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Ulu Kelantan, southern part of Kotabaru 
is the folded region of the Late Paleozoic 
and Triassic strata. Numerous foramini. 
feral specimens of the Late Palaeozoic 
(from Fusulinella zone to Palaeofusulina. 
Colaniella zone), including fusulinids are 
discovered in the Sungei Lebir (Lebir 
River) of this region. However biostrati. 
graphical studies have not been completed. 
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Palaeofusulina and Colaniella association 
is discovered at several localities along 
Sungei Paloh and S. Relai, branches of 
S. Lebir. And the Lower Triassic beds 
including Claraia concentrica overlie 
seemingly conformably the Upper Per. 
mian beds that bear Palaeofusulina and 
Colaniella. By the first discovery of 
Palaeofusulina and Colaniella fauna. the 
presence of the Upper.most Permian was 
confirmed in Malaysia. 
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In 1913 Palaeofusulina prisca had been 
discovered at first by DEPRAT from Lang 
Nac of Tonkin (North Viet-Nam) and in 
1924 Colaniella parva had been discovered 
by COLAN I from Khon Loc of Tonkin. 

Recently the reexamination of micro
fossils of the Upper Permian is becoming 
important for international correlation, 
furthermore in the course of palaeonto
logical studies on the Permian-Triassic 
boundary problems the biostratigraphical 
significance of the smaller Foraminifera 
is becoming clear. Fusulinid Foramini
fera occur from the late early Carboni
ferous to the Permian and during this 
period they distribute worldwide in the 
Upper Carboniferous and Lower and 
Middle Permian. In the Upper Permian 
their prosperity draws to a close and in 
the end of Permian they become extinct. 
In spite of the fact that the Upper Per
mian is a period of decline for fusulinids, 
in the Tethys region some fusulinids, 
that is to say, Palaeofusulina-Reichelina 
fauna develops. Palaeofusulina-R eichelina 
fauna is often accompanied with numer
ous smaller Foraminifera, among which 
Colaniella is a typical index fossil of the 
Upper Permian. 

In 1975 ISHII, OKIMURA and NAKAZAWA 
made clear a biostratigraphical signifi
-cance of Palaeofusulina-Colanielia fauna 
in the Upper Permian. According to 
their opinion, Palaeofusulina-Colaniella 
fauna is divided into two characteristic 
faunas of species order. That is to say, 
the lower part of the Upper Permian is 
-characterized by Palaeofusulina simplex
Colaniella minima fauna, and the upper 
part is characterized by Palaeofllslllina 
sinensis-Colaniella pm'va fauna. 

Malaysian fauna is composed of Palaeo
fusulina aff. bella, Colaniella media and 
and others. The above species of Palaeo
Jllsulina and Colaniella are often accom
panied with P. sinensis and C. parva in 

China and Japan. Accordingly, Malaysian 
Palaeofusulina-Colaniella fauna is compa
rable to that of the Mikata Formation of 
the Maizuru group in Japan and the 
Changhsing Limestone of the Lopingian 
in South China, which represents the 
latest Permian. 

We wish to express our most sincere 
gratitude to Geological Survey of Malay
sia and to Director General Mr. YIN EE 
HENG for giving us facility of our studies. 
We are also obliged to Prof. K. NAKA
ZAWA of Kyoto University for his help 
and encouragement. 

Geological setting 

The type locality (FSKN-19) occurs in 
stream called Sungei Paloh in South 
Kelantan (see locality map). The fossils 
were found in argillo-tuffaceous limestone 
which is interbedded with pyroclastic 
rocks and minor argillaceous sediments. 
The bedding trace generally strikes NNW
SSE with dip to the WSW. The rocks 
are folded, but owing to lack of continu
ous outcrops, local variation in bedding 
trace and minor folds, the true structure 
and stratigraphy of the area are difficult 
to decipher. 

Together with the type locality there 
seems to be 8 layers varying from 5 to 
25 meters thick of argillo-tuffaceous 
limestone occurring at various parts of 
the pyroclastic sequence. Some other 
foraminifers have been found in some of 
the similar looking outcrops (FSKN-17, 
18 & 20). Preliminary search in the other 
outcrops revealed some organic remains 
in the thin sections. 

The argillo-tuffaceous limestone is a 
very distinctive rock containing various 
amounts of argillaceous matter and vol
canic fragments. Locally it may grade 
into argillite or tuff. The volcanic frag
ments are of various sizes ranging from 
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Fig. 1. Map showing the sampling localities in the Sungei Paloh 
and S. Relai areas, Kelantan, Malaysia. 

less than 1 cm. to more than 10 cm in 
diameter. On eroded surfaces the vol
canic fragments, being more resistant, 
are well seen, but the calcareous parts 
are eroded into irregular cavities (Fig. 2). 
It is this vuggy appearance which gives 
the rock its distinctive character. 

Overlying the pyroclastic sequence 
conformably is a layer about 40 meters 
thick of marble interbedded and lami
nated with slate. In one part of the 
slate (FSKN-79) some pelecypods were 
found. Mr. E. H. YIN tentatively identi
fied one important genus, Claraia sp. 
which TAMuRA (written communication) 
later confirmed to be Claraia griesbachi 
concentrica Y ABE of Lower to Middle 
Sky tic age. 

Systematic description 

The description of foraminifers is made 
by ISHII and OKIMURA. The described 
specimens are kept at Geological Survey 
of Malaysia H. Q. 

Phyllum Protozoa 

Class Rhizopoda 

Order Foraminiferida 

Family Fusulinidae 

Subfamily Schubertellinae 

Genus Palaeofusulina DEPRAT, 1912 

PalaeofuSlIlil1a sp. aft. P. bella SHE:\G 
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Fig. 2. Photog rap h sho·ws t he typica l eroded surface of t he arg ill o·tuffaceous lime· 
stone. Note the cavit ies and tuff fra g ments. Scale : ba ll pen 14 cm. (Photo by P. C. Aw) 

PI. 43, fig. 

Compare-
1963 . Palaeofusulina bella SI-IE NG, Paiaeont . 

Sinica, N. S. E, no . 10, pp. 5-!, 55, 179, 
180, pI. 10, figs . 25- 27. 

. Materials-An axial, a sagitta l and a 
tangential sections were examined, but 
samples are not so good. FSKN 32, 33-
1 and 33-2. 

Description- Test small thickl y fusi
form with straight axis of coi li ng and 
with bluntly pointed poles. Lateral slopes 
slightly convex. Number of vo lution 
31/ 2. 

Mature tests, 1.63- 1.85 mm long and 

Specimen L. W. 
FSKN 33-1 1. 85 1. 04 
FSKN 33-2 1. 63? 1. 19 
FSKN 32 1. 06+ 

1.04- 1.19 mm width; with form ratio 1.3+ -
1.8. Test coil loosely, coi ling expands uni
formly outward. Proloculus of typical 
specimen spherical in shape, 0.18 mm. in 
outside diameter. Spirotheca thin, com
posed of a tectum and diaphanotheca, 
measuring 11 microns in thickness in 
21/ 2 volution. Chomata not observed; 
in outer volutions they seem to be sub
stituted by pseudochomata which are 
wall of chamberlets at outside tunnel. 
Tunnel well defined. Septa fluted through
out length of chamber, and chamberlets 
often contac t with the floor of the next 
chamber. 

R. P. Vo l. no . 
1.8 o. 18 31 / 2 
1. 3+ 0.11 31/ 2 

O. 12 31/2 
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1 
0.12 
0.12 
0.12 

RV (mm) 
2 3 

0.26 0.44 
0.29 0.50 
0.27 0.42 

HV (mm) 

31/2 
0.58 
0.68 
0.62 

1.6 
1.6 

Ratio of HI/RV 
2 3 

1.6 1.6 
1.9 1.5 

pI., fig. 

31/2 
1.7 

2 3 3 1/2 
0.06 0.14 O. 17 0.23 43 
O. 08 O. 17 O. 23 O. 23 
0.08 0.14 0.15 0.26 
L. length, W. width, R. ratio, P. pro loculus, Vol. no. number of volution, RV. 

radius vector, HI. half length, HV. height of volution 

Remarks-The present specimens re
semble Palaeofusulina bella SHENG from 
the Changhsing Limestone exposed near 
Zhongliangshan of Chungking, Szechuan 
Province in South China, in the test 
form, size, form ratio at maturity, and 
other shell characters. However, the 
writers do not identify the present speci
mens with Palaeofusulina bella by a reason 
that the Malaysian specimens are not 
sufficient in the individual number. 

The present specimens are comparable 
with Palaeofusulina sinensis from the 
same locality in South China, but the 
former differs from the ·latter in small 
size, relatively broader septal fluting 
and fewer number of volutions. 

Horizon-Palaeofusulina bella SHENG 
occurs in Palaeofusulina-Reichelina fauna 
which is represented by Palaeofusulina 
sinensis, P. prisca, Reichelina cribroseptata, 
R. changhsingensis, etc. from the Palaeo
fusulina zone, Lopingian, South China. 

Palaeofusulina sp. 

PI. c13, fig. 2 

Specimen L. W. R. 
FSKN 20 ? ? 

Only one axial section in poorly pre
servation with a minute proloculus 
measuring about 0.06 mm. in outer dia
meter. Test small thickly fusiform with 
straight axis of coiling and with bluntly 
pointed poles. Lateral slope slightly con
vex. Number of volution 3. Coiling ex
pands rapidly in the last volution. The 
heights of the first to the third volution 
are 0.05, 0.09 and 0.03 mm. (last 21/2), 
respectively. 

Spirotheca thin, composed of a tectum 
and diaphanotheca. Chomata seem to be 
substituted by pseudochomata which are 
wall of chamberlets at outside tunnel. 
Tunnel well defined. Septa fluted through
out length of chamber. 

Remarks-The present specimen resem
ble Palaeofusulina simplicata SHENG from 
the Changhsing Limestone near Zisong
zheng of Wangmo, Kueichow Province of 
South China in shell form, the feature of 
septal fluting and other shell characters. 
Since. this form is represented by only 
one axial section which is brokened in 
outer shell. it is better to leave this 
specimen unnamed until more sufficient 
material becomes available. 

P. Vol. no. pI. fig. 
0.06 3 43 2 

RV (mm) Ratio of HI RV HV (mm) 

2 3 1 2 3 2 3 
0.09 O. 18 0.55 1.0 1.3 1.1 0.05 0.09 0.30 
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Family Colaniellidae 

Genus Colaniella LIKHAREV, 1939 

Colaniella media M-MAKLA Y 

PI. 43, figs. 5, 6 and 9 

1954. Colaniella media M·MAKLAY, State Sci. 
Tech. Publ. Ceol. Literat., p. 55, pl. 7, 

figs. 1-8, pI. 8, fig. 1. 
1966. Colaniella media, WANG, Act. Paleont. 

Sinica, vol. 14, no. 2, p. 214 (in Chinese), 
pI. 3, figs. 6-14. 

1975. Colaniella parva, TAZAWA, Jour. Ceol. 
Soc. Japan, vol. 81, no. 10, pI. 1, figs. 
7 and 8. 

Afaterials-All the examined specimens 
belonging to this species are partly 
broken out and incomplete; there are an 
obliquely longitudinal (from the loco 
FSKN 20), a transverse (from the loco 
FSKN 19) and some oblique sections 
which may be referable to this species. 
Their partition-character of the third 
order could not be clearly defined be
cause of the poor preservation. 

Description-Test relatively large in 
size, conoidal, tapered toward a proloculus, 
consisted of strongly overlapped 13 
chambers or more. Chambers broadly 
flattened in central part, and steeply 
inclined in the lateral parts. Such 
squarish bowl-shaped chambers uniseri
ally and rectilinearly arranged, increasing 
gradually in size except for ones of the 
later stage slightly and gently decreased. 
Additional angle of chambers about 45 
degrees more or less in the early stage. 
Wall calcareous, thick in comparison 
with shell-size, consists of two layers; 
outer layer thick and vitreous, and inner 
layer very thin, probably microgranular. 
Interior of chambers subdivided into 15 
or more chamberlets by longitudinal 
plain partitions of the first order. The 
small partitions of the second order 

commonly developed, but the third par
titions in order may be only observed in 
the last stage. Aperture single, opening 
at terminal end of the last chamber, 
having probably radial incisions formed 
by projections of the first longitudinal 
partitions in order. 

Dimensions-Although the true length 
could not measured owing to the absence 
of the complete specimen, the length of 
this species from the Kelantan may be 
reached 1.0 mm. or more. judging from 
the maximum length of the figured obli
que sectio.n (pI. 43, fig. 5). The maxi
mum width 0.61 mm. in the figured trans
verse section (pI. 43, fig. 6). 

Remarks-The species more resembles 
Colaniella parva (COLAN I) in shell form 
than any other species of Colaniella, but 
the former is distinguished from the 
latter with the broadly flattened central 
part, and steep inclination of the lateral 
part of chambers, and strongly tapered 
shell of the younger stage. 

Horizon-Itis well known thatColaniella 
media M-MAKLA Y is an index fossil of 
the upper Dzhulfian age. M-MAKLA'Y 
(1954) defined first this species from the 
Nikitin and Urshten formations, Dzhulfian 
of the Northern Caucasus. In South 
China, this species is an important 
faunal element of the upper Upper 
Permian (WANG, 1966). 

Colaniella parva (COLANI) 

PI. 43, fig. 7 
and 

ColanielLa sp. d. C. parva (COLAN!) 

PI. 43, fig. 8 

192.1. Pyramis parva COLANl, Indochine, Ceol. 
Surv. Mem., vol. 11, fasc. 1-2, p. 181, 
pl. 29, figs. 2, 4-14, 15a-f, 16-17, 19,21 
and 24. 

1939. Colaniella parva, LlKIIAREV, An atlas of 
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the leading forms of fossil fauna of the 
USSR; vol. 6, Permian, Leningrad Cent. 
Ceol. Prospect. Inst., p. 25-31, pI. 1, 
figs. 10-13. 

1946. Pyramis parva, REICHEL, Eclogae Ceol. 
Helv., vol. 38, no. 2, p. 542, 544, 547, 
pI. 19, figs. 13, 14, p. 543, tf. 32a-h, p. 
545,tf. 33, p. 546, tf. 34. 

195-1. Colaniella parva, M-MAKLAY, Trud. 
Vses. Nauch-Issled. Ceol. Inst (VSEGEI), 
p. 52-54, pI. 4, figs. 1-12. 

1966. Colaniella parva, WANG, Acta Paleont. 
Sinica, vol. 14, no. 2, p. 214, (in 
Chinese), pI. 4, figs. 13-18. 

1975. Colaniella parva, OKIMURA, ISHII and 
NAKAZAWA, Mem. Fac. Sci. Kyoto Univ., 
Ser. Ceol. Mineral., vol. XLI, no. 2, p. 
29-30, pI. 1, figs. 9-12. 

1975. Colaniella parva, TAZAWA, jour. Ceol. 
Soc. japan, vol. 81, no. 10, p. 632-633, 
pI. 1, figs. 5-6, 9-11. 

1965. Colaniella parva, ISHII, OKIMURA and 
NAKAZAWA, jour. Ceosci. Osaka City 
Univ., vol. 19, art. 6, pI. 1, figs. 1-3, 
pI. 4, fig. 4. 

Materials-A transverse and a few 
oblique sections were examined, and a 
nearly longitudinal section is comparable 
to this species. The specimens are 
mainly occurred from the loco FSKN 20. 

Description-Test large, subovoid, ta
pered weakly toward a proloculus. 12 
or more chambers of dome-shape strongly 
overlapped, uniserially and rectilinearly 
arranged; increasing gradually from the 
early to middle stages and decreasing 
gently in the later stage in size. Lateral 
part of chambers draws an arc-line. 14 
longitudinal plain partitions of the first 
order radially arranged, and 28 small 
chamberlets divided into compartments 
by the thin partitions of the second order. 
The third small partitions in order 
developed on the chamber floor of the 
last stage. Wall calcareous, composed of 
thick vitreous outer layer, and indistinc
tive, thin, dense inner layer. Aperture 

single, round funnel-like with radial 
incisions, opening on the terminal part 
of the last chamber. 

Dimensions-The maximum width 0.64 
mm. in the figured specimen (pI. 43, fig. 
7). The maximum length 1.24 mm. and 
the maximum width 0.68mm in the nearly 
longitudinal section of the comparable 
specimen figured in pI. 43, fig. 8. 

Remarks-The species is closely allied 
to Colaniella media M-MAKLA Y in the 
form, structure and size of the shell. 
However, the latter are characterized 
with the broadly flattened floor in its 
central part of the chambers, and also 
differs from the former in its steep in
clination of the lateral part of chambers. 

T AZA W A'S specimens were described 
as C. parva (pI. I, figs. 7 and 8, 1975) 
from the Upper Permian of the Kitakami 
Massif, may be referred to Colaniella 
media M-MAKLA Y by their steep incli
nation of the lateral part and broadly 
flattened central part of chambers. 

Horizon-The occurrences of Colaniella 
parva (COLANI) are worldwidely limited 
to the formations which are correlated to 
the Upper Dzhulfian age (the Dorashamian) 
of the Tethysian Sea as follows; Greece, 
Northern Caucasus, Indochine, South 
China, Japan and South Sichote-Alin. 
ISHII, OKIMURA and NAKAzAwA (1975) 
discussed on these localities and the for
aminiferal faunas, and estimated this 
species is the zonal index fossil of the 
Upper Dzhulfian. 

Family T etrataxidae 

Genus Abadehella OKIMURA 

and ISHII, 1975 

Abadehella sp. d. A. conifonnis 

OKIMURA and ISHII 

PI. 43, fig. 18 
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Compare-
1975. Abadehella coni/ormis OKI:-IURA and 

ISHII, Mem. Fac. Sci. Kyoto Univ., Ser. 
Ceol. Mineral., vol. XLI, no. 1, p. 43, 
pI. 2, figs. 1-5, 7 and 8, pI. 1, fig. 3, 
pI. 4, figs. 2-4. 

1975. Abadehella coni/onnis, ISHII, OKIMURA 
and NAKAzAwA, Jour. Ceosci. Osaka 
City Univ., vol. 19, art. 6, pI. 3, fig. 9, 
pI. 4, fig. 13. 

Descriptive remarks-Although an obli
que section is only examined, from the 
loco FSKN 20, with respect to the de
velopment of septal partitions, the conical 
shell-form and size of basal part, and the 
chamber arrangement, these characters 
of this specimen are comparable to those 
of many specimens from the lower part 
of the Abadeh formation, the Upper 
Permian of the Central Iran. Lateral 
slope is slightly concave on one side, and 
slightly uneven in the later stage. Wall 
is calcareous, consisting of two layers; 
thin, dark microgranular outer layer, and 
thick, vitreous inner layer. Small cham
berlets of 12 or more in number are 
compartmented by septal partitions which 
are similar to the structure of the outer 
wall. 

Horizon-The occurrences of Abadehella 
coni/ormis OKIMURA and ISHII are limited 
to the Upper Permian as follows; The 
Abadeh formation of the Central Iran, 
the Zewan formation of the Kashmir of 
Northern India, the Takauchi and 
Kashiwadani limestones of the Maizuru 
group of Southwest Japan, and the Iwai
zaki limestone of the Kanokura formation 
of Northeast Japan. 

Family Endothyriidae 

Genus Neoendothyra REITLINGER, 1965 

Neoendothyra sp; 

PI. 43, fig. 14 

Compare-
1965. Neoendolhyra sp. No.2, REITLI:\GER, 

Oldel. Nauk Zemle, Ceol. Inst., Bop. 
Mikropaleont., No.9, p. 61, (diagnosis 
of the genus Neoendothyra) , pI. 1, figs. 
4 and 5. 

1975. Neoendothyra sp., ISHII, OKI~1URA and 
NAKAzAwA, Jour. Ceosci. Osaka City 
Univ., vol. 19, art. 6, pI. 2, fig. 13. 

i'v/ateria/-An axial section in regard to 
the later volution was only examined, 
from the loco FSKN 20. 

Description-Test small, involute, lentic
ular form tapered in the marginal part; 
consists of two volutions, but the coiling 
axes of the early and the later parts 
obliquely joined. Umbilical part roundly 
convexed on one side, but on the other 
side slightly plain. A few small chambers 
in the first volution observed, but its 
number obscured and unknown due to 
the notable development of the secondary 
deposits in the axial part and on the 
floor of the second whorl. The charac
ters of septa and aperture also unknown 
owing to the absence of the sagittal 
section in regard to the later volution. 
Wall calcareous, thin, consists of a het
erogeneous microgranular calcite. 

Dimensions-The maximum length 0.40 
mm. and the maximum width 0.21 mm. 
in the figured specimen (pI. 43, fig. 14). 
Form ratio about 0.52. 

Remarks-This specimen is closely 
similar to REITLINGER'S specimen of 
Neoendothyra sp. No.2 (1965, pI. 1, fig. 
5) with respect to the inflated lenticular 
shell-form and the remarkable develop
ment of secondary deposits such as axial 
filling similar to those in some fusulinid, 
and the rotated axis between the early 
and later stages. But in shell-size the 
former is smaller than the latter, in 
which the maximum length and width 
were measured 0.53 mm. and 0.35 mm. 
respectively in REITLINGER'S figure. 
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This species differs from Neoendothyra 
reicheli REITLINGER in its inflated lenti
cular shell-form, and is also distinguished 
from N. parva (LANGE) in its notable de
velopment of the secondary deposits. 

Horizon-It is noteworthy that the type 
species of Neoendothyra reicheli, was 
described from the lower triassic of the 
"Induan" of Dzhulfa area, Transcaucasus, 
USSR, although Neoendothyra sp. No.2, 
of REITLINGER (1965) was reported form 
the Gnishkskii horizon, the upper Middle 
Permian of the Baisal Mountain, Trans
caucasus, USSR. The referable specimen 
is figured by ISHII et al. (1975) as a 
faunal element of the Lepidolina kumaensis 
zone from the Haigyu formation of the 
Shikoku, Southwest Japan. 

Family Nodosariidae 

Genus Nodosaria LAMARCK, 1812 

Nodosaria sp. cf. N. radicula (LINNE) 

PI. 43, fig. 16 

Compare-
1854. Nodosaria geinitzi, REUSS, Jahresbericht 

Wetterauer Cesel., vol. for 1851-1853, p. 

77, fig. 12. 
1876. Nodosaria radicula (LINNE), BRADY 

Paleontgr. Soc. Pub I. 30, p. 124-127, pI. 
10, figs. 6-16. 

1959. Nodosaria geinitzi, KASHRICHEV, 

Yaktsuk Fit. Sibil. atdel. Akad. Nauk 
USSR., p. 16, pI. 1, fig. 3. 

1965. Nodosaria ex gr. geinitzi, REITLI:"GER, 

atdel. Nauk Zeml. Ceol. Inst. Mikro
paleont. No.9, pI. 2, fig. 11. 

1970. Nodosaria geinitzi, ZAWADOVSKY et aI., 
Minist. Ceol. RSCSR., lvlazadanesk 
Knik. Izdat., p. 31, pI. 85, figs. 8-9. 

Material-A longitudinal section of the 
adult part was only examined, from the 
loco FSKN 20. Although the specimen is 
incomplete one, the species is identified 
by its sub globose chambers of regular 

size. 
Description-Test small, cylindrical 

form with distinct sutures perpendicular 
to longitudinal axis. Three subglobose 
chambers of the adult stage uniserially 
and rectilinearly arranged. Chambers of 
the early stage brocken out, but ones of 
regular size in adult stage the most im
portant character to identify this species. 
Wall calcareous, transparent, composed of 
indistinct fibrous calcite, and thickened 
in apertural part. Aperture single, rel
atively large composed with shell-size, 
funnel-like, opens at terminal part of 
shell. 

Dimensions-In the figured specimen 
(pI. 43, fig. 16), the maximum length 0.53 
mm. and the maximum width 0.19 mm. 
Chamber-height 0.09 mm. to 0.11 mm. 
The complete specimen have a shell of 
0.9 mm. more or less in length and 0.25 
mm. more or less in width in the Russian 
specimens compared above, therefore the 
early part of this examined specimen 
must be broken out. 

Comparison-Nodosaria radicula (LINNE) 
is easily distinguished from any other 
species of Nodosaria in its subglobular 
chambers of almost analogous size 
throughout the growth stage, or very 
slightly tapered shell, but this specimen 
is designated a sa comparable species be
cause of an incomplete one. 

Horizon-The age of all the specimens 
described from the Permian Zechstein of 
Germany can not be known in detail, 
but according to BRADY (1876) this species 
is commonly distributed in the Kupfer
schiefer of Germany' and MiddleZechstein, 
and in England it is confined to the 
upper Magnesian Limestone Series. The 
Russian specimens are reported from the 
Omolonskaya horizon (U fimskii), lower 
Upper Permian, and from the" Induan" 
(Dorashamian) of the Transcaucasus. 
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On the faunal characters of For-

aminifera from the Upper 

Permian sediments in 

the Kelantan 

The identified foraminifers from the 
Sungei Paloh and S. Rerai area, Kelantan 
and their localities (Fig. 1) are listed as 
follows (the numbers in round brackets 
show the figured ones of the plate): 

Locality FSKN 19; agglomerate with 
biolithite-pebbles Palaeofusulina sp .. 
Reichelina sp., Colaniella media M-MAK
LAY, C. sp., Glomospira sp., Lunucammina 
sp., and Pachyphloia sp. 

Locality FSKN 20; argillo-tuffaceous 
limestone. Chusenella? sp., Palaeofusulina 
aff. bella SHENG, P. sp. (2), Reichelina sp. 
(4), Staffella sp., Abadehella d. coniformis 
OKIMURA and ISHII (18), Agathammina 
sp. (15), Cribrogenerina sp., Colaniella 
media M-MAKLA Y (5, 9), C. parva (COLANI) 
(7), C. d. parva (COLANI) (8), c. sp., 
Globivalvulina sp. (19), Glomospira sp., 
Lunucammina sp. (12), Nodosaria cf. 
radicula (LINNE) (16), Nodosinella? sp., 

Neoendothyra sp. (14). Pachyphloia sp., 
Tuberitina sp. and Palaeotextulariids. 

Locality FSKN 32; tuffaceous calciru
dite. Palaeofusulina aff. bella SHENG, P. 
sp., Reichelina sp. (3), Colaniella sp. (10), 
Cribrogenerina sp. (11), Glomospira sp., 
Lunucammina sp., Nodosaria? sp., Pachy
phloia sp., Palaeotextularia sp., Paraglo
bivalvulina? sp. and Tetrataxis sp. (17). 

Locality FSKN 33; taffaceous calciru
dite. Palaeofusulinaa ff. bella SHENG (1), 
Reichelina? sp., Agathammina sp. and 
Colaniella sp. 

The foraminiferal fauna of this area 
consists mainly of the foraminifers of 
long range from the Middle to the upper 
Upper Permian, as REITLINGER (1954, 
fig. 2) showed synthetically and phylog
enetically on the Upper Permian for
aminifers from the Transcaucasus, USSR, 
and as ISHII et al. (1975, table 1 and pI. 
4) showed with a faunal list of the Upper 
Permian of Japn. 

However, Palaeofusulina and Colaniella 
in this area are very important index 
fossils of the upper Upper Permian as 
above mentioned description. According-

Explanation of Plate 43 

Fig. 1. Palaeofusulina aff. bella SHE:-;G. Axial section, loco FSKN 33, x 30. 
Fig. 2. Palaeofusulina ap. Axial section, loco FSKN 20, x 50. 
Fig. 3. Codollofusiella sp. Sagittal section, loco FSKN 32, x 50. 
Fig. 4. Reichelina sp. Axial section, loco FSKN 20, x 80. 
Figs. 5, 6 and 9. Colaniella media M-MAKLAY. 5; oblique section, loco FSKN 20, x 36. 6; 

transverse section, loco FSKN 19, x 36. 9; obliquely longitudinal section, loco FSKN 32, x 50. 
Fig. 7. Colaniella parva (COLAN I) . Transverse section, loco FSKN 20, x 50. 
Fig. 8. Colaniella d. parva (COLANI). Longitudinal section, loco FSKN 20, x 50. 
Fig. 10. Colaniella sp. Oblique section, loco FSKN 32, x 50. 
Fig. 11. Cribrogenerina sp. Oblique section. loco FSKN 32, x 50. 
Fig. 12. Lunucammina sp. Normal longitudinal section, loco FSKN 20, x 50. 
Fig. 13. Tllberitina sp. Cross section, loco FSKN 20, x 80. 
Fig. 14. Neoendothyra sp. Axial section, loco FSKN 20, x 50. 
Fig. 15. Agathammina sp. Cross section, loco FSKN 20, x 80. 
Fig. 16. Nodosaria d. radicula (LIl':-':E). Longitudinal section, loco FSKK 20, x 80. 
Fig. 17. Tetrataxis sp. Longitudinal section, loco FSKN 32, x 80. 
Fig. 18. Abadehella d. coniformis OKI:'vlURA. and IS~lll. Oblique section, loco FSKN 20, x 80. 
Fig. 19. Globivalvulina sp. Oblique section, loco FSKN 20, x 50. 
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ly, the foraminiferal fauna including the 
advanced forms of Palaeofusulina and 
Colaniella in this area is unquestionably 
referable to the Palaeofusulina sinensis
Colaniella parva fauna of the upper 
Upper Permian estimated by ISHII. OK!
MURA and NAKAZAWA (1975). 

Hereafter, it goes without saying that 
the Permian-Triassic formations of this 
area should be biostratigraphically stud
ied, and based on the more detailed field 
observation and more samples. 
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Introduction 

The Lower Cretaceous Haidateyama 
Formation outcrops in the area of Mt. 
Haidateyama and its northern foot, east
ern Kyushu. The area belongs to the 
Chichibu Terrain of the Outer Zone of 
Southwest Japan. 

The stratigraphy and the geological 
structure of the area were previously 
reported by FUJII (1954) and TERAOKA 
(1970). FUJII correlated this formation 
to the Albian Yatsushiro Formation of 
western Kyushu, by means of faunal 
assemblage. Further, TERAOKA pointed 
out that the Haidateyama Formation may 
include somewhat younger sediments 
than the Yatsushiro Formation on the 
stratigraphic evidence (see TERAOKA 
1970, p~ 12). 

In 1972, I unexpectedly obtained a 
specimen of ammonite from the lower 
part of this formation. In this paper I 
describe the specimen and reexamine the 

Received Aus. 20, 1976; read Oct. 19, 
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geological age of the Haidateyama For
mation. 

Before going further, I express my 
sincere thanks to Professor Tatsuro MA
TSUMOTO of Kyushu University for his 
kind guidance and critical reading the 
typescript. 

Geological setting 

The Haidateyama Formation mainly 
outcrops in the Haidateyama area. It is 
commonly demarcated by faults and in 
part unconformably oversteps the Paleo
zoic strata. The same formation is also 
exposed in another tectonic zone in the 
north which extends from Osaka to 
Higashidani. The outcrops are shown 
in Text-fig. 1. 

1. Haidateyama area. The Haidate
yama Formation in the type Haidate
yama area (Text-fig. 1, A; Text-fig. 2, A) 
can be divided into the following three 
members by minor sedimentary cycles. 

(1). Basal member (HK 1). About 300 
m in thickness, mainly massive conglo-
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Text-fig. 1. Geological map of the Haidateyama area. A: Haidateyama area, B: 
Osaka and Higashidani areas, 1: conglomerate, 2: red conglomerate, 3: sandstone, 4: 
mudstone, 5: older complex, 6: Upper Cretaceous (Tano Formation), 7: fault, 8: fossil 
locality (after TERAoKA, 1970). 

meratic deposits with interbeds of sandy 
siltstone. Lower part: ill-sorted angular 
or subangular boulders and cobbles. 
Upper part: wel1-sorted conglomerate 
with wel1 rounded pebbles and greenish 
or reddish matrix and becoming gra
dual1y finer upward. 

(2). Lower member (HK 2). About 
1060 m in thickness. Lower part: thick
bedded conglomerate with intercalations 
of dark gray or green siltstone. Conglo
merate mainly composed of ill-sorted 
chert breccias with siliceous materix. 
Upper part: alternation of siltstone and 
sandstone with frequent interbeds of 
conglomerate and with more predominant 
mudstone upward. Plant fossils contained 
at two horizons and mol1uscan fossils at 

three horizons. The described fossil was 
obtained at Loc. HK204 of this member. 

. (3). . Upper member (HK 3). Thickness 
at least 800 m but the upper limit is 
unknown because of the synclinal struc
ture. Granule conglomerate, dark gray 
sandy mudstone and fine-grained sands
tone. The sandy mudstone includes two 
fossiliferous beds, of which lower one 
contains plant fossils and the upper one 
neritic bivalves. 

2. Osaka and Higashidani areas. The 
Haidateyama Formation in another zone 
(Text-fig. 1, B; Text-fig. 2, B) extending 
from Osaka to Higashidani outcrops in 
four .narrow belts separated by faults. 
The three in the Osaka area are demar
cated respectively by strike faults with 
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Text-fig. 2. Stratigraphic columnar 
section of the Haidateyama Formation. 
solid circle: animal fossil, empty circle: 
plant fossil (adapted from TERAoKA, 
1970). 

ENE-WSW trend, showing sandwich 
structure between the Paleozoic strata, 
and the other in the Higashidani area is 
unconformably overstepped by the Upper 
Cretaceous Tano Formation. The se
quence is incomplete in these belts. 

(1). Southern belt of Osaka area (HK 
1). Mainly conglomeratic deposits about 
150 m in thickness, with partial interbeds 
of sandy siltstone or fine-grained sand
stone. The conglomerate is referable to 
that of the basal member in the type 
Haidateyama area. 

(2). Northern belt of Osaka area. The 
sequence probably represents the upper 
horizon than that of southern belt and 

is separated by fault in two outcrops, of 
which the southern one probably cor
relates to a certain horizon of the Lower 
member in the type Haidateyama area 
(HK 2), consists of alternation of sand
stone and mudstone with intercalations 
of conglomerate. Another one probably 
corresponds to (HK 3) in the type area, 
sandstone and mudstone in alternation, 
with predominant shale at the top in the 
visible sequence. Neritic bivalves com
mon in calcareous sandstone. 

(3). Higashidani area. Lower limit 
faulted. About 680 m in thickness in 
visible sequence, mainly composed of 
sandstone, shale and their alternation, 
with partial interbeds of granule conglo
merate. Neritic molluscan fossils found 
at two horizons of the shaly part. Ac
cording to the paleontological evidence, 
the sequence probably represents the 
uppermost member of this formation 
(HK 4). 

The stratigraphic positions of fossil 
localities and their guide map are shown 
in Text-figs. 2 and 3 respectively. 

Paleontological description 

Superfamily Ancylocerataceae 

MEEK, 1876 

Family Ancyloceratidae MEEK, 1876 

Genus Ancyloceras D'ORBIGNY, 1842 

Subgenus Ancyloceras s. str. 

Ancyloceras (Ancyloceras) sp. 

aff. Ancyloceras (Ancyloceras) 

vandenheckii ASTIER 

PI. 44, Fig. la, b, c, d 

Material- Only one specimen (GK. 
HI0302) is concerned with description. 



667. Ancyloceras from Haidateyama Formation 421 

MEJIRO-PASS 

Mt. HAIDATEVAMA 
~K)04 

~1i<bSHIGOE 
X 

2km 
i...-===i-====. 

Text·fig. 3. Fossil localities of the Haidateyama Formation. 

It is a fragmentary shaft, but the original 
ornaments and suture line descernible. 

Description-Open spiral shell with 
gradually enlarging shaft, fairly com· 
pressed secondarily. Shaft gently curved, 
probably oval in cross·section and widest 
at the umbilical tubercles. Trituberculate 
ribs rursiradiate and inequidistant. Ven
trolateral and lateral tubercles nearly 
equally strong and larger than the umbi· 
lical ones, which are placed at about 
two thirds from the venter. Two or 
three intermediary ribs without tubercles 
constantly seen each interspace of the 
primary ones. Dorsal ribs fine, dense 
and bent forward. Two primary ribs 
and two intermediaries on the flank cor· 

responding to five ribs on the dorsum; 
some dorsal ribs continue with the in
termediaries, others bifurcated from the 
umbilical tubercle or simply intercalated. 
Sutureline complex, consisting of E, L, U 
and I, with bifid saddles and trifid lobes. 
U is smaller than 1. 

Comparison-The specimen closely re
sembles the hitherto described specimens 
of Ancyloceras (Ancyloceras) vandenheckii 
ASTIER, 1851 (see SARKER 1955, p. 136; 
THOMEL 1964, p. 54, pI. 8, figs. 1-5) from 
the Upper Barremian of Barreme, France, 
in the widely open spiral, the oval trans· 
verse section of shaft, the dense ribs on 
the dorsum and the rursiradiate trituber. 
culate ribs and intermediaries on the 
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flank. The distinction is in that ASTIER'S 
specimen shows one or two interme· 
diaries on each interspace, rapidly en· 
larging shaft and the lower position of 
umbilical tubercles situated at about 
three fourths from the venter. The 
present specimen, however, may be as· 
cribed to a form of variation of that 
species considering the secondary de· 
formation. 

Ancyloceras (Ancyloceras) ma n tell i 
CASEY from the Lower Greensand of 
Atherfield, England, also resembles the 
present specimen in trituberculate ribs 
(CASEY, 1960). But the present specimen 
is not identified with that species which 
has rapidly enlarged shell height, one 
or two intermediaries on each interspace 
of the primary ribs, higher position of 
umbilical tubercles and prorsiradiate 
ribbing. 

The illustration of Ancyloceras (An. 
cyloceras) matheronianu17l D'ORBIGNY 
(1842, p. 497, pI. 122) from the Lower 
Aptian of Bedoule, France, shows a 
widely open spiral, compressed cross· 
section and sutureline with bifid saddles 
and trifid lateral and dorsal lobes. In 
these characters the present specimen 
closely resembles the D'ORBIGNY'S speci. 
men but is distinguishable from it that 
has inequidistantly tuberculate ribs, less 
intermediaries and the higher position of 
the umbilical tubercles. 

From the above comparison, the pre· 
sent specimen is not exactly identified 
with any of the previously described 
species of Ancyloceras s. str. It may 
represent a new species which is closely 

allied to Ancyloceras (Ancyloceras) van· 
denheckii ASTIER. As another alterna· 
tive, it could be regarded as representing 
a variation of that species, but the 
number and preservation of the available 
specimens are insufficient. 

Occurrence-Dark gray siltstone of the 
Lower member of the Haidateyama For· 
mation. Locality: HK204, location; Long. 
131°39'14/1E. Lat. 32° 56'47/1N. On the 
southern slope of Mt. Haidateyama, 
Honjo Village, Minamiamabe County, 
Oita Prefecture. Together with Neithea 
(Neithea) atava ROMER, Gervillaria ham. 
dae (YOKOYAMA), As/m-te (Astarte) sub. 
senecta YABE et NAGAO. Ptycomya den. 
sicostata NAGAo, Goniomya subarchiaci 
NAGAO, Plecto7llya aritagawana HAY AMI, 
Nanonavis yokoyamai (YABE et NAGAO), 
Panopea (Myopsis) plicata (SOWERBY), 
Scittila japonica HAY AMI, Pterotrigonia 
hokkaidoana (YEHARA), Heteraster sp. 
and Paraheteraster spp. 

Note on geological age 

FUJII (1954) correlated this formation 
with the Albian Yatsushiro Formation 
by means of the faunal assemblage. The 
species, however, were all of long rang· 
ing and there was no species which in· 
dicates the exact geological age of the 
formation. TERAoKA (1970) mentioned 
that the uppermost part of this forma· 
tion may represent somewhat younger 
stage than that of the Yatsushiro For· 
mation, according to the stratigraphic 
evidence. 

Ancyloceras characterizes the age near 

Explanation of Plate 43 

Fig. la-d. Ancyloceras (Ancyloceras) sp. aff. Ancyloceras (Ancyloceras) vandenheckii ASTIER 

GK. H10302, natural size, internal mould from Lac. HK204 (call. M. NODA, 1972). a: 
lateral view, b: opposite side of a, c: dorsal view, d: sutureline. 
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the boundary between the Barremian 
and Aptian as CASEY (1960) mentioned. 
Ancyloceras (Ancyloceras) vandenheckii 
ASTIER represents' the uppermost part 
of the Barremian of Southeast France. 

From the occurrence of Ancyloceras 
(Ancyloceras) sp. aff. A. (A.) vandenheckii, 
the age of the Lower member of the 
Haidateyama Formation is probably re
ferred to the uppermost Barremian or 
the lowest part of the Aptian. The 
uppermost part of the Haidateyama For
mation (Higashidani Formation by TE
RAOKA) containing Neithea (Neithea) 
11latsumotoi HAY AMI probably belongs to 
the Albian. 

TERAOKA (1970) reported the occur
rence of Cheloniceras (?) sp. (preliminaly 
identified by MATSUMOTO) in the 2nd 
member of the Tamarimizu Formation 
which outcrops in a separate area to 
the northeast of Shiibaru, Notsu Town, 
faulted in several blocks. This fact may 
suggest the presence of the higher part 
of the Aptian in a certain portion of the 
successive sequence of the Haidateyama 
Formation. 

Akamine 'Uf; ~Jt 
Haidateyama {ij. II III 
Higashidani * 1:1-
Honjo ;<$: IiI: 
Izuruha ill :fl 
Kamikoshigoe J: III ~ 
Matsuo t~ ~ 
Mejiro EI i3 
Mie m 
Minamiamabe m ifij $ 
Notsu !Ilf 1$ 
Ono *- !Ilf 
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668. PLIOCENE MIZUHOPECTEN FROM THE HIJI FORMATION 

OF THE OITA GROUP, OITA PREFECTURE, JAPAN* 

MINORU HIT AKA 

Uenogaoka Senior Highschool, Oita 870 
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~O)~l±llifJJ/Jb-C-Ci:!;7.)o .:: 0)1r.~fiI!a-~. 1...., i:~rb-lt-C*!lEfiI!O)1:~7t;(P:to J: If*~~O)Iflf 
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Introduction 

The Upper Cenozoic Oita Group is ex
posed in the surroundings of Beppu Bay, 
Oita Prefecture, Kyushu. The strati
graphy of this group was previously 
reported by SHU TO (1953, 1962, 1970) and 
SHUTO et al. (1966). They assigned it to 
Pliocene to Pleistocene and correlated it 
with the Osaka Group of the Kinki pro
vince, but any leading fossil has not been 
known from its lower part in the type area, 
.although its upper is defined biostratigra
phically by the occurrence of Stegodon 
orientalis OWEN. 

Recently the writer collected Mizuho
pecten tokyoensis hokurikuensis(AKIYAMA), 
which has been found only in Lower 
Pliocene beds of Japan (sensu MASUDA, 
1973a, b), from the lower part of the 
Hiji formation at Itogahara (Long. 131 ° 
36'01" E., Lat. 33°21'16" N.), Hiji Town, 
Oita Prefecture. 

This paper deals with this subspecies 
with remarks on the geological age of 
the formation and paleobiological aspect. 

* Received Sept. 18, 1976; read Oct. 19, 
1974 at Nagoya. 
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Before going further, the writer wishes 
to express his sincere thanks to Professor 
Tsugio SHUTO of Kyushu University for 
his kind guidance and supervision of this 
study and also to Professor Zenzo MORI
YAMA of Oita University for his constant 
encouragement. Sincere thanks are also 
due to Miss Masako OKAGUCHI of Kyushu 
University for kindly giving original in
formation about the fission-track age 
determination of the Oita Group. 

Stratigraphical setting 

of the fossil bed 

The Oita Group is divided into the 
Takio and Tsurusaki Formations in as
cending order in the type area, south of 
Beppu Bay (SHUTO, 1953). The Takio 
Formation is lithologically subdivided 
into three members, the Katashima, Hada 
and Shimogori Members in ascending 
order. The Katashima Member consists 
of the basal conglomarate and the over
lying tuffaceous part with biotite and 
rhyolitic pumice and alternation of sand 
and silt. The Hada Member consists of 
rhyolitic pumice fall and flow in the lower 
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Kyushu 

V 
Oita 

Text-fig. 1. Map showing the locality 
of klizuhopecten tokyoensis hokurikuensis 
(AKIYAMA). 

part and alternation of gravel. silt and 
tuffaceous sand with scattering horn
blende-andesitic pumice in the upper part. 
The Shimogori Member is a thick se
quence of tuffaceous sands and silts in
cluding two pyroxene-andesitic tuff brec
cias and tuffs. The Tsurusaki Formation, 
which lies conformably on the Takio 
Formation in the type section, is com
posed of gravels and sands with a rhyo-

litic tuff layer in the lower part and silts 
and sands with occasional gravel lenses in 
the upper part. 

Some marine bands are intercalated in 
the upper parts of both the Katashima 
and Hada Members but do not yield any 
marine fossil except for rare occurrence 
of trace fossil. The Hada Member also 
yields such plant fossils as Acer sp. and 
Glyptostrobus sp., which do not serve for 
a detailed correlation. The Tsurusaki 
Formation contains marine molluscan fos
sils such as Fulvia mutica (REEVE), 
Cyclina sinensis (GMELIN), Macoma incon
grua (MARTENS), Proclva lwchi (PHILIPPI) 
in the upper part, but they do not indi
cate any precise age. It also yields 
Stegodon orientalis OWEN in the basal 
part. which was reported to range 4'"'-'5 X 
10" yBP in the Kinki district (ISHIDA, 1970). 
Accordingly the age of the Oita Group 
in the type area is defined only for the 
upper horizon, i. e. the basal part of the 
Tsurusaki Formation. 

The strata which are correlated volcano
stratigraphically to the Takio Formation 
are developed in the Hiji district, north 
of Beppu Bay. They are grouped litho
stratigraphically into the Hiji and Oga 
Formations in ascending order. 

The Hiji Formation consists of pale 
green tuffaceous sands, tuffaceous silts, 
pumiceous tuffs, tuff breccias and alter
nation of gravel, sand and silt with some 

Table 1. Stratigraphy of the Oita Group in the marginal area of the Beppu Bay. 

South of Beppu Bay (Type area) North of 
Beppu Bay 

-------

Takajo M. 
Tsurusaki F. missing 

Maki M. 

Oita G. Shimogori M. Oga F. 

Takio F. Hada M. 
I Hiji F. 
I Katashima M. 
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thin tuff beds in ascending order. The 
formation is characterized by hornblende
andesitic pyroclastics and corresponds to 
the Katashima and Hada Members of the 
Takio Formation. Fossil scallops, Mizuho
pecten tokyoensis hokurikuensis (AKIY Al\IA), 

Acila divaricata (HINDS) 

Porllandia lischkei (S:VIITII) 

treated in this article were collected from 
this pale green tuffaceous sand bed, the 
lower part of the Hiji formation, together 
with many other marine mollusks as 
follows. 

Mizuhopecten tokyoensis hokurikuensis (AKIY A~IA) 

Lucinoma annulata (REEVE) 

Joannisiella cumingi (HANLEY) 

Fulvia mutica (REEYE) 

Maco"ma incongrua (v. MARTENS) 

Myadora ikebei HABE 

Panopea japonica A. ADA:VIS 

Lunatia pal/ida (BRODERIP and SOWER13Y) 

Ph os varicosus GOULD 

Inquisitor pseudoprincipalis (YoKOYA:\IA) 

The Oga Formation consists of tuffs. 
tuff breccias, tuffaceous sands yielding 
fresh water diatoms, gravels and alter
nation of tuff and tuff breccia in as
cending order. The pyroclastic material 
of this formation is dominantly two py
roxene-andesitic and indicates the for
mation to correspond to a part of the 
Shimogori Member of the Takio For
mation. 

Geological age of the Oita Group 

Discovery of Mizulwpecten to/zyoensis 
holzurilzuensis (AKIYAMA) from the Hiji 
Formation by the writer is a good aid 
for determining the geological age of the 
formation, because this subspecies shows 
very narrowly restricted range according 
to MASUDA (1962a, b, 1963, 1973b). He 
stated that the subspecies occurs only in 
the Lower Pliocene bed including the 
Hamada, Sawane, Himi, Onma, Saishu, 
Koshiba Formations and the Takanabe 
Member of the Kofu Formation. HA Y A
SAKA (1973) added an occurrence of the 

subspecies in the Tajima Formation. 
The above localities are shown in Fig. 2. 
While the Himi and Onma Formation 
and the Takanabe Member are correlated 
respectively to the Upper Pliocene to 
Lower Pleistocene from the view point 
of the planktic microstratigraphy 
(IKEBE et ai., 1973). Recently M. OKA
GUCI-II (MS. 1975) determined the fission
track age of zircon of Hada Pumice flow 
of the Hada Tuff of the Hada Member of 
the Takio Formation as 1.44±0.26x 106 

yBP. Volcano-stratigraphically speaking, 
the Hada tuff represents the latest ac
tivities of the biotite-hornblende-andesitic 
series in the Takio Formation. Conse
quently the scalop bed. the lowest part 
of the Hiji Formation mllst be older in 
age than the Hada tuff and may corre
spond to some marine bands of the upper 
part of the Katashima Member. She also 
gave a figure of 6.52±1.34 X lOG yBP con
cerning the Shikido pumice flow of the 
lower middle part of the Higashiwasada 
Formation, which unconformably under
lies the Takio Formation. Under such 
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circumstance as mentioned above the 
writer is inclined to correlate the scalop 
bed of the Hiji Formation and accordingly 
the upper part of the Katashima Member 
of the Takio Formation to Upper Pliocene 
through Lowest Pleistocene. 

The basal part of the Tsurusaki For
mation is correlated to the marine bands 
Ma 6 and Ma 7 of the Osaka Group in 
the Kinki province and to the Kasamori 
Formation of the Kazusa Group through 
the lowest Sagami Group in the Kwanto 
province on the basis of the common oc
currence of Stegodo orientalis OWEN. The 
age of the basal part of the Tsurusaki 
Formation is within 4-5x 105 yBP. Middle 
Pleistocene. 

In conclusion the Takio Formation, the 
main part of the Oita Group, ranges from 
Upper Pliocene to Lower Pleistocene. 

Paleobiogeography of lJlizu/wpecten 

tokyoensis hokllrikllellS;S 

(AKIYA)IA) 

According to MASUDA (l962a. b, 1973a. 
b), the beds yielding AJizuhopecten tokyo
ensis hokurikuensis are sorted paleobio
geographically into two groups. The one. 
including the Hamada, Sawane, Himi. 
Onma, Saishu and Koshiba formations, 
all in the same age, belongs to the 
Borderland of the japan Sea. The other 
one, including the Takanabe and Tajima, 
belongs to the Borderland of the South 
Pacific. M. tokyoensis hokurikuensis is 
associated with Yabepecten tokunagai 
(YOKOY AM A) and Chlamys cosibensis 
(YOKOY AMA) in the beds of the former 
group, while it occurs together with 
Amussiopecten praesignis (YOKOYAMA) 
and Cryptopecten vesiculosus (DU:-.IKER) in 
the latter group. Yabepecten tokunagai 
is a representative species of the Pliocene 
pectinid in the Borderland of the Japan 

1 Hamada 2 Sawane 

3 Himi 4 Onma. 
5 Sai~hu 6 Koshiba 

7 Tajima 8 Takanahe 

9 Hiji 

,; 117 

Text-fig. 2. Localities of Mizuhopecten 
tokyoensis hokurikuensis (AKIYAMA) (Adapted 
from MASCDA, 1963 and 1973b). 

Sea, and Chlamys cosibensis is regarded 
as one of the typical northern species 
ranging Middle Miocene to Pliocene in 
Northern japan and the japan Sea area, 
and also in the Alaskan Pliocene. Amus
siopecten praesignis and Cryptopecten vesi
culosus are the typical Pliocene and 
Pliocene to the Recent Kuroshio elements 
respectively. Association of M. tokyo
ensis hokurikuensis both with these cool 
and warm water assemblages may suggest 
its very labile ecological tolerance in 
regard to water temperature. 

The present species is not accompanied 
by any pectinid species in the Hiji For
mation, which is located between the 
two paleogeographical provinces above 
cited. It is a very interesting problem 
whether the Hiji area was connected with 
either cool or warm water in Upper 
Pliocene. A conclusion, however, can not 
be given concerning this problem, because 
M. tokyoensis hokurikuensis is associated 
neither with any pectinid nor typical 
element of cool or warm water in the 
Hiji Formation. 
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Habitat of M. tokyoens;s 

hokurikuells;s (AKlY A~IA) 

Distribution of the fossil valves of !'vI. 
tokyoensis holwrilwensis in the Hiji For
mation shows an apparent tendency that 
the small individuals occur in coarser 
sediment and the larger ones in finer 
sediment as shown in Table 2. This 
must not be a result of differential trans
portation during sedimentation, because 
large and heavy valves in silt and fine 
sand and small and light valves in coarser 
sand can not be explained by transport
ation effect. Besides, the associated bi
valves suggest autochthonous or, at least, 
semiautochthonous by their sporadic oc
currence, high percentage of conjoined 
valves and orientation of some individu
als in situ_ 

According to AKlY AMA (1962), Mizuho
pecten yessoensis (JAY) spends sessile life 
until the valve size attains about 10 mm 
in diameter in normal codition but retards 
the begining of free life until valves 
attain more than 30 mm in a quiet bay 
environment. This fact is very suggestive 
to understand the meaning of the occur
rence of M. tokyoensis hokurillUensis. 
There must be a tendency to shift habitat 
from the area of coarse sand, where the 
young shells attach to sands with their 
byssus, to the area of finer sediments on 
which they live free life_ 

Systematic Description 

Family Pectinidae 

Subfamily Fortipectininae 

Genus Mizuhopecten MASUDA, 1963 

Mizuhopecten tokyoensis hokurikuensis 

(AKlY AM A, 1962) 

PI. 45, figs. 1-G 

1935. Patinopecten tokyoensis ilimurai, 
OTUKA, Earthq. Res. Inst., Imp. Univ. 
Tokyo, Bull., vol. 13, no. 4, p. 887, pI. 
57, fig. 212. 

19GO. Patinopecten taiwanus, SHUTO, 
Mem. Fac. Sci., Kyushu Univ., Ser. D 
(Ceol), vol. 9, no. 3, p. 125, pI. 12, figs. 
2, 10, 11, pI. H, figs. 7, 15. 

1962. Patinopecten (Patinopecten) tokyoensis 
hokurikuensis AKIYA~IA; AKIYA~IA, Sci. 
Rep., Tokyo Kyoiku Daigaku, Sec. C, 
vol. 8, no. 74, p. 94, pI. 7, figs. 1-3, 5. 

1962a. Patinopecten (PatilZopecten) tokyoensis 
hokurikuensis; MASUDA, Sci. Rep., 
Tohoku Univ., 2nd Ser.' (Ceol.), vol. 
33, no. 2, p. 211, pI. 25, fig. G, pI. 27, 
figs. 6, 7. 

1963. Mizuhopecten tokyoensis hokurikuensis; 
MASUDA, Trans. Proc. Paleont. Soc. 
Japan, N. S. no. 52, p. 149, pis. 22-23. 

1973. Mizuhopecten tokyoensis hokurikuensis; 
HAYASAKA, Sci. Rep., Tohoku Univ., 
2nd Ser. (Ceol.) Special vol., no. G, p. 
102, pi 6,figs. la, 1 b. 

Table 2. Occurrence of M. tokyoellsis hokurikuensis (AKIYAMA) in relation 
to the shell size and to the grain-size of the sediment. 

Height of 
Sediment of the Scalop Bed 

the Shell Silt Fine Sand Medium Sand Coarse Sand 

6cm;2; 1 2 1 

2 cm-6cm 1 5 4 

2 em;;; 5 



668. Pliocene Miz7thopecten from Oita Group 429 

l'vfaterials: Nineteen specimens collect
ed from the Hiji Formation at Itogahama, 
most of which are incompletely preserved, 
are available. All the specimens are kept 
Dimensions: 

Specimen OH-5 0I-I-6 

Valve* R. R. 
Height (mm) 17.5 25.5 

Length (mm) 17 24.5 

Hinge length (mm) 12.5 18.5 

H/L(%) 102 104 

Apical angle 99° 100° 

Number of ribs 5 6 

* (l{; Right, L; Left) 

Description: Shell medium to large in 
size, orbicular in outline, equilateral ex
cept for auricles, equivalve with moder
ately convex right and somewhat less 
convex left as high as long or slightly 
higer than long, and radiately ribbed. 
Apical angle rbout 100 degrees. Right 
valve moderately inflated, with 5 to 6, 
broard. rather prominent, round topped. 
smooth radial ribs and fine and dense 
concentric growth lines. Radial ribs much 
broader than interspaces and becoming 
relatively narrower toward ventral mar
gin; interspaces with network sculpture 
on upper part of disc. Auricle truncated 
at both ends, with a broad and shallow 
byssal notch at anterior base; a few 
radial threads, fine concentric lines and 
distinct network, anterior truncation 
acutely oblique on small valves and al
most right angle on large ones. Left 
valve almost flat, with six, elevated, roof
shaped but not so sharply ridged radial 
ribs, dense concentric growth lines and 
distinct fine network. Auricle equilateral 
with similar sculpture to the right valve. 
Hinge line straight, long, as long as 
about sixty to seventy percent of shell 
length; hinge with simple and rather 

in the Institute of Geology, Faculty of 
Education, Oita University. Six specimens 
of them are well preserved, OH-5rv9 and 
OH-10 are shown in the plate. 

OH-7 OH-8 OH-9 OH-15 

R. R. R. L. 

28 35 

28 35 

21 52 35 

100 100 

100° 102° 103° 102° 

7 6 6 6 

sharp cardinal crurae on both sides of a 
wide and deep resilial pit. Pit bordered 
by fine lateral ridge with small but rather 
distinct denticle at extremities. Inside 
of discs smooth except for radial relief 
reflecting surface ribs. 

Comparison and affinity: Mizuhopecten 
MASUDA, 1963, is characterized primarily 
by its hinge with simple cardinal crurae 
and a wide and shallow resilial pit bor
dered by lateral ridges and secondly by 
equilateral auricle with shallow and broad 
byssal notch. In these respects the genus 
is readily distinguished from such allied 
genera as Patinopecten DALL, 1898 and 
Yabepecten MASUDA, 1963. The speci
mens in hand clearly show these diagno
stic features, and are reasonably assigned 
to Mizuhopecten. The morphological 
features of the present subspecies were 
fully described by AKIYAMA (1962) and 
MASUDA (1962a). The present material 
are featured by moderate to large shell 
and the paucity of ribs and also network 
on valves, and are identified to Mizuho
pecten tokyoensis hokurikuensis (AKIYAMA). 
The present specimens show a fair affi
nity with Mizuhopecten tokyoensis (TOKU
NAGA), but the former can be distingui-
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shed from the latter by the more inflated 
right valve, round-topped non-branching 
and less numerous radial ribs, and also 
by nearly flat left valve with distinctly 
elevated roof shaped radial ribs. Com
paring with Mizuhopecten kimurai (YOKO
Y AMA), which shows rather resembled 
ribbing, the present specimens have dis
tinctly larger auricles. 

Horizon: Pale green tuffaceous sand 
of the lower part of the Hiji Formation, 
Oita Group. Upper Pliocene. 
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Mizuhopecten tokyoensis hokurikuensis (AKIYAMA) 
Fig. 1. Rubber cast of right external mould (OH-9) x 1.2 
Fig. 2. Rubber cast of right internal mould (OH-5) x 2.1 
Fig. 3. Rubber cast of left external mould (OH-15) xl. 7 
Fig. 4. Rubber cast of right internal mould (OH-8) x 1.7 
Fig. 5. Rubber cast of right internal mould (OH-7) x 1.8 
Fig. 6. Rubber cast of right internal mould (OH-6) x 2.4 
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Introduction 

In the course of palynological study of 
the Pleistocene sediments distributed 
around Lake Hamana, well preserved 
Pediastrum fossils belonging to the Family 
Hydrodictaceae, Class Chlorophyceae 
were abundantly obtained. 

In Japan, the occurrence of fossil 
Hydrodictaceae such as Paleodictyon 
tenue KORIBA and MIKI, P. robstum KORIBA 
and MIKI and Hydrodictyon tertia rum 
KORIBA and MIKI was first described by 
KORIBA and MIKI (1939) from the Creta
ceous to Paleogene sediments, the Shi
manto Supergroup in Kii Peninsula. These 
fossils, however, have been said to be 
inorganic in origin or feeding trail fossils 
(HARATA, 1969). On the other hand, a 
few paleo-palynologists have reported the 
occurrence of Pediastrum, one of plank-

* Received Sept. 20, 1976; read Sept. 23, 
1975 at Kanazawa. 
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tic green algal genera. including follow
ing species; Pediastru17l boryanum (TUR
PIN) MENEGHINI, P. duplex MEYEN and 
P. biwae NEGORO from the Plio-Pleistocene 
Osaka Group (NASU, 1970, SHIMAKURA 
1971); Pediastrllm biwae and P. duplex 
from the Plio-Pleistocene Paleo-Biwa 
Group (N ASU, 1970); Pediastrum sp. from 
the Pleistocene Hamamatsu Formation 
(SHIMAKURA, 1964); Pediastrum d. P. 
boryanum from the Pliocene Nobori For
mation and the Miocene Fujiwara Group 
(MATSUOKA, 1971, 1974); Pediastrum 
araneosum RACIBORSKI, P. boryanum and 
P. kawraisky SCHIDLE (Resarch group for 
the Hiruzenbara, 1975). 

The palynological study of the Quater
nary deposits around Hamamatsu City 
was carried out by SHIMAKURA (1964). 
And he repoted the first finding of Pedia
strum in silty samples collected from the 
southern area of lnasa and Shiroyama
bana. 
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In this paper, the writers will describe 
four species of the genus Pediastrum ob· 
tained from the Hamamatsu Formation 
and discuss on the paleo.environments of 
this formation on the basis of diatom 
and molluscan fossils. 
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Geological note and 

preparation method 

The geological aspect around Lake 
Hamana in Central Japan is summarized 

Text·fig. 1. Geological map of the northeastern coast of Lake Hamana. 
1; Recent deposit, 2; Mikatagahara Formation, 3; Sahama muddy member of the 
Hamamatsu Formation, 4; Basement paleozoic rocks. 
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by KOBA Y ASH! (1963) as follows: 
The basement rocks in the present area 

are Paleozoics and mostly composed of 
sandstone and chert intercalated with 
small limestone and greenstone lenses. 
They are exposed in hilly lands on the 
northern part of this lake and near 
Kanzanji as small inlier masses. 

The lower to middle Pleistocene Hama
matsu Formation covering directly these 
Paleozoics consists of sand. mud and 
gravel beds accompanied by a few thin 
volcanic ash layers. It is subdivided into 
three facies lithologically. The part of 
the muddy facies is named the Sahama 
muddy member (TSUCI-Il. 1960). It yields 
abundant macro- and microfossils such 
as foraminifers, sponge spicules, molluscs, 
diatoms, dinoflagellate cysts, acritarchs. 
spores, pollen grains and larger plant 
remains. 

The Mikatagahara Formation covers 
disconformably the Hamamatsu Formation 
and makes the surface of the upland of 
Mikatagahara. This formation consists 
wholly of fluviatile graveliferous deposits. 

The samples provided for the analysis 
\vere collected from the Sahama muddy 
member near Kanzanji along the eastern 
coast of the lake, in which some mollus
cs were contained sporadically. 

The SI-IIMAKURA'S method was adopted 
for the present palynological investigation. 

The specimens described in this paper 
are deposited in the Laboratory of Paleo
botany, Osaka City University. 

Notes on paleo-environment of 
the Hamamatsu Formation 

As previously mentioned elsewhere the 
Pediastrlllll fossils have been reported 
in the sedimentary facies from freshwater 
to marine. For example, some Pediastrum 
species were found from marine sediments 
in Pakistan (Lower Cretaceous) and in 

California (upper Cretaceous) by EVITT 
(1963), while the fossils occurred in the 
freshwater Pleistocene sediments known 
as gyttja in northern Europe (F AEGRI 
and IVERSEN, 1950). 

Here the sedimentary environment of 
the Hamamatsu Formation with a large 
amount of Pediastrum near Kanzanji is 
discussed on the basis of diatom and 
molluscan occurrence. 

Diatom assemblage 
Fossil diatoms distinguished in the same 

samples from the Hamamatsu Formation 
is listed in Table 1. 

Table 1. Fossil diatoms accompanied 
with the mentioned Pediastrum spp. ; identi
fied by K. NEGORO. 

Actinoayclus ehrenbergi Grun. * ------------------- A 

Actinoptycus spZendens (Shadb.) Ralfs.* ---------- F 

Arachnoidiscus ehrenbergi Bail. * ----------------- R 

Campyrodisou8 echeneis Ehr .. * -------------------- C 

Cocconeis placentula Ehr .------------------------- F 

CoscinodiscUB Zaaustris Grun. * ------------------- C 

CymatopZeura eUiptica (Beil.) II. Smith----------- R 

CymbeUa ZanceoZata (Ehr.) Van Heurck ------------ C 

CymbeUa Zata Grun. ------------------------------ F 

CymbeUa twnida (Breb.) Van Heurck --------------- F 

Diploneis intert'upta (Kutz.) Cleve* -------------- R 

DipZoneis ovaZis (Hilse) Cleve ------------------- R 

Epithemia tr>ugida (Ehr.) Kutz. ------------------- A 

Epithemia t1'!l.gida var. granuZata (Ehr.) Grun.----- A 

Eunotia pectinaUs (Breb.) Grun. ----------------- R 

Gomphonema acwninatwn var. 
cor>nata (Ehr.) W. Smith --------- R 

Gorrrphonema gracile var. 
lanceolata (Kiizt.) Cleve -------- R 

Gyrosigma acwninatwn (Kuz t.) Rabh. --------------- F 

Hydrosera triquetr>a lIall. ----------------------- R 

MeZosira itaZica (Ehr.) Kuzt. -------------------- F 

Nitzschia circwnsuta (Bail.) Grun. * -------------- A 

Pinnularia maior (Klitz.) Cleve ------------------- R 

Pinnularia vir>idis (Nitzsch) Ehr. ---------------- R 

RhopaZodia gibba (Ehr.) O. Mull. ----------------- R 

Stau:l'oneis phoenicenteron Ehr. ------------------- R 

SurizrelZa biseriata Breb. ------------------------ It 
SurireZZa roobusta Ehr.---------------------------- F 

Tricel'atiwn favus Ehr. * -------------------------- R 

*: brackish to marin species 

A: abundant, C: common, F: a few, R: rare 
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In this assemblage, Actinocyclus ehren
berg-i, Actinoptychlls splendens, Arachnoi
discus ehrenbergi and CoscinodiscllS laCli
slris belonging to the centrales are marine 
to brackish species. On the other hand, 
Cymbella lanceolata, Epith2mia tnlgida, E. 
trugida var. granulata, Diploneis interrupta 
and Nitzschia CirCU1J1S11ta belonging to the 
pennales are freshwater species. Other 
pennatae species, Ca771pylodiscus echeneis, 
is brackish species. Epithemia trllgida, 
Nitzschia circllmsuta and Actinocyclus 
ehrenbergi are the dominant species and 
followed by Campylodiscus echeneis. 
Coscinodiscus lacustris and Cymbella lan
ceolata. This diatom assemblage, there
fore, is characterized by co· existence of 
marine to brackish and freshwater 
species. Furthermore, there is no speci
mens such as Melosira solida and Ste
phanodiscus cariconensis indicating the 
water system of Lake Biwa (NEGORO, 
1954) in the Kinki district. 

Molluscan assemblage 
According to ISOlVlI and INOUE (1972), 

the molluscan fossil assemblage around 
the present sampling area is characterized 
by the abundant occurrence of Corbicula 
japonica and Gryphera gigas which indi
cate an estuarine facies. 

Judging from both diatom and mollus
can fossil assemblages, the Hamamatsu 
Formation yielding abundantly Pedia. 
strulll spp. might be formed near the 
mouth of a river strongly influenced by 
sea water. Then Pediastrum spp. are 
considered to have been transported from 
some lakes or ponds near Paleo-Hamana 
Bay. 

Pediastrul1l biwae, an endemic species 
in Lake Biwa, could be collected from 
the surface water in Osaka Bay near 
mouth of the River Yodo (ZORIKI and 
HIROSE, 1975). It must have been trans
ported from Lake Biwa through the 

Rivers Seta, U ji and Yodo. This may 
afford a good reason to expect the above
mentioned Pleistocene environment around 
Lake Hamana. 

Systematic description 

By K. MATSUOKA 

Division Chlorophyta 

Class Chlorophyceae 

Order Chlorococcales 

Family Hydrodictaceae 

Genus Pediastrulll MEYEN. 1829 

Pediastrul7l araneOSli III RACIBORSKI 

var. rllglliosum (G. S. ~-EST) 

G. M. SMITH. 1920 

PI. 47, figs. 9-13 

Pediastrum arcneosum RACIIlORSKI var. rugulo
sum (G. S. WEST) G. M. S'cIITH 1920, p. 
168, pI. -15, figs. 12, 13. 

Description: The coenobium consisting 
two different types of cells sho\\'s circu
lar to oval in shape, and has no inter
stices between interior cells. The coeno
bium is mostly composed of 32-64 cells. 
The marginal cells have two short and 
truncated projections. Inner half of the 
marginal cells are convex in shape. and 
outer half of them have a slightly deep 
emargination between their projections. 
The interior cells have five to six sides, 
and a pair of opposite two of them is 
com'ex and concave respectively. Others 
have straight sides. The surface of cells 
is covered with coarse reticula tum of 
ridges. 

Dimension: Diameter of coenobia (32 
cells) 105 fl-145 fl, length of interior cells 
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SCHEMATIC COENOBIA OF PEDIASTRUM 

LIVING FORM 

PROJEcTION--------~·~ 

~~~~-----MARGINAL CELL 

PORE FOR LIBERATION ----_~ 
OF ZOOSPORES 

INTERIOR CELL,------~~~~~~~~~~~~~+¥~~~~~~------INTERSTICE 

FOSSILIZED FORM 

Text-fig. 2. Terminology and schematic coenobia of Pediastrum. 

9 p-ll p, width of them 14 fl-22 p, length 
of marginal cells 17 p-19 fl, width of 
them 25 p-29 fl. 

Remarl?s: The present variety differs 
from others in characteristic cell surface. 
The projections from the marginal cells 
in these specimens are somewhat longer 
than in the specimens figured by G. M. 
SMITH (1920, pI. 45, figs. 12, 13). 

Pediastrum duplex MEYEN var. 

coharens BOHLIN 1897 

PI. -17, figs. 5-8 

Pediastru11l duplex MEYE" var. coharens BmILl" 

1897, p. 31, pI. 2, fig. 1. 
Pediastru11l duplex MEYEN var. reticulatum 

LAGERHEI~I forma coharense (BmILI!':) 

BRC,,!':THALER 1915, in PASCHER (edt.), 
p. 95, fig. 57e. 

Pediastrum duplex MEYEN var. coharens 
BOHLIN; G. M. SMITH, 1920, p. 173, pI. 48, 
figs. 3, 4. 

Description: The present coenobium 
is elliptical to oval and usually composed 
of 16-32 cells with two different types. 
There are many various interstices in 
shape and in size among interior cells. 
The marginal cells have two character
istically distinctive subconical projections. 
Inner half of the marginal cells is convex 
in shape. The interior cells are generally 
similar to the marginal cells with the 
exception of their projections. The cell 
surface is covered with coarse granular 
ornamentation. The coenobia are scarcely 
stained with safranin solution. 
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Dimension: Diameter of coenobia (32 
cells) 87 p-120 p, length of interior cells 
11 p-16 p, width of them 16 p-20 p, length 
of marginal cells 18 p-20 p, width of 
them 14 p-16 p. 

Remarks: Though the specimens from 
the Hamamatsu Formation are relatively 
poor in preservation, they differ from 
Pediastrum boryanum in having many 
interstices. This variety is characterized 
also by the presence of coarse granular 
ornamentation on the cell surface. 

Pediastrum boryanum (TURPIN) 

MENEGHINI 1840 

PI. -17, figs. 1-4 

Pediastruin boryanuin (TURPIN) MENEGHI:-.iI 
1840, p. 210. 

Pediastrum boryanuin (TURPIN) MEi'\EGIIINI; 

G. M. SMITH, 1920, p. 169, pI. 46, figs. 2-7. 

Description: The slightly small coeno
bium consisting of two different types of 
cells shows circular to oval in shape 
without interstices among interior cells. 
The coenobium is usually composed of 32 
cells in the present specimens. Its 
marginal cells have two tapering and 
long projections, and deep emargination 
between the projections. Inner half of 
marginal cells is convex in shape. Inte
rior cells have five to six sides and a pair 
of opposite two of them is convex and 
conca ve respectively. Others ha ve straight 
sides. The surface of all cells is covered 
with fine granular ornamentation. 

Dimensions: Diameter of coenobia (32 
cells) 74 p-l01 p, length of interior cells 
8 p-15 p, width of them 11 p-18 p, length 
of marginal cells 17 p-20,a, width of them 
12 ,a-17 p. 

Remarhs: The present species is exi
stent almost universally in Recent lakes 
and ponds. In Japan a few fossilized 
specimens were reported from the Pleis-

tocene sediments (SHIMAKURA ed .. 1971). 

Pediastrum simplex (MEYEN) 

LEMMERMANN 1898 

Pediastruin simplex (MEYEN) LnnIER~1ANN; 

BRCNTHALER 1915, in PASCHER (ed.), p. 
93-94, figs. 55, 56. 

Remarhs: Pediast1'um simplex is char
acterized by having only one projection 
on each marginal cell. Some varieties 
of this species such as var. duodenarium 
and var. radians have interstices between 
cells. Pediastrum biwae described by 
NEGORO (1954) from Lake Biwa closely 
resembles the present species. The 
former is distinguishable from the latter 
in the presence of characteristic pro
jections; the projections from two adja
cent marginal cells that face to or 
separate from each other. 

Pediastr1l11l simplex (MEYEN) LEMMER

:vIA:\N var. dllodenarium (BAILEY) 

RABENHORST, 1868 

PI. ,16, figs. 6-12, PI. 47, fig. 14 

Pediastruin simplex MEYEN var. doudenariuln 
(BAILEY) HABENIIORST, 1868, p. 72. 

Pediastruin simplex var. duodenariuln (BAILEY) 

RABEi'\HORST; G. M. S~'llTH, 1920, p. 167, 
pI. 45, figs. 2-6. 

Description: The present coenobium 
is circular to oval in shape, and usually 
made up of 16-32 cells with two different 
types. There are many interstices among 
interior cells. The marginal cells with a 
single conspicuous projection is an iso
sceles triangular in outer part. The 
basal part of them is irregularly penta
gonal in shape. The distal part of its 
projection is oblate and of smooth sur
face. Except for the distal part all cells 
are covered with relatively coarse gran-
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ular ornamentation. The interior cells 
are generally an isosceles triangular with 
three concave sides except for each apex. 
Therefore, the interstices show a convex 
polygonal shape. Marginal and interior 
cells have a pore with an almost cir
cular outline for liberation of zoospores. 

Dimension: Diameter of coenobia (32 
cells) 97 p -107 p, length of interior cells 
13 p-20 p, width of them 10 p-16p, length 
of marginal cells 16p-26p, width of them 
10 p-15 p. 

Remarks: This variety is very similar 
to Pediastrum biwae var. biwae NEGORO 
in the shape of marginal and interior 
cells. But the nature of two adjacent 
projections in this variety is different 
from that of P. biwae var. biwae. This 
variety is most abundant in the mentioned 
Pediastrzt11l population. 

Pediastrum simplex (MEYEN) 

LEMMERMANN var. illflatZlI1l 

MATSUOKA, var. nov. 

PI. 46, figs. 1-5 

Diagnosis: Marginal cells roundish 
isosceles triangular with distal oblate pro-

jections. Interior cells roundish regular 
triangnlar with three convex sides. 
Therefore, interstices are concave in 
polygonal shape. 

Holotype: Slide no. KMD-3, position 
18.8 X 90.3, Pi. 46, fig. 1. 

The Pleistocene Hamamatsu Formation 
near Kanzanji, Hamamatsu City, Shizu
oka Prefecture. 

Paratype: Slide no. KMD-2, position 
16.5 X 99.8, Pi. 46, fig. 2. Slide no. KMD-
1, position 23.8x99.6, Pi. 46, fig. 5. 

Description: The present coenobium is 
circular to oval in shape, and usually 
composed of 16-32 cells with two differ
ent types. There are many character
istics interstices among interior cells. 
The marginal cells with concave line on 
interior side is roundish isosceles trian
gular in shape. The relatively long pro
jection is oblate and with smooth surface. 
Except for the projection, all cells includ
ing interior cells are covered with coarse 
granular ornamentation. The interior 
cells are generally regular triangular 
with three convex sides except for each 
apex. Therefore, the interstices show a 
concave polygonal shape. Each cell has 
a pore with an almost circular outline for 
liberation of zoospores. 

Explanation of Plate 46 

Figs. 1-5. Pediastrum simplex (MEYEX) LE;\'IMERMANN var. inflatu1ll MATSUOKA, n. var. 
Fig. 1. Holotype, Slide no. KMD-3, position 18.8 x 90.3, x 335. 
Fig. 2. Paratype, Slide no. KMD-2, position 16.5 x 99.8, x 335. 
Fig. 3. Slide no. KMD-2, x 335. 
Fig. 4. Slide no. KMD-1, x 670. 
Fig. 5. Para type, Slide no. KMD-1, position 23.8 x 99.6, x 335. 

Figs. 6-12. Pediastrum simplex (MEYEX) LEMMERMAl"N var. duodenarium (BAILEY) RABEXHORST 
Fig. 6. Slide no. KMD-1, x 335. 
Fig. 7. Slide no. KMD-4, x 335. 
Fig. 8. Slide no. KMD-5, x 335. 
Fig. 9. Slide no. KMD-4, x 670. 
Fig. 10. Slide no. KMD-5, x 670. 
Fig. 11. Slide no. KMD-5, x 335. 
Fig. 12. Slide no. KMD-3, x 335. 
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PEDIASTRUM SIMPLEX 

VAR. INFLATUM VAR. DUODENARIUM 

VAR. OVATUM VAR. BIWAE 

PEDIASTRUM BIWAE 
Text·fig. 3. Morphological correlation between Pediastrum simplex and P. biwae; 

showing differences of projections and interior cells. 

Dimension: Holotype; diameter of 
coenobium 120 fl, length of interior cells 
18fl-22fl, width of them 16fl-21fl, length 
of marginal cells 34 fl-37 fl, width of 
them 15 fl-20 fl, diameter of liberation 
pores ca. 7 fl. 

Range in dimension; diameter of coe
nobia (16 to 32 cells) 98 fl-153 fl, length 
of interior cells 16 fl-25 fl. width of them 
14 fl-22 fl length of marginal cells, 19 fl-
40 fl. width of them 12 fl- 21 fl. 

Remarks: The present variety of 
Pediastrum simplex closely resembles P. 
biwae var. ovatllln NEGORO in the shape 
interstices and interior cells. Though 
these mophological affinities are observed 

between P. simplex var. dllodenari1l17l and 
P. biwae var. biwae. the nature of two 
adjacent projections is different from 
each other. The shape of marginal and 
interior cells distinguishes this variety 
from P. simplex var. duodenari1l11l. 
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Figs. 1-4. Pediastrum boryanum (TURPIN) MENEGHlNI 
Fig. 1. Slide no. KMD-l, X 335. 
Fig. 2. Slide no. KMD-5, x 335. 
Fig. 3. Slide no. KMD-3, X 335. 
Fig. 4. Slide no. KMD-1. x 670. 

Figs. 5-8. Pediastrum duplex MEYEN var. coharens BOHLIN 
Fig. 5. Slide no. KMD-l, X 670. 
Fig. 6. Slide no. KMD-4, X 335. 
Fig. 7. Slide no. KMD-3, x335. 
Fig. 8. Slide no. KMD-3, X 335 .. 

Figs. 9-13. Pediastrum araneosum RAClBORSKI var. rugulosum (G. S. WEST) G. M. SMITH 
Fig. 9. Slide no. KMD-l, X 335. 
Fig. 10. Slide no. KMD-4, X 335. 
Fig. 11. Slide no. KMD-4, X 335. 
Fig. 12. Slide no. KMD-5, X 670. 
Fig. 13. Slide no. KMD-J, x 335. 

Fig. 14. Pediastrum simplex (MEYEN) LEMMER MANN var. duodinarium (BAILEY) RABENHORST 
Slide no. KMD-5, x 170. 
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670. TWO CARBONIFEROUS CORALS DISCOVERED 

FROM MITSUZAWA, SOUTHEASTERN PART 

OF THE KW ANTO MASSIF* 

NOBUO Y AMAGIWA 

Institute of Geoscience, Osaka Kyoiku University, Osaka, 543 

I)~r* IlJ:llli m}li[llfl':::':/ 1R'@:E~*cJJlllrlYJ{tE 2 :fH::."':)I,,-C: }li[}jl;jIfllT:[~ii:JIZ.lif:l mlBJ~t lflB 
6 km l1)=:/1RiJ'GljiU::itt1~K.J: -?-C1*~~.ht..:lllllf;\1HtE~liif')[ L, Lithostrotion (SiPhoI10-
dendron) mitsuzawensis, n. sp. :t-; J: V' Ozakiphyllum ? sp. indet. l1) 21ll~~7J1J, E,c.tt-t 
:5 C ;ltv::., :t-l1).@:t±lr.;''i$l1)II'lH\:;v::'f:t early Namurian l1)ilJtJ8~iJ:;V:5;:: C ~j!lS"t..:o ;:: l1)~iB 
Jtf:t:f&l:ill:~ (1973) Early Carboniferous Visean Faunas from Mitsuzawa, southeastern 
part of the Kwanto massif 0) part 3 v::.:tI3~-t:5 {,l1)-C;V:5iJ:, lllUf;\1J{tEl1)liif')[iJ'G.7;.. 
:5 C, :t-l1)~f\;;f:t Visean J: I) {, early Namurian c-t:5lfiJ:~~c%-;tG.h:5. 

Two interesting coral species Litho
strotion (Siphonodendron) mitsuzawensis, n. 
sp. and Ozakiphyllum ? sp. indet., in this 
article were collected by SAKAGAMI from 
the Mitsuzawa limestone in the south
eastern part of the K wanto massif. 

This fossil fauna including gastropods. 
brachiopods, corals. bryozoans and crinoid 
stems was discovered by SAKAGAMI (1972) 
from the Mitsuzawa limestone. Of them. 
the gastropods were described already by 
SAKAGAMI (1973) and the brachiopods by 
YANAGIDA (1973) respectively. According 
to them, this fauna is referable to Late 
Visean in age. Later IGO and KOBAYASHI 
(1974) found rich conodonts from the 
limestone, and they concluded that the 
geological age should be early Namurian. 

Lithostrotion (Siphonodendron) mitsllzaw
ensis, n. sp. resembles the following 
species: Lithostrotion (Siplwnodendron) 
hidense, L. (5.) nakazawai, L. (5.) yaolin-

* Received July 7, 1976; read October 28, 
1972 at Matsuyama. 
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gense. L. (5.) pauciradiale, L. (5.) martini 
and L. (5.) pseudomartini. Lithostrotion 
(Siphonodendron) hidense was described 
by KATO (1959a) from the Siplwnodendron 
hidense zone in the Ichinotani formation, 
Hida massif. From the data of many 
corals, he assumed that this zone ranges 
from late Visean to early Namurian in 
age (KATO. 1959b). According to the 
fusulinid study of the Ichinotani for
mation (lGO, 1959), Eostaffella kanmerai 
subzone that is correlated to the Sip/wno
dendron hidense zone belongs to late 
Visean (possibly extending to early 
Namurian). Lit hostrotion (Siplwnodendron) 
na/wzawai was described by MIKATO and 
KATO (1957) from a boulder in the con
glomerate of the Permian Maizuru group; 
this species is similar to some of Litho
strotion (Si pIlOn odendron) from the Upper 
Visean of China. Lithostrotion (Siplwno
dendron) yaolingense was found in the 
Upper Visean of China (CHU, 1928), L. 
(5.) pauciradiale in the Upper Visean of 
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japan, China and Europe (PHILLIPS, 1843 ; 
EDWARDS and HAIME, 1852; KUNTH, 1869; 
YD, 1933; HILL, 1940; MINATO, 1955), L. 
(5.) martini in the Upper Visean of japan, 
Europe and Africa (EDWARDS and HAIME, 
1852; THOMSON and NICHOLSON, 1873; 
BENsoN and SMITH, 1923; LEWIS, 1930; 
MENCHIKOFF and Hsu, 1935; MINATO, 
1943, 1955), and L. (5.) pseudo martini in 
the Upper Visean of japan (YABE and 
HAYASAKA, 1915; MINATO, 1943, 1955). 

Ozakiphyllum? sp. indet. resembles 
Ozakiphyllwn hayasakai, O. compactum 
and O. ozawae. Very recently, Ozaki
phyllwn hayasakai was described by KATO 
and MINATO (1975) from the Millerella 
zone in the Edo area, Akiyoshi district. 
They thought that the zone showed 
early Namurian in age. Ozakiphyllum 
compactum was also described by KATO 
and MINATO (1975) from the Carbonifer
ous at the Yakusen quarry, Isa, Akiyoshi. 
According to them, this coral also indi
cates early Namurian. OT A (personal 
communication) considers at present that 
the Carboniferous strata in question may 
belong to the Nagatophyllum zone. TORI
YAMA and OTA (1971) considered the zone 
to be Middle Visean in age. Ozakiphyl
lum ozawae occurs in the Carboniferous 
limestons at the Uzura quarry, Akiyoshi 
(Y AMAGIW A and OTA,1963). judging from 
the fusulinid data by OT A (1971), the 
Carboniferous belongs to the Millel'ella 
zone which is late Visean according to 
TORIY AMA and OT A (1971). From the 
same locality, the brachiopod fauna was 
described by YANAGIDA (1962, 1965), and 
the bryozoans by SAKAGAMI (1964). They 
assumed the age to be late Visean. On 
the other hand, IGO and KOIKE (1965) 
studied the conodont fauna collected from 
the same locality, and they think that 
it shows early Pennsylvanian or late 
Namurian in age. Very recently, KATO 
and MINATO (1975) considered that 

Ozakiphyllum ozawae may range from 
early Namurian to middle Pennsylvanian 
(Fusulinella zone) in age. The species of 
Ozakiphyllum in Akiyoshi occur in the 
Nagatophyllum zone (with some suspen
sion) or the i\lIillerella zone, but the 
decision of their age is in a state of 
disorder. According to the coral fauna, 
the distinct late Visean coral species 
from japan, China and others such as 
the ones belonging to Kueichouphyllu11l, 
Palaeosmilia, Dibunophyllum and Litho
strotion (Lithostrotion) do not occur in 
the iVagatophyllu1n and Millerella zones 
in Akiyoshi up to the present. More
over, the coral species from these zones 
(HASEG A W A, 1963; Y AMAG IW A and OT A, 
1963; TORIYAMA and OTA, 1971; KATO 
and MINATO, 1975) do not contain any 
corals clearly showing Visean age. Of 
them, some species have been reported 
from the Middle Carboniferous in other 
districts. The known data in japan are 
as follows: Hiroshimaphyllum aff. tori
yamai so closely related to H. toriyamai 
from the Nagatophyllum zone to the 
lvlillerella zone were discovered by GOTO 
and Y AMAGIW A (1975) from the Hieda 
formation showing the Fusulinella zone 
in Hyogo Prefecture, Amygdalophyllidium 
d. naoseudeum so closely allied to A. 
naoseudeum from the Nagatophyllum zone 
by Y AMAGIW A (1961) from the Profusu
linella-Fusulinella zone in Atetsu and by 
GOTO and Y AMAGIW A (1975) from the 
Nishiobatake formation (Middle Carboni
ferous) in Hyogo Prefecture, and Pseu
dopavona taisyakuana from the Millerella 
zone to the Fusulinella zone by YOKO
Y Al\IA (1957) from the Fusulinella zone in 
Taisyaku and by YAMAGIWA (1961) from 
the Profusulinella-Fusulinella zone in 
Atetsu. Therefore, I consider that the 
Nagatophyllum zone and the Millerella 
zone in Akiyoshi indicate early Namurian 
age on the basis of the coral fauna. 
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From the above mentioned data. I 
suspect that: 1) Ozalziphyllum ? sp. indet. 
is similar to the species of Ozakiphyllum 
from the Lower Namurian in Akiyoshi. 
2) Lithostrotion (Siphonodendron) mit,su
zawensis, n. sp. is related to the species 
of Lithostrotion (Siphonodendron) from 
the Upper Visean in Japan, China and 
others. Therefore, the coral fauna from 
the Mitsuzawa limestone contains both 
types of late Visean and early Namurian 
in age. Of the above mentioned species 
showing the late Visean in age, Litho
strotion (Siphonodendron) hidense, how
ever, probably extends to early Namu
rian. Moreover, many species belonging 
to Lithostrotion (Siphonodendron) occur 
in the Lower Carboniferous (Upper 
Visean) at many places in the world, but 
some in the Middle Carboniferous. On 
the other hand, the species of Ozakiphyl
fum have not been found in the late 
Visean up to the present, but in the 
early Namurian. Therefore, the present 
coral fauna may indicate early Namurian 
in age. 

I wish to express my hearty thanks to 
Prof. Sumio SAKAGAMI of the Ehime 
University who permited me to study 
some interesting materials collected by 
him, and gave me kind advice to this 
study. My sincere thanks are extended 
to Prof. Emeritus Haruyoshi FUJIMOTO 
of the Tokyo University of Education 
for his reading the manuscript, and for 
his kind guidance. Thanks are also due 
to Dr. Masamichi OT A of the Akiyoshi
dai Science Museum for his kind guid
ance in the geological study of the Aki
yoshi limestone. Photographic work was 
done by Mr. Fukumatsu SUGITA of the 
Osaka Kyoiku University, to whom I 
extend my many thanks. 

Systematic description 

Genus Lithostrotion LYWYD, 1699 

(FLEMING, 1828) 

Subgenus Siphonodendron M'CoY, 1849 

Lit hostrotion (SipllOnodendron) 

mitsuzawensis, n. sp. 

PI. 48, figs. 1-2 

Corallum is fasciculate, composed of 
cyrindrical in form, usually 5.0 to 7.0 mm 
in diameter in transverse section in 
mature stage. External wall is relative
ly thin. Major septa are usually 14-18 
in number, extending to the central area, 
but most of them do not unite with the 
columella. Minor septa are more or less 
variable in length, ranging usually from 
1/3 to 2/3 the length of the major ones 
in mature stage; they are not seen in 
immature stage. Both major and minor 
septa are relatively thin and slightly 
sinuous; they show the fine structure of 
the diffuso-trabecular type. Columella is 
thin, slightly fusiform in shape, usually 
united with the counter and cardinal 
septa. Dissepiments are arranged con
centrically, but sometimes irregular in 
pattern. 

In longitudinal section, tabulae are in
complete, and rather steeply ascending 
to the columella. Columella is relatively 
distinct. Tabularium occupies 2/3 entire 
space of the corallites. Dissepimentarium 
is composed of small vesicles with their 
convex sides facing upwards as well as 
inwards; they are arranged in three rows. 

Comparison: The present specimens 
much resemble Lithostrotion (Siphonoden
dron) hidense described by KATO (1959a) 
from the Ichinotani formation in the Hida 
massif in many important characters. 
The corallites of the latter, however, are 
arranged in somewhat linear pattern, and 
show round to polygonal outlines owing 
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to their mode of contact to the neigh
bours. The present species is similar to 
Lit hostrotion (5iphonodendron) yaolingense 
described by CHU (1928) from the Lower 
Carboniferous in China and L. (5.) 
nakazawaidescribed by MINAToand KATO 
(1957) from a pebble in the conglomerate 
bed, a member of the Permian Maizuru 
Group, Southwest Japan in many respects, 
but differs from the latter two in having 
longer minor septa and less numerous 
septa. It is also related to Lithostrotion 
(5iphonodendron) pauciradiale described 
by PHILLIPS (1843), Eow AROS and HAIME 
(1852), KUNTH (1869), YU (1933), HILL 
(1940) and MINATO (1955) from the Lower 
Carboniferous, but differs from that in 
ha ving small vesicles arranged in three 
rows in longitudinal section. It resembles 
Lithostrotion (5iplwnodendron) martzn! 
described by Eow AROS and HAIME (1852), 
THOMSON and NICHOLSON (1875), BENSON 
and SMITH (1923), LEWIS (1930), MECHI
KOFF and Hsu (1935) and MINATO (1943, 
1955), but is distinguishable from that in 
the inclination of tabulae and the size of 
corallites. It is also similar to Lithostro
tion (5iphonodendron) pseudomartini des
cribed by Y ABE and HAY ASAKA (1915) 
and MINATO (1943, 1955), but differs in 
having larger corallites and small vesicles 
arranged in three rows longitudinal 
section. 

Occurrence: Limestone of Mitsuzawa 
in the southeastern part of the Kwanto 
massif. 

Collector: Sumio SAKAGAMI. 
Repository: Reg. no. PA1l669 (holotype) 

(National Science Museum). 

Genus OzakiphyllulIl KATO and 

MINATO, 1975 

Ozakiphyllum ? sp. indet. 

PI. 48, figs. 3-5 

Corallum is compound and cerioid. 
Corallites are polygonal in shape, measur
ing usually 7.0 to 9.0 mm in diameter in 
transverse section in mature stage. Axial 
structure is so thickly constructed, oval 
in shape, and measures 1.7 to 2.5 mm in 
diameter; it consists of many septal 
lamellae, less numerous axial tabellae and 
a median plate. Septa are in two orders, 
alternating; they are almost straight, 
very thick at proximal ends and gradula
Iy thin distally. N aos-like structure 
is seen in peripheral part of several 
septa. Some septa disappear into meshes 
of lonsdaleoid vesicles in the peripheral 
area. Major septa are long and about 20 
in number. but most of them do not 
connect with the axial structure. Minor 
septa are very long and slightly shorter 
than the major ones. There are no terti
aryones. Wall is very thick, and consists 
of lateral coalition of neighbouring septa. 
Dissepiments are arranged in concentric 
pattern. 

In longitudinal section, dissepiments 
and c1inotabulae are distinct. Transverse 
tabulae are also observed. Dissepiment
arium occupies about 1/2 the width of a 
corallite. Axial tabellae and a median 
plate are so thickly constructed; the 
former show a dome-like structure. 

Comparison: The present specimens 
much resemble the species of the genus 
Ozakiphyllum proposed by KA TO and 
MINATO (1975) in many important char
acters, except the naos-like structure in 
peripheral part of several·septa. There
fore, I place them in the genus Ozaki
phyllum with some doubt at present. 

The present species is very similar to 
Ozakiphyllum compactum described by 
KATO and MINATO (1975) from the lower 
part of the Akiyoshi limestone in many 
respects such as solid axial structure, 
thick septa, long minor septa, thick wall, 
weak developed lonsdaleoid vesicles and 
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others, but differs from that in having 
thinner septa, less dense axial structure 
and several naos-like septa. It is closely 
related to Ozakiphyllum hayasakai KA TO 
and MINATO (1975) from the lower part 
of the Akiyoshi limestone. However, the 
present form has larger corallites and 
several naos-like septa. Except for the 
naos-like septa, it may show an inter
mediate form between Ozakiphyllum com
pactum and O. hayasakai. It is sowewhat 
similar to Ozakiphyllum ozawae Y AMA
GIWA and OTA (1963) from the lower part 
of Akiyoshi. It, however, differs from that 
species by its larger corallites, more 
numerous septa and other respects. 

Occurrence: Limestone of Mitsuzawa 
in the southeastern part of the Kwanto 
massif. 

Collector: Sumio SAKAGAMI. 
Repository: Reg. no. PAll670 (Nation

al Science Museum). 
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671. LATE PLEISTOCENE NIPPONICERVUS (CERVID, MAMMAL) 

FROM THE AKIYOSHI PLATEAU, WEST JAPAN* 

HIROYUKI OTSUKA 

Institute of Earth Sciences, Faculty of Science, Kagoshima University 

JlJ r:J J)jH.:krraj£O)1&Wl~!Uftlti1[f4 Nipponicervus jffi~ : I.l-l r:J JJf<~*1BJ O)l'.:k1fa ~t*11ilic:. 
::f<;\, 'L.!&:i[[9€Ji!. ~ hk.ifi1j»lfO):ltfl!{¥oi.l' G, E"fO)Ilffl:JLMftE c c {, ~c:.:f*~ ~ht-:}1[f4ftE (~ 
":) ;?1lJt1t) ~liJf:Jt lA-:*i5,*, .:thft Cervus ~O)fFiTl~fil!lffi:""(';I;;o Nipponicervus jffi~ (= De
peretia SHII<AivIA, 1936) O)!UffJ!""(';I;;o .:: c i.I~hi.l' ":> t-: • .:: 0)i1[0) jEj 0) 7fHi& filjJj G i.I,vc:. Nipponi

cervus jffi»J!,vc:.%,1'fO) {, 0)""(';1; ;oi.l', -1), n.ii;~Hb~!$(:-t;o iIT!f'ftj·O) ') i?~1t c .1fvcJi!.Hl:l ~ 
h;O \" < ":)i.I'O)%'i!l&ft, .:: O)i1[i.I~~lIJ~fJ!""(';I;;o '/ "/""<:/ tJ Cervus (Sika) pulchellus IivIA

IZU:\I1 vci[[~""(';I;;o,:: C ~~~ L L \";00 .:: O)!UffJ!i1[ft Nipponicervus jffi~ c Sika jffiJmO) 
*;f;!t9€!£0)~~J::, $1iObL]!~""(';I;;oo ~~~O)~fi:ft:fiffi . *.:{p~J.t::f<; J: lf~j£ lA-:llffi:JLllJIJ 
¥oilf-i.l, G~ L, ~!Ufill:*i.I' G.!&:!UftltmWlvCi.l'vtL 0) {, 0)""(';1;;0 .:: c i.I;.j'ftAE~h;oo 

Introduction 

In 1967, an almost complete skull of 
Cervus with attached right antler was 
collected by the staffs of the Akiyoshi-dai 
Science Museum of Akiyoshi-cho, Yama
guchi Prefecture from the deposits of 
Kadoyano-ana Cave, located at the north
eastern part of the Akiyoshi plateau 
(=Akiyoshi-dai) of Yamaguchi Prefecture, 
West japan. As the result of the succeed
ing exca vation works, some well-preserved 
specimens of mammals were collected. 
These specimens were transferred to my 
laboratory for study through the kind
ness of Dr. Masamichi OT A of the Aki
yoshi-dai Science Museum. 

The deer in question holds very inter
esting morphological features of the 
antler and skull; of these, the antler 
shows that this deer is safely referable 

* Received Oct. 19, 1976; read June 15, 1974 
at Osaka. 
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to the subgenus Nipponicervus (=Depere
tia, SHIKAMA, 1936) and is closely related 
to the early Pleistocene fossil deer from 
Kyushu, West japan. Slight rel;;ttionships 
between the new species from Akiyoshi 
plateau and one living japanese deer 
from the Tsushima Islands, can be re
cognized if we pay attention to a few 
characters of their skulls. 

For these reasons, the present new 
species seems to be noticeable for the 
consideration on the phylogeny of the 
japanese Cervus through the geological 
ages. Some remarks on this problem 
will be given in this paper. 

Before going further, I wish to express 
my deep gratitude to Professor Shozo 
HAYASAKA of the Kagoshima University 
for his continuous encouragement and 
carefull reading of the manuscript, and to 
Dr. Masamichi OTA, Messrs. Akihiro SUGI
MURA and Takehiko HAIKA W A of the 
Akiyoshi-dai Science Museum, Dr. Masa-
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fumi MURAT A and Mr. Makoto OKA
MURA of the Kumamoto University for 
their help in various ways during the 
course of the present study. Acknowl
edgements are due to Drs. Yoshinori 
IMAIZUMI and Yoshikazu HASEGAWA of 
the National Science Museum in Tokyo 
and Professer Michihiro KAWANO of the 
Yamaguchi University for their valuable 
suggestions. I am also greatly indebted 
to Mr. Toma KADOYA for his valuable 
and important collection. I am deeply 
indebted to Dr. Kotora HAT AI, Professor 
Emeritus of the Tohoku University, who 
has kindly given to our library a large 
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number of literature valuable for the 
present study. 

Fossil locality and stratigraphic 

position 

The Kadoyano-ana Cave which was 
newly discovered by the members of the 
Caving Club of the Yamaguchi University 
is located at about 400 meters southwest 
of the entrance of Taisho-do Cave and 
opens northward on the northern slope 
of the plateau surface of the Akiyoshi 
plateau (Text-fig. 1). It is about 70 
meters in length and eight meters in 

00 
00 

~_ :clay 

~: grave! bed 
o 2 4 6 819m. 

~
d6 Kadoyano 

CHOJAGAMORI . 1 KM , 
/ 

Text-fig. 1. Plan and section of the cave called 
Kadoyano-ana (right) and the location (left). 

-1; fossil locality 
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maximum width; the entrance is very 
small, nearly half a meter wide and one 
meter high; from the small entrance the 
cave abruptly slopes down like a pit, and 
soon becomes to be connected with the 
main tunnel. The main tunnel, as a whole, 
is divided into three areas, i. e. the south, 
middle and north; at the south area it 
runs in north-south direction sloping from 
the south to the north, while at the 
north it extends from the northwest to 
the southeast sloping from the north to 
the south; at the middle area it trends 
in west-east direction and slightly sloping 
to the east. On the floor of the tunnel 
area accumlated thin layer of clay, gravel, 
and some fallen blocks of limestone. 

The gravel bed is recognized in the 
middle, narrow area. It is more than 
two meters in thickness and composed 
of pebbles of limestone, sandstone and 
hard shale derived from Cretaceous 
Kanmon Group. 

From this gravel bed, and from the 
floor of the tunnel, the following five 
mammalian species were collected. 

Cervus (Nipponicervus) akiyoshiensis, 
n. sp. 

Cervus (Sika) nippon TEMMINCK 
Sus leucomytax TEMMINCK 
Lepus brachyurus TEMMINCK 
R hinolophus sp. 

Among these mammals, many skeletal 
parts of the last four species were col
lected from many places on the surface 
of the floor or from the thin layer of 
sandy sediments on the floor of the 
tunnel. They are slightly fossilized, light 
yellow in color and partly covered with 
a thin layer of calcareous sinter. 

On the other hand, some remains of C. 
(N.) ahiyoshiensis, n. sp. were excavaged 
from the gravel bed mentioned above. 
But the skull specimen described in this 
paper was found on the surface of the 
gravel bed in the middle area. This 

specimen, however, is more fossilized and 
of darker color than the other specimens 
collected from the floor. These features 
are characteristic of the specimens col
lected from the gravel bed. Therefore 
I believe that the skull specimen in 
question was washed out from the gravel 
bed. 

Although there is no reliable evidence 
to date the geological age of the gravel 
bed of the Kadoyano-ana, the level and 
lithofacies of the gravel bed suggest that 
it can be correlated to the Akago gravel 
bed (MIURA, 1969) in the Akago basin 
near Kadoyano-ana Cave. The Akago 
gravel bed is the main constituent of the 
Upper Terrace in the basin and is covered 
with the Lower Terrace deposits called 
the Akago volcanic ash bed; it is cor
related to the terrace deposits called the 
Shimoryo sandy clay bed (MIURA, 1969) 
which is distributed mainly in the western 
margin of the Akiyoshi plateau. The 
Shimoryo sandy clay bed, furthermore, is 
correlated to the Upper member of the 
Isa Formation (TAKAHAsHI & KAWANO, 
1968). 

The Isa Formation was proposed by 
SHIKAMA & TAKAHASHI (1949) for the 
fissure deposits of the limestone quarries 
of Isa-machi, Mine City. At present the 
Isa Formation and its correlatives are 
divided into three, i. e. the lower, middle 
and upper members. The lower member, 
consists mainly of red clay and has 
yielded many extinct mammals such as 
Stegodon orientalis OWEN, Panthera youngi 
(PEI), P. ct. pm'dus (LINNAEUS) and others 
is called the Stegodon-Panthera bed 
(SHIKAMA & OKAFUJI, 1963). By means 
of the mammalian fauna, the lower 
member of the Isa Formation is corre
lated to the middle Pleistocene Lower 
Kuzuu Formation (SHIKAMA, 1949) of 
Central Japan and is considered to be 
the same age as the mammal-bearing 
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deposits of Chukoutien near Peking in 
Chinese continent. The upper member 
consists mainly of gravelly clay and 
yielded such characteristic mammals as 
Sinomegaceros (Sinomegaceroides) yabei 
(SHIKAMA), Cervus (Nipponicervus) prae
nipponicus SHIKAMA, Palaeoloxodon ao
moriensis TOKUNAGA, Anourosorex ja
ponicus SHIKAMA & HASEGAWA and 
others, and is called Anourosorex-Sinome
gaceroides bed (SHIKAMA & OKAFU]I, 
1963). This bed is correlated to the late 
Pleistocene Upper Kuzuii Formation. 

As mentioned above, the gravel bed 
that yielded C. (N.) akiyoshiensis, n. sp. 
seems to be correlated to the upper 
member of the Isa Formation from the 
geological point of view, but no mamma
lian fossils characterizing the upper 
member of the Isa Formation have been 
found in this gravel bed. Therefore, for 
their precise correlation further evidences 
are necessary. 

The name Muk6yama bed was given 

to the sandy clay bed overlying the 
Akiyoshi brown clay bed at a quarry in 
Isa-machi, Mine City while the Choga
tsubo bed was named for the shelly 
sandy clay bed at Kojiki-ana Cave 
(SHIKAMA & OKAFUJI, 1963). SHIKAMA 
& OKAFU]I (1963) considered that the 
Chogatsubo bed may represent a phase 
when a part of the Akiyoshi plateau was 
submerged. This Chogatsubo bed yielded 
several living species of mammals such 
as Sus leucomytax TEMMINCK, Lepus 
brachyurus TEMMINcK, A10gera wogura 
(TEMMINCK) and others. and is called the 
Sus bed. As to the age of these two 
beds, SHIKAMA and OKAFUJI considered 
them to be early Holocene (" K " stage 
in their paper). The mammalian fauna 
collected was found on the very thin, 
sandy layer on the floor of the Kadoyano
ana Cave, where no thick sediments as 
seen in the Sus bed existed. Therefore, 
I am of opinion that the age of the 
mammalian remains found on the floor 

Table 1. Pleistocene stratigraphy in Akiyoshi district. 
(After SHIKA~IA & OKAFUJI (1963), TAKi\IIASIII & KAWA:"O (1968)J 

~. Geological age Fluvial 
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Holocene Yurakucho I 
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of the Kadoyano-ana Cave may be 
younger than those from the Sus bed_ 

Description 

Order Artiodactyla 

Family Cervidae GRAY, 1821 

Genus Cervus LINNAEUS, 1758 

Subgenus Nipponicervus KREZor, 1941 

Type-species.' Cervus praenipponicus 
SHIKAMA, 1936 

Remarks.' Deperetia was established by 
SHIKAMA (1936) as a subgenus of the 
Pleistocene genus Cervus based on Cervus 
praenipponicus SHIKAMA from the late 
Pleistocene deposits of Central japan. As 
was pointed by KREZor (1941), however, 
the subgeneric name Deperetia has al
ready been used for pectinid group by 
TEPPNER (1922) and for the antelope 
group by SHAUB (1923), therefore, the 
name Deperetia is invalid for the sub
genus of deer from the nomenclatorial 
point of view. KREZor (1941) proposed a 
new sub generic name Nipponicervus for 
SHIKAMA'S Deperetia. 

In spite of KREZor's comment, SHIKA
MA'S Deperetia has long been adopted by 
myself and some other japanese paleonto
logists in this field without attention. 
But recently, I noticed about this mistake 
and accepted the subgeneric name Nipponi
cervus instead of Deperetia for Cervus 
praenipponicus and others (OTSUKA & 
SHIKAMA, 1976). 

So long as the mode of the forking of 
the antler is concerned, Cervus prae
nipponicus, the type species of Nipponi
cervus, seems to be similar to the sub
genus Axis (=Chital) of the southeastern 
Asia in having two-forking, wide angles 
of the first fork and inward branching 
of the terminal (second) fork. But many 

species of Nipponicervus including type 
species have higher point and narrower 
angles of the first forking than Axis. 
Such being the case, I regarded it an 
independent group from Axis. 

Nowadays, six species of Nipponicervus 
have been described by SHIKAMA and me 
from the Pleistocene of japan and China. 
Although, as a result of the study of 
abundant specimens of Nipponicervus 
from the late Pleistocene deposits in the 
Seto Inland Sea of West japan, the fol
lowing conclusion were obtained that 
some species recorded as "Deperetia" 
can be referable to the variation of C. 
(N.) praenipponicus or C. (N.) kazusensis. 
Consequently, two species of Nipponicervus 
were discriminated in the Pleistocene in 
japan (OTSUKA & SHIKAMA, 1976). 

The species of the subgenus Nipponi
cervus first appeared in early Pleistocene 
in East Asia and become distributed over 
Central to West japan during middle and 
late Pleistocene ages. It was accom
panied by Stegodon in early Pleistocene 
and by the Palaeoloxodon-Sinomegaceroides 
Complex (HASEGAWA, 1972) in middle and 
late Pleistocene. For these reasons, this 
deer is very important for the biostrati
graphical, geochronological and palaeo
geographical considerations of the japa
nese Pleistocene. 

Cervus (Nipponicervus) 

akiyoshiensis, n. sp. 

PI. 49, figs. la-Id; Text-fig. 
2, la-Ih; 3, la-Ie. 

Material.' A skull with a right antler 
attached. Reg. No. ESK 5062. (vide p. 458) 

Locality.' Kadoyano-ana Cave (vertical 
limestone cave) at Akago, Mito-cho, Mine
gun, Yamaguchi Prefecture. 

Horizon.' The gravel bed which yield 
the present new deer may be correlated 
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to the Upper Isa Formation at the type 
area on the Akiyoshi Plateau; probably 
late Pleistone. 

SPecific diagnosis: The species has 
medium-sized and two-forked antler. 
Antler, supported on a rather short 
pedicle, is comparatively long, slender 
and moderately rugose. First tine is 
short and forked at a position high above 
burr, making small acute angles with 
beam. Hind (or outer) tine of terminal 
fork is somewhat longer than front (or 
inner) ones, forming the continuation of 
beam. From front or front-inner surface 
of terminal fork, front tine arises as an 
off-shoot. Beam above first fork is about 
four and half times as long as the beam 
below first fork. Antler is less expanded 
outward than in the type species of 
Nipponicervus and a space enclosed by 
the antler of opposite sides is more or 
less of elliptical form. 

Nasal bone is very short but broad and 
forms a nearly trapezoidal outline in 
section. Malar bone is very narrow but 
moderately long and is much constricted 
near the antero-lower side of orbital ring. 

Description of the specimen: Antler. 
The antler, supported on rather short 
pedicle on the skull, is very slender, long, 
irregularly curved and measuring 435mm 
from the burr to the tip of the inner (or 
hind) tine of the terminal fork. The 
burr is moderately thick, rugose, circular 
and 47.0x44.1 mm in diameter. In lateral 
view, the beam streches backward from 
the base without any peculiar curvature, 
then upward near the terminal fork. In 
frontal view, the antler is somewhat ex
panded outward and a space enclosed by 
the antlers of opposite sides is more or 
less elongated elliptical-shaped, if re
stored. The first tine is very short, 
small and forked at a position rather 
high (about 58 mm) above the burr, 
making an angle of about 45 degrees with 

the beam. It is projected forward, some
what outward. The height of the first 
fork is nearly equal to the other species 
of Nipponicervus but is higher than the 
living Japanese deer. The interval be
tween the first and the second forks is 
long, being 388 mm when measured in a 
straight line. It is nearly four and a half 
times as long as the beam between the 
burr and the first fork. This value is 
somewhat larger than the other species 
of Nipponicervus and much larger than 
the living Japanese deer. The hind (or 
outer) tine of the terminal fork is some
what longer than the front (or inner) 
one, forming the continuation of the 
beam. From the front or the front-inner 
surface of the terminal fork, the front 
tine arises as an off shoot. 

The measurements of the antler in mm 
or degrees are as follows: 

Diameter of burr ....................... . 
...... fore-and·aft 47.0; side· to-side 44.1 

Thickness of burr ....................... . 
. .. . . . . .. .. . . . . . . . . .. .. .. . . . . . .. 6.8-8.0 

Diameter of beam at middle ........... . 
. ..... fore-and-aft 22.1; side-to-side 21.0 

Height of first fork ..................... . 
.................................... 58.0 

Length of first tine ..................... . 
.................................... 70.0 

Length of beam from burr to second fork 
.................................... 399 

Distance between first and second forks .. 
.................................... 388 

Angle of first fork ..................... . 
...................................... 45 

Skull. The skull of the present speci
men seems to be the best one in the 
mode of preservation compared with the 
many other specimens of Nipponicervus 
which have been reported from the Japa
nese Islands. But some small bones that 
constitute the skull of the present spe
cimen such as the maxilla, the premaxilla 
and others are missing. 
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Text-fig. 2. Skull with antler of the living and fossil species ofCervus. Frontal (a) 
and lateral (b) views. 1. Cervus (Nipponicervus) akiyoshiensis n. sp., 2. Cervus (Nipponi
cervus) praenipponicus SHI[(A~!A from Kuzuii Formation (holotype), 3. Cervus (Sika) put
chellus h!AIZU~H from Tsushima Islands (holotype). 

The skull is about 233mm in preserved 
length. It is almost equal to the length 
from the occipital condylus to the anter
ior end of the maxilla. The present 
skull specimen has the following three 
characteristic osteological features. 

One of them is the nasal bone;· It is 
broad and forms a nearly trapezoidal 
outline in transverse section (Text-fig. 4, 
fig. Ic). The anterior end of the nasal 
bone is broad and divided into two parts 
by a rather deep notch, in which the 
outer side is much prolonged anteriorly 
but does not reach the anterior margin 
of the palatine fissure. 

The second character is the feature of 
the malar bone. The bone is very narrow, 
moderately long and convex ventrally at 
the front of the orbital ring between the 
lacrimal and the maxilla bones. and is 
much constricted near the antero-ventral 
margin of the orbital ring. The zygo-

matic process divides into two branches; 
of these, the frontal branch is very short 
but broad and turns upward and some
what backward and joins the long supra
orbital process of the frontal bone; the 
terminal branch is broad and is over
lapped by the zygomatic process of the 
terminal bone. 

In the present specimen, the supraor
bital process of the frontal bone stands 
almost vertically on the nearly horizontal 
zygomatic arch (the zygomatic process 
of the malar and the temporal bones), 
while in the other living Japanese deer, 
the former process declines backward 
making large acute angles with the 
zygomatic arch. 

Other osteological features of the skull 
of the present species do not differ much 
from the living Japanese deer. 

Measurements of teeth and the skull 
are as follows (in 111m). 
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(Teeth) 
Width Length 

PMl 11. 2 11. 5 
PM2 13.7 11. 5 
PM3 13.6 10.3 
Ml 15.8 13.4 
M2 17.0 17.0 
M3 17.0 17.4 

Teeth row (PMI-M3) ................ 77.5 

(Skull) 
Preserved length of skull (length from 

occipital condylus to the anterior end 
of maxiIIa) ........................ 223.3 

Maximum width of nasal bone ...... 34.7 
Maximum length of nasal bone ...... 79.4 
Maximum width of frontal bone between 

orbital rings of opposite side ...... 82.0 
Distance between both orbital foramens 

.................................... 52.5 
Diameter of orbital ring ........ 24.4 x 25.5 

Comparisons and observations: Antler. 
As was mentioned by SHIKAMA (1936, 
1941, 1949), the antler of the subgenus 
Nipponicervus is characterized by two· 
forked antler in the full-grown stage with 
a high position of the first forking; the 
outer tine of the terminal fork (second 
fork) is longer than the inner one, forming 
a continuation of the beam. So long as 
the mode of the forking is concerned, 
the subgenus Nipponicervus is closely 
related to Chital (subgenus Axis) but is 
certainly distinguishable from the latter 
by high position of the first forking. It 
is also differs from the living Japanese 
deer (subgenus Sika) in the mode of 
forking. That is to say, the antler of the 
living Japanese deer have three- or four
forked antlers in full-grown male and the 
distance between the first and the second 
fork rather short and the second tine 
arises from the front or front-outer sur
face of the second forking. 

The new species from Akiyoshi plateau 
has slender antler with high position of 
the first forking, long distance between 
the first and the second forking and the 

second tine arises from the front-inner 
surface of the second forking. Based 
upon those characters, the new specimen 
from Akiyoshi plateau is safely referable 
to the subgenus Nipponicervus. 

If we compare the type specimen of 
the antler of the present new species 
with that of the type and the ideotype 
specimens of C. (N.) praenipponicus SHIKA
MA, the following differences and simi
larlities are noticed. 1) In general, the 
antler of C. (N.) praenipponicus expands 
outward and a space enclosed by the 
antler of opposite sides is more or less 
V-shaped in frontal view, but in C. (N.) 
akiyoshiensis, it forms an elliptical form, 
2) The height of the first fork of C. (N.) 
akiyoshiensis is within the extent of vari
ation of C. (N.) praenipponicus, but the 
antler of the first fork is larger in the 
former than in the latter, 3) In C. (N.) 
akiyoshiensis, the beam stretches from the 
base without any peculiar curvature, and 
4) C. (N.) akiyoshiensis, furthermore, 
differs from C. (N.) praenipponicus in 
having rather rugose and small first tine. 

Recently IMAlZUMI (1970) gave a des
cription of a very interesting deer from 
the Tsushima Islands, under the name of 
C. (Sika) pulchellus IMAlZUMI, based on 
two male and one female specimen. 
The features of the antler of C. (N.) 
akiyoshiensis somewhat resembles but 
differs from C. (5.) pulchellus in the fol
lowing charcters. In C. (5.) pulchellus, 
the adult male has a three-forked antler 
and their beam above the first forking 
much lyrated backward as seen in many 
other Japanese deer, but C. (N.) akiyoshi
ensis has a nearly straight, two-forked, 
antler. Other species referable to sub
genus Sika in Northeast Asia are dis
tinguishable from the present species in 
the same respects. 

C. (Rusa) kyushuel1sis OTSUKA from the 
upper part of the Oya Formation of the 
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Text-fig. 3. Skulls of different species of the genus Cervus from the Japanese Islands. 
Frontal (a) and lateral (b) views and the transverse outline of their maxilla and nasal 
bones (c). 1. Cervus (Nipponicervus) akiyoshiensis OTSUKA n. sp. from the Akiyoshi plateau, 
2, C. (Sika) pulchellus from the Tsushima Islands (NSM13693), 3. C. (Sika) nippon yezoensis 
from Hokkaido (NSM4981), 4. C. (Sika) nippon nippon from Kyushu (NSM2769), 5. C. (Sika) 
nippon yakushimae from Yaku-shima, Kyushu (NSM2801), 6. C. (Sika) nippon centralis from 
Minamishinano-mura, Shimo-ina-gun, Nagano Prefecture (NSM16145), 7. C. (Sika) nippon 
centralis from same locality as NSM14145 (NSM16144). (Na: nasal bone, L: lacrimal bone, 
PMx: premaxilla, Mx: maxilla, Fr: frontal bone, Ma: malar bone, T: squamous temporal 
bone, P: parietal bone, zt: zygomatic process of temporal bone, zm: zygomatic process of 
malar bone, tm: temporal process of malar bone, st: supra orbital process of temporal 
bone) 
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Kuchinotsu Group (early Pleistocene; 
middle- to upper Villafranchian) (OTSUKA, 
1968) shows a little alliance to the present 
new species in the general form of the 
antler but is distinguishable from the 
present new species in having a strong 
first tine and a lower position of the 
first forking. 

Skull. As far as the feature of the 
malar bone of the skull is concerned, the 
type specimen of the present new species 
more resembles C. (5.) pulchellus than C. 
(N.) praenipponicus and other livingJapa
nese deer, in having a very narrow, very 
delicate construction and in having a 
much constricted part near the front of 
the orbital ring (Text-fig. 3, figs. 3 and 
5-7). 

The skull of young female specimen of 
Cervus was reported from the Upper 
Kuzuu Formation (Upper Pleistocene) 
under the name of C. (N.) praenipponicus 
SHIKAMA (SHIKAMA, 1946, PI. 9, fig. 1, 
Reg. No. 61644). As long as this speci
men is concerned, the skull of C. (N.) 
praenipponicus SHIKAMA has broad, less 
constricted malar bone and its feature 
more resembles C. (5.) nippon centralis 
KISHIDA than the present new species. 

The frontal aspect of the nasal bone 
of the present new species differs much 
from other living Japanese deer but is 
somewhat allied to C. (5.) pulchellus in 
having broad, less prolonged form with a 
rather deep notch at the anterior end. 
Furthermore, rather squarish outline of 
the nasal bone of the present new species 
suggests the existence of slight alliance 
with C. (5.) pulchellus or C. (5.) nippon 
nippon. 

Concluding remarks.' On the basis of 
the foregoing descriptions and consider
ations, the following statements are made 
as a conclusion. 

C. (N.) akiyoshiensis, the final or ad
vanced species of the subgenus Nipponi-

cerVllS, may be closely related to C. (5.) 
pulchellus by blood and the latter species 
may have been derived from C. (5.) nippon 
TEMMINCK as a result of cross breeding 
between C. (5.) nippon and C. (N.) 
akiyoshiensis. The age of these cross 
breeding may be latest Pleistocene or 
early Holocene. 
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