Protothaca adamsi, and Ma-
.coma tokyoensis form an indistinct zone
-of shell cluster, while Mya cuneiformis
specimens are found about 25 to 30 cm
‘below the Turritella zone in their living
position. These modes of occurrence
seem to compare closely with the life
habits of Recent allied forms. These
Mpya probably lived at the same time as
“Turritella and other molluscs, and the
shell bed seems to have preserved this
part of the benthic community at the
‘time of deposition.

.c) Felaniella—Thracia assemblage

This assemblage is found only at
Locs. 35 and 36, both in the middle
horizon of the fine-grained sandstone in
the western part of the area. Loc. 35
is situated at a horizon about 3 m lower
‘than that of Loc. 36. The shells form
.a loosely clustered shell bed at each
locality.

Felaniella usta and Thracia kakumana
are dominant at both localities. The
former species is extremely abundant.

Macoma tokyoensis, Mercenaria stimpsont,
and Tellina protovenulosa are species
commonly associated with the dominant
forms. Turritella saishuensis and Mya
cuneiformis which are abundant in other
assemblages of the fine-grained sand
facies are absent in the shell beds and
the surrounding sediments. A shell bed
composed exclusively of conjoined shells
of Felaniella usta occurs along with the
Felaniella—Thracia bed at Loc. 36.

3. Medium-grained sand facies

As mentioned, molluscs were found
in the medium-grained sand facies only
at Loc. 63 where they form a thin len-
ticular shell bed. The most abundant
species in the bed is Umbonium aki-
tanum. It is associated with Glycymeris
yessoensis and Dosinia japonica. Small
individuals of Mercenaria stimpsoni and
Clinocardium sp. are also found in the
shell bed. The bivalves are all disso-
ciated. Dosinia, Mercenaria, and Clino-
cardium are common in the Turritella—
Macoma— Mercenaria assemblage of the
fine-grained sand facies. The assem-
blage of the medium-grained sand facies
is named the Umbonium—Glycymeris as-
semblage, and tentatively regarded as
typical of the molluscan fauna in the
medium-grained sand facies.

4. Gravel facies

The assemblage found in the conglo-
merate is identified as a mixture derived
from two or more different habitats.
Mercenaria stimpsoni, Felaniella usta, etc.
are found commonly in the fine-grained
sand facies, while the rest of the species,
Glycymeris sp., Patinopecten sp., Swifto-
pecten sp., are not found from the other
facies in the study area.
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Discussion

The molluscan assemblages seen in
the upper Neogene deposits of the Fu-
tatsui area are summarized as follows:

Muddy facies
Nuculana—Turritella nipponica assem-
blage
Fine-grained sand facies
Turritella saishuensis—Limopsis— Acila
nakazimai ass.
Turritella saishuensis—Macoma tok-
yoensis— Mercenaria ass.
Felaniella—Thracia ass.
Medium-grained sand facies
Umbonium—Glycymeris ass.

The order of the assemblages corres-
ponds in general to their stratigraphic
distribution as shown in Text-fig. 3.
The distribution of assemblages coin-
cides well with the distribution of the
sedimentary facies. The boundary be-
tween the muddy facies assemblage and
the fine-grained sand facies assemblage
coincides with the sedimentary boundary
which crosses the isochronous tuff beds
obliquely. Moreover, the muddy facies
mollusc Turritella nipponica and its as-
sociates, appear repeatedly in the silty
layers in the lower part of the fine-
grained sandstone. Accordingly the
distribution of molluscs is seemingly
controlled by the distribution of sedi-
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Text-fig. 3.

Schematic stratigraphic section of the Futatsui area and

the distribution of the assemblages.

A-M correspond to the localities indicated in Text-fig. 1. Symbols for sedimentary

facies and assemblages; a:

siltstone,

b: fine-grained sandstone, c: medium-

grained sandstone, d: pumice tuff, 1: Nuculana-Turritella nipponica assemblage,
2: Turritella saishuensis-Limopsis-Acila nakazimai assemblage, 3: T. saishuensis-

Macoma tokyoensis-Mercenaria assemblage,

Umbonium-Glycymeris assemblage.

4: Felaniella-Thracia assemblage, 5:
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mentary facies and not by the time-
stratigraphic horizon.

The sediments become generally
coarser in the upper horizons, and are
finally covered by fresh water deposits.
The distribution of formations in the
area surrounding Futatsui also indicates
the withdrawal of the marine environ-
ment towards the west and southwest
during the Pliocene as discussed and
illustrated by UEDA (1965).

Thus the vertical changes in the mol-
luscan assemblages are controlled fun-
damentally by the regressive change of
environment, and the limit of the dis-
tribution is defined by that of the sedi-
mentary facies. The vertical succession
of molluscan assemblages may also be
indicative of the horizontal or geogra-
phical relation of the assemblages. The
muddy facies assemblage probably re-
presents an off-shore, deep water fauna,
while the Turritella— Macoma— Mer-
cenaria or the Umbonium—Glycymeris
assemblages are the near shore and
shallow water faunas. The ecological
relationship in terms of depth between
the latter two assemblages is not clear;
there is, of course, a difference in sedi-
mentary facies.

This conclusion agrees well with
previous conclusion of the writer (CHI-
NZEI, 1961) regarding the Pliocene mol-
luscan fauna of the Sannohe group in
eastern Aomori. In the middle and
upper parts of the Sannohe group, the
assemblages dominated by Turritella
nipponica, Rectiplanes sadoensis, Veneri-
cardia ferruginea and other species com-
mon to the muddy facies assemblage of
the Futatsui area are found in the cen-
tral and deeper part of the sedimentary
basin. The assemblages characterized
by Mercenaria, Peronidia, Anadara, For-
tipecten and other bivalved species are
in the marginal and shallow facies of

the basin. Genera of the molluscan
fauna seen in the marginal facies of the
Sannohe group, the Togawa faunule, are
allied with the genera of the Turritella—
Macoma— Mercenaria -assemblage. Ana-
dara, Dosinia, and some important con-
stituents of the Togawa assemblages
are represented by different species than
those of the Futatsui assemblages. They
are the same as the shallow embayment
assemblages of the Tatsunokuchian
fauna (CHINZEI and IWASAKI, 1967). Con-
sequently, the shallow sea assemblages
seen in the Futatsui area are considered
to be ecologically parallel (THORSON,
1957) to those of the Sannohe area and
the Tatsunokuchian fauna.

Molluscan assemblages composed of
the specics found in the Futatsui area
occur commonly in Pliocene deposits
along the Japan Sea coast of Japan. The
assemblages described by Iwar (1961)
from the Narusawa formation in the
Nishi-Tsugaru District, Aomori, are cha-
racterized by species common to the
Nuculana—Turritella nipponica assem-
blage and also contain species which
occur in the coarse-grained sand or grav-
elly facies which have not been recog-
nized in the Futatsui area. The species
found in the Nuculana—T urritella assem-
blage are the main constituents of the
mudstone fauna of the Pliocene Nishi-
yama and Haizume formations in the
Niigata oil-field (ITOIGAWA, 1958).

Among the molluscan assemblages.
reported by TAKAYASU (1961) from the
fine-grained sandstone of the Sasaoka.
formation in the Akita oil-field, the as-
semblage of his Loc. 6 dominated by
Limopsis tokaiensis is identical with one
of the associations seen in the Tur-
ritella—Limopsis—Acila assemblage of
the Futatsui area. Other assemblages.
of the Sasaoka formation are mixtures
of elements belonging to two or three
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different assemblages in the Futatsui
area. This conclusion is supported by
the observation made by TAKAYASU
(1961) that the shells of these assem-
blages are mostly odd valves :and bro-
ken. The same is true for the assem-
blages contained in the Omma formation
in Kanazawa.

Some of the species characteristic of
the Omma-Manganjian fauna in other
areas are absent or very rarely found
in the Futatsui assemblages. They are
such gastropod as Epitonium spp., Cera-
stoderma spp., Trophonopsis spp., and the
bivalve Astarte borealis and allied spe-
cies, Chlamys spp. and other pectinids,
etc. They are most likely constituents
of assemblage(s) whose habitats did
not exist in the Futatsui area.
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Fig.

1.

Explanation of Plate 14
Anadara amicula (YokovyaMa) x1, Loc. 43, Reg. No. CM 8080.

Figs. 2a,b. Macoma calcarea (GMELIN) X1, Loc. 43, Reg. No. CM 8081. -

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

PN o

Acila (Truncacila) nakazimai OTukA x1.5, Loc. 28, Reg. No. CM 8082.
Felaniella usta (GouLp) x1.5, Loc. 36, Reg. No. CM 8083.

Mercenaria stimpsoni (GouLp) x1, Loc. 44, Reg. No. CM 8084.
Thracia kakumana (Yokoyvana) x1, Loc. 35, Reg. No. CM 8085.
Rectiplanes sadoensis (Yokoyama) x1.5, Loc. 49, Reg. No. CM 8086.
Limopsis tokaiensis YokovyaMmAa x1.5, Loc. 30, Reg. No. CM 8087.

Figs. 9a b. Tectonatica tugaruana NomMURA and HaTtal x1, Loc. 53, Reg. No. CM 8088

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

10.
11.
12.
13.
14.
15.

Nuculana robai (KURODA) X2, Loc. 24, Reg. No. CM 8089.

Umbonium (Suchium) akitanum Suzukxl x1.5, Loc. 63, Reg. No. CM 8090.
Turritella saishuensis motidukii OTUKA x 1.5, Loc. 30, Reg. No. CM 8091:
Turricula kaderleyi (Li1sCHKE) x1.5, Loc. 24, Reg. No. CM 8092.
Turritella nipponica YokoyaMa x1.5, Loc. 53, Reg. No. CM 8093.

Mya cuneiformis (Boum) x1, Loc. 25, Reg. No. CM 8094.

(All specimens are stored at the Department of Historical Geology and Palaeontology,
University Museum, University of Tokyo)
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618. EARLY CARBONIFEROUS VISEAN FAUNAS DISCOVERED
FROM MITSUZAWA, SOUTHEASTERN PART
OF THE KWANTO MASSIF

PART 1.

GASTROPODS*

SUMIO SAKAGAMI

Department of Geology, Faculty of Education, Ehime University
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Introduction and Acknowledgments

It is well known that the Paleozoic
and Mesozoic belts are arranged alter-
nately in about NW-SE trend in the
southeastern part of the Kwanto massif.
“The Paleozoic System is mostly of
Permian age and includes the Upper
Carboniferous Fusulinella and Fusulina
zones in small areas. No Lower Car-
boniferous strata have been known to
date but the recent discovery (SAKAGAMI,
1972) of a fossil fauna including gas-
‘tropods, brachiopods, corals, bryozoans
.and crinoidal stems from a limestone
.cropping out in the Mitsuzawa valley.
Hinode-mura, Nishitama-gun, Tokyo-to,
.about 6km NW of Itsukaichi-machi
{town), points to the recognition of the
Early Carboniferous Viséan age.

The fossil bearing limestone at Mitsu-
zawa is about 4m thick, whitish gray
in color, interbedded with chert and

* Received Jan. 26, 1973 ; read June 3, 1972
at Utsunomiya.
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shows N 15°E strike, 50°S dip, and has
been included in the Katsuboyama
Paleozoic zone by FujiMoTO (HUZIMOTO,
1936). The Katsuboyama Paleozoic zone
consists mainly of greywacke and shale
in alternation intercalated with clayslate,
chert, quartzite,schalstein, conglomerate,
including the fusulinid limestones. The
geological age of this zone was con-
sidered to range from Lower to Upper
Permian by FUJIMOTO but the discovery
of Fusulinella cf. pseudobocki by SAKA-
GAMI (1955, MS.) from a small limestone
cropping out in Hosoo-iri (valley), about
3km SSE from the Mitsuzawa limestone
has proved the existence of Carboni-
ferous there. A o
In the present article one gastropod,
Mourlonia hayasakai SHIKAMA  and
NISHIDA, is described from the Mitsu-
zawa limestone. The brachiopod, coral
and bryozoan faunas will be described
paleontologically in forthcoming—papers
by Drs. J. YANAGIDA, N. YAMAGIWA
and S. SAKAGAMIL Discussion of the
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Text-fig. 1. Map showing the locality of
the Early Carboniferous Mitsuzawa fauna

fauna and its geologic age will be pre-
sented in Part IV. ' Bryozoans by
SAKAGAMI. '
Here [ would like to express my sincere
gratitude to Professor Kotora HATAT of
the Institute of Geology and Palaeonto-
logy, Faculty of Science, Tohoku Univer-
sity for his kind supervision and constant
encouragement. Further, I wish to ex-
press my cordial thanks to Drs. Juichi
YANAGIDA of Kyushu University and
Nobuo YAMAGIWA of the Osaka Univer-
sity of Education for their kind cooper-
ations in the present study. '

Description of Species
Genus Mourlonia DE KONINCK, 1883

Subgenus Mourlonia
DE KONINCK, 1883

Mourlonia (Mourlonia) hayasakai
SHIKAMA and NISHIDA

Text-figures 2 (1-5).

- 1968, Mourlonia (Maurlonia) hayasakai SHi--

KAaMA and NisHIDA, p. 212, 213, pl. 24,
figs. 1-6.

Shell of moderate size conical, turbini-
form, coiling dextral and consisting of
4 rapidly increasing whorls. Height of
shell less than diameter. Spire angle-
about 100°. Whorls expanded, rather-
narrowly convex, gently curved, suture-
furrowed, base of shell more or less
flattened. Selenizone slightly concave,.
less than 1 mm in maximum width at
outer whorl, delimited by two spiral lirae-
and situated just above the suture..
Umbilicus may be phaneromphalous..
Shell ornamentation fine, growth lines

regularly spaced, numerous, strongly"
prosocline, slightly convex forward
above the selenizone and orthocline:

below it.
Measurements : —

Number of whorls 4.57?
Height 22.5 mm
Diameter 28.5 mm
H/D ratio 0.79 N
Spire angle - 100°

Remarks :—Although one of two speci--
mens at hand is deformed and incomplete,.
the other is well preserved and identical
with Mourlonia (Mourlonia) hayasakai
described originally by SHIKAMA and
NISHIDA (1968) from the Millerella sp. a-
zone (=Millerella yobarensis zone of
TorIYAMA and OTA, 1971) to the Fusu-
linella biconica zone in the Akiyoshi
Limestone Group. Among the seven
specimens referred to M. havasakai by~



Viséan Faunas from Kwanto Massif. Gastropods 97

2
Text-fig. 2.

w

Mourlonia (Mourlonia) hayasakai SHikAMA and NISHIDA

from the Mitsuzawa Limestone.

1-3. Lateral, apical and umbilical views of one specimen

(Cat. No. EEG6001), x2.

4,5. Lateral and apical views of the other specimen

(Cat. No. EEG6002), x2.

‘SHIKAMA and NISHIDA measurements
were given of four, namely the holotype,
paratypes A, D and E. The paratype
E was obtained from the Millerella yo-
barensis zone and the other three from
‘the Fusulinella biconica zone. The spe-
cimens from the two fossil zones seem
to show different ratios of height to
diameter; namely, the ratios in the
specimens including the holotype from
-the Fusulinella biconica zone show (.93
to 1.0, while that in paratype E from
‘the Millerella vobarensis zone is 0.78.
“The ratio in the present specimen is
.79 and in this feature, it is nearest to

SHIKAMA and NISHIDA’s Paratype E, but
the shell size is almost twice of the
latter. Further it is considered that
there is no change in the ratio of height
to diameter through the growth of the
shell, because the holotype and paratype
A have different size in spite of having
the same ratios. If H/D ratio changes
phylogenetically, the present form and
Paratype E from Akiyoshi should be
separated from M. hayasakai as inde-
pendent species or subspecies. However,
more detailed examination must be re-
served because of the few number of
specimens at hand.
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Geological age:—Probably Upper Vi-
séan of the Early Carboniferous.

Repository and Specimen No:—The
present specimees are preserved in the
Collection of the Department of Geology,
Faculty of Eduction, Ehime University.
Nos. EEG6001 and EEG6002.
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Introduction and acknowledgements

The discovery of the Early Carboni-
ferous Visean faunas from a limestone
of Mitsuzawa in the southeastern part
of the Kwanto massif was recently re-
ported by SAKAGAMI (1972), who gave a
preliminary discussion on the outline of
stratigraphy, the fossils obtained from
the limestone, such as bryozoans, brachio-
pods, crinoids, corals and gastropods, and
their geologic age. The writer was very
fortunate to have an occasion of visiting
the locality and to obtain a fair number
of brachiopods under the kind guidance
of Dr. SAKAGAMI.

This paper is a part of the palaeont-
ological study of the Visean faunas from

* Received Feb. 1, 1973; read October 28,
1972 at Matsuyama.
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Mitsuzawa. The study on the species
assemblage of the brachiopods described
here led to a conclusion that the geologic
age of them is assigned to the Late
Visean.

The writer is greatly indebted to Dr.
Sumio SAKAGAMI who gave him every
facility in the field work and provided
him many brachiopod specimens. His
sincere thanks are also due to Professor
Ryuzo TORIYAMA for kind reading the
manuscript.

Remarks on the brachiopod
species assemblage

The assemblage is characterized by
the following brachiopod species: Schizo-
phoria resupinata (MARTIN), Rugicostella
sakagamii YANAGIDA, sp. nov., Undaria
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sp., Martinia sp., Spirifer sp.. Among
them the former two species are very
important for discussing their geologic
age. Schizophoria resupinata is the type
species of Schizophoria, showing the wide
distribution in Eurasian continent and
ranging through the Tournaisian and Vi-
séan with the most abundant occurrence
in the Upper Viséan in the European
standard of the Lower Carboniferous.
As stated in the chapter of system-
atic palaeontology S. resupinata from
Mitsuzawa appears to be fairly variable
in its shape. It consists of four extreme
forms, with several intermediate ones
among them. If the four extreme forms
are compared with the Belgian Dinantian
ones, S. resupinata var. pinguis, var. dor-
sosinuata and var. rotundata described
by DEMANET (1934) and S. resupinata s. s.
are ‘the closest forms, respectively cor-
responding to each of them. Among the
Mitsuzawa forms those compared with
var. dorsosinuata and var. rotundata are
small and rather doubtful in their dis-
crimination. On the other hand the
strongly inflated form is undoubtedly
referable to DEMANET’S var. pinguis in
its outline, mode of inflation and its
slightly uniplicate anterior commissure.
As far as our present knowledge is
concerned S. resupinata var. pinguis is
known from the Upper Tournaisian to
Upper Viséan and most abundant in the
Upper Viséan in the Lower Carbonifer-
ous of England and Belgium.
Rugicostella sakagamii,the newly estab-
lished species in this genus, is closely
related to R. nystiana, the type species
of this genus, which is only known from
the Visean of Belgium, England and
Japan. R. nystiana was originally des-
cribed by DE KONINCK (1842) under the
name of Productus nystianus from the
Viséan of Visé, Belgium. In England
the same species was also described by

DAVIDSON (1861) from the Lower Scar
limestone of Settle, Yorkshire. The ge-
ology and the faunal succession of this
region was shown in detail by GARWOOD
and GOODYEAR (1924). According to them
Rugicostella nystiana occurs in a lime-
stone of D, subzone with a fair kinds of
brachiopods, corals and other fossils. In
Japan YANAGIDA (1965) discriminated K.
nystiana from the Millerella yowarensis
zone (TORIYAMA and OTA, 1971) of the
Akiyoshi limestone Group at Yowara
(or Yobara) with many kinds of other
brachiopods. The writer correlated the
age of the limestone with the Late
Visean.

Undaria sp. externally strongly resem-
bles U. erminea (DE KONINCK) which is
known from the Viséan of Visé, Belgium.
The genus Undaria is known only in the
Viséan.

Two indeterminable species of Mar-
tinia and Spirifer are rather difficult to
compare with other distinct species of
these genera. A special attention is
given to the existence of a weak fasci-
culation in Spirifer sp. In this charac-
teristics with external configuration of
pedicle and brachial valves, it is con-
sidered that S. liangchowensis CHAO from
the Viséan of northwest China is highly
comparable with the present species.

Summarizing the above discussion the
species assemblage of Mitsuzawa brachio-
pods is unique in its constitution and
closely related with the Upper Visean
brachiopods of Europe and Asia.

Systematic Palaeontology
Superfamily Enteletacea WAAGEN, 1884
Family Enteletidae WAAGEN, 1884

Subfamily Schizophoriinae SCHUCHERT
and LEVENE, 1929
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Genus Schizophoria KING, 1850

Type-species :—Conchyliolites (Anomites)
resupinatus MARTIN, 1809.

Schizophoria resupinata (MARTIN)
Pl. 16, figs. 3-9

1809. Conchyliolites (Anomites) resupinatus
MARTIN, p. 12, pl. 49, figs. 13, 14.
1842-4. Orthis resupinata, DE KoONINCK, p.
226, pl. 13, figs. 9, 10.

——, Davibpson, Palaeontogr. Soc.
Monogr., p. 130, pl. 29, figs. 1-7, pl. 30,
figs. 1-5.

1923. Schizophoria resupinata, DEMANET,
Mém. Inst. Géol. Univ. Louvain, vol.
2, p. 119, pl. 5, fig. 1.

1923, —— var. lata DEMAXNET, lbid.,
vol. 2, p. 122, pl. 5, fig. 4.

1934. Schizophoria resupinata, DEMANET,
Mém. Mus. Roy. d’Hist. Nat. Belg., no.
61, p. 47, pl. 3, figs. 1-5.

1934, —— —— var. lata, DEmANET, lbid.,
no. 61, p. 50, pl. 3, figs. 6-8.

1863.

1934, — var. gigantea DEMANET, Ibid.,
no. 61, p. 60, pl. 4, figs. 12, 13.

1934 —— —— var. rotundata DEMANET,
Ibid., no. 61, p. 51, pl. 3, figs. 9-13.

1934, —— —— var. dorsosinuata DEMANET,
Ibid., no. 61, p. 53, pl. 3, figs. 14, 15.

1934, — —— var. pinguis DEMANET, Ibid.,

no. 6, p. 59, pl. 4, figs. 9-11.

1941. Schizophoria resupinata, BoxDp, Geol.
Assoc., London, vol. 52, pt. 4, p. 289,
pl. 21, figs. A-C.

1954 —— ——, PARKINSON, ]. Paleont., vol.
28, p. 368, figs. 1, 2a-e.

1957. Schizophoria cf. S. resupinata, CAaMP-
BELL, Ibid., vol. 31, p. 48, pl. 12, figs.
1-5.

1962. Schizophoria aff. S. resupinata, YANAGI-
DA, Mem. Fac. Sci., Kyushu Univ., vol.
12, no. 1, p. 122, pl. 21, figs. 4-13.

1968. Schizophoria resupinata, Pocock, Pa-
laeontology, vol. 11, pt. 1, p. 80, pl.
18, fig. 7.

1968. —— —— var. dorsosinuata, BRUNTON,
Bull. Brit. Museum (Nat. Hist.), vol.
16, no. 1, p. 11, pl. 2, figs. 7-37.
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1971. Schizophoria cf. S. resupinata, ROBERTS,
Bur. Min. Res., Geol. Geophysics Aus-
tralia, Bull., no. 122, pl. 1, figs. 6-32.

Material :(— About thirty-five specimens
are available under the heading with
twenty-seven better preserved ones. The
internal structures are shown by serial

length

Z— 1%, =099 ;i 1ype Dl2)

304 s I =091 type C (o)

! L 36 widih

mm

Text-fig. 1. Variations in size and
form among four extreme forms of Schi-
zophoria resupinata. Average form ratio
of type A (0.89) for twelve articulated
shells, one brachial and three pedicle
valves; type B (0.82) for three articulated
shells; type C (0.91) for three brachial
valves; type D (0.99) for two articulated
shells and a brachial valve.

length

ype A
e

cypeC \
:type D \

AN thickness

Text-fig. 2. Proportional composition
among length, width and thickness of
brachial valves of Schizophoria resupinata.
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sections of a specimen, GK-D 31155.
Description :—The shell is small to
medium, biconvex to moderately dorsi-
biconvex, wider than long to nearly
equi-dimensional, with the largest width
at the mid-length. Hinge line is varia-
ble in length, about a half to two thirds
the shell width. The pedicle valve is

weakly to very slightly convex with the
largest convexity near the umbo, nearly
flat on anterior half. The brachial valve
is very variable in its convexity and the
broad median sulcus is developed in some
specimens. Both valves are ornamented
by fine costellae, usually four to five in
1 mm at 10 mm from beak. In well pre-

Text-fig. 3. Transverse serial sections of Schizophoria resupinata,
GK-D 31155, measurements in mm from ventral beak.



619.

served specimen the coarser costellae
with anteriorly developed spine base are
observed. Tightly arranged growth lines
are scattered in some specimens. An-
terior commissure is rectimarginate to
broadly sulcate.

The pedicle valve interior is with
strong teeth supported by strong paral-
lel dental plates, diverging anteriorly

Dimension of 10 specimens in mm:
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and extending about a fifth length of
shell. The median septum is very low,
slightly increasing in height anteriorly.
The brachial valve interior is with deep
dental sockets, articulating teeth. Stout
brachiophores extend anteriorly nearly
same length with dental plates and the
inner extremities of them seem to be
interlocked with each other.

! thickness
. hinge . LOrM
specimen number length width L 8¢ . ratio
ped. v bra. v. e o (/w)
|
- a similar to = i
GK-D 31134 var. rotun- 18.5 18.7 5.5 4.5 89  0.99
: data by i
» 3183 pre Yo 17.6 19.5 4.5 6.0 b0.90
correspond
7 31129 to var. ping- 22.4 21.0 11.0 1.07
. uis by .
» 31131 DEMANET 18.0 22.0 9.5 0.82
similar to
» 31137 var. dorso- 17.5 20.5 4.7 5.5 13.7 0.85
: sinuata by
» 31138 DEMANET 14.5 18.3 3.4 4.8 10.5 0.79
» 31155 24.5 26.5 7.0 4.0 14.5 0.92
» 31136 22.3 26. 6 6.8
» 31151 33.5 36.0 17.0 12.5 21.0 0.93
» 31153 23.9 25.5 5.0 7.3 13.0 0.94

Statistics of length (1), width (w), thick-
ness (th) and form ratio (fr) of brachial
valves of Schizophoria resupinata speci-
mens are as follows:

1(0)=21.98(4.95), W(0)=23.87(5.32). th(s)=
7.49(2.56), fr(c)=0.90(0.07), n=26.

Remarks:—Comparing with the neo-
type chosen by GEORGE and PONSFORD
(1938) the Japanese specimens are all
very small but the morphological char-
acters are quite in harmony with each
other. It is already known that the neo-
type is much larger than the average in
this species.

[t is well known that Schizophoria resu-
pinata shows several variations in its
form. DEMANET (1923, 1934) established
the following varieties on the Belgian
Lower Carboniferous specimens: dorso-
sinuata, gigantea, lata, pinguis and rotun-
data. They were discussed in detail by
BoND (1941) and Pocock (1968). The
available specimens at hand respectively
show the individual variation, and it is
possible to group them into four extreme
forms, type A, B, C and D. If the divi-
sion by DEMANET is followed, they are
respectively named as follows: type A,
Schizophoria resupinata s.s. (19 speci-
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Text-fig. 4.
Schizophoria resupinata, showing four ex-
‘treme forms, 1 for type A, 2 for type B,
:3 for type C and 4 for type D.

Variations in form of

‘mens); type B, ? var. dorsosinuata (2
specimens); type C, var. pinguis (3 spe-
«cimens); and type D, ? var. rotundata
(3 specimens). Nevertheless, several in-
termediate forms are also discriminated
:among the specimens which are referred
to S. resupinata s.s.. The writer follow-
ed PococK (1968) who considered these
varieties by DEMANET to be included
under S. resupinata because that they
Tepresent the extreme individual varia-
tion.

Superfamily Productacea GRAY, 1840

Family Institinidae MUIR-WO0OOD
and COOPER, 1960

Genus Rugicostella MUIR-WOOD
and COOPER, 1960

Type-species :— Productus nystianus DE
KONINCK, 1842.

Rugicostella sakagamii
Y ANAGIDA, Sp. nov.

Pl. 15, figs. 1-8

Material :—Holotype, GK-D 31168 (Pl.
15, fig. 2). More than 30 specimens are
available. Internal structures are shown

by serial sections of a specimen repre-
senting the visceral disc, GK-D 31191,
and other two specimens, GK-D 31160
and 31161.

Description :—The shell is small and
subcircular. The hinge line is shorter
than the largest width of the shell. The
pedicle valve is moderately convex with
slightly convex visceral disc and short
trail. The visceral disc is strongly geni-
culated with a very weak cincture be-
tween the trail. The cincture is remark-
ably emphasized by exfoliation of shell
surface. The short trail is nearly at
right angles to visceral disc. The bra-
chial valve is with slightly concave vis-
ceral disc and short trail. The genicula-
tion is remarkable and the cincture is
weak. The pedicle valve is ornamented
by closely arranged rugae on the whole
surface of the visceral disc, about three
to four in the distance of 2mm on cen-
tral median part of the visceral disc,
and posteriorly more remarkable than
anterior surface. The trail is ornamented
by short irregular costellae, about five

length
mm)

15
"wni’:rh

Text-fig. 5. Variations in size and
form of pedicle valves of Rugicostella
sakagamii YANAGIDA, Sp. nov.
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Text-fig. 6.
views of an incomplete visceral disc of
Rugicostella sakagamii YANAGIDA, sp. nov.,

a, b. Ventral and dorsal

GK-D 31191. c. Profile of the same speci-
men showing positions of transverse serial
sections. Each number respectively cor-
responds to that of Fig. 7.

in the distance of 5 mm on anterior part,
and often with spine bases at their an-
terior extremities. Fine spines are scat-
tered on the visceral disc. The brachial
valve is ornamented only by weak, even
rugae. The pedicle valve interior is with
raised diductor scars. The brachial valve
interior is with a distinct, trilobate car-
dinal process having two lobes complete-
ly in contact near the posterior margin,
but anteriorly they are slightly separate
with each other. Myophore is consider-
ed to be more complex at the posterior
margin. Median septum is low and nar-
row, extending about two-thirds length
of the visceral disc.

Dimension of the holotype (GK-D 31168)
is as follows (in mm) : length, 16.7 ; width,
15.2; height, 10.5; form ratio (I/w),
1.09. Statistics of length (1), width (w),

height (h), and form ratio (fr) of Rugi-
costella sakagami are as follows:

Pedicle valve: 1(0):14.94(1.61). W (0)=
14.53(1.84), h(0)=7.79(1.92), fr(0)=
1.03(0.09), n=21.

Visceral disc of pedicle valve: 1(o)=
12.20(1.18), W (6)=12.69(1.70). h (0)=
4.29(0.95), n=30.

Remarks:—Rugicostella sakagamii is.
the only species which is known other
than R. nystiana, the type species of
this genus. It is apparently distinguished
from the latter by its uniformly larger
size, more numerous and less remarka-
ble rugae, weaker cincture on pedicle
valve, and more numerous irregular cos-
tellae with spine bases often recogniza-
ble on the anterior margin of them. The
last characteristic is very important in
this species. In R. nystiana most of the
costellae begin near the cincture and ex-
tend to the anterior margin of trail. In
R. sakagamii the costellae are very short
comparing with the length of trail and
many costellae appear on anterior sur-
face of trail. When the spine base is
recognized it is always at the anterior
margin of the costella. Therefore in
this case the costella seems to be pro-
strate spine ridge. The cincture on the
pedicle valve is very weak when the
shell surface is well preserved. When
the surface of the visceral disc or trail
is more or less exfoliated the cincture
between them is remarkably impressed.
The morphological character of the car-
dinal process is similar to R. nystiana,
which is clearly shown by MUIR-WOOD
and COOPER (1960). Three specimens
were serially sectioned to observe the
internal characters. Bilobed character
of the cardinal process is observed in a
specimen, GK-D 31191, which shows the
delicate complex shape of the myophore
near the posterior extremity. This char-
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Text-fig. 7. Transverse serial sections of Rugicostella sakagamii
YANAGIDA, sp. nov., GK-D 31191 (see Text-fig. 6).
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\
A height

Text-fig. 8.
among length, width and height of thirty-
one visceral discs of Rugicostella sakagamii
YANAGIDA, sp. nov.

Proportional composition

acter is not recognized in other two spe-
cimens.

YANAGIDA (1965) discriminated R. ny-
stiana from the Millerella yowarensis
zone of the Akiyoshi limestone Group,
Southwest Japan. The present specimens
are externally very similar to those of
the Akiyoshi specimens. However, the
former is clearly distinguishable from
the latter by the above stated characters.

Family Linoproductidae STEHLI, 1954

Subfamily Linoproductinae STEHLI, 1954

Genus Undaria MUIR-WOOD
and COOPER, 1960

Type-species:—Undaria manxensis MUIR-
Woop and COOPER, 1960.

Undaria sp.
Pl 15, fig. 9

Material : —Incomplete pedicle valve,

GK-D 31245, is available under the head-

ing with the following dimension : length,
18 mm+ ; width, 18.5mm ; height, approx.
15 mm.

Descriptive remarks :—The shell is me-
dium, weakly convex longitudinally with
the largest convexity at anterior to the
umbo, and slightly longer than wide with
a short hinge line and steep flanks. The
venter is rather flattened. The outline
of the pedicle valve is suggested to be
oval and the trail is probably not pre-
served. The widest part may be slightly
posterior to the mid-length of the valve.
The surface of the valve is ornamented
by remarkable rugae and fine capillae.
The rugae are irregular in width, count-
ing about five on the venter and distri-
buted on the whole surface of the valve.
They are often intercalated or bifurcated
with rounded crest. The capillae are
much less remarkable comparing with
the rugae.

The rugose ornament with fine capillae,
steep flanks, elongate oval outline and
slightly convex pedicle valve of the
Mitsuzawa specimen well represent the
characters of Undaria. The specimen
is incomplete but slightly asymmetrical
outline is also suggested from its out-
line. In these characters the Mitsuzawa
species is considered to be very closely
related with Undaria erminea (DE KONI-

"NCK) from the Visean of Visé, Belgium.

The Belgian species has a long trail
The Mitsuzawa specimen represents only
a posterior part of trail and the detailed
comparison with the Belgian specimen
is difficult. But the remaining parts of
pedicle valves are well in harmony with
each other. It is probable that both
species are conspecific with each other.

Superfamily Reticulariacea
WAAGEN, 1883

Family Martiniidae WAAGEN, 1883

Genus Martinia M’CoyY, 1884
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Text-fig. 9. Ventral, posterior, lateral and dorsal views (a-d) of a small specimen of’
Martinia sp., GK-D 31233, and transverse serial sections of the same specimen with.
measurements in mm from ventral beak.
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Type-species :—Spirifer glaber SOWERBY,
1820

Martinia sp.
Pl. 15, figs. 10-14

Material :—About fourty specimens
are examined, of which complete ones
are very few and most of them are
very incomplete pedicle valves.

Descriptive remarks:—The shell is
small, equally biconvex with the pedicle
valve slightly more convex than the
brachial one, and transversely subround
to equal in length and width with the
widest part at the mid-length of the
shell. The hinge line is about two-thirds
the width of the shell. The anterior
commissure is gently uniplicate.

The pedicle valve is uniformly convex
both transversely and longitudinally.
The cardinal extremities are well

Dimensions of ten specimens in mm.

rounded. The beak is strongly incurved
over the delthyrium. The delthyrium
may be open. The interarea is very
low and concave. The sulcus is very
faint and narrow, obscurely distinguished
on anterior third of the valve. The
surface of the valve is very smooth only
with fine, tightly arranged growth lines
and sometimes with very fine radial
striae on anterior half. The brachial
valve is slightly swollen longitudinally
but no distinct fold is observed. The
beak is slightly convex and rather erect
with a short distance between the op-
posite beak. The ornamentation of the
valve is same with the opposite valve.
The pedicle valve interior is without
dental plates and median septum. Radial
vascular markings are partly observable
on the mould of a pedicle valve. The
brachial valve interior is with small
sockets, receiving teeth.

specimen number length width thickness }ll?r':g;h“ﬁfe (lgg;gx/rngcii(;h)
GK-D 31218 13.5 13.9 7.6 6.7 0.97
n 31219 14.9 14.3 8.5 8.9 1. 04
» 31215 9.8 9.7 5.3 5.8 1. 00
» 31236 (ped. valve)| 15.5 14.2 6.0 approx. 8 1.09
v 31204 (7) 9.0 12.7 4.5 6.0 0.70
» 31216 () 11.0 11.0 3.5 6.3 1. 00
n 31213 (#) 1.1 11.8 4.9 9.25 0.94
v 31220 (») 13.8 | approx. 14 4.3 8.3 0.98
# 31217 (bra. valve) | 11.5 12.2 2.8 approx. 8 0.94
v 31207 (#) 18.0 | approx. 18| approx. 6 14.0 1. 00

The Mitsuzawa specimens are charac-
terized by uniformly small size, very
faint sulcus and no distinct fold. In
these points of views the Mitsuzawa
species is externally very similar to
Martinia decora var. longa described by
GROBER (1908) and WANG, JING and FANG

(1964) from the Lower and Middle Car-
boniferous of the Sinkiang, western
China. The slight differences between
them are on the sulcus and fold, which
are much weaker in the Mitsuzawa
specimens than the other,
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Superfamily Spiriferacea KING, 1846
Family Spiriferidae KING, 1846
Genus Spirifer SOWERBY, 1816

Type-species :—Conchyliolithus (Anomia)
striatus MARTIN, 1793

Spirifer sp.
Pl. 16, figs. 1, 2

Material :—Two incomplete specimens,
respectively slightly deformed pedicle
and brachial valve, are at hand. The
dimension of them is not given exactly.

Descriptive remarks:—The shell is
medium to large. The pedicle valve
outline is suggested to be transverse and
slightly- convex with the hinge line

nearly equal to the largest width of the
shell. The sulcus is broad and round
bottomed, originating near the umbo.
The umbo is slightly incurved over the
delthyrium. The width of the basal
part of the delthyrium is about a sixth
length of the hinge line. The interarea
is slightly concave medianly, becoming
flat toward the cardinal extremities with
very fine denticle grooves on the ex-
foliated surface. The pedicle valve is
ornamented by simple rounded costae
with rare bifurcation. About eight costae
are counted on the sulcus. The brachial
valve is moderately convex transversely
and longitudinally with a prominent
rounded fold. The surface ornament-
ation is same with the opposite valve.
Very weak broad fasciculation is pos-

Explanation of Plate 15

All figures x1.5

Fig. 1-8. Rugicostella sakagamii YANAGIDA, sp. nov.
la-d. Posterior, ventral, anterior and lateral views of an incomplete pedicle valve,

GK-D 31170.

2a-d. Posterior, ventral, anterior and lateral views of the holotype, GK-D 31168.

3a-e. Dorsal, posterior, ventral, anterior and lateral views of an incomplete shell

GK-D 31167.

’

4. Visceral disc of an incomplete pedicle valve, GK-D 31203.
5. Dorsal view of visceral disc of an incomplete brachial valve, GK-D 31303.

6a, b.
GK-D 31177.

Ventral and posterior views of visceral disc of an incomplete pedicle valve,

7a-c. Anterior, posterior and lateral views of an incomplete pedicle valve, GK-D 31158.
7d. Visceral disc of brachial valve of the same specimen.

8a-c. Ventral, anterior and posterior views of an incomplete pedicle valve, GK-D 31156.

Fig. 9. Undaria sp.

9a, b. Ventral and lateral views of an incomplete pedicle valve, GK-D 31245.

Figs. 10-14. Martinia sp.

10a-c. Dorsal, ventral and lateral views of a complete shell, GK-D 31218.

11a, b. - Dorsal and lateral views of an incomplete shell, GK-31220.

12a, b. - Posterior and ventral views of a small pedicle valve, GK-D 31204.

13,. Incomplete pedicle valve showing the mould of radial vascular markings, GK-D

31206.

14. Incomplete pedicle valve, GK-D 31216,

Photos by YANAGIDA, with whitening,
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teriorly observable on a wing.

The above stated characters of the
Mitsuzawa specimens, especially the
strongly convex and slightly fasciculate
brachial valve with prominent fold
strongly recall those of Spirifer liang-
chowensis CHAO from the Visean Cho-
niukou Formation of Kansu, north-
western China.
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Figs.

Explanation of Plate 16
Fig. 2 x1.25; all others x1.5

1, 2. Spirifer sp.

la-c. Posterior, ventral and lateral views of an incomplete pedicle valve, GK-D 31250.
2. Incomplete brachial valve, GK-D 31248.

3-9. Schizophoria resupinata (MARTIN)

3a-c. Lateral, posterior and ventral views of an incomplete brachial valve, GK-D 31129.
4. Incomplete brachial valve, GK-D 31140.

5. Incomplete brachial valve, GK-D 31136. .

6a-d. Dorsal, anterior, lateral and ventral views of an incomplete shell, GK-D 31139.
7a-d. Anterior, dorsal, ventral and lateral views of an incomplete shell, GK-D 31134.
8a-d. Ventral, dorsal, lateral and anterior views of an incomplete shell, GK-D 31133.
9a-c. Lateral, dorsal and ventral views of a plaster cast, GK-D 31155.

Photos by YANAGIDA, with whitening.
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